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Outline
• Scribe?
• Projects

– Two weeks to proposal deadline
– Anthony’s office hours

• M 10-11 (10-12 next week)

• IR Local Area Networks
– ParcTab, Rednet

• Using the ICEBERG testbed

September 20, 2000 CS 294-1 Lecture #4 3

Overview
• Two approaches to building IR LANs

– ParcTab: An Infrared Network for 
Mobile Computers 

– Rednet: a wireless ATM local area 
network using infrared links

• Both are interesting
– Low cost, ad hoc wireless networking

• Neither was successful
– Lots of issues

September 20, 2000 CS 294-1 Lecture #4 4

IR LAN Characteristics
• Infrared light: 850 – 950 nanometers
• Range is function of:

– Xmit power (Received optical power varies as 1/r²)
– Background noise (fluorescent lights, sunlight)
– Type of link 

• Directed, non-directed, line of sight, diffuse

• Two types of light-based links
– Directed (very narrow capture angle)

• Requires precise alignment
• Not practical for handheld environment

– Non-directed (15 – 75° capture half angle)
• IRDA, Rednet, ParcTab
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Non-Directed IR Links
• Diffuse: Can use reflections

– Most desirable from user point of view
– But, reflections are very attenuated

• Need to use lower speed or higher power

• Line of sight
– Limited range (4 m à small room)
– Ceiling mounted transceivers
– Rednet: 3 LEDs under hemisphere lens
– ParcTab: circular array of wide-angle LEDs
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IR LAN Comparison

 P a r c T a b  R e d n e t  

I R  e n c o d in g  P u l s e  p o s i t i o n   O n - O f f  

P o w e r  l o w  p o w e r  ( s h o r t  

t r a n s m i t )  

5 0 0  m W  ( ~ 1 / 2  o f  R F  L A N )  

L in k  s p e e d  9 .6  o r  1 9 .2  K b / s  2  M b / s  

M A C  C S M A / C A  

( s i m p le )  

S m a ll  c e l l s  è 

h o p e  1  u s e r / c e l l  

B i n a r y  c o u n t d o w n  ( c o m p l e x )  

B a s e s t a t i o n  b r o a d c a s t s  

s y n c h r o n i z a t i o n  b e a c o n ,  

e v e r y o n e  c o u n t s  d o w n  ( u s e  

c o l o r  /  l o c a l  c o n t e n t i o n  

a d d r e s s  t o  p r o v i d e  f a i r n e s s )  
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M e d i a  A c c e s s  C o n t r o l

• P a r c T a b  u s e s  s i m p l e  C S M A / C A

– V u l n e r a b l e  t o  h i d d e n  t e r m i n a l  p r o b l e m ,  
b u t  c e l l s  a r e  s m a l l

– C S M A / C A  d o e s n ’ t  s c a l e  t o  l a r g e  u s e r s  
p e r  c o l l i s i o n  d o m a i n

• W h a t  a b o u t  t h i s  c l a s s r o o m ?

• R e d n e t  u s e s  c o m p l e x  b i n a r y  
c o u n t d o w n  p r o t o c o l

– V e r y  p o w e r f u l ,  p r e c i s e  c o n t r o l
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R e d n e t  M A C
• G o a l s :

– S i m p l i c i t y  ( n o t  r e a l l y ,  a c t u a l l y  m o r e  c o m p l e x )

– E f f i c i e n c y  ( a v o i d  w a s t i n g  b a n d w i d t h  f r o m  c o l l i s i o n s )

– F a i r n e s s  ( c a n  c o n t r o l  a n d  g u a r a n t e e  b a n d w i d t h  a l l o c a t i o n )

– L o w  l a t e n c y  ( r a p i d  s e l e c t i o n  c y c l e )

• O p e r a t i o n
– C o m p u t e r s  t h a t  w a n t  t o  s e n d ,  t r a n s m i t  t h e i r  c o n t e n t i o n  

a d d r e s s  b i t - b y - b i t  f r o m  M S B

– B a s e s t a t i o n  r e t r a n s m i t s  a  w i r e d - O R  o f  a l l  t h e  a d d r e s s e s  o f  
c o m p u t e r s  t h a t  w a n t  t o  s e n d  à

• A t  e a c h  b i t ,  l i k e  m u s i c a l  c h a i r s :  s o m e o n e  k n o w s  t h a t  t h e y  a r e  n o t
t h e  o n e  t o  t r a n s m i t ,  l a s t  o n e  r e m a i n i n g  g e t s  t o  s e n d

• B T S  c o n t r o l s  w h a t  a d d r e s s  i t  r e t r a n s m i t s ,  s o  i t  c a n  s e n d  i t s  o w n
a d d r e s s  i f  i t  w a n t s  ( w i n  w h e n e v e r  i t  w a n t s )

