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ABSTRACT 

One of t h e  newest advances i n  computer technology i s  t h e  Local Area Network. Its many a p p l i c a t i o n s  i n  t h e  
o f f i c e  environment a r e  w e l l  pub l ic ized .  T h i s  paper d e s c r i b e s  t h e  a p p l i c a t i o n  o f  Local Area Networks t o  a n o t h e r  
environment: Energy Management systems. The i d e a  of  t h e  Local Area Network is d e s c r i b e d ,  and it is compared 
t o  the d i s t r i b u t e d  process ing  technique ,  one t h a t  is more commonly used i n  energy management systems. The two 
techniques a r e  compared by apply ing  each t o  common examples, and pros  and cons a r e  d i scussed .  Examples of 
energy management systems us ing  t h e  Local Area Network technique  a r e  then presented.  

OVERVIEW 

One o f  t h e  newes t  i n n o v a t i o n s  i n  t h e  a r e a  o f  
c o m p u t e r  technology is t h e  use o f  Local  Area Networks 
(LAN) i n  an of f  i c e  automation system. T h i s  technique 
a l l o w s  s e p a r a t e  and i n d e p e n d e n t  o f f  i c e  ~ r k s t a t i o n s  
and o t h e r  computers t o  share  information and r e s o u r c e s  
t h r o u g h  a  common communica t ions  l i n k .  For  example, 
t h e  c e n t r a l  s t o r a g e  of a  l a r g e  computer, o r  a  bank o f  
p r i n t e r s  a t  an I/O s t a t i o n  would b e  a v a i l a b l e  to each 
o f  t h e  m e m b e r s  o f  t h e  L o c a l  A r e a  Network,  i f  t h e  
computer and t h e  1/0 s t a t i o n  were a l s o  on t h e  network* 
T h i s  a l l o w s  a  g r e a t  m o u n t  of f l e x i b i l i t y  i n  m a t t e r s  
s u c h  a s  c e n t r a l  document  s t o r a g e ,  document handling 
a n d  p r i n t i n g .  A l s o ,  t h e  n u m b e r  a n d  t y p e s  o f  
w o r k s t a t i o n s  on t h e  network i e  v e r y  f l e x i b l e  because  
w o r k s t a t i o n s ,  o r  o t h e r  computers, c a n  b e  added t o  t h e  
n e t w o r k  a t  any t i m e  w i t h o u t  g r e a t l y  e f f e c t i n g  t h e  
p e r f o r m a n c e  o f  any i n d i v i d u a l  works ta t ion .  T h i s  is 
d u e  t o  t h e  f a c t  t h a t  a lmost  a l l  of t h e  resources  of a  
works ta t ion  a r e  used s t r i c t l y  w i t h i n  t h a t  works ta t ion .  

But t h e  LAM c a n  b e  used f o r  o t h e r  a p p l i c a t i o n s  a s  
wel l .  One a p p l i c a t i o n  of i n t e r e s t  i s  t h e  use  of Local  
Area  Networks  i n  a  Bui ld ing  Management System (BMS). 
Such a sys tem c o u l d  prove t o  b e  very f l e x i b l e  i n  i t s  
s h a r i n g  of d a t a  and r e s o u r c e s ,  and i n  i t s  a b i l i t y  t a  
expand. T h i s  paper  d e s c r i b e s  t h e  a p p l i c a t i o n  of  Local  
Area  Networks  t o  B u i l d i n g  Management Systems, and it  
c o m p a r e s  t h e s e  Byeterns t o  o n e s  u s i n g  d i a t r i b u t e d  
processing and d i r e c t  d i g i t a l  c o n t r o l ,  two of t h e  more 
common s y s t e m  a r c h i t e c t u r e s  now used  i n  B u i l d i n g  
M a n a g e m e n t  S y s t e m s .  A l s o ,  e x a m p l e s  o f  s y s t e m  
o p e r a t  i o n  using LAN technology (based on  t h e  Vanguard 
I sys tem b y  Advanced M i c r o  Systems Corpora t ion)  a r e  
compared w i t h  d i s t r i b u t e d  system examples. F i n a l l y ,  
some examples of c o n t r o l  s t r a t e g i e s  f o r  t h e  LAN system 
a r e  d i scussed .  

The c o m p a r i s o n  o f  t h e  two a r c h i t e c t u r e s  begin0 
w i t h  d e s c r i p t i o n s  o f  b o t h  t h e  Loca l  Area Network and 
t h e  D i s t r i b u t e d  P r o c e s s i n g  eys tem.  A  d i m t r i b u t e d  
p r o c e s s i n g  sys tem is  a  g r o u p  of  computers which a r e  
s u b o r d i n a t e  t o  o n e  c e n t r a l  p r o c e e o i n g  c o m p u t e r ,  
commonly r e f e r r e d  t o  a s  t h e  c e n t r a l  u n i t  o r  "head 
endn .  The c e n t r a l  u n i t  d i s t r i b u t e s  i t s  workload t o  t h e  
s u b o r d i n a t e  u n i t s .  The key i d e a  h e r e  i s  t h a t  t h e  
c e n t r a l  u n i t ,  i n  o r d e r  t o  d i s t r i b u t e  t h e  workload, 
m u s t  d i r e c t  t h e  o p e r a t i o n e  o f  a l l  i ts subord ina tes .  
I n  d o i n g  so, i t  m u s t  know a l l  t h e  i n f o r m a t i o n  t h a t  
e a c h  s u b o r d i n a t e  u n i t  n e e d s  t o  d o  i t s  j o b .  T h i s  
i m p l i e s  t h a t  a l a r g e  a m o u n t  o f  memory,  o r  m a s s  
s t o r a g e ,  a s  w e l l  a s  a  l a r g e  amount o f  p r o c e e s i n g  
power,  a r e  requ i red  a t  t h e  c e n t r a l  u n i t .  Mare simply 
e t a t e d ,  t h e  s i z e  o f  t h e  "head end"  d i c t a t e s  t h e  
maximrrm a i z e  of t h e  e n t i r e  syatem. 

A L o c a l  A r e a  Network ,  o n  t h e  o t h e r  h a n d ,  i s  a  
g roup  of independent computers, w i t h i n  c l o s e  proximity 
o f  e a c h  o t h e r ,  t h a t  a r e  l i n k e d  v i a  a  common t rans -  
m i s e i o n  medium t o  a l l o w  i n f o r m a t i o n  t o  b e  exchanged 
b e t w e e n  them. T h i s  i n f o r m a t i o n  e x c h a n g e  a l l o w s  a  
n e t w o r k  member t o  s h a r e  b o t h  d a t a  and r e s o u r c e s  w i t h  
e v e r y  o t h e r  member o n  t h e  network.  The key idea  i n  
t h i s  d e s c r i p t i o n  is  t h a t  t h e  members of  t h e  n e t w r k  
a r e  i n d e p e n d e n t .  R e s o u r c e s  and i n f o r m a t i o n  may b e  
s h a r e d  between t h e  members of t h e  network, b u t  no one 
network member is dependent on a n o t h e r  manber, i .e. ,  a  
"head end" computer, i n  i t r  o p e r a t i o n .  

