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1 .  P R O J E C T  O V E R V I E H

-1r-1-IslEeg!s!-194

The  a in  o f  t h i s  documen t  i s  t o  p rov i i l e  a  un i f i ed  cve rv i ec  o f
t he  cu r ren t  r esea rch  ac t i v i t i e s  o f  t he  B royn  0n i ve rs i t y
Graph i cs  P ro jec t . r  The  s ta ted  obJec t i ves  o f  t he  p ro j ec t t s
ac t i v i t i e s  a re  an  i nves t i ga t i on  i n to  t he  a rea  c f  med iun -cos t ,
u i c rop rog ramnab le ,  i n t e l l i gen t  g raph i cs  t e rm i r ra l s  anc l  t he
t t d i v i s i on  o f  l abo rn  t r ade -o f f s  be t reen  a  ma in f rame  p rocesso r
a n d  t - h e  i n t e l l i q e n  t  s a t e l l i t e . A h igh  l eve l  sys ten
i m p l e m e n t a t i e n  l a n g u a g e  a n d  a  f a c i l i t y  f o r  o n l i n e  s y n b o l i c
d e b u q q i n q  o f  q r a p h i c  d a t a  s t r u c t u r e s  a r €  t o  b e  p r c v i d e i l  f o r
s y s t e n  i n p l e m e n t e r s  a  n d  u s e r s .  I n  a d d i t i o n  t o  t h e s e  g o a l s ,
u e  a r e  a l s c  i n t  e r e s t e d  i n  e x a u i n i n g  t h e  i n p a c t  r h i c h
m i c r o p r o q r a n m i n q  h a s  o n  t h e  c l e s i g n  o f  o t h e r  a s p e c t s  o f  a
g r a p h i c s  t e r m i n a l ,  f c r  e x a n p l e ,  s y s t e m  c o n f i g u r a t i c n  a n c l  t h e
I o c a l  o p e f , a t i n q  s y s t e m  d e s i q n .  T h e  f o l l o v i n g  s e c t i o n s  g i v e
l f  u r t h e r  d e t a i l  o n  t h e  m o t  i v a t i o n  a n d  a i n s  o f  t h e  p r o J e c t .

-1.?-u9!1vs!lq!

F o r  t h e  p a s t  s e v e n  y e a r s ,  t h e  G r . ,  1 , h : c s  F r o j e c t  a t  B r o v n  h a s
h e e n  e n g a q e d  i n  t h e  d e v e l c p m e n t  , ; f  g r a p h i c s  s y s t e n  a n d
a p p l i c a t i c n  o r i e n t e d  s o f t u a r e .  T h i s  € x p e r i e n c e ,  n o s t  o f
r h i c h  u a s  g a i n e d  o n  t h e  I E l l  2 2 5 4  s e r i e s  o f  r - 1 i s ; p l a y s ,  h a s  l e a d
u s  t o  c e r t a i n  c o n c l u s i i c n s .

1 . 2 . 1  T h e  f a c i l i t i r , s  o f  f e r e d  b y  t h e  I B t '  2 2 5 0  d i s p l a y  s e r i e s
a r o  v o e f u  1 1 y  i  n a d e g u a t e  f o r  a  l a r g e  v a r i e t y  o f
a p p l  i c a t - i o n s ,
s o p h  i  s t r  c a t  e d
t h r e o - d i m e n s i o n a  I

pa r t i cu l a r l y t h o s e r equ i r i ng
rea  l - t  i ne  i n te rac t i on ,  a rb i t r a r  y

t  r a  n s t ' o r m a  t  i o n s , 1 a  r g e o r
s t r u c t u r e d  d i s p l a y  l i J  r . : - : ,  o r  a n a l o g  i n p u t s  f  o r
d  i s p l a y  c c n t r o l  ( e .  q .  ,  s r 0 o o t h  r i n d o r i n g  a n d  z o o m i n g
o n  a  l a r g e  d r a r i n g  u i t h  a  i o y s t i c k ,  t u u r b l i n q  a  r i r e
f r a m e  o b j e c t  i n  t h r e e  s p a c e  u s i n q  a  b o r l i n g  b a l l ) .

l T h i s  r e s e a r c h  i s  b e i n q  - s u t F o r t e t l  b y  t h e  N a t - i o n a l  S c i e n c e
F o u n r l a t i o n ,  g r d n t  G J - 2 8 q n 1 X ,  t - h e  t l f f i c e  o f  N a v a l  R e s e a r c h ,
c o n t r a c t .  N 0 t . 0 1 4 - 6 ? - A - C 1 9 1 - 0 0 2 1 ,  a n d  t h e  B r o s n  U n i v e r s i t - y  D i v i s i o n
o f  A p p l i c r l  ! , l a t h e m a t i c s ;  P r r n c i p a l  f n v e s t i q a t c r :  A n d r i e s  v a n  D a m .
A  l i r ; t  o f  p u b l i c a t i o n s  r e s u l t i n q  f r c m  t h i - s  r e s € a r c h  i s  p r e s e n t e d  i n
A p p e n d i x  F .
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The aim of this document is to p~ovide a unified overview of 
the current research activities of the Brown Oniversity 
Graphics Proiect. 1 The stated objectives of the project's 
activities are an investigation into the a~ea of medium-cost, 
microprogrammable, intelligent graphics terminals and the 
"~ivision of labor" trade-offs between a mainframe procgssor 
and the intelligent £atellite. A high level system 
implementation language and a facility for online symbolic 
debugqinq of qraphic data structures are to be prcvided fo~ 
system i~Flementer~ and users. In addition to these goals, 
we are alsc intErested in examining the imFact which 
microproqramminq has on the design of other aspects of a 
graphics terminal, for Example, system configuration and the 
local operatinq systpm design. The following sections give 
further detail on the motivation and aims of the project. 

For t he past seven years, t he GIL l,b !CS 

heen engaqe~ in the develcrment of 
applicaticn oriented software. This 
which was gained on the IEM 22S0 series 
us to certain conclusions. 

Froject at Erown has 
graphics system and 
Experience, most of 

of 0is~ldys, has lead 

1.2.1 The faciliti~s offerRd by the IB~ 2250 display series 
~rp woefully inadequate for a large variety of 
arrlicatlon~, particularly those requiring 
sophisticated real-time interaction, arbitrary 
thre~-dimenEional transformations, large or 
structuIFd display fil~s, or analog inruts for 
display centrol (P.g., smoDth windowing and zooming 
on a large drawing with a ioystick, tumbling a wire 
frame obiect in three space using a bowling ball). 

lThis research is heinq surrort~d by the National Science 
Foundation, grdnt ~J-2e4n1X, thE Office of Naval Research, 
contract Nor014-67-A-0191-0n23, and the Brown University Division 
of 'pplied ~athFmatics; Princira1 Investigator: Andries van Dam. 
A li:;t of publications resulting frem this research is presented in 
Appendix F. 
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1 .2 .2  To  da te  on l y  one  t i i sp l ay  has  cone  c l ose  t o
a l l ev i a t i ng  a l l  o f  t hese  de f i c i enc ies :  t he  Fvans  and
Su the r l anc l  d i sp lay  sys teE  [  6  l .  Ho reve r ,  t he  E6S
sys ten  has  t he  d i sadvan tages  o f  be ing  expens i - ve  anc l ,
because  i t  uses  ha rdn i r ec l  l og i c ,  i n f l ex i b l e  f o r
f unc lamen ta l  i nves t i ga t i cns  i n  a r ch i t ec tu re  t r adeo f f s .

I l e  be l i eve  i n  i n  an  " i n t e l l i gen t  t e rn i na l t r  app roach ,
i n  r h i ch  a  sma11  conpu te r ,  capab le  o f  a  non t r i v i a l
anoun t  o f  l c ca1  p racess ing ,  i s  l ux tapose i l  be t veen  t he
i l i sp l ay  and  t  he  ma in f  r ane  co ! rpu te r . 2  t l e  f  ee1  such
l cca l  p r ccess ing  i s  necessa ry  i n  ou r  env i r onnen t r  z r s
ve  11  as  i n  r os t i ndus t r i a l  anc l  gove rnnen t
i ns ta l l a t i cns ,  because  t he  resou rces  ( co re ,  CPU)  o f
t hp  r r a i n f r ame  ccu rpu te r  a re  nc t  ava i l ab le  on  a
fu1 l t ime ,  h i qh  p r i c r i t y  bas i s .  Fu r t he rno r€ r  y€
an t i c i pa te  t ha t  t he  l c ca l  p r ccesso r  can  be  nade
su f f i c i en t l y  poue r fu l  t o  hand le  t he  naJo r i t y  o f
i n t e rac t i ons  be t ceen  a  use r  and  h i s  g raph i cs  p rog ram.
Consequen t l y  on l y  occas iona l  se r v i ce  (e .9 . ,  da ta  base
re t r i eva l  c r  l a rge  sca le  f l oa t i ng  po in t  ca l cu la t i ons )
shou ld  be  demanded  o f  t he  ma in f rao€  compu te r .

1 .? .3  F ina l l y ,  much  vo rk  has  ye t  t o  be  done  i n  t he  a rea  o f
deve lop ing  a  po re r f u l  h i gh  l eve l  d i sp lay  i ns t r uc t i on
se t .  The r€  a re  seve ra l  a r€as  l i n t e r rup t  hanc l l i ng ,
a r i t hne t i c  and  l og i ca l  capab i l i t i e s ,  i l i sp l ay
f i 1e , / use r  p rog ram synch ron i za t i cn ,  g raph i c  dev i ce
ccn t - r o1 )  i n  r h i ch  t he  cu r ren t  r epe r to i r e  o f  d i sp lay
i ns t ruc t - i ons  shou ld  be  e rpanded .

-1.-l -Irper I s e!!ql-!rs s

T h e  d e s i q n  o f  t h e  c o n f i g u r a t i o n  d e s c r i b e d  b e l o y  y a s ,  o t
c o u r s e ,  i n f l u e n c e d  b y  s u c h  f a c t o r s  a s  c o s t ,  a v a i l a b l e  f u n d s ,
i n t e r f a c i n g  c a p a b i l i t i e s ,  e t c .  H o r e v € r ,  a  n c r e  i - n p o r t a n t
f a c t o r  i n  c u r  i n v e s t i q a t i c n  i n t o  p o s s i b l e  c o n f i g u r a t i o n s  v a s
t  h e  r o q u i r e n e n t  t h a t  t  h e  s y s t e m  b e  c a p a b l e  o f  f u l f i l l i n g  o u r
r e s e a r c h  n o e d s .  T h e s e  r e s e a r c h  r e q u i r e n e n t s  a f e  a s  f o l l o v s .

1 . 3 .  1  T h e  c a p a b i t i t y  f o r  s t a n i l - a l o n e  o p e r a t i o n s .  T h e
s a t e l l i t e  p r o c e s s c r  m u s t  b e  p o v € r f u l  e n o u g h  t o  a l l o u
s i g n i f i c a n t  g r a p h i c  o p e r a f , i o n s  t o  r u n  u i t h o u t

zNo te  t ha t  E6S  have  nov  pa r t i a l l y  come  a round  t he  r r l { hee l  o f
Re inca rna t i on f '  [  1  1  ]  H i t h  us  by  enhanc ing  t he i r  d i sp lay  F rocesso r
r i t h  a  qene ra l  pu rpose  i ns t r uc t i on  se t  an t l  a l l o r i ng  i t  t o  be
in te r f ace .1  t o  o the r  compu te rs  t  ?  ] .  Ho reve r  t he  EES sys ten  s t i l l
r e l i ' l s  on  na in f r ame  meno ry  f o r  s t o rage  o f  i ns t r uc t i ons  and  g raph i c
da  t a .
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1.2.2 To date only one display has come close to 
alleviating all of these deficiencies: the Evans and 
Sutherland display system [6]. However, the E&S 
system has the disadvantages of being expensive and, 
becausp it uses hardwired logic, inflexible for 
fundamental inveEtigaticns in architecture tradeoffs. 

We believe in in an "intelligent terminal" approach, 
in which a small computer, capable of a nontrivial 
amount of lecal processing, is juxtaposed between the 
display and the mainframe computer. 2 We feel such 
lecal precessing is necessary in our environment, as 
well as in Fast industrial and government 
installatiens, bEcause the resources (core, CPU) of 
thp mainframe ccmputer are net available on a 
fulltime, hiqh pricrity basis. Furthermore, we 
anticipate that the lecal processor can be made 
sufficiently powerful to handle the majority of 
interactions between a user and his graphics program. 
Consequently only occasional service (e.g., data base 
retrieval or large scale floating point calculations) 
should be demanded of the mainframe computer. 

1.2.3 Finally, much work has yet to be done in the area of 
developing a pOWErful high level display instruction 
set. There arE several areas linterrupt handling, 
arithmetic and logical capabilities, display 
file/user program synchronizaticn, graphic device 
central) in which the current repertoire of display 
instructions should te expanded. 

Th~ desiqn of th~ configuLation described below was, of 
course, influenced by such factors as cost, available funds, 
interfacing capabilities, etc. However, a mere important 
factor in cur investigatien into possiblE configurations wa~ 
the requir~ment that the system b~ capable of fulfilling our 
research npeds. These research requirements are as follows. 

1.3.1 The capability for stan~-alone operations. The 
satellite processer must be powerful enouqh to alloy 
significant graphic operation~ to run without 

lNote that E6S have now partially come around the "Wheel of 
Reincarnation" (11] with us ty enhancing their display Frocessor 
with a qeneral purFose instruction set and allowing it to be 
interfacei to other computers [7J. However the E&S system still 
reli(~s on mainframe memory for storage of instructions and graphic 
~ata. 
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i n t e rac t i ng  r i t h  t he  ma in f rane  compu te r  ( an  IB l , l  S /360
t l o4e l  671  .  t ven  f o r  p rog rans  sh i ch  requ i re  t he
fac i l i t i e s  c f  t he  na in f r a&e ,  i t  shou ld  be  poss ib l e  t o
ca r r y  ou t  a  f a i r  aDoun t  o f  ] oca l  p r ccess ing  (e .9 . ,
da ta  base  ed i t i nq )  r i t hcu t  r ecou rse  t o  t he  ua in f r ane .

1 . i . 2  Resea rch  i n to  g raph i c  i ns t r uc t i on  se t s .  I t  nus t  be
poss ib l e  t c  conF le te l y  de f i ne  (o r  r ec l e f i ne f  t he
ins t ruc t i on  se t  f c r  t he  g raph i c  p rocesso r  o r  c l i sp l ay
sys t -em.  t l e  shou l i l  have  t he  u i des t  poss ib l e  l a t i t ude
to  imp lemen t  and  e rpe r i nen t  r i t h  t hose  f ea tu res  rh i ch
shcu ld  be  i nc l uded  i n  a  h i gh - l eve ) -  g raph i cs
i ns t ruc t i on  se t ,  f  o r  exaup le ,  t he  r l i r ec t  c l i sp l ay  o f .
q raph i c  c l a ta  f  r on  conp lex  i l a  t a  s t r uc tu res .

1  .  3 .  3  T h e  a b i l i t y  t c i up l enen t
t r a n s f o r m a t i o n a l  c a p a b i l i t i e s .
i n c l u d e  f u l l  t h r e e - d i n e n s i o n a l
(  h o m  o q e n  e o u  s c c o r d i n a t e s ) ,
t r ans fo rna t i cns  such  as  pan  and
v ievpo r t  ope ra t i cns .

1 .  3 .4  Eu ru la t i cn  c f  o the r  l l i sp l ay  sys tems .  f  t  shou ld  be
poss ib l e  t c  use  t he  sys tem to  e ru l a te  o the r  d i sp lay
sys tens ,  such  as  t he  IP l t  2250  l , ! ode l s  1 r  3 ,  and  4  ,  t o
p rov i i l e  a  smoc th  t r a  ns i t i on  be t veen  ex i s t i ng
app l i ca t i - ons  p rog rams  and  neu  ones  t ak i ng  p rope r
ac l van taqe  o f  t  he  ne t r  f  ea tu res .

1 ,  3 . 5  I n t e r c o n n e c t e d  P r o e e s s i n g .  T h e  a r c h i t e c t u r e  o f  t h e
s a t e l l i t e  p r o c e s s o r  s h o u l d  b e  s u c h  a s  t o  f a c i l i t a t e
t h e  t r a n s f e r  o f  p r o q r a m s  a n c l  d a t a  b e t r e e n  i t  a n i l  t h e
m a i n f r a m e  c o m p u t e r .  T h i s  i s  i n  a n t i c i p a t i o n  o f
f f d i v i s i o n  o f  I a b c r r t  s t u d i e s  t o  b e  c a r r i e 4  o u t  i n t o
t h e  o p t i n a l  a s s i g n o e n t  o f  t h e  s u b t a s k s  o f  a  l a r g e
q r a p h i c s  a p p l L c a t i c n  b e t r e e n  t b e  t r o  p r o c e s s o r s .

1 . 3 . 5  S y m b o l i c  D e b u g g i n g .  C r e a t i n g  p r o g r a m s  i n v o l v e s  t v o
o p e r a t - i o n s .  F i r - . t ,  t h e  s y n t a c t i c  d e f  i n i t i o n  o f  t - h e
d a t a  i t e m s  t o  b e  n a n ' l p u l a t e i l  a n i l  t h e  s e n a n t i c
r e l a t i o n s h i p s ,  i f  d n y ,  a m o n q  t h e s e  d a t a  i t e r a s  m u s t  b e
d e f i n e d .  S e c o n d ,  t h e  m e t h o d  c f  t r a n s f o r m i n g  t h i s
d a t a  f r o m  i t s  i n i t i a l  t c  i t s  f i n a l  f o r n ,  a s  e n b o c l i e d
f o r  e x a m p l e  i n  a  p r c g r a m ,  D u s t "  b e  e n u n e r a t e r l  .
D e b u q q i n q  p r o g r a o s  i n v o l v e s  t h e  a v a i  l a b i l i t y  o f
e f f e c t i v e ,  l o r - c v e r h e a d ,  u s e r - o r i e n t e d  m e t h o d s  t h a t
p r o v i d e  b o t h  c o m F i l e -  a n d  e x e c u t i o n - t i m e  f a c i l i t i e s
f o r  d a t a  a n d  p r o g r a m  e x a n i n a t i o n  a n d  a l t e r a t i o n .  T h e
s y s t - e m  m u s t  f a c i l i t a t e  t h e  d e v e l o p m e n t  o f  s u e h  t o o l s .

a  r i c l e  r ange  o f
These  t r ans fo rma t i ons

pe rspec t i ve  d i sp lay
dynamic  ( r ea I  t i ue )

zoon ,  and  r i ndoy  and
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interacting with the mainframe computer (an IBM 5/360 
Mo~el 67). F.vet for programs which require the 
facilities of the mainframe, it should be possible to 
carry out a fair amount of local precessing (e.g., 
data base editing) withcut recourse to the mainframe. 

1.3.2 Research into graphic instruction sets. It must be 
possible to comFletely define (or redefine) the 
instruction set fer the graphic processor or display 
system. We should have the widest possible latitude 
to implement and experiment with those features which 
shculd be included in a high-level graphics 
instruction set, for example, the direct display of 
graphic data from complex data structures. 

1.3.3 1h~ ahility to imFlement a wide range of 

1. 3. 4 

transformational capabilities. 1hese transformations 
inclu~e full three-dimensional perspective display 
(homogeneous ccordinates), dynamic (real time) 
transformaticns such as pan and 700m, and window and 
viewpoLt operaticns. 

Emulaticn ot other display systems. It should be 
possible tc use the system to emulate other display 
systems, such as the rEM 2250 Models 1, 3, and 4, to 
provide a smocth transition between existing 
applications programs and new ones taking proper 
advantage of the new features. 

