Smerovacie algoritmy
OSPF a BGP

OSPF (Open Shortest Path First)
BGP (Border Gateway Protocol)



AS, vnutorné a vonkajsie smerovacie
protokoly

= autonomny systém AS — skupina sieti a smerovacov,
ktora je pre ucCely smerovania paketov riadena jedinou
administrativnou autoritou

= vnutorné smerovacie protokoly (interior routing protocoils,
IGP) — vnutri AS

= vonkajSie smerovacie protokoly (exterior routing
protocols, EGP) — medzi AS

KIS, M.Oravec, KTL FEI STU



‘ OSPF - The Interior Gateway Routing Protocol

= Internet - subor AS

= OSPF: vnutorny smerovaci protokol (interior
routing protocols, IGP) — vnutri AS, pouzivany
od 1990

open (nie proprietarny)

podpora r6znych metrik

dynamicky alg.

smerovanie zalozené na type sluzby rozlozenie zataze cez
viacero liniek podpora hierarchickych systemov
bezpecnost

o podpora pre smerovace pripojené do Internetu tunelmi

L O O O

U
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‘ OSPF - The Interior Gateway Routing Protocol

» OSPF podporuje 3 typy spojeni a sieti:
o point-to-point linky medzi 2 smerovacmi
o multipristupove broadcast siete
o multipristupove siete bez broadcastingu
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' OSPF

4 typy smerovacov pre

OSPF:

internal routers

area border routers
backbone routers
AS boundary routers

Pozn.:

Typy sa mozu prekryvat
- vSetky area border
routers su backbone
routers

designated router:
susedi so vsetkymi
ostatnymi v LAN
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' OSPF

5 typov OSPF sprav (posielané v IP paketoch):

Message type Description
Hello Used to discover who the neighbors are
Link state update Provides the sender’s costs to its neighbors
Link state ack Acknowledges link state update
Database description | Announces which updates the sender has
Link state request Requests information from the partner
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'BGP - Border Gateway Protocol

= RFC1771-1774

= BGP patri medzi vonkajSie smerovacie protokoly
(exterior routing protocols, EGP) — medzi AS

= ohlad na politiku

= 3 kategorie sieti (z pohlfadu tranzitnej prevadzky):
o koncoveé - nemo6zu sa pouzit pre tranzitnu prevadzku
0 prepojené - pouzitelné pre tranzit
o tranzitné - s moznostou tranzitu
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BGP

= BGP smerovace navzajom komunikuju cez TCP spojenia

= BGP je smerovanie pomocou vektorov vzdialenosti ( Distance Vector
Routing), ale s odlisSnostami (napr. voci RIP)

a

a
a
a

nepracuje len s nakladmi do kazdeho ciela
mozné cesty oznaci nakladmi
cesta porusujuca jeho politiku dostane naklady=nekonecno

v v

A Information F receives
from its neighbors about D

From B: "l use BCD"
From G: "l use GCD"

H FromI: "l use IFGCD"
From E: "l use EFGCD"







IETE, 1990, hlavné ciele pre vyvoj nove;
verzie 1P

Hlavné ciele nového protokolu IPVG:

Podpora miliard uzlov

Zmensenie smerovacich tabuliek

Zjednodusenie protokolu

Vyssia uroven bezpecnosti

Pozornost typu sluzby, hlavne pre data v realnom Case
Podpora multicastingu

Moznost uzla menit miesto bez zmeny adresy
Umoznit’ vyvoj protokolu v buducnosti

Umoznit mnohoroCnu koexistenciu starych a novych
protokolov
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‘ IPvG6

= vSeobecne:
o IPv6 nekomaptibilny s IPv4

o kompatibilny s inymi internetovskymi protokolmi (TCP,
UDP, ICMP, IGMP, OSPF, BGP, DNS)

= hlavneé charakteristiky:
o 16B adresy (vocCi 4B pri IPv4)
o jednoduchsia hlavicka (7 poli voci 13 pri IPv4)
o lepsSia podpora moznosti
o bezpecnost
o kvalita sluzby

