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Abstract 

The Eolifield Eeavy Ion Research Facility is e 
national resource which will serve a large number 
of nuclear and a t d c  physicists who expect to 
perform experiments which vary widely in type and 
complexity. Although much consideration must be 
given to the p r o b h  of rapid acquisition and 
processing of many-parameter data, an equal empha- 
sis will he placed on operational simplicity and 
the stmdardization of hardware and software. Rro 
"active" experimental counting areas and t w  or 
more "setup" areas are served by three remotely 
located Parkin-Elmer 8/32 computers which are 
interfaced to the user equipment by means of three. 
CAMAC branch highvays. Other equipment includes a 
large disk system, alphanwneric/graphic terminals 
and printer-plotters located in each of the count- 
ing areas. The system operation as well as tech- 
niques for the rapid sorting of data into large (* 
10 million channels) histwamp OD disk are dis- 
cussed. 

Introduet%an 

The Eolifield Eeavy Ion Reaearcb Facility is 
expected to he utilized by about 50 resident and 
150 non-resident reaearchers to perform a wide 
variety of experiments in nuclear and atomic 
physica. We anticipate that some experiments will 
require the accmulation of several single parme- 
eter histograms of up to 8 k charnels each at total 
data rates of 100 lraE or greater. Others will 
involve the acquisition of multiparameter event 
data ("typically" around 16 parameters per event at 
data rates of several kEz) together with the nearly 
-real-time processing of part of this event data 
into a large n d a r  (4 100) of one- and two-param- 
eter histogram whose total array size may exceed 
20 million bytes. A few experiments may require 
the acquisition of data with more than 50 par- 
eters per event. It is, of course, always deair- 
able and sometimes essential to be able to quickly 
retrieve end display eelected portions of the 
histograms being accumulated. 
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amount of setup time using the data acquisition 
ayetea, we will provide service to one "active" 
station and one "setup" station in each of these 
two cormting areas. A block diagram of the system 
is shown i n  P4. 1. The dashed block indicates 
that CPIl C has not been acquired at this time. 
Interfacing to the data acquisition equiprant will 
be by meam of three W C  branch highways (one 
connected to each CPIl through a dual DMA channel). 
The system is designed to provide the "active" use 
private access to a CPU (A or B ) .  "Setup" users 
may be required to time share the resources of CPU 
C. Distributed data processing (in the general 
sense) is not planned but the user's date will be 
accessible from all CPU's through the use of shared - 
disks. Crates located in the cyclotron area will 
be tied to highways A and C and thoae in the tandem 
area tied to B and C. Thus, switching from "setup" 
to "active" status can be simply a software oper- 
ation. 

General Characteristics of the S98tem 
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tandem electrostatic accelerator. Since the mum*@ I I I A  

for facility time is expected to be great and 
experimental groups will require a significant 

Fig. 1 Block az.agram of syst*. 
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The Data Acqu i s i t ion  S t a t i o n  

F ig .  2 shows a block diagram of one of t h e .  
da ta  a c q u i s i t i o n  s t a t i o n s .  Most a c q u i s i t i o n  
devices  (ADC's, s c a l e r s ,  TDC's, e t c . )  a r e  a v a i l a b l e  
a s  CAMAC modules, and o t h e r s  may b e  e a s i l y  connec- 
ted  t o  t h e  CAMAC system by means of inpu t  r eg i s -  
t e r s .  The h e a r t  of t h e  a c q u i s i t i o n  s t a t i o n  i s  t h e  
EVENT HANDLER (EH) developed by one of t h e  au thors  
(DCH) and descr ibed i n  another  paper.1 B r i e f l y  
s t a t e d ,  t h e  EH i s  composed of a prograrnnable 
processor  which is  phys ica l ly  independent of CAMAC 
and an a u x i l i a r y  c r a t e  c o n t r o l l e r  wi th  which t h e  
processor  communicates. The main func t ion  of t h e  
EH i s  t o  r ead  t h e  parameters of an event from 
mul t ip le  CAMAC addresses  and b u f f e r  them (FIFO) i n  
o rde r  t o  permit t h e  h o s t  computer t o  do f ixed-  
address  block t r a n s f e r s .  The dashed region of t h e  
dataway (Fig. 2) i s  intended t o  i n d i c a t e  t h a t  t h e  
EH a s  we l l  a s  a l l  d a t a  inpu t  devices  may r e s i d e  i n  
a c r a t e  which is  sepa ra ted  from t h e  branch highway. 
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Other equipment t o  be  loca ted  a t  each s t a t i o n  
w i l l  i nc lude  a graphics  t e rmina l  and a CRT te rmina l  
from which t h e  da ta  a c q u i s i t i o n  can be  con t ro l l ed .  
One p r i n t e r / p l o t t e r  w i l l  be loca ted  i n  each of t h e  
counting a reas .  