T h e  d e ~ c r i p t i o n s  of t h e s e  two a r c h i t e c t u r e s  show 
a  m a i n  p h i l o s o p h i c a l  d i f f e r e n c e  i n  e a c h  s y s t e m ' s  
communications. I n  t h e  d i s t r i b u t e d  process ing  system, 
t h e  "heed end" a c t u a l l y  d i r e c t s  t h e  eubord ina te  u n i t s .  
T h e  r e l a t i o n e h i p  b e t w e e n  t h e  "head e n d "  and i t s  

ESL-HH-84-08-19

Proceedings of the First Symposium on Improving Building Systems in Hot and Humid Climates, August 1984



s u b o r d i n a t e s  is one of a mas te r  communicating t o  i ts 
s l a v e s .  The m a s t e r  p o l l s  i ts s l a v e s  for t h e  c u r r e n t  
s e n s o r  i n f o r m a t i o n ,  and d i r e c t s  t h e  s l a v e s  t o  c o n t r o l  
t h e i r  equipment ,  based on i t s  s e n s o r  i n f o r m a t i o n  and 
i n f o r n a t i o n  from o t h e r  s l a v e s .  T h i s  type  o f  
r e l a t i o n s h i p  does  n o t  e x i s t  on a Loca l  Area Network. 
S i n c e  each  u n i t  on a LAN is i n d e p e n d e n t ,  and no u n i t  
d i r e c t s  any  o p e r a t i o n ,  t h e  r e l a t i o n s h i p  between t h e  
LAN u n i t s  i s  one of a mas te r  communicating t o  a n o t h e r  
master .  Communications d o e s  no t  o c c u r  v i a  p o l l i n g ,  
but  r a t h e r  i t  o c c u r s  i n  a d i r e c t  exchange of 
i n f o r m a t i o n .  If one u n i t  needs  i n f o r m a t i o n  f rom 
a n o t h e r  u n i t .  i t  w i l l  a sk  t h e  o t h e r  u n i t  f o r  t h a t  
i n f o r m a t i o n .  

A sys tem u s i r  
t echn ique  o p e r a t e 3  
to t h e  Looal  Area b 
r e s o u r c e s  w i t h  o t t  
and c o n t r o l s  a 
h a n d l i n g  u n i t .  1 
c o n t r o l  f a n s .  But 
wi th ,  o r  u s e  i n f o r  
o p e r a t i o n s .  When r *  

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

r a  p r  * v. c u r  r r r b s g r  a*=" oJ.a*rlu, 

w i t h  a "head endw computer ( a s  
s y s t e m ) ,  b u t  i ts  communications 

~g t h e  D i r e c t  D i g i t a l  C o n t r o l  (DDC) 
I i n  an i n d e p e n d e n t  manner, s i m i l a r  
le twork,  b u t  canno t  s h a r e  d a t a  and 
l e r  u n i t s .  Each DDC u n i t  m o n i t o r s  
m a l l  a r e a ,  f o r  example,  a n  air 
[t w i l l  m o n i t o r  t e m p e r a t u r e s ,  and 
; t h e  DDC u n i t  d o e s  n o t  communicate 
m a t i o n  f rom,  o t h e r  DDC u n i t s  i n  i t s  
i t  i a n-..+ A#' -n I n t a " l . n C a . 4  -..atn." 

is l i m i t e d  t o  i n f o r m i n g  t h e  "head end1, o f  t h e  s t a t u s  
o f  t h e  equipment  b e i n g  mon i to red  and c o n t r o l l e d .  

The d e s c r i p t i o n s  o f  t h e  two t e c h n i q u e s  r e v e a l  
f i v e  major d i f f e r e n c e s  between them. The f i r s t  
d i f f e r e n c e  is  t h e  dependence o f  t h e  computers .  I n  a 
LAN sys t em,  e a c h  computer is independen t .  It d o e s  n o t  
need t o  r e l y  on a n o t h e r  u n i t  i n  o r d e r  t o  o p e r a t e .  For  
example,  i n  a BMS c o n t r o l l i n g  a b u i l d i n g  w i t h  f o u r  
wings ,  f o u r  network u n i t s ,  one  f o r  each  wing, might  be 
used. Each of  t h e  f o u r  u n i t s  would c o n t r o l  i t s  wing 
o f  t h e  b u i l d i n g  i n d e p e n d e n t l y  o f  any o t h e r  network 
u n i t .  I n  a d i s t r i b u t e d  p r o c e s s i n g  sys t em,  a c e n t r a l  
u n i t  must d i r e c t  t h e  s u b o r d i n a t e  u n i t s  i n  t h e i r  
o p e r a t i o n s .  I n  o u r  example o f  t h e  b u i l d i n g  w i t h  f o u r  
wings ,  a c e n t r a l  u n i t  might  d i r e c t  f o u r  s u b o r d i n a t e  
u n i t s  I n  t h e  c o n t r o l  o f  t h e  b u i l d i n g .  I n  an  
i n t e g r a t e d  DDC sys t em,  t h e  i n d i v i d u a l  u n i t s ,  a l t h o u g h  
o p e r a t i n g  i n d e p e n d e n t l y ,  must still r e l y  on t h e  whead 
endw computer t o  t i e  a l l  t h e  u n i t s  t o g e t h e r .  

The second di f t ' e rence  is a consequence o f  t h e  
f i r s t .  Because o f  t h e  independence  of t h e  u n i t s  i n  a 
LAN, a l o s s  o f  communicat ions ,  o r  a b reak  i n  t h e  
network w i l l  n o t  cause  a sys tem f a i l u r e .  I n  t h e  LAN 
example above ,  i f  c o w u n i c a t i o n s  were'  l o s t  w i t h  t h e  
u n i t  c o n t r o l l i n g  t h e  west wing, t h e  o t h e r  t h r e e  u n i t s  
would c o n t i n u e  to o p e r a t e  no rma l ly ,  s h a r i n g  
i n f o r m a t i o n  and r e s o u r c e s .  The west wing u n i t  would 
c o n t i n u e  t o  c o n t r o l  i t s  a r e a ,  bu t  w i t h o u t  i n f o r m a t i o n  
from t h e  o t h e r  u n i t s .  T h i s  may c a u s e  some d e g r a d a t i o n  
i n  performance,  b u t  f o r  t h e  most p a r t ,  t h e  wing w i l l  
be c o n t r o l l e d  c o r r e c t l y .  I n  g e n e r a l ,  a communication 
f a i l u r e  i n  a LAN syatem w i l l  c a u s e  t h e  sys t em t o  b e  
r e c o n f i g u r e d  a u t o m a t i c a l l y .  