KIS, M.Oravec, KTL FEI STU



Hlavicka TPVG

y

A

32 Bits

Version

Traffic class Flow label

Payload length Next header

Hop limit

Source address
(16 bytes)

Destination address
(16 bytes)
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Hlavicka TPv6

= Version:
o 6 pre IPv6

= [raffic Class:

o rozliSenie paketov s réznymi poziadavkami na prenos v realnom

case

= Flow Label:

0 Spojenie zdroja a ciefa s osobitnymi vlastnostami a poziadavkami

= Payload Length:

|III]III|IIIIIII|IIIIIlI|JIII[II

32 Bits

-

Version

Traffic class

Flow label

Payload length

Next header

Hop limit

Source address
(16 bytes)

Destination address
(16 bytes)

o pocet B nasledujucich po 40B hlavicke
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Hlavicka TPv6

= Next header:

o aka volitelna hlavicka pripadn
tato hlaviCka posledna, Next header urci transp. protokol

= Hop limit:

|IIIIIII|IIIIIII|IIIJIII|II[IIII

32 Bits

Version

Traffic class

Flow label

Payload length

Next header

Hop limit

Source address
(16 bytes)

Destination address
(16 bytes)

0 pocet prechodov smerovacmi

= Source address, Destination adress:

o 16B

nasicuujc pu PuUVITITIC] dN JT
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IPv6 adresy

= Zapis:
0 8 skupin 4 hexadecimalnych Cislic oddelenych dvojbodkami
o 8000:0000:0000:0000:0123:4567:89AB:CDEF

= zjednodusenia:
o 0123 ->123

o nahrada jednej alebo viac skupin 16 nulovych bitov dvojicou
dvojbodiek

8000::123:4567:89AB:CDEF

o IPv4 adresy
::147.175.104.52
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IPv6 adresy

= pocet IPv6 adries
o 2128 ~ 3x1038
o 7x1023 adries/m? (zemegula-pevnina aj moria)
o RFC 3194 — aj pri najpesimistickejSom scenari vyuzivania adries
stale viac ako 1000 adries/m?
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Hlavicka IPv4  <-> IPv6

= chyba IHL
= chyba Protocol
= chybaju vsetky polia suvisiace s fragmentaciou

= chyba pole Checksum
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Rozsirenia hlavicky (Extension Headers)

m Vvolitelné rozSirenia
= konst. dlzka

= alebo polia s premenlivou diZkou — kddované ako (typ 1B, dizka
1B, hodnota 0-255B)

Extension header Description

Miscellaneous information for routers
Hop-by-hop options | Support for datagrams larger than 64K

(Jumbograms)
Routing Full or partial route to follow
Management of datagram fragments
Fragmentation Similar to IPv4, but in IPv6 only the
sending host can fragment a packet
Authentication Verification of the sender's identity

Encrypted payload | Information about the encryption
Destination options | Additional information for the destination




‘ Rozsirente hlavicky pre dlhy datagram

(jJumbogram) a pre smerovanie

Next header

0

194

Jumbo payload length

Next header

Header extension
length

Routing type

Segments left

(f
))

Type-specific data

(f
))
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‘ IPv6 - kontroverzné skutocnostt

= diZka adresy

= pole Hop limit
= max. velkost paketu

= odstranenie kontrolného suctu
= mobilné uzly )
s bezpecCnost

32 Bits >

Version Traffic class Flow label

Payload length Next header Hop limit

Source address
— (16 bytes) ]

Destination address
(16 bytes)




Prepajanie sieti v siet’ovej
vrstve




‘ Spojovante sieti

™~ Mainframe

SNA network

Router

\

Connection ‘

to Internet Ethernet 802.11

Notebook
re computer
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 Odlignosti sicti

Item

Some Possibilities

Service offered

Connection oriented versus connectionless

Protocols IP, IPX, SNA, ATM, MPLS, AppleTalk, etc.
Addressing Flat (802) versus hierarchical (IP)
Multicasting Present or absent (also broadcasting)
Packet size Every network has its own maximum

Quality of service

Present or absent; many different kinds

Error handling

Reliable, ordered, and unordered delivery

Flow control

Sliding window, rate control, other, or none

Congestion control

Leaky bucket, token bucket, RED, choke packets, etc.