1.3.~ Interconnected Processing. ~he architecture of the 
satellite Froces~or should be such as to facilitate 
the transfe~ of proqrams and data between it and the 
mainframp computet. 1his is in anticipation of 
tlnivision of laecL" studies to be carrieti out into 
th~ optimal assignment of the subtasks of a large 
graphics applLcaticn tetween the two processors. 

1.3.6 Symbolic Debugging. Creating ptograms involves tvo 
operations. FirEt, the syntactic definition of the 
nata items to be manipulated and the semantic 
telationEhips, if any, amonq these data items must be 
defined. Second, the method cf transforming this 
data from its initial tc its final form, as embodied 
for exampl~ in a prcgram, must be enumerated. 
r,ebuqqinq proqrams involves the availability of 
effective, low-overhead, user-oriented methods that 
provide both compile- and execution-time facilities 
for data and proqram examination dnd alteration. The 
system must facilitate the development of such tools. 
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1 . 3 . ' l . l l i q h  L e v e l  L a n g u a g e  S u p p c t t .  T h e  i n s t r u c t i - o n  s e t  o f
t h e  s a t € 1 l i t  e  F r o c e s s o r  s h o u  1 d  b e  s u c h  a s  t c
f a c i l i t a t e  t h o  i l e r e l  o p n e n t  o f  a  c o n p i l e r  c a p a b l e  o f
g e n e r a t i n q  c o d e  f o r  b o t h  t h e  s a t e l l i t e  a n d  t h e  n a i n
f r a n e .  3

2 ,  H A P D ! | A F R  C O N F I G U R A T I O N

2r_1_5ys tg-E_ 0 ve rl a e!

The  con f i qu ra t i on  vh i ch  has  been  assemb lec l  t o  mee t  t he  above
requ i renen  t s  cons i s t s  o f  t  r o  D ig i t a  I  s c i en t i f  i c  t ' l e t a  4
n i c rop rog rammab le  conpu te r s .  a  Yec t c r  Gene ra l  D i sp lay
v  p c t  o r l  n a t  r i  x a r i t hne t i c un i t , a n c l n i sce l l aneou  s
p e r i p h e r a l s . t  T h e  t r o  t l e t a  4 r s  a r e  d e s i q n a t e c l  l l e t a  l l A  a n d
! l e t a  4 B  a n d  a r e  i n t e r c c n n e c t e d  r i t h  t h e  V e c t o r  G e n e r a l  a s
s h o v n  i n  F i q u r e  1  .  T b e  I t ! e t a  4  A  f  u n c t  i c n s  a s  t h e  s a t e l l i t e
p r o c e s s o r ;  t h e  l , t e t a  4 B  i s  a  d i s p l a y  p r o c e s s o r ,  t r a n s f o r u i u q
h i q h  l e v e l  g r a p h i c s  F r c g r a n s  i n t o  a  f o r n a t  a c c e p t e t l  b y  t h e
V e c t - o r  G e n e r a l .

3 A  h r i e f  d e s c r i p t i o n  o f  t h e  l a n q u a q €  f o r
p r e s o n t e d  i n  A  p p e n C i x  D .
. A  b r i e f  + r r c h n i c a l  d e s c r i p t i o n  o f  t h e  m a j o r
t h e  s y s t € m  c a n  b e  f o u n t l  i n  A F p € n d i x  A .

Sys tens  Deve lopnen t

ha l l r a re  conponen ts

i s

o f

- 4 -

1.3.7.Hiqh Level Language Support. The instruction set of 
the satellite frocessor should be such as to 
facilitate the development of a compiler capable of 
generating code for both the satellite and the main 
frame.] 

The confiquration which has been assembled to meet the above 
requirements consists of two Digital scientific Meta 4 
microprogrammable computers, a Vectcr General Display 
vpctor/matrix arithmetic unit, and miscellaneous 
peripherals.- The two ~eta 4's are designated Meta 4A and 
Meta 48 and are interccnnected with the vector General as 
shown in Figure 1. The Meta 4A functicns as the satellite 
processor; the Meta 4B is a display processor, transforming 
high level graphics ~rcgrams into a format accepted by the 
Vector General. 

]A hrief oescription of the language for Systems Development is 
~r~sonted in A~pendix n. 
·A hrief ~pchnic~l description of the major hardware components of 
the system can be found in AFpendix A. 
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T h e  f o l l o v i n q  s e c t i o n s  d e s c r i b e
t h e  s y s t e n  i n  d e t a i l .

t be  f unc t i ons  c f  each  conDonen t  o f

2.2_!be. _! ggCl* P: o s e s spE

T h e  f i r s t  f , l e t - a  4  ( t h e  I ' l e t a  l l A )  i s  u s e d  a s  a  s n a l l  s a t e l l i t e
p r o c e s s o r  f o r  l o c a l  p r o c e s s i n g .  T h e  i n s t r u c t i o n  s e t  v h i c h  e e
h a v e  m i c r o p r o g r a m m e d  f o r  t h e  t ' ! e t a  4 A  i s  v e r y  s i n i l a r  t o  t h a t
o f  a  s / 3 6 , . 1  r i t h  a d d i t i c n s  a n d  m o d i f i c a t i o n s  t o  e n h a n c e  t h e
a b i l i t - y  o f  t h e  p r o c e s s o r  t o  n e e t  t h e  n e e d s  o f  t h €  o p e r a t i n g
s y s t e m  a n d  g r a p h i c s  a F p l i c a t i c n s .  s  t h e  t a s k s  o f  t h i s
p r o c e s s o r  v i l l  b e :

2 .2 .1  I /C  t o  t he  ma in f rame  coopu te r .  Cu r ren t l y ,  t he
ma in f  r ame  ccepu te r  i - .  an  IB l l  5 / 360  l t ode l  67 .

2.2 .2

2 .2 ,3

T / C  t o  l o c a l  p e r i p b e r a l s ,

Runn ing  use r  r r r i t t en  o r  sys tem F rov ided  rou t i nes  f o r
i n te r rup t  p rocess ing ,  da ta  base  ed i t i ng ,  e t c .

2 . 2 . 4  C o n t r o l l i n g  t h e  D i s p l a y  C o n t r o l l e r  ( t h e  f l e t a  4 B ) .

2 .2 .5  P rov id i nq  capab i l i t
app l  i ca t  i on - .  ( t  hcse
ccopu te r ) .

i es  f o r  s t anc l - a l one  g raph i cs
nc t  r egu i r i ng  t he  ra i n f r ame

?r , - l_ Ihe*  D: -EpI  ey_  Pgocess  or

T h e  s e c o n d  i ' l e t a  4  ( t h e  l . l e t a  4 B )  : , h a r e s  c c r e  r i t h  t h e  f , t e t a  4 A
a n d  c a n  b e  t h o u q h t  o f  a s  a n  i n t e r l : a c e  b e t r e e n  t h e  l ' ! e t a  t l A  a n d
t h e  V e c t c r  G e n e r a l .  H c r e v e r ,  t ; h i s  i n t e r f a c e  i s  n u c h  D o r e
t h a n  a  m e r p  d a t - a  t r a n s f e r  d e v i c e  s i n c e  i t  h a s  b e e n  g i v e n  i t s
o r d n  q e n e r a  I  p u r p o s e  i n s t r u c t i - o n  s e t .  i  t l u c h  o f  t h i s
i n s t r u c t i o n  s e t  i s  i d e n t j . c a l  t o  t h a t  o f .  t h e  l l e t a  4 4 ,  t h u s
q i v i n q  t h e  I ' l e t a  U h / q E  a s p e c t s  c f  a  n u l t i p r o c e s s o r
c o n f i g u r a t i o n .  T h e  d i f f e r e n c e s  b e t r e e n  t h e  t r o  i n s t r u c t i o n
s e t s  a r i s e  f r o m  t r c  s o u r c € s :  i n s t r u c t i o n s  i n  t h e  l l e t a  q A

r h i c h  h a v e  n o  o b v i o u s  a p F l i c a t i o n  t o  g r a p h i c  d a t a  p r o c e s s i n c '
h a v e  h e e n  d r o p p e d ,  a n d  a  c o D p r e h e n s i v e  s e t  c f  p o r e r f u l
q r a p h i c  r l a t a  i l i s p l a y  i n s t r u c t i c n s  h a s  b e e n  a d d e d .  T h e  t a s k s
o f  t b o  F l e t a  4 B  i n c l u d e  t h e  f o l l o u i n q .

s F o r  a  b r i c f  d e s c r i  p t  i c n
A p p e n d i x  B  .
t f h e  I ' l e t a  4 B  t a r q e t  m a c h i n e

o f  t h e  f i e t - a  4 A  t a r g e t  n a c h i n e ,  s € e

i  s  d e s c r i b e r l  i n  A p p e n c l i x  C .
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The following sections deECrib€ the functions of each component of 
the system in detail. 

The first Meta 4 (the Meta 4A) is used as a small satellite 
pro~essor for local proceEsing. The instruction set which we 
have microprogrammed for the Meta 4A is very similar to that 
of a S/360 with additicnE and modifications to enhance the 
ability of the processor to meet the needs of the operating 
system an~ graphics aFplications. s The tasks of this 
processor will be: 

2.2.1 T/C to the mainframe computer. Currently, the 
mainfrarn~ ccmputer is an IEM 5/360 Model 61. 

2.2.7 I/C to local p€riFh~rals. 

2.2.3 Running user written 
interrupt processing, 

or system ~rovided routines for 
nata base editing, etc. 

2.2.4 Controlling the Display Controller (the Meta 4B). 

2.2.5 Providing capabilities 
applications (these net 
computer) • 

for stand-alone 
requiring the 

graphics 
lIainframe 

The second ~€ta 4 (the MEta 48) ~hares cere with the Meta 4A 
ann can be thought of as an interface between the Meta 4A and 
the vecter General. Hcwever, this interface is much more 
than a mere nata transfer device since it has been given its 
own general purFose instruction set.. Much of this 
instruction set is i~entical to that of the Meta 4A, thus 
qiving the Meta 4A/4E as~€cts of a multifrocessor 
configuration. The differences between the tvo instruction 
sets arise from two sourCES: instructions in the Meta 4A 
which have no obvious aFFlication to graphic data processin~ 
have heen dropped, and a comprehensive set of powerful 
qraphic data display instruction~ has been added. The tasks 
of tho Meta 4R include the following. 

5For a bripf ~escription of the Meta 4A target machine, see 
App0nilix B • 
6~he Meta 4B tar1et machine is describe~ in Appendix C. 
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2 .3 .1  Fe t ch ing  D i sp lay  i ns t r uc t i ons  an r l  coo rd ina te  c l a ta
f r cn  da ta  s t r uc tu res  o r  t ab les  i n  co re ,  p rocess ing
then  ( i nc l ud inq  3D  t r ans fo rna t i ons ,  c l i pp ing ,  an i l
pe rspec t i ve  ea l cu la t i ons )  ,  and  pass ing  t heB  to  t he
d i sp lay  un i t .

? . 3 .2  P rcv i d i ng  cap "ab i l i t i e s
un i t -  r s  ha rdya re2  € .9 .7
ma  n ipu la t i on .

2 ,  J . 7  P recess inq  q raph i c
s ta tus  s r i t ch  i ng  i n
the  l t e t a  l lA ,

no t  i  ap lenen tee l  i n  t he  { l i sp l ay
l i qh t  pen  t r ack ing  an i l  cu r so r

dev i ce  i n te r rup t s ,  e i t he r  by
the  l . ! e  t a  4  E  o r  by  i n t e r rup t  i ng

2,9_Ibc_-! eslel*It 1!-! se! 19_ I 9 s ] s_! !1!

l l e  h a v e  d e t e r m i n e d  t h a t  e v e n  r i t h  t h e  h i q h  s p e e d  o f  t h e  i l e t a
4 ?  i t  i s  n o t  p o s s i  h l e  t o  p r o v i i l e  f  u 1 I  t h r e e - c l i E e n s i o n a l
t r a n s f o r u a t i o n s  i n  a  r e a s o n a b l e  a n o u n t  c f  t i n e .  ( l e  d e f i n e
r r a  r e a s o n a b l e  a B o u n t  o f  t i m e "  b y  t h e  c r i t e r i a  o f  b e i n g  a b l e
t o  i l i s p J . a y  1 O o n -  2 q 0 0  v e c t c r s  a  t  a  r e f  r e s h  r a t e  o f  a t  l e a s t  3 0
f r a m e s  p e r  s e c o n d ,  )  T h e r e f o r e r  u €  h a v e  i n p l e n e n t e c l  a n
a r i t h m e t i c  l o q i c  u n i t  c f  o u r  o r n  d e s i g n  r h i c h  v i l 1  p r o v i d e
t b e  n e c e s s a r y  v e c t o r / n a t r i x  o p e r a t i o n s .

T b e  s T I ' I A L F  { f c r  S u p e r  r n t e q r a l  l , ! i c r o p r o g r a m m e c l  A r i t h n e t i c
L o ( J i c  E x p e d i t e r )  i s  a  s n a l l  n i c r o p r o q r a n m a b l e  p r o c e s s o r  v h i c h
o p e r a t - e s  a t  a  b a s i c  c y c r e  t i n e  o f  1 5  n a n c s e c c n d s  a n < l  i s
c l o s e l y  i n t e g r a t e d  i n t o  t h e  F | e t a  4 8 . "  T h e  f u n c t i o n s  o f  t h e
S I I ! A L E  a r e  a s  f o l l o u s .

2 . t t . 1  V e c t o r - { a t r i x  m u l t i p l i c a t i o n .  A s  e a c b  c c D p c n e n t  o f  a
g r a p h i c  c o o r d i n a t e  i s  f e t c h e d  f r c n  c o r e ,  i t  i s  q i v e n
t o  t h o  S I t l A t E  f o r  n u l t i p l i c a t i o n  b y  t h e  c o r E e s p o n d i n g
r o y  o f  a  t r a n s f o r r a t i c n  m ; l t r i x  r h i c h  i s  s t c r e d  i n  t h e
S I I ' l A L E r s  s c r a t c h p a d  m e m o r y .  T h e _ . e  p a r t i a l  s u D s  a r €
a c c u m u l a t e d  t o  f c r m  { a f t e r  X ,  \ ,  Z .  a n d  p o s s i b l y  n
h a v e  b e p n  f e t c h e d )  t h c  p l c d r r c t .  c ' f  q r a p h i c  c o o r d i n a t e
a n d  t h e  t r a n s f o r n a t i c n  m ; r t r i x .  { T h e  t o t a l  t i u e  f o r
t h i s  m u l t i p l i c a t i o n  r i l l  b e  i n  t h e  o r d e r  o f  5
m i c r o s e c o n d s . )

t h e  S f i l A t E  a p p e a r s  i n  A p p e n i l i x  A "
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7 A  m o r e  d e t a i l e i l  r l e s c r i p t i o n  o f

2.3.1 Fetching Display instructions and coordinate data 
frem data structures or tables in core, processing 
them (including 3D transformations, clipping, and 
perspect i ve ca lc ula tions), and passing them to the 
display unit. 

2.3.2 Prcviding capabilities not i.plellented in the display 
unit's hardware, e.g., light pen tracking and cursor 
manipulation. 

2.1. i Precessing graphic 
status switching in 
the Meta 4A. 

device interrupts, either by 
the Meta 4£ or by interrupting 

We h~ve aetermine~ that even with the higb speed of the Meta 
4~ it is not possihle to provide full three-dimensional 
transformations in a reasonable amount cf time. (ie define 
"~reasonable amount of time" ty the criteria of being able 
to display 100"-2000 vectcrs at a refresh rate of at least 30 
frames per second.) Therefore, we have irplemented an 
arithmetic logic unit of our own design which will provide 
the necessary vector/matrix operations. 

The STMALF (fer Super Integral Microprogrammed Arithmetic 
Logic Exrediter) is a small microprogrammable processor which 
operatps ~t a basic cycle time of 1~ nancseccnds and is 
closely integrated into the Meta 4B.7 The functions of the 
SIMALE are as follows. 

2.4. 1 Vector-~atrix multiplication. As each component of a 
graphic coordinate is fetche~ frcm core, it is givpn 
to tho SIMAIE for multiplication by the correspondinq 
row of a transforraticn m~trix which is stored in the 
SIMALE's Ecratchrad memory. These partial sums are 
accumulat."d to ferm (after X, Y, Z, and possibly w 
have heen fetched) thf; pI-COllet. ct graphic coordinate 
ann the transformaticn matrix. (The total time for 
this multiplication will be in the order of S 
microseconds.) 

7A more detailed description of the SIMALE appears in Appendix A. 
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2 ,4 .2  l { i ndow ing .  Each  po in t  o r  l i ne  f o r  c l i sp l ay  i s  t hen
c l i pped  t o  a  use r  spec i f i ec l  v i ndo r ,  t he  coo rd i , na tes
o f  sh i ch  a re  s to red  i n  sc ra t chpa i l  neno ry , s

2 .4 .3  Pe rspec t i ve  D i v i . s i on .  I f  t he  use r  has  reques ted
pe rspec t i ve  3D  d i sp lay ,  each  coo rc l i na te  i s  t hen
d i v i r l ed  by  i t s  2 - conpcnen t  t o  f o rn  a  l - d i nens iona l
cone  o f  v i s i on .

2 .  t l .  l t  The  Box  ope ra t i on .  I n  d i sp lay i ng  a  h i e ra r ch i c  d i sp lay
f i l e  emp loy ing  nes ted  r i ndo rs ,  t he  S I I !ALE  may  be  used
to  ca l cu la te  t he  ney  c l i pp ing  l i n i t s  r esu l t i ng  f r on
t  he  conpos i t  i on o f  t he  t i ndo r / v i e rpo r t  and
mas t  e t  /  i n s tance  t  r ans fo rma t i ons .  t

? . t | . 5  l { i s ce l l aneous  t l a t r i x  Op€ ra t i ons .  S ince  t he  S I f t l LE  i s
d r i ven  f r on  a  r r i t ab le  ccn t ro l  s t o re ,  t he  use r  r i l l
be  ab le  t o  imp lenen t  h i s  oun  ma t r i r  a l go r i t hns .  f n
add i t i on ,  s i nce  t he  l , l e t a  4B  a l l o r s  t he  t l e t a  4A  t o
access  t he  S I I tAL I  d i r ec t l y ,  p rog rans  i n  t he  t l e t a  qA
can  u t i l i ze  t he  capab i l i t i e s  c f  t he  S fUA tE  f o r
non -g raph i cs  app l  i ca t i ons .

2. 5- r.hs-!rsplq y--UlrJ

T h e  v e e t o r  G e n e r a l ,  r h i c h  i s  d r i v e n  b y  t h e  i l e t a  4 8 ,  i s  i t s e l f
a  m o d e r a t e l y  p o r e r f u l  d i s p l a y  p r o c e s s o r .  I n  a i l d i t i o n  t o  t h e
n o r m a l  c o m p l e n e n t  o f  a l i s p l a y  i n s t r u c t i c n s ,  t h e r e  a r e
i , n s t r u c t - i o n s  f o r  l c a d i n g ,  A N D i . n q ,  O R i . n g ,  ( ) r  A D D i n g  t o
i n t e  r n a l  r e g i s t e r s ,  r h  i c h  c a n  b €  u p  t o  1 2 8  i n  n u n b e r .  ' I h e s e

r e q i s t e r s  h o l i l  i n f o r m a t i c n  s r ' l c h  a s  t h e  c u r r e n t  b e a m
c o o r r l i n a t e s .  s c a l e  a n  d  d i s p l a c e m e n t  f  a c t o E s ,  a n i l  a n a l o g  a n d
d i q i t a l  i n p u t  f r c m  t h e  r a r i o u s  , q r a p h i c  d e v i c e s .  T h e  V e c t o r
G e n e r a l  i s  c u r r e n t l y  e q u i p p e d  c i t h  a  l i q h t p e n . -  3 2  f u n c t i o n
k o y s ,  1 0  e o n t r o l  d i a l s ,  a  j o y s t i c k ,  a n d  a n  a l p h a n u n e r i c
k e y b o a r d .  T h e  f u n c t - i c n e  o f  t h e  V e c t c r  G e n e r a l  a r e  a s
f o l l o u s .

