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Loop enumeration Algorithm
1. for each destination d

1. Build graph Gy
* |nitial and final next hops for destination d

2. for each loop in G4 create ordering constraint
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1. for each destination d

1. Build graph Gy
* |nitial and final next hops for destination d

2. for each loop in G4 create ordering constraint

2. solve the problem using a Linear Programm
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Routing Iree Heuristic

e computes constraints for each destination

e migrate next-hop changing routers after

e forwarding path is established
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Routing Iree Heuristic

e computes constraints for each destination

e migrate next-hop changing routers after
e forwarding path is established

* polynomial respect to input size
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Routing Iree Heuristic

e computes constraints for each destination
e migrate next-hop changing routers after
e forwarding path is established

* polynomial respect to input size

* not guaranteed to find a solution

e rare in carefully designed networks
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Routmg Tree Heurlstlc

1. for each destination d

greedy run to generate set Sy

2. generate set Vjy

3. build graph G4
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Routing lree Heuristic

1. for each destination d

1. greedy run to generate set Sy

2. generate set Vjy

3. build graph G4
4. constraints: migrate router after all its successors
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1. for each destination d

1. greedy run to generate set Sy

2. generate set Vjy

3. build graph G4
4. constraints: migrate router after all its successors

2. topological sort of the final graph
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e per-router ordering does not exist or
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| Per-Destination Ordering

e per-router ordering does not exist or

* Routing Tree Heuristic does not find a solution
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Per-Destination Ordering

e per-router ordering does not exist or

* Routing Tree Heuristic does not find a solution

* applied to problematic destinations only
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| Per-Destination Ordering

e per-router ordering does not exist or

* Routing Tree Heuristic does not find a solution

* applied to problematic destinations only

euristic

* Use constraints generated in Routing Tree
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Method discussion
e always migrate one router after the other

* why not migrate a subset of routers?

* why not migrate only part of the routers?
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Method discussion
e always migrate one router after the other

* why not migrate a subset of routers?

* why not migrate only part of the routers?
e other approach introducing version numbers

e packets need to be adapted

 when can | delete old configurations?

05.03.2014 Seminar in Distributed Computing - Jochen Zehnder

25/ 32



e e - e — - W —— - —
— — - - - - -~ - —— -w- T EEEE W v B % W T W e e —
—— - - —— awm W W W — —
— — - -e - —_— - - - —— . -
— — — - - — - — — - - - — - . — .
— o — .- - —_— T — -
- - e - - TS — -
- . - - T T W § W W W . — -
| — - S A — - -_mewwe - B it A — -
- - — - - —— - - O w —_ -
- - T ———— . —— O ——— - — —_
E— e e W SR SR S AT T — el - B ettt Lad -
——— | e—— o — . —— — TR S W W w- — -
| — - - — T w— .- — -
— —— - - ——————— o — —— . — - — -
— -_— — e — -— — -
—— - — e —— e e . . - p—

Evaluation

26/ 32



|
1
|
I

- - —- o ww - —- —
e - - - . T -w- —— - P R —
- * awm W W W — —
- - - | — - - W ——— . -
- | — | — — | — - — - - — - — - . -—
- — o — - - - . —_—
- - - L —
n _——— .. T RN R W T W e .- . S~
- S — - - _mwwe - et —_— -
- — - - - - T — - » — -
- - -~ - - — -- s — —
- AR P S AR T S Y - = - R MR SR R R E e s - e~ -
- O — — — R S W W% W - C— -
- - - et - -
-— I — A T S — - - — -
— e e e — — —
- — e —— . e e . - S—

* Rocketfuel project

05.03.2014

Seminar in Distributed Computing - Jochen Zehnder

27 | 32



e e - - — - — - —- —_—
— — - -~ — -w- S W Y W R W T W W ~ - —
—— - —— awm T W W W W — —
— — - - — - —_— T ———— -
— — - - - — - — - T ————— -~ — .
— o — - - —_— - - —— - _ -
- - C—— - TSR - — -
- - - - T T W § W W W . - -
| — - S — .- _mawws - - . —_— -
— o — - —— - - T — » —- -
- = . ———— L —— . —— . — - — —_
A NS R DU W R SRR S S A T S_— W — el - SR MR R e R m e s - - -
— —— - — R S W - - — -
| — e— -—- - — T w— .- C— -
— —— e - ——————— o — o — - - — -
- — e e et e e - — p—

|
'l
|

l

* Rocketfuel project

e AS of different sizes
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* Rocketfuel project

e AS of different sizes

* smallest: 79 nodes and 294 edges
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* smallest: 79 nodes and 294 edges