The Host Computer System 

A diagram of t h e  h o s t  system i s  shown i n  Fig .  
3 approximately a s  i t  e x i s t s  a t  t h i s  time. The two 
CPU's sha re  a card r eader  and a l i n e  p r i n t e r  which 
a r e  switched a s  r equ i red  by t h e  opera t ing  systems'  
spoo le r s .  This  equipment, t oge the r  wi th  t h e  con- 
s o l e  CRT's and ( 1  each) a u x i l i a r y  CRT's, a r e  
se rv iced  by a mul t ip lexed (MUX) bus i n  each CPU 
whose bandwidth is  about 400 k by tes / sec .  Two 
magnetic t ape  u n i t s  (9 t r a c k ,  800/1600 bp i ,  75 i p s )  
a r e  a l s o  switched (manually) between t h e  CPU's. 
Each CPU is  equipped with  one p r i v a t e  300 Megabyte 
(Mb) d i s k ,  whi le  a t h i r d  d i s k  is  a c c e s s i b l e  from 
both CPU's. Each CPU i s  connected t o  one CAMAC 
branch highway by means of two branch highway 
d r i v e r s ;  one of which i s  t o  be  devoted t o  block DMA 
t r a n s f e r s  from t h e  a c q u i s i t i o n  s t a t i o n  FIFO, whi le  
t h e  o t h e r  w i l l  s e r v i c e  both  DMA and programmed 110 
f o r  a l l  o t h e r  equipment on t h e  highway. A l l  
devices  se rv iced  by t h e  e x t e r n a l  DMA (EDMA) bus 
(bandwidth approximately 5 M by tes / sec )  ga in  d i r e c t  
access  t o  memov by means of a memory access  
mul t ip lexor  (MAM) . 

The system w i l l  be  expanded i n  t h e  nea r  f u t u r e  
by t h e  a d d i t i o n  of up t o  768 k byt'es of memory t o  
each of t h e  e x i s t i n g  CPU's and by t h e  procurement 
of a t h i r d  CPU with  1024 k by tes  of memory, a card 
r eader ,  l i ne  p r i n t e r ,  two t ape  d r i v e s  and a 
p r i v a t e  300 Mb d i sk .  The f i n a l  conf igura t ion  w i l l  
probably involve a t  l e a s t  t h r e e  shared d i s k s  (one 
between each p a i r  of CPU's). Other major items t o  
b e  purchased inc lude  graphic  terminals  and p r i n t e r /  
p l o t t e r s .  

BRANCH HIGHWAY I 

Fig.  2 Block diagram of a d a t a  a c q u i s i t i o n  
s t a t i o n .  
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Fig. 3 Block diagram of t h e  h o s t  computer 
system. 

Operation of t h e  System 

F ig .  4 i l l u s t r a t e s  how t h e  d a t a  w i l l  f low 
through t h e  system f o r  a " typ ica l "  experiment.  The 

