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A SHARED RANDOM ACCESS MEMORY RESOURCE 
FOR MULTIPROCESSOR REAL-TIME SYSTEMS* 

D .  G. Dimmler and W.  H.  Hardy, 11 

Brookhaven Nat ional  Laboratory 
Upton, New York 11973 

A shared random-access memory resource  i s  de- 
s c r ibed  which i s  used w i t h i n  r ea l - t ime  d a t a  a c q u i s i -  ' 

t i o n  and c o n t r o l  systems wi th  mul t iprocessor  and 
multibus o rgan iza t ions .  Hardware and sof tware  a s p e c t s  
a r e  d i scussed  i n  a s p e c i f i c  example where in t e rcon-  
nec t ions  a r e  done v i a  a UNIBUS. The gene ra l  app l i ca -  
b i l i t y  of  t he  approach i s  a l s o  discussed.  

Background 

The r e c e n t  advent of inexpensive computer proces-  
s o r s  and t h e  d r a s t i c  dec rease  i n  p r i c e  of  co re  and 
semiconductor random access  memory make modern a r c h i -  
t e r t u r e o  f o r  daLa a c q u i s i t i o n  and c o n t r o l  systems 
f e a s i b l e  which avoid many of  t h e  l i m i t a t i o n s  imposed 
f o r  economic and o t h e r  reasons on o l d e r  s t r u c t u r e s .  
In s t ead  o f  us ing  one computer processor  f o r  many 
d i f f e r e n t  func t ions  a s  i n  t r a d i t i o n a l  time sha r ing  
concepts ,  new a r c h i t e c t u r e s ,  such a s  t h e  d i s  r i b u t e d  
func t ion  a r c h i t e c t u r e ,  descr ibed elsewhere,'-' have 
the  tendency t o  ded ica t e  a processor  and memory t o  
one o r  a small  s e t  of compatible func t ions .  These 
processor/memory combinations comprise func t iona l  
nodes. A complete system c o n s i s t s  of a network of 
in terconnected func t iona l  nodes. 

Such an a r c h i t e c t u r e  l eads  t o  mul t ibus ,  multinode 
conf igu ra t ions , a s  shown i n  an  example i n  Fig .  1, and 
a s  conceptual ly  desc r ibed  elsewhere.  A master c o n t r o l  
node including a PDPll/L0 proocssor  c u r ~ c r o l s  v i a  an  
experiment ' c o n t r o l  node a neutron spect rometer  i n -  
c luding a p o s i t i o n  s e n s i t i v e  de tec to r . lO-12  The d a t a  
c o l l e c t e d  from t h e  d e t e c t o r  is processed by the d a t a  
inpu t  node, a s p e c i a l  purpose d i r e c t  memory increment 
processor .  This processor  i n s e r t s  t he  d a t a  i n t o  a 
random access  memory, he re  c a l l e d  shared memory resmrce, 
of a p o t e n t i a l  s i z e  of  s e v e r a l  m i l l i o n  words. A d i s p l a y  
node provides  an on - l ine  d i s p l a y  func t ion  on a cathode 
ray tube us ing  the  d a t a  i n  process  of  being c o l l e c t e d  
a s  a source.  

Shared Memory Resource 

A s i g n i f i c a n t  element of such an  a r c h i t e c t u r e  i s  
a random access  memory r e source  where l a r g e  common 
d a t a  a r r a y s  of  up t o  s e v e r a l  m i l l i o n  words and common 
con t ro l  parameters a r e  s t o r e d  and can be accessed by 
s e v e r a l  func t iona l  nodes. Such a random access  memory 
resource  includes:  

a.  a mul t ipo r t  memory c o n t r o l  (MPMC) 
which provides  access  from s e v e r a l  
processors  t o  the  memory segments 
of  t he  shared memory resource;  

b.  one o r  s e v e r a l  memory segments; and 

c .  t he  a l l o c a t i o n  and access  sof tware ,  
which ope ra t e s  a t  each of  the  access ing 
nodes. 