A l o s s  o f  communications i n  a d i s t r i b u t e d  sys t em,  
however, can  have more d i s a s t r o u s  r e s u l t s .  Fo r  
example,  i f  t h e  c e n t r a l  u n i t  were t o  l o s e  
communications w i t h  t h e  wes t  wing u n i t  , i t  would be 
unab le  to d i r e c t  changes  o f  c o n t r o l  t o  t h a t  u n i t .  
( T h i s  assumes t h a t  t h e  west  wing is  a DDC u n i t .  IP 
n o t ,  t h e  wes t  wing o u t p u t s  would be f r o z e n  i n  t h e i r  
last s t a t e ,  and t h e  c e n t r a l  u n i t  would be u n a b l e  t o  

change them.) A more s e r i o u s  f a i l u r e  i n  a d i s t r i b u t e d  
sys t em i u  t h e  f a i l u r e  o f  t h e  c e n t r a l  u n i t  i t s e l f .  If  
t h i s  were  t o  o c c u r ,  e a c h  wing would o p e r a t e  i n  a 
degraded  mode a t  b e s t ,  o r  would c e a s e  t o  o p e r a t e  a t  
wors t .  Without d i r e c t i o n  from t h e  c e n t r a l  u n i t ,  t h e  
DDC wing u n i t s  can  o n l y  c o n t i n u e  t h e i r  c u r r e n t  c o n t r o l  
s t r a t e g i e s ,  w h i l e  t h e  non-DDC wing u n i t s  w i l l  f r e e z e  
a l l  o u t p u t s  t o  t h e i r  c u r r e n t  s t a t e .  A change o f  
c o n t r o l  s t r a t e g i e s ,  which would no rma l ly  b e  d i c t a t e d  
by t h e  c e n t r ~ l  u n i t ,  cou ld  n o t  be  implemented 
i n d e p e n d e n t l y  by t h e  wing u n i t s .  I n  g e n e r a l ,  
r e c o n f i g u r a t i o n  i n  a d i s t r i b u t e d  sys t em a f t e r  a 
communicat ions  F a i l u r e ,  must be d i r e c t e d  by t h e  "head 
endn .  

Another d i f f e r e n c e ,  a g a i n  based  on t h e  
dependence/ independence o f  t h e  u n i t s ,  i s  t h e  amount o f  
communicat ions  between u n i t s  d u r i n g  normal o p e r a t i o n .  
I n  a LAM sys t em,  t h e  o n l y  oommunicat ions  between u n i t s  
would be s h a r e d  i n f o r m a t i o n ,  o r  i n f o r m a t i o n  needed t o  
s h a r e  a r e s o u r c e ,  such a s  a p r i n t e r .  T h i s  
communicat ions  t a k e s  p l a c e  o n l y  when needed. Sha red  
i n f o r m a t i o n  is d a t a  mon i to red  by one u n i t  t h a t  i s  used 
i n  c o n t r o l  schemes by t h e  o t h e r  u n i t s .  The u n i t  
m o n i t o r i n g  t h e  p o i n t  whose d a t a  is t o  be s h a r e d  w i l l  
s end  messages  to t h e  o t h e r  u n i t s  a l e r t i n g  them when 
t h e  s t a t e  o f  t h e  s h a r e d  d a t a  p o i n t  changes .  Some 
examples  o f  d a t a  t h a t  would no rma l ly  b e  s h a r e d  a r e  
o u t d o o r  a i r  t e m p e r a t u r e  and humid i ty .  By s h a r i n g  t h i s  
i n f o r m a t i o n ,  s m s o r s  f o r  o u t d o o r  air t e m p e r a t u r e  and 
humid i ty  need n o t  be d u p l i c a t e d  i n  t h e  o t h e r  u n i t s .  
Resource  i n f  orrnat i o n  might  c o n s i s t  of  i n f o r m a t i o n  
needed t o  p r i n t  a r e p o r t .  T h i s  i n f o r m a t i o n  would be  
s e n t  from t h e  o r i g i n a t i n g  u n i t  t o  t h e  u n i t  c o n t r o l l i n g  
t h e  p r i n t e r .  When t h e  d e s t i n a t i o n  u n i t  h a s  r e c e i v e d  
t h e  i n f o r m a t i o n ,  t h e  r e p o r t  would t h e n  be p r i n t e d .  

On t h e  o t h e r  hand, i n  a d i s t r i b u t e d  sys tem,  t h e  
amount o f  c o w u n i c a t i o n s  between u n i t s  d u r i n g  normal 
o p e r a t i o n  i s  much g r e a t e r  t h a n  i n  a LAN system. T h i s  
i s  because  t h e  c u r r e n t  s t a t e s  o f  a l l  s e n s o r s  and 
equipment  are c o n t i n u a l l y  b e i n g  forwarded t o  t h e  
c e n t r a l  u n i t  by i t s  s u b o r d i n a t e s ,  due  to t h e  p o l l i n g  
n a t u r e  o f  t h e  oommunications p r o t o c o l ,  s o  t h a t  t h e  
"head endw may r e c o r d  t h e  c h a n g e s  and d e t e r m i n e  i t s  
c o n t r o l  s t r a t e , p i e s .  The c e n t r a l  u n i t  w i l l  t h e n  send 
commands back to t h e  s u b o r d i n a t e  u n i t s  d i r e c t i n g  them 
i n  t h e i r  c o n t r o l  o f  t h e  equipment .  T h i s  c o n t i n u o u s  
communication p s l l i n g  d u r i n g  normal  o p e r a t i o n  i m p l i e s  
t h a t  t h e  c e n t r a l  u n i t  can  become a communicat ions  
b o t t l e n e c k  d u r i n g  p e r i o d s  o f  h igh  sys t em a c t i v i t y .  

The f o u r t n  major  d i f f e r e n c e  i s  t h e  amount o f  
memory needed f o r  t h e  sys t em t o  o p e r a t e .  I n  t h e  LAN 
system,  e a c h  u n i t  need o n l y  have t h e  i n f o r m a t i o n  t o  
c o n t r o l  i t s  own a r e a  i n  i t s  memory. Resources ,  such  
a s  memory and I/O d e v i c e s  can be economica l ly  
d i s t r i b u t e d  th roughou t  t h e  network. I n  o u r  example ,  
each  wing u n i t  would have  t h e  i n f o r m a t i o n  needed t o  
c o n t r o l  j u s t  i t s  wing. I n  t h e  d i s t r i b u t e d  sys t em,  t h e  
c e n t r a l  u n i t  must have t h e  i n f o r m a t i o n  needed t o  
c o n t r o l  a l l  f o u r  wings ,  i n  o r d e r  to d i r e c t  t h e  wing 
s u b o r d i n a t e s .  T h i s  i m p l i e s  t h a t  a l a r g e  amount o f  
memory, mass s t o r a g e ,  o r  b o t h  i s  needed. It a l s o  
i m p l i e s  t h a t  t h e  maximum s i z e  of  a d i s t r i b u t e d  sys tem 
i s  l i m i t e d  by t h e  s i z e  o f  t h e  "head endf1. 

