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Motivation – Inter-domain Routing

� Inter-d o m a i n ro u ti ng  f a i l u res  o f ten l a s t s ev era l  
m i nu tes  � ��� ��� � 	
 � �
 � �

�
�

� Often due to slow BGP convergence

� C a n ta k e up  to 2 0  m i n to recover

� Reachability f ailu r es  can  be cir cu m v en ted  by u s in g  
alter n ate r o u tes  � � �� �

� But these alternate routes are not made available via BGP

� S o,  overlay s w ere used – small-sc ale solution only .

� C an  w e m o d if y in ter -d o m ain  r o u tin g  to  u tiliz e 
alter n ate r o u tes  ( w hen  av ailable) ?



Motivation – Intra-domain Routing

� Typically done by setting (OSPF) weights to achieve desired 
u tiliz ations (f or k nown traf f ic m atrix )

� H igher reactivity,  greater stability and better capacity 
planning than inter-dom ain rou ting
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� Cannot adapt to changes in traffic load
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� I f high ov erprov isioning is not feasib le,  and v ariations in 
dem and are on a faster tim escale than that of traffic engrs. :  
can w e au tom atically  adapt to changes in the load?

! P ack et-sw itching,  no reserv ation-b ased m odels

" Does not change the interface to end-hosts or other 
netw ork s



Inter-domain: Approach

� Extend B G P ' s p a th  v ec to r  p r o to c o l  to  a dv er ti s e k 
( ~ 2 )  r o u tes  p er  des ti na ti o n i ns tea d o f  1 .

� Factor k increase in advertisement overhead

� T h e f i r s t o f  th e k  r o u tes  i s  th e def a u l t B G P  r o u te a s  
c o m p u ted to da y .

� T h e r em a i ni ng  k -1  r o u tes  a r e s el ec ted to  b e 
m a xi m a l l y  l i nk -di s j o i nt ( a t th e A S -l ev el ) .

� S eq u ential  g reedy  sel ection of  rou tes

� H eu ristic to redu ce p rob ab il ity  that a chang e to the 
default route will be accompanied by a change to the 
alternate routes  ( as s uming random s ingle-link  failure)



Service Model

� How will the use of the alternate routes be 
trig g ered ?

� Network node can automatically switch to alternate route 
when the def ault route chang es;  and continue to use 
alternate routes f or a certain p eriod,  until the def ault 
routing  entry stab iliz es
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� Ultimately, the only way to validate a routing entry is to 
send and rec eive p ac k ets via that route
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Results

� Construct AS-l e v e l  top ol og i e s 
a nd  d e f a ul t p a th s f rom  B G P
R oute v i e w s d a ta .  
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� Construct routi ng  ta b l e s usi ng  
k-p a th  v e ctor.

� Find r e a c h a b il it y / f a il u r e  
p r o b a b il it y  o f  a l l  de s t ina t io ns  
f o r  a  g iv e n no de  ( u nde r  
r a ndo m  s ing l e  l ink  f a il u r e )

� Clearly, just using k=2 greatly 
improves reachability
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Our approach – Route granularity

� One route per destination network node => high-
v ol um e unit of  re-routing => harder to l oad-b al anc e

� T heref ore a node A  div ides the traf f ic  through it to 
a partic ul ar destination node into B b uc kets 

� Division into buckets can be done independently by the 
netw or k node,  by using  a hash of  sour ce and destination 
I P  header  f ields,  thus not af f ecting  the inter f ace to other  
netw or ks or  end-hosts.

� S m all B  is desir able;  other w ise it w ould devolve into per -
f low  r outing  state.

� Dual – f ix ed bucket siz e,  var iable B .

� One route is m aintained f or eac h b uc ket



Our Approach – Randomization

� Link state is inherently stale
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� W e intro d u c e rand o m ness into  the ro u tes selec ted  ac ro ss 
d if f erent b u c kets f o r the sam e d estinatio n

� �� 	  � � � � � � � �� � �� � � � � �� � � � 
 � �� �

� � �� � � � � � � 	  � � � � 
 � �� �� � � � � � � �� � �� � � �� � 	 � � � � � �� �� � � �� ��  

! "# $%�& '( )* + , '- ./ 0�1 ,�2 3 ' 4 % ,�* % 56 '1 %87 2 97 : - * ( 42 )1 ' ; ' +% $2 ( < 3* 1 $ 4 '* ; ;>=

1 ? $% ' 4 92 - 1 '-@ ' - ;2 * 47 6 * ;�* ( + $ ( A 3 $% ,1 % * ; ' $ ( 92CB

D Link state used is a load-b ased m etr ic

E F $% ,2 ? % - * ( 42 ) $& * % $2 ( * ( 4 6 ? + G '% $ ( ACH % , $1 +* ( 6 ' 'I % - ' ) ' ;=

? ( 1 % * 6 ; 'B



Results

� “R a n d o m  f o r k / t -s  t o p o l o g i e s

� F l o w -l e v e l  s i m u l a t i o n .

� B u c k e t i z a t i o n ” i m p r o v e s  s t a b i l i z a t i o n  
t i m e s  ( a n d  l o s s  r a t e s )  e v e n  w i t h  
m o d e r a t e l y  l o w  v a l u e s  o f  B
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� Random selection is a significant 
imp r ov ement ov er  b est-fir st 
selection.
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Future Work

� Better, Dynamic Evaluation Scenario

� Failure location/time data for inter-domain routing

� T raffic matrix  and top olog y  for intra-domain routing

� Better metric f or load -s ens itive routing

� U s e model of s tate ch ang e.

� E ffect of filtering ,  incorp orate delay  info.  

� I nter/ intra interactions ?


