
Foundations of computer networks



• Static

• Dynamic

• drawbacks

• advantages



bramy podstawowe (ang. core) administrowane 
przez INOC (Internet Network Operations Center)

APRANET – bramy pnia (stub gateway)

bramy niepodstawowe (ang. non-core) administrowane przez 
inst. edukacyjne, przedsiębiorstwa

GGP



• interior

• exterior

EGP
exterior gateway protocol

IGP
interior gateway

protocol
autonomous system



• Receive a frame
• destination address analising

• term the destination network
• selection of the path (routing)

• lengtht of the path (physical or hop number)
• traffic load on the path
• priorities
• costs

• Send the frame from selected port







Analysis of 
network 

layer header

network 
address Next hop address Metrics

212.87.228.* 212.87.227.1 2

192.168.1.* 192.168.3.1 3

... ...





• GGP, SPREAD
• EGP

• BGP (BGP 4)
• IGP

• RIP
• RIP II
• HALO
• OSPF



• Gateway-to-Gateway Protocol (obsolete)
• defined for routing datagrams between Internet gateways.
• komunikaty zawierają

• wektor
• odległość

• Internet gateway store routing tables of all Internet gateways!



• routing between Exterior Gateways, i.e. autonomous system

• Representatives
• EGP (obsolete)
• BGP (Border Gateway Protocol)



• routing inside the autonomous
systems

• the messages contains
• ID of router/computer
• distance

• hops (RIP)
• time (HALO)
• optimal path (OSPF)

• distance vector routing protocols
• RIP (Routin Information Protcol)
• RIPv2
• RIPng (supports IPv6)
• IGRP (Interior Gateway Routing 

Protocol)
• link state routing protocols

• OSFP (Open Shortest Path First)
• IS-IS (Intermediate System to 

Intermediate System)
• hybrid routing protocols

• EIGRP (Enhanced Interior Gateway 
Routing Protocol)



• Destination IP 
address

• Distance metrics
• max 15 hops
• 16 = 

• Next hop IP address
• Change of path flag

• Timers
• update timer (30s)
• invalid timer (180s)
• flush timer

(240s=it+60)
• holddown timer (180s)



• Broadcast of posesses tables
• update timer (30s)

• Update the tables based on receiving messages
• Path invalidation

• invalid timer (180s)
• set distance metric to 16
• set flag of path change

• Flush of path
• flush timer (240s=it+60)