Mul t ipo r t  Memory Control  

As Fig .  2 shows, t he  mul t ipo r t  memory c o n t r o l  
includes  : 
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Figure  1 

App l i ca t ion  Node 
Typical  Conf igurat ion 

a .  a s e t  of access  p o r t s  where one func t iona l  
node i s  connected t o  each p o r t ;  

b. an  i n t e r n a l  t r i - s t a t e  bus wi th  a bus 
a r b i t r a t o r  ;' and 

c.  a s e t  of  memory p o r t s  where one memory 
segment is connected t o  each .por t .  

Access P o r t s  

Up t o  16 func t iona l  nodes can be connected t o  
the  shared memory resource  v i a  up t o  16 access  p o r t s .  
An access  p o r t  communicates wi th  a connected processor  
e i t h e r  v i a  a s t anda rd  U N I B U S ~  o r  v i a  an  extended UNIBUS. 
An extended UNIBUS resembles two phys ica l  h ~ i s  cab lc s  
whcre t h e  a d d i t i o n a l  c a b l e  c a r r i e s  the  h igh o rde r  
address  b i t s  A18 t o  A29. 

One of  t h e  p o s s i b l e  processors  connected t o  an  
access  p o r t  is a PDPll. Such a processor  has  a l o g i c a l  
address  space  of  28K words (1K = 1024). This l o g i c a l  
address  space  i s  subdivided i n t o  regions  depending.on 
t h e  func t ion  performed t h e  processor .  An example, 
a s  desc r ibed  elsewhere," is shown i n  Fig .  3. A region 
of  4K words between t h e  addresses  1400008 and 1600008 
i s  ass igned a s  a window through which t h e  processor  
accesses  the  shared memory resource.  This  l o g i c a l  
address  space  i s  mapped a s  shown i n  Fig.  3 i n t o  a 
processor  phys ica l  address  space  by the  memory manage- 
ment of t h e  processor .  I f  such a management is miss ing 

t~~~~~~ i s  a r e g i s t e r e d  trademark of D i g i t a l  Equipment 
Corporat ion.  

f 
This  work c a r r i e d  ou t  under the  ausp ices  of  t he  
Energy Research and Development Adminis t ra t ion:  
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a s  is  the  case  of a small  PDPll p rocesso r ,  then the  b. t h e  h igh o rde r  address  b i t s  can be provided 
processor  phys ica l  address  space  between 28K and 124K e i t h e r ' b y  the  map address  r e g i s t e r  o r  by 
i s  not a c c e s s i b l e  and the  previous  l o g i c a l  and phys ica l  t he  UNIBUS ex tens ion  a s  descr ibed p rev ious ly ;  
address  spaces a r e  synonymous. The window reg ion ,  c. t h e  s t a r t  of  the  l o g i c a l  address  space  of  
then, i s  mapped i n t o  the  shared memory phys ica l  address  the  access  window can be s e l e c t e d ;  
m a c e  bv the.memorv management' l oca ted  i n  the  cor-  - 
responding access  p o r t  a s  shown i n  Fig. 4. The d. t he  l eng th  of  t he  above mentioned address  
phys ica l  address  i n  the  example i s  composed of t h e  b i t s  space  can be s e l e c t e d ;  and 
20 t o  212 provided by the  c o r r e s  onding b i t s  of  t h e  8 UNIBUS and by the  b i t s  213 t o  22 provided by the  

e.  t h e  addresses  of  t h e  address  p o r t  device  
r e g i s t e r s  can be se l ec t ed .  

previously  f i l l e d  map address  r e g i s t e r .  The mapping 
a lgor i thm i s  access -por t - spec i f i c .  Other p o r t s  may be An access  p o r t  con ta ins  fou r  dev ice  r e g i s t e r s .  

' s e t  t o  d i f f e r e n t  a lgor i thms.  I f  an  extended UNIBUS They' a r e :  
i s  connected then the  con ten t  of .  t he  mapping address  
r e g i s t e r  does not  c o n t r i b u t e  to '  t he  phys ica l  address .  
The e n t i r e  phys ica l  address  i s  provided a t  t he  i n p u t  , 

? of the  access  p o r t .  This s i t u a t i o n  o f t e n  a r i s e s  when , 

a s p e c i a l  purpose node s o r t s  experimental  d a t a  i n  r e a l  
time i n t o  l a r g e  a r r ays .  I n  t h e  a p p l i c a t i o n  example 
given previously the  d i r e c t  memory increment node 
s o r t s  d a t a  c o l l e c t e d  from t h e  p o s i t i o n  s e n s i t i v e  
d e t e c t o r  i n t o  the  shared memory r e source  v i a  a n  
extended UNIBUS. 

