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Figure 1: COOLAID vs. manual management
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3. MANAGING NETWORKS IN COOLAID
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Listing 1: Rules for OSPF Route Learning
R0 EnabledIntf(ifId, rId) :- TRouterIntf(ifId, rId),

CInterface(ifId, "enabled");
R1 OspfRoute(rId,prefix) :- EnabledIntf(ifId,rId),

CIntfPrefix(ifId,prefix), CIntfOspf(ifId);
R2 OspfRoute(rId1,prefix) :- OspfRoute(rId2,prefix),

TIntfConnection(ifId1,rId1,ifId2,rId2),
EnabledIntf(ifId1,rId1), CIntfOspf(ifId1),
EnabledIntf(ifId2,rId2), CIntfOspf(ifId2);

3.2 Network-wide reasoning
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Figure 2: Example network with OSPF conguration
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Figure 3: Bottom-up view evaluation
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Figure 4: VPLS related view dependency graph
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87%)? &:% &(0 ;1%' ActiveVPLSLink &( ,3871)% , 512& (9 %-,@5%/
[IZE 3(--%3&1(-26 '1&:(7& 7-/%)2&,-/1-. &:% /%&,152 (9 ,55
&:% /%0%-/%-& 0)(&(3(526 273: ,2 LIZE6 hE[I6 %(-.

3.3 Misconguration prevention
COOLAID 72%2 -*"'(&0#"(' &( /%&%3& ,-/ 0)%;%-& +123(-9 .4

7),&1(-< A:% 3(-2&),1-&2 /13&,&% ':,& /,&, 2:(75/ -(& ,04
0%,) 19 &:% /,&,@,2% 12 1- , .((/ 2&,&%< A:,& 126 COOLAID
)%n%3&2 ,- (0%),&1(- G%./.9 +,/% @? (0%),&()2 ':( 7-/%)4
%2&1+,&% &:% -%&'()*4'1/% 1+0,3&H 19 &:% (7&3(+% '(75/ ;14
(5,&% &:% .1;%- 3(-2&),1-&26 3%+*&% &:% 3:,-.%2 &,*% %99%3&
(- &:% )(7&%)2< =2 , )%275&6 COOLAID 3,- :%50 0)%;%-& 7-/%4
21)%/ 0)(0%)&1%26 273: ,2 -%&'()* 0,)&1&1(-1-.6 2%);13% /124
)70&1(-6 () 5,).% &),99 3 2:19&< K(-2&),1-&2 %>12& 1- &),/1&1(-,5
)%5,&1(-,5 /,&,@,2% +,-,.%+%-& 2?2&%+2 GhSbLEH6 @7& ,)%
727,55? 51+1&%/ &( 7-187%-%22 (9 0)1+,)? *%?2 ,-/ )%9%)%-&1,5
1-&%.)1&? (9 9()%1.- *%?2< Y- 3(-&),2&6 COOLAID ,55('2 +()%
%>0)%221;% 3(-2&),1-&2 3,0,@5% (9 )%,2(-1-. ,@(7& +75&105%
/%;13%2 ,-/ /199%)%-& -%&'()* 2%);13% 5,?%)2<
E0%319 3,55?6 1- COOLAID6 , 3(-2&),1-& 12 /%9 -%/ &:% 2,+%

',? ,2 ;1%'2 @? , 2%& (9 )75%2< = 3(-2&),1-& 12 2,&129 %/ 19
,-/ (-5? 19 &:% ,22(31,&%/ ;1%' 12 %;,57,&%/ &( ,- %+0&? 512&<
K(-3%0&7,55?6 %,3: %-&)? 1- , -(-4%+0&? 3(-2&),1-& ;1%' 3()4
)%20(-/2 &( , ;1(5,&1(- &( , /%21)%/ -%&'()* 0)(0%)&?<
K(-2&),1-&2 :%50 0)%;%-& +123(-9 .7),&1(-2 ':%- 3(+4

@1-%/ '1&: (7) -%' &),-2,3&1(- 0)1+1&1;% G/%23)1@%/ 1- "R<o<H
Y- %22%-3%6 , .)(70 (9 -%&'()* 1-&%-/%/ 3:,-.%2 ,)% /%4
35,)%/ ,2 , &),-2,3&1(- ,-/ %>%37&%/ 1- ,- ,554()4-(&:1-.
9,2:1(-< A:% 3:,-.%2 ,)% %99%3&1;% (-5? 19 &:% &),-2,3&1(-
3(++1&2< b%9()% 3(++1&&1-. , &),-2,3&1(-6 COOLAID 3:%3*2
19 ,-? 3(-2&),1-&2 ,)% ;1(5,&%/ @? &:% 3:,-.%26 ,-/ 19 2( ,@()&2

&:% &),-2,3&1(-< D() %>,+05%6 ,- ,33%22 )(7&%) :,2 &'( 1-&%)4
9,3%2 3(--%3&1-. &( &:% 3()% -%&'()*6 ,-/ (-% (9 &:%+ 12
2:7& /('- 9() +,1-&%-,-3%< Y9 ,- (0%),&() +12&,*%-5? ,&4
&%+0&2 &( 2:7& /('- &:% (&:%) 51-*6 273: ,- (0%),&1(- G(-
CInterface &,@5%H '(75/ -(& @% 3(++1&&%/6 @%3,72% 1& ;1(4
5,&%2 &:% 3(-2&),1-& &:,& ,- ,33%22 )(7&%) +72& @% 3(--%3&%/
&( &:% 3()%< E73: 2700()& ,7&(+,&%2 , -%&'()*4'1/% d':,&4
19f ,-,5?2126 ,;(1/1-. %))(-%(72 -%&'()* (0%),&1(-2 /7% &(
(0%),&()2c 5,3* (9 7-/%)2&,-/1-. (9 3(+05%> -%&'()* 97-34
&1(-2 () &:%1) 1-,@151&? &( )%,2(- ,& , 5,).% 23,5%<

3.4 Conguration automation
COOLAID 2700()&2 , -%' 0)1+1&1;% (9 ,7&(+,&1-. -%&'()*

3(-9 .7),&1(- @? ,55('1-. >&#(%' &( ;1%' &,@5%2< E0%319 3,55?6
COOLAID ,55('2 &:% (0%),&()2 &( 20%319? 1-&%-/%/ -%&'()*
3:,-.%2 ,2 1-2%)&J/%5%&%J70/,&% &( ;1%' &,@5%26 &:%- ,7&(+,&4
13,55? 1/%-&19 %2 , 2%& (9 5('45%;%5 3:,-.%2 &( 3(-9 . &,@5%2
&:,& 3,- 2,&129? &:% .1;%- 1-&%-&1(-< D() %>,+05%6 ,- (04
%),&() 3,- %>0)%22 .(,526 51*% %2&,@512: , [IZE 3(--%3&1(-
@%&'%%- &'( 1-&%)9,3%26 @? , 21+05% ;1%' 1-2%)& 2&,&%+%-&6
ActiveVPLSConnection.insert("intA","intB")<
A:% &),/1&1(-,5 +1-/2%& 9() 3(-9 .7),&1(- +,-,.%+%-& 12

&:,& (0%),&()2 G1H 3:,-.% &:% 3(-9 .7),&1(-2 (- (-% () +()%
/%;13%2 ,-/ G11H 3:%3* 19 , -%&'()* 9%,&7)% 3:,-.% 12 %99%3&%/<
A:%2% &'( 2&%02 ,)% )%0%,&%/ 7-&15 &:% 3:%3* 2733%%/2< D() ,
9,15%/ -%&'()* 3:%3*6 &:% (0%),&()2 )%,2(- ,@(7& &:% 2?+04
&(+ ,-/ 9759 55 &:% +1221-. /%0%-/%-31%2 @,2%/ (- /(+,1-
*-('5%/.%< Y- COOLAID6 &( &:% 3(-&),)?6 (0%),&()2 3,- 2&,?
7-,',)% (9 :(' &( )%,51C% 3%)&,1- -%&'()* 97-3&1(-26 1-2&%,/
&:%? 20%319? ,& , :1.:45%;%5 ':,& 97-3&1(-2 &:%? -%%/< Y-
&:% 0)%;1(72 %>,+05%6 &:% (0%),&() (-5? -%%/2 &( /%,5 '1&:
ActiveVPLSConnection ;1%'6 ),&:%) &:,- 9 //51-. '1&: ,55 &:%
/%0%-/%-& -%&'()* 97-3&1(-,51&1%2<