The f i f t h  major  d i f f e r e n c e  r e l a t e s  t o  t h e  ease of 
expand ing  t h e  BMS. I n  a LAN s y s t e m ,  a n o t h e r  u n i t  c a n  
be added by programming i t s  d a t a  b a s e ,  c o n n e c t i n g  i t  
t o  t h e  network,  and t u r n i n g  i t  on. It w i l l  c o n t r o l  
i t s  a r e a ,  and u s e  i n f o r m a t i o n  from o t h e r  u n i t s  when 
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necessa ry .  The e a s e  i n  t h e  expans ion  o f  a LAN sys t em 
is because  a network a d d i t i o n  r e q u i r e s  no r e s o u r c e s  
from any o f  t h e  members. Expanding a d i s t r i b u t e d  
sys tem,  on t h e  o t h e r  hand,  i s  more d i f f i c u l t  because  
t h e  Rhead end" u n i t  must be programmed t o  c o n t r o l  
a n o t h e r  s u b o r d i n a t e .  The i n f  o m a t i o n  t h e  new u n i t  
needs  f o r  i t s  o p e r a t i o n  must be added t o  t h e  "head 
endw,  and t h e  new u n i t  i t s e l f  must be connec ted  t o  t h e  
communications t r u n k .  T h i s  i n f o r m a t i o n  i n  t h e  "head 
e n d n  which i s  needed t o  c o n t r o l  t h e  new u n i t  u s e s  some 
o f  t h e  "head end" r e s o u r c e s ,  namely memory and d i s k  
space .  The new u n i t  a l s o  p l a c e s  an  a d d i t i o n a l  burden 
on t h e  "head e n d n  a s  even more communicat ions  i s  now 
t a k i n g  p l a c e  d u r i n g  normal o p e r a t i o n .  The "head endt t  
is now workin;: ha rde r .  I n  c o n t r a s t ,  t h e  LAN sys t em 
can  add any number o f  u n i t s  w i t h o u t  p l a c i n g  a burden 
on any sys t em,  s i n c e  each u n i t  o p e r a t e s  i n d e p e n d e n t l y .  

To i l l u s t r a t e  t h e  o p e r a t i o n  o f  a B u i l d i n g  
Management sys t em u s i n g  t h e  Loca l  Area Network 
t echno logy ,  c o n s i d e r  t h e  f o l l o w i n g  example.  A 
b u i l d i n g ' s  n o r t h  and e a s t  s e c t i o n s ,  and t h e  p a r k i n g  
l o t  l i g h t i n g  a r e  c o n t r o l l e d  by U n i t  One, w h i l e  t h e  
s o u t h  and wes t  8 e c t i o n s ,  t h e  main e n t r a n c e ,  and 
outdoor  b u i l d i n g  l i g h t i n g  a r e  c o n t r o l l e d  by Uni t  Two. 
The two u n i t s  communicate v i a  t h e  Loca l  Area Network 
i n  o r d e r  t o  s h a r e  o u t d o o r  a i r  i n f o r m a t i o n  mon i to red  i n  
Un i t  Two, and t h e  e l e c t r i c  demand me te r  InEormat ion  
moni tored by Uni t  One. I n  a d d i t i o n ,  U n i t  One a l s o  
c o n t r o l s  a p r i n t e r .  

Normal o p e r a t i o n  o f  t h e  sys t em would be s i m i l a r  
t o  t h e  f o l l o w i n g  d e s c r i p t i o n .  Both u n i t s  c o n t r o l  
t h e i r  r e s p e c t i v e  a r e a s ,  p e r f o r m i n g  l o a d  management, 
t ime  OF day ,  r e s e t ,  set p o i n t ,  i n t e r l o c k i n g ,  
o p t i m i z a t i o n ,  and o t h e r  t y p e s  o f  c o n t r o l .  When U n i t  
Two d e t e c t s  a change i n  o u t d o o r  ail-  t e m p e r a t u r e ,  i t  
s t o r e s  t h e  new t e m p e r a t u r e  i n  i ts  memory, and a l s o  
s e n d s  a message t o  U n i t  One l e t t i n g  i t  know t h e  new 
v a l u e  o f  o u t d o o r  a i r  t e m p e r a t u r e .  T h i s  a l l o w s  U n i t  
One t o  perform its c o n t r o l  s t r a t e g i e s  t h a t  are based  
on ou tdoor  a i r  t e m p e r a t u r e  e v e n  though i t  d o e s  n o t  
have an ou tdoor  air t e m p e r a t u r e  s e n s o r .  I n  a d d i t i o n ,  
i f  Un i t  One d e t e r m i n e s  t h a t  i t  needs  t h e  o u t d o o r  a i r  
t e m p e r a t u r e  immediate ly ,  i t  w i l l  send a message to 
Uni t  Two r e q u e s t i n g  t h e  i n f o r m a t i o n .  U n i t  Two w i l l  
respond by s e n d i n g  t h e  d a t a  t o  Un i t  One. A s  t h i s  
example showa, t h e  t r a n s f e r  o f  d a t a  from one  u n i t  t o  
a n o t h e r  can be i n i t i a t e d  by e i t h e r  u n i t ,  by U n i t  Two 
when it d e t e c t s  a change In t h e  d a t a ,  o r  by U n i t  One 
when it needs  t h e  d a t a .  

Another example o f  sys t em o p e r a t i o n  is  demand 
c o n t r o l  v i a  t h e  Loca l  Area Network. Un i t  One d e t e c t s  

A--?nd v a l u e  has  exceeded t h e  shed p o i n t  
. l l  b e g i n  t o  shed  l o a d s  at  t h e  l o w e s t  

w i l l  a l s o  send a message t o  U n i t  Two 
f t o  shed a c e r t a i n  amount f rom t h e  s a n e  
. t  Two w i l l  a c t u a l l y  choose  which l o a d s  

t h i s  manner, t h e  c o n t r o l  o f  l o a d s  is 
each  u n i t  s e p a r a t e l y ,  w h i l e  t h e  

)f t h e  m w n t  t o  be shed is performed by 
.ng t h e  meter .  The o n l y  i n t e r a c t i o n  i s  
m Uni t  One t o  Un i t  Two r e q u e s t i n g  t h a t  
l i ng  o c c u r  a t  t h e  s p e c i f i c  p r i o r i t y .  

example o f  sys tem o p e r a t i o n  v i a  t h e  LAN 
; ion  o f  a r e p o r t  to be  s e n t  t o  a s h a r e d  
me t h a t  Un i t  Two g e n e r a t e s  t h e  r e p o r t .  

