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Routing

Problem: Given more than one path from source to des-
tination, which one to take?

Features:

• Architecture

• Algorithms

• Implementation

• Performance
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Architecture

Internet routing: two separate routing subsystems

→ intra-domain: within an organization

→ inter-domain: across organizations
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Three levels: LAN, intra-domain, and inter-domain

→ LAN: spanning tree, flooding/broadcast
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Inter-domain topology:

−→ each dot (or node) is a domain (e.g., Purdue)

−→ autonomous system (AS): 16- or 32-bit ID
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Inter-domain connectivity of Purdue:

• AS 6939 (Hurricane), Internet 2 (AS11164), etc. →
INDIANAGIGAPOP (AS 19782)→ Purdue (AS 17)

• AS 3356 (Level3), AS 6939 (Hurricane), AS 1299 (Are-
lion), AS 6461 (Zayo) → WINTEK (AS 11114) →
Purdue (AS 17)

→ evolves over time

Indy GigaPoP (19782):

→ part of I-Light (Indiana state-wide project)

→ located at IUPUI

→ provides state-level fiber connectivity including Pur-
due and IU

Level-3 (AS 3356): Lumen Technologies

→ tier-1
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Abilene/Internet2 backbone: www.internet2.edu



CS 422 Park

AT&T (AS 7018)’s U.S. PoP topology (inferred):
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AT&T’s Chicago PoP connectivity (inferred):
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Chicago PoP of AT&T 
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Granularity of routing network:

• router

→ IP packet routing

→ also: label switching within large ISPs)

→ note: LAN routing is invisible

• domain: autonomous system

→ 16- or 32-bit identifier ASN

→ extended to 32-bit in 2007

→ assigned by IANA along with IP prefix block (CIDR)
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Network topology

→ i.e., connectivity

• router graph

→ node: router/switch

→ edge: physical link between two routers

• AS graph

→ node: AS

→ edge: physical link between 2 or more border routers

→ sometimes at exchange point/network



CS 422 Park

Router type:

• access router

→ collects traffic from devices of a domain/network

→ distributes traffic to devices of a domain/network

• border router

→ interface between two or more domains

→ packet crosses administrative boundary

• backbone router

→ routers that form intradomain network

→ e.g., Purdue’s backbone routers (ring)
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Traditional intra-domain/enterprise router topology em-

phasizes vertical traffic

→ north-south

→ vertical aggregation/deaggregation

→ e.g., fat tree

Recent data center trend: horizontal or east-west traffic.

→ driven by workload demand

→ e.g., AI

→ Clos/leaf-spine network
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AS type:

• stub AS: customer AS

→ no forwarding

→ may be multi-homed: more than one provider

→ e.g., Purdue

• transit AS

→ provide connectivity to stub AS’s and smaller tran-

sit AS’s

→ tier-1: global reachability and no provider above

→ tier-2 or tier-3: regional providers as well as cus-
tomers of tier-1 AS’s
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AS graph:
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Inter-AS relationship: bilateral

• customer-provider: customer subscribes bandwidth
from provider

→ customer can reach provider’s reachable IP space

• peering:

→ only the peer’s IP address and below

→ the peer’s provider’s address space: invisible
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Common peering cases:

• among tier-1 providers

→ ensures global reachability

→ exclusive club

• among tier-2 providers

→ regional providers

→ economic factors

• among stubs

→ economic factors

→ e.g., content provider and access (“eyeball”) provider

→ e.g., Time Warner and AOL