DISK event  handler  reads  t h e  event  parameters and loads  n o u h t t  

t h e  FIFO. The h o s t  CPU unloads t h e  FIFO by block 
t r a n s f e r s  over t h e  CAMAC branch highway and records  
t h e  event-by-event ( l i s t )  d a t a  on d i s k  f o r  subse- 
quent batch job t r a n s f e r  t o  mag tape.  Any h i s t o -  
grams ( spec t ra )  which a r e  t o  b e  kep t  i n  memory a r e ,  
of course ,  updated i n  r e a l  t ime. I f  s u f f i c i e n t  
memory i s  a v a i l a b l e  t o  s t o r e  a l l  of t h e  s p e c t r a  
being accumulated, t h e  real - t ime opera t ion  i s  
complete. It i s  o f t e n  d e s i r a b l e  t o  accumulate a 
number of one- and two-parameter s p e c t r a  whose 
t o t a l  a r r a y  s i z e  exceeds t h e  memory which i s  
a v a i l a b l e .  I n  such cases  t h e  histogram addresses  
generated by t h e  s e l e c t i o n  (ga t ing)  r o u t i n e s  a r e  
passed i n t o  one of t h e  mul t iphase  s o r t i n g  r o u t i n e s  
descr ibed i n  t h e  s e c t i o n  e n t i t l e d  "Generation of 
Large Histograms Using Mwing-Head Disks". These 
procedures involve t h e  use  of d i s k  f i l e s  i n t o  which 
t h e  address  l i s t  i s  p a r t i a l l y  s o r t e d  a s  w e l l  a s  a 
d i s k  f i l e  i n t o  which t h e  histograms a r e  f i n a l l y  
accumulated ( l abe led  "RUN" HISTOGRAM FILE i n  Fig. 
4) .  Spec t ra  which a r e  accumulated i n  t h e  d i s k  f i l e  
w i l l  be  s u b j e c t  t o  t h e  same u s e r  ope ra t ions  (save,  
d i s p l a y ,  ze ro ,  e t c . )  a s  those  accumulated i n  
memory. I n s o f a r  a s  t h e  use r  i s  concerned, t h e  
only apparent  d i f f e r e n c e  w i l l  be  t h e  t ime l a g  (of 5 
minutes o r  more) i n  t h e  updating of s p e c t r a  on 
d i sk .  The u s e r  may t r a n s f e r  s p e c t r a  from e i t h e r  F ig .  4.  Diagram i l l u s t r a t i n g  d a t a  flow through 
memory o r  t h e  "RUN" f i l e  t o  a l a r g e r  "SAVE" f i l e  t h e  system. 
f o r  subsequent batch job  t r a n s f e r  t o  mag tape.  

EOMA BUS 



Gating o r  Masking by Means of Mapping Arrays 

The process ing of multiparameter event  d a t a  
i n t o  histograms usua l ly  involves  t h e  s e t t i n g  of 
g a t e s  (or  masks) on some of t h e  parameters and t h e  
accumulation of histograms (counts ve r sus  parameter 
value)  of o t h e r  parameters.  A t y p i c a l  case  might 
involve t h e  s e t t i n g  of s 100 ga tes  on each of a few 
.(2 o r  3) parameters and t h e  s e t t i n g  of a few ( 1  t o  
5)  g a t e s  each on s e v e r a l  o t h e r  parameters.  Thus, 
f o r  each event  processed,  one must determine which 
ones of t h e  (poss ib ly  many) s e t s  of r e s t r i c t i o n s  
(ga tes )  have been s a t i s f i e d .  Of course ,  each g a t e  
s e t  w i l l  genera l ly  involve s e v e r a l  parameters.  For 
those  parameters on which only a few g a t e s  a r e  s e t ,  
i t  i s  p r a c t i c a l  t o  determine which, i f  any, g a t e  is  
s a t i s f i e d  by a t a b l e  search.  .However, i f  many 
g a t e s  a r e  s e t  on a p a r t i c u l a r  parameter,  t h e  de te r -  
mination can be  made much f a s t e r  by s e t t i n g  up a 
mapping (or  p o i n t e r )  a r r a y  such t h a t  each element 
i n  t h e  a r ray  corresponds t o  a p o s s i b l e  v a l u e  of t h e  
parameter of i n t e r e s t .  I f  t h e  element i s  zero,  t h e  
corresponding parameter v a l u e  i s  t o  be  r e j ec ted .  
Otherwise, t h e  v a l u e  of t h e  mapping element g ives  
t h e  "gate  number" i n t o  which t h e  parameter being 
t e s t e d  f a l l s .  The method i s  e a s i l y  i l l u s t r a t e d  by 
a few FORTRAN sta tements .  

Assume t h a t  we have NGATES l i m i t  p a i r s  g iven 
by elements i n  t h e  a r r a y s  M I N  and MAX. Let  t h e  
range of t h e  parameter of i n t e r e s t  b e  0 t o  4096. 
I f  we assume t h a t  NGATES is l e s s  than 256, t h e  
mapping a r r a y  MAR can he  a by te  a r r a y .  Setup of 
t h e  mapping a r r a y  i s  i l l u s t r a t e d  below. 