I t  w i l l  f i rs t  s t o r e  t h e  r e p o r t  i n f o r m a t i o n  i n  i ts 
memory. Then i t  w i l l  send a message t o  U n i t  One 
r e q u e s t i n g  t h e  p r i n t e r .  When t h e  r e q u e s t  is g r a n t e d ,  
U n i t  Two w i l l  send t h e  r e p o r t  i n f o r m a t i o n  t o  U n i t  One, 
where it w i l l  a g a i n  be s t o r e d  i n  memory. When U n i t  
Two i s  f i n i s h e d  t r a n s f e r r i n g  t h e  r e p o r t  i n f o r m a t i o n ,  
i t  w i l l  send a message r e l e a s i n g  t h e  p r i n t e r .  When 
U n i t  One r e c e i v e s  t h e  p r i n t e r  r e l e a s e  message,  t h e  
r e p o r t  w i l l  be  p r i n t e d .  

The p r e v i o u s  example  o f  a b u i l d i n g  b e i n g  
c o n t r o l l e d  by two u n i t s  i n  a LAN c a n  be  expanded t o  n 
number of u n i t s  c o n t r o l l i n g  a number o f  b u i l d i n g s .  
One example  of  t h i s  t y p e  o f  l a r g e r  sys t em would b e  a 
c o l l e g e  campus. 

The campus B u i l d i n g  Management System w i l l  need 
t o  be  more t h a n  j u s t  an  Energy Management sys t em,  
a l t h o u g h  t h e  EMS p o r t i o n  o f  t h e  s y s t e m  w i l l  be t h e  
l a r g e r  p a r t .  A S e c u r i t y / A c c e s s  C o n t r o l  sys t em w i l l  be  
needed f o r  s e c u r i t y  pu rposes .  A f i r e  
c o n t r o l f l i f e s a f e t y  sys t em w i l l  a l s o  be needed. The 
Loca l  Area Network o f f e r s  two c o n f i g u r a t i o n  o p t i o n s :  
1 )  t h e  t h r e e  sub-sys tems can b e  i n t e g r a t e d  i n t o  one 
f a c i l i t i e s  management sys t em,  o r  2)  t h e  t h r e e  sub- 
s y s t e m s  can  o p e r a t e  i n d e p e n d e n t l y  o f  e a c h  o t h e r ,  w h i l e  
still s h a r i n g  t h e  common communicat ions  l i n k .  T h i s  
g i v e s  t h e  b u i l d i n g  manager t h e  o p t i o n  o f  an e n t i r e l y  
i n t e g r a t e d  sys t em,  o r  a c o l l e c t i o n  o f  i n d e p e n d e n t  sub-  
sys tems.  I n  a d d i t i o n ,  a c o n s o l e  u n i t  ( o r  u n i t s )  can  
then  be added t o  t h e  sys t em network to p r o v i d e  a 
c e n t r a l  l o c a t i o n  f o r  m o n i t o r i n g  a n d / o r  programming t h e  
e n t i r e  sys t em,  r e g a r d l e s s  o f  t h e  sys t em c o n f i g u r a t i o n .  
I n  t h i s  manner,  t h e  LAN a l l o w s  t h e  e x i s t e n c e  o f  a 
c e n t r a l  u n i t  a s  a m o n i t o r i n g  s t a t i o n  w i t h o u t  t h e  
d i s a d v a n t a g e s  o f  a l a r g e  "head endw computer found i n  
a d i s t r i b u t e d  p r o c e s s i n g  sys t em.  

The campus EMS might  be made up o f  one u n i t  i n  
e a c h  l a r g e r  b u i l d i n g ,  o r  one u n i t  f o r  two o r  t h r e e  
smaller b u i l d i n g s .  These  u n i t s  w i l l  work i n  t h e  s a n e  
manner as d e s c r i b e d  i n  t h e  p r e v i o u s  example.  The 
campus a c c e s s  c o n t r o l  sys t em w i l l  c o n t r o l  a c c e s s  t o  
s e c u r e d  a r e a s ,  as w e l l  as pe r fo rm o t h e r  s e c u r i t y  
r e l a t e d  a c t i v i t i e s .  The f i r e / l i f e s a f e t y  sys t em w i l l  
m o n i t o r  f i r e  a l a r m s ,  smoke and h e a t  d e t e c t o r s ,  and 
o t h e r  equipment  i n  p e r f o r m i n g  i t s  f u n c t i o n s .  ( Dur ing  
f i r e  c o n d i t i o n s ,  t h e  f i re  c o n t r o l  u n i t  c a n  a l s o  d i r e a t  
t h e  EMS u n i t s  t o  c o n t r o l  t h e i r  s u p p l y  and e x h a u s t  f a n s  
to c o n t a i n  t h e  f i re ,  r a t h e r  t h a n  f e e d  i t ,  and t o  pur&e 
t h e  smoke, i f  t h e  sub- sys t ems  a r e  i n t e g r a t e d . )  The 
m o n i t o r i n g  u n i t  w i l l  b e  a b l e  t o  c o m u n i c a t e  w i t h  e a a h  
and e v e r y  u n i t  on t h e  LAN. It would be t h e  s t a t i o n  t o  
r e c e i v e  a l l  r e p o r t s ,  a l a r m  messages ,  e t c .  from a l l  t h e  
u n i t s  on t h e  LAN. I n  t h i s  way, t h e  s t a t u s  o f  t h c  
e n t i r e  i n t e g r a t e d  sys t em c a n  b e  mon i to red  o r  
programmed f rom a c e n t r a l  l o c a t i o n ,  a s  i n  a 
d i s t r i b u t e d  p r o c e s s i n g  sys tem.  

Another  a p p l i c a t i o n  o f  t h e  Loca l  Area Network 
t echno logy  c o n t r a d i c t s  t h e  t e r m  wLocaln .  The LAN 
sys t em can be used f o r  c e n t r a l  m o n i t o r i n g  o f  a number 
o f  remote i n d e p e n d e n t  sys t ems .  The i n d i v i d u a l  s y s t e m s  
a r e  c o m p l e t e l y  i n d e p e n d e n t ,  and  do  n o t  s h a r e  d a t a  or 
r e s o u r c e s  w i t h  e a c h  o t h e r .  However t h e y  d o  s h a r e  
r e s o u r c e s  w i t h  t h e  c e n t r a l  m o n i t o r i n g  u n i t  by s e n d i n g  
r e p o r t s  and o t h e r  i m p o r t a n t  i n f o r m a t i o n  to i t .  T h i s  
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can be done ove r  d i a l - u p  phone l i n e s .  
r e q u e s t i n g  o r  s end ing  t h e  i n f o r m a t i o n  w i l l  F 
o t h e r  u n i t ,  and t h e  communicat ions  w i l l  begi  
t h e  i n f o r m a t i o n  exchange i s  complete ,  t n e  phone 
connec t ion  w i l l  be t e r m i n a t e d .  An example o f  t h i s  
t y p e  o f  a p p l i c a t i o n  would be a c h a i n  o f  r e t a i l  s t o r e s  
o r  r e s t a u r a n t s ,  e a c h  b u i l d i n g  h a v i n g  its own 
independen t  BI4S. The e n t i r e  c h a i n  o f  s y s t e m s  i s  t h e n  
moni tored by t h e  r e g i o n a l  o r  n a t i o n a l  o f f i c e .  I n  
g e n e r a l ,  any company w i t h  mu1 t i p l e  b u i l d 1  ngs ,  
r e g a r d l e s s  o f  t h e i r  l o c a t i o n s ,  c o u l d  u s e  t h i s  
a p p l i c a t i o n  t o  perform c e n t r a l  m o n i t o r i n g  o f  i t s  g r o u p  
o f  sys tems.  

