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Brief Introduction to 
Bottleneck Structures
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• [1] IETF Draft: “Supporting Bottleneck Structure Graphs in ALTO: Use Cases and Requirements”, 

https://datatracker.ietf.org/doc/draft-giraltyellamraju-alto-bsg-requirements/

• [2] IETF Draft: “Bottleneck Structure Graphs in Multidomain Networks: Introduction and Requirements 

for ALTO”, https://datatracker.ietf.org/doc/draft-giraltyellamraju-alto-bsg-multidomain/

• [3] "On the Bottleneck Structure of Congestion-Controlled Networks," ACM SIGMETRICS, Boston, June 

2020 [https://bit.ly/3Urng9M].

• [4] "Designing Data Center Networks Using Bottleneck Structures," accepted for publication at ACM 

SIGCOMM 2021 [https://bit.ly/3TaJpZ5].

• [5] "A Quantitative Theory of Bottleneck Structures for Data Networks", Qualcomm Technologies, Inc. 

Technical Report, 2022 [https://bit.ly/3DG4u7U].

Framework and Implementation Details in the Following I-Drafts and Papers

https://datatracker.ietf.org/doc/draft-giraltyellamraju-alto-bsg-requirements/
https://datatracker.ietf.org/doc/draft-giraltyellamraju-alto-bsg-multidomain/
https://bit.ly/3Urng9M
https://bit.ly/3TaJpZ5
https://bit.ly/3DG4u7U
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[*] Van Jacobson, "Congestion Avoidance and Control," SIGCOMM, 1988 [https://bit.ly/3FQouFf]

Conventional View: Single Bottleneck Model

https://bit.ly/3FQouFf
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Problem Positioning: The Hiding Root Cause of System-Wide Performance

Analogy:

• Structure of the congestion problem 

in data networks:

– The single-bottleneck problem is 

the tip of the iceberg (the 

symptom)

– The bottleneck structure is the 

submerged portion (determines 

system-wide performance)
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Communication Network:

Simple Example of Bottleneck Structure
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Bottleneck Structure:Communication Network:

Simple Example of Bottleneck Structure
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perturbation

Bottleneck Structure:Communication Network:

Simple Example of Bottleneck Structure
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perturbation

effect

Bottleneck Structure:Communication Network:

Simple Example of Bottleneck Structure
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Bottleneck Structure:Communication Network:

Flow bandwidth allocation:

Simple Example of Bottleneck Structure
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Computing Bottleneck Structures 
Under Partial Information
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Network with a single AS:

Bottleneck Structures Under Partial Information: Problem Statement
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Network with a single AS:

Bottleneck Structures Under Partial Information: Problem Statement

Bottleneck Structure (Path Gradient Graph):
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Bottleneck Structure (Path Gradient Graph):Network with a single AS:

Network with multiple ASs:

AS1 AS2

Bottleneck Structures Under Partial Information: Problem Statement
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Network with a single AS:

Network with multiple ASs:

AS1 AS2

Bottleneck Structure of AS2:

Bottleneck Structures Under Partial Information: Problem Statement

Incorrect substructure

Bottleneck Structure (Path Gradient Graph):
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Network with a single AS:

Network with multiple ASs:

AS1 AS2

Bottleneck Structure of AS2: Bottleneck Structure of AS1:

Bottleneck Structures Under Partial Information: Problem Statement

Incorrect substructure

Correct substructure (got lucky)

Bottleneck Structure (Path Gradient Graph):
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Proposed Distributed Border Protocol

• Convergence (key idea): Sharing one metric 

per path is enough to ensure convergence to 

the correct bottleneck substructures.

• Scalability: Focuses on building the path 

gradient graph (see draft-giraltyellamraju-

alto-bsg-requirements), requires only per-

path state (not per-flow).

• Privacy: Does not require sharing sensitive 

flow information. Only one metric (scalar) per 

path is shared with the neighbor ASs.
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Description of the Distributed Protocol
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Description of the Distributed Protocol
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Termination and Convergence Conditions

Termination Condition. When the output of an autonomous system’s local computation of the bottleneck 
structure is in agreement with the Path Metric Dictionary it maintains in coordination with its neighbors, the 
algorithm terminates:

Convergence Condition. Upon termination, the Path Metric Dictionaries of all the autonomous systems are 
in agreement with each other:
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Example: Global Convergence to the Correct Bottleneck Substructures

AS1 AS2
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Example: Global Convergence to the Correct Bottleneck Substructures

AS2

AS1

AS1 AS2
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Example: Global Convergence to the Correct Bottleneck Substructures

AS2

AS1

AS1 AS2
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Example: Global Convergence to the Correct Bottleneck Substructures
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Global Bottleneck Structure:

AS1 AS2
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Example: Global Convergence to the Correct Bottleneck Substructures
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Discussion



IETF PANRG : draft-giraltyellamraju-alto-bsg-multidomain 28

IETF 115, London

Discussion

Guidance on what RGs and WGs would be suitable to discuss the proposed 
distributed protocol:

• PANRG
• COINRG
• ALTO 
• ICCRG
• PCE
• TEAS
• NMRG
• SPRING
• Others