INTEGER*l MAP (4096)' 
DIMENSION MIN(256). MAX(256) 
D$ 10  1-1, 4096 

10  MAP(I)=O 
D$ 20 N=1. NGATES 
ILC-MIN (N) 
IHI=MAX (N) 
D$ 20 I=ILO,IHI 

20 MAP(I)=N 

Let I V  b e  t h e  parameter v a l u e  t o  b e  t e s t e d  (gated) ,  
N t h e  g a t e  number, i f  any, which is  s a t i s f i e d ,  I H  
(range = 0. t o  511) t h e  parameter on which h i s t o -  
grams a r e  t o  be  accumulated and ARRAY b e  a two- 
dimensional a r r a y  which con ta ins  t h e s e  histograms. 
Use of t h e  mapping a r r a y  i s  i l l u s t r a t e d  below. 

INTEGER*2 ARMY (512,256) 
N=MAP ( n'+l) 
IF(N.NE-0) ARRAY(IWl,N)=ARRAY (IH+l,N)+l 

A s i m i l a r  procedure can b e  used f o r  two- 
dimensional masks, although t h e  memory requirements 
may b e  excess ive  i f  t h e  r e s o l u t i o n  requ i red  i s  ve ry  
g r e a t .  However, i f  a 128 by 128 a r r a y  i s  s u f f i -  
c i e n t  t o  spec i fy  t h e  r equ i red  masks, one can (by 
t h e  use  of 4 b i t s  p e r  element) s p e c i f y  up t o  15  
masks wi th  an a r ray  s i z e  of only 8192 by tes .  

The methods j u s t  descr ibed do not allow w e r -  
lapping ga tes  o r  masks. These a r e  no t  o f t e n  
j u s t i f i a b l e  b u t  accomodated by t h e  use of a s i n g l e  
b i t  per  mapping element t o  i n d i c a t e  t h a t  t h e  
mapping element i s  t o  b e  i n t e r p r e t e d  as  a p o i n t e r  
t o  an a u x i l i a r y  g a t e  l ist .  I f  t h e  requirements f o r  
over lapping ga tes  i s  in f requen t ,  i t  i s  probably 
b e t t e r  t o  use  t a b l e  search f o r  those  cases  r a t h e r  
than c l u t t e r  up t h e  mapping procedure. 

The Generation of Large Histograms 
Using Mwing-Head Disks 

I n  many cases  (e.g., i n  t ape  scanning o r  
nearly-real-t ime process ing)  i t  i s  d e s i r a b l e  t o  
produce a s e t  of histograms whose t o t a l  s i z e  
exceeds t h e  memory a v a i l a b l e .  This can be  done 
"eas i ly"  i f  one o r  more l a r g e  capaci ty  moving-head 
d i s k s  a r e  a v a i l a b l e .  Even wi th  a modest amount (- 
32 k by tes  of a v a i l a b l e  memory, throughputs of 
s e v e r a l  thousand counts /sec  a r e  poss ib le  f o r  
histogram s i z e s  of more than one m i l l i o n  channels.  
I n  t h e  fol lowing paragraphs we desc r ibe  t h r e e  
procedures (one-, two- and three-phase s o r t s )  of 
inc reas ing  complexity and power. We have used t h e  
two phase s o r t  ex tens ive ly  ( f o r  about 5 yea r s )  t o  
produce histograms of around one m i l l i o n  channels.  
We expect t o  use  both t h e  two- and three-phase 
procedures i n  t h e  f u t u r e .  

One-Phase ' S o r t  

Let i t  be r equ i red  t h a t  we produce' a s e t  of 
histograms (o r  da ta  a r ray )  whose t o t a l  s i z e  can be  
expressed a s  an  a r r a y  of M by N channels a s  shown 
i n  Fig .  5. I n  p r a c t i c e  i t  is  convenient i f  M and N 
can be  given va lues  which a r e  e x p r e s s i b l e  a s  powers 
of 2. We d i v i d e  t h e  a v a i l a b l e  memory i n t o  an 
"update" b u f f e r  of l eng th  N and M " p a r t i a l  s o r t "  
b u f f e r s .  Of course ,  one o r  more smal l  a r r a y s  a r e  
r equ i red  f o r  counters ,  e t c .  b u t  t h e i r  impact on 
a v a i l a b l e  memory i s  usua l ly  n e g l i g i b l e .  Input  t o  
t h e  procedure i s  assumed t o  be  an unordered l i s t  of 
addresses  i n  t h e  histogram a r r a y  which a r e  t o  be  
incremented. Each address  i s  placed i n t o  t h a t  
b u f f e r  (one of M) which corresponds t o  t h e  block of 
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Fig. 5 Diagram i l l u s t r a t i n g  a one-phase s o r t i n g  
procedure. 