3.5 Network property enforcement
COOLAID ,55('2 &:% (0%),&()2 &( 20%319? 3%)&,1- 0)(0%)&1%2

&( %-9()3% (- &:% -%&'()*< D() %>,+05%6 , -%&'()* +,? @%
)%871)%/ &( 3(-9 .7)% 5((0@,3* YI ,//)%22 (- %;%)? )(7&%)6
,-/ %2&,@512: 97554+%2: 1biI 2%221(-2< B% +(/%5 , /%4
21)%/ -%&'()* 0)(0%)&? ,52( 721-. 3(-2&),1-& ;1%'26 ':15% ,-
%+0&? 3(-2&),1-& +%,-2 &:,& &:% ,22(31,&%/ 0)(0%)&? 12 ;,51/
(- &:% -%&'()*< B:%- &:% 7-/%)5?1-. -%&'()* 3:,-.%26 %./.9
'1&: , -%' )(7&%) 1-&)(/73%/6 3(-2&),1-& ;1(5,&1(-2 +,? (34
37)6 +%,-1-. &:,& 3%)&,1- -%&'()*4'1/% 0)(0%)&1%2 -( 5(-.%)
:(5/< COOLAID &,*%2 ,/;,-&,.% (9 /%5%&1(- (0%),&1(-2 (- ,
;1%' &( ,7&(+,&13,55? )%2(5;% &:% 3(-2&),1-& ;1(5,&1(-2< D()
%>,+05%6 @? 3,551-. LoopbackAddressConstraint.remove all()6
COOLAID ,7&(+,&13,55? 3:,-.%2 )%5,&%/ 3(-9 .7),&1(- &,@5%26
2,? +(/19?1-. CIntfPrefix &,@5% &( 3(-9 .7)% &:% 5((0@,3*
1-&%)9,3%2 1- 87%2&1(-6 2( &:,& &:% 3(-2&),1-& ;1%' @%3(+%2
%+0&?< A:12 +%,-2 &:,& &:% (0%),&() (-5? -%%/2 &( 20%319?
&:% /%21)%/ 0)(0%)&1%26 ,-/ COOLAID 3,- ,7&(+,&13,55? %-4
9()3% &:%+ 1- &:% 9,3% (9 /?-,+13 -%&'()* 3:,-.%2<

3.6 Atomic network operations
S%;13% 9,157)%2 /7)1-. -%&'()* (0%),&1(-2 ,)% -(& 7-3(+4

+(-6 %20%31,55? 1- 5,).%423,5% -%&'()*2< Y9 -(& :,-/5%/
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Figure 5: COOLAID primitives and techniques

0)(0%)5?6 &:%? (9&%- 07& &:% -%&'()* 1- 1-3(-212&%-& 2&,&%2<
= -%&'()* (0%),&1(- 1-;(5;1-. 3(-9 .7)1-. 2%;%),5 )(7&%)2
+1.:& @% ,@,-/(-%/ :,59 ',? @%3,72% (9 7-9()%2%%- 31)37+4
2&,-3%26 273: ,2 ,- 7-%>0%3&%/ &),-21%-& -%&'()* 9,157)%6 ()
(;%)5(,/%/ )(7&%)2< K7))%-& (0%),&1(-,5 0)(3%/7)%2 '(75/
)%871)% , +,-7,5 )(55@,3*6 ':13: +,? @% 1-3(+05%&%6 5%,;4
1-. d()0:,-%/f 3(-9 .7),&1(- %>3%)0&2 ,-/ 5%,/1-. &( 2%374
)1&? :(5%2 () 7-1-&%-/%/ -%&'()* @%:,;1()<
A:% 0)(@5%+ 1- &:% ,@(;% %>,+05% 12 /7% &( &:% 5,3*

(9 d,554()4-(&:1-.f6 () ,&(+131&?6 1- -%&'()* +,-,.%+%-&
0)1+1&1;%2< Y- 9,3&6 '% ,).7% &:,& &:% =KYS 0)(0%)&1%2 (9
&),-2,3&1(-,5 2%+,-&132 G"U<RH6 -,+%5? ,&(+131&?6 3(-2124
&%-3?6 12(5,&1(-6 ,-/ /7),@151&?6 ,)% ,55 :1.:5? /%21),@5% ,2
0)1+1&1;%2 &( 3(+0(2% -%&'()* (0%),&1(-2< A:%? ,)% 0)(4
;1/%/ -,&7),55? 1- COOLAID @? &:% /,&,@,2% ,@2&),3&1(-<
B% -(&% &:,& +(/%)- )(7&%)2 ,5)%,/? ,55(' ,&(+13 3(-9 .4

7),&1(- 3:,-.%2 (- , 0%)4/%;13% @,212< Y- 3(-&),2&6 COOLAID
-(& (-5? %>&%-/2 273: 2%+,-&132 &( , "%(>*&?1>#@% 9,2:4
1(-6 @7& ,52( 2700()&2 ,//1&1(-,5 ,22%)&1(-2 (- -%&'()*4'1/%
2&,&%26 @? 3:%3*1-. 3(-2&),1-& ;1%'26 &( ;,51/,&% &),-2,3&1(-2<

3.7 Summary
Y- &:12 2%3&1(-6 '% :,;% 0)%2%-&%/ ,- (;%);1%' (9 &:%

COOLAID 9),+%'()*< COOLAID @715/2 (- , /,&,@,2% ,@2&),34
&1(- &:,& 3,0&7)%2 ,55 ,20%3&2 (9 &:% -%&'()* ,-/ 1&2 (0%),4
&1(-2 1- , /,&, +(/%56 3(-212&1-. (9 )%.75,)6 3(-9 .6 ,-/ 2&,&72
&,@5%2< COOLAID ,55('2 ;%-/()2 ,-/ 0)(;1/%)2 &( 3(55,@(),4
&1;%5? 3,0&7)% /(+,1- *-('5%/.% 1- &:% 9()+ (9 )75%26 1- ,
/%35,),&1;% 87%)? 5,-.7,.%< b? 5%;%),.1-. 273: *-('5%/.%6
COOLAID 0)(;1/%2 -%' -%&'()* +,-,.%+%-& 0)1+1&1;%2 &(
-%&'()* (0%),&()26 1-357/1-. -%&'()*4'1/% )%,2(-1-.6 +124
3(-9 .7),&1(- 0)%;%-&1(-6 3(-9 .7),&1(- ,7&(+,&1(-6 -%&'()*
0)(0%)&? %-9()3%+%-&6 ,-/ ,&(+13 -%&'()* (0%),&1(-26 ,55 1-
&:% 2,+% 3(:%21;% 9),+%'()*<

4. TECHNIQUES
Y- &:12 2%3&1(-6 '% %>05,1- *%? &%3:-187%2 &:,& COOLAID

7&151C%2 &( %-,@5% &:% -%&'()* +,-,.%+%-& 0)1+1&1;%2 /%4
23)1@%/ 1- "R< D1.7)% V 2:('2 &:%1) )%5,&1(-2:102<

4.1 Query processing
l7%)? 0)(3%221-. 12 %22%-&1,5 9() -%&'()*4'1/% )%,2(-1-.

G"R<OH ,-/ +123(-9 .7),&1(- 0)%;%-&1(- G"R<RH< B% :1.:51.:&
, 9%' /%21.- 3:(13%2 1- @715/1-. &:% 87%)? 0)(3%22() %99 4
31%-&5?6 /%201&% &:% /199%)%-3%2 @%&'%%- COOLAID ,-/ 3(-4
;%-&1(-,5 hSbLE<
D1)2&6 @%21/%2 &),/1&1(-,5 /,&,@,2%42&?5% 87%)1%26 COOLAID

:%,;15? )%51%2 (- )%37)21;% 87%)1%2 /7% &( &:% /12&)1@7&%/ -,4

!"#$%&'()*+,-+!"#$%&'(.*(+!"#$/&)(.*

!"#$%&%'(#)

*+$,#"%'(#)

!"#$/&)(.*+,-+0123"4%&.*(+5#46789%&)(.*

-#).'"%()/$#..(0,1/2%,31.
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Figure 6: Solving updatable view operations

&7)% (9 -%&'()* 0)(&(3(52< h%37)21;% 87%)? %;,57,&1(- ,-/
(0&1+1C,&1(- 12 , '%5542&7/1%/ ,)%, 1- /,&,@,2%2 \O]^< h%3%-&
'()* :,2 ,52( %>,+1-%/ )%37)21;% 87%)1%2 1- , /12&)1@7&%/ %-4
;1)(-+%-& '1&: , )%5,>%/ %;%-&7,5 3(-212&%-3? +(/%5 \OR^<
E%3(-/6 COOLAID+,-,.%2 , +73: 2+,55%) ,+(7-& @7& /124

&)1@7&%/ /,&,< A:% 5,).%2& 0()&1(- (9 &:% /,&, 3(+%2 9)(+
3(-9 .7),&1(-2< Y9 '% ,227+% &:,& , 3(-9 .7),&1(- 9 5% 12
QPPpb (- ,;%),.%6 ,-/ &:%)% ,)% , &:(72,-/ )(7&%)2 1- , -%&4
'()*6 &:%- '% -%%/ )(7.:5? , :7-/)%/ +%.,@?&%2 (9 20,3%
&( 2&()% &:% ),' /,&,< _- &:% (&:%) :,-/6 &:% 3(-9 .7),4
&1(- %>12&2 (- /199%)%-& )(7&%)2 +1.:& )%871)% :7-/)%/2 (9
+15512%3(-/2 (9 )(7-/4&)10 &1+% &( ,33%226 9() , &?013,5 YEI
'1&: -,&1(-,5 9((&0)1-&2< A:%)%9()%6 '% ,5',?2 9 )2& ,..)%4
.,&% ,55 /,&, &( &:% +,1- +%+()? (9 , 3%-&),51C%/ +,2&%)
-(/% G"V<QH @%9()% 87%)? %;,57,&1(-< K%-&),51C%/ 0)(3%224
1-. 12 ,52( 0)%9%))%/ 1- ()/%) &( %-9()3% , 2&)(-. 3(-212&%-3?
+(/%5 ,2 (00(2%/ &( &:% %;%-&7,5 3(-212&%-3? +(/%5 \OR^<
_-3% ,55 /,&, ,)% ,;,15,@5%6 '% ,005? &:% 2%+14-,qr;% %;,574
,&1(- ,5.()1&:+ \O]^6 ':13: 12 @(&: %99 31%-& ,-/ .%-%)136 &(
%;,57,&% )%37)21;% 87%)1%2<
B% 97)&:%) ,005? &:% &%3:-187% (9A0(%&#0;#B%@ $#%> A0#"1

