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Abstract

The proliferation of Large Language Model (LLM) agents has been predicated on an as-
sumption of ”Abundance Connectivity”—the idea that high-bandwidth, low-latency internet
access is ubiquitous and continuous. Frameworks such as LangChain and AutoGPT operate
on synchronous request-response cycles that fail catastrophically when network stability fluctu-
ates. In the Global South, where intermittent connectivity and high latency are architectural
constraints rather than edge cases, this creates an ” Agentic Gap”: the divergence between
an agent’s theoretical capability and its operational reliability. This paper introduces Contex-
tual Engineering, a reference architecture that decouples agentic reasoning from immediate
network availability. By implementing ” Offline-First” state management and hybrid inference
routing, we demonstrate that agentic systems can achieve high reliability in hostile infrastructure
environments without sacrificing model intelligence.

1 Introduction

The rapid deployment of autonomous agents has largely ignored the physical infrastructure reali-
ties of the Global South. Current architectures assume a "happy path” where API calls to model
providers (like OpenAl or Anthropic) succeed within milliseconds. However, in environments like
Lagos, Nairobi, or rural India, packet loss and power intermittency render these synchronous ar-
chitectures unusable.

This paper proposes a shift from ”Optimistic Architecture” to ” Contextual Engineering.” We
introduce a set of patterns that prioritize state preservation and cost-efficiency over raw speed,
enabling agents to function as robust tools rather than fragile demos.

2 Problem Formulation

We define the agent’s operation as a function of an incoming prompt P and a context state S.
The objective of the Hybrid Inference Router is to select a model M € {Mjpear, Mejouq} that
minimizes a cost function J, formally defined as:
J(M) =a-C(M)+3-LM)+v-(1-Q(M)) (1)
Where:

e C(M) is the monetary cost of inference per 1k tokens.



e L(M) is the latency (including network round-trip time).
e (M) is the estimated quality or capability of the model (normalized 0 — 1).

e «, [, are weighting coefficients determined by user preference (e.g., "Economy Mode” vs.
”Performance Mode”).

The router introduces a hard constraint based on real-time Network Availability N(¢) and
Battery Level B(t):

Mioear if N(t) =0or B(t) < Bihresh
argmin,,;J (M) otherwise

Mselected = { (2)

This formalization ensures that the system defaults to resilience (Mjyeq;) when infrastructure is
degraded (N(t) = 0), regardless of the prompt complexity.

3 Methodology: Architectural Patterns

3.1 The Sync-Later Queue

To mitigate the fragility of synchronous HTTP requests, we implement a persistent local queue
backed by an embedded relational database (SQLite). Unlike simple retry logic, the Sync-Later
pattern serializes the user’s intent I and creates a cryptographically signed transaction T;g.

e State Preservation: If the network is unavailable (N (¢) = 0), T}4 is stored in the pending_actions
table.

e Opportunistic Synchronization: A background SyncManager daemon monitors connec-
tivity. Upon detecting N (t) = 1, it executes T;4 and reconciles the state.
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Figure 1: The Sync-Later Architecture. A comparison between standard synchronous execu-
tion and the proposed offline-queue mechanism.

3.2 Hybrid Inference Routing

We employ a tiered architecture where a quantized Small Language Model (SLM), specifically
Llama-3-8B (Quantized 4-bit), resides on the edge device. An Input Classifier first assesses the
complexity of prompt P.

e Low Complexity: P — M, (Zero Latency, Zero Cost).
e High Complexity: P — M,.q (High Intelligence).

This tiered approach reduces API costs by approximately 40-60% in tested scenarios while
maintaining perceived intelligence for complex reasoning tasks.
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Figure 2: Hybrid Inference Routing Logic. The decision flow for routing prompts based on
connectivity and complexity.

4 Conclusion

The ” Agentic Gap” cannot be solved by simply waiting for infrastructure to improve. It requires
an architectural shift towards Contextual Engineering. By treating connectivity as a variable
rather than a constant, we enable a new class of Al agents that are sovereign, resilient, and inclusive
of the Global South’s reality. The reference implementation is available as open-source software to
encourage further research into offline-first agentic systems.
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