• B a s e s t a t i o n  c a n  p r i o r i t i z e  c e r t a i n  u s e r s  

– E x :  a l l o c a t i n g  a  f i x e d  b a n d w i d t h  s h a r e
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N e t w o r k  T o p o l o g y
• P a r c T a b

– I R  g a t e w a y s  c o n n e c t e d  v i a  s e r i a l  c a b l e  t o  a  c o m p u t e r
• S e r i a l  c a b l e s  a r e  s l o w ,  r e a l l y  t a k e s  >  1 5  m i n .  t o  i n s t a l l  ( n e e d  

c o m p u t e r ,  s i t e  s u r v e y ,  e t c . )

– T a b  g e n e r a t e d  b e a c o n s  u s e d  t o  t r a c k  t a b ’ s  ce l l

• R e d n e t

– T r a n s c e i v e r s  a r e  w i r e d  d i r e c t l y  t o  A T M  n e t w o r k
• M u c h  f a s t e r  s y s t e m ,  b u t  m o r e  c o m p l e x

– C o l o r  u s e d  t o  n u m b e r  c e l l s  ( n o  t w o  a d j a c e n t  h a v e  s a m e  
n u m b e r )

• C l a s s i c  g r a p h  c o l o r i n g  p r o b l e m !

• C o l o r  p r o v i d e s  a  w a y  f o r  n o d e s  t o  k n o w  w h e n  t h e y ’ v e  e n t e r e d  a  
d i f f e r e n t  c e l l  a n d  h a v e  t o  r e r e g i s t e r  f o r  a  n e w  c o n t e n t i o n  
a d d r e s s / c o u n t d o w n
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M o b i l i t y

• P a r c T a b  m o d e l

– T a b  à I R  à T r a n s c e i v e r  à ( s e r i a l )  
G a t e w a y  à ( E t h e r n e t )  A g e n t  
àA p p l i c a t i o n

– A g e n t  t r a c k s  T a b ’ s  c e l l  l o c a t i o n

• P r o v i d e s  l e v e l  o f  i n d i r e c t i o n  a n d  h a n d l e s  t a b -
s p e c i f i c  l o g i c

• R e d n e t  m o d e l

– G S M - l i k e  m o d e l  w i t h  H L R  a n d  V L R
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A p p l i c a t i o n s

• P a r c T a b

– T a b - R P C  f o r  r e l i a b l y  s e n d i n g  c o m m a n d s  
t o  t a b s

– U n r e l i a b l e  e v e n t s  f r o m  t a b s  t o  a p p s

• R e d n e t

– A T M - b a s e d  c o n n e c t i o n s

– H a n d l e d  b y  c o n n e c t i o n  m g r ,  l o c a t i o n  
s e r v e r ,  a n d  H L R
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S y s t e m - L e v e l  M e a s u r e m e n t s

• C r i t i c a l  t o  u n d e r s t a n d i n g  o v e r a l l  n e t w o r k  a n d  
a p p l i c a t i o n  p e r f o r m a n c e

• P a r c T a b
– I d e n t i f i e d  b o t t l e n e c k s  i n  S u n  s e r i a l  d r i v e r

– C l u s t e r i n g  c o m m a n d s  i n t o  o n e  p a c k e t  t o  r e d u c e  l a t e n c y  a n d  
i n c r e a s e  t h r o u g h p u t

– B r e a k i n g  t i m e  d o w n  i n t o  c o m p o n e n t s

– O v e r a l l :  a c c e p t a b l e  r e s p o n s e  t i m e

• R e d n e t
– M e a s u r i n g  n e t w o r k  p e r f o r m a n c e

• B i t  E r r o r  R a t e s  ( i m p o r t a n t  f o r  u n d e r s t a n d i n g  r e l i a b i l i t y )

• L a t e n c y  f o r  h a n d o v e r  b e t w e e n  c e l l s
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I R  L A N  L e s s o n s  L e a r n e d

• F e a s i b l e  t o  b u i l d  l o w - c o s t  I R  L A N  
d e v i c e s

– P o s s i b l e  t o  s u p p o r t  w i d e  r a n g e  o f  s p e e d s  
f r o m  9 . 6 K b / s  t o  4  M b / s

• M a n y  i n t e r f e r i n g  l i g h t  s o u r c e s

– N e w  e n e r g y - e f f i c i e n t  f l u o r e s c e n t  l i g h t s

• O n l y  l i m i t e d  c o m m e r c i a l  s u c c e s s

– I R D A :  p o i n t - t o - p o i n t ,  n o t  L A N
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5 - m i n u t e  B r e a k


