"Benchmark Report Comparing GPT Models for an LLM-Based Accelerated Action Plan Infrastructure"

Background
Disaster response systems increasingly demand real-time processing and decision-support mechanisms. Advances in Natural Language Processing (NLP) technologies have accelerated and enhanced these processes. In this context, GPT models developed by OpenAI provide significant advantages in processing information, planning, and public communication during disasters.
Objective
This report aims to benchmark two GPT-based language models for potential use in an “Accelerated Action Plan Infrastructure.” The comparison is based on the following criteria:
· Task Performance (Accuracy, Relevance)
· Computational Efficiency (Inference Time, Resource Usage)
· Natural Language Understanding and Context Depth
· Multilingual Capability
· Disaster-Specific Information Extraction Ability

Model Overview and Technical Features – GPT
GPT-4, introduced by OpenAI in March 2023, features a much more advanced architecture than its predecessors. This transformer-based large language model (LLM) is a general-purpose AI system that performs with high accuracy across multiple tasks. Especially, versions like GPT-4 Turbo and GPT-4o (omnimodal) can process not just text, but also images, audio, and other multimodal inputs.
Architecture and Capacity
· Transformer-based non-encoder-decoder sequential architecture
· Estimated parameters: Unreleased, but projected near 1 trillion (GPT-3 had 175B)
· Context Window Support:
· GPT-4: 8K and 32K token versions
· GPT-4 Turbo: 128K token context (~300 pages of text)
· Embedding size: Estimated >12,288
· Modular architecture: Adaptable to audio/image/text (e.g., GPT-4o for voice/image/text)

Multimodal Capabilities
With GPT-4o (2024), the model can now:
· Analyze images (e.g., identify flood zones on a map)
· Work with voice commands (e.g., spoken instructions in disaster centers)
· Match text with images to generate complex plans
This enables deep integration with Decision Support Systems (DSS) critical for disaster management.
🧠 Example: A user uