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The Provider For AS2, AS3, and the other Autonomous Systems (ASes) in this network
have various relationships that define how they interconnect and exchange traffic.
Understanding these relationships is crucial for network engineers, ISPs, and organizations
involved in designing, managing, and analyzing complex network topologies. This article
explores the typical relationships among ASes, their implications for routing, and best
practices for network design.

Understanding Autonomous Systems and Their
Relationships

What Is an Autonomous System (AS)?

An Autonomous System (AS) is a collection of IP routing prefixes under the control of a
single administrative entity that presents a common routing policy to the internet. Each AS
is assigned a unique number called an AS number (ASN). ASes interact with each other
through various types of relationships that influence routing policies and traffic flow.

Types of Relationships Between ASes

The relationships between ASes primarily fall into three categories:

- Provider-Customer Relationship: The provider AS supplies internet connectivity to the
customer AS. Typically, the customer pays the provider for transit.

- Peering Relationship: Two ASes agree to exchange traffic without any settlement or
payment, often for mutual benefit.

- Sibling or Private Peering: Similar to peering but often occurs within the same organization
or data centers.

Understanding these relationships helps in predicting routing behaviors, optimizing traffic
flow, and ensuring network stability.



Scenario: A Network With 13 AS'es and Their
Relationships

Initial Setup

In this network, AS1 is the provider for AS2 and AS3, establishing a hierarchical core. The
other ASes have various relationships, which could include:

- Provider-Client relationships
- Peering agreements
- Hierarchical or tiered structures

This setup can be visualized as a layered network, with AS1 at the top as the primary
provider.

Sample Relationship Map

| AS Number | Relationship Type | Connected ASes | Description |
e [roemome e R —— e |

| AS1 | Provider | AS2, AS3 | Main provider, controls core routing |
| AS2 | Customer | AS1 | Receives transit from AS1 |

| AS3 | Customer | AS1 | Receives transit from AS1 |

| AS4 | Peer | AS5, AS6 | Exchanges traffic directly |

| AS5 | Peer | AS4, AS7 | Mutual peering |

| AS6 | Provider | AS4 | Provides transit to smaller ASes |

| AS7 | Customer | AS5 | Subordinate to peer AS5 |

| AS8 | Peer | AS9 | Peering for redundancy |

| AS9 | Peer | AS8, AS10 | Peering for load balancing |

| AS10 | Customer | AS9 | Receives transit from AS9 |

| AS11 | Provider | AS12, AS13 | Smaller provider, possibly regional |

(Note: The above relationships are hypothetical but serve as an illustrative example.)

Hierarchical and Non-Hierarchical Relationships

Hierarchical Relationships

A typical hierarchy in the network might look like:



- Tier 1 ASes: These are global providers with extensive reach, such as AS1, AS11.
- Tier 2 ASes: These are regional or national providers, possibly AS6, AS10.
- Tier 3 ASes: Smaller customer ASes or end-user networks.

Implications of Hierarchical Relationships:

- Traffic from Tier 3 to Tier 1 often routes through intermediate ASes.
- Hierarchical models simplify routing policies and traffic management.
- Provides clear paths for route advertisement and aggregation.

Non-Hierarchical Relationships (Peering)

Peering agreements often involve ASes at the same tier or geographic proximity,
facilitating:

- Reduced latency
- Increased redundancy
- Cost-effective traffic exchange

Benefits:

- Avoids transit costs
- Improves network resilience
- Distributes traffic load evenly

Routing Policies and Their Impact

Border Gateway Protocol (BGP) and Relationship
Policies

The predominant routing protocol between ASes is BGP, which relies heavily on the
relationships to determine route advertisement and selection.

Key BGP behaviors influenced by relationships:

- Provider-Customer: Routes from provider to customer are advertised, often with local
preference set high for customer routes.

- Peer-to-Peer: Routes are generally exchanged without transit fees; policies may prefer
certain paths for load balancing.

- Route Filtering: ASes may filter routes based on policies to control traffic flow and security.



Route Propagation and Traffic Flow

The relationships directly influence how routes are propagated:
- Customer routes are generally advertised to providers and peers.
- Peer routes are exchanged among peers.

- Providers may not advertise customer routes to other providers to prevent route leaks.

Understanding these policies is essential for designing scalable and secure networks.