Reg i s t e r  0: Map Address Regis ter .  
This r e g i s t e r  ' conta ins  the  
h igh o rde r  b i t s  A13 t o  A28 
f o r  mapped access  a s  descr ibed 
above; 

Reg i s t e r  1: Low Phys ica l  Address Regis ter .  
This r e g i s t e r  con ta ins  the  low 
o r d e r  b i t s  20 t o  215 of  the  
l a s t  phys ica l  address  accooocd; 

One acGess p o r t  i s  des ignated a master access  - Regi s t e r  2: High Phys ica l  Address Regis ter .  
p o r t .  A l l  o t h e r s  a r e  considered s l a v e  access  p o r t s .  Th i s  r e g i s t e r  con ta ins  the  h igh 
The processor  connected t o  t h e  master access  p o r t  may o r d e r  b i t s  216 t o  zZ9 of the  
temporar i ly  lock ou t  access  t o  a l l  s l a v e  p o r t s .  This  l a s t  phys ica l  address  accessed;  
f e a t u r e  i s  necessary  f o r  memory a l l o c a t i o n  purposes 
a s  expla ined i n  a subsequent paragraph. 

Reg i s t e r  3: S t a t u s  Reg i s t e r  . 
This  r e g i s t e r  conta ins '  s t a t u s  
informat ion a s  shown i n  Table  1. 
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Figure  4 

Mu1 t i - p o r t  Memory 
Control Access P o r t  

Table 1 

S t a t u s  Reg i s t e r  Contents 

BIT ' 

Five access -por t - spec i f  i c  func t ions  and address  
b i t  arrangements can be s e l e c t e d  by manual swi tches  
and jumpers. They a r e :  

a.  t h e  p o r t  can be p ro tec t ed  a g a i n s t  
a WRITE access ;  

C00 UNIBUS s t a t e  from l a s t  memory access .  
C01 UNIBUS s t a t e  from l a s t  memory access .  
P o r t  locked a g a i n s t  access  a t  time of 

l a s t  access  a t tempt  ( func t ions  on s l a v e  
p o r t s  on ly ) .  

P o r t  i s  c u r r e n t l y  locked a g a i n s t  access  
( func t ions  on s l a v e  p o r t s  only)  

S lave  p o r t  access  lock out  ( func t iona l  
on master p o r t  on ly ) .  

UNIBUS address  b i t s  A13-A15 of l a s t  
memory access .  

R/W access  i n d i c a t o r  
No response from memory on l a s t  access  

( i n v a l i d  address  o r  memory f a i l u r e ) .  

The access  p o r t  is designed on one p r i n t e d  c i r c u i t  
module occupying s i x  segments of  a s t anda rd  PDPll 
connector  block. The con ten t s  of, r e g i s t e r s  1, 2 and 
3 ,  a s  wel l  a s  i n t e r n a l  hardware s t a t e s ,  a r e  d isplayed 
on l i g h t  e m i t t i n g  diodes  a long the  top -o f  the  mbduie. 
This a l lows f o r  s i m p l i f i e d  d i agnos i s  of  e r r o r s  and f o r  
easy obse rva t ion  of system performance. 

Memory P o r t s  

Up t o  16 commercial UNIBUS compatible memory 
segments can be connected v i a  the  16 memory p o r t s .  One 
p o r t  i s  ass igned f o r  one memory segment. A memory 
segment communicates wi th  the  p o r t  e i t h e r  v i a  a 
s t anda rd  UNIBUS which r e s t r i c t s . t h e  s i z e  of the seg- 
ment t o  128K words o r  i t  communicates v i a  an  extended 
UNIBUS as  desc r ibed  above. I n  the  l a t t e r  arrangement 



t he  s i z e  r e s t r i c t i o n  does not  e x i s t ;  however, a  s l i g h t  
modif ica t ion of  the  address  decoding used i n  com- 
merc ia l ly  d e l i v e r e d  segments i s  u s u a l l y  necessary.  

