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The e v o l u t i o n  o f  t e c h n i c a l  c o n s i d e r a t i o n s  f o r  D i r e c t  Broadcas t  S a t e l l i t e  
S e r v i c e  (DBS) has o r  c e r t a i n l y  promises t o  p l a c e  t h e  home TVRO t e r m i n a l  d i -  
r e c t l y  i n  t h e  arena o f  new t e l e v i s i o n  d i s p l a y  techno log ies .  There a r e  few 
b roadcas t  s e r v i c e s  wh ich  have i n c o r p o r a t e d  t h e  embodiment o f  more v a r i e d  and 
s o p h i s t i c a t e d  t e c h n o l o g i e s  . . . f rom g a l l i u m  a r s e n i d e  m o n o l y t h i c  i n t e g r a t e d  
c i r c u i t s  t o  DES e n c r y p t i o n  a lgorhy thm s tandards  and antennae e f f i c i e n t  a t  
f r e q u e n c i e s  n o t  many y e a r s  ago cons ide red  t o  be u n f i t  f o r  t r a n s m i s s i o n s  o f  
any v a r i e t y .  T h i s  paper w i l l  b r i e f l y  summarize t h e  s t a t u s ,  developments and 
techno logy  wh ich  a r e  t o  be embodied i n  t h i s  new b roadcas t  s e r v i c e .  

Those o f  us i n v o l v e d  i n  t h e  DBS concept  a r e  perhaps most l i m i t e d  by  e x i s t i n g  
d i s p l a y  techno logy .  The c u r r e n t  norms o f  consumer equipment c a p a b i l i t i e s  
a r e  p r o v i n g  t o  be a r e l a t i v e  h i g h  c o s t  burden on t h e  f i n a l i z a t i o n  o f  new 
d i s p l a y  techn iques  as new techn iques  must be l i m i t e d  o r  m o d i f i e d  t o  accommo- 
da te  s tandards  developed decades b e f o r e  s a t e l l i t e  t r a n s m i s s i o n  was f e a s i b l e .  
DBS has g i v e n  r i s e  t o  p r a c t i c a l  , ' y e t  d i f f i c u l t  q u e s t i o n s  o f  how t o  i n t r o d u c e  
f o r  i ns tance ,  an a d d i t i o n a l  40dB o f  dynamic range i n  an aud io  s i g n a l  t o  con- 
v e n t i o n a l  r e c e i v e r s  as d i g i t a l  aud io  t r a n s m i s s i o n  techn iques  h u r d l e  headlong 
i n t o  t h e  l ow-cos t  analogue environment o f  t h e  home r e c e i v e r .  
i n c o r p o r a t i n g  h i g h  o r  extended d e f i n i t i o n  t e l e v i s i o n  c a p a b i l i t y  i n t o  t r a n s -  
m i s s i o n  s tandards  t h a t  f o r  now must e x i s t  i n  an NTSC w o r l d  p r e s e n t  problems 
o f  economy o f  spectrum i n  wh ich  t r a n s m i s s i o n  c o s t s  p e r  H e r t z  exceed any p r e -  
v i o u s  economic norms; namely h i g h  power sa te1  1 i t e s ,  A q u i p s t e r  r e c e n t l y  
equated t h e  r e i n v e n t i o n  o f  e x i s t i n g  techno logy  by  say ing  t h a t  had Thomas 
Ed ison b e e n . o f  l i m i t e d  mind s e t  we would, today, be e n j o y i n g  t h e  use o f  
l a r g e r  cand les .  The DBS i n d u s t r y  i s  a t t e m p t i n g  on t h e  whole t o  p r o v i d e  a 
s e r v i c e  i n  wh ich  e x i s t i n g  d i s p l a y  techno logy  i s  s a t i s f i e d  w i t h o u t  s a c r i f i c e  
o f  f u t u r e  c a p a b i l i t y .  T h i s  goa l  i s  r e p l e a t  w i t h  d i f f i c u l t i e s  i n  s e t t i n g  
ha rd  s tandards ,  and c o s t s  i n  downgrading t e m p o r a r i l y  s i g n a l  c a p a b i l i t i e s  
t h a t  r e p r e s e n t  tomor row 's  s e r v i c e s .  The p rog ress  t h a t  i s  b e i n g  made i s  p e r -  
haps b e s t  rev iewed by  a l o o k  a t  t h e  b a s i c  elements o f  t h e  DBS TVRO equipment 
t h a t  w i l l  appear i n  t h e  home. 