2 .5 .1  t t r i v i nq  t he  vec to r  q€ne ra to r
passed  t o  i  t  f  r om the  t ' l e t a  48 .

r i t h  coo rd ina te  da ta

2 .5 ,2  Pe r fo rm ing  sca le  and  t r ans la t i cn  c f  coo rd ina te  da ta
fo r  v i ecpo r t  ope ra t i ons .

2 .5 .3  Pass inq  q raph i c  i r t e r rup t s  t o  t he  t l e t a  48 .

c T h e  a l q o r i t - h m  u s e d
d e v e l  o F c ' d  b Y  S P r c u l l
t T h e  B o x  O p e r a t i o n  i s

f o r  t he  c l i pp ing  and  y i ndc r i ng  ope ra t i ons  vas
and  Su the r l and [  12  ] ,

a l so  comp le te l y  desc r i be i l  i n  t  12  l .
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2.4.2 Windowing. Each point or line for display is then 
clipped to a user specified window, the coordinates 
of which are stored in scratchpad memory.8 

2.4.3 Perspective 
perspective 
divided by 

Division. If the user has requested 
3D display, each coordinate is then 
its Z-compcnent to form a 3-dimensional 

cone of vision. 

2.U.4 The Box Operation. In displaying a hierarchic display 
file employing neEted ~indows, the SI~ALF may be used 
to calculate the new clipping limits resulting from 
the composition of the window/viewport and 
master/instance transformations •• 

2.4.5 Miscellaneous Matrix Operations. since the SIMALE is 
driven fro~ a writable centrol store, the user will 
bE able to implement his own matrix algorithms. In 
aodition, Eince the Meta 4B allows the Meta 4A to 
access the SIMALE directly, programs in the Meta 4A 
can utilize the capabilities cf the SIMALE for 
non-qraphics applications. 

The Vector General, which is driven by the Meta 4B, is itself 
a moderately powerful display processor. In addition to the 
nor_al complement of display instructiens, there are 
instructions for leading, ANDinq, ORing, or A[Ding to 
internal registers, which can be up to 128 in number. These 
reqisters hold informaticn such as the current beam 
coordinates, scale and displacement factors, and analog and 
digital inrut frem the various graphic devices. The Vector 
~en~ral is currently equippe~ with a lightpen, 32 function 
koy~, 10 control ~ials, a ;oystick, and an alphanumeric 
keyboard. 1he functicDf of the vectcr General ~re a~ 

follows. 

2.~.' Drivinq the vector generator with coordinate data 
passed to it from the Meta UB. 

2.5.2 Performing scale and translation of coordinate data 
for viewport operations. 

2.S.3 Passing gra~hic irterrupts to the Meta 48. 

8The alqorithm used for the clipping and windcwing oFerations was 
oeveloF 0 d by S~reull and sutherland[ 12]. 
·The Rox Operati0n is also completely described in [12]. 
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2 . 5 . | t  l c c e p t i n g  a n a l o g  a n d
c J r a p h i c  t l e v i c e s  a n d
r e q u e s t e d  b y  t h e  U e t a

d ig i t a l  i npu t s
ho l c l i ng  t he

48 .

f r ou  t he  va r i ous
in fo rna t i on  un t i l

2 .6_!gc a l_!er ip !e sg ls

The  f o l l c r i ng  l i s t s  t he  I /A  dev i ces  rh i ch  a re  cu r ren t l y
ava i l ab le  t o  a  p roq ran  i n  t he  l t e t a  4A .  Poss ib l e  f u tu re
add i t i ons  t o  t he  con f i gu ra t i on  i nc l ude  a  p r i n te r ,  a  sn ra l l
d rum,  and  a  rea l - t i ne  c I cck .

2 .6 ,1  DSC l ' l o r l e l  1441 t  D i sk  S to raqe  Un i t .  The  d i sk  un i t
p rov ides  t he  t t e ta  4A  u i t h  1  megaby te  o f  on l i ne
s to rage .  The  d i sk  ca r t r i dge  i s  i n t e r changeab le  c i t h
an  IB l l  2315  ca r t r i c l ge  (usec l  on  an  IB f . t  1130  Conpu t i ng
Sys tea r ) .  Ave rage  access  t i ne  ( seek  t i ne  p l us
l a tency )  i s  180  n i l l i seconds ;  da ta  t r ans fe r  r a te  t o
the  He ta  4 l  i s  72  KHz  by tes .

2 ,6 ,2  DsC  t t ode l  3q61  Ca rd  Reade r .  The  i l ode l  3q51  i s  a  300
ca r t l r zn i nu te  Ho l l e r i t h  ca rc l  Rea i l e r ,

2 .6 ,3  DSC l l o t l e l  4153  P rog raune r r  s  Ccn t ro l  pane l .  The
ccn t ro l  pane l  f o r  t he  t l e t a  4A  cas  des igned  t o  be  used
r i t h  DSC I  s  I  B l t  1  1  30  enu la to r  r  dnd  t hus  i s  ve ry
s im i l a r  t o  an  1130  ccn t ro l  pane l .  Houeve r ,  t he
func t i ons  o f  t he  pane l  have  been  pa r t i a l l y  r ec l e f i nec l
by  t he  t ' l e t a  4A  f  i r nva re  t o  a l l oc ,  f  o r  e ranp le ,
d i sp lay  o f  a l l  15  gene ra l  pu rpose  reg i s te r s  anc l  I pL
dev i ce  se lec t i  on .

2 . 6 , 4  D S C  l l o d e l
k e y - b o a r d / p r i n t e r
v h  i c  h  h a s  b e e n
e n u l a t o r .

4132  Keyboa rdTe r i n te r .  The
i s  an  IB I !  Se lec t r i c  t ypev r i t e r

mod i f i ed  f o r  use  r i t h  DSCrs  1130

2 .6 .5  The  I n te rp rocessc r  I n te r : r up t .  The  i n te r -p rocesso r
i n te r rup t  ( IP I )  i s  a  dev i ce  access ib l e  f r cn  bo th  t he
l l e t a  4A  and  t he  l l e t a  t lB .  The  f unc t i on  o f  t he  I p I  i s
t o  a11ou  e i t he r  p roc€sso r  t o  i n t e r rup t  t he  o the r  v i t h
a  ha l f r yc r i l  o f  s ys ten  o r  use r  p rov ided  da ta .  Th i s
makes  poss ib l e  ccmuun i ca t i on  be t reen  t he  p rocesso r :
r i t hou t  t he  us€  o f  co re  ne l l o r y .

2 .6 .6  The  S / i 60  I n te r f ace .  The  S /360  i n te r f ace  connec t s  t he
| t e ta  4  A  t o  a  57360  nu l t i p l exo r  channe l .  The
in te r f ace  ( t oge the r  r i t h  t he  f { e ta  4A  f i r n ra re )
f unc t i ons  i n  accoEdance  r i t h  IB l , l  r s  Channe l  t c  Con t ro l
t l n i t  spec i f  i ca  t i cns [  10  ]  and  i s  non -spec i f  i c ,  t ha t  i s ,
i n t e rp re t -a t i on  o f  channe l  conmands  i s  l e f  t  t o  ! , t e t a  4  A
so f t ya re .  t he  i n te r f ace  a l l ovs  c l a ta  t r ans fe r  be t reen
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2.5.4 Accepting analog and digital inputs from the various 
graphic devices and holding the information until 
requested by the ~eta 4B. 

The follcwing lists the I/O devices which are currently 
available to a program in the Meta 4A. Possible future 
additions to the configuration include a printer, a small 
drum, ano a real-time cleek. 

2.6.1 DSC Mo~el 1444 Disk Storage Unit. The disk unit 
provides the Meta 4A with 1 megabyte of online 
storage. The di~k cartridge is interchangeable with 
an IBM 2315 cartridge (used on an IBM 1130 computing 
System). Average access time (seek time plus 
latency) is 180 milliseconds; data transfer rate to 
the Meta 4A is 72 KHz bytes. 

2.0.2 DSC Model 3461 Card Reader. The ~odel 3461 is a 300 
card/minute Hollerith Card Reader. 

2.6.3 rsc Model 4153 Programmer's Centrol Panel. The 

2.6.4 

ccntrol panel for the Meta 4A was designed to be used 
with DSC's IBM 1130 emulator, and thus is very 
similar to an 1130 control panel. However, the 
functions of the panel have been partially redefined 
by the Meta 4A firmware to allow, for example, 
display of all 16 general purpose registers and IPL 
device selection. 

esc Model 
key-board/printer 
which has been 
emulator. 

4132 
is an 

modified 

Keyboard/Printer. The 
IB~ Selectcic typewriter 
for use with DSC's 1130 

2.6.5 Th~ Interprocesscr Interrupt. The inter-processor 
interrupt (IPI) is a device accessible frem both the 
Meta 4A and the Meta 4B. The function of the IPI is 
to allow either prOCEssor to interrupt the other with 
a halfword of system or user provided data. This 
maKes possible ccmmunication between the processor~ 
without the use of core memory. 

2.6.6 The S/160 Interface. The S/360 interface connects the 
Meta 4A to a S/360 multiplexor channel. The 
interfac~ (together with the Meta 4A firmware) 
functions in accordance with IBM's Channel to Control 
Unit specifications[10] and is non-specific, that is, 
interpretation of channel commands is left to Meta 4A 
software. The interface allows data transfer between 
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t h e  S / 3 6 ' l  a n d  t h e
b y t e s  ( d e p e n d i n g  c n

l i l e t a  q A  a t  r a t e s  u p  t o  5 0 -  1 0 0 K H z
c t b e r  c h a n n e l  a c t i v i t y )  .

3 .  T H E  O P E F A T I N G  S Y S T E I {  F C T  T H I  I , I E l A  4 A

f .J - i ! ! led !s ! t9 !

A  f u n d a n e n t a l  d e c i s i o n  i n  t h e  d e s i g n  o f  t h e  o p e r a t i n g  s y s t e m
f  o r  t h e  I t e t a  4  A  y a s  t c  d i s c a r d  t , h e  n o r e  c o n m o n  [ s u p e r v i s o r

a n d  m a n a q e m e n t t r  a p p r o a c h ,  t y p i f i e d  b y  f B i l r s  O . S . [ 2 J  a n d
{ l n i v a c r s  F x e c  8 ,  i n  f a v o r  o f  t h e  r r € x t e n i t e d  m a c h i n e r r  o r
f r s t r u c t u r e d r r  a p p r o a c h  t y p i f  i e d  b y  D i J k s t r a r s  r r T H E ' f  S y s t e n [  5 ] ,
T F l , t ' s  T S S [ 8 ]  a n d  C p / 5 7 f _ 9 ) ,  a n c l  H o n e y u e l l r s  l l u l t i c s [  3 ] .

I n  t h e  e x t e n d . e d  u r a c h i n e  a p p r o a c h ,  t h e  o p e r a t i n g  s y s t e n
p r o v i r l e s  a  r r m o r e  u s e f u l f r  t a r g e t  n a c h i n e  f c r  t h e  u s e r  b y
s i m u l a t i n q  i t  o D  a  s i r p l e r  m a c h i n e ,  t h e  h o s t .  B y  t h i s
d e f i n i t i o n ,  a  m i c r o - p r o g r a m m a b l e  m a c h i n e  c o u l c l  b e  s a i d  t o
p r o v i d o  a n  e x t e n d e d  n a c h i n e  t o  t h e  s o f t r a r e ,  a n d  i t  i s  c l e a r
t h a t  m a n y  I e v e l s  o f  e x t e n s i o n  a r €  p c s s i b l e ,  r i t h  e a c h
s i m u l a t o r  r u n n i n g  o n  t h e  e x t e n d e d  m a c h i n e  F r o y i i l e d  b y  t h e
L o v e r  l e v e I .  T h e  f i r s t  c e r s i c n  c f  t h e  o p e r a t i n g  s y s t e m  f o r
t h e  l , ! e t a  4 1 ,  B O G U S  ( B r o r n  o p € r a t i n g  G r a p h i c s  0 n i v e r s i t y
S y s t - e m ) ,  c o n s i s t s  o f  a n  e x t e n i l e d  n a c h i n e  s i n u l a t o r  r u n n i n g  o n
t h e  f i r m H a r e - p r o v i d e d  n a c h i n e .  T h r s  l o s e s t  l e v e l  s y s t e n  v i l l
b e  r e f e r r e c l  t o  h e r e a f t e r  a s  L e v e l  0 .  T h e  r t q s s g r r  p r o g r a n ,
r h i c h  n a y  b e  a n  a p p l i c a t i o n  p r o g r a n ,  a n  o p e r a t i n g  s y s t e m  o r
a n o t - h c ' r  l e v e I  o f  s i n u l  a t i c n ,  r u n s  o n  L e v e l  1 ,

A n  i m m e d i a t e  e f f e c t  o f  t h i s  d e s l  g n  i s  t o  b l u r  t h e  b o u n d a r y
b e t n e c ' n  f  i r m H a r e  a  n d  s o f  t u a r e .  ' l ' h e  u s e r  p r o q r a n  o n  L e v e l  1
s e e s  o n l y  r r h a r d e a r € i l  b e l c u  i t s e 1 . f ,  r i t h  t h e  c h a r a c t e r i s t i c s
o f  t h a t  h a r d w a  r e  b e i n q  s i n u l a t e d  b y  L e v e l  0  a n d  b y  t h e
f i r n r H a r € .  f t  i s  t h e r e f o r e  p o s s i b l e  t o  t e s t  t h e  u s e f u l n e s s  o f
a  f r r n c t i c n  b y  i n p l e n e n t i n q  i t  i n  L e v e l  A .  a n d  l a t e r  u o v i n q  i t
i n t o  t h e  f i r n r a r e  i f  t h a t  i s  f c u n i l  t o  b e  a p F r o p r i a t e .  T h e
L e v e l  1  p r o g r a m  r i 1 1  n o t  n o t i c e  t h e  c h a n g e  e x c e p t  i n  t e r n s  o f
t h e  s p e e d  o f  t h e  f u n c t i o n .  T h u s  t h e  e x t e n i l e d  n a c h i n e  c o n c e p t
a n d  m i c r o p r o g r a m m i n g  t o g € t h e r  p r o v i c l e  a n  i d e a l  a r c h i t - e c t u r e
f o r  r e s e a r c h  i n t o  e x a c t l y  r h a t  a  r r u s e f u l r t  n a c h i n e  f o r  r e n o t e
q r a p h i c s  ( c r  m a n y  c t h e r  t h i n g s l  s h o u l i l  I o o k  l i k e .

T h e  n a J o r  d r a v b a c k  t o  t h e  e x t e n i l e d  m a c h i n e , a p p r o a c h  i s  t h a t
t h e  e x t e n d € d  m a c h i n e  r u n s  s l o r e r  t h a n  H o u l d  a  r e a l  m a c h i n e  o f
t h e  s a m e  t y p e ,  e s p e c i a l l y  i n  t h o s €  a r e a s  v h i c h  a r e  d i f f i c u l t
f o r  t  h e  h o s t  n a c h ! n e  t o  s i n u l a t e .  f n  f a c t ,  a  s i m u l a t e d
i n s t r u c t i o n  m a y  t a k e  f i f t y  t i n e s  a s  l c n q  t o  t r e x e c u t e f r  a s  a
n a t i v e  i n s t . r u c t i c n  ( o n e  f c u n d  o n  t h e  h o s t  a s  r e l l  a s  t  h e
t a r q e t  m a c h i n e  a n d  e x e c u t e d  d i r e c t l y ) .  T t  i s  c u r  o p i n i o n  { t o
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the 5/360 and the Met~ 4A at rates up to 50-100KHz 
bytes (depending en ether channel activity). 

A fundamental decision in the design of the orerating system 
for the Meta 4A was to discard the more common "supervisor 
and manaqement" approach, typified by IBM's 0.S.[2] and 
flnivac's Exec 8, in favor of the "extended machine" or 
"structured" approach tn:ifieii by Dijl<stra's "'[HE" Systell[ 5], 
TBM's TSS[81 and CP/67[9J, and Honeywell's Multics[3]. 

In the extended machine approach, the operating system 
provioes a "more useful" target machine fer the user by 
simulating it OD a silpler machine, the host. 8y this 
definition, a micro-programmabl~ machine could be said to 
provid o an extended machine to the software, and it is clear 
that many levels of extension are pcssible, with each 
simulator running on the extended machine rrovided by the 
lower level. The first version of the operating system for 
the Meta 4A, BOGUS (Frown orerating Graphics University 
System), consists of an extended ~achine simulator running on 
the firmware-provided machine. lh~s lowest level system will 
be referred to hereafter as Level 0. ~he "user" program, 
which may be an aprlication program, an operating system or 
anothpr level of simulaticn, runs on Level 1. 

An imm~~iate effect of this design is to blur the boundary 
c"Otweon firmwan~ and software. '1 he user program on Level 1 
sees only "hardware" belcw itself, with the characteristics 
of that hardware being simulated by Level 0 and by thp 
firmware. It is therefore possible to test the usefulness of 
a functicn by implementing it in Level 0, and later movinq it 
into the firmware if that is found to be appropriate. ~he 
Level 1 program will not notice the change except in terms of 
the speed of the function. Thus the extended machine concept 
an~ microprogramming together provide an ideal architecture 
for research into exactly what a "useful" machine for remote 
graphics (er many ether things) should look like. 

The rn~1or drawback to the extended machine approach is that 
the extended machine runs slower than would a real machine of 
the same type, especially in thOSE areas which are difficult 
for the host machine to simulate. In fact, a simulated 
instruction may take fifty times as long to "execute" as a 
native instruction (one found on the host as well as th~ 
tarqet machine and executed directly). It is cur opinion (to 
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be  t es te i l  by  t r i a l )  t ha t  t he  a r ch i t ec tu re  o f  t he  en t i r e
sys tem nakes  t h i s  ccns ide ra t i on  l ess  impo r tan t ,  s i nce  ac t i ons
Eequ i r i ng  ve ry  f as t r  sub -u i l l i second  response  r i 1 l  be
pe r f  o rned  by  t he  I , l e t a  qB  o r  by  t he  f  i . r a r ra re  o f  t he  He ta  44 ,
o r  i n  spec ia l  cas€s  cou ld  be  p r cg ranned  so  t ha t  t hey  do  no t
use  ex tens i ve  s i nu la t i cn .