I n t e r n a l  Bus 

Trans fe r s  between the  access  p o r t s  and the  memory 
p o r t s  a r e  accomplished ove ran  i n t e r n a l  t r i - s t a t e  bus 
under the  c o n t r o l  of a  bus a r b i t r a t o r . .  The a r b i t r a t o r  
u ses  a  round-robin a lgor i thm f o r  the  schedul ing of  
concurrent  access  r eques t s .  The a r b i t r a t o r  scans  t h e  
p o r t s  wi th  a  frequency o f ' 5  MHz, hence i n  a  f o u r  p o r t  
system, a  g iven p o r t  is po l l ed  every  800 ns. I f  a  
po l l ed  p o r t  has  a  r eques t  pending, scanning i s  h a l t e d  
and the  p o r t  i s  allowed one memory access*. Af t e r -  
wards scanning i s  resumed. This a lgo r i thm was chosen 
ove r  a  p o r t  p r i o r i t y  system t o  i n s u r e  t h a t  a  p o r t  
cannot monopolize t h e  shared memory resource .  The 
a r b i t r a t o r  has  been cons t ruc ted  a s  an  independent 
p r i n t e d  c i r c u i t  module. Other a lgor i thms would r e q u i r e  
t h e  des ign of  a d i f f e r e n t  a r b i t r a t o r  module. 

The t o t a l  ins tantaneous  memory cyc le  of  a  proces- 
s o r  t o  a  memory l o c a t i o n  i n  the  shared memory resource  
depends on: 

a .  t h e  number of connected p o r t s ;  

b. t he  number of  concurrent  accesses  pending; 

c .  t h e  type of t h e  access ;  

d. t he  speed of  t h e  memory used;  and 

e.  t h e  l o g i c  de lay  o f  approximately 150 ns 
i n  the  memory p o r t  c o n t r o l l e r .  

I n  the  example of  a  fou r  access  p o r t  system with  
a  memory o f  900 ns r e a d l w r i t e  time the  t o t a l  cyc le  time 
of a  read (DATI) i n s t r u c t i o n  is i n  the  b e s t  case  900 ns 
r e a d l w r i t e  t ime p lus  150 ns l o g i c  de lay  of  the  c o n t r o l -  
l e r  t o t a l l i n g  1050 ns.  The wors t  case  i s  t h e  s i t u a -  
t i o n  where a  r ea l lmod i fy lwr i t e  (DATIP) access  r eques t  
a r r i v e s  j u s t  a f t e r  t he  p o l l i n g  t ime and a l l  o t h e r  p o r t s  
have y e ~ d l n g  DATIY reques t s .  The cyc le  t ime, then,  
extends  t o  900 x  8  + 150 x  4  = 7800 ns. 

Shared Memory Al loca t ion  and U t i l i z a t i o n  

The shared memory phys ica l  address  space  i s  d iv ided  
i n t o  two s e c t i o n s  a s  shown i n  Fig .  2. The g loba l  
c o n t r o l  parameter s e c t i o n  (GCPS) of t h e  memory con- 
t a i n s  t a b l e s  which must be accessed by more than one 
processor ,  such a s  t h e  memory management master 
d i r e c t o r i e s .  The GCPS has  a  minimum s i z e  o f  4K words 
d i c t a t e d  by the  s i z e  o f  t h e  shared memory d i r e c t o r i e s .  
I n  sinall SySKemS the  GCPS may a l s o  con ta in  device  
b u f f e r s .  I n  l a r g e  systems wi th  processor  s p e c i f i c  
memory management these  b u f f e r s  r e s i d e  i n  each proces-  
s o r ' s  physical  address  space i n  the  a r e a  between 28K 
and 120K, and t h e  shared memory "window" is moved t o  
120K - 124K i n  the  processor  phys ica l  address  space.  
A l loca t ion  of  t h e  GCPS is  done a t  t h e  time of  system 
generat ion.  The g loba l  d a t a  a r r a y  a r e a  i s  a l l o c a t e d  
under the  c o n t r o l  of  t he  node connected t o  the  master 
access  po r t .  This  node becomes the  master con t ro l  
node of  the  mul t iprocessor  system. One master c o n t r o l  
node must be i d e n t i f i e d  w i t h i n  the  system. The master 
c o n t r o l  node d e f i n e s  t h e  type of  access  the  o t h e r  
nodes w i l l  have t o  the  a r r a y s  i n  the  d a t a  a rea .  The 
access  d e f i n i t i o n  i s  a r r a y  s p e c i f i c .  During the  
d e a l l o c a t i o n  process  access  from a l l  s l a v e  nodes is  
locked out  by hardware. A f t e r  t he  d e a l l o c a t i o n  
p rocess  i s  complete a l l  p o r t s  may u t i l i z e  the  d a t a  
* 