(%"0"-% &( 20%%/ 70 87%)? 0%)9()+,-3%< A:% %-&1)% 3(-&%-&2
(9 ,55 ;1%'2 ,)% 3,3:%/ 1- +%+()? (-3% 3(+07&%/6 ),&:%)
&:,- .%-%),&%/ (-4/%+,-/ ,& %,3: 87%)? %;,57,&1(- &1+%<
M,3: ;1%' :,2 &:% +%&, /,&, &:,& /%23)1@% ':13: @,2% &,@5%2
1& /%0%-/2 (-< _-3% &:% @,2% &,@5%2 (9 , ;1%' ,)% 70/,&%/6
&:% ;1%' 12 #"-&%A%"(0;;) 70/,&%/ @? (-5? 3(+07&1-. &:% /194
9%)%-3%2 &( )%/73% (;%):%,/<

4.2 Updatable view solver
T0/,&,@5% ;1%' (0%),&1(-26 51*% ;1%' 1-2%)&1(-2 () /%5%4

&1(-26 %-,@5% 3(-9 .7),&1(- ,7&(+,&1(- G"R<UH ,-/ -%&'()*
0)(0%)&? %-9()3%+%-& G"R<VH< T-/%)-%,&: &:% 21+05% =IY2
3,55%/ @? (0%),&()26 COOLAID 3(-&)(55%) 9 -/2 &:% 3(-9 . &,@5%
%-&)1%2 &( 3:,-.% &( )%,51C% &:% 1-&%-/%/ ;1%' 3:,-.%2<
B% %>05,1- &'( &%3:-187%2 &( 70/,&% ;1%'2 '1&: /199%)4

%-& &),/%4(992< Y- 0),3&13%6 '% 72% , 3(+@1-,&1(- (9 @(&:
&( ,3:1%;% &:% @%2& 0%)9()+,-3% ,-/ 72,@151&?< D1)2&6 '% /%4
21.-%/ ,- ,7&(+,&13 70/,&,@5% ;1%' 2(5;%)6 721-. 2&,-/,)/
&%3:-187%2 9)(+ I)(5(.6 273: ,2 %>05(),&1(- ,-/ 0)(0,.,4
&1(-< =2 15572&),&%/ 1- D1.7)% o6 &( 1-2%)& ,- %-&)? (x,y)

1-&( View16 '% -%%/ &( )%37)21;%5? .7,),-&%% &705%2 (x,z) ,-/
(z,y) ,)% 1- View1 ,-/ View2< Y9 &:%)% ,)% -( 273: 3(+@1-,4
&1(-6 , )%37)21;% ;1%' 1-2%)&1(- 12 ,&&%+0&%/< D() &:% ;,57% (9
x ,-/ y6 '% 3,- /1)%3&5? 0)(0,.,&% 9)(+ &:% 5%9&4:,-/ 21/% &(
&:% )1.:&4:,-/ 21/%< b7& '% :,;% &( %-7+%),&% &:% 0(221@5%
;,57%2 9() z ,-/ &)? &:%+ (-%4@?4(-%` 2(+% .7%22%/ ;,57%2
+,? -(& @% 0(221@5% &( 1-2%)& 1-&( View26 9() %>,+05%< D()
-(-4)%37)21;% )75%26 &:% )%37)21(- 1- &:12 2(5;1-. 0)(3%22 12



@(7-/%/ @? &:% 5%;%5 (9 /%0%-/%-31%2< D() )%37)21;% )75%26
&:12 2(5;1-. 0)(3%22 +1.:& @% %>0%-21;%` 9() %>,+05%6 &( 1-4
2%)& &705% (x,y) 1-&( View16 '% -%%/ &( 97)&:%) 1-2%)& (x,z)
1-&( View16 ,-/ &:12 +,? .( (- +,-? &1+%2< A:%)% ,)% &'(
*%? 9,3&()2 &:,& *%%0 &:12 0)(3%22 9%,21@5%` G1H B% /( -(&
3:,-.% )%.75,) &,@5%26 @%3,72% &:% ;,57%2 ,)% &)%,&%/ ,2 9,3&2
(9 &:% -%&'()*< =2 , )%275&6 )%.75,) &,@5%2 @(7-/ &:% /(+,1-
9() +,-? 9 %5/2 1- ;1%'2< D() %>,+05%6 View2 12 /%9 -%/ @?
n(1-1-. , 3(-9 . &,@5% ,-/ , )%.75,) &,@5%6 2( &:% &705%2 1-
View2 3,- (-5? 0(221@5? 3(+% 9)(+ Regular1< Y- &:12 3,2%6
COOLAID 3,- @(7-/ &:% %>05(),&1(- 9() 51&%),5 z6 ':%- 1-2%)&4
1-. &( View1< G11H $%&'()* 97-3&1(-,51&1%2 ,)% ,5+(2& ,5',?2
37+75,&1;%6 2( &:,& -%.,&1(-2 ),)%5? (337) 1- &:% )75%2< A:12
.)%,&5? )%/73%2 &:% 2%,)3: 20,3%<
$(&% &:,& COOLAID 0)7-%2 &:% 2(57&1(-2 &:,& ;1(5,&% 3(-4

2&),1-&2< A:% *%? @%-%9 & (9 &:12 ,00)(,3: 12 &:,& COOLAID (-5?
-%%/2 , 21-.5% 2(5;%) &( :,-/5% ,55 0)(&(3(52 ,-/ 9%,&7)%2<
A:% +,1- /('-21/%6 :('%;%)6 12 &:,& &:% )%275&2 0)(;1/%/
@? &:% 2(5;%) +,? -(& ,5',?2 @% 0)%9%))%/< A:% 12 @%3,72%
+,-? 2(57&1(-2 3,- @% 9(7-/ &( 2,&129? &:% 2,+% 70/,&,@5%
;1%' (0%),&1(-< D() %>,+05%6 19 '% ',-& &( %2&,@512: YiI
3(--%3&1;1&? (- , 2%& (9 YEI 3()% )(7&%)26 '% 3,- 72% _EID6
YE4YE6 () 21+05? 2&,&13 )(7&%2< B1&: _EID6 '% 3,- 3(-9 .7)%
, 27@2%& (9 &:% 1-&%)9,3%2 &( %2&,@512: , 20,--1-. &)%% &(73:4
1-. ,55 )(7&%)26 2&155 %-,@51-. ,5540,1) 3(--%3&1;1&?6 ,5&:(7.:
&:12 12 35%,)5? 7-/%21)%/ 9() )%51,@151&? 3(-3%)-2< Y- 0),3&13%6
'% ,221.- 372&(+1C,@5% 0)%9%)%-3% ;,57%2 &( /199%)%-& )75%26
2( &:,& &:% 2(5;%) 0)1()1&1C%2 ,33()/1-.5?<
E%3(-/6 ,- ,5&%)-,&1;% 2(57&1(- 12 &( ,55(' &:% )75% 3(+4

0(2%)2 &( 372&(+1C% )%2(57&1(- )(7&1-%2 9() ;1%' 1-2%)&1(-
,-/ /%5%&1(-< D() %>,+05%6 ':%- ,- 1-2%)&1(- 12 3,55%/ (- ,
;1%'6 &:% 3())%20(-/1-. )%2(57&1(- )(7&1-% 12 %>%37&%/ @,2%/
(- &:% ;,57% (9 &:% 1-2%)&%/ &705%< A:% *%? @%-%9 & 12 &:,& )75%
3(+0(2%)2 :,;% @%&&%) 3(-&)(5 (;%) &:% )%275&1-. 3:,-.%2 &(
&:% -%&'()*< E73: )%2(57&1(- )(7&1-%2 3,- %>05131&5? %-3(/%
&:% @%2& 0),3&13%< D() %>,+05%6 &( %-,@5% _EID 3(--%3&1;1&?6
'% 3,- 372&(+1C% &:% )(7&1-% &( 3(-9 .7)% _EID (- ,55 -(-4
372&(+%) 1-&%)9,3%2 1- &:% 3()% -%&'()*6 3(+0,)1-. &( &:%
.%-%)13 2(5;%) &:,& +,? .1;% , 0,)&1,5 3(-9 .7),&1(-< A:% 9 10
21/% 12 &:% %>&), '()* (- )75% 3(+0(2%)2 &( /%;%5(0 &:%2%
)(7&1-%26 3(+0,)1-. &( 721-. , .%-%)13 2(5;%) &( ,7&(+,&4
13,55? :,-/5% &:% 1-&%-/%/ 3:,-.%2< b,2%/ (- (7) %>0%)14
%-3%6 :('%;%)6 273: )%2(57&1(- 97-3&1(-2 ,)% ;%)? 21+05% &(
/%;%5(06 5,).%5? &:,-*2 &( &:% 7-19 %/ /,&,@,2% ,@2&),3&1(-<
=52(6 &:12 )%871)%2 (-%4&1+% %99()& @? ;%-/()2 () -%&'()* %>4
0%)&26 ':15% &:% (0%),&()2 3,- 2&,? 7-,',)% (9 273: /%&,152<