3 . 2  C h a r a c t e r i s t i c s  o f  t h e  L e v e l  0  E x t e n i l e d  l l a c h i n e

The  f o l l c r i ng  pa rag raphs  desc r i be  t he  bas i c  supe rv i so ry
se rv i . ces  p rov idec l  by  Leve l  0 .  Ou r  c r i t e r i a  f o r  r ha t  se ry i ces
a re  app rcp r i a te  t o  Leve l  0  app rox ina te  t he  res t r i c t i ons  on
TB I ! r s  O .  S .  Type  1  SVC,s ,  t ha t  i s ,  t hey  mus t  e recu te  i n
i l i sab led  node  an i l  canno t  ca l l  any  o the r  Leve l  0  r ou t i nes .  (O f
cou rse r  dS  LeveL  1  f unc t i cns  becone  re11  de f i ned ,  t hey  Day  be
a d i l e d  t o  L e v e I
r e s t r i c t i o n s .  )

0  even  i f  t hey  c l o  no t  nee t  t hese  p re l im ina ry

A l l  Leve l  0  f ac i l i t i e s  a re  accessed  v i a  unde f i ned  cpe ra t i on
codps .  Th i s  f ea tu re  has  t r o  advan tages  ove r  t he  Do re
conven t i ona l  supe rv i so r - ca l l  app roach .  f i r s t ,  t he  l l e t a  l lA
f i r n r . a re  pa rses  t he  i ns t r uc t i on  and  s to res  t he  e f f ec t i ve
ad i l r esses  i n  l c v  co re  be fo re  caus ing  an  i l l eqa l - ope ra t i on
in te r rup t .  Th i s  saves  co i l e  cn  l eve l  0  and  pe rn i t s  l o re
na tu ra l  spec i f  i ca t  i cn  o f  pa rame t  e  r : :  f  o r  t he  Leve l -  0  r ou t i ne .
S e c o n ' l  ,  r h e n  a  L e v e l  I f  unc t i on  i  s  uoved  c l o rn  i n t o  t he
f i rm ra re ,  i . t  i s  poss ib l e  f o r  a  p rev io r t s l y  asseub le i l  p rog ram
to  t - ake  immed ia te  advan tage  o f  t h i s  f ac t ,  t ha t  i s ,  t he re  i s
n o  o b s o l e t e  L e v e f  0  c v € r h e a d
i n s t r u c t i c n .

i n  a c c e s s i n q  t h e  r f n g a f f

3 . 2 . 1  S t o r a g e  I t a n a q e m e n t .  L e v e l  I  p r o v i d e s  t h e  e q u i v a l e n t
o f  c E T l l l I N  a n d  F B E E I . I A I N  i n r ; t r u c t i o n s  f o r  a  s i n p l e
d y n a  m i c  s t c r a g e  a  l l c c a t i o n  s ' i r s t e n .  f  t  a s s u D e s  t h a t  a
r e s e r v e d  l o c a t i o n  i n  l o r  c o r e  c o n t a i n s  t h e  h e a d  o f  a
f r e e - a r e a  l i s t - ,  a n d  a l l o c a t e s  s t o r a g e  f r o n  b l o c k s  i n
t h a t  l i s t  i n  s u c h  a  r a  y  a s  t  o  a v o i d  f r a g m e n t a t i o n .
f t  a l s o  o € r g e s  b l c c k s  i n t , :  a  s i n g l e  e n t r y  r h e n  a
n e r l y - f  r e e r l  b l o c k  i s  a d  j a c e n t  t o  a n o t h e r  f  r e e  b l o c k .
G E T I T A I N  u s e s  t h e  S E A n C H ,  E N Q r  a n c l  D E Q  t a r g e t
i n s t r u c t i o n s  t  o  p r o v i , l e  e x c e p t i o n a l l y  f  a s t  o p e r a t i o n .

I t  i s  p o s s i b l e  f c r  t h e  L e v e I  1  p r o g r a m  t o  p r o v i c l e  a
n c r e  c o m p l e r  f r e e - a r € a  m a n a g e m e n t  s y s t e n  b y  s w a p p i n q
d i f f e r e n t  l i s t  h e a d s  i n  a n c l  o u t  o f  t h e  r e s e r v e d
l o c a t i o n  i n  l o r  c c r e  u s e d  b y  L e v e l  0 .  f n  t h i s  r a y  i t
c a n  p r o v i d e  s u b p o o l  f a c i l i  t i e s ,  n u l t i p l e  u s e r
f a c i l i t i e s ,  e t c .

i . 2 . 2  f npu t / oa tpu t .  Leve l  0  ex tends  t he  re l a t i , ve l y
p r im i t i ve  I /O  reFe r to i . r e  o f  t he  ne ta  4A  t o  p rov i c l e
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b~ tested by trial) that the architecture of the entire 
system maKes this censideration less important, since actions 
requiring very fast, sub-millisecond response will be 
performed by the Meta 4B or by the firmware of the Meta 4A, 
or in special cases coule be pregrammed so that they do not 
use extensive simulatien. 

The follcwinq paragraphs describe the basic supervisory 
services provided by Level O. Our criteria for what services 
are appreFriat~ to Level 0 approximate the restrictions on 
IBM's a.s. Tvpe 1 SVC's, that is, they must execute in 
disabled mode and cannot call any other level 0 routines. (Of 
course, as Level 1 functicns become well defined, they may be 
added to Level 0 even if they do not meet these preliminary 
restrictions.) 

All Level 0 facilities are accessed via undefined eperation 
codes. This feature has two advantages over the more 
conventional supervisor-call approach. First, the Meta 4A 
firmware parses the instruction and stores the effective 
addresses in lew core before causing an illegal-operation 
interrupt. This saves code In level 0 and permits aore 
natural specificatien of parameters for the Level 0 routine. 
Second, when a Level ~ function is moved down into the 
firmware, it is possible for a previou~ly assembled program 
to ta~e immediate advantage of this fact, that is, there is 
no obsolete Level 0 cverhead in accessing the "new" 
instructicn. 

3.2.1 Storage Management. Level 0 provides the equivalent 
of GETMAIN and FPEEMAIN instructions for a simple 
dynamic stcrage allecation system. It assumes that a 
reserve~ location in lov cor~ contains the head of a 
free-area list, and allocates storage from blocks in 
that list in such a way as to avoid fragmentation. 
It also merges blccks into a single entry when a 
newly-freed block is ad;acent to another free block. 
GETMAIN uses the SEARCH, ENQ, and DEQ target 
instructions to rrovide exceptionally fast operation. 

It is possible fer the Level 1 program to provide a 
mere complex free-area management system by swapping 
different list heads in and out of the reserved 
location in low cere used by Level O. In this way it 
can provide subpool facilities, multiple user 
facilities, etc. 

3.2.2 Inrut/Output. level 0 
primitive I/O reFertoire 
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extends the relatively 
of the Meta 4A to provide 



s /36n - l i ke  cc I , l  {Channe l  Comnand  Ho rd )  f ac i l i t i e s  t o
Leve l  1 .  I nc l uded  a r€  command  anc l  da ta  cha in i ng ,
F rcg ranned  con t ro l l ed  i n te r rup t s ,  e t c ,

3 .  2 .  3  f n te r rup t  P rocess ing .  The  i n te r rup t  p rocess ing
ac t i on  o f  t he  Leve l  0  v i r t ua l  mach ine  gene ra l i zes  t he
PS l l - seap  nechan i su r  o f  t he  S /36A  and  p rov i c l es  t he
fo l l o r i ng  f ac i l i t  i e s .

3 ,2 .3 .1  A l l ouance  f  o r  an  a rb i t r a r y  nun rbe r  o f
i n t e  r r uF t i ng  cond i t i ons  and  ex i t  r ou t i nes ,
bo th  ha rd ra re  and  p rog ran  de f i ned .

7 .2 . i . 2  Suppo r t  f o r  a l ynan i c  a l l oca t i on  o f  con t ro l
b l ocks  and  sav ing  o f  no ld  mach ine  s ta te r l
( l , lSB ,  FC ,  qene ra l  r eg i s te r s )  sc  t ha t  t he
Leve l  1  I n te r rup t  Hand le r s  nay  be  recu rs i ve
and  run  enab led .

3 .  2 .3 .  3  Queu  i ng  o f  i n t e r rup t s  r h i ch  cccu r  r h i l e
t hey  a re  d i sab lec l  i n  a  nanne r  de f i ne r l  by
tbe  p rog raom€r .

3 .3 .3 .  q  A l l oHance  f o r  i n t e r rup t  hand le r s  t o  be
spec i f i ed  f o r  bo th  exp l i c i t  even t s  and
c lasses  o f  even t s ,  such  as  one  ex i t  f o r
Func t i on  f i ey  3  anc l  ano the r  f o r  a l l  o t he r
Func t i cn  Keys .

3 .2 .3 .5  A l l ouance  f o r  use r -de f i ned  even t s  r h i ch  may
be  r r s i gna l l ed r  by  so f t ua re .  A I so  a l l ocance
fo r s c  f t c a r e " s i g n a l l i n g r l o f
h a r d  v a  r e - d e f  i n e t l  i n t e r r u p t s .

T o  n q e t  t - h e s e  q c a l s r  u €  h a v r , :  g € n e r a l i z e d  t h e  n o t i o n
o f  a n  i n t e r r u p t  i n t o  t h a t  o f  a n  e v e n t .  T h e  c l a s s  o f
p o s s i b l e  e v e n t s  i n c l u c l e s  h a r d f l a r e  i n t e r r u p t s  a s  a
s u b s e t ,  b u t  a  l s c  j " n c l u d e s  s o ' f  t u a r e  I t i n t e r r u p t s r r  s u c h
a s  e v e n t  n o t i f i c a t i o n .  F v e r y  e v e n t  i n  t h e  s y s t e m  i s
g i v e n  a  1  6 - b i t  n a o e  r h i c h ,  a l o n g  u i t h  c o n t r o l
i n f o r m a t i o n ,  n e r  u r a c h i n e  s t * t u s ,  a n c l  t h e  a o o u n t  o f
n c r k s p a c e  t h e  e v e n t  r o u t i n e  r e g u i r e s ,  i s  k e p t  i n  a n
E v e n t  T a b l e  n a i n t a i n e d  b y  L e v e l  0  ( t h e  t a b l e  i s
a c t u a l l y  a  t r e e ) .  l t h e n  a n  e v e n t  o c c u r s ,  a  L e v e l  0
e v e n t  h a n d l e r  s c a n s  t h  i s  t a b l e  t o  f i n d  t h e
c c r r e s p o n d i n g  e v e n t  r o u t i n e .  I f  s u c h  a  r o u t i n e  i s
f o u n d ,  n l l  n e c e s s a r y  I i n k i n q  a n d  s t a t u s  s r i t e h i n g  i s
p e r f  o r m e r l ,  a n d  t h e  r o u t i n e  i s  g i v e n  c o n t r o l .  I f  a
r o u t i n p  f o r  t h e  s p e c i f i c  e v e n t  i s  n g t  f o u n d ,  t h e  l a s t
f o u r  b i t s  o f  t h e  e v e n t  n a m €  a r e  z e r o e d ,  a n d  t h e
s e a r c h  i s  r e p e a t e d ,  e t c .  T h i s  e f f e c t i v e l y  i n p l e m e n t s
t h p  c a p a b i l i t y  n o t e d  i n  3 .  3 ,  3 .  u  a b c v e .  S i n c e  t h e
h e a d  o f  t h e  E v e n t  T a b l e  i s  p o i n t e d  t o  b y  a  l o v - c o r e
l o c a t i o n ,  i t  i s  p o s s i b l e  f o r  L e v e l  1  t o  c c n p l e t e l y
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Sj360-like CCW (Channel Command Word) facilities to 
Level 1. Included are command and data chaining, 
Frcqrammed controlled interrupts, etc. 

3.2.3 Interrupt 
action of 
PSW-swap 
following 

Processing. The interrupt processing 
the Level 0 virtual machine generalizes the 
mechanism of the 5/360 and provides the 
facilities. 

3.2.3.1 Allowance for an arbitrary number of 
interruFting conditions and exit routines, 
both hardware and program defined. 

3.2.3.2 Support for dynamic allocation of control 
blocks and saving of "old machine state" 
(~5R, FC, general registers) sc that the 
level 1 Interrupt Handlers may be recursive 
and run enabled. 

3.2.3.3 Queuing of interrupts 
they are disabled in 
the programmer. 

which occur while 
a manner defined by 

3.3.3.4 Allowance for interrupt handlers to be 
specified for both explicit events and 
classes of events, such as one exit for 
Function Key 3 and another for all other 
Function Keys. 

3.2.3.S Allowance for user-defined events which may 
be "signalled" by software. Also allowance 
for software "signalling" of 
hardware-defined int.errupts. 

to moet these gcals, we have generalized the notion 
of an interrupt into that of an event. The class of 
possible events includes hardware interrupts as a 
subset, but alsc includes software "interrupts" such 
as event notification. Fvery eVEnt in the system is 
given a 16-bit name which, along with control 
information, new machine status, and the amount of 
wcrkspace the event routine requires, 1S kept in an 
Event Table maintained by Level 0 (the table is 
actually a tree). When an event occurs, a Level () 
event handler scans this table to find the 
corresponding event routin~. If such a routine is 
foun~, ~ll necessary linkinq and status switching i~ 
performc1, and the routine is given control. If a 
routine for the sFecific event is ng! found, the last 
four bits of the event name are zeroed, and the 
search is repeated, etc. This effectively implements 
the capability noted in 3.3.3.u above. Since the 
he~d of ~he Bvent ~able is pointed to by a low-core 
location, it is Fossible for Level 1 to completely 
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r ede f i ne  i t s  even t  hand l i nq  s t r a tegy  mere l y  by
po in t i ng  t h i s  l c ca t i on  a t  a  ne r  Even t  Tab le .  A l so ,
p r i o r i t y  aEonq  even ts  i s  a  na tu ra l  o f f shoo t  o f  t he
nanne r  i n  uh i ch  t be  t ab le  i s  sea rched .

3 .2 . t t  o t he r  f ac i l i t i e s .  O the r  f ac i l i t i e s  p l anned  f o r
i nco rpo ra t i on  i n to  Leve t  0  i nc l ude  f l oa t i ng  po in t
sub rou t i nes ,  da ta  conve rs i on  r cu t i nes  (e .9 . ,  EBCDfC
tc  ASCI f ) ,  and  rea l - t i ne  c l ock  suppo r t .

1.,.-3-! rs gs a-E- De gel qpess!- 5 g J !! g Es

I t n t i l  such  t ime  as  an  assenb le r  f o r  t he  t ! e ta  4A  (an< t  t lB )  i s
imp lemen te , l e  r €  a re  us i ng  I l a t e r l oo rs  Assenb le r  G  (AS t { c )  f o r
ou r  assemb le r .  AS t lG  ( rh i ch  runs  i n  t he  S /360 )  i s  t ab le
d r i ven  an i t  has  been  mor l i f i e i l  t o  r ecogn i ze  t he  mneuon i cs  an r l
gene ra t . e  nach ine  i ns t r uc t i ons  f o r  t he  l ' l e t a  44 .  Th i s  g i ves  us
a  ve ry  pove r fu l  mac ro -gene ra to r  and  a  r i ch  assenb l y  l anguaqe ,
f n  a . s im i l a r  f ash ion ,  u€  p l an  t o  nod i f y  t he  C l lS  l oade r  t o
l i nk  t oqe the r  t ! e t a  4A  ob jec t  r l ecks  anc l  p roc luce  a  l l e t a  4A  co re
imaqe  i n  s /360  co re ,  r h i ch  He  can  t hen  sh ip  ac ross  t he
in te r f ace  an ,1  s to re  on  t he  t { e ta  qA  d i sk .  Th i s  r i l l  g i ve  us
such  f ea tu res  as  au t c rna t i c  l i b ra r y  I cokup  o f  un reso l ved
names ,  V -cons ,  pseudo - reg i s te r s ,  REP  ca rds ,  e t c .

l l e  a r e  a  l s o  i  n  t h e  p r c c e s s  o f  b o o t s t r a p p i n g  a
P l , / 1 6 1 [ 1 t l ]  t o  r u n  l o c a I l y  c n  t h e  l l e t a  4 A ,  t h u s
m i n i m a l  l o c a l  h i q h - l e v e l  l a n g u a g e .

ve rs i on  o f
p rov i c l i ng  a

- i - . !  -  nshg g s]!s-199 JE

A  m a  j o r  p a r t  o f  t h e  i n i t i a  I  y o r k  o r " r  t h e  q r a p h i c s  s y s t e n  i s
c o n c e r n e i l  u i t h  t h e  d e v e l c p m e n t  o f  d e h u g g i n g  t o o l s ,  a . s  u s e r s
n e e d  t - o  d e b u q  p r o g r a n s  o n  t h e  l l e L a  4 4 ,  t h e  l ! e t a  4 8 ,  t h e
s / 3 6 n  r  d n d  e v e n  t h e  5 T  f i A L f  .  o f  i m m e r l : r a t e  u s e  i s  a  p r i n i t i v e ,
m a c h i n e - c c d e - o r i e n t e d  p a c k a g e  f o r  d e b u g g i n g  L e v e l  0  c o d e
i t s e l f .  T h i s  i s  s i m i l a r  i n  f u n c t i o n  t o  C l l S r s  D E B 0 G  p r o g r a n ,
b u t -  l a c k i n q  s o m e  o f  t h e  m c r e  a i l v a n c e d  f e a t u r e s .

lr5_.Uf g-b_ I e-ye-L_! a ng u a ge _ !-U t-EgE!

F o r  t h e  d a v e l o p r r e n t  o f  1 c c a l  p r c g r a m s ,  b u t  n c r e  i m p o r t a n t L y ,
t e  s u p p c r t  t h e  i m p l e e € n t a t i o n  o f  l a r q €  a p p l i - c a t l o n s  w h i c h
r c q ' r i r e  t h e  f a c i l i t i e s  o f  b o t h  t h e  5 / 3 6 A  a n d  t h e  t ! e t - a  4 A ,  a
v e r s i o n  o f  t h e  L a n q u a q e  f c r  S y s t e n s  D e v € l o p n e n t  t  1  ]  i s  b e i n g
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redefine its event handling strategy merely by 
pointing this lecation at a new Event Table. Also, 
priority among events is a natural offshoot of the 
manner in which the tatle is searched. 

3.2.4 Other facilities. other facilities planned for 
incorporation into Level 0 include floating point 
subroutines, data conversion rcutines (e.g., EBCDIC 
tc ASCII), and re~l-time clock su~port. 

until such tim~ as an aSEembler for the Meta 4A (and 4B) is 
implempnted, we are using Waterloo's Assembler G (AS~G) for 
our assembler. ASMG (which runs in the S/360) is table 
driven and has been modified to recognize the mnemonics and 
generate machine instructions for the Meta 4A. This gives us 
a very powerful macro-generator and a rich assembly language. 
In a similar fashion, WE plan to modify the CMS loader to 
link together Meta 4A object decks and produce a Meta 4A core 
image in S/360 core, ~hich we can then ship across the 
interface and store on the Meta 4A disk. This will give us 
such features as automatic library lcokup of unresolved 
names, V-cons, pseudo-registers, REP cards, etc. 

We are also in the precess of 
PLj16"r 14] to run locally cn the 
minimal local high-level language. 

bootstrapping a version of 
Meta QA, thus providing a 

A maior part of the initial work on the graphics system is 
concerned with the develcpment of debugging tools, as users 
need to debuq programs on thE Meta QA, the Meta 4B, the 
S/3~n, and pven the SIMALE. Of immediate use is a primitive, 
machinp-cc~e-orient€d package for debugging Level 0 code 
itself. This is similar in function to eMS's DEBOG program, 
but lacking some of the mere advanced features. 

For the d~velopment of Iceal rrcgrams, hut mere importantly, 
tc sup~crt the implem€ntation of largE applications which 
r~q~irF the facilities of both the S/360 and the Meta QA, a 
v p rsi0n of the Language fer Systems nev€lopment [1] is being 
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imp lemen te r l  vh i ch  r i l l  p r cduce  co f re  f o r  t he  360  anc l  t he  t l e t a
44 .  I l hen  a  use r  cc f t p i l es  a  p rog raD  i s  LSD,  he  c i l l  be  ab le
to  spcc i f y  f o r  r h i ch  mach ine  ob ' j ec t  code  i s  t o  he  conp i l ed .
Tn  add i t i cn ,  f ac i l i t i e s  a re  be ing  added  t o  t he  l anguage  t o
a l l o r ,  f o r  exa  np le ,  spec i f i ca t i on  t ha t  a  p rocedu re  o r
va r i ab le  r e fe rnce , l  by  a  p roq ram i n  one  nach ine  i . s  t c  be  f ounc l
i n  t he  c the r  p rocesso r .  Th i s  r i l l  g rea t l y  f ac i l i t a t e  t he  j ob
o f  a l l oca t i ng  (and  re -a l l oca t i ng )  t he  va r i ous  no i l u l es  o f  a
Ia rge  app l i ca t i on  be t ceen  t he  t r o  nach ines .