* pbiggest: 315 nodes and 1944 edges
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* Rocketfuel project

e AS of different sizes

* smallest: 79 nodes and 294 edges
* pbiggest: 315 nodes and 1944 edges

e pan-European research network (Geant)
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Dataset
* Rocketfuel project

e AS of different sizes

* smallest: 79 nodes and 294 edges
* pbiggest: 315 nodes and 1944 edges

e pan-European research network (Geant)

e 306 routers and 53 links
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e AS of different sizes

* smallest: 79 nodes and 294 edges

* pbiggest: 315 nodes and 1944 edges

e pan-European research network (Geant)

e 306 routers and 53 links

e emulation
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Time taken to compute an ordering in flat2hier (Rocketfuel topologie)

Seminar in Distributed Computing - Jochen Zehnder

28 [ 32



-

—- - . R W - p—
—— -w- AR WB Y W W W T W - - —
—— -wm T W W W W WO —— —
- —_— ——— T ————— -—
— - T ————— -~ —
- - —— - _
C—— - TSR —
- - T TR R § W W W - .
_mawws - T — - —_— -
—— - - T — - —- -
T ——— . —— . ——— - — —_
- SR P Y R W R s e Ead -
— T S WS W ™ — -
— T w— .- C— -
- ——————— o — o — - - — -
- — e —— e — . — . — e —

Packet 0SS

d
8o

o)

0 OO0pno

O

- - - naive approach
—— computed order

O

5 LK
K e X X
L]

= D ™ O R T 5-8-8-8-8-5-8-89598-808-880

|
10

[ [
15 20
migration steps

25 30 35

Packet loss during flat2hier migration (Geant topology)

X median
§ﬁ 0 95%
- | O 5%
=
&=
a
o ©
2 37
o
o 9
* I
-
D —
aJ
i ] ¥
| |
0 5
05.03.2014

Seminar in Distributed Computing - Jochen Zehnder

29 /32



- — - - — e —
— — - - - - -~
—— - -
— — - -
C—— - — - e — - —
— o — - .- —
- - e -
- .
| — - S A — -
| — - — - -
- — == e — - — o — . — - -
— e e - SR SR S AT T — el
——— | e—— o — . ——
——— -
— —— -
e

— — - — W —— - - —
L -w- TS W v GEEER B R E W —
—— awm T W W W W — —
- —_— - - - . -
— - - - — - . —
- - —
- T A W W —
S——— - T TR W W T W . — -
- .. - S WL W ww — —-
— - - O w —_ —
— - - - T —— S -
- AR MR Y SR W LR s Lad -
— T S WS W - — -
— A e - —_— -
— ————— ———— . — - — -
-_— — e — — —_—
- — e —— e — . . . ., - —_

summary

30/32



— — - e e — — i . R W W
— — - - —- —— -w- W RV W W W
- — - ~ — -wm W W W — .
- — - — - —_— T W————— -
— — - - ——— - — .- T ————— -~ -—
— — — - — W ——_— - _
R - C—— - S —
| — - - - T T W § W T W -
| — S — .- _mawws - - _—
— - — —— - - T ——— —
- - . —— . ——— — — — —
EE— NS R W DU W R SRR S A S AN T _— - - SR S . . - - -
| ———— - — T W —— -—— —
| — — — — ——— - -—— —
—— = = — -— ————— — o — — —— —
—— - — e — e — —— — — — -— —

e changing IGP configurations can lead to loops
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e changing IGP configurations can lead to loops

e proposed a methodology

* router migration ordering
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summary
e changing IGP configurations can lead to loops

e proposed a methodology

* router migration ordering

* finding loop free migration ordering is NP-complete
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Summary

e changing IGP configurations can lead to loops

e proposed a methodology

* router migration ordering

* finding loop free migration ordering is NP-complete

* |oop enumeration algorithm
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summary
e changing IGP configurations can lead to loops

e proposed a methodology

* router migration ordering

* finding loop free migration ordering is NP-complete
* |oop enumeration algorithm
* routing tree heuristic
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