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1. Abstract

As the Global South experiences an exponential rise in smartphone penetration and gig-
economy reliance, proprietary dispatch and pricing algorithms increasingly dictate the
livelihoods of millions of workers. NITI Aayog projects that the gig workforce in India, which
stood at 7.7 million workers in 2020, is set to triple to 23.5 million by 2029-30. While
frameworks like India's "Seven Sutras" prioritize innovation, a regulatory vacuum exists
regarding the black-box optimization algorithms utilized by dominant platform aggregators.

This paper introduces GigAudit, a decentralized, bottom-up auditing infrastructure designed to
reverse-engineer proprietary gig platforms. By leveraging crowdsourced driver receipts, a dual-
database architecture (PostgreSQL and Neo4j), and a production-grade Al observability pipeline
(Langfuse, NVIDIA NeMo Guardrails, and Ragas), GigAudit systematically exposes exploitative
patterns such as structural wage throttling and localized suspension anomalies.

2. Problem Statement & Contextual Framing

The most immediate safety hazard facing labor in the Global South is the unmonitored
optimization of predictive Al systems driving the gig economy. At present, about 47% of gig
work is in medium skilled jobs, about 31% in low skilled jobs, and about 22% in high skilled jobs.

2.1 The Governance Gap and Algorithmic Precarity

o Workers face an asymmetry of information; some apps show real-time earnings and
surge logic, but many workers face income obfuscation, unilateral rate changes, and
arbitrary penalties that can wipe out weekly income.

o Furthermore, workers experience a sense of powerlessness fueled by an opacity in task
allocation, wage determination, and performance ratings, particularly concerning
penalties for factors beyond their control, such as traffic.



Grievances require a human touch, as chat support struggles with complex issues like
penalties and deactivations, leading workers to view chatbot-only pathways as unfair
and alienating.

2.2 The Failure of Self-Regulation

The Fairwork India Ratings 2024 report draws a picture of aggregators who are non-
committal to ensuring that workers earn the local living wage and unwilling to recognise
collectivisation of workers.

In 2024, no platform scored more than six out of the maximum 10 points across the five
Fairwork principles: Fair Pay, Fair Conditions, Fair Contracts, Fair Management, and Fair
Representation.

Specific platforms, namely Ola, Porter, and Uber, were awarded no points in the 2024
assessment.

3. System Architecture & Methodology

GigAudit operates on an external, crowdsourced auditing paradigm. It relies on a high-

performance tech stack built for production-ready AgentOps, assuming no cooperation from
platform APls.

3.1 The Data Ingestion and Security Layer

Gig workers upload screenshots of ride receipts or penalty notifications via a Next.js Progressive
Web App (PWA).

API Gateway & Processing: The PWA securely routes requests to a FastAPI backend
endpoint.

Al Guardrails: To protect the system from malicious OCR injections or prompt jailbreaks,
inputs are routed through NVIDIA NeMo Guardrails before reaching the extraction
model. This ensures strict Colang-based rules block adversarial data designed to skew
the auditing metrics.

LLM Extraction & Observability: A Vision LLM extracts JSON nodes (e.g., distance_km,
payout_in_inr, duration). Langfuse is integrated into this layer for deep system tracing,
ensuring the cost and latency of every extraction are logged and optimized.

LLM Evals: The Ragas framework is employed in the staging environment to evaluate the
Faithfulness and Answer Correctness of the LLM's data extraction against a "Golden
Dataset" of verified receipts, ensuring mathematical rigor.



3.2 The Ledger and Analytical Engine

e The Raw Ledger: The validated JSON payload is immutably stored in a PostgreSQL
relational database. This ensures high-throughput writes and transactional consistency.

e The Relationship Mesh: To identify systemic algorithmic patterns across thousands of
disparate workers, data is continuously synced into a Neo4j graph database. Standard
SQL multi-table joins are too slow to map complex exploitation; Neo4j index-free
adjacency allows GigAudit to map structural relationships natively.

4. Synthetic Data Generation & Audit Logic

To rigorously validate the pipeline, a Python script synthesized 10,000 delivery logs across 500
distinct workers. Two specific adversarial algorithmic biases were injected:

1. The Fatigue Throttling Bias: A hidden condition where the algorithmic base rate drops if
a worker logs more than 8 hours of continuous uptime.

2. Geofenced Margin Compression: Lower base pay scaling factors systematically targeted
toward workers originating from specific geographic zones.