4.3 Transaction management
L123(-9 .7),&1(- 0)%;%-&1(- G"R<RH ,-/ ,&(+13 -%&'()*

(0%),&1(-2 G"R<oH @(&: )%5? (- &:% &),-2,3&1(- 0)(3%221-. 3,4
0,@151&? 1- COOLAID< B% /%23)1@% &:% &),-2,3&1(-,5 2%+,-&132
,-/ (7) /%21.- 3:(13%2<
Y- &:% 3(-&%>& (9 /,&,@,2%26 , 21-.5% 5(.13,5 (0%),&1(- (-

&:% /,&, 12 3,55%/ , &),-2,3&1(-< =&(+131&?6 3(-212&%-3?6 12(5,4
&1(-6 ,-/ /7),@151&? G=KYSH ,)% &:% *%? 0)(0%)&1%2 &:,& .7,)4
,-&%% &:,& /,&,@,2% &),-2,3&1(-2 ,)% 0)(3%22%/ )%51,@5?< Y-

COOLAID6 , -%&'()* (0%),&1(-,5 &,2* 12 -,&7),55? %>0)%22%/
,2 , /12&)1@7&%/ /,&,@,2% &),-2,3&1(- &:,& +,? 20,- ,3)(22
+75&105% 0:?213,5 /%;13%2< Y- (7) /,&, +(/%56 &:% )%.75,)
&,@5%2 1-:%)1& &:% %>,3& =KYS 0)(0%)&1%2 9)(+ , &),/1&1(-,5
hSbLE< Y-&%)%2&1-.5?6 '% 9 -/ &:,& =KYS 0)(0%)&1%2 -,&74
),55? 9 & 3(-9 . &,@5%2 ,2 9(55('2`
Atomicity: A:% 3(-9 .7),&1(- 3:,-.%2 1- ,- ,&(+13 (0%),4
&1(- +72& 9(55(' ,- d,554()4-(&:1-.f )75%` %1&:%) ,55 (9 &:%
3:,-.%2 1- , &),-2,3&1(- ,)% 0%)9()+%/ () -(-% ,)%< COOLAID
,@()&2 , &),-2,3&1(- 19 9,157)% 12 /%&%3&%/6 ,-/ )(552 @,3* &(
&:% 2&,&% @%9()% &:% &),-2,3&1(- 2&,)&%/< $(&% &:,& ,&(+131&?
,52( ,0051%2 1- , /12&)1@7&%/ &),-2,3&1(-':%)% 3(-9 . 3:,-.%2
1-;(5;% +75&105% /%;13%2< A:% ,&(+13 9%,&7)% .)%,&5? 21+4
0519 %2 &:% +,-,.%+%-& 5(.13 1- :,-/51-. /%;13% ,-/ (&:%)
7-%>0%3&%/ 9,157)%2<
Consistency: A:% /,&,@,2% )%+,1-2 1- , 3(-212&%-& 2&,&% @%4
9()% &:% 2&,)& (9 &:% &),-2,3&1(- ,-/ ,9&%) &:% &),-2,3&1(- &%)4
+1-,&%2 )%.,)/5%22 (9 1&2 (7&3(+%< A:% 3(-212&%-3? /%9 -14
&1(- 1- COOLAID 12 &:,& ,55 3(-2&),1-&2 +72& @% 2,&129 %/< b%4
9()% %,3: 3(++1& 1- , &),-2,3&1(-6 COOLAID 3:%3*2 ,55 &:%
3(-2&),1-&2< Y- 3,2% (9 3(-2&),1-& ;1(5,&1(-26 ,- (0%),&() 3,-
21+05? 1-2&)73& COOLAID &( )(554@,3* &:72 ,@()& &:% &),-2,34
&1(-6 () )%2(5;% ,55 ;1(5,&1(-2 ,-/ 2&155 0)(3%%/ &( 3(++1&<
A:% /,&,@,2% %-/2 70 1- , 3(-212&%-& 2&,&% 1- @(&: 3,2%2<
Isolation: A'( 3(-37))%-& -%&'()* (0%),&1(-2 2:(75/ -(& 1-4
&%)9%)% '1&: %,3: (&:%) 1- ,-? ',?6 #.%.9 ,2 19 @(&: &),-2,3&1(-2
:,/ %>%37&%/ 2%)1,55?6 (-% ,9&%) &:% (&:%)< A:12 12 %871;,5%-&
&( &:% 2%)1,51C,@5% 12(5,&1(- 5%;%5 1- , &),/1&1(-,5 hSbLE<
D() %>,+05%6 ,- (0%),&1(- 1- ,- %-&%)0)12% -%&'()* +1.:&
@% &( ,55(3,&% ,- 7-72%/ [Z=$ 1- &:% -%&'()*< A'( (9
273: 3(-37))%-& (0%),&1(-2 '1&:(7& 12(5,&1(- +1.:& 3:((2%
&:% 2,+% [Z=$ YS @%3,72% &:%? 2:,)% &:% 2,+% ,55(3,&1(-
,5.()1&:+< E73: , )%275& 12 0)(@5%+,&13 ,-/ 3,- 5%,/ &( 2%4
37)1&? @)%,3: () 27@&5% 3(-9 .7),&1(- @7.2< COOLAID 0)(;1/%2
&),-2,3&1(- 12(5,&1(- .7,),-&%%2 &( 0)%;%-& 273: 1227%2<
Durability: _-3% &:% 72%) :,2 @%%- -(&19 %/ (9 &:% 2733%22
(9 , &),-2,3&1(- 3(++1&6 &:% 3(-9 .7),&1(-2 ,)% ,5)%,/? %99%34
&1;% 1- &:% )(7&%)2< L(2& 3(++(/1&? )(7&%)2 ,5)%,/? 0)(;1/%
&:12 0)(0%)&?<
A( 1+05%+%-& &:% =KYS &),-2,3&1(-,5 2%+,-&132 1-

COOLAID6 '% 72% &:% A'(4I:,2% K(++1& 0)(&(3(5 9() ,&(+134
1&? /7% &( 1&2 21+05131&? ,-/ %99 31%-3?a '% 72% B)1&%4=:%,/4
Z(.2 9() 3),2: )%3(;%)?a ,-/ '% 72% E&)13& A'(4I:,2% Z(3*4
1-. 9() 3(-37))%-3? 3(-&)(5 \OW^< A:%2% /%21.- /%3121(-2 ,)%
372&(+1C%/ 9() -%&'()* +,-,.%+%-& 07)0(2%2< D() %>,+4
05%6 '% 9,;() 3(-2%);,&1;%6 0%221+12&13 5(3*4@,2%/ 3(-37)4
)%-3? 3(-&)(5 @%3,72% 3(-37))%-& -%&'()* +,-,.%+%-& (04
%),&1(-2 (337) +73: 5%22 9)%87%-&5? &:,- &?013,5 (-51-% &),-24
,3&1(- 0)(3%221-. G_ZAIH '()*5(,/6 273: ,2 (-51-% @,-*1-.
,-/ &13*%& @((*1-. '%@21&%2< _-3% &'( 3(-37))%-& -%&'()*
(0%),&1(-2 :,;% +,/% 3(-9 13&1-. 3(-9 .7),&1(- 3:,-.%26 1& 12
;%)? %>0%-21;% &( )(55 @,3* ,-/ )%&)? (-% (9 &:%+< B% 3:((2%
&( 0)%;%-& 3(-9 13&2 9)(+ :,00%-1-.6 %;%- ,& &:% 3(2& (9 51+4
1&1-. 0,),55%512+< B% /123722 &:% /%&,15%/ 1+05%+%-&,&1(-2
(9 &),-2,3&1(- +,-,.%+%-& 1- "V<Q<



5. IMPLEMENTATION
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Figure 7: COOLAID system architecture
A:% (;%),55 2?2&%+ ,)3:1&%3&7)% (9 COOLAID 12 /%013&%/

1- D1.7)% k< B% :,;% 1+05%+%-&%/ , 0)(&(&?0% 2?2&%+ 1-
)(7.:5? QR* 51-%2 (9 I?&:(- 3(/% '1&: &'( +,n() 2(9&',)%
01%3%2 /%23)1@%/ -%>&<
5.1 Master node
A:% +,2&%) -(/% 7-19 %2 ,55 /,&, 2(7)3%2 ,-/ +,-,.%2

&:%+ ,2 , 3%-&),51C%/ /,&,@,2%< B% 72% I(2&.)%ElZ ,2 &:%
@,3*%-/ &( +,-,.% )%.75,) &,@5%2< M,3: 0:?213,5 )(7&%) 12
+,-,.%/ @? , h(7&%)Sb G"V<OH 1-2&,-3%6 ':13: %>0()&2 &:%
3())%20(-/1-. 3(-9 . &,@5%2 ,-/ 2&,&72 &,@5%2< A:% 3(-9 . &,4
@5%2 (- h(7&%)Sb2 ,)% ,..)%221;%5? 3(+@1-%/ ,-/ 3,3:%/
(- &:% +,2&%) -(/% 9() 0%)9()+,-3% 1+0)(;%+%-&< B:%- ,-
%-&)? 1- , 3(-9 . &,@5% 12 +(/19 %/6 &:% ,00)(0)1,&% h(7&%)Sb
1-2&,-3% '155 @% 1/%-&19 %/ ,-/ -(&19 %/ G*-('- ,2 :()1C(-&,5
0,)&1&1(-1-. 1- /,&, +,-,.%+%-&H @,2%/ (- &:% 0)1+,)? *%?
(9 &:% %-&)?6 ':13: :,2 &:% 0:?213,5 )(7&%) YS %-3(/%/<
A:% 3(-&)(55%) (- &:% +,2&%) -(/% :,2 &:)%% 3(+0(-%-&2`