The i s s u e  o f  

The most obv ious  element o f  t h e  home r e c e p t i o n  equipment i s  t h e  p a r a b o l i c  
r e f l e c t o r .  The r e a l i t y  o f  DBS has r e s t e d  i n  no smal l  measure on t h e  a b i l i t y  
f o r  ease o f  i n s t a l l a t i o n  o f  t h e  antenna, t h e  performance of  t h a t  antenna and 
t h e  l o n g  te rm s t a b i l i t y  and s u r v i v a b i l i t y  o f  t h e  antenna i n  a w ide  v a r i e t y  o f  
env i ronments .  I t  i s  s a f e  t o  say t h a t  t h e  o f f s e t  p a r a b o l i c  r e f l e c t o r  has be- 
come t h e  norm f o r  DBS i n  t h a t  two ma jo r  problems a r e  overcome by  i t s  a p p l i -  
c a t i o n :  (1) a 60cm r e f l e c t o r  cannot  t o l e r a t e  t h e  shadow l o s s  c r e a t e d  by t h e  
presence o f  t h e  LNC d i r e c t l y  i n  t h e  m idd le  o f  t h e  s i g n a l  p a t h  and ( 2 )  t h e  
o f f s e t  d i s h  a t t a i n s  a more v e r t i c a l  a t t i t u d e  o f  t h e  r e f l e c t o r  i n  those c l i -  
mates where i c e  and snow accumula t ion  would most s e r i o u s l y  i m p a i r  l i n k  p e r -  
formance. The e f f i c i e n c y  o f  t h e  DBS antenna becomes f a r  more c r i t i c a l  when 
manu fac tu r ing  than  does, f o r  i ns tance ,  t he  c o n s i d e r a t i o n s  f o r  C-Band (4GHz) 
antennae. P r e c i s i o n  stamping o f  meta l  must be h e l d  t o  w i t h i n  a ten -  
thousandth  o f  an i n c h  o v e r  t h e  e n t i r e  s u r f a c e  o f  t h e  r e f l e c t o r  t h a t  i s  de- 
s igned  f o r  12GHz a p p l i c a t i o n .  
s u r f a c e  t o l e r a n c e  and must i n  f a c t  a c t  l i k e  T e f l o n  i n  r e p e l l i n g  s u r f a c e  
b u i l d - u p  o f  f o r e i g n  m a t t e r .  A p r o p e r l y  designed o f f s e t  p a r a b o l i c  antenna 
f o r  12Ghz a p p l i c a t i o n  must a t t a i n  b e t t e r  t han  70% e f f i c i e n c y  t o  a l l o w  f o r  

P a i n t  t y p e  and a p p l i c a t i o n  cannot  d e s t r o y  t h e  
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1 i n k  budget v a r i a t i o n s  i n t roduced  by weather, s e t t l i n g  o f  s t r u c t u r e s  (pa r -  
t i c u l a r l y  i n  Nor thern c l i m a t e s )  and l e s s  than accurate i n s t a l l a t i o n s  as r e -  
gards p o i n t i n g  e r r o r s .  The p resen t  p lans  f o r  deployment o f  high-power DBS 
s e r v i c e s  w i l l  see t h e  0.6 Meter antenna as the  most common s i z e  used 
throughout  the  Un i ted  States.  