The t h r e e  examples  o f  B u i l d i n g  blanagement Systems 
u s i n g  Loca l  Area !.letworks t h a t  were  d i s c u s s e d  above 
can  a l s o  b e  implemented u s i n g  d i s t r i b u t e d  p r o c e s s i n g .  
But upon i n s p e c t i n g  t h e s e  implemen ta t ions ,  a number o f  
problems t h a t  a r e  a s s o c i a t e d  w i t h  d i s t r i b u t e d  
p r o c e s s i n g  come t o  l i g h t .  

Cons ide r  t h e  first example o f  t h e  two u n i t s  
c o n t r o l l i n g  a b u i l d i n g  and i ts  p a r k i n g  l o t .  I f  t h e  
sys tem were c o n f i g u r e d  u s i n g  d i s t r i b u t e d  p r o c e s s i n g ,  a 
t h i r d  u n i t  would be  needed t o  a c t  a s  t h e  "head endw 
f o r  t h e  two s u b o r d i n a t e  u n i t s .  The "head endn would 
need t o  know a l l  t h e  d a t a  t h a t  e a c h  wing u n i t  would 
need t o  o p e r a t e .  T h i s  r equ i remen t  d i c t a t e s  t h a t  t h e  
"head endq1 have  a l a r g e  amount o f  memory and 
p r o c e s s i n g  power ( i m p l y i n g  a h i g h e r  c o s t ) .  I n  
a d d i t i o n ,  t h e  r e l i a b i l i t y  problems of d i s t r i b u t e d  
s y s t e m s  ( d i s c u s s e d  above)  now come t o  l i g h t .  I f  t h e  
"head endn  were  t o  f a i l ,  t h e  e n t i r e  sys t em would 
o p e r a t e  i n  a s e v e r l y  degraded  mode ( i f  t h e  sys tem were 
a DDC s y s t e m ) ,  or would f a i l  c o m p l e t e l y ,  because  t h e  
s u b o r d i n a t e  u n i t s  cou ld  n o t  be  d i r e c t e d .  

I n  t h e  example o f  t h e  i n t e g r a t e d  c o l l e g e  campus 
sys t em,  t h e  "head endw u n i t  would have t o  be  immense 
i n  i ts computing power and memory. I n  a d d i t i o n ,  t o  
s t o r e  t h i s  volume o f  i n f o r m a t i o n ,  a l a r g e  amount o f  
d i s k  s t o r a g e  would be needed,  a g a i n ,  a d d i n g  t o  t h e  
c o s t .  But t h e  a d d i t i o n  o f  a d i s k  adds  a n o t h e r  s o u r c e  
o f  p o t e n t i a l  f a i l u r e  t o  t h e  d i s t r i b u t e d  sys t em 
t echn ique .  A f a i l u r e  i n  t h e  d i s k  u n i t  c a n  c a u s e  t h e  
e n t i r e  sys t em to f a i l .  T h i s  p o s s i b i l i t y ,  a l o n g  w i t h  
t h e  memory and comput ing power d i s a d v a n t a g e s ,  c r e a t e  a 
number o f  problems t h a t  can cause  t o t a l  sys t em 
f a i l u r e ,  and add t o  t h e  a l r e a d y  e x i s t i n g  r e l i a b i l i t y  
problems. 

If t h e  c o l l e g e  campus sys tem was n o t  i n t e g r a t e d ,  
t h e  t h r e e  sys t ems  cou ld  n o t  be  a c c e s s e d  f rom a c e n t r a l  
conso le .  T h i s  i s  because  t h e  t h r e e  s y s t e m s  would be 
comple te ly  s e p a r a t e .  I n  a d d i t i o n  t o  t h e  l a c k  o f  a 
c e n t r a l  m o n i t o r i n g  s t a t i o n ,  e a c h  s e p a r a t e  u n i t  would 
s u f f e r  from t h e  same f a u l t s  a s  any o t h e r  d i s t r i b u t e d  
sys tem.  

I n  t h e  final example o f  t h e  remote  u n i t s  i n  a 
g roup  o f  s t o r e s  o r  r e s t u r a n t s  r e p o r t i n g  to a c e n t r a l  
u n i t ,  t h e  same d i s a d v a n t a g e s  o f  memory s i z e ,  
p r o c e s s i n g  power, and f a i l u r e  p o s s i b i l i t i e s ,  as 
d i s c u s s e d  above,  a r e  a p p a r e n t .  I n  a d d i t i o n ,  a n o t h e r  
d i s a d v a n t a g e  i s  t h e  p o s s i b l e  f a i l u r e  o f  a remote  u n i t  
and its phone l i n e  i n t e r f a c e .  S i n c e  i t  d o e s  n o t  
o p e r a t e  i n d e p e n d e n t l y ,  i t  must be d i r e c t e d  by t h e  
"head endtt .  With a problem i n  t h e  phone l i n e  
i n t e r f a c e ,  t h e  u n i t  would n o t  be  a b l e  t o  be  d i r e c t e d  

comple te ly .  A s  s e e n  i n  a l l  t h e s e  
pendence o f  t h e  s u b o r d i n a t e s  on t h e  
b u t e  t o  a less r e l i a b l e  sys t em,  and 

r e a u c e a  per1  ormarlue. 

A number o f  d i f f e r e n t  t y p e s  o f  communications 
media a r e  a v a i l a b l e  f o r  u s e  i n  a b u i l d i n g  management 
sys t em u s i n g  a l o c a l  a r e a  network. Media t y p e s  such 
a s  t w i e t e d - p a i r  w i r e s ,  phone l i n e s ,  and o t h e r  e x i s t i n g  
w i r i n g  ( s u c h  a s  PBX s y s t e m s )  can a l l  be used.  S i n c e  
t h e  p r o s  and c o n s  o f  e a c h  t y p e  o f  media a r e  w e l l  
known, t h e y  w i l l  n o t  be  d i s c u s s e d  h e r e .  