I f  t h e  access  i s  of a  DATIP (read-modify-write) type, 
two accesses  a r e  allowed: one read access  and one 
wr i  t c  access .  

a r e a  w i t h i n  the  access  d e s c r i p t i o n  conta ined i n  the  
a r r a y  a l l o c a t i o n  d i r e c t o r i e s  a s  o u t l i n e d  i n  d e t a i l  
below. 

The shared memory space  of 229 words i s  d ivided 
i n t o  a l l o c a t i o n  u n i t s  of  4096 words each. A l l o c a t i o n  
takes  p l a c e  i n  m u l t i p l e s  of a l l o c a t i o n  u n i t s .  For t h e  
purposes of a l l o c a t i o n  s i m p l i c i t y  the  fo l lowing r u l e s  
apply: 

a.  A l l  a r r a y s  a r e  assumed t o  be t h r e e  dimensional;  

b. The l i n e a r  address  is c a l c u l a t e d  u s i n g  
t h e  fo l lowing a lgor i thm:  

where 

I is  the  X dimension 

J is  t h e  Y dimension 

K is  t h e  Z dimension 

N = 1 f o r  by te  d a t a  
= 2 f o r  word d a t a  
= 4 for  double word d a t a  

i, j,  k  a r e  the  i n d i c e s  of t h e  da tumbe ing  addressed;  

c.  The maximum dimensions a r e  de f ined  by: 

I 5 32767 

d. A l loca t ion  can only t ake  p l a c e  v i a  t h e  
des ignated master  po r t .  
A l l  o t h e r  p o r t s  a r e  des igna ted  a s  s l a v e  
p o r t s .  

e .  The d e a l l o c a t i o n  func t ion  may pack the  
g loba l  d a t a  a r r a y  r eg ion  o f  the  shared 
memory i n  o rde r  t o  avoic! s ca t t e r i . ng .  
Thus, dur ing t h e  d e a l l o c a t i o n  process  
a l l  p o r t s  except  t h e  master p o r t  a r e  
denied access .  

f .  A l l  d i r e c t o r y  informat ion i s  conta ined 
i n  the  d i r e c t o r y  page loca ted  i n  the  
g loba l  c o n t r o l  parameter a rea .  

g. An a r r a y  i s  a l l o c a t e d  i n  a  contiguous 
phys ica l  space.  

Array A l l o c a t i o n  Di rec to ry  Organizat ion 

An a r r a y  a l l o c a t i o n  d i r e c t o r y  i s  maintained 
w i t h i n  t h e  d a t a  memory. The d i r e c t o r y  has  a  
descending t r e e  s t r u c t u r e  c o n s i s t i n g  o f :  

a.  a  master memory d e f i n i t i o n  t a b l e  (MMDT); 

b. a  l o g i c a l  a r r a y  a l l o c a t i o n  t a b l e  (LAAT); 

c .  an  a r r a y  a l l o c a t i o n  d i r e c t o r y  (AAD) 
c o n s i s t i n g  of  a l l o c a t i o n  c o n t r o l  blocks 
(ACB)s. Space f o r  one ACB e x i s t s  f o r  
each p o t e n t i a l  a r r a y ;  and 

d. an  a r r a y  a l l o c a t i o n  u n i t  map (AAUM) 
con ta in ing  a  one by te  d e s c r i p t o r  f o r  
each a l l o c a t i o n  u n i t .  

Master Memory D e f i n i t i o n  Table (MMDTl 

The MMDT con ta ins  t h e  b a s i c  d e f i n i t i o n s  f o r  t he  
shared memory resource  sof tware .  It begins a t  physi-  
c a l  address  200000 of the  GCPS. The con ten t s  of  the  
MMDT a r e  desc r ibed  below: 



LABEL . INITIAL VALUES DESCRIPTION 

AALART . 140100 Address of  beginning of  LAAT, 

ACBSTR 140200 ' .Address of beginning of  AAD . . . 