t h e  histogram a r r a y  i n  which incrementing i s  speci-  
f i e d .  h%en one of t h e  M b u f f e r s  becomes f i l l e d ,  
t h e  corresponding block of t h e  histogram a r r a y  i s  
read i n t o  t h e  update  b u f f e r ,  t h e  s p e c i f i e d  channels 
a r e  incremented and t h e  block i s  w r i t t e n  back onto  
t h e  d i sk .  Af te r  a l l  addresses  a r e  processed we 
must ca r ry  out  a f i n a l  update f o r  a l l  b locks .  

Two-Phase Sor t  

I n  t h e  two-phase s o r t  ( see  Fig .  6) t h e  l i s t  of 
addresses  t o  b e  incremented i s  "fanned out" t o  t h e  
M p a r t i a l  s o r t  b u f f e r s  j u s t  a s  i n  t h e  one-phase 
s o r t .  However, when one of t h e s e  b u f f e r s  i s  f i l l e d  
i t  i s  w r i t t e n  i n t o  an  in te rmed ia te  d i s k  f i l e  r a t h e r  
than used t o  increment t h e  update b u f f e r .  Each of 
t h e  M b u f f e r s  is  w r i t t e n  onto  d i s k  a s  a "daisy- 
c h a i n 1 ' t h a t  i s ,  each new record w r i t t e n  con ta ins  a 
p o i n t e r  t h a t  g ives  t h e  l o c a t i o n  (on d i sk )  of t h e  
previous  record from t h a t  bu f fe r .  The f i r s t  record 
from each of t h e  M b u f f e r s  con ta ins  a p o i n t e r  v a l u e  
of zero. Of course ,  an a r r a y  which con ta ins  t h e  
l o c a t i o n  on d i s k  of t h e  l a s t  record w r i t t e n  from 
each of t h e  M b u f f e r s  must be  kept  i n  memory. 
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I L,--------' 

INPUT 

---- ----- 

I 
UPDATE BUFFER 

1 

Fig.  6 Diagram i l l u s t r a t i n g  a two-phase s o r t i n g  
procedure. 

The second phase of t h e  process  proceeds a s  
follows. When t h e  d i s k  f i l e  containing t h e  M 
chains  becomes f i l l e d  (or  when t h e  program is  s o  
i n s t r u c t e d ) ,  a block of t h e  histogram a r r a y  i s  read 
i n t o  t h e  update b u f f e r  and a l l  members of t h e  
corresponding daisy-chain a r e  read (one a t  a t ime) 
i n t o  an  i n p u t  b u f f e r  and used t o  increment t h e  
update  buf fe r .  Subsequently,  t h e  update buf fe r  i s  
w r i t t e n  back onto  d i sk .  The next  block of t h e  
histogram a r r a y  i s  read i n  and t h e  process  is  
continued u n t i l  t h e  update i s  completed. 

Phases one and two may proceed s e q u e n t i a l l y  i f  
previously  acquired d a t a  is  being processed (as  i n  
t a p e  scanning).  I n  t h i s  case ,  t h e  same memory can 
be  used f o r  t h e  M p a r t i a l  s o r t  and t h e  update 
buf fe r s .  However, i f  t h e  process  i s  t o  proceed 
concurrent ly  wi th  d a t a  a c q u i s i t i o n  o r  tape scanning 
( i . e . ,  t h e  i n p u t  address  l i s t  should no t  be  h a l t e d )  
i t  i s  necessary t o  d i v i d e  t h e  a v a i l a b l e  memory 
between t h e  M b u f f e r s  and t h e  update buf fe r .  

The two-phase s o r t  can be  much f a s t e r  than t h e  
one-phase f o r  l a r g e  histograms because many more 
counts can b e  added t o  t h e  u p d a t e . b u f f e r  each time 
i t  i s  read and w r i t t e n .  This f a c t  more than over- 
comes t h e  disadvantage of w r i t i n g  and reading t h e  
daisy-chains. 