The Low Noise Converter (LNC) represents  an i n t e g r a l  p a r t  o f  t h e  antenna 
system t h a t  through i t s  assoc iated feed horn and p o l a r i z a t i o n  c o n t r o l  has 
f o r c e d  e x i s t i n g  LS I  technology t o  a new f r o n t i e r .  The goal o f  p r o v i d i n g  DBS 
technology a t  reasonable consumer p r i c i n g  p r o h i b i t s  t h e  use o f  d i s c r e t e  c i r -  
c u i t  FET technology which has been so popular  i n  C-Band LNA o r  LNC cons t ruc -  
t i o n .  
s t a b i l i t y  and broadband performance has d i c t a t e d  t h a t  M I C  o r  M M I C  technology 
be a p p l i e d  t o  DBS equipment. 
t a i n  i n  i n t e g r a t i o n  b u t  ho lds promise f o r  f u t u r e  a p p l i c a t i o n s  w e l l  beyond 
DBS. When one cons ide rs  l o c a l  o s c i l l a t o r s  o p e r a t i n g  a t  s w i t c h i n g  speeds 
measured i n  GigaHertz, i t  i s  n o t  d i f f i c u l t  t o  imagine CPU s w i t c h i n g  speeds 
l i m i t e d  o n l y  by memory access t ime; t h i s  i s  one o f  t h e  u n d e r l y i n g  d r i v i n g  
f o r c e s  f o r  t h i s  new d i s p l a y  technology t h a t  i s  n o t  immediately apparent.  
The LNC i n  t h e  f i n a l  a n a l y s i s  i s  a super low noise element o f  t h e  DBS System 
t h a t  p rov ides  a broadband lGHz I . F .  t o  t h e  h e a r t  o f  DBS's new d i s p l a y  tech-  
nology ... the  Indoor  E l e c t r o n i c s  U n i t .  

The DBS Indoor  E l e c t r o n i c s  U n i t  (IDU) i s  where t h e  business o f  new d i s p l a y  
technology and, i n  f a c t ,  t h e  business o f  DBS w i l l  occur.  O r i g i n a t i n g  w i t h  a 
broadband FM I .F .  t he  I D U  has t h e  r e s p o n s i b i l i t y  f o r  coherent  convers ion o f  
v i s u a l ,  a u r a l  and data s i g n a l s  t o  the  consumer environment. One o f  t h e  most 
commonly over looked bas i c  f a c t s  o f  s a t e l l i t e  t e l e v i s i o n  t ransmiss ion  is  t h a t  
i t  i s  an FM t ransmiss ion  standard which i s  n o t  q u i c k l y  c o r r e l a t e d  t o  ou r  ex- 
i s t i n g  AM v i s u a l  convent ions.  S e t t i n g  as ide  t h e  c p a b i l i t i e s  o f  new techno l -  
og ies,  t h e  f i n a l  o r d e r  o f  business f o r  t he  I D U  i s  t o  c o n v e r t  t h e  FM t r a n s -  
m iss ion  s tandard t o  t h e  AM/FM requirements o f  t o d a y ' s  t e l e v i s i o n  r e c e i v e r ;  
dependent upon t h e  phi losophy employed by the  DBS programmer, t he  o u t p u t t i n g  
o f  baseband v ideo and audio s i g n a l s  a re  a l s o  a requirement o f  t h e  IDU. 
Channel s e l e c t i o n  v i a  t h e  use o f  Frequency Locked Loops o r  s i m i l a r  techniques 
a p p r o p r i a t e  f o r  t h e  lGHz I . F .  and channel spacing i s  y e t  another  b a s i c  func-  
t i o n  o f  t h e  i ndoor  u n i t .  Whether t h i s  s e l e c t i o n  o f  channels i s  f i v e  chan- 
ne l s ,  t h i r t y - t w o  channels o r  one hundred channels i s  t h e  b a s i s  o f  s t a n d a r d i -  
z a t i o n  e f f o r t s  b e s t  addressed by a separate paper rev iew ing  t h a t  work i n  
progress as i t  i s  a l s o  r e l a t e d  t o  c o l o c a t i o n  o f  spacec ra f t  as o f  y e t  unde- 
c i d e d  by t h e  Federal  Communications Commission. The bas i cs  o f  t he  I D U  hav ing 
been de f i ned ,  l e t ' s  l o o k  toward those s i g n a l  f e a t u r e s  and f u n c t i o n s  t h a t  have 
been revea led  o r  proposed t h a t  would d e f i n e  DBS as a new d i s p l a y  technology. 