- 1 4 -

implemente~ which will prcduce co~~ for the 360 and the ~eta 
4A. Wh~n a user cempile~ a program is lSD, he will be able 
to sppcify for which machine obj€ct code is to be compiled. 
In addition, facilities are being added to the language to 
allow, for example, sFecification that a procedure or 
variable refernced ty a program in one machine is tc be found 
in the ether processor. 1his will greatly facilitate the job 
of allocating (and re-allocating) the various modules of a 
larg~ application between the two machines. 

-14-



A P P E N n T v  A :  T  E C H N T C A L  f  N F O R  l t A T  I C N

A  .  1  T h e  I t t e t a  4  P r o c e s s o r r  o

T h e  l ! e t a  t t .  n a n u f  a c t u r e d  b y  D i g i t a l  S c i e  n t i f  i c  C o r p o r a t i o n ,
i s  a  s m a l l  l o g i c a l  p r o c e s s o r  c c n t r o l l e d  b y  a  r a n c l o m - a c c € s s
B p a d - o n l y  t ! r ' m o r y  ( n o H ) .  T h e  f o l l o w i n g  p a r a g r a p h s  d e s c r i . b e
t h e  s a l i e n t  f e a t u r e s  o f  t h e  p r o c e s s o r .

A .  1 ,  1  R e a d - o n l y  l i l e n o r y  .  T h e  c o n t r o l  s t o r e  u h i c h  c l r i v e s  t h e
l ! ! e t - a  4  i s  a n  i n d u c t i v e - t y p e  R 0 l , !  r h i c h  s e n s e s  b i t
p a  t t e r n s  r h i c h  h a v e  b e e n  t t p e € l e d r r  o n t o  s p e c i a l  P C
b o a r d s  b y  e i t h e r  t h e  u s e r  o r  D S C  p e r s o n n e l .  ( A n
a t t r a c t i v e  f e a t u r e  o f  D S C r s  F C t l  i s  t h a t  i t  c a n  b e
l o a d e d  a n d  n o d i f  i e d  o n - s i t e . 1  T h e  R O I {  h a s  a  3 5
n a n o s e c o n d  a c c e s s  t i o e  a n d  i s  a v a i l a b l e  i n  u p  t o  4 0 9 5
1 6 - b i t  n o r i l s  "

A .  1  .  2  H a r d u a r e  R e q i s t e r s .  T h e  f { e t a 4  C t O  c a n  h o l c l  u p  t o  3 1
r e g i s t e r s .  T h e s ei n t eg ra ted -c i r cu i t

r eq i s te r s ,  a l 1  o f  r h i ch  a re  d i r ec t l y  add ressab le  by
the  m ie rocode ,  can  be  e i t he r  gene ra l  Fu rpcse ,  neEo ry
access r  SCra t chpad  access ,  o r  i npu t / ou tpu t .

A .1 .3  Da ta  P rocess ing  l cg i c .  A  n " r r oa l  i ns t r uc t i on  i nvo l ves
th ree  buses  ca l l ed  t he  A ,  B ,  an i l  D  buses .  An
a r i t hu re t  i c /Boo lean  un i t  p rocess€s  da ta  rece i ve i l  v i a
the  A -hus  anc l  t he  E -bus .  The  res r : l t  o f  an  ope ra t i on
i s  t r ans rn i t t ed  t h rouqh  a  Ske r  un i t  t o  t - he  D -bus  anc l
t hence  t o  a  c l es t i na t i cn  req i s te r .  The  a r i t hne t j . c
un i t  i s  a  1  6 -b i t ,  h i qh -spee i l  pa ra l l e l  adde r ,
Ca r r y - i n  con t r c  I s , t cge the r  u i t h  cve r f l c r  and
ca r r y -ou t  cond i t . i on  b i t s ,  a I l o r  nu l t i p l e  p rec i s i on
ope ra t i ons .  The  Boo lean  t unc t i cns  conp r i se  t he
log i ca l  c cnnec t i  yes  AND,  oR ,  anc l  Exc lus i ve  OR.  The
ske r  un i t  man ipu la tes  t hp  resu l t  o f  e i t he r  an
a r i t hme t i c  o r  a  I l oo lean  cpe ra t i on ,  F rov i t l i nq
func t i ons  such  as  r i qh t  anc i  l e f t  sh i f t s  o f  one  o r
e i gh t  b i t s  and  s i gn  ex ten , l .

A .1 .4  Sequence  Ccn t r c l .  Sequ€nce  Con t ro l  f o r  t he  p rocesso r
i s  a  p rog ran  s to red  i n  AC [ .  Add resses  i n  RO l t
i " ns t ruc t i ons  and  i n  a  spec ia l  L i nk  reg i s te r  a re  use r l
by  t he  b ranch -ccn t ro l  un i t  t o  sh i f t  con t ro l  be tueen
va r i ous  seguenc€s  as  t he  resu l t  c f  t es t i ng
ope ra t i ons .  An  y  s i ng le  b i t  o f  any  a i l d ressab le
reg i s te r  nay  be  t es ted  f o r  ze ro  c r  ncnze ro ,  8 -b i t  anc l
16 -b i t  f i e l ds  may  be  t es te i l  f o r  ze ro  o r  nonze ro ,  and

roPa r t s  o f  t h i s  r l esc r i p t i cn  se re  t aken  r i t h  pe rh i ss i cn  f r on [41 .

1  5  - b i t
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Tho Meta 0, manufactured by Digital Scientific CorForation, 
is a small logical processor controlled by a random-access 
Rpa~-0nly Mpmory (ROM). The following paragraphs describe 
the salient features of the processor. 

A.1.1 Rea~-Only Memory. The control store which drives the 
Meta 4 is an inductive-tYfe ROM which senses bit 
ratterns ~hich tave been "peeled" onto special PC 
boarns by either the user or DSC personnel. (An 
attractive feature of DSC's RC~ is that it can be 
loaden and modified on-site.) The ROM has a 35 
nanosecond access time and is available in up to 4096 
16-bit words. 

A • 1 • 2 Hardware Reqisters. The Meta 
16-bit integrated-circuit 
reqisters, all of which are 
thp microcode, can be either 
access, scratchpad access, or 

4 CEO can hold up to 31 
reqisters. These 

directly addressable by 
general Furpcse, memory 
input/output. 

A.1.3 Data Processing legic. A n0rmal instruction involves 
three buses called the A, B, and D buses. An 
arithmetic/Boolean unit processes data received via 
the A-bus and the E-bus. The result of an operation 
is transmitted throuqh a Skew unit to the D-bus and 
th~nce to a destination register. Thp arithmetic 
unit is a 16-bit, high-speed parallel adder. 
Carry-in controls, tcgethE!r with ever flew and 
carry-out condition bits, allow multiple precision 
operations. The Boolean fUnctions comprise the 
logical connectives ANr, OR, and Exclusive OR. The 
skew unit mani~ulates the result of either an 
arithm~tic or a Boolean CFeration, Frovi~inq 
functions such as right and left shifts of one or 
eight bits and sign exteni. 

A.1.4 S~quence Control. Sequence Control for the processor 
is a program stored in ReM. Addresses in ROM 
instructions and in a special Link register are used 
by the branch-centrol unit to shift control between 
various sequenCES as the result cf testing 
oFerations. Any single bit of any addressable 
register may be tested for zero or ncnzero, e-bit and 
16-bit fields may be tested for 7ero or nonzero, and 

lOParts of this description were taken with per~issicn fro~q]. 
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a  se l f - dec renen t i nq  reg i s te r  may  be  t es tec l  f o r  ze ro
concu r ren t l y  c i t h  ope ra t i cns  o f  f unc t i ona l  un i t s ,  An
inc l exec l  b ranch  an i l  nu l t i l e ve l  e recu te  f ac i l i t y  a re
av  a i  l ab l  e .

4 .1 .5  I npu t /Ou tpu t .  I /O  t o  sys tem pe r i phe ra l s  nay  be
ca r r  i e ' l  ou t  v i a  c l i r ec t  cab le  connec t i ons  t o  spec ia l
t ypes  o f  d i r ec t l y  ad r l r essab le  I /O  reg i s te r s .  The
sequence  ccn t ro l  p rog ran  may  conmun i ca te  v i t h  t he
sys tem pe r i phe ra l  equ ipmen t  t h rough  t hese  reg i s te r s .
The re  i s  a l sc  a  sepa ra te  chass i s  uh i ch  accep ts
s tanda rd  ccn t ro l l e r s  f o r  va r i ous  pe r i phe ra l  equ ipmen t
on  a  p l uq - i n  bas i s .  No  v i r i ng  chages  a re  requ i red  t o
add  o r  i l e l e te  pe r i phe ra l  equ ipnen t .  Pe r i phe ra l
equ ipmen t  con t ro l l e r s  ope ra te  on  a  pa r t y -1 i ne  T /O  bus
o r  d i r ec t l y  t o  De i l o r y r  ds  app l i cab le .

A .  1 .  5  Co re  l { eno ry .  CoE€  Deno ry  i s  ope ra tec l  by  t he  con t ro l
p r cg ram th rough  spec ia l  r eg i s te r s  anc l  con t ro l s .  FouE
s tanda r r l  Eeno ry  po r t s  a l l oc  mu l t i p l e  p rocesso rs  o r
spec ia l  equ ipnen t  t o  sha re  nu l t i p l e  banks  o f  neno ry .
Each  bank  c f  co re  nenc ry  i s  an  i n i l ependen t l y  ope rab le
un i t .  The  p r ccesso r  can  use  ac l i l i t i ona l  meno ry
reg i s te r s  c r  i n t e r l eav inq  t o  ove r l ap  accesses  t o
seve ra l  banks .  Cc re  memcry  i s  ava i l ab le  up  t o  65 r536
1B-b i t  (  16  da ta  b i t s  p l us  pa r i t y  anc l  p ro tec t )  r o rds
pe r  memory  I /A  reg i s te r  anc l  has  a  450  nanosecond
access  t i ne  (900  nanosecon r i s  f u l l - c yc l e ) .

4'2-Ile-!ss !eE-ge !ere r::

The  Vec to r  Gene ra l  G raph  i c s  D i sp lay  5 ; ys t€m i s  an  i n te rac t i ve
q r : aph i  cs  ca thode  ray  t ube  (CRt )  i l i sp l ; r y  t ha t  may  be  connec ted
to  any  compu te r  sys ten  u i  t h  s t an r l a r i l  . i npu t / ou tpu t  ca  pab i l i t y .
The  r l i sp l ay  i n t e rac t s  r i t h  an  cn -  [ i ne  use r  by  d i sp lay i ng
p ie to ra l  i n f o rma t i cn  on  t he  su r f a r : e  c f  t he  CRT  and  by
accep t i ng  i npu t s  f r cn  ex te rna l  ccn t ro l  dev i ces .  The  i npu t s
a r t r  r eques ted  and  p rocessed  by  compu te r  p rog rams  tha t  a l t e r
and  ma in ta i n  t he  ou tpu t  p i c t u re  be inq  p resen ted  t o  t he  use r .
ThF  f o l l o r i nq  pa rag raphs  desc r i be  t he  capab i l i t i e s  o f  t he
Vec to r  Gene ra l  Sys ten ,

A .  2 .  1  f n te r f ace  and  Con t r c l l e r .  The  i n te r f ace  be t reen  t he
Yec to r  Gene ra l  t r ansm i t s  16 -b i t  co rds  be t reen  t he
ccn t r c l l e r  and  t he  conpu te r r s  nemory .  The  i n te r f ace
a l so  passes  q raph i c  i n t e r rup t s  t o  t he  compu te r ,  and
q i ves  t h€  q ra  ph i cs  p rog ram access  t o  t he  128
reg i s te r s  i n t e rna l  t o  t he  con t ro l l e r  ( 64  o f  t hese  a r€

r rPa r t s  o f  t h i s  desc r i p t i on  He r€  t aken  r i t h  pe rn i ss i on  f r on  [  131 .
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a self-decrementing register may be tested for zero 
concurrently with operations of functional units. An 
indexed branch and multilevel execute facility are 
available. 

~.1.5 Input/Output. I/O to system peripberals may be 
carrien out via direct cable connections to special 
types of directly addressable I/O registers. The 
seguence centrol program may communicate with the 
system peripheral equipment through these registers. 
There is also a separate chassis which accepts 
standard centrollers for various peripheral equipment 
on a pluq-in basis. No virinq chages are required to 
add or delete peripheral equipment. Peripheral 
equipment controllers operate on a party-line I/O bus 
or directly to melory, as applicable. 

A.1.6 Core Memory. Core memory is operated by the control 
program through s~ecial registers and controls. Four 
standard memory ports allow mUltiple processors or 
special equipment to share multiple banks of memory. 
Each bank of core memory is an independently operable 
unit. The processor can use ad1itional memory 
registers er interleaving to overlap accesses to 
several banks. Ccre memory is available up to 6S,536 
18-bit (16 dat.a tits plus parity and protect) vords 
per memory I/O register and has a 450 nanosecond 
access time (900 nanosecond~ full-cycle). 

The vector General Graphics Display System is an interactive 
qraphics cathode ray tube (CRT) displ~y that may be connected 
to any computer system with standard input/output capability. 
The display interacts kith an en-line user by displaying 
pictoral information on the surface cf the CRT and by 
~ccepting inputs from external control devices. The inputs 
are requested and processed by compute~ programs that alter 
and maintain the output Ficture being presented to the user. 
Th~ followinq paragraphs describe the capabilities of the 
Vector General System. 

A.2.1 Interface and Controller. The interface between the 
Vector General transmits 16-bit words betwe€n th~ 
centroller and the computer's memory. The interface 
also passes qraphic interrupts to the computer, and 
qives the qraphics program access to the 128 
reqisters internal to the controller (64 of these are 

llParts of this description were taken with permission from [13]. 
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s r i t ab l€ ) . T h e c c i l  t  r o l , l e r a1 lo r s  r eq i s te r
nod i f i ca t i cn  v i a  Loac l ,  Add ,  oR ,  and  AND i ns t ruc t i ons ,
a r i t hne t i c  be ing  ca r r i ed  ou t  i n  pa ra l l e l  t r o  I  s
co rp lenen t .  Vec to r  i n f o rma t i on  i s  accep ted  by  t he
con t ro l l e r  i n  abso lu te ,  r e l a t i ve ,  sho r t  i nc remen ta l ,
l cng  i nc renen ta l ,  an t l  au to - i nc reuen t  f o rna t s .  The
con t ro l l e r  i nc l udes  a  l i ne  I ockec l  f r ane  c1cck .  The
in te rna l  cyc l e  t ime  o f  t he  con t ro l l e r  i s  300
nanosecon i l  s .

A .2 .2  Coo rd ina te  T rans f c raa t i on  Gene ra t c r s .  Vec to r  Gene ra l
p rov  i c l es  f  cu r  ccc rd i na te  t r ans f  o r rna t i on  op t i ons .  The
f i r s t  o f  t hese ,  t he  Dua l  DAC,  ne re l y  p rov ides
d iq i t - a1 - t o -ana l cg  conve rs i on .  The  secon i l  and  t h i r c l ,
t so  i l imens iona l  o r  t r o  i l i nens iona l  r i t h  r o ta t i on ,
p r cv i de  image  sca le ,  t r ans la t i on ,  and  ro ta t i on  abou t
a  s i ng le  ax i s .  Tbe  f ou r t h  op t l on  a l l o r s  i nage  sca le ,
t r ans la t i cn ,  and  ro ta t i on  r i t h  6  deg rees  o f  f r eedon .

A . 2 . 1  T h e  C R T  a n d  Y e c t o r  G e n e r a t o r . The  CBT  i s  a
rec tangu la r  21 - i nch  t ube  r i t h  a  d i sp lay  a rea  o f  13X1q
i -nches .  De f l ec t i on  i s  dua l  e l ec t rouagne t i c ;  spo t
s i ze  i s  0 .01  t ] l - i n ch  ;  an i l  t he  dynam ic  Eange  o f  t he
vec to r  gene ra to r  i s  30X30  i nches .  The re  a re
4e96x4096  ac l c l r essab le  l oca t i ons  and  16  i n tens i t y
l eve l s (p l us op t i ona l con t i nuous  i n tens i t v

A . 2 , l l

nodu la t i on ) .  A t  a  3o  f r ame /second  re f r esh  ra te ,
12 ,aq0  l i nea r  i nches  c r  6  , 6QC sho r t  yec to r s  ( 1 .625
inches  o r  l ess )  can  be  d ra rn  v i t h  enc l  na t ch ing  and
c l csu re  o f  0 .020 - i nch  o r  be t t e r .  The  vec to r
gene ra to r  accep t s  do t ,  dash ,  po in t ,  and  so l i t l  vec to r
modes  and  pe r f o rns  ha rd ra re  sc i ssc r i ng .

The  Cha rac te r  G€ne ra to r .  The  cha rac te r  qene ra to r
d i sp lays  t he  192  cha rae te r  ex tended  ASCI f  se t  v i t h  32
op t i ona l  us€ r  de f  i ned  - "pec ia l  cha rae te r s .  Cha rac te r s
can  be  d i sp layec l  i n  f ou r  s i zes  e i t he r  ho r i zon ta l l y  oE
ve r t " i ca l l y .  Cha rac te r s  a re  gene ra ted  a t  an  ave rage
ra te  o f  10  m ic ros€con i l sTcha ra t : t e r .

op t i ona l  Con t r c l  Dev i ces ,  Ccn t r c l  dev i ces  rh i ch  can
be  connec t€d  t o  t he  vec to r  Gene ra l  i nc l uc l e  a  7q  key
a lphanumer i c  keybca rd  (256  codes ) ,  32  f unc t i on  keys ,
a  so l i d  s t a te  l i gh t  pen  v i t h  capac i t i ve  t i p  s r i t - ch ,
1o  s i ng le - t u rn  con t ro l  d i a1s ,  a  10x  1  1  i nch  da ta
tab le t ,  a  3 -ax i s  j oy  s t i c k ,  and  an  B -channe l  A /D
nu l t i p l exe r ,  A l l  o f  t hese  dev i ces  f eed  ana l cg  o r
d i q i t a l  i n f c rna t i on  i n to  ccn t r c l l e r  r eg i s te r s  vh i ch
may  t hen  be  read  by  t he  g raph i cs  p r cg ram.  The
keyboa rc l ,  f  unc t i cn  keys ,  l i gh t  pen ,  and  t ab le t -  a l so
gene ra te  i n t e r rup t s  uh i ch  a re  passed  t o  t he  compu te r .

A .2 .5
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writable). The cOlltroller allows register 
modification via Load, A~~, OR, and AND instructions, 
arithmetic being carried out in Farallel two's 
co!plement. Vector information is accepted by the 
controller in abEolute, relative, short incremental, 
long incremental, and auto-increment formats. The 
controller includes a line locked frame clcck. The 
internal cycle time of the controller is 300 
nanoseconds. 

A.2.2 Coordinate Transfcrmation Generators. Vector General 
provides fcur cccrdinate transformation options. The 
first of these, the Dual DAC, merely provides 
digital-to-analcg conversion. The second and third, 
two 1imensional or two dimensional with rotation, 
provide image scale, translation, and rotation about 
a single axis. The fourth option allows image scale, 
translaticn, and rotation with 6 degrees of freedom. 

A.2.1 The CRT and Vector Generator. The CRT is a 
rectangular 21-inch tube with a display area of 13X14 
inches. Deflection is dual electromagnetic; spot 
size is O.010-inch; and the dynamic range of the 
vector generator is 30X30 inches. There are 
4C96x4096 addressable locations and 16 intensity 
levels (plus optional continuous intensity 
m01ulation) • At a 3r frame/second refresh rate, 
12,000 linear inches or h,~OC short vectors (0.625 
inches or less) can be ~rawn with end matchinq and 
clesure of O.020-inch or better. The vector 
generator accepts dot, dash, point, and solid vector 
modes and performs hardware scissoring. 

