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Routing is a fundamental problem in networking
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42880145 “FISH PROBLEM”

e Routing Protocols Create A Single "Shortest Path”
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C1 R
Bl
p==
/2
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"Longer" paths
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become under-

&= = ) Pathfor C1<>C3 utilised

L LTINS » Path for C2 <> C3




SOME TERMINOLOGY. ..

*Network Engineering:

= Put the bandwidth where the traffic is

= Physical cable deployment
= Virtual connection provisioning

=Traffic Engineering:
= Put the traffic where the bandwidth is

= On-line or off-line optimization of routes
= Implies the ability to diversify routes




MPLSHE S

P [LER] P L1 [esRY P 12 fisRY P L3 [;-R:f} P

= Multiprotocol Label Switching (MPLS): one of TE-aware routing
protocols

-—@ﬁMPleﬂ BELASCINRYTIMN,
- SR jﬁ%ﬁ’z ﬁ§ HITRISBIERICEL) DB (abel),
- BIE A [ ARSI B EMPLS M2 Label-Switched Path
(LSP) #1748 K.
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LER: Label Edge Router, Q LER: Label Edge Router
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LFIB: Label Forwarding Information Base
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Ingress Packet forwarded Egress router

router adds based onlabel ~  removes label , .@'

label to packet

Unlabeled
Packet arrives
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system boundary




e Label Switched Path is like a pipe or tunnel

e \While traveling on a label switched path, forwarding is based
on the label only, not on destination IP address in packet




FRESASHATRIZ  (LABEL SWITCHED
PATHS, LSPS)

-LSPs

BEWMIRA "fFE"
IRZX 2 EARY
A ERN, aTLis ;sjnu FRRFRSSEY
Yy (Point-to-point) , BY
-5F (Merging)




POINT-TO-POINT LSP

[
#14 = #972
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e LSP follows route chosen when LSP is set up.




MERGING LSP

o LSP formé é “sink tree”

e The branches of the LSP always follows the same route as
normal IP forwarding; that is, the shortest path




Forwarding Equivalence Class

FEC: set of packets that are forwarded in the same manner

Over the same path, with the same forwarding treatment
Packets in an FEC have same next-hop router

Packets in same FEC may have different network layer header
Each FEC requires a single entry in the forwarding table

Coarse Granularity FEC: packets for all networks whose destination
address matches a given address prefix

Fine Granularity FEC: packets that belong to a particular application

running between a pair of computers -




MPLS Labels

PPP or

frame

20 bits 3 bits 1 bit 8 bits

e Shim header between layer 2 & layer 3 header (32 bits)
e 20-bit label + 1-bit hierarchical stack field + 8-bit TTL

o 3-bit “experimental” field (can be used to specity 8 DiffServ
PHBs)




tr 1% (LABEL STACKING)
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Label Stacking

Swap and Push Swap Pop and Swap

M NN

HE Fi—>cr
\

\\\\\\\

L_I8] [ Iof7] [ I2f6] [ f[2]8] [ [2[5] [ [4

o MPLS allows multiple labels to be stacked
e Ingress LSR performs label push (S=1 in label)
o Egress LSR performs label pop
o Intermediate LSRs can perform additional pushes & pops (S=0 in
label) to create tunnels
Above figure has tunnel between A & G; tunnel between B&F
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Label Stacking Example

Pushes label Forwards packet
onto packet

Pushes 2nd

label onto

packet Forwards based on
/ outer (L1) label (inner
<

label not examined)

Pops Pops
outer inner
label label




(X X
Yy
e®
] m ::.
o
Label Stacking Details
Number Pushes Swaps Swaps Swaps Swaps Pops 203 Pops
of labels label 101 1015102 1025103 201>202 202203 Swaps 101
in a stack (ignores IP Pushes 201 (ignores (ignores 1035104
address) (ignores IP inner inner (ignores IP l
@ address) label & IP label & IP address) @
v0 o address) address) oC
W [P [P
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MPLSHITSIARG TR (2)