Query processor` A:% 87%)? 0)(3%22() 9 )2& 0,)2%2 &:%
/%35,),&1;% )75%2 ,-/ )%')1&%2 &:%+ 1- %>0)%221(-2 (9 )%4
5,&1(-,5 ,5.%@), G2%&4@,2%/ (0%),&1(-2 ,-/ )%5,&1(-,5 (0%)4
,&()2 273: ,2 n(1-6 2%5%3&1(- ,-/ 0)(n%3&1(-H< B% 1+05%4
+%-&%/ , 51@),)? 1- I?&:(-6 '1&: , 72,.% 0,&&%)- 21+15,) &(
Z,-.7,.% Y$&%.),&%/ l7%)? GZY$lH 1- &:% L13)(2(9& <$MA
9),+%'()* \O^6 &( %>0)%22 ,-/ %;,57,&% &:(2% )%5,&1(-,5 %>4
0)%221(-2< A:% 51@),)? 12 3,0,@5% (9 1-&%.),&1-. 87%)1%2 9)(+
I?&:(- (@n%3&26 &,@5%2 1- I(2&.)%ElZ6 ,-/ NLZ /,&,< B%
1+05%+%-&%/ &:% ,5.()1&:+ /%23)1@%/ 1- "U<Q 9() 87%)? %;,54
7,&1(- ,-/ ;1%' +,1-&%-,-3% ,-/ ,- 70/,&,@5% ;1%' 2(5;%)
/%23)1@%/ 1- "U<O<
Meta-data manager` L%&,4/,&,6 273: ,2 &:% /%9 -1&1(-2 (9
,55 &,@5%26 ;1%'2 ,-/ 3(-2&),1-&26 ,)% +,-,.%/ 1- &:% 9()+,&
(9 &,@5%2 ,2 '%55< Y- 0,)&1375,)6 &:% 3(-&)(55%) +,-,.%2 &:%
+%&,4/,&, @? *%%01-. &),3* (9 &:% /%0%-/%-31%2 @%&'%%- &:%
;1%'26 ':13: 12 72%/ @? &:% ;1%' +,1-&%-,-3% ,5.()1&:+
G"U<QH 9() 3,3:1-. ,-/ 1-3)%+%-&,5 70/,&%26 ,-/ 70/,&,@5%
;1%' (0%),&1(-2 G"U<OH<

Transaction manager` A:% +,2&%) -(/% 2%);%2 ,2 , /124
&)1@7&%/ &),-2,3&1(- 3(()/1-,&()6 ,-/ 0,22%2 /,&, )%3()/2 &(
,-/ 9)(+ &:% 7-/%)5?1-. 5(3,5 /,&,@,2% %-.1-%2< Y& /(%2 -(&
:,-/5% ,-? /,&, 2&(),.% /1)%3&5?6 ,-/ ,3:1%;%2 &:% &),-2,34
&1(-,5 =KYS 0)(0%)&1%2 ,2 9(55('2`
2(*A#-#() 0"@ @:&03#;#() ,)% ,3:1%;%/ @? )%,51C1-. &:%

&'(40:,2% 3(++1& 0)(&(3(5 GOIKH \OW^ ,+(-. &:% 7-/%)5?4
1-. /,&,@,2% 0,)&1310,-&2 G#.%.9 I(2&.)%ElZ ,-/ h(7&%)Sb
1-2&,-3%2H` Y- 0:,2% Q6 &:% +,2&%) -(/% ,2*2 ,55 (9 &:% 0,)4
&1310,-&2 &( 0)%0,)% &( 3(++1&< A:% &),-2,3&1(- ,@()&2 19 ,-?
0,)&1310,-& )%20(-/2 -%.,&1;%5? () 9,152 &( )%05? 1- &1+%< _&:4
%)'12%6 1- 0:,2% O6 &:% +,2&%) -(/% 9 72:%2 &:% 3(++1& /%314
21(- &( , 5(. (- /12*6 &:%- ,2*2 ,55 -(/%2 &( 3(++1&<
<*"'#'(%"-) 12 %-9()3%/ @? 3:%3*1-. ,55 3(-2&),1-&2 ,9&%)

&:% 3(++1& )%87%2& 12 )%3%1;%/< T-5%22 ,55 3(-2&),1-&2 ,)%
2,&129 %/ G/1)%3&5? () &:)(7.: ;1(5,&1(- )%2(57&1(-H6 &:% OIK
0)(&(3(5 2&,)&2 &( 3(+05%&% &:% &),-2,3&1(-<
C'*;0(#*" 12 %-9()3%/ @? , .5(@,5 5(3* ,+(-. &),-2,3&1(-2

1- &:% 37))%-& 0)(&(&?0%< M99%3&1;%5?6 &:12 (-5? ,55('2 , 21-4
.5% &),-2,3&1(- ,& , &1+%#&:% +(2& 3(-2%);,&1;% 23:%+%<
B:15% 1& 35%,)5? 51+1&2 &:% 0,),55%512+ 1- &:% 2?2&%+6 2%)1,54
1C1-. &:%+ 12 ,33%0&,@5% ,2 @,3*5(. 12 7-51*%5? %;%- 1- 5,).%
-%&'()*2< T21-. 9 -%)4.),1-%/ 5(3*2 9() :1.:%) 0,),55%512+
3(75/ 1-&)(/73% /12&)1@7&%/ /%,/5(3*26 ':13: 3(75/ @% 3(2&5?
&( )%2(5;%< B% 5%,;% %>05()1-. &:12 &),/%4(99 ,2 97&7)% '()*<
A( )%3(;%) 9)(+ , 3),2: (9 &:% +,2&%) -(/%6 &:% &),-2,34

&1(- +,-,.%) %>,+1-%2 &:% 5(. )%3()/%/ @? &:% OIK 0)(&(3(5<
Y& '155 1-9()+ &:% 0,)&1310,-&2 &( ,@()& 0%-/1-. &),-2,3&1(-2
'1&:(7& 3(++1& +,)*26 ,-/ )%3(++1& &:% )%2&< Y9 &:% +,2&%)
-(/% 3,--(& @% )%2&,)&%/6 1& 12 2&155 0(221@5% 9() -%&'()* (04
%),&()2 &( /1)%3&5? 1-&%),3& '1&: 1-/1;1/7,5 h(7&%)Sb2< A:12
,55('2 ),' ,33%22 ,-/ 3(-&)(5 (;%) &:% -%&'()* 9() %+%)4
.%-3? ,-/ +,-7,5 )%3(;%)?< B% &,5* ,@(7& )%+(;1-. +,2&%)
-(/% ,2 , 21-.5% 0(1-& (9 9,157)% 1- "k<

5.2 RouterDB
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Figure 8: RouterDB implementation
h(7&%)Sb 0)(;1/%2 , OIK43(+051,-& &),-2,3&1(-,5

/,&,@,2% +,-,.%+%-& 1-&%)9,3% 9() , 21-.5% )(7&%) /%;13%<
_7) 37))%-& 0)(&(&?0% '()*2 9() j7-10%) )(7&%)26 @7& 3,- @%
%,215? %>&%-/%/ &( (&:%) )(7&%) ;%-/()2< h(7&%)Sb 7&151C%2
&:% 0)(.),++,@5% =IY2 2&,-/,)/1C%/ @? &:% $%&'()* K(-4
9 .7),&1(- I)(&(3(5 G$MAK_$DH \R^ &( 1-2&,556 +,-1075,&%6
,-/ /%5%&% &:% 3(-9 .7),&1(- (9 -%&'()* /%;13%2 (;%) NLZ<
B:%- , h(7&%)Sb 1-2&,-3% 2&,)&26 1& 72%2 , .1;%- 3)%/%-4

&1,5 &( 1-1&1,&% , $MAK_$D 2%221(- (;%) ssh '1&: &:% 3())%4
20(-/1-. )(7&%)6 ,-/ 9%&3:%2 &:% 37))%-&5? )7--1-. 3(-9 .74
),&1(- 1- NLZ 9()+,&< A:%- , 23:%+, +,00%) 12 72%/ &(
3(-;%)& 3(-9 .7),&1(-2 9)(+ &:% &)%%42&)73&7)%/ NLZ 9()+,&
1-&( )%5,&1(-,5 3(-9 . &,@5%2<



Transaction APIs: A( 70/,&% 3(-9 . &,@5%26 , &),-2,3&1(-
+72& @% 2&,)&%/ @? 3,551-. &:% begin txn h(7&%)Sb =IY< Y&
2,;%2 , 2-,02:(& (9 &:% 37))%-& 3(-9 .7),&1(- 1- NLZ6 ,-/
)%&7)-2 , &),-2,3&1(- 3(-&%>& YS< D7)&:%) /,&, +,-1075,&1(-
(0%),&1(-26 273: ,2 insert6 update6 delete &( &:% 3(-9 . &,4
@5%26 +72& 72% &:% YS &( 1-/13,&% &:%1) &),-2,3&1(- ,99 51,&1(-2<
_-3% , +,-1075,&1(- 3,55 12 )%3%1;%/6 &:% 23:%+, +,00%)
3(-;%)&2 1& @,3* &( ,- NLZ +,-1075,&1(- 2-100%&6 ,-/ 72%2
&:% edit-config $MAK_$D =IY &( 3:,-.% &:% 3(-9 .7),&1(-
(- &:% )(7&%)< $(&% &:,& &:12 3:,-.% 12 +,/% &( , 3,-/1/,&%
&,).%&6 ':13: 12 2%0,),&% 9)(+ &:% )7--1-. 3(-9 .7),&1(- (9
&:% )(7&%)< A:%-6 &:% 70/,&%/ 3(-9 .7),&1(- 1- &:% 3,-/1/,&%
&,).%& 12 9%&3:%/6 ,-/ &:% 3:,-.% 12 0)(0,.,&%/ &( &:% 3(-9 .
&,@5%2 ;1, &:% 23:%+, +,00%)<
A( @% 3(+051,-& '1&: &:% &'(40:,2% 3(++1& 0)(&(3(5