Design Considerations for a Network of 13 ASes

Ensuring Redundancy and Resilience

- Establish multiple peering agreements to avoid single points of failure.
- Use redundant paths between ASes.
- Implement BGP route filtering and prefix lists to control traffic flow.

Optimizing Traffic Flow

- Encourage direct peering between geographically close ASes.
- Use route optimization techniques to reduce latency.
- Balance load among multiple peering connections.

Security Measures

- Implement prefix filtering to prevent route hijacking.
- Use BGP Route Origin Authorization (ROA) and BGPsec.
- Monitor routing updates for anomalies.

Policy Management

- Define clear policies for route advertisement and acceptance.
- Document relationships and traffic preferences.
- Regularly review peering and provider agreements.



Case Study: Practical Application of AS
Relationships

Scenario Description

Suppose AS1 is a Tier 1 provider with multiple peering agreements and several customer
ASes. The network aims to provide reliable, low-latency connectivity across its entire
topology.

Implementation Steps

1. Establish Hierarchical Structure:

- AS1 acts as the core provider.

- AS2 and AS3 are primary customers.

- Smaller ASes (AS4-AS13) are distributed as regional or local providers and customers.

2. Set Up Peering Sessions:

- Peering between AS4 and AS5 for redundancy.
- Peering between AS8 and AS9 for load balancing.

3. Define Routing Policies:

- Prefer customer routes over provider routes.

- Limit the advertisement of certain prefixes to prevent route leaks.
- Use BGP communities to influence routing decisions.

4. Monitor and Maintain:

- Regularly verify peering health.

- Update route filters.
- Conduct security audits.

Outcome

Such a structured network ensures:

- High availability

- Cost-effective routing

- Flexibility in traffic management
- Robust security posture



Conclusion

Managing a network with 13 ASes involves understanding complex inter-AS relationships
and their implications for routing, security, and performance. Hierarchical structures
combined with strategic peering agreements enable scalable and resilient network
architectures. By carefully designing these relationships and adhering to best practices in
BGP policy management, network administrators can optimize traffic flow, reduce costs,
and enhance the overall stability of their networks.

Whether you're building a new network topology or analyzing existing configurations,
appreciating the nuances of provider, customer, and peering relationships is fundamental.
Properly leveraging these relationships ensures efficient routing, increased redundancy,
and better control over network traffic, ultimately leading to a more robust and reliable
internet presence.

Keywords: Autonomous Systems, AS relationships, BGP routing, provider-customer, peering,
network topology, redundancy, routing policies, network security, AS hierarchy

Frequently Asked Questions

What is the role of AS1 in the network with 13 ASes
where it is the provider for AS2 and AS3?

AS1 acts as a provider for AS2 and AS3, meaning it offers transit or connectivity services to
these ASes in the network hierarchy.

How do provider-customer relationships between AS1
and AS2/AS3 influence routing policies?

Such relationships typically enforce route preferences, with customer routes being
preferred and potentially filtered, shaping how traffic flows across the network.

What impact does the provider-customer relationship
have on BGP route advertisement in this network?

AS1, as a provider, will advertise its customer routes to its providers, while filtering or not
advertising its providers' routes to its customers, affecting overall route visibility.

Could this network structure lead to potential routing
loops or issues? How are they mitigated?

Yes, hierarchical relationships can cause routing issues; they are mitigated through policies
like route filtering, AS path prepending, and route filtering to prevent loops.



What are the possible traffic flow patterns in this 13-AS
network with provider-customer relationships?

Traffic generally flows from customers to providers for external access, with peer-to-peer
links facilitating lateral traffic, depending on policies and peering agreements.

How does the presence of multiple ASes with provider-
customer relationships affect network scalability?

Hierarchical provider-customer relationships help scale the network by organizing routes
and reducing routing table size, but require careful policy management to avoid
complexity.

What are common BGP configuration considerations for
AS1 as a provider to multiple ASes?

AS1 must implement route filtering, proper route advertisement policies, and traffic
engineering practices to ensure efficient and secure transit services.

In this network, what is the significance of the
relationships beyond AS1's direct customers, such as
AS4 or AS5, if they exist?

Relationships beyond AS1's direct customers can indicate a tiered hierarchy, affecting route
propagation, transit agreements, and overall network reachability.