AAMWMP 144000 Address o f  beginaing of  AAUM 

FIRALU 
. - 

C k L u  

CURACB 

. NALL RT . 

MSTFSP 

MSTDAA 

MSTCAA 

40 F i r s t  a v a i l a b l e  a l l o c a t i o n  
u n i t  (ALU) 

* Current  ALU 

.it Current  ACB 
. . 

. 40 Number of  a r r a y s  allowed 

* . . temporary v a r i a b l e s  . 
* 11 I 1  ' 

. * 11 II 

Logical  Array Al loca t ion    able (LAAT) 

The LAAT l i n k s  the l o g i c a l  a r r a y ' i d e n t i f i e r  used 
a t  t h e  FORTRAN l e v e l  t o  an  a l l o c a t i o n  c o n t r o l  b lock 
ACB which de f ines  the  phys ica l  attributes of  t h e  * 

a r ray .  

Array Al loca t ion  Di rec to ry  (AADl 

Each a l l o c a t e d  a r r a y  has an  a l l o c a t i o n  c o n t r o l  
b lock  (ACB) a s s o c i a t e d  wi th  it. The con ten t s  of  an  
ACB a r e  desc r ibed  below: 

a.  0  a v a i l a b l e  f o r  a l l o c a t i o n ;  

b.. 1 f a i l i n g  o r  o therwise  no t  u sab le ;  

c. 2  nonex i s t en t ;  

d. 20% a l loca ted .  

For t r an  Level Access 

Two s e t s  o f  FORTRAN rou t ines  a r e  provided f o r  
shared memory management. The f i r s t  s e t  c o n s i s t s  of  
a l l o c a t i o n  rou t ines  which a r e  used by the  master 
processor  t o  a l l o c a t e  t h e  memory. The second s e t  
c o n s i s t s  of  access  r o u t i n e s  which can be used by any 
processor  t o  access  t h e  shared memory resource .  

Memory Al loca t ion  Routines 

A l l  memory a l l o c a t i o n  r o u t i n e s  make use  of  a  
common block MEMMGl. The form of t h i s  c o b o n  block i s :  

COMMON/MEMMGl /IAL , IDT , IX , IY , IZ , IRD , IWT , IFPG , ILPG ,ACBAD . 

A one-to-one correspondence e x i s t s  between the  
con ten t s  of an  ACE and common block MEMMGl except  f o r  
t h e  l a s t  e n t r y  ACBAD. ACBAD con ta ins  t h e  l o g i c a l  
address  of  a  s p e c i f i e d  ACB. The v a r i a b l e  IS i s  a  r e t u r n  
parameter con ta in ing  e r r o r  informat ion i n  a l l  shared 
memory resource  rou t ines .  The a l l o c a t i o n  r o u t i n e s  a r e  
desc r ibed  below i n  d e t a i l .  

LABEL TYPE . locks  o u t  a l l  s l a v e  p o r t s  from access  -- MLOCKR(1S ) 
t o  the  shared memory resource .  

ARYALF BYTE Al loca t ion  Flag 
0  a v a i l a b l e  f o r  a l l o c a t i o n  MINITR(MSIZE,IS) i n i t i a l i z e s  a l l  t a b l e s  and d i r e c t o r i e s  

1 f a i l i n g  o r  o therwise  no t  u sab le  A l l  c u r r e n t l y  a l l o c a t e d  a r r a y s  w i l l  be 

2  nonexis tent  dea l loca ted .  MSIZE i s  t he  number of 

2 0 0 ~  a l l o c a t e d  a l l o c a t i o n  u n i t s  a v a i l a b l e .  - 
ARYNUM BYTE FORTRAN l o g i c a l  a r r a y  i d e n t i f i e r  

0 I N I 3 1  10 
DATTYP WORD Data t y p e  

0 by te  
1 word 
2  double word 

EMXDIM WORD X Dimension ( I )  
0  I I 1 32767 

EMYDIM WORD Y Dimension (J) 
0 1 J I 32767 

EHSDIM WORD Z Dimension (K) 
0  I I * K 1 32767 

EMRDAC WOW Read access  c o n t r o l  
The b i t s  0-15 correspond t o  p o r t s  
0-15 r e spec t ive ly .  A b i t  = 0 impl ies  
no read access .  A b i t  = 1 impl ies  
read access .  