A.2.4 Th~ Character Generator. The character. generator 
displays the 192 character extended ASCII set with 32 
optional user defined special characters. Characters 
can be displayed in four sizes either horizontally or 
vertically. Characters are generated at an average 
rate of 10 microseconds/character. 

A.2.~ optional Contrel D~vices. Centrcl devices which can 
be connected to the Vector General include a 70 key 
alphanumeric keybcard (256 codes), 32 function keys, 
a soliQ state light pen with capacitive tip switch, 
10 single-turn control dials, a 10x11 inch data 
tablet, a 3-axis joy stick, and an 8-channel A/D 
multiplexer. All of these devices feed analcg or 
diqital information into ccntrcller registers which 
may then be read by the graFhics pregram. The 
keyboard, functicn keys, light Fen, and tablet also 
generate interrupts which are passed to the computer. 

-17-



A,.!_!!e_5In4!!

The  s I l lALE  i s  a  sua l l  u i c rop rog ramnab le  p rocesso r  yh i ch  re
have  des iqned  f o r  t he  pu rFose  o f  pe r f o ru i ng  vec to r / na t r i x  anc l
ma t r i x / na t r i x  ca l cu la t i ons  rh i ch  canno t  be  done  i n  t he  l l e t a
t lB  a t  a  su f f i c i en t  r a te  o f  speec l .  The  S fHALE  cons i s t s  o f
f i ve  l oq i ca l  un i t s :  t he  con t ro l  un i t  anc l  f ou r  pa ra l l e l
p toc€sso rs .

A .  : 1 .  1  The  Con t ro l  Un i t .  l l i c r op roq rans  f  o r  t he  S I I , IALE  a r€
s to re r i  i n  a  2  56116 -b i t  con t ro l  s t o re  rh i ch  has  an
access  t i ne  o f  12  nanoseconds .  I ns t r uc t i ons  s to red
in  t he  con t ro l  s t o re  con ta i n  i n f o rma t i on  such  as
sb i ch  i l a t a  pa ths  and  p rocesso rs  a re  t o  be  enab lec l ,
t he  a r i t hme t i c  o r  l og i ca l  ope ra t i on  t c  be  pe r f o rned ,
and  t he  nex t  i ns t r uc t i on  add ress .  The  con t ro l  has  a
bas i c  i ns t r uc t i cn  t ime  o f  15  nancseconds .  A  sna l1
push - .do rn  s tack  i s  a l so  i nc l udec l  t o  f ac i l i t a t e
m ic ro - sub rou t i ne  l i nkage .

A .  3 .  2  The Ar i t hne t i c  P rocesso rs . The re  a re  f ou r
i n t - e r connec te r l  a r i t hne t i c  p rocesso rs ,  each  con ta i n i ng
t r c  r o r k  r eg i s te r s ,  an  a r i t hme t i c  un i t ,  and  16  18 -b i t
no rds  o f  sc ra t chpac l  neno ry  (access  t i n re  5
nanoseconds ) .  The  a r i t hne t i c  un i t  accep t s  t co  i npu t s
rh i ch  can  come  f r om the  vo rk  r eg i s te r s r  sc ra t chpac l ,
anc the r  p r ccessc r ,  o r  r l i r ec t l y  f r ou  a  l l e t a  q  l /O
req i s te r .  The  a r i t hne t i c  ( o r  I cg l ca l )  ope ra t i on  i s
pe r f o rmer t  i n  24  nanosecondse  d rd  t he  resu l t  i s  ga ted
back  t o  one  o f  t he  poss ib l e  des t i na t i ons  ( r h i ch  a re
the  saDe  as  t he  poss ih l e  sou rces ) .  Typ i ca l l y ,  a l I
f  ou r  p rocesso  r s  r un  i n i l epen r l en t l y  anc l  i n  pa ra l l e l .
Thus ,  f o r  examp le ,  i t  i s  poss ib l e  t o  nu l t i p l y  a
comp le t -e  r ou  o f  , a  ma t r i x  ( one l  e l en ren t "  o f  t he  roy  i s
s t - c red  i n  each  o f  t he  sc ra t chpad  meu ro r i es )  by  a
sca la r  i n  nc  more  t i ne  t han  i t  t akes  t o  do  a  s i nq le
m u l t i p l i c a t i o n . (A  f u11  16x1  6 -b i t  nu l t i  p l i ca t i on
t a k e s  a n  a v e r a g e  o f  9 0 0  n a n o s e c o n i l s . )  F o r  c e r t a i n
n i n d o v i n q  o p e r a t i o n s ,  t h e  f o u r  p r o c e s s o r s  c a n  b e
c ross  connec ted  by  t r os to  f o ru  s imu l t aneous l y  t he
suE  and  d i f f e rence  o f  pa i r s  c f  nunbe rs .
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Th~ SIMALE is a small microprogrammable processor which we 
have d~siqn~d for the pur~ose of performing vector/matrix and 
matrix/matrix calculationE which cannot be done in the Meta 
UB at a sufficient rate of speed. The SIMALE consists of 
five loqical units: the control unit and four parallel 
processors. 

A.3.1 The control Unit. Microproqrams for the SIMALE are 
stored in a 2~Ex16-bit control store which has an 
access time of 12 nanoseconds. Instructions stored 
in the control store contain information such as 
which data paths and processors are to be enabled, 
the arithmetic or logical operation tc be performed, 
and the next instruction address. The control has a 
basic instruction time of 15 nancseconds. A small 
push-down stack is also included to facilitate 
micro-subroutine linxage. 

A.3.2 The Arithmetic Processors. There are four 
interconnected arithmetic processors, each containing 
twc worx registers, an arithmetic unit, and 16 18-bit 
woros of scratchpad memory (access time 5 
nanoseconds). The arithmetic unit accepts two inputs 
which can come from thE work registers, Ecratchpad, 
ancther prccessor, or directly from a Meta 4 I/O 
reqist~r. The arithmetic (or lcqical) operation is 
performed in 24 nanoseconds, and the result is gated 
back to one of the possible destinations (which are 
the same as the possihle sources). Typically, all 
four processors run indepen~ently and in parallel. 
Thus, for example, it is possible to multiply a 
complete row of a matrix (one element of the row is 
stcr~d in each of the scratchpad memories) by a 
scalar in nc more time than it takes to do a single 
multiplication. (A full 16x16-bit multiplication 
takes an averaqe of 900 nanoseconds.) For certain 
windowing operations, the four processors can be 
cross connected ry twos to form simultaneously the 
sum and difference of pairE of numbers. 
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A P P E N D T X  B :  T H E  I , I E T A  4 A  T A R G E T  I ' A C H I N I

B.  1  I n fo rna  t i cn  Fc rma ts

8 .  1 ,  1  O p e r a n d s .  T n f  o r n a t i o n  o n  t h e  t l e t a  4 A  i s  s t o r e d  i n
n a i n  m e n o r y  i n  B - b i t  u n i t s ,  c a l l e i l  f r b y t e s i l ,  a s  i n  t h e
S/361 .  By tes  may  be h a n d l e d  s e p a r a t e l y  o E  q r o u p e d
t oqe the r  i n  f i e l ds .  The  mos t  common  f i e l d  cons i s t s
o f  2  by tes r  dDd  i s  sone t i nes  ca l l ec l  a  r r ha l f r o r i l n .
These  ha l f uo r i l s  a r€  t he  bas i c  bu i l i l l ng  b l ccks  c f  CPU
ins t ruc t l ons  and  a re  a l so  t he  s i ze  o f  t he  f i xec l - po in t
2 t s  comp lenen t  numbers  ope ra tec l  upon  by  a r i t hne t i c
i ns t r uc t i ons . t hese  i ns t r uc t i ons  requ i re  t he
ha l f r o rds  t o  be  l oca ted  on  an  even  by te  bounda ry .
O the r  i ns t r uc t i cns  ope ra te  upon  va r i ab le  l eng th
f i e l ds  o f  by tes  o  cd l l ed  I cha rac te r  s t r i ngs f t .  These
cha rac te r  s t r i ngs  nay  be  l oca ted  any rhe re  i n  nemory
and  nay  be  o f  any  l eng th ,

3 .  ' t  .  2  Ac l r l r pss i ng .  By tes  i n  ma in  s to rage  a re  add ressed
consecu t i ve l y  f  r cm  0 .  The  l l e t a  4A  uses  a  16 -b i t
a i l d ress ,  a l l ou ing  f o r  a  Eax imun  o f  64K  by tes .
Cu r ren t l y  y€  have  onLy  32K .  and  add resses  ( r ap  f r on
X  t  TFFF  I  t o  C  .  A  f i e l d  o f  by tes  ( t  o r  no re )  i s
usua l l y  a i l c l r essed  by  i t s  l e f  t ncs t  by te .  E f  f  ec t i ve
ad f l r ess  ca l cu la t i cn  i s  s i n i l a r  t o  t ha t  o f  t he  S /360
(e .  g .  ,  Base -D i sp lacenen t )  ,  r y i t h  some  i ns t ruc t i ons
a l l o r i nq  one  l eve l  o f  i nd i r ec t  ad f l r ess ing .

B .  1 .  3  A r i t hme t i c .  A l l  a r i t hne t i c  on  t he  l , t e t a  4A  i s
pe r f o rned  on  16 -b i t  t vo r s  conp leuen t  b i na ry  numbers
us inc ;  t r c r  s  comp lemen t  a r i t hne t i - c .  Any  ove r f l o r  t ha t
occu rs  i s  i gno red  i n  som€  ope ra t i cns  ( such  as  add ress
conpu ta t i on ) ,  bu t  nay  cause  a  p rog ran  i n te r rup t  i n
ce r t a i n  o the rs  ( such  as  t he  Ad i l  i n s t r uc t i ons ) .

Er!_!eglEg 1_ Ptcge s s i -Ug_!! t !_Jq!! I

8 .2 .1  Req i s te r s .  I ns t r uc t i ons  can  a t l d ress  i n f  o rna t i on  i n
s i x t een  reg i s te r s ,  t h ree  o f  ch i ch  se rve  spec ia l
pu rposes ,  Feg i s te r s  have  a  capac i t y  o f  one  ha l f r o rd
and  a re  a i l d r€ss€d  by  a  4 -b i t  nunbe r  f r cn r  0  t o  15 .
Reg i s te r  0  i  s  ca I l ed  t he  l l ach ine  S ta tus  Reg i s te r
( l lSR) ,  Reg i s te r  1  i s  t he  P rog ra rn  Coun te r  (PC) ,  and
Reg i s te r  15  i s  t h€  S tack  F rane  Pc in te r  (SPP) .

8 . 2 .  1 .  1  T h e  f , l a c h i n e  S t a t u s  R e g i s t e r  ( l t S R l  .  T h e  I t S R ,
R e g i s t e r  q ,  e o n t a i n s  t h e  i n f o r n a t i o n
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E.1.10pprands. Information on the Meta 4A is stored in 
main memory in 8-bit units, called "bytes", as in the 
S/360. Bytes may be handled separately or grouped 
toqether in fields. the most common field consists 
of 2 bytes, and is sometimes called a "halfword". 
Thesp halfwords are the basic building blccks of CPU 
instructions and are also the size of the fixed-point 
2's complement numbers operated upon by arithmetic 
instructions. these instructions require the 
halfwords to be located on an even byte boundary. 
Other instructicns operate upon variable length 
fiplds of bytes, called "character strings". These 
character strings may be located anywhere in memory 
ano may be of any length. 

~.1.2 Addressing. Bytes in main storage are addressed 
consecutively frem O. The Meta 4A uses a 16-bit 
address, allowing for a maximum of 64K bytes. 
Currently we have only 32K, and addresses wrap from 
X'7FFP' to O. A field of bytes (1 or more) is 
usually addressed by its leftmcst byte. Effective 
address calculaticn is similar to that of the S/360 
(e.g., Base-Displacement), with some instructions 
allowing one level of indirect addressing. 

B.1.3 Arithmetic. All arith~etic on the Meta 4A is 
performed on 16-tit two's complement binary numhers 
usinq twc's complement arithmetic. Any overflow that 
occurs is ignored in some operaticns (such as address 
computation), but may cause a program interrupt in 
certain others (such as the Add instructions). 

B.2.1 Registers. Instructions can address information in 
sixteen registers, three of which serve special 
purposes. Registers have a capacity of one halfwor~ 
an1 ar~ addreSSEd by a 4-bit number frem 0 to 15. 
Register 0 is called the Machine Status Register 
(PtSR), Reqistf'r 1 is the Program Counter (PC), and 
Registf'r 15 is thE Stack Frame Pcinter (SFP). 

B.2.1.1 The Machine status Register (MSR). The I1SR, 
Register 0, contains the information 
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r equ  i r e r l  f  o r  p rope r  F rog ram ccn t ro l  anc l
execu t i cn .  I t  con ta i ns  a  3 -b i t  cond i t i on
code ,  va r i ous  s ta tus  f l ags ,  and  a  mask  t o
enab le  and  c l i sab le  t he  va r i ous  poss ib l e
i n te r rup t s .

8 .2 .1 .2  The  P rog ran  Coun te r  (Pc ) .  The  PC ,  Reg i s te r
1 ,  i s  t he  F rag ran  Coun te r  ( o r  i ns t r uc t i on
add ress  reg i s te r )  f  o r  t he  l f  e t a  l tA .  I  t  i  s
i nc renen ted  bv 2  du r i nq  i ns t r uc t  i on
fe t ch ing  f o r  each  ha l f r o rd  o f  t he
ins t ruc t i on  f e t ched .  I t  r ay  be  ope ra ted
upon ,  i n  a l l  r espec t s ,  j us t  as  any  o f  t he
o the r  r €g i s te r s ,  a l t hough  t he  e f f ec t s  upon
p rog ran  e recu t i on  shou l c l  be  cbv ious .

B .  2 .  1 .  3  The  S tack  F raue  Po in te r  (S fP )  .  The  SFP ,
Reg i s te r  1  5 ,  i s  assumed  by  t he  ENTER and
FET ITRN i ns t ruc t i ons  ( see  B .2 .2 , t l l  t o  po in t
a t  t he  savea rea  be ing  used  by  t he  p rog ram
cu r ren t l y  i n  con t ro l .  These  i ns t r uc t i ons
au toma t  i ca l l y upda te  t he  SFP ,  t hus
p rov i< l i ng  an  e f f i c i en t  neans  o f  p rog raD
1  i nk  age  .

\ , 2 . 2  I ns t ruc t i on  Fo rma ts .  The  f l e t a  qA  has  B  i ns t r uc t i on
f  o rma ts  co r respon , l i ng  c l ose l y  t c  t hose  o f  a  S /360 .
Two  no tab le  d i f f e renc€s  a r€  t he  I nc l exe i l -B ranch
fo rma t ,  r h i ch  a l l c r s  use  o f  t he  PC  as  a  base  req i s te r
(as  on  an  IB f . l  1130 )  r  dod  t he  Va ry i ng - l enq th  5S
fo rna t ,  r h i ch  a l l o r s  cha rac te r  ope ra t j . ons  on  s t r i ngs
o f  a rb i t r a r y  l eng th .  I f i t h  t he  no tab le  excep t i on  o f
f l oa t i ng  po in t  i ns t r uc t i ons ,  t he  capab i l i t i e s  o f  t he
! l e ta  l lA  i ns t r uc t i on  se t  a1s , c  pa ra l1e1  t hcse  o f  t he
S /16? .  Ho reve r ,  seve ra l  spec ia l  i ns t r uc t i ons  have
been  a i l de i l  t o  t he  i ns t r uc t i on  se t  on  t he  bas i s  o f  ou r
pas t  exp€ r i ence  i n  g raph i cs  p rog ranm ing .

8 .2 .2 .1  Push  /PcF .  These  : [ ns t r uc t i ons  a l l c v  da ta
f ron  nu l t i p l e  co re  l oca t i ons  o r  r eg i s te r : s
t o  be  p l aced  on  a  L f f o - t ype  s tack  i n  co re .
The  f i rmua re  i l oes  a l l  necessa ry  po in te r
upda t i ng  an r i  can  cause  a  s tack
ove r fLc tTvnde r f l o r  i n t e r rup t  ( o r ,
op t i ona l l y ,  se t  t he  con t l i t i cn  code )  Hhen
the  s tack  l i u r i t s  a re  exceede r l .

8 .2 .2 .2  S€a rch .  Th i s  i ns t r uc t i cn  i s  usec l  t o  sea rch
a  t ab l€  o r  a  l i n ked  l i s t  f o r  a  key  rh i ch
ho lds  scne  re l a t i cn  t c  a  sea rch  a rgunen t .
Th€  key  can  be  f r on  1  t o  255  by tes  i n
l enq th .  t he  c r i t e r i on  f o r  a  success fu l
sea rch  can  be  equa l ,  g rea te r ,  o r  l ess  t han ,
o r  ones ,  n i xed ,  o f  ze ros .
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required for proper ~rogram ccntrol and 
executicn. It contains a 3-bit condition 
code, various status flags, and a mask to 
enable and disable the various possible 
interrurts. 

B. 2.1.2 The Program Counter (PC). The PC, Register 
1, is the Program Counter (or instruction 
a~dress register) for the Meta 4A. It is 
incremented by 2 durinq instruction 
fetching for each halfword of the 
instruction fetched. It may be operated 
upon, in all respects, ;ust as any of the 
other registers, although the ~ffects upon 
program execution should be ehvious. 

B.2.1.3 The Stack Frame Pointer (SFP). The SFP, 
Register 15, i~ assumed by the ENTER and 
FETfJRN inst['uctions (see B. 2. 2. 4) to point 
at the savearea being used by the program 
cur['ently in control. These instructions 
automatically updatE the 5FP, thus 
~roviding an efficient means of program 
linkage. 

~.2.2 Instruction Fo['mats. The Meta 4A has 8 instruction 
formats corresponding closely te those of a 5/360. 
Two notable differencEs arE the Indexed-Branch 
format, which allcws u~e of the PC as a base register 
(as on an IBM 1130), and the Varying-lenqth S5 
format, which allows character operations on strings 
of arbitrary length. With the notable exception of 
floating point instructions, the capabilities of the 
Meta 4A instruction set also parallel these of thp 
5/160. However, several special instructions have 
Cep.n ad~ed to the instruction set on the basis of our 
past experience in graphics pcogramming. 

13.2.2.1 Push/Per. These instructions allow data 

8.2.2.2 

from multiple co['e loc~tions or registprs 
to bp placed on a LIFO-type stack in core. 
1he firmware does all necessary pointer 
updating and can cause a stack 
overflo~/underflow interrupt (or, 
option a 11y, set the cond i ti en code) when 
the staCK limits are exceedp.d. 

SEarch. This instruction is used to search 
a tablE or a linked list for a key which 
holds Eome relatien tc a search argument. 
The key can be frail! 1 to 255 bytes in 
length. 1he criterion for a successful 
search can be equal, grEater, or less than, 
or ones, mixed, or zeros. 
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8 .2 .2 .3  Enqueue /Degueue .  These  i ns t r uc t i ons  can  be
used  t c  a i l d  c r  de le te  an  e l enen t  f r om a
l i nked  l i s t ,  a l l  necessa ry  po in te r
nan ipu la t i on  be ing  done  by  t he  f i r nua re .