How can understanding the provider-customer
relationships in this network help in troubleshooting
connectivity issues?

Knowing these relationships helps identify where routing policies or filters may be causing
disruptions, enabling targeted troubleshooting and configuration adjustments.

What are the potential challenges in managing a
network with multiple provider-customer relationships
among 13 ASes?

Challenges include maintaining consistent routing policies, avoiding route leaks, managing
policy conflicts, and ensuring scalability and security across the network.

Additional Resources

Analyzing a Network of 13 Autonomous Systems: Relationships, Structure, and
Implications



Understanding the complex web of relationships among Autonomous Systems (ASes) is
crucial for grasping the architecture of the Internet. In this article, we examine a
hypothetical network composed of 13 ASes, focusing on their interconnections, roles, and
the implications for routing, resilience, and policy. Using detailed analysis, we aim to shed
light on how such a network functions and what lessons can be drawn for network design
and management.

Introduction to Autonomous Systems and Their
Significance

What Are Autonomous Systems?

An Autonomous System (AS) is a collection of IP routing prefixes under the control of a
single entity that presents a common routing policy to the Internet. Each AS is assigned a
unique Autonomous System Number (ASN), which facilitates inter-AS routing using
protocols such as BGP (Border Gateway Protocol). The structure and relationships between
ASes—whether they are providers, customers, or peers—are fundamental to the overall
stability, efficiency, and security of Internet routing.

The Importance of AS Relationships

The relationships between ASes dictate traffic flow, influence routing policies, and impact
network resilience. Typically, these relationships fall into three categories:

- Provider-Customer: The provider supplies connectivity services to the customer, often with
a hierarchical structure.

- Peer-Peer: Two ASes agree to exchange traffic between their customers without payment,
often to optimize routes and reduce transit costs.

- Sibling or Settlement: Sometimes, ASes are part of the same organization or network and
have specialized relationships.

Understanding these relationships helps in diagnosing routing issues, designing efficient
networks, and predicting how disruptions might propagate.

Overview of the 13-AS Network Scenario

In this analysis, we consider a network composed of 13 distinct ASes, labeled AS1 through
AS13. The network's topology and relationship types are described as follows:

- AS1 is the primary provider for AS2 and AS3.
- AS2 and AS3 act as customers to AS1, with potential additional relationships.



- The remaining ASes (AS4 to AS13) form a complex web of provider, customer, and peer
relationships, creating a multi-layered topology that reflects real-world Internet structures.

While specific details of all relationships are hypothetical, the overall structure provides a
rich context for understanding routing policies, resilience, and network optimization.

Detailed Relationship Analysis

Hierarchical Structure: The Provider-Consumer
Relationships

At the core of the network lies AS1, acting as the Tier 1 provider to AS2 and AS3. This
hierarchical setup is typical of the Internet’s core, where major providers supply
connectivity to smaller regional or enterprise networks.

Implications:

- Routing Policies: AS1, as a provider, propagates routes to its customers, who generally
prefer to route traffic through their provider for outbound traffic.

- Traffic Flow: Most outbound traffic from AS2 and AS3 would flow through AS1 unless
peering or direct links exist.

- Resilience: The dependency on AS1 raises concerns about potential single points of
failure, necessitating backup links or alternative paths.

Additional Providers and Customers:

- AS4 and AS5 may act as intermediate providers or customers, creating a layered
hierarchy.

- AS6 to AS13 could be regional providers, content networks, or enterprise ASes.

Peering and Sibling Relationships

Beyond the provider-customer hierarchy, ASes often establish peering agreements to
exchange traffic directly, avoiding transit costs and reducing latency.

- Peer-to-Peer Links: AS2 and AS3 might peer directly with each other or with other ASes
like AS4, AS5, or AS6.

- Strategic Peering: Larger ASes (e.g., AS1, AS6, AS10) may establish peering to improve
route diversity and resilience.

- Settlement and Siblings: Some relationships might involve ASes within the same
administrative domain, affecting routing policies and traffic flow.

Impact on Network Performance:
- Peering reduces dependency on transit providers, lowering costs.
- It provides alternative routes, enhancing resilience and load balancing.



Routing Policies and Path Selection

Route Propagation and Filtering

ASes implement policies that influence which routes they advertise and accept, shaping the
overall topology.