For t h e  d i s k s  i n  our system t h e  average r a d i a l  
seek and r o t a t i o n a l  l a t e n c i e s  a r e  28 and 8.35 m s ,  
r e spec t ive ly .  A d a t a  dens i ty  of 16384 b y t e s l t r a c k  
and a r o t a t i o n a l  speed of 3600 r lmin l eads  t o  a 
maximum t r a n s f e r  r a t e  of one megabytelsec. Tie  
average t r a n s f e r  r a t e  depends s t r o n g l y  on t h e  
l eng th  of t h e  record t r a n s f e r r e d .  I n  t e s t s  with 
random seeks ,  a 256 by te  record ( 1  s e c t o r )  was 
t r a n s f e r r e d  a t  7 k b y t e s l s e c  and a 16384 b y t e  
record a t  450 k by tes l sec .  I n  t h e  l a t t e r  case  t h e  
t r a n s f e r  r a t e  begins  t o  approach t h a t  of "slow" 
core  memory. There i s  c l e a r l y  a speed advantage i n  
t r a n s f e r r i n g  long records .  

Three-Phase 'Sor t  

For a given a v a i l a b l e  memory, t h e  record 
l eng th  can b e  increased by reducing t h e  number of 
p a r t i a l  s o r t  b u f f e r s 4 . e . .  we can s o r t  on fewer 
b i t s  pe r  pass  but  make more passes  ( see  Fig. 7).  
Addresses from t h e  inpu t  s t ream a r e  fanned out  i n t o  
L p a r t i a l  s o r t  b u f f e r s  which l e a d  t o  L chains  on 
d i s k  ( i . e . ,  exac t ly  as i n  t h e  two-phase case ) .  
Next, each of t h e  L chains  from phase-1 a r e  read i n  
and fanned ou t  i n t o  M b u f f e r s  and chains .  F i n a l l y ,  
each of t h e  M chains  from phase-2 a r e  r ead  i n  and 
used t o  increment an  update b u f f e r  (one block of 
t h e  histogram a r ray ) .  

I f  t h e  t h r e e  phases a r e  performed sequen- 
t i a l l y ,  t h e  L, M and update b u f f e r s  can use  t h e  
same memory space. I n  a d a t a  a c q u i s i t i o n  environ- 
ment t h e  L b u f f e r s  w i l l  always be p resen t  bu t  t h e  M 
and update b u f f e r s  can over lap.  
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Fig. 7 Diagram i l lus t ra t ing a three-phase aorting 
procedure. 

Table 1 shws  a comparinon betwean the one, 
two-and three-phase procedures as e function of 
histogram array s ize  and available memory. Irsnrmp- 
d o e s  are that the different phues  are performed 
sequentially and that  en- disk space is  avail- 
able fo r  chafsw to  permit the addition of one unmt 
per channel (everage) during each updata. Two 
b y r e a l ~ a l  era allowed for the histogram array 
and the update buffer. Two or three bytes (as 
required) are  allowed for  elemLnts i n  the address 
list. It is further assrmed that chain, are  
written sequentially (only rotational latency) and 
raad randomly and that the hietogram f i l e  is read 
and M i t t e n  wiqh only rotational latency. The 
l a t t e r  asslumption requires that the histogram f i l e  
be on a separate diak from the chain f i l e s .  I f  a l l  
f i l e s  are  on the s6me disk the throughput "Ill be 
reduced slightly. 

Entries i n  the table give the maximum (upper 
l imit  due to  110) throughput i n  thousands of counts 
per sac. The CPU tima required to  generate the 
address list w i l l  not be completely additive since 
CPU and I f0  operations can overlap t o  a large 
extent. 

Maximum Throughput fo r  Om-.  Two- and Three- 
Phase Sorting Procedures 

Bistogram - Available Memory (k bytes)-- 
s ize  

MC and NB denote millionn of chsrmela and bytes, 
respectively. Entries a re  i n  units of thousands of 
countsleec. Firs t ,  second and third entries (top 
to  bottom) are  fo r  me-, two- and three-phase 
aorta, respectively. 

Altbough a m  experiments wi l l  undoubtedly 
require speelal software, we wi l l  provide a wall 
number (perhaps thrae) atmdard general purpose 
acquisition program which wi l l  acquire n w  ceps- 
b i l i t l e s  as time goes on but w i l l  "erg rarely lose 
old fenturea. That i e ,  ner. operations1 pzoceduras 
will almost always be a auperset of the old proce- 
dures. To e large extent tbese programs wi l l  be 
Mrnposed of aoftware modules which can be used i n  
the configuration of more apacielized programs. 
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