EMWTAC WORD Wri te  Access c o n t r o l  
The b i t s  0-15 correspond t o  p o r t s  
0-15 r e spec t ive ly .  A b i t  = 0 impl ies  
no w r i t e  access .  A b i t  = 1 impl ies  
read access .  

ARYSTR WORD F i r s t  a l l o c a t i o n  u n i t .  The ALU number 
of  t h e  f i r s t  ALU a l l o c a t e d  f o r  t h i s  
a r r ay .  

ARYEND WORD L a s t  a l l o c a t i o n  u n i t .  The ALU number 
of  t he  l a s t  ALU a l l o c a t e d  f o r  t h i s  
a r r ay .  

MALOCR(IARRAY,IS) a l l o c a t e s  the  a r r a y  des ignated by 
IARRAY. IDT, IX, I Y ,  I Z ,  I R D  and 
IWT must be s p e c i f i e d  i n  t h e  common 
b lock  MEMMG1. 

MDALCR(IARRAY,IS) uncond i t iona l ly  d e a l l o c a t e s  the  a r r a y  
IARRAY. T h i s , r o u t i n e  may pack t h e  
g loba l  d a t a  a r r a y  r eg ion  of t h e  
shared memory; 

LARSTS(IARRAY,IS) s e t s  t he  con ten t s  of  t h e  common block 
MEMMGl t o  correspond t o  the  con ten t s  of 
t he  a l l o c a t i o n ' c o n t r o l  block s p e c i f i e d  
by IARRAY. 

MUNLKR(1S) unlocks t h e  memory f o r  access  by s l a v e  
p o r t s .  

MSETBD(INIJM,IS) can be used t o  i n d i c a t e  t o  the  memory 
management system t h a t  a  g iven ALU is 
f a i l i n g  o r  o therwise  unusable.  The 
s p e c i f i e d  ALU should  not  be a l l o c a t e d  
a t  t h e  t ime of  the  c a l l  a t  MSETBD. 
I N U M  i s  t h e  ALU number of t he  malfunc- 
t i o n i n g  memory. 

ARYCLR(LARRAY,IS) s e t s  t h e  con ten t  of  t he  a r r a y  s p e c i f i e d  
by IARRAY t o  zero .  

Memory Access Routines 

The memory access  r o u t i n e s  provide  access  t o  
the  shared memory resource .  The access  and s t o r a g e  
f o r  each d a t a  type a r e :  

Array Al loca t ion  Uni t  Map (AAUMI 

The AAUM'~  a s  p r e s c n t l y  i m p l e ~ ~ ~ e n t e d  con ta ins  6144 
b y t e s ,  one by te  f o r  each ALU. The by te  con ta ins  
s t a t u s  informat ion f o r  each a l l o c a t i o n  u n i t :  



STORAGE , ' ACCESS . - VALUE STORAGE ARGUMENT 
TYPE ROUTINE RETURNED AS ROUTINE TYPE 

BYTE EMRDBY BYTE R-lWTBY BYTE 
INTEGER EMRDSI INTEGER EMWTSI INTEGER 
32 BIT INTEGER EMRDDI REAL* EMWTDI REAL* 
REAL EMRDSR REAL EMWTSR REAL 

. , 

*Double p r e c i s i o n  i n t e g e r s  were implemented 
due t o  a  need by t h e  experiments be ing 
c o n t r o l l e d .  S ince  t h e  FORTRAN system 
be ing 'u sed  does n o t  suppor t  double  pre-  . 
c i s i o n  i n t e g e r s  convers ion t o  a  r e a l  
number f o r  u se  of t h e  FORTRAN l e v e l  i s  : 
necessary .  