72%/ @? &:% +,2&%) -(/%6 h(7&%)Sb 1+05%+%-&2 &:% prepare6
commit6 ,-/ rollback =IY2< B:%- %>%37&1-. prepare()6 &:%
3(-9 .7),&1(- 1- &:% 3,-/1/,&% &,).%& 12 ;,51/,&%/ @? &:%
)(7&%)< =- 1-;,51/,&%/ 3(-9 .7),&1(- '155 ),12% ,- %>3%0&1(-
2( &:,& &:% &),-2,3&1(- '155 @% ,@()&%/< S7)1-. commit()6 &:%
3(-9 .7),&1(- 1- &:% 3,-/1/,&% &,).%& 12 9 )2& +,/% %99%3&1;% @?
12271-. , commit $MAK_$D 3,556 ,-/ &:%- &:% 2,;%/ 2-,04
2:(&2 ,)% 9)%%/< S7)1-. rollback()6 &:% 3,-/1/,&% &,).%& 12
/123,)/%/ (- &:% )(7&%)<
Placement:B% 3:(2% &( :(2& , h(7&%)Sb 35(2% &( &:% 3())%4
20(-/1-. )(7&%)6 %./.9 (- &:% 2,+% Z=$6 )%51,@5? 3(--%3&1-.
&( &:% /%/13,&%/ +,-,.%+%-& 1-&%)9,3%< A:% 05,3%+%-& 12
,/;,-&,.%(72 (;%) :(2&1-. h(7&%)Sb (- &:% 0:?213,5 )(7&%)
1&2%59 @%3,72%` G1H S,&, 0)(3%221-. (- h(7&%)Sb 12 12(5,&%/
9)(+ (&:%) &,2*2 (- &:% )(7&%)6 ,-/ 1& 12 .7,),-&%%/ -(& &(
3(+0%&% 9() )(7&%) )%2(7)3%2 G%./.9 KIT ,-/ +%+()?Ha G11H
B:%- h(7&%)Sb 12 2%0,),&%/ 9)(+ &:% )(7&%)6 1& 12 +73:
+()% 51*%5? &( /199%)%-&1,&% 9,157)%2 @%&'%%- h(7&%)Sb ,-/
&:% 0:?213,5 )(7&%) 9)(+ &:% +,2&%) -(/%6 ,-/ &)%,& &:%+
/199%)%-&5?a G111H _-5? 2%5%3&%/ :1.:4%-/ 3(++%)31,5 )(7&%)2
0)(;1/% %-(7.: 0)(.),++,@151&? &( @715/ h(7&%)Sb \OQ^<
_- &:% (&:%) :,-/6 @? 05,31-. h(7&%)Sb 35(2% &( &:% )(7&%)
1-2&%,/ (9 &:% +,2&%) -(/%6 '% :,;% &:% (00()&7-1&? &( )%4
/73% &:% ,+(7-& (9 /,&, &),-29%))%/ 9)(+ h(7&%)Sb &( &:%
+,2&%) -(/%6 @? 072:1-. 2(+% /,&,@,2% (0%),&()26 273: ,2
9 5&%)26 1-&( h(7&%)Sb<
Handling failures: D(55('1-. &:% B)1&%4=:%,/4Z(. 0)(&(4
3(5 \OW^6 h(7&%)Sb )%3()/2 %;%)? (0%),&1(- 1- , 5(. 9 5% (-
0%)212&%-& 2&(),.%< B:%- )%3(;%)1-. 9)(+ , 0)%;1(72 3),2:6
h(7&%)Sb 5(3,&%2 ,55 (-.(1-. &),-2,3&1(-2 ,& &:% &1+% (9
3),2:6 )(552 @,3* &:% (-%2 &:,& ,)% -(& 3(++1&&%/6 ,-/ )%4
3(++1&2 &:(2% &),-2,3&1(-2 &:,& &:% +,2&%) -(/% :,2 1227%/
3(++1& 3(++,-/2<
S7)1-. &:% /('-&1+% (9 , h(7&%)Sb 1-2&,-3%6 &:% +,2&%)

-(/% 2&155 :,2 &:% 3(-9 .7),&1(- /,&, 1- 1&2 3,3:% 2( &:,& 1& 12
)%,/,@5%< m('%;%)6 ,-? ')1&% )%87%2&2 '155 @% /%-1%/< A:%
/,&, 1- 3())%20(-/1-. 2&,&72 &,@5%2 @%3(+% 7-,;,15,@5% &((<
I:?213,5 )(7&%) 9,157)%2 /%&%3&%/ @? h(7&%)Sb ,)% )%4

0()&%/ &( &:% +,2&%) -(/%6 ':13: &%+0(),)15? +,)*2 &:% )%4
5,&%/ %-&)1%2 1- &:% )%.75,) &,@5% 3,3:%2 ,2 d(99 1-%f 2( &:,&

&:%? /( -(& 2:(' 70 1- 87%)? )%275&26 7-&15 &:% 0:?213,5 )(7&%)
3(+%2 @,3* (-51-%< _0%),&()2 3,--(& 3:,-.% 3(-9 .7),&1(-
() 3:%3* 2&,&72 (- &:% )(7&%) /7)1-. &:% (99 1-% &1+%<

6. EVALUATION
B% %;,57,&%/ 2%;%),5 *%? ,20%3&2 (9 COOLAID &( 2:(' &:,&

1& %99%3&1;%5? )%/73%2 :7+,- '()*5(,/ ,-/ 0)%;%-&2 +123(-4
9 .7),&1(-2 1- )%,512&13 +,-,.%+%-& &,2*26 ,& &:% 2,+% &1+%
23,5%2 &( 5,).% -%&'()*2< B% 72%/ j7-10%) Lk1 )(7&%)2 )7-4
-1-. jT$_E []<V< A:% Z1-7> 2%);%)26 ':13: :(2& +,2&%)
-(/%2 ,-/ h(7&%)Sb 1-2&,-3%26 '%)% %87100%/ '1&: Y-&%5
S7,5 K()% O<ooimC 0)(3%22()2 ,-/ Uib h=L<

6.1 Automating conguration
B% 3)%,&%/ &:% -%&'()* &(0(5(.? (9 Y-&%)-%&4O 3()% -%&4

'()*'1&: QP )(7&%)2 ,-/ QR 51-*2 (- &(0 (9 &:% E:,/('$%&
05,&9()+ \QP^ 9() -%&'()* %>0%)1+%-&,&1(-< A:% ,3&7,5
)(7&%) 1-2&,-3%2 ,)% /12&)1@7&%/ ,3)(22 A%>,26 Y551-(12 ,-/
K,519()-1,< b%21/%2 &:% 51-*2 1- &:% &(0(5(.?6 %,3: )(7&%) :,2
,-(&:%) 1-&%)9,3% 3(--%3&1-. , 5(3,5 ;1)&7,5 +,3:1-%6 21+74
5,&1-. , 372&(+%) 21&%< B% )7- (-% h(7&%)Sb 9() %,3: )(7&%)
,-/ , 21-.5% +,2&%) -(/% 1- Y551-(12< =55 )(7&%)2 1- &:12 %>4
0%)1+%-& 2&,)&%/ '1&: +1-1+7+ 3(-9 .7),&1(-2 &:,& (-5? /%4
23)1@% 1-&%)9,3%45%;%5 0:?213,5 3(--%3&1;1&?<
_7) .(,5 12 &( 3(-9 .7)% , [IZE 2%);13% 3(--%3&1-. &'(

372&(+%)49,31-. 1-&%)9,3%2 (- &'( /199%)%-& )(7&%)2< A:12 12
, :%,;15? 1-;(5;%/ 0)(3%/7)% ,2 (0%),&()2 -%%/ &( /%,5 '1&:
,55(3,&1-. 1-&%)9,3% YI26 3(-9 .7)1-. _EID () YE4YE )(7&1-.6
1biI 2%221(-26 @715/1-. , LIZE -%&'()* '1&: hE[I 21.4
-,51-.6 %2&,@512:1-. ZEI2 ,-/ 9 -,55? &:% [IZE 1-2&,-3%2<
Y9 ,- (0%),&() '%)% &( +,-7,55? 0%)9()+ &:% &,2* %-&1)%5?6

2:% +72& 2&,)& '1&: %>%37&1-. ,& 5%,2& OV 51-%2 (9 3(-9 .4
7),&1(- 3(++,-/2 (- ,;%),.% (- ,55 )(7&%)26 ,-/ ] ,//14
&1(-,5 51-%2 (- &:% &'( 372&(+%)49,31-. )(7&%)26 1- &(&,5 OoW
51-%2< D() 5,).%) -%&'()*2 '1&: +()% )(7&%)2 ,-/ 51-*26 &:12
-7+@%) 2:(75/ 1-3)%,2% 51-%,)5?< A:% 51-%2 (9 3(-9 .7),&1(-
3:,-.%2 12 +%,27)%/ @? show configuration | display set (-
jT$_E6 ':13: /1205,?2 &:% 37))%-& 3(-9 .7),&1(- '1&: +1-14
+7+ -7+@%) (9 3(++,-/2< Y- )%,51&?6 &:% ,3&7,55? %>%37&%/
3(++,-/2 ,)% 727,55? +()%< b%21/%26 &:12 -7+@%) /(%2 -(&
)%9 %3& &:% +,-7,5 )%,2(-1-. %99()& &( )%,51C% &:12 [IZE 2%)4
;13%6 ':13: 3(++(-5? )%871)%2 +75&105% 1&%),&1(-2 (9 &)1,54
,-/4&%2& ,-/ ,33%221-. 5('45%;%5 KZY2<
Y- COOLAID6 %-,@51-. 273: , 3(+0513,&%/ 2%);13% )%4

