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Optimizing Telecom Efficiency through Entropy-

Based Encoding of Amharic Language 

Executive Summary  

Ethiopia’s telecom sector faces inefficiencies due to the high bandwidth requirements of 

Amharic text, currently encoded using 16-bit UTF-8. This policy brief presents entropy-based 

encoding techniques (Huffman and Arithmetic coding) to reduce Amharic text size by up to 

72.45%, achieving 1.074 bits/symbol—far below UTF-8’s 16 bits/symbol. Research 

demonstrates that leveraging the language’s statistical redundancy (86.54%) can cut SMS 

costs by half and improve bandwidth utilization. Recommendations include adopting these 

algorithms for national telecom infrastructure, fostering public-private partnerships for 

implementation, and investing in digital literacy to ensure equitable access. Such measures 

align with Ethiopia’s goal to expand affordable, inclusive digital services for its 100M+ 

population. 

Introduction 

Amharic, Ethiopia’s official language, is spoken by over 30M people but suffers from 

inefficient digital encoding. Current UTF-8 standards require 16 bits/symbol, doubling costs 

for SMS and data services compared to Latin scripts. Ad hoc transliteration to English (e.g., 

"selam" for "ሰላም") reduces costs but compromises readability and cultural integrity. This 

brief evaluates entropy-based encoding—grounded in Shannon’s information theory—as a 

solution. By analyzing Amharic’s statistical patterns (N-gram models), the study 

demonstrates that Huffman and Arithmetic coding can near-optimally compress text. 

Policymakers must prioritize such innovations to enhance telecom affordability and support 

Ethiopia’s digital transformation. 
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Research Findings 

- Entropy Estimation: Amharic’s entropy decreases from 7.981 bits/symbol (N=1) to 

1.074 bits/symbol (N=15), revealing 86.54% redundancy due to linguistic structure. 

- Static Encoding: Huffman and Arithmetic coding achieved 72.45% compression 

(N=1), rising to 79.55% (N=3) (Tables VII–IX). 

- Adaptive Encoding: Adaptive Arithmetic coding, though less efficient (e.g., 2.95 CR 

at N=1), suits real-time applications without prior statistical data. 

- Cost Savings: A 208-byte Amharic SMS could shrink to 6 bytes (97.11% reduction), 

enabling 23 messages per standard SMS slot (Section IV). 

- Corpus Limitations: Current results derive from six books (Table II); larger datasets 

may refine entropy estimates further. 

These findings underscore the potential to halve transmission costs while preserving 

linguistic authenticity. 

Policy Recommendations 

- Adopt Entropy-Based Standards: Mandate Huffman/Arithmetic encoding for Amharic text in 

Ethio-Telecom’s SMS, email, and app services, prioritizing backward-compatible UTF-8 

integration. 

- Public-Private Partnerships: Fund collaborations between universities (e.g., Addis Ababa 

Institute of Technology) and Ethio-Telecom to develop open-source encoding tools and APIs. 

- Digital Literacy Initiatives: Launch campaigns to educate users on compressed text benefits, 

addressing potential resistance to technical changes. 

- Infrastructure Investment: Upgrade network protocols to support dynamic encoding (e.g., 

adaptive Arithmetic coding) for real-time applications. 

- Research Expansion: Allocate grants to expand Amharic corpora (e.g., government 

documents, media archives) to refine entropy models and support other local 

languages. 
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Implementation Roadmap: 

- Short-term (1–2 years): Pilot encoding in SMS/email systems. 

- Long-term (3–5 years): Integrate into 5G/6G networks and IoT devices. 

Conclusion   

Entropy-based encoding offers a transformative path to make Amharic digital communication 

cost-effective and scalable. By implementing the proposed policies, Ethiopia can reduce 

telecom expenses, enhance bandwidth efficiency, and preserve linguistic heritage. This 

approach serves as a model for other indigenous languages globally, aligning with SDG 9 

(Industry, Innovation, and Infrastructure). Immediate action is urged to harness these gains 

for national development. 
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