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The Fundamental Paradox
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This transformative Internet does not work for ALL! 



$100B+ spent in the US in the past 30 years

Goal: The Pursuit of “Universal Access”

Program Funding Description
Broadband Equity, Access and 
Deployment (BEAD) Program

$44 Billion Fund new infrastructure 
deployments to ensure high-

speed internet  for all
Connect America Fund (CAF) $10 Billion Subsidize new infrastructure in 

hard-to-serve areas
Affordability Connectivity Program 

(ACP)
$14 Billion Subsidize high-speed internet for 

low-income households
… … …

Policymakers need data to assess true state of broadband 
Availability, Affordability, Adoption, and Quality
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Problem: Lack of Transparent Data 
Infrastructure

Internet Service Providers
Policymakers

Internet Availability, Quality, and Cost

Unreliable & 
Noisy

How to reduce dependence on unreliable and noisy 
(self-reported) data from ISPs?
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Observation: Key Information is Publicly 
Available

Service Availability, 
Quality, and Cost

Availability

Quality

CostCustomers

Accurate information readily available to potential customers at 
street address granularity
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Automates querying ISPs' web interfaces to extract advertised broadband speeds and prices 
at street addresses granularity

Solution: Broadband-Plan Querying Tool 
(BQT)

Enabled querying 1M+ addresses for 100+ ISPs
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Impact: BQT filled a Critical Data Gap
IRTF Applied Networking Research Prize’25

SIGCOMM Doctoral Dissertation Award 2024

ACM IMC Best Paper Award 2022
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SIGCOMM’24

SIGCOMM’23

IMC’22

Amicus Curiae Brief 

The Next Frontier
Reduce the technical debt of extending & operating BQT



Internet

ISP WiFi AP

Home Last mile Backbone

Missing Piece: What about Broadband 
Quality Data?

For every residence (i.e., dense spatial coverage), periodically (i.e., dense temporal coverage)

• Report metric(s) that captures users’ quality of experience* (high-fidelity assessment)

• Diagnose if poor quality is attributable to last-mile service provider (accurate attribution)

*Quality of experience (QoE) is an application-specific metric

Existing crowdsourced tools fail to bridge gap between 
measured and experienced broadband quality
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Rethinking Broadband Quality 
Measurements 

Users

Measurement
Server(s)

Synthesize 
QoE

Learn 
Policies

Infer 
Context

Quality

Context

Policy

Measurement
Timeseries data

Higher Fidelity

Accurate Attribution

Lower Overheads

Better Spatial Coverage

Better Temporal Coverage
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TurboTest, NSDI’26

Learn data representations that enable context inference & 
counterfactual models with low-cost measurements

NetBurst
NetVibe



How to Enable ML-Powered Quality 
Measurements?

Users

Measurement
Server(s)

Synthesize 
QoE

Learn 
Policies

Infer 
Context

Quality

Context

Policy

Packets
Metadata

Higher Fidelity

Lower Overheads

Better Spatial Coverage

Better Temporal Coverage

Realistic (labeled) datasets
for multiple learning problems

Programmatically generate 
realistic data realizing disparate intents with high fidelity

Accurate Attribution
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Learning Problems

Network environments

Physical/virtual network infrastructures
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Data Generation

Fragmented Thin Waist

netUnicorn

How to Fix an Inherently Fragmented 
Ecosystem?

Disaggregates 
intent from execution and execution from infrastructure 

CCS’23



Learning Problems

Network environments

Physical/virtual network infrastructures
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Data Generation NetUnicorn

Shoring Up this Data Generation “Thin 
Waist”

NetGent

NetReplica

Simplifies synthesizing complex app. workflows

Enables prog. control over bottleneck links

Requires manually adding new workflows

Offers no direct control over bottleneck links

Progressively disaggregates the data-generation substrate 



Learning Problems

Network environments

Physical/virtual network infrastructures
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Data Generation NetUnicorn

A Programmable Data Generation Substrate

NetGent

NetReplica

Simplifies synthesizing complex app. workflows

Enables prog. control over network conditions

Enables generating traffic for 100s of applications across 
millions of disparate network conditions



This effort aims to develop transparent broadband data infrastructure—bridging the gap 
between required and available data in the public domain

• Broadband Availability, Affordability, and Adoption
Developed BQT, which enabled a unique infrastructure for broadband availability, 
affordability, and adoption data
Open problem: Scaling up the infrastructure with minimal cost and technical debt

• Broadband Quality
Embarked on a path to bridge the gap between experienced and measured broadband 
quality
Requires: Fundamental innovations in high-fidelity data generation, representation 
learning, and machine learning

Summary

14


	What We Can’t See, We Can’t Fix�The Quest for Transparent Broadband Data Infrastructure
	The Fundamental Paradox
	Goal: The Pursuit of “Universal Access”
	Problem: Lack of Transparent Data Infrastructure
	Observation: Key Information is Publicly Available
	Solution: Broadband-Plan Querying Tool (BQT)
	Impact: BQT filled a Critical Data Gap
	Missing Piece: What about Broadband Quality Data?
	Rethinking Broadband Quality Measurements 
	How to Enable ML-Powered Quality Measurements?
	How to Fix an Inherently Fragmented Ecosystem?
	Shoring Up this Data Generation “Thin Waist”
	A Programmable Data Generation Substrate
	Summary