T™rrrroTUT

Security Privacy rules, encryption, etc.
Parameters Different timeouts, flow specifications, etc.
Accounting By connect time, by packet, by byte, or not at all




 Odlignosti sicti

Iltem

Some possibilities

Service offered

Connection-oriented versus connectionless

Protocols IP, IPX, CLNP, AppleTalk, DECnet, etc./
Addressing Flat (802) versus hierarchical (IP)
Multicasting Present or absent (also broadcasting)
Packet size Every network has its own maximum

Quiality of service

May be present or absent; many different kinds

Error handling

Reliable, ordered or unordered delivery

Flow control

Sliding window, rate control, other or none

Congestion control

Leaky bucket, choke packets, etc.

Security Privacy rules, encryption, etc.
Parameters Different time-outs, flow specifications, etc.
Accounting By connect time, by packet, by byte, or not at all
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‘ Prepojente sieti

s FYZ: opakovac, hub

= LINK: most a prepinacC

= SIET: smerovag, multiprotokolovy smerovac
s TRANSP: transportna brana

= APL: aplikacha brana
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‘ Prepojenie v linkovej a siet’ovej vrstve

Legend

0

Header

— Packet

Trailer

W
LAN 2

Router

7=

——

LAN 1

(a) Siete Ethernet prepojené prepinacom

(b) Siete Ethernet prepojené smerovacom

(b)

N~ N

LAN 2
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‘ /ret’azené virtualne okruhy

SNA

b‘ Multiprotocol
— / router
1!
X_ 25 0 0 ATM Router
OSlI '

w ™ 2™ Hoat
End-to-end concatenated

virtual circuits

-
.....
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‘ Prepéjanie sieti bez spojovej otrientacile

Packets travel individually
and can take different routes

i

2
Host

Multiprotocol
router
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‘ Prepajante sieti bez spojovej orientacie

= Prepajanie sieti zretazenim virtualnych okruhov
o+ zaistenie vyrovnavacich pamati vopred
o+ zarucené poradie paketov
o+ kratke hlavicky paketov
o+ nie su duplikatne oneskorené pakety
o - smerovacie tabulky v smerovacoch
o - bez alternativheho smerovania pri pretazeni
o - problémy pri poruchach smerovacov
o - nemoznost implementovat ak jedna z podsieti je datagramova

= Prepajanie sieti bez spojovej orientacie
o+ odolnost vo€i porucham smerovacov
o+ moznost prepajat podsiete ktoré nepracuju s virt. okruhmi
o -+ nachylnost k pretazeniu ale aj lahkeé riesenie pretazenia
o - dlhsie hlavicky
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‘ Tunelovanie

= ak zdrojova a cielova siet su rovnakeho typu
= WAN ako tunel medzi 2 multiprotokolovymi smerovacmi:

| Acts like a serial line N
| o

Multiprotocol

Tunnel
Ethernet in Paris router Ethernet in London
f wan \ /
;1 [ (FWONS. - IR F e ———— E— .. 2
................... Header -
N T
P - IP IP
Ethernet frame / Ethernet frame

IP packet inside payload
field of the WAN packet
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‘ Fragmentécia

Network 1 Network 2
Packet O
o
G1 ] 00— — G2
o
Go Gy
G, fragments reassembles Gs fragments reassembles
a large packet the fragments again again
Packet E -
O
U5
[l
G, fragments The fragments are not reassembled
a large packet until the final destination (a host) is reached

(b)
(a) Transparentna fragmentacia (napr. ATM)

(b) Netransparentna fragmentacia (napr. IP)
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