The need f o r  s u p e r i o r  c a r r i e r  t o  no i se  performance, environmental  

Such LS I  technology i s  r a r e ,  d i f f i c u l t  t o  a t -  

AUDIO TRANSMISSION 

A t  l e a s t  one and perhaps more o f  t he  e x i s t i n g  DBS l i c e n s e  ho lde rs  have i n -  
co rpo ra ted  the  t ransmiss ion  o f  d i g i t a l  audio i n  m u l t i p l e  c h a n n e l i z a t i o n  w i t h  
t h e i r  s i g n a l  parameters. The a p p l i c a t i o n  o f  t h i s  technique promises a t  l e a s t  
t h r e e  system fea tu res :  ( 1 )  t h e  a t t a i n i n g  o f  q u a l i t y  i n  r e c e p t i o n  o n l y  now 
emerging i n  the  d i s c r e t e  Compact D i g i t a l  Disc technology o f  t h e  a u d i o p h i l e  
wor ld ,  ( 2 )  t he  a b i l i t y  t o  dynamical ly  ass ign and reass ign  m u l t i p l e x e d  data as 
audio coherent  s i g n a l s  (s tereo,  mono o r  b i l i n g u a l )  o r  as data fo rma t ted  f o r  
a u x i l l a r y  s e r v i c e s  such as program downloading t o  computers and (3 )  a form o f  
e n c r y p t i o n  f o r  t h e  t e l e v i s i o n  s i g n a l  which s imul taneously  p rov ides  s u p e r i o r  
s e r v i c e s  w h i l e  p r o t e c t i n g  economic investments i n  the  programming. Some d i g -  
i t a l  audio s e r v i c e s  proposed f o r  DBS would p r o v i d e  f o r  s igna l  t o  no i se  and 
dynamic range c a p a b i l i t i e s  perhaps exceeding those o f  t h e  Compact Disc format  
standard.  Such c a p a b i l i t y  would r e q u i r e  t h a t  t e l e v i s i o n  audio be taken s e r i -  
o u s l y  by t h e  consumer and t h e  broadcaster  and t h a t  t h e  home r e p r o d u c t i o n  
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equipment f r o m  a m p l i f i e r  t o  speaker be eva lua ted  i n  t h e  same l i g h t  as a 
s t a t e - o f - t h e - a r t  component aud io  system. As p r e v i o u s l y  i n d i c a t e d ,  shou ld  
t h e  f u l l  range o f  such an aud io  system be u t i l i z e d ,  some l i m i t i n g  o r  com- 
p r e s s i o n  w i l l  be r e q u i r e d  when t h i s  c a p a b i l i t y  i s  d e l i v e r e d  t o  conven t iona l  
r e c e p t i o n  equipment. Va r ious  concepts p r e s e n t  t h e  d i g i t a l  aud io  c a p a c i t y  as 
e i t h e r  a d i s c r e t e  t r a n s m i t t e d  s i g n a l  o r  more than  l i k e l y  a b a s i c  f u n c t i o n  o f  
t h e  v ideo  waveform r e s i d i n g  i n  sync. 

V I D E O  TRANSMISSION 

The i s s u e  o f  v ideo  t ransmiss ion ,  as r e f l e c t e d  i n  t h e  preceed ing  comments on 
d i g i t a l  aud io ,  i s  a t  b e s t  complex. One s e r v i c e  a l r e a d y  on t h e  a i r  i s  u t i l -  
i z i n g  conven t iona l  NTSC v ideo  w i t h  separa te  a u r a l  s u b c a r r i e r  i n  a s tandard  
a s s o c i a t e d  w i t h  t o d a y ' s  C-Band r e c e p t i o n  c h a r a c t e r i s t i c s .  The more l i k e l y  
t r a n s m i s s i o n  method b e i n g  cons ide red  i s  t h e  use o f  mu1 t i p l e x e d  analogue com- 
ponents i n c l u d i n g  t h e  d i g i t a l  aud io  as a s i n g l e  c a r r i e r .  
been proven t o  d e l i v e r  b e t t e r  l i n k  performance th rough  (1) t h e  i n h e r e n t  
t echn ique  and ( 2 )  t h e  absence o f  t h e  a u r a l  s u b c a r r i e r  wh ich  causes l e s s  con- 
c e n t r a t i o n  o f  energy i n  t h e  v i s u a l  c a r r i e r  o f  a t ransponder .  I n  r e t r o s p e c t ,  
t h e  use o f  an enhanced v ideo  t r a n s m i s s i o n  s tandard  w i l l  p r o v i d e  b e t t e r  l i n k  
performance, a g r e a t e r  ease ( i f  n o t  i n h e r e n t  ease) o f  e n c r y p t i n g  t h e  v ideo  
s i g n a l  and an apparen t  improvement o f  v ideo  q u a l i t y  when t h e  s i g n a l  i s  
viewed on r e c e i v e r s  capable o f  RGB v ideo  i n p u t s .  
t h e  m a j o r i t y  o f  p o t e n t i a l  DBS customers w i l l ,  i f  f o r  no o t h e r  reason, denote 
a d i s t i n c t  s i g n a l  d i f f e r e n c e  by  v i r t u e  o f  b e i n g  f r e e  o f  t e r r e s t i a l  s i g n a l  
a b b o r a t i o n s  caused by  m u l t i p l e  p a t h  d i v e r s i t i e s  and o t h e r  ground t r a n s m i t t e d  
s i g n a l  a b n o r m a l i t i e s .  
s i g n a l  w i l l  r e p r e s e n t  t o  t h e  most severe c r i t i c  an upgrade o f  d i s p l a y  
qua1 i t y .  