- Provider-Advertised Routes: Typically, providers announce a broad set of prefixes to peers
and customers.

- Customer Announcements: Customers prefer to advertise only their own prefixes, often
with more specific routes to optimize traffic.

- Filtering Policies: ASes may filter certain routes to enforce security, policy, or business
considerations.

Path Preference and Hot-Potato Routing

- Customer Routes: Usually preferred for inbound traffic due to the economic model.

- Provider Routes: Less preferred for inbound traffic, but used for outbound traffic.

- Hot-Potato Routing: When multiple egress points are available, traffic is routed via the
nearest provider to minimize transit costs.

Implication for the 13-AS Network:

- Traffic from AS2 and AS3 destined for other parts of the Internet will prefer paths through
AS1.

- Peering links allow for more direct paths, reducing latency and transit costs.

Resilience and Redundancy in the 13-AS Network

Vulnerabilities and Single Points of Failure

- The central role of AS1 as a provider creates a potential bottleneck.

- If AS1 experiences an outage, AS2 and AS3, and possibly other dependent ASes, could
become isolated.

- Redundancy measures, such as establishing multiple transit links or peering agreements
with other ASes (e.g., AS4, AS5, AS6), mitigate these risks.

Multi-Homing and Backup Links

- ASes may multi-home with multiple providers or peers to ensure continuous connectivity.
- For example, AS2 could establish a peering with AS4 or AS5 as an alternative path.
- These arrangements improve resilience but introduce complexity in routing policies.



Route Diversification and Traffic Engineering

- Traffic engineering allows network operators to
optimize load distribution.

- Using BGP attributes such as local preference, MED
(Multi-Exit Discriminator), and AS path prepending,
ASes can influence route selection.

- Strategic peering and multi-homing contribute to
avoiding congestion and ensuring high availability.

Policy and Business Considerations

Economic Incentives and Relationships

- Provider-customer relationships are driven by
economic considerations where transit revenue and
service quality matter.

- Peering agreements often involve mutual benefits,
such as reduced transit costs and improved
performance.

- The network's structure reflects these incentives,
balancing cost, performance, and strategic interests.

Impact of Policies on Routing and Security

- Routing policies can be used to enforce security
measures, such as filtering malicious routes.
- Policies also influence traffic flow, potentially affecting



performance and exposure to attacks like prefix
hijacking or route leaks.

- Establishing clear policies and monitoring is essential
in a multi-AS environment.

Implications for Internet Routing and Network
Design

Scalability and Growth

- A network of 13 ASes illustrates a microcosm of the
larger Internet.

- As networks grow, maintaining clear policies and
resilient topologies becomes increasingly challenging.

- Hierarchical design, like the provider-customer model,
supports scalability but must be complemented with
peering for robustness.

Resilience and Disaster Recovery

- Redundancy through multiple links and peering is
vital.

- The strategic placement of peering points can prevent
major outages.

- Dynamic route adjustment and BGP monitoring are
critical to respond to failures.



Security and Trust

- Trust relationships influence routing decisions.

- Implementing security measures like RPKI (Resource
Public Key Infrastructure) and BGP route validation
helps prevent malicious activities.

- Mutual trust among ASes underpins the stability of
the network.

Conclusion: Lessons Learned from the 13-AS
Network

This hypothetical network illustrates the complex
interplay of relationships, policies, and technical
configurations that underpin the Internet's robustness.
The hierarchical provider-customer structure provides
scalability, but introduces vulnerabilities that can be
mitigated through strategic peering and multi-homing.
Routing policies shape traffic flow, balancing cost,
performance, and security. As networks expand, these
principles remain vital for ensuring resilient, efficient,
and secure communication.

By analyzing such a network, network engineers and
policymakers can better understand how to design
future architectures that are scalable, resilient, and
aligned with economic and security objectives. The 13-
AS network serves as a microcosm of the larger
Internet ecosystem, highlighting the importance of
strategic relationships, policy management, and



technical robustness in maintaining the world's most
extensive communication infrastructure.

Note: This analysis is based on a hypothetical scenario
designed to illustrate core concepts of AS relationships
and network topology. Real-world networks may exhibit
additional complexities, including multi-layered
hierarchies, diverse peering agreements, and evolving
policies.
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