One media,  n o t  y e t  d i s c u s s e d ,  t h a t  a LAN sys t em 
can  u s e  and t h a t  a d i s t r i b u t e d  sys t em c a n n o t ,  i s  
a n o t h e r  l o c a l  a r e a  network. I f  a LAN a l r e a d y  e x i s t s  
i n  a b u i l d i n g ,  o r  b u i l d i n g  a r e a ,  and t h e  BFIS 
e l e c t r i c a l  i n t e r f a c e  i s  c o m p a t i b l e ,  o r  can  be  made 
c o m p a t i b l e ,  b0t.h t h e  e x i s t i n g  LAN and t h e  BMS LAN can  
c o e x i s t  on t h e  same medium. T h i s  c a n  r e d u c e  
i n s t a l l a t i o n  c o s t s  i n  l a r g e  b u i l d i n g s  o r  c o r p o r a t i o n s .  
But t h i s  d o e s  riot mean t h a t  one l a r g e  LAN w i l l  r e s u l t .  
The two LANts r ema in  i n d e p e n d e n t  o f  e a c h  o t h e r ,  
s h a r i n g  on ly  t h e  common communication medium. For 
example ,  i f  an  o f f i c e  LAN and a BMS LAN were  t o  r e s i d e  
on t h e  same medfium, a u n i t  i n  t h e  o f f i c e  LAN t y p i c a l l y  
would n o t  s h a r e  d a t a  w i t h  a u n i t  i n  t h e  EMS LAN. 

The examples  d i s c u s s e d  i n  t h i s  s e c t i o n  a r e  
d e s c r i p t i o n s  o f  t h e  o p e r a t i o n  o f  t h e  Vanguard I 
F a c i l i t i e s  Mamgement System produced by Advanced 
Micro Systems C o r p o r a t i o n .  The examples  show t h e  
s h a r i n g  o f  i n f o r m a t i o n  between u n i t s  for c o n t r o l  
s t r a t e g i e s ,  t h e  s h a r i n g  o f  r e s o u r c e s  ( i n  t h i s  c a s e  a 
p r i n t e r  between u n i t s ,  and l o a d  management 
o p e r a t i o n s  f o r  mu1 t i p l e  u n i t s  c o n t r o l l i n g  one  
b u i l d i n g .  

The f i r s t  example  o f  o p e r a t i o n  u s e s  t h e  same two 
u n i t  c o n f i g u r a t i o n  c o n t r o l l i n g  t h e  b u i l d i n g  wings  and 
t h e  p a r k i n g  l o t ,  as d e s c r i b e d  above. T h i s  example 
shows c o n t r o l  s t r a t e g i e s  u s i n g  s h a r e d  i n f o r m a t i o n .  
L e t ' s  assume t h a t  U n i t  One m o n i t o r s  t h e  o u t d o o r  air 
t e m p e r a t u r e  and h u m i d i t y ,  and t h a t  U n i t  Two u s e s  t h i s  
i n f o r m a t i o n  i n  i ts  c o n t r o l  schemes. U n i t  One w i l l  
f i r s t  d e t e c t  a change  i n  t h e  o u t d o o r  a i r  t e m p e r a t u r e  
and u p d a t e  i t s  memory w i t h  t h e  new i n f o r m a t i o n .  It 
w i l l  a l s o  check t o  s e e  i f  t h e  i n f o r m a t i o n  i s  needed by 
a n o t h e r  u n i t  on t h e  natwork. It w i l l  f i n d  t h a t  
a n o t h e r  u n i t  d o e s  need t h e  i n f o r m a t i o n ,  and i t  w i l l  
send a m s s a g e  c o n t a i n i n g  t h e  new t e m p e r a t u r e  t o  Un i t  
Two. U n i t  Two w i l l  r e c e i v e  t h e  message,  and 
r e c o g n i z i n g  i t  a s  a change i n  a s e n s o r ,  i t  w i l l  check  
i t s  c o n t r o l  s L r a t e g i e s  t o  make any n e c e s s a r y  changes  
t o  i ts con t ro l l . ed  p o i n t s .  I n  t h i s  example ,  b o t h  u n i t s  
o p e r a t e  i n d e p e n d e n t l y  i n  t h e  c o n t r o l  o f  t h e i r  b u i l d i n g  
a r e a s .  The on ly  dependence is  t h e  s h a r i n g  o f  
i n f o r m a t i o n  mon i to red  by one  u n i t  t h a t  is used by b o t h  
u n i t s .  

The n e x t  example u s e s  t h e  c o n f i g u r a t i o n  o f  
m u l t i p l e  remotc! sys t ems  r e p o r t i n g  to a c e n t r a l  o f f i c e  
v i a  phone l i n e s .  L e t t s  assume t h a t  a remote  u n i t  must 
send a r e p o r t  13 t  a s p e c i f i c  time t o  t h e  c e n t r a l  o f f i c e  
f o r  p r i n t i n g .  tlhen t h e  time a r r i v e s ,  t h e  remote u n i t  
c o l l e c t s  t h e  d a t a ,  f o r m a t s  t h e  r e p o r t  and s t o r e s  t h e  
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~ l d ' o r : , s t i o n  i n  i t s  nemory. The remote sys tem phones  
ttv c c n t r a l  u n i t  and r e q u e s t s  t h e  p r i n t e r  f o r  a  
1?,1ort. When t h e  r e q u e s t  is g r a n t e d ,  t h e  remote  u n i t  
scndm: t h e  r e p o r t  i n f o r m a t i o n  t o  t h e  c e n t r a l  U n i t ,  
1 h e r e  i t  is s t o r e d  i n  nlemory. When t h e  t r a n s f e r  Of 
r e p o r t  i n f o r m a t i o n  i n  comple te ,  t h e  remote  u n i t  w i l l  
t S e l e a j c  t h e  p r i n t e r .  The c e n t r a l  u n i t ,  upon d e t e c t i o n  
of thc  p r i n t e r  r e l e a s e ,  w i l l  t e r m i n a t e  t h e  t r a n s f e r  
and p r i n t  t h e  r e p o r t .  I f  a n o t h e r  u n i t  were  t o  phone a  
w i n L  r e q u e s t  d u r i n g  t h e  o p e r a t i o n  j u s t  d e s c r i b e d ,  its 
P r i n t  r e q u e s t  would be  d e n i e d  u n t i l  t h e  d a t a  t r a n s f e r  
f o r  t h e  f i r s t  r e p o r t  was c o n p l e t e d .  The o t h e r  remote  
u n i t  would c o n t i n u e  t r y i n g  i t s  p r i n t  r e q u e s t  u n t i l  i t  
wau g r a n t e d .  Once g r a n t e d ,  i t  would then  p roceed  t o  
t r a n s f e r  i ts  r e p o r t  i n f o r m a t i o n .  I n  t h i s  example ,  t h e  
r e n o t e  u n i t  c o n t i n u e s  t o  o p e r a t e  i n d e p e n d e n t l y  o f  t h e  
c e n t r a l  u a i t  w h i l e  i t  t r a n s f e r s  t h e  r e p o r t  
~ n f o r m a t i o n .  A d e l a y  i n  t h e  g r a n t i n g  of t h e  p r i n t  
r e q u e s t  w i l l  o n l y  d e l a y  t h e  p r i n t i n c  o f  t h e  r e p o r t ,  
not  t h e  c o l l e c t i o n  o f  t h e  r e p o r t  i n f o r m a t i o n .  