8 .2 .2 .4 En t€ r /Re tuEn . T h e s e i n s t r uc t i ons
iup lenen t  save  a rea  cha in i ng  anc l  au toma t i c
s to rage  a l l oca t i on  (and  t t e -a l l c ca t i on ) .
The  En te r  i ns t r uc t i on  i s  gene ra l l y  execu ted
as  t he  f i r s t  i ns t r uc t i on  o f  a  sub rou t i ne
and  assumes  t ha t  t he  SFP  (Reg i s te r  151
po in t s  i n t o  a  r r s t ack  f r ane r r .  A  s tack  f r ane
i s  a  ccn t i quous  b l ock  o f  s t c r rage  rh i ch  i s
used  by  En te r  f o r  a l l oca t i on  o f  nu l t i p l e
savea reas ,  t oge the r  c i t h  f c r r a rd  and
back ra rd  po in te r s r  e rDd  wo rka reas  o f  us€ r
r l e f i ned  l eng th .  I f  t he  En te r  i ns t r uc t i on
f i nds  t ha t  t he re  i s  i nsu f f i c i en t  space  i n
the  cu r ren t  s t ack  f r ame ,  a  s tack  f r aae
ove r f l c r i n t e r rup t  occu rs ,  anc l  t he
ope ra t i ng  sys ten  can  p rocu re  and  l i nk  i n  a
ne r  s t ack  f r ane .  The  Re tu rn  i ns t r uc t i on
pe r fo rns  t he  rev€ rse  f unc t i on ,  caus ing  a
s tack  f r ane  unde r f l o r  i n t e r rup t  uhen  t he
bc t t om o f  t he  s tack  f r ane  i s  r eache r l .

B .  2 .  3  f n te r rup t  Ha  nd l  i ng .  The re  a re  f ou r  t ypes  o f
i n t e r rup t s  on  t he  I | e t a  4A :  Supe rv i so r  Ca11  (5VC) ,
P rog ram,  T /O ,  and  S /360 .  t Jhen  an  i n te r rup t  i s
t l e t ec tec l  and  i f  i t  i s  no t  c l i sab led  by  t he  t lSR ,  t be
fo l l o r i ng  ac t i ons  occu r .

F .2 .3 .  1  The  cu r ren t  l ' !SR  and  PC  a re  s to r : ed  i n  t r o
ha  l f  vo rds  i n  1ov  co r€ ,  and  an  i n te i r up t
code  i s  gene ra ted  and  s to red .  I f  t he
in te r ruF t  i s  an  SVC o r  P rog ram Check ,  t he
fns t ruc t i on  Lenq th  Coa le  i n  t he  l lSR
ind i ca tes  t he  l eng th  o f  t he  i ns t r uc t i on
caus ing  t he  i n te r rup t .  f n  ac l d i t i on ,  f o r  an
i l l e q a l ope ra t i on  F roq ram i n te r rup t ,
ce r t a i n  i n f o rna t i on  abou t  t he  o f f end ing
ins t ruc t i on  (e f f ec t i ve  ope rand  add resses ,
immed ia te  da ta ,  e t c .  )  i s  s t c red . ( r /o
i n t e r rup t s  a re  f u r t he r  desc r i bed  be1o r .1

R .2 .3 .2  A  ne r  t ' l SR  and  FC  a re  l oade i l  f  r on  t vo  o the r
ha l f co rCs  i n  l o ' r  c c re ,  and  execu t i on
con t i nues  r i t h  t h i s  neH  mach ine  s ta tus .
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8.2.2.3 Enqueue/Dequeue. These instructions can he 
used tc add or delete an element from a 
linked list, all necessary pointer 
manipulation being done by the firmware. 

8.2.2.4 Enter/Return. !hese instructions 
implement save area cbaining and automatic 
storage allocation (and de-allocation). 
!he Enter instruction is generally executed 
as the first instruction of a subroutine 
and as~umes that the SFP (Register 15) 
points into a "stack frame". A stack frame 
is a ccntiguous block of storage which is 
used by Enter for allocation of multiple 
saveareas, together with fcrward and 
backward pointers, and workareas of user 
defined length. If the Enter instruction 
finds that there is insufficient space in 
the current stack frame, a stack frame 
overflcw interrupt occurs, and the 
operating system can procure and link in a 
new stack frame. The Return instruction 
performs the reverse function, causing a 
stack frame un~erflow interrupt when the 
bottom of the stack frame is reached. 

8.2.1 Interrupt Handling. There are four types of 
interrupts on t he Met a 4 A.: Supervisor Ca 11 (SVC), 
Proqram, 1/0, and S/360. When an interrupt is 
detected and if it is not disabled by th£ MSR, the 
followinq actions occur. 

P.2.1.1 The current MSR and PC are stored in two 
halfwords in low core, and an interrupt 
code is generated and stored. If the 
interrurt is an SVC or Program Check, the 
Instruction Length Code in the MSR 
indicatEs the length of the instruction 
causing the interrupt. In addition, for an 
illeqal operation Froqram interrupt, 
certain information about the offendinq 
instruction (effective operand addresses, 
immediate data, etc.) is stered. (1/0 
interrufts are further described below.) 

B.2.3.2 A n~w ~~p and FC are leaded from two other 
halfworcs in lew cere, and eXBcution 
continuES with this new machine status. 
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The  l r n i t  Con t ro l  P lock  Tab le .  The  t tCBT  i s  a  t ab le  o f
ha l fwo rds  i n  1o r  co re ,  one  f c r  each  T /o  dev i ce
a t t ache r l  t o  t he  l l e t a  44 .  Fo r  each  dev i ce ,  t he
co r responc l i ng  en t r y  i " n  t he  t ab le  po in t s  t o  t he  Un i t
Ccn t ro l  B lock  f o r  t ha t  dev i ce .  The  UCB con ta i ns  bo th
f i rm ra re  and  ope ra t i nq  sys ten  de f i nec l  i n f c rna t i on .
The  f i rm ra re  us€s  t he  UCB to  s to re  cu r ren t  dev i ce
s ta tus  and  (  f o r  t he  s /36A  i n te r f ace )  i n f o rma t i on
ahcu t  t he  cu r ren t  conmanc l  and  sense  i n fo rna t i on .  The
ope ra t - i ng  sys tea r  can  us€  t he  res t  o f  t he  UCB fo r  such
in fo ru ra t i on  as  cn l i t e / o f f l i ne  f l ags ,  l / o  r egues t
gueue  po in te r s ,  e t c .

I /C  t c  Lcca l  Pe r i phe ra l s .  The  S ta r t  I /O  (S IO)
i ns t ruc t i on  i s  used  t o  i s sue  I /O  comnands  t o  l oca l
pe r i phe ra l s .  The  ope rand  o f  t he  S IO  i ns t ruc t i on  i s
an  IOCC ( I / o  Ccn t ro l  Command)  r h i ch  i s  s i n i l a r  i n
f o rna t  t c  an  fBU  113C ICCC.  Fo l l o r i ng  execu t i on  o f
t he  s I c  i ns t r uc t i cn ,  t he  f i rmna re  se t s  t he  cond i t i on
co i l e  t o  i nd i ca te  t he  resu l t  o f  t he  T /O  ope ra t i on .
Fo . ss i b l e  se t t  i ngs  i nc l u r l e  Dev i ce  Busy ,  Ope ra t i on  i n
P rcq ress ,  and  Ope ra t i on  Conp le te .  l f t e r  execu t i on  o f
t he  STO (a I so  a f t e r  any  T /O  i n te r rup t ) ,  t he  f i r u ra re
a l so  s to res  t he  cu r ren t  dev i ce  s ta tus  i n  t he
app rop r i a te  UCB.

T /C  t o  t he  3 /36A .  Tbe  t l e t a  4A  ccmmun ica tes  s i t h  t he
s /360  w i t h  t h ree  bas i c  i ns t r uc t i ons :  Fxecu te  Channe l
Command ,  T rans fe r  By te ,  and  Sen r l  S ta tus ,  The  f i r s t
c f  t hese  i s  used  t o  r eques t  b l ock  t r ans fe r s  o f  da ta
i n  acco rdance  v i t h  t he  Channe l  Ccmmand  rece i ved  f r on
the  S /361 l , channe1  and  s to re i l  i n  t he  r tCB  fo r  t he  S /364
in te r f ace .  The  T rans fe r  By te  i ns t r uc t i on  can  be  used
to  reques t "  t he  t r ans fe r  o f  a  s i ng le  by te  t o  o r  f r on
the  i n te r f ace ,  t hus  enab l i ng  cpe ra t i ons  such  as
f i ga the r - read r t  and  r r sca t t e r - r r i t e f l .  Send  S ta tus  i s
used  t o  g i ve  asynch ronous  o r  enc l i ng  s ta tus  t o  t he
channe l .

8 . 3 .  J

8 . 3 .  1
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B.3.1 The "nit control Elock Table. The nCBT is a table of 
halfwords in low core, one for each T/O device 
attached to the Meta 4A. For each device, the 
corresponding entry in the table points to th~ Unit 
Ccntrol BloCK for that device. The nCE contains both 
firmware and operatinq system defined information. 
1he firmware USES the nCB to store current device 
status and (for the S/360 interface) information 
atcut the current command and sense information. The 
operating system can use the rest of the nCB for such 
information as cnline/offline flags, I/O request 
queue pointers, etc. 

8.3.2 r/c to Lecal Peripherals. The Start I/O (SIO) 
instruction is used to issue I/O commands to local 
peripherals. The operand of the SIO instruction is 
an IOCC (I/O Centrol Command) which is similar in 
format tc an IBM 1130 Iecc. Following execution of 
the SIO instructicn, the firmware sets the condition 
code to indicate the result of the I/O operation. 
Fossible settings include Device Busy, Operation in 
Prcgress, and Operation Complete. After execution of 
the S10 (also after any I/O interrupt), the firmware 
also stores the current device status in the 
appropriate UCB. 

B.1.3 l/C to the S/360. The Meta 4A ccmmunicates with the 
5/360 with three tasic instructions: Fxecute Channel 
Commann, Transfer Byte, and Send Status. The first 
cf these is used to request blOCK transfers of data 
in accordance with the Channel Command received from 
the S/36G channel and stored in the DCE for the S/360 
interface. The Transfer Byte instruction can he used 
to request the transfer of a single byte to or from 
the interface, thus enabling operations such as 
"gather-read" and "scatter-write". Send Status is 
used to qive asynchronous or ending status to th~ 
channel. 
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n h e  o v e r a  1 l  a r c h i t e c t u r e  o f  t h e
t h a t  o f  t h e  l , l e t a  4 A  a * q  d e s c r i b e d
s h a r e s  t h c  c o r e  n e m o r y  o f  t h e
a d r l r e s s i n q  s c h e m e s .  T n s t r u c t i o n
b e 1 o r ,  a r €  i d e n t i c a l ,  a n d  a  s i n i
r e g i s t e r s  i s  a v a i l a b l e .  E e l o H  a
o f  t h e  f , t e t a  4 B  y h i c h  q i v e  i t  i t s
c a p a b i l i t i e s .

t t e t a  4B  i s  ve ry  s i . n i l a r  t o
i - n  Append i x  B .  The  t l e t a  48

l , t e ta  l lA  an i l  uses  the  same
fo rna t s ,  excep t  as  no ted

la r  se t  o f  gene ra l  pu rpose
re  c l esc r i bed  t hose  f  ea tu res

g raph i c  i l i sp l ay  p rocess ing

C . 2_Cen t l  e L_ p r ogg s s-t-!g_q!l!-JE!!I

C .2 .1  Seq i s te r s .  The re  a r€  s i x t een  reg i s te r s  ava i l ab le  f o r
d i sp lay  p rog ram use ,  ho reve r?  un l i ke  t he  l l e t a  4A ,  t he
ma  - i o r i t y  o f  t hese  aE€  spec ia l  pu rpose .  l  l ong  r i t h
t he  P roq ram Coun te r  and  f l ach ine  S ta tus  Reg i s te r ,
r eg i s te r s  r i l l  be  ded i ca ted  t c  uses  such  as  t he
cu r r€n t  bean  pcs i t i on ,  cu rso r  add ress ,  a  base
reg i s te r  f o r  paged  da ta  s t r uc tu res r  do  i n te r rup t
mask ,  e t c .  As  i n  t he  l , l e t a  4A ,  t he  p rog ranne r  i s  f r ee
t -o  mo t l i , f y  any  o f  t hese  reg i s te r s  a t  h i s  cun  t i s k .

C .2 .2  I ns t rue t i on  Fo rua t s , I ns t ruc t i on  f o rma ts  a re
i den t , i ca l  t c  t hcs r : r  o f  t he  ne ta  44 ,  howeve r  Bany
ins t rue t i ons  have  t ; een  d ropped  f r cm  the  reFe r to i r e ,
pa r t i cu l a r l y  t he  d , r t a  ccnve rs i c , n ,  l i s t  man ipu la t i on ,
an ,1  sub rou t i ne  l i nkage  i ns t r uc t . i ons .  A  comp le te  se t
o f  r eq i s te r  u ran ipu la t i on ,  a r i . t heme t i c ,  and  l og i ca l
i ns t r uc t i ons  has  been  kep t ,  an r l  t he  f oL lo r i ng
ad  l i t  i ons  have  been  nade .

C ,2 .2 .  1  B ranch /Tn te r rup t  I ns t r uc t i ons .  The  b ranch
ins t ruc t i ons  o f  t he  l ' l e t a  4A  have  been
nod i  f i ed  so  t ha t  a  success fu l  t es t  na  y
resu l t  i n  one  o f  f ou r  ac t j . ons :  b ranch ,
i n te r rup t  t he  l t e t a  4A  and  s top ,  b ranch  anc l
i n t e r ruF t ,  c r  i n t e r rup t  t he  l l e t a  qA  and
ccn t  i " nu€ .

C .2 ,? - . 2  S I I , IALE  fns t ruc t i ons .  f ns t r uc t i ons  have
been  adc le r l  t o  l cad  and  s to re  t he  con ten t s
o f  t he  S l l , lAL f r s  ccn t ro l  s t o rage  and
sc ra t chp ld  menc ry .  A  se t  o f  vec to r  and
ma t r i x  a r i t hme t i c  i ns t r uc t i ons  has  a l so
been  added .

-23-

~he overall architecture of the Meta 4B is very similar to 
that of th8 Mp.ta 4A a~ described in Appendix E. The Meta 48 
shares th8 core memory of the Meta 4A and uses the same 
ad~ressinq scheme~. In~truction formats, except as noted 
below, ar~ identical, and a similar set of general purpose 
registers is available. Below are described those features 
of the Meta 48 which giVE it its graphic display processing 
capabilities. 

C.2.1 Registers. TherE are sixteen registers available for 
display program use, however, unlike the Meta 4A, the 
maiority of the~e are special purpose. Along with 
the Program Counter and Machine status Register, 
registers will te dedicated tc uses such as the 
current beam pcsition, cursor address, a base 
register for paged data structures, an interrupt 
mask, etc. As in the Meta 4A, the programmer is free 
to modify any of these registers at his cwn ~isk. 

C.2.2 Instruction Formats. Instruction formats are 
identical to thcse of the Meta 4A t however many 
instructions haVE teen droFped from the repertoire, 
particularly the data conversion, list manifulation, 
and subroutine linkage instructions. A complete set 
of reqister manipulation, arithemetic, and logical 
instru~tions haE been kept, and the following 
adiitions havp te~n made. 

C.2.2.1 Branch/Interrupt Instructions. The branch 
instructions of the ~eta 4A have been 
mooified so that a Euccessful test may 
result in one of four actions: branch, 
interru~t the Meta 4A and stop, branch and 
intp.rrurt, cr intArrupt the Meta 4A and 
continu~. 

C.2.2.2 SIM~LE Instructions. Instructions have 
been added to lead and store the contents 
of the SIMALF's central storage and 
5cr~tchFad memery. A set of vector and 
matrix arithmetic instrur.tions has also 
been added. 

-23-



C.2 .2 .3  Vec t c r  Gene ra l  Tns t ruc t i ons .  I ns t r uc t i ons
have  been  added  t o  access  i l i r ec t l y  t he
reg i s te r s  i n  t he  Vec to r  Gene ra l .  Exanp les
o f  t hese  i ns t r uc t i ons  a r€  Read  Ana log
Inpu t s  and  Se t  Func t i on  Key  I nd i ca to r s .

C .2 . J  D i sp lay  f ns t ruc t i ons .  The  r t i sp l ay  i ns t r uc t i ons  f o rn
the  hea r t  o f  t he  t l e t a  qB  i ns t ruc t i on  s€ t ,  anc l  a
spec ia l  a t t eup t  has  been  nac le  t o  p rov i r l e  a  comp le te
and  poue r fu l  se t .  A  pa r t i cu l a r  des ign  a im  has  been
tc  s imp l i f  y  t he  d i sp lay  c f  s t r uc tu re i l  r l i sp l ay  f  i l e s .
t l h i l e  t he  g raph i cs  p rog ranmer  i s  f r ee  t o  keep  h i s
coc rd ina te  da ta  i n  conven t i ona l  t ab le  f o rna t ,  c l i sp l ay
i ns t ruc t i ons  a r€  ava i l ab le  t o  a l l o r  d i r ec t  c t i sp l ay
f r cn  a  va r i e t y  c f  no re  comp lex  da ta  s t r uc tu res .  Each
c l i sp l ay  i ns t r uc t i on  con ta i ns  t he  f o l l ow ing  t ypes  o f
i n f o rma t i on .

C .2 .3 .  1  Da ta  l ype .  The  coo rd ina te  da ta  be ing
r€ f€ renced  by  t he  c l i sp l ay  i ns t r uc t i on  ean
be  abso lu te  r  r € l a t i ve  o r  i nc renen ta l
v€c to r ,  o r  cha rac te r .

C .2 .3 .2  Vec to r  l l ode .  Vec to r  da ta  can  be  c l i sp l ayed
as  so l i d  1 i nes ,  i l a shec l  1 i nes ,  do t t ed  l i nes ,
o r  end  Fo in t s .

C .2 .3 .3  D i sp lay  l l ode .  The  c l i sp l ay  noc le  r e fe r s  t o
the  manne r  i n  r h i ch  t " he  coo rd ina te  da ta  i s
t o  be  i n te rp re ted .  Poss ib l e  i l i sp l ay  nodes
inc l ude  mov ing  t o  t he  f i r s t  po in t ,  t hen
d rav inq  t o  t he  second ,  a l t e rna t i ng  moves
a n d d ra rs , uoves  a l t e rna t i ng  r i t h
s u b r o u t i n e  c a 1 1 s ,  a n c l  a  c r o s s h a t c h i n g .

C , 2 . 3 .  q  l d t l r e s s i n q  n o d e s .  T h e  s e t  o f  a c l d r e s s i n g
m o d e s  a 1 1 o c s  d i s p l a y  f r c m  a  c i d e  v a r i e t y  o f
i l i . f f e r e n t  d a t a  f o r m a t s ,  f o r  e x a n p l e  t a b l e s
o f  i m m e C i a t e  d a t a r  r € f e r e n e e d  c l a t a ,  l i n k e i l
l i s t s  o r  r i n q s ,  e t c .  F o i n t e r s  t o  c l a t a  c a n
b e  a b s o l u t e  1 6 - b i t  a d t l r e s s e s  o r  i n
b a s e - d i s p l a c e m e n t  f o r m .  f n  a d c l i t i o n ,  a
p a g e d  m o d e  i s  a v a i l a b l e  i n  r h i c h  a  p a g e
b a s e  r e g i s t e r i s  a t l d e c l  t o  a l  l  p o i n t e r s .
Th i s  s imp l i f i e s  t he  p rocess ing  o f  paged
da ta  s t r uc tu res .