=3 MPLSE*UF*F'”",EIE (Traffic Engineering)
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SRLE?
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SRERAIMY (LDP: Label Distribution Protocol )

<+ RSVP




h‘mﬁ Ziﬁ]\lﬁi (LDP) HIME

HEE D AN (LDP : Label Distribution
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UDP Hello =~

<«— UDP Hello
— TCP open —»

<«— |nitialization — |

Label Request —

<«—— Label Mapping —

= Label Distribution Protocol (LDP), RFC 3036:
= Topology-driven assignment (routes specified by routing protocol)
= Hello messages over UDP

= TCP connection & negotiation (session parameters & label
distribution option, label ranges, valid timers)

= Message exchange (label request/mapping/withdraw) @



RSVP
-RSVPEIHF ] LARBIFIRE D &

=Simplex

= Request resource: Sender->receiver

=Sender sends PATH message to describe traffic flow
=Recelver-oriented

= Recelvers initiate and maintain resource reservations

= Receiver sends RESV message to reserve resource
=Soft-state at intermediate routers

= Reservation valid for specified duration

= Released after timeout
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= Downstream Unsolicited (MPLS-BGP, LDP)

Sy B R T5 ‘
LSR1 LSR2
o
) Label<->FEC

= Downstream-on-Demand (RSVP-TE)

SR R T A

»

LSR1

LSR2

»

FEC<->?

A

Label<->FEC

T R A LT RESA SR C

B9 R T RIERAR D
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DOWNSTREAM UNSOLICITED MODE

upstream

downstream

—»| LSR 1 >
<

(10.5/16, 8)

LSR 2

—

= LSR2 becomes aware of a next hop for an FEC

= LSR2 creates a label for the FEC and forwards it to LSR1
= LSR1 can use this label if it finds that LSR2 is next-hop for that FEC




DOWNSTRERM-ON-DEMAND MODE

upstream
downstream

Label request for 10.5/16

>

—® LSR 1 »LSR2—

<

(10.5/16, 8)

=LLSR1 becomes aware LSR2 is next-hop in an FEC
=LSR1 requests a label from LSR2 for given FEC

= LSR2 checks that it has next-hop for FEC, responds with
label




IRE DRI A

=Indep endent label distribution control:

-LSR_JLME =R FECSlabelU4FE, HO ELEEHIE

» Ordered label distribution control: LSR can distribute
label if

=It is an egress LSR

= It has received FEC-label binding for that FEC from its
next hop

- R E]
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* Topology determination l

 Path selection/creation l

« Data forwarding I
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« Topology determination I <=




TOPOLOGY DETERMINATION

N ARSI BN Z £ OSPF, IS-IS

« /25 J0TEY F&: OSPF-TE & IS-IS-TE.

= Available bandwidth/resource information
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« Path selection/creation I <=




PATH SELECTION
- FTA:

»Data Driven (ZFBLISH)

= Path is determined as label request messages progress inside the
network

= Using IP routing protocols for routing request messages
= Sometimes referred to as connectionless MPLS

- Explicit Route (EILIRA)
= Path is determined by the source route
= Connection-oriented MPLS




DOWNSTREAM-ON-DEMAND DATA DRIVEN

C
)
Router1 ‘
Net.B \/‘ LSR7 Router2 Network
B
LSR2
Net.B #70 !
/]
LSR1 LSR3 LSR6

ﬁet.B #71 Net.B #33

/|

When Egress LSR for

Net B get the Label

Request it creates a PLS Domain
label for the FEC and
sends it back toward the
requesting LSR

T —

LSR5

®




PATH-CREATED

C
Router1
\/ LSR7 Router2 Network
B
1 LSR2 7
Out port/
Dest label Action
Net.B 1/70 Push
£ 1
2
s e |
LSR1 1 2 |sR3 1
In port/ Out port/ >— In port/ Out port/
label label Action  In port/ Out port/ label label Action
2/70 1/71 Swap label label Action 2/33 1 Pop
2/71 1/33 Swap
LSRS [ MPLS Domain
P -