T h i s  method has 

It i s  w e l l  t o  f o o t n o t e  t h a t  

There i s  no q u e s t i o n  t h a t  t h e  v ideo  p o r t i o n  o f  t h e  DBS 

DATA TRANSMISSION 

Perhaps one o f  t h e  most e x c i t i n g  and p romis ing  aspec ts  o f  t h e  DBS bus iness  
i s  t h e  d a t a  c a p a c i t y  t h a t  i s  b e i n g  e n v i s i o n e d  as i n t e g r a l  t o  t h e  t r a n s m i s s i o n  
s tandard .  Whi le  t h i s  c a p a b i l i t y  i s  o p t i o n a l  t o  t h e  DBS programmer and t h e  
s u b j e c t  o f  recommended s t a n d a r d i z a t i o n  proceedings, t h e  c a p a b i l i t i e s  a r e  
f u n c t i o n a l l y  u n l i m i t e d  as p e r t a i n s  t o  t e l e t e x t - l i k e  s e r v i c e s ,  d i s c r e t e  down- 
l o a d i n g  o f  d a t a  such as computer programs, v ideo  games and even data-based 
a d d i t i o n a l  t e l e v i s i o n  s i g n a l s  such as f r e e z e  frames. The DBS r e c e i v e r  w i l l  
c o n t a i n  t h e  c a p a b i l i t y  f o r  i n t e r f a c e  t o  o t h e r  m ic rop rocesso r  based dev i ces .  
The p r a c t i c a l  a b i l i t y  t o  d e l i v e r  a u x i l l a r y  s e r v i c e s  as p a r t  o f  t h e  v ideo  
e n t e r t a i n m e n t  bus iness  w i l l  be r e a l i z e d  y e t  t h i s  y e a r  i n  f a r  g r e a t e r  c a p a c i t y  
than  w i l l  be p o s s i b l e  th rough  t o d a y ' s  a l t e r n a t i v e  means. 

TRANSACTIONAL FUNCTIONS 

The DBS I n d o o r  E l e c t r o n i c s  U n i t  w i l l  be a "smar t "  t e r m i n a l  f o r  those p r o -  
grammers u s i n g  enhanced t r a n s m i s s i o n  s tandards .  The b a s i s  o f  pay programming 
w i l l  be f u n c t i o n a l l y  implemented t o  p e r m i t  pay-per-v iew wh ich  i s  accounted 
and even d i r e c t l y  b i l l e d  t o  the  consumer th rough  t h e  I D U  a l l o w i n g  a keen com- 
p e t i t i v e  edge ove r  p r e a u t h o r i z e d  o r  c o n t i n u o u s l y  b i l l e d  systems. The a b i l i t y  
f o r  p a r e n t s  t o  code-se t  t h e  r a t i n g s  o f  programming t h a t  younger f a m i l y  mem- 
b e r s  may v iew i s  y e t  ano the r  f u n c t i o n  o f  t h e  smart  r e c e i v e r  a s s o c i a t e d  w i t h  
s o p h i s t i c a t e d  DBS s e r v i c e s .  The l o g i c a l  (and p lanned)  i n t e r f a c e  o f  t h e  DBS 
Rece ive r  t o  t h e  te lephone w i l l  p e r m i t  i n t e r a c t i v e  f u n c t i o n s  f o r  t h e  consumer 
and t h e  a b i l i t y  f o r  a programmer t o  p o l l  and r e c e i v e  i ns tan taneous  r a t i n g s  o f  
v i e w e r s h i p  f o r  programs i n  p rog ress .  The planned techno logy  o f  systems (such 
as Comsat 's STC, f o r  i n s t a n c e )  w i l l  p e r m i t  d i s c r e t e l y  add ress ing  m i l l i o n s  o f  
v iewers  i n  a m a t t e r  o f  hours  f o r  any number of purposes wh ich  a r e  j u s t  base- 
l i n e d  a t  t r a n s a c t i o n a l  f u n c t i o n s .  I n  t h e  e a r l y  1960 's  B e l l  Labs produced a 
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f i l m  wh ich  showed t h e  "home of t h e  f u t u r e "  b e i n g  c o n t r o l l e d  v i a  touchtone 
c o n t r o l  f rom c e n t r a l  computers. DBS r e p r e s e n t s  an enhancement o f  t h i s  as o f  
y e t  u n r e a l i z e d  promise i n  c o n c e n t r a t i n g  s w i t c h i n g  and address ing  f u n c t i o n s  
where t h e y  m i g h t  w e l l  b e s t  r e s i d e  ... on a n o n - t e r r e s t i a l  b a s i s .  These l a s t  
few s ta tements  may w e l l  sound as o p t i m i s t i c  as B e l l ' s  e a r l y  1960's f i l m  and 
b e f o r e  new enhanced d i s p l a y  c a p a b i l i t i e s  g i v e  way t o  sc ience f i c t i o n ,  l e t ' s  
conc lude by r e v i e w i n g  t h e  s t a t u s  o f  t h i s  DBS i n d u s t r y .  