The f i n a l  example o f  sys t em o p e r a t i o n  i s  Load 
Hana~cmen t  v i a  a  Loca l  Area Network. L e t ' s  g o  back t o  
t h e  example o f  two u n i t s  i n  t h e  network,  and assume 
t h i s  time t h a t  Un i t  Two m o n i t o r s  t h e  e l e c t r i c  meter. 
When meter i n f o r m a t i o n  changes ,  U n i t  Two w i l l  u p d a t e  
i ts  d a t a  base  w i t h  t h e  new e l e c t r i c  denand. I f  l o a d  
c o n t r o l  is  needed, i t  w i l l  f i n d  t h e  p r i o r i t y  list o f  
l o a d s  t o  shed ,  and w i l l  s h e d  a c e r t a i n  amount. It 
w i l l  a l s o  send a message t o  Un i t  One i n s t r u c t i n g  it t o  
shed a  c e r t a i n  amount f rom t h e  s a n e  p r i o r i t y .  Both 
u n i t s  shed  t h e  a p p r o p r i a t e  amount to c o n t r o l  t h e  
e l e c t r i c  demand. I n  t h i s  example ,  e a c h  u n i t  on t h e  
network c o n t r o l s  i t s  own l o a d s .  The o n l y  dependence 
i s  t h e  message from U n i t  Two t o  U n i t  One s e n d i n g  t h e  
shed amount and t h e  s h e d  p r i o r i t y .  The a c t u a l  
shedd ing  o f  t h e  l o a d s  is performed by t h e  i n d i v i d u a l  
u n i t .  Also,  t h e  u n i t  d i r e c t i n g  t h e  l o a d  c o n t r o l  d o e s  
n o t  need t o  know a b o u t  t h e  l o a d s  c o n t r o l l e d  by t h e  
o t h e r  network u n i t s .  The l o a d  c o n t r o l  o c c u r s  w i t h o u t  
t h e  d i r e c t i n g  u n i t  n e e d i n g  t o  know t h e  s i z e  o r  t y p e  of  
sys tem t h a t  it is c o n t r o l l i n g .  I n  t h i s  example ,  t h e  
message exchange mechanism a l l o w s  Uni t  Two t o  d i r e c t  
Un i t  One t o  perform l o a d  c o n t r o l  w i t h o u t  knowing 
a n y t h i n g  abou t  t h e  l o a d s  t h a t  Un i t  One c o n t r o l s .  

CONCLUSIONS 

A s  s e e n  i n  t h e  p r e v i o u s  s e c t i o n s  o f  t h i s  p a p e r ,  
t h e  Looa l  Area Network a r c h i t e c t u r e  a l l o w s  e a c h  member 
o f  t h e  network to o p e r a t e  i n d e p e n d e n t l y .  T h i s  
independence g i v e s  t h e  LAN sys t em a  number o f  
advan tages  i n  r e l i a b i l i t y  t h a t  a  d i s t r i b u t e d  sys tem 
does  no t  have. F i r s t ,  a f a i l u r e  o f  one u n i t  w i l l  o n l y  
min ima l ly  e f e c t  t h e  o t h e r  u n i t s ,  and may n o t  a f f e c t  
t h o s e  u n i t s  a t  a l l .  A f a i l u r e  i n  a d i s t r i b u t e d  
p r o c e s s i n g  sys tem,  on t h e  o t h e r  hand,  can  cause  t h e  
e n t i r e  sys tem t o  f a i l .  

t h e  amount o f  communicat ions  between 
LAN d u r i n g  normal o p e r a t i o n  i s  much 

e amount o f  communicat ions  on a 
Zess ing  sys tem.  T h i s  i s  because  t h e  
ng o f  t h e  "head endn memory d o e s  n o t  
R sys tem.  The lower  communicat ions  
b u t e s  t o  a  more c o n s i s t e n t  sys tem 
h i r d l y ,  less memory is needed by u n i t s  
i n g  t h e  c o s t  o f  t h e  LAN sys tem.  L e s s  
ed because  e a c h  u n i t  needs  o n l y  enough 
1 its a r e a .  

And, f i n a l l y ,  f o u r t h ,  t h e  LAN a r c h i t e c t u r e  j s 
e a s i l y  e x p a n d a b l e  i n  t h a t  i t  a l l o w s  any  nunbar u f  
u n i t s  t o  be added to t h e  t o t a l  sys tem w i t h u u t  
a f f e c t i n g  t h e  performance o f  any one u n i t .  Expansion 
o f  a  d i s t r i b u t e d  sys t em means more work f o r  t h e  %cab 
end1', c r e a t i n g  a  b o t t l e n e c k ,  and r e d u c i n g  sys t em 
performance.  It a l s o  means t h a t  more memory and 
s t o r a g e  i s  needed a t  t h e  "head endn t o  keep  a l l  t h e  
p o i n t  p a r a m e t e r s  f o r  a l l  t h e  d i s t r i b u t i o n  u n i t s ,  
i n c r e a s i n g  t h e  ha rdware  c o s t  o f  t h e  sys t em.  And, as 
p o i n t e d  o u t  e a r l i e r ,  a g r e a t e r  amount of  s t o r a g c  and 
p r o c e s s i n g  r e q u i r e m e n t s  i n c r e a s e s  t h e  c h a n c e s  o f  a  
system-wide f a i l u r e ,  r e d u c i n g  t h e  sys t em r e l i a b i l i t y .  

When a d d i n g  t o g e t h e r  t h e  a d v a n t a g e s  such  as t h e  
independence  o f  u n i t s ,  e a s y  e x p a n d a b i l i t y ,  f ewer  
p o s s i b i l i t i e s  f o r  b o t t l e n e c k s ,  and i n f o r m a t i o n  and 
r e s o u r c e s  s h a r e d  when needed,  t h e  a p p l i c a t i o n  o f  L o c a l  
Area Networks i n  B u i l d i n g  Management Systems becomes 
v e r y  a t t r a c t i v e .  These  f a c t s ,  when added t o g e t h e r ,  
show t h r e e  main a r e a s  where  LAN s y s t e m s  a r e  s u p e r i o r  
t o  d l s t r i b u t e d  sys t ems :  r e l i a b i l i t y ,  f l e x i b i l i t y ,  and 
performance.  The LAN a r c h i t e c t u r e  o f f e r s  t h e s e  
a d v a n t a g e s  w h i l e  r e d u c i n g  o r  e l i m i n a t i n g  t h e  problems 
found i n  d i s t r i b u t e d  sys t ems .  
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