®




DOWNSTREAM-ON-DEMAND EXPLICIT

ROUTE

. RSVP-TE sends/forwards:

PATH message from ingress to egress
RSVP message from egress to ingress

Router1

LSR2
LSR6 #70
PATH: LSR1, 3, 6
PATH: LSR3,
LSR1 LSR3

Network

PATH: LSR6

B

LSR6

LSR6 #71
<

LAR #33

When Egress LSR gets
the Label Request it
creates a label for the

LSR5

PLS Domain
FEC and sends it back

toward the requesting

LSR

e



PATH-CREATED

)
Router1 (l)?
\/ LSR7 Network
B
1 LSR2 7
Out port/
Dest label Action
LSR6 1/70 Push
= 1
2
2 LSR6
LSR1 1 2 |gR3 ! 2 ‘
In port/ Out port/ >— In port/ Out port/
label label Action  In port/ Out port/ label label Action
2/70 1/71 Swap label label Action 2/33 1 Pop
2/71 1/33 Swap
LSRS { MPLS Domain
-

®
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PATH SELECTION

AEFIRS D KIMY, Q0LDP, RSVPASTIFTE
- ﬁ-a%Tf B .
= LDP->CR-LDP (Constrained-based LDP)

= RSVP->RSVP-TE

| IRRIER . REFRBLIRFM: W, B,
= SPF->CGSPF (Constrain-based SPF)

INEREMYERT &
- OSPF->OSPE-TE
- ISIS->ISIS-TE




RSV P -T E Congestion

Underutilized

e Extensions to RSVP for traffic-engineered LSPs

o Request-driven label distribution to create explicit
route LSPs

e Single node (usually ingress) determines route
o Enables traffic engineering

®
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« Data forwarding ‘




Data Forwarding —
Unlabelled packet to Ingress

@

Router1
Net.B LSR7

1 LSR2 \//
Out port/
NetB Dest label Action
Net.B 1/70 Push
y4

LSR1 1 2 |gR3 ! 2 LSR6
MPLS D ]
LSR5 { S Domain @
" a




Data Forwarding —
LSR1 - LSR3

@ Router1

LSR7
1 LSR2 ‘—‘\\\///////
Net%/
Net.B

2
LSR1 1
In port/ Out port/

label label Action
2/70 1/71 Swap \

LSR5

2 LSR6

2 Lsr3

[ MPLS Domain

®

42



Data Forwarding —
LSR3 - LSR6

Network

Router1

A
LSR7
1 LSR2 \/
%;,et.B NetB- 1
2 — ——
LSR1 4 2 1aR3 1 2 LSR6

In port/ Out port/

label label Action

2/71 1/33 Swap

N

LSR5

L MPLS Domain

Network
B

43
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Data Forwarding —
LSR6 — Egress Router :

@ Router1
LSR7
, LSR2 j;;::::;;;
%/ \ Net.B
7
Net.B |53 1 L\\\\\>

2
LSR1 1 2 LSR6

2 1
S In port/ Out port/

label label Action
\ 2/33 1 Pop
MPLS Domain J/

LSR5 {

{
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Data Forwarding —

Unlabelled packet delivered

@ Router1

; LSR2

/7

i

2
LSR1 1

2 Lsr3 1

LSR5

MPLS Domain
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B Bk A& (PENULTIMATE HOP POPPING)

R1. R2FIRSINMAIFA->BRUHSOXEI HAYHE?
QPOP%J&E RIBEBIWREAR N [T, IRREMPLSEE & R P HERIRIAXTHR SR RIAREE
HiT

~Penultimate Hop Popping (PHP):{Z|£%58 — BkigH

2 R3 R4
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0 1 1 IP:B

3021PA >B
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301 201 A Fo0/1
302 POP B FO0/0
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