Router C

Network Next hop addr. Hops

212.87.229.0 212.87.229.1 0

Router A

Network Next hop addr. Hops

212.87.228.0 212.87.228.1 0

Router B

Network Next hop addr. Hops

212.87.230.0 212.87.230.1 0

Router D

Network Next hop addr. Hops

212.87.231.0 212.87.231.1 0

Router E

Network Next hop addr. Hops



Router C

Network Next hop addr. Hops

212.87.229.0 212.87.229.1 0

Router A

Network Next hop addr. Hops

212.87.228.0 212.87.228.1 0

Router B

Network Next hop addr. Hops

212.87.230.0 212.87.230.1 0

Router D

Network Next hop addr. Hops

212.87.231.0 212.87.231.1 0

Router E

Network Next hop addr. Hops

Router B

Network Next hop addr. Hops

212.87.230.0 212.87.230.1 0

212.87.228.0 212.87.233.1 1

Router E

Network Next hop addr. Hops

212.87.228.0 212.87.235.1 1

Router C

Network Next hop addr. Hops

212.87.229.0 212.87.229.1 0

212.87.228.0 212.87.232.1 1



Router A

Network Next hop addr. Hops

212.87.228.0 212.87.228.1 0

Router D

Network Next hop addr. Hops

212.87.231.0 212.87.231.1 0

Router B

Network Next hop addr. Hops

212.87.230.0 212.87.230.1 0

212.87.228.0 212.87.233.1 1

Router E

Network Next hop addr. Hops

212.87.228.0 212.87.235.1 1

Router C

Network Next hop addr. Hops

212.87.229.0 212.87.229.1 0

212.87.228.0 212.87.232.1 1

Router D

Network Next hop addr. Hops

212.87.231.0 212.87.231.1 0

212.87.230.0 212.87.234.1 1

212.87.228.0 212.87.234.1 2

Router A

Network Next hop addr. Hops

212.87.228.0 212.87.228.1 0

212.87.230.0 212.87.233.2 1



Router B

Network Next hop addr. Hops

212.87.230.0 212.87.230.1 0

212.87.228.0 212.87.233.1 1

Router E

Network Next hop addr. Hops

212.87.228.0 212.87.235.1 1

Router C

Network Next hop addr. Hops

212.87.229.0 212.87.229.1 0

212.87.228.0 212.87.232.1 1

Router D

Network Next hop addr. Hops

212.87.231.0 212.87.231.1 0

212.87.230.0 212.87.234.1 1

212.87.228.0 212.87.234.1 2

Router A

Network Next hop addr. Hops

212.87.228.0 212.87.228.1 0

212.87.230.0 212.87.233.2 1

Router A

Network Next hop addr. Hops

212.87.228.0 212.87.228.1 0

212.87.230.0 212.87.233.2 1

212.87.229.0 212.87.232.2 1

Router E

Network Next hop addr. Hops

212.87.228.0 212.87.235.1 1

212.87.229.0 212.87.236.2 1

Router D

Network Next hop addr. Hops

212.87.231.0 212.87.231.1 0

212.87.230.0 212.87.234.1 1

212.87.228.0 212.87.234.1 2

212.87.229.0 212.87.238.1 1



Router B

Network Next hop addr. Hops

212.87.230.0 212.87.230.1 0

212.87.228.0 212.87.233.1 1

Router C

Network Next hop addr. Hops

212.87.229.0 212.87.229.1 0

212.87.228.0 212.87.232.1 1

Router A

Network Next hop addr. Hops

212.87.228.0 212.87.228.1 0

212.87.230.0 212.87.233.2 1

212.87.229.0 212.87.232.2 1

Router E

Network Next hop addr. Hops

212.87.228.0 212.87.235.1 1

212.87.229.0 212.87.236.2 1

Router D

Network Next hop addr. Hops

212.87.231.0 212.87.231.1 0

212.87.230.0 212.87.234.1 1

212.87.228.0 212.87.234.1 2

212.87.229.0 212.87.238.1 1

Router B

Network Next hop addr. Hops

212.87.230.0 212.87.230.1 0

212.87.228.0 212.87.233.1 1

212.87.231.0 212.87.231.2 1

212.87.229.0 212.87.231.2 2

Router E

Network Next hop addr. Hops

212.87.228.0 212.87.235.1 1

212.87.229.0 212.87.236.2 1

212.87.231.0 212.87.237.2 1

212.87.230.0 212.87.237.2 2

Router C

Network Next hop addr. Hops

212.87.229.0 212.87.229.1 0

212.87.228.0 212.87.232.1 1

212.87.231.0 212.87.238.2 1

212.87.230.0 212.87.238.2 2



Router A

Network Next hop addr. Hops

212.87.228.0 212.87.228.1 0

212.87.230.0 212.87.233.2 1

212.87.229.0 212.87.232.2 1

Router D

Network Next hop addr. Hops

212.87.231.0 212.87.231.1 0

212.87.230.0 212.87.234.1 1

212.87.228.0 212.87.234.1 2

212.87.229.0 212.87.238.1 1

Router B

Network Next hop addr. Hops

212.87.230.0 212.87.230.1 0

212.87.228.0 212.87.233.1 1

212.87.231.0 212.87.231.2 1

212.87.229.0 212.87.231.2 2

Router E

Network Next hop addr. Hops

212.87.228.0 212.87.235.1 1

212.87.229.0 212.87.236.2 1

212.87.231.0 212.87.237.2 1

212.87.230.0 212.87.237.2 2

Router C

Network Next hop addr. Hops

212.87.229.0 212.87.229.1 0

212.87.228.0 212.87.232.1 1

212.87.231.0 212.87.238.2 1

212.87.230.0 212.87.238.2 2

Router A

Network Next hop addr. Hops

212.87.228.0 212.87.228.1 0

212.87.230.0 212.87.233.2 1

212.87.229.0 212.87.232.2 1

212.87.231.0 212.87.235.2 2



• Limited max length of paths = 15
• Constant metrices of single paths
• Load of links by tables exchange
• Slow convergence
• No load balancing



• Aims
• increasing of network 

scalability
• increasing of convergence

• Roles of routers
• internal routers (IR)
• area border routers (ABR)
• backbone routers (BR)
• autonomous system 

boundary router (ASBR)

• Types of paths
• intra-area
• inter-area
• external (type 1 or 2)

partitioning of authonomous
systems into areas

communication between
autonomous systems

area 0