A l l  access  r o u t i n e s  a r e  FORTRAN func t ion  sub- 
r o u t i n e s .  As such they may be used e s s e n t i a l l y  t h e  
cnmc n3 array vac iab le s .  For example: 

BYTE = EMRDBY (IARRAY, I ,  J ,K, IS )  : 

I X  = EMRDSI(IARRAY,I,J,K,IS) 

X I  = EMRDDI(IARRAY,I,J,K,IS) 

A l l  s t o r a g e  r o u t i n e s  a r e  FORTRAN subrou t ines  of 
t he  form: 

CALL EMWTBY(IARRAY,I,J,K,BYTE,IS) 

CALL EE~JTSI(IARRAY,I,J,K,IX,IS) 
CALL EMWTDI(IARRAY,I,J,K,XI,IS) 

CALL EMWTSR(IARRAY,I,J,K,XI,IS) 

I n  a l l  of Llre above che v a r i a b l e s  have t h e  f o l -  
lowing usage: 

IARRAY FORTRAN l o g i c a l  a r r a y  i d e n t i f i e r  

I X s u b s c r i p t  

J Y s u b s c r i p t  

K Z  s u b s c r i p t  

IS e r r o r  r e t u r n  

' BYTE a  byte  v a r i a b l e  

IX an i n t e g e r  v a r i a b l e  

X I  a  f l o a t i n g  p o i n t  v a r i a b l e  

Shared memory d a t a  s t o r a g e  Formats 

The d a t a  s t o r a g e  formats conform where p o s s i b l e  
t o  t h e  formats i n  t h e  FORTRAN system being used. 
They a r e :  

S i n g l e  P r e c i s i o n  I n t e g e r  (16 b i t  2 ' s  complement) 

WORD n  1 16 B i t  2 ' s  complement i n t e g e r  I 
15 0  

Double p r e c i s i o n  I n t e g e r  (32 b i t  2 ' s  complement) 

WORD n  [ L O W  o rde r  16 b i t s  
1 5  0  

WORD n+2 I h igh  o r d e r  16 b i t s  I 
15  0  

F loa t ing  P o i n t  - 
WORD n  a i n a r y  excess  18igh-order - mant issa  I 

128 EXPONENT t 

Array S to rage  Algorithm 

Arrays a r e  s t o r e d  i n  physical  memory w i t h  t h e  
f i r s t  s u b s c r i p t  varying most r ap id ly .  For example, 
an  a r r a y  dimensioned (3 ,3 ,3 )  would be  s t o r e d  a s :  

1,1,1 Lowest memory l o c a t i o n  

3 ,3 ,3  Highes t  memory l o c a t i o n  

E r r o r  Codcs 

As mentioned b e f o r e ,  eve ry  shared memory manage- 
ment r o u t i n e  has  a  r e t u r n  parameter I S ,  where 
informat ion i s  recorded by t h e  r o u t i n e .  , The con ten t  
o f  I S  means : 

0  Request s u c c e s s f u l l y  completed; 

200 I n v a l i d  a r r ay ,  number; 

201 Array i s  a l r e a d y  a l l o c a t e d ;  

202 IX * IZ too  l a r g e ;  

203 ' System type no t  v a l i d ;  

204 I n s u f f i c i e n t  room t o  a l l o c a t e  a r r a y ;  

205 Array is no t  a l l o c a t e d ;  

206 I n v a l i d  b y t e  i n  by te  map on pack ope ra t ion ;  

207 I n v a l i d  o r  una l loca t ed  a r r a y  on acces s  
r e q u e s t  ; 

210 This  p o r t  does no t  have t h e  d e s i r e d  type  of 
acces s  t o  t h e  s p e c i f i e d  a r r a y ;  

211 Dimension exceeds a l l o c a t i o n  dimension. 

1 5 .  14 7 6  . 0  
WORD n+2 151 low-order mantissa 1 0  



Mechanical Implementation 

The memory port  control ler  i s  mechanically con- 
structed with hardware compatible i n  dimensions, con- 
nectors and layout with the PDPll system of the 
Digital  Equipment Corporation. The access port  is 
implemanted on a printed c i r c u i t  qpdule occupying 
6 segments and the memory port  card occupies 4 seg- 
ments of a standard 9 s l o t  PDPll connector block. The 
a rb i t r a to r  uses 2 segments. The other segments a r e  
used f o r  appropriate connections t o  the various 
UNIBUS1s. Figure 5 shows a photograph of an implementad 
memory port  control ler .  

Figure 5 

Multi-port Memory Controller 
A current implementation 
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