871)%2 , '#"/;% (0%),&1(- @? &:% (0%),&()6 3,551-.
ActiveVPLSConnection.insert(int1 id,int2 id)< A:12 2&,?2 &:%
2,+% -( +,&&%) :(' 5,).% &:% -%&'()* 12< =52(6 &:% (0%),&()
/(%2 -(& :,;% &( /%,5 '1&: ,-? (9 &:% /%0%-/%-31%2<

6.2 Handling network dynamics
Y- 3(-&),2& &( &:% 0)%;1(72 2%&706 '% 2&,)&%/ '1&: , '%554

3(-9 .7)%/ ]4)(7&%) 27@2%& (9 &:% =@15%-% -%&'()* &(0(54
(.? (- E:,/('$%&< A:% 1-&%-&1(- 12 &( 2&7/? :(' COOLAID
%-9()3%2 -%&'()* 0)(0%)&1%2 ':%- -%'6 @,)%5? 3(-9 .7)%/
)(7&%)2 ,)% 1-&)(/73%/ 1- ,- %>12&1-. -%&'()*< B:%- &:% )%.4
75,) &,@5%2 '%)% 70/,&%/ &( 1-357/% &:% QP&: )(7&%) ,-/ &:%
,22(31,&%/ 51-*26 2%;%),5 -%&'()* 0)(0%)&1%2 &:,& '%)% 20%34



19 %/ ,2 3(-2&),1-&2 '%)% 1++%/1,&%5? 9 ,..%/ ,2 ;1(5,&%/<
D() %>,+05%6 LoopbackAddressConstraint 2:('%/ &:,& &:% -%'
)(7&%) /1/ -(& :,;% ,- 5((0@,3* 1-&%)9,3% 3(-9 .7)%/ '1&: ,
0)(0%) YI ,//)%22 ,-/ BGPFullMeshConstraint )%0()&%/ &:,& &:%
-%' )(7&%) :,/ -( 1biI 2%221(-2 &( (&:%) )(7&%)2< COOLAID
3:%3*2 3(-2&),1-&2 9() 0)(0%)&? %-9()3%+%-& ':%-%;%) &:%)%
12 , -%&'()* 3:,-.%6 ,-/ ,7&(+,&13,55? &)1%2 &( )%2(5;% &:% ;14
(5,&1(-2< Y- &:12 3,2%6 &:% 372&(+1C%/ ;1%' 2(5;%) ',2 72%/
&( 0)(/73% Oo 51-%2 (9 3(-9 . 3:,-.%2 (- &:% -%' )(7&%)6 ,-/
] 51-%2 (- &:% %>12&1-. )(7&%)2 9() 1biI 2%221(-26 273: &:,&
20%319 %/ -%&'()* 0)(0%)&1%2 ,)% %-9()3%/ ,7&(+,&13,55?<

6.3 Performance
Y- &:12 2%3&1(- '% 12(5,&% &:% Sb 0)(3%221-. 3,0,@151&?

9)(+ /%;13% ,33%22 (;%):%,/ &( %;,57,&% &:% 0%)9()+,-3% (9
&:% ;1%' 87%)? 0)(3%22() ,-/ &:% ;1%' 70/,&% 2(5;%)<

$%&'()* =@15%-% R]ok QkVV QOOQ oUoQ ROVk QOR]
h(7&%) t QP k] Wk QPW QUQ QoQ RQV
Z1-* t QR QUk QoQ QVR RkU ROW ]kO
A1+% G+2H P<R OP OU OW kR QQo V]O

Table 1: Query processing time for OSPFRoute
Processing queries: A( %;,57,&% &:% 87%)? 0)(3%221-. 0%)4
9()+,-3%6 '% 3:(2% &:% )%37)21;% ;1%' OspfRoute @%3,72% 1&
12 (-% (9 &:% +(2& %>0%-21;% 87%)1%26 ':%)% &:% 3(+05%>4
1&? .)('2 87,/),&13,55? '1&: &:% -%&'()* 21C%< B% 72% &:%
&(0(5(.1%2 (9 =@15%-% @,3*@(-% ,-/ 9 ;% (&:%) =E%2 1-9%))%/
@? h(3*%&97%5 \RR^< A:% 3(-9 . &,@5%2 '%)% 1-1&1,51C%/ 273:
&:,& ,55 1-&%)9,3%2 (- %,3: )(7&%) ,)% _EID %-,@5%/6 1-357/4
1-. &:% 5((0@,3* 1-&%)9,3%2< A:%- '% 87%)1%/ OspfRoute &(
.%& &:% _EID )(7&%2 (- ,55 )(7&%)2 9() %,3: &(0(5(.?< A:%
87%)? &1+% 12 2:('%/ 1- A,@5% Q< Y& (-5? &((* P<R+2 &(
3(+05%&% &:% 87%)? 9() =@15%-%< D() &:% 5,).%2& &(0(5(.?
(- =EQOR] '1&: RQV )(7&%)2 ,-/ ]kO 51-*26 1& &((* 5%22 &:,-
oPP+2< A:12 27..%2&2 &:,& 0)(3%221-. 87%)1%2 :,2 -%.51.1@5%
(;%):%,/ 3(+0,)%/ '1&: /%;13% )%5,&%/ (0%),&1(-26 273: ,2
0:?213,55? 3(++1&&1-. 3(-9 . &( )(7&%)2 G(- &:% ()/%) (9 &%-2
(9 2%3(-/2 (- &:% j7-10%) )(7&%)2H<

K,2% Q` _EID K,2% O` 1biI K,2% R` 1biI 'J _EID
QU<QQO2 QU<OWk2 P<POV2

Table 2: Time to solve view updates
Solving view updates: B% &%2&%/ (7) ;1%' 70/,&% 2(5;%)
1- &:)%% 3,2%2 '1&: &:% =@15%-% &(0(5(.?< B% 013*%/ , 0,1)
(9 )(7&%)2 G&Q ,-/ &OH &:,& ,)% 9,)&:%2& 9)(+ %,3: (&:%) 1- &:%
&(0(5(.?< Y- K,2% Q6 2&,)&1-. '1&: &:% +1-1+,5 3(-9 .7),&1(-6
'% 1-2%)&%/ &'( &705%2 1-&( OspfRoute6 1-&%-/1-. &( :,;% &:%
5((0@,3* YI2 (9 &Q ,-/ &O )%,3:,@5% &( %,3: (&:%) ;1, _EID<
Y- K,2% O6 ,52( 2&,)&1-. '1&: &:% +1-1+7+ 3(-9 .7),&1(-6 '%
1-2%)&%/ , 21-.5% &705% 1- ActiveIBgpSession6 1-&%-/1-. &( 3)%4
,&% ,- 1biI 2%221(- @%&'%%- &Q ,-/ &O< Y- K,2% R6 '% 2&,)&%/
'1&: , -%&'()* '1&: _EID 3(-9 .7)%/ (- ,55 )(7&%)26 ,-/ 0%)4
9()+%/ &:% 2,+% (0%),&1(- ,2 1- K,2% O< =2 3,0&7)%/ @? &:%
)75%26 ,3&1;% 1biI 2%221(-2 /%0%-/ (- YiI 3(--%3&1;1&?6 2(
1- K,2% O &:% 2(5;%) ,7&(+,&13,55? 3(-9 .7)%/ _EID &( 3(-4
-%3& &Q ,-/ &O 9 )2& ,-/ &:%- 3(-9 .7)%/ biI (- @(&: )(7&%)2<

A,@5% O 2:('2 &:% )7--1-. &1+% 9() %,3: 3,2%< B% (@4
2%);% &:,& G1H K,2% R ',2 +73: 9,2&%)6 @%3,72% &:% 2(5;%)
',2 ,@5% &( 5%;%),.% %>12&1-. 3(-9 .7),&1(-2a G11H K,2% Q ,-/
K,2% O &((* ,@(7& &:% 2,+% ,+(7-& (9 &1+%6 @%3,72% &:%
_EID 2%&70 /(+1-,&%/< A:% _EID 2%&70 1- K,2% Q 12 25('
@%3,72% 1& 2&,)&2 '1&: , -%&'()* '1&:(7& 3(-9 .7),&1(- ,-/
)%871)%2 +75&105% 5%;%52 (9 )%37)21(- &( 2(5;% &:12 ;1%' 1-4
2%)&1(-< B:15% QU 2%3(-/2 12 -(& 2:()&6 1- 0),3&13%6 (-% (-5?
-%%/2 &( 3(-9 .7)% _EID 9() , -%&'()* (-3%6 ,-/ +(2& (9
&:% 3(++(- &,2*26 1-357/1-. 3(-9 .7)1-. , -%' )(7&%) &( )7-
_EID6 ,)% 1-3)%+%-&,5 &( %>12&1-. 3(-9 .7),&1(-26 &:72 3,-
@% /(-% 8713*5?6 51*% 1- K,2% R<
B% ,52( %;,57,&%/ &:% 2,+% &,2*2 721-. &:% )75%2 '1&: 3724