C .2 .4  I n te6 r ' up t  Hand l i ng .  A l l  g raph i c  i n t e r rup t s  r h i ch  t he
l i l e t a  l rB  rece i ves  f r om the  Vec to r  Gene ra l  a re  kep t  i n
a  s ta tus  reg i s te r  vh i ch  can  be  exan ined  by  t he
q r a p h i c s  p r o g r a o . I f  an  i n te r rup t  has  been
I ' d i sab led r t  by  t t e  g raph i cs  p r cq ran ,  t he  ! t e ta  4B
leaves  t he  i n te r t up t  pend inq .  t he  g raph i cs  p rog ran
can  t hen  us€  t he  B ranch / I n t€ r rup t  i ns t r uc t i on  t o  ac t
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C.2.2.3 Vector General Instructions. Instructions 
have been a~ded to access directly the 
registers in the Vector General. Examples 
of these instructionE are Read Analog 
Infuts and Set Function Key Indicators. 

C.2.3 Cisplay Instructions. 1he display inEtructions form 
the heart of the Meta 4E instruction set, and a 
special attempt has been made to provide a complete 
an~ powerful set. A particular design aim has been 
tc simplify the disflay of structured display files. 
While the graphics programmer is free to keep his 
coor~inate data in conventional table format. display 
instructions are available to allow direct display 
frem a variety of more complex data structures. Each 
display instruction contains the following types of 
information. 

C.2.3.1 rata 1ype. The coordinate data being 
referenced by the disFlay instruction can 
he abEolute, relative or incremental 
vector, or character. 

C.2.3.2 Vector Mode. Vector data can be displayed 
as solid lines, dashed lines, dotted lines, 
or end !=oints. 

C.2.3.3 Display Mode. The display mode refers to 
the manner in which the coordinate data is 
to be interpreted. Possible display modes 
include moving to the first point, then 
drawing to the second, alternating moves 
ana draws, moves alternating with 
subroutine calls, and a crosshatching. 

C.2.3.4 Addressing modes. ThE set of addressing 
modes allows display frcm a wide variety of 
different data formats, for example tables 
of immeciate data, referenced data, linked 
lists or rings, etc. Pointers to data can 
te absolute 16-bit addresses or in 
hase-displacement form. In addition, a 
pagea mode is available in which a page 
base register is added to all pointers. 
~his simplifies the processing of paged 
data structures. 

C.2.4 Interrupt Handling. All graphic interrupts which the 
Meta 48 receives from the vector General are kept in 
a status register which can te examined by the 
graphics frogram. If an interrupt has been 
"fjisabled" by tte graphics prcgram, the Meta 4B 
lEaves the interrupt pending. !he graphics proqram 
can then us~ the Branch/Interrupt instruction to act 
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on  t he  i n te r rup t  a t  a
has  no t  been  i l i sab led ,
t he  cu r ren t  s t a tus  o f
UCB anc l  i n t e r rup t s  t he
comp le te l y  d i sab le t l  by
Vec to r  Gene ra l .

l a t e r  t i ue .  I f  an  i n te r rup t
t he  t ! e t - a  4B  i nmed ia te l y  s t o res
the  sys te r  i n  t he  app rop r i a te

l , ! e ta  4  A .  An  i n te r rup t  can  be
ze ro ing  i t s  enab le  b i t  i n  t he

-25-

on the interrupt at a later time. If an interrupt 
has not been disabled, the Meta 4E immediately stores 
the current status of the syste~ in the apFropriate 
UCB and interrupts the Meta 4A. An interrupt can be 
completAly disablEd by zeroing its enable bit in the 
Vector General. 
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LSD i s  a  qene ra l  pu rFose  p rocedu r€  o r i en ted  l anguage  r i t h  uany
o f  f he  f ea tu res  and  much  o f  t he  syn tax  o f  PL / I .  f n  con t ras t  t o
pL /1 ,  hoveve r ,  t he  l anguage  enab les  t he  p roq ranmer  t o , t ge t  a t r r  t he
mach ine  f o r  vh i ch  he  i s  p rog rann ing  ra the r  t han  h i c l i nq  t ha t  mach ine
f ron  h im .  Thus  t he  use r  can  e rp l i c i t l y  pe r f o rn  ope ra t i ons  on  na in
memory  l oca t i cns  and  reg i s te r s ;  he  can  i n te r spe rse  LSD code  v i t h
ASs . -m t> l y  l anguage  o r  oach ine  l anguaqe  ( t h r cuqh  t he  CODE/ENDCODE
cons t ruc t ) .  LSD a l sc  p r cv i des  a  va r i e t y  o f  ex tens ion  nechan i sns  t o
po rm i t -  t he  use r  t o  t a i l o r  t he  I anquaqe  t o  spec i f i c  p rob lems  o r
p r o q r a  m m i n q  s t y l e s . T h e  l a n g u a g e  j - s  o r i e n t e d  t o v a r i l s  a
know lodqeab l c  and  soph i s t i ca ted  c l ass  a f  p rog raDDers  vho  r i sh  t o  do
sy -e leps  p roq ramn ing  as  re l l  as  app l i ca t i ons  p rog rann ing  i - n  a  h i gh
1e  v . ' 1  l anguaqe .  The  conp i l e r  i s  op t im i ze t l  f  o r  ve r y  e f  f  i c i en t  code
qene ra t , i on .

l "SD  i s  t l es i gned  f o r  a  nach ine  l i ke  t he  fB i l  Sys ten  / 360  and
Sys ton  / 31 " .  A  nunhe r  o f  ccns t ruc t s  have  been  i nc l - u i l ed  i n  t he
lan rJ t t aqo  bpcause  t hev  a r€  p resen t  i n  t he  sys ten  7360 :  gene ra l  and
f l oa r i nq  po in t  r eg i s te r s ,  a  T rans la te  and  Tes t  f unc t i on ,  dec ina l
, l a  t a  t ype ,  e t c .  .  Neve r t_he less  t he  l anguage  i s  gene ra l  enough  so
tha t  p r cqEams  can  be  e r i t t en  f c r  any  mach ine  ch i ch  i s  s i n i l a r  t o
the : ; ys tem /364  and  comp i l e  t o  e f f i c i en t  ccde .

The  p roq ranoe r  can  exe rc i se  cons ide rab le  ccn t ro l  ove r  t he  coc le
q { ' ne ra ted  by  t he  comp i l e r .  Ccnve rs i ons  a re  neve r  pe r f o rned  un less
th { .  use r  spec i f i ca l l y  r egues t s  t hem by  ca l l i ng  a  bu i l t - i n  f unc t i on .
Tns tead  code  v i 11  be  gene ra ted  rheneve r  poss ib l e  r ega r t l l e ss  o f  t he
da ta  t ypes  o f  t he  ope rands .  Thus  a  subs t r i ng  can  be  t aken  o f  a
f l ca t i ng  po in t  number  ( t he  nunbe r  r i l l  be  t r ea ted  as  a  cha rac te r
s t r i nq ) .  The  comp i l e r  r i l 1 ,  ho reve r ,  qene ra te  a  r a rn i ng  message
rhcngvs5  an  ope rand  t yp€  o the r  t hen  t he  expec ted  one  i s  used  o r
whoneve r  m i xed  mode  ope ra t i ons  a re  encoun te red  t o  ca l l  t he  use r r s
a t t en t i on  t c  t hese  i n  case  t bey  a re  e r ro r s .  f f  code  canno t  be
geno ra ted  f o r  a  cons t ruc t ,  t he  ccnp i l e r  n i l l  au toma t i ca l l y  p l ace
one  o r  mo re  no :o ; s  a t  t ha t  po in t  i n  t he  gene ra te i l  code  and  p rov i< l e
a  na t ch  a rea  a t  r he  end  c f  t he  p rog ram.  The  use r  can  a l so  con t ro l
' r h  i ch  ope rands  a re  re ta i ned  i n  r eg i s te r s  anc l  r ese rve  spec i f  i c
roq i s t - e r s  f o r  h i s  exc lus i ve  use  ( t he  con rp i l e r  y i 11  no t  gene ra te
co r l o  us i nq  t hese  req i s te r s )  .  Th€  p rog rammer  can  ccn t ro l  t he
qene ra t i cn  o f  code  t o  check  f o r  ce r t a i n  r un t i ne  e r ro r s  ( e .  g .
sn  r i nq range )  and  p rov ide  rou t i nes  wh i ch  a r€  t o  be  ca l l e r l  r hen
sDec i f i c  i n t e r rup t s  o r  e r ro r s  cccu r .

The  use r  can  con t ro l  t he  deg ree  o f  op t i n i za t i on  rh i ch  t he
comp i l e r  r i l l  pe r f o rn  and  t he  t ype  o f  space - t i ne  t r adeo f f  vh i ch  i s
t o  be  used  i n  t ha t  op t im i za t i - on .  op t i n i za t i on  on  pa r t i cu l a r
va r i ab les  can  be  t u rne t l  cn  and  o f f .  The re  i s  a  cons t ruc t  i n  LSD
fo r  i nd i ca t i ng  uh i ch  o f  a  se t  c f  poss ib l e  pa ths  a re  nos t  l i ke l y  t o
be  e : t ec r t t ed .  Th i s  i s  used  by  t he  comp i l e r  i n  dec i c l i ng  rha t  shou ld
l ' e  kep t  i n  r eg i s te r s  and  che the r  €xp ress ions  shcu ld  be  noved  ou t  o f' l - oops .  

The  us€ r  can  reques t  t ha t  t he  comp i l e r  gene ra te  assenb l y
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LSD is a qeneral pur~ose ~rocedur€ oriented language with many 
of the features and much of the syntax of Pi/I. In contrast to 
PL/I, however, the language enables the proqrammer to "get at" the 
machine for which he is programming rather than hiding that machine 
from him. Thus the user can explicitly perform operations on main 
m0IDory locaticns and registers; he can intersperse LSD code with 
~ssnmbly language or machine language (thrcugh the CODE/ENDCODE 
construct). LSD alsc ~rovides a variety of extension mechanisms to 
pprmit the user to tailor the language to specific problems or 
proqramming stylps. the language is oriented towards a 
knowledqeahle ~nd sophisticated class of programmers who wish to do 
~y~tpms proqramming as well as applications programming in a high 
levnl languaqe. The compiler is optiwized for very efficient code 
generation. 

LSD is designed for a machine like the IBM System /360 and 
Systpm /,7~. A numb~r of ccnstructs have been included in the 
l~ng\laqp b0cduse they are present in the System /360: general and 
flo~+in~ point registers, a Translate and Test function, decimal 
~at~ type, etc.. Nevertheless the languaqe is general enough so 
that proqrams can be writtpn fer any machine which is similar to 
the System /36" and compile to efficient code. 

The program~er can exercise con~iderable centrol over the code 
q0nerated by thp compiler. Ccnversion~ are never performed unless 
tho user specifically requests them by calling a built-in function~ 
Tn~te~o co~e will be generated whenever possible regardless of the 
oata types of the operands. Thus a substring can be taken of a 
flo~ting point number (the number will be treated as a character 
string) • The compiler will, however, qenerate a warning message 
whpnever an operand type other then the expected one is used or 
whpnever mixPd mode op~rations are encountered to call the user's 
attention to these in case they are errors. If code cannot be 
qenpr~ted for a construct, thE com~iler will automatically place 
one or more nQ=QI§ at that point in the generated code and provide 
a catch area at the end cf the ~rogram. The user can also control 
~hich operands are retained in registers and reserve specific 
roqisters for his exclusive use (the compiler will not generate 
rod o using these registers). The programmer can control the 
qeneraticn of code to check for certain runtime errors (e. g. 
strinqranqe) and provide routines which are to be called when 
specific interru~ts or errors cccur. 

The user can control the degree of optimization which the 
r.ompilpr will perform and the type of space-time tradeoff which is 
to be used in that optimization. Optimization on particular 
varinbles can be turned en and off. There is a construct in LSD 
for indicating which of a set cf possible paths are most likely to 
tp e~ecuted. This is used by the comfiler in deciding what should 
re kppt in reqisters and whether Expressions shculd be moved out of 
Inops. The USEr can request that the compiler generate assembly 
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l anguage  co t l e  r h i ch  ' r i I 1  be  l i s t ed  by  sou rce  pEogEan  s ta temen t .  A
p roq ranmer  can  t hen  hand  cp t im i ze  c r i t i ca l  po r t i cns  o f  h i s  p rog rans
( i t  i s  hoped  t ha t  a t  t he  h i ghes t  l eve l  o f  op t im i za t i on  t he  LSD
comp i l e r  w i l l  p roduce  coc le  abou t  as  gooc l  as  t ha t  p roduced  by  an
expe r i enced  ass€mb1y  l anguaqe  F rcq raune r )  .

t S D  i n c l u d e s  s i g n i f j . c a n t  e n h a n c e n e n t s  o f  a  n u n b e r  o f
f a c i l i t i e s  a v a i l a b l e  i n  P L / I .  f { u l t i p l e  l e v e 1  p c i n t e r  c h a s i n g  i n  a
s i n g l e  s t a t e m e n t  a n d  t h e  u s e  o f  m o r e  t h e n  o n e  p o i n t e r  a t  e a c h  l e v e l
a r e  p r o v i t l e r l .  F o r  e x a n p l e ,  t h e  a d d r e s s  o f  a  d a t a  e l e n e n t  D a y  b e
b a s e d  o n  t h e  a d r l r e s s  o f  a  p a g e ,  t h e  r e l a t i v e  c l i s p l a c e m e n t  o f  a
b l o c k  f r o m  t - h e  t o p  o f  t h e  p a g € r  o l r d  t h e  o f f s e t  c f  t h e  e l e n e n t  f r o m
t h e  t o p  o f  t h e  b l o c k .  P o i n t e r - c  c a n  b e  v a r i a b l e s  o r  c o n s t a n t s  o f
a n y  d a t a  t y p e .  O t h e r  i n p r o v e n e n t s  a r e  i n  t h e  a r e a s  o f :  c h a r a c t e r
f a c i l i t i e s ,  d e b u q q i n q  f a c i l i t i e s ,  n o r e f l e x i b l e  s t r uc tu re
de f i n i t i cns ,  and  t he  q l cba l  sccpe  t ype  f o r  va r i ab les ,

A  pL / I  va r i ab le  i s  g i ven  t he  da ta  t ype  CCNTFOTLED to  p rov ide  a
s t , ack  f ac i l i t y  i n  PL / I .  The  on l y  vay  t he  p rog ranmer  can  use  t h i s
s tack  i s  t o  acc€s -q  t he  t op  e l emen t  To  access  an  e l emen t  l o re r  i n
t he .  s t ack ,  t he  e l emen ts  above  i t  mus t  be  l os t .  The  p ro l t r anne r
canno t  access  t he  po in te r  r h i ch  PL I I  uses  t o  access  t he  va r i ab le .
t sD  has  a  da ta  t ype  o f  STACKI I  vh i ch  ex tends  t he  capab i l i t i e s  o f
PL /L  The  l anguage  has  a  bu i l t - i n  f unc t i on  rh i ch  re tu rns  a  po in te r
t o  t he  p rev ious  e l emen t  when  g i ven  a  po in te r  t o  an  e l enen t  o f  a
s t  aek .

L S D  a t  t e m p t s  t o  p r c v i t l e  n a n y  o f  t h e  c h a r a c t e r  h a n c l l i n g
c a p a b i l i t i e s  o f  S N O R C L q  i n  a  P L / I  s y n t a x ,  T h € r e  a r e  i n f i x
o p e r a t o r s  a n r l  s t a t e m e n t s  u h i c h  i n s e r t  a n c l  d e l e t e  s u b s t r i n g s ,  l o c a t e
p a t - t e r n s ,  a n d  t r i m  t r a i l i n g  b l a n k s .  S p e c i a l  f u n c t i o n s  ( A l l Y  a n i l
N O T A N Y )  p e r m i t -  t h e  u s e r  t c  s e a r c h  f o r  a n y  o f  a  q r o u p  o f  c h a r a c t e r s
o r  f o r  a n y  c h a r a c t p r  e x c e p t  a  s p e c i f i e d  g r o u p .

LSn  i s  t l es i qned  t o  be  oFe ra t i ng  sys t r tm  i n i l ependen t  and  ye t
p rov ide  on l y  a  r i n ima l  r un t i .  me  env i r cnmen t .  ' f  he  T /O  f  ac i l i t i e s  a re
ve ry  l im i t ed .  Cn l y  cha rac te r  s t r i ngs  can  be  i npu ted  oE  ou tpu ted
and  t he  use r  n rus t  do  any , l a ta  se t  i n i t i a l i za t i on  (OPEN)  vh i ch  i s
necessa ry .  No  f ac i l i t i e s  f o r  mu l t i t ask i n , J  o r  co rou t i n i ng  a re
cu r ren t l y  ava i l ab le ,  a l t hough  t hey  may  be  ac lded  t o  t he  l anguage  i n
the  f u tu re .

LSn  p rov ides  a  f u l l  se t  c t  s t r uc tu red  p r cq ranm inq  p r i n i t i ves
1 t -he  coTo  i s  a l so  ava  i l ab1e  f  o r  t hose  uho  p re f  e r  o r  need  i t )  .  The
Se lee t  s t a temen t  a I l ows  t he  us€ r  t o  execu te  one  o f  seve ra l  p i eces
o f  c o d e  d e p e n d i n g cn  t he  run - t ime  va lue  (nunbe r  o r
cha rac te r - s t - r i nq )  o f  an  exp ress ion .  D0  nH fLES  and  i t e ra t i ve  DOrs
a r€  ava i l ab le .  The  OUToF  and  ENDOF cons t ruc t s  b ranch  t o  e i t he r  t he
s ta t -emen t  f o l l o r i ng  t he  end  o f  a  Do  l c cp  o r  t he  END s ta tenen t  o f
t he  l oop .  The  I f -THEN-ELSE i s  a l - . o  ava i l ab le  f o r  b i na ry  cho i ces .
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language code which will be listed by source program statement. A 
proqrammer can then hand cptimize critical portions of his programs 
(it is hopeo that at the highest level of optimization the LSD 
compiler will produce code about as good as that produced by an 
experienced assembly language Frcqrammer). 

LSD includes significant enhancements of a number of 
facilities available in PIlI. Multiple level Fainter chasing in a 
sinqle statement and the use of more then one pointer at each level 
are provided. For pxampl~, the address of a data element may be 
based on the address of a paqe, the relative displacement of a 
block from the top of the page, and the offset of the element from 
the top of the block. Pointers can be variables or constants of 
any data type. Other improvements are in the areas of: character 
facilities, debugginq facilities, more flexible structure 
definiticns, and the global sccpe type for variables. 

A PL/I variable is given the data type CCN1~OLIED to provide a 
stack facility in PL/T. The only way the programmer can use this 
stack is to aCCESS the top element To access an element lower in 
the stack, the elements above it must be lost. The programmer 
cannot access the pointer which PL/I uses to access the variable. 
lsn has a data type of STACKEr which extends the capabilities of 
PL/I. The language has a built-in function which returns a pointer 
to the previous element when given a pointer to an element of a 
stack. 

LSD attempts to previde many of the character handling 
capahilities of SNonCL4 in a PL/I syntax. There are infix 
opArators anli statements which insert and delete substrings, locate 
patterns, ann trim trailing tlanks. Special functions (ANY and 
NOTANY) permit the user tc search for any of a qroup of characters 
or for any character except a specified qroup. 

LSD is dAsigned to be oferating system indeFendent and yet 
provine only a uinimal runtime environment. The 1/0 facilities are 
very limite~. Only character strings can be inputed or outputed 
ann the user must do any data set initialization (OPEN) which is 
necessary. No facilities for multitasking or coroutining are 
currently availablA, although they may be added to the language in 
the future. 

LSD provides a full set cf structured prcgramming Frimitives 
(tho GOTO is also available for those ~ho prefer or need it). The 
Select statement allows the USEr to execute one of several pieces 
of code depending en the run-time value (number or 
charact~r-strinq) of an expression. DO WHILES and iterative DO's 
are available. 1he OUTOF and ENDOF constructs branch to either the 
statement following the end of a to lecp or the END statement of 
the loop. The If-THEN-~LSE is also available for binary choices. 
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