Example Cypher Query Implementation for Anomaly Detection

To mathematically surface the Fatigue Throttling Bias, the following Cypher query isolates task-
payout deficits based on continuous hours logged:

MATCH (w:Worker)-[t:COMPLETED_TASK]->(p:Platform)
WHERE t.continuous_hours_logged > 8

WITH w, p, avg(t.gross_payout / t.distance_km) AS avg unit_pay,
t.zone_id AS zone

MATCH (alt_w:Worker)-[alt_t:COMPLETED_TASK]->(p)
WHERE alt_t.continuous_hours_logged <= 4 AND alt_t.zone_id = zone

WITH w, avg _unit_pay, avg(alt_t.gross_payout / alt_t.distance_km) AS
baseline_unit_pay

WHERE avg unit_pay < (baseline_unit_pay * 0.80)

RETURN w.worker_id, avg unit_pay, baseline unit_pay,
(baseline_unit_pay - avg unit_pay) AS wage_deficit

ORDER BY wage_deficit DESC;



5. Results & Empirical Findings

Running the graph evaluation pipeline over the simulated dataset yielded the following
performance metrics:

. Processing Graph Traversal
Metric Target Detected
Latency Depth
Fatigue 100% of injected
. . 42ms 2 hops
Throttling anomalies
Geofenced )
. 94.2% Spatial Clusters 89ms 3 hops
Deficits

Standard SQL aggregations failed to highlight the degradation because localized peak surges
masked overall platform averages. The graph traversal pattern successfully isolated the deficit
by linking a worker's historical shift duration directly to their geographic location and payout.

6. Target Audience & Actionable Intelligence Matrix

Gig platforms are legally obligated to maximize shareholder value and will not voluntarily
correct algorithms that extract higher margins. Therefore, transparency without leverage is
merely noise. GigAudit is designed as an asymmetric leverage framework that targets four
distinct audiences, formatting the raw algorithmic data specifically to their operational needs
and educational levels:

6.1 The Gig Worker: Immediate & Hyper-Local Alerts

o The Context: We cannot expect a driver working a 14-hour shift to interpret a Neo4j
node cluster. They need fast, actionable survival tactics.

e The Intelligence Delivered: The Next.js Progressive Web App (PWA) strips away all
complex analytics and delivers simple, color-coded push notifications.

o The Action: If the graph detects geofenced margin compression in a specific area, the
worker receives a simple alert: "Red Zone Alert: Do not accept rides in Zone DL-03 for the
next hour; platform algorithms are currently underpaying base rates by 22%." This allows
workers to dynamically avoid exploitation in real-time.



6.2 Labor Unions & Collectives: Precision Bargaining

The Context: According to the Fairwork India Ratings 2024, despite the rise in gig worker
collectivization, no platform showed a willingness to recognize a collective body or trade
union. Because platforms refuse to recognize them, unions need undeniable
mathematical proof to force negotiations.

The Intelligence Delivered: Union leaders are granted access to the full GigAudit
Analytics Dashboard, which translates isolated worker grievances into aggregated,
cryptographically backed graph visualizations.

The Action: Instead of organizing a generic strike that platforms can wait out, unions can
execute surgical strikes. They can present the Neo4j data and state: "We have
mathematical proof that your algorithm drops base pay by a factor of 0.75 after 8
continuous hours of driving. We are striking specifically until that threshold variable is
removed."

6.3 Policy Makers & Regulators: Automated Enforcement

The Context: The 2024 Fairwork report notes that platforms are increasingly taking
control over when and for how long workers can provide services. Despite this control,
only bigbasket and Urban Company guarantee an hourly local minimum wage.

The Intelligence Delivered: For bodies like the Competition Commission of India (CCl),
GigAudit functions as an automated whistleblower. The system packages the complex
graph traversals into cleanly formatted, data-backed PDF reports.

The Action: By translating algorithmic exploitation into clear anti-trust and price-
discrimination violations, regulators can levy multi-million-dollar fines. Capitalists will
not lower profits voluntarily, but they will adjust algorithms if the financial penalty of a
government fine outweighs the margin extracted.

6.4 ESG Investors & Journalists: Brand & Financial Liability

The Context: Publicly traded platforms rely on ESG (Environmental, Social, and
Governance) narratives to secure institutional funding. The recent Fairwork report
revealed that no platform scored more than six out of 10 points across the five Fairwork
principles, with platforms like Ola, Porter, and Uber scoring zero.

The Intelligence Delivered: GigAudit publishes a live, un-manipulatable "Algorithmic
Fairness Matrix" to the public web.



e The Action: It turns hidden wage theft into a measurable public relations disaster.
Investigative journalists and shareholders can use the live metrics to expose companies
falsely claiming high ESG standards, triggering consumer defection and investor pressure
that forces platforms to adjust their models to protect their stock price.

7. Policy Implications & Future Horizons

The architectural validation of GigAudit offers a direct path forward for Al safety
implementation:

o Hybrid Governance: This hybrid governance reframes the debate from "algorithms
versus people" to "algorithms with people," pairing auditable systems with time-bound
escalation and worker participation so efficiency and equity reinforce each other.

o Decentralized Auditing Standard: Rather than advocating for rigid bans on optimization
algorithms, policymakers can use GigAudit as an empirical standard to hold platforms
accountable for hidden margin compressions without stifling technological progress.

8. Conclusion

GigAudit successfully reframes Al safety from abstract existential risk to a pragmatic, systems-
level data integrity problem. By deploying a highly observable pipeline integrated with
production-grade safety frameworks (NeMo Guardrails, Langfuse, Ragas) alongside a Neo4j
graph engine, we demonstrate that black-box platform algorithms can be empirically checked
and balanced.