DBS, wh ich  by  FCC a c t i o n  has become a g e n e r i c  term, i s  p r e s e n t l y  a l i v e  and 
i n  s e r v i c e  a t  12GHz. U S C I ,  a ven tu re  o f  General Ins t ruments ,  P r u d e n t i a l  I n -  
surance and o t h e r s  i s  p r e s e n t l y  d e l i v e r i n g  f i v e  channels o f  s e r v i c e  t o  a 
b road area  o f  t h e  Nor theas te rn  U n i t e d  S t a t e s  v i a  leased t ransponders  on 
Canada's An ik  s a t e l l i t e .  The U S C I  s e r v i c e  i s  a low power s e r v i c e  and as such 
r e q u i r e s  d i s h  s i z e s  wh ich  a r e  i n  excess o f  those DBS s e r v i c e s  commit ted t o  
hl 'gher power s a t e l l i t e s .  The minimum d i s h  s i z e ,  on average, f o r  r e c e p t i o n  o f  
U S C I  i s  1 .2 Meters.  
w i l l  i naugura te  s e r v i c e  t o  the  Eas tern  Seaboard o f  t h e  U n i t e d  S t a t e s  i n  t h e  
F a l l  of t h i s  y e a r  u t i l i z i n g  focused beams f rom SBS-4 and p e r m i t t i n g  t h e  i n -  
s t a l l a t i o n  o f  .6 Meter  ( 2  f o o t )  antennae f o r  r e c e p t i o n  o f  m u l t i p l e  channels 
i n c o r p o r a t i n g  d i g i t a l  aud io ,  extended da ta  c a p a c i t y  and enhanced t r a n s m i s s i o n  
techn iques .  Dur ing  1985 and 1986 s a t e l l i t e s  w i l l  be launched f rom which a 
s i n g l e  b i r d  w i l l  p e r m i t  t h e  s t e e r a b l e  t r a n s m i s s i o n  o f  up t o  e i g h t  230 w a t t  
t ransponders  on a na t i onw ide  b a s i s .  F u r t h e r  a c t i o n  o f  t h e  FCC, w o r l d  regu-  
l a t o r y  bod ies  and t h e  i n d u s t r y  i t s e l f  w i l l  f i n a l l y  de termine t h e  complexion 
and indeed success o f  t h i s  new d e l i v e r y  medium, b u t  t h e  l o n g  awa i ted  promise 
of a new and enhanced compliment t o  t o d a y ' s  e n t e r t a i n m e n t  s e r v i c e s  i s  p r e s e n t  
and b e i n g  w e l l  accounted f o r  i n  p l a n n i n g  t h a t  wh ich  w i l l  see new d i s p l a y  
t e c h n o l o g i e s ' e n t e r i n g  ou r  homes y e t  t h i s  y e a r .  
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