&(+1C%/ )%2(57&1(- )(7&1-%2< Y- &:12 3,2%6 ;1%' 70/,&% (0%)4
,&1(-2 ,)% ,3:1%;%/ @? 3,551-. , 3:,1- (9 :,)/43(/%/ )%2(574
&1(- )(7&1-%26 &:72 &:% )%,2(-1-. (;%):%,/ 12 C%)(<

6.4 Transaction overhead
E&%0 Q E&%0 O _7&3(+%

'J( COOLAID W<U2 W<U2 S123(--%3&%/ -%&'()*
'J COOLAID W<U2 h%n%3&%/ S12)70&1(- ,;(1/%/

Table 3: Network operations with and without COOLAID

A( 2&7/? &:% /%;13%4)%5,&%/ 0%)9()+,-3% ,-/ &),-2,3&1(-
(;%):%,/6 '% 72% &:% 9(55('1-. 2%&70< D1)2&6 '% ,227+% R
)(7&%)2 &Q4&R '1&: 0,1)4'12% 51-*26 ,-/ ,55 )(7&%)2 ,)% 3(-9 .4
7)%/ '1&: _EID< Y- 2&%0 Q6 '% 2:7& /('- &:% 51-* @%&'%%- &Q
,-/ &O G@? /12,@51-. (-% (9 1&2 1-&%)9,3%2H< E73: (0%),&1(-2
,)% 3(++(- 9() +,1-&%-,-3% 07)0(2% ,-/ @%-1.-6 @%3,72%
&:% -%&'()* 12 2&155 3(--%3&%/< Y- 2&%0 O6 '% &)? &( 2:7& /('-
&:% 51-* @%&'%%- &Q ,-/ &R &( %+75,&% , +123(-9 .7),&1(-
&:,& '(75/ 3,72% , -%&'()* 0,)&1&1(-<
B% 3(+0,)% &:% %>0%)1%-3% (9 721-. COOLAID &( 0%)9()+

273: (0%),&1(-2 '1&: 721-. , 23)10& &:,& /1)%3&5? 3,552 $MA4
K_$D =IY26 ,-/ &:%- 2:(' &:% )%275& 1- A,@5% R< B1&:(7&
COOLAID6 &:% &'( 2&%02 &((* W<U 2%3(-/2 %,3:6 %-/1-. '1&:
, /123(--%3&%/ -%&'()*< A:% &1+% 12 +(2&5? 20%-& @? &:%
)(7&%) 1-&%)-,55? &( ;,51/,&% ,-/ 3(++1& &:% -%' 3(-9 .7),4
&1(-< B1&: COOLAID6 2&%0 Q &,*%2 &:% 2,+% ,+(7-& (9 &1+%6
27..%2&1-. , -%.51.1@5% (;%):%,/ 1- 3(-2&),1-& 3:%3*1-. ()
,-? (&:%) %>&), (;%):%,/ 1-&)(/73%/ @? COOLAID< b%3,72% '%
20%319 %/ , 3(-2&),1-& &:,& %;%)? )(7&%)c2 5((0@,3* YI +72& @%
)%,3:,@5% &( ,55 (&:%) )(7&%)26 2&%0 O 12 )%n%3&%/ @? COOLAID
@%9()% 1& 3(75/ &,*% %99%3& (- &:% ,3&7,5 )(7&%)2<

7. DISCUSSION
Feasibility: T21-. &:% /,&,@,2% ,@2&),3&1(- ,-/ &:% /%35,),4
&1;% )75%2 )%0)%2%-&2 , /),2&13 @7& )%,2(-,@5% 2:19&< D1)2&6 -%&4
'()* /,&,@,2%2 ,)% 3(++(-5? 0),3&13%/ 1- +(/%)- YEI2 \k^<
A:% %+%).1-. &)%-/ (9 NLZ4@,2%/ 3(-9 .7),&1(- 9 5%2 97)4
&:%) )%/73%2 &:% %99()&6 21-3% NLZ 9 5%2 3,- @% /1)%3&5?
87%)1%/< E%3(-/6 ,33()/1-. &( (7) %>0%)1%-3%6 &:% &1+%4
3(-27+1-. 0,)& (9 ')1&1-. &:% )75%2 12 &( /%)1;% &:% 3())%3&
/%0%-/%-3? @? )%,/1-. /(37+%-&,&1(-2 ,-/ 0%)9()+1-. 9 %5/
&%2&2< Y- )%,51&?6 '% 9(7-/ &:% ,+(7-& (9 '()* +,-,.%,@5%
9() , 21-.5% .),/7,&% 2&7/%-& &( /%310:%) [IZE6 /%201&% &:%



3(+05%> /%0%-/%-3? 1-;(5;%/< D7)&:%)+()%6 ,2 '% :,;%
27..%2&%/6 '% %-;121(- ,- %-;1)(-+%-& ':%)%6 1- ,//1&1(-
&( 0)(;1/1-. &:% &%>& /(37+%-&26 ;%-/()2 3,- ,52( 0)(;1/%
51@),)1%2 (9 )75%2< E73: ,- ,00)(,3: .)%,&5? 21+0519 %2 &:%
2%);13% 3)%,&1(- @? 2%);13% 0)(;1/%)2<
Deployment: B:15% COOLAID 12 /%21.-%/ &( &,*% (;%) +,-4
,.1-. &:% ':(5% -%&'()*6 '% -(&% &:,& 1& 12 ,+%-,@5% &( , ;,4
)1%&? (9 0,)&1,5 /%05(?+%-& 23%-,)1(2< D() %>,+05%6 COOLAID
3,- 1-1&1,55? '()* 1- , )%,/4(-5? +(/% &( ,2212& -%&'()* )%,4
2(-1-.< B:%- (0%),&()2 ,)% 3(+9()&,@5% %-(7.: ,@(7& 721-.
&:% -%' /,&,@,2% 0)1+1&1;%26 &:%? 3,- .),/7,55? %-,@5% ')1&%
0%)+1221(- &( 3(-9 . &,@5%2< $(&% &:,& 3(-9 .7)1-. 3%)&,1-
-%&'()* 9%,&7)%2 /( -(& )%871)% &(73:1-. ,55 )(7&%)2<
Availability: Y- &:% 37))%-& 3%-&),51C%/ 1+05%+%-&,&1(-6 &:%
2?2&%+ 12 -(& ,;,15,@5% ':%- &:% +,2&%) -(/% 12 (99 1-%< A(
)%+(;% &:12 21-.5% 0(1-& (9 9,157)%6 '% 3,- ,/(0& &:% )%0514
3,&%/ 2&,&% +,3:1-% ,00)(,3: \RO^ ':%)% +75&105% 3(01%2
(9 &:% COOLAID 3(-&)(55%) ,)% )7--1-. 21+75&,-%(725? ,2 0)14
+,)? -(/% ,-/ @,3*70 -(/%2< =-(&:%) ,5&%)-,&1;% 12 &( ,/(0&
, 9755? /%3%-&),51C%/ ,)3:1&%3&7)%6 ':%)% ,55 87%)? 0)(3%224
1-. ,-/ &),-2,3&1(- +,-,.%+%-& 12 :,-/5%/ 1- , /12&)1@7&%/
9,2:1(- @? h(7&%)Sb 1-2&,-3%2< A:%)% ,)% 2(0:12&13,&%/ ,54
.()1&:+2 ,-/ 0)(&(3(526 273: ,2 I,>(2 3(++1& \Qo^6 &:,& ,)%
/%21.-%/ 9() &:12 23%-,)1(< m(' &:%? 3(+0,)% '1&: &:% 3%-4
&),51C%/ ,)3:1&%3&7)% 1- 0%)9()+,-3% ,-/ %,2% (9 +,1-&%-,-3%
12 ,- 1-&%)%2&1-. /1)%3&1(- 9() (7) 97&7)% '()*<
Limitations: G1H h(7&1-. 0)(&(3(52 ,)% -(& &),-2,3&1(-4
,',)%6 ,2 &:%? )%871)% &1+% &( 3(-;%).% 70(- 3(-9 .7),&1(-
3:,-.%2< A:% ()/%) ,-/ &1+1-. (9 273: 3:,-.%2 ,)% 1+0()4
&,-& 1- /%&%)+1-1-. &:% 3(-2%87%-3%26 %./.9 &%+0(),)? )(7&4
1-. 5((02 ,-/ )(7&% (23155,&1(-2< A:%)%9()%6 &),-2,3&1(- )(554
@,3* 2700()& 9() :,-/51-. 9,157)%2 1- 273: &,2*2 12 727,55? 1-4
,/%87,&% '1&:(7& 3)%,&1-. 3,2%420%319 3 :,-/5%)2 &( /%,5 '1&:
9,157)% %>3%0&1(-2< G11H Y& 12 0(221@5% &:,& 2(+% )%2(7)3%2 ,)%
)%5%,2%/ /7)1-. &:% &),-2,3&1(- %>%37&1(- ,-/ 3,--(& @% )%4
,3871)%/ 1- &:% 3,2% (9 )(55@,3*< A:% 0)(@5%+ 3(75/ @% ,/4
/)%22%/ &:)(7.: , 5(3*1-. +%3:,-12+ &( :(5/ &:% )%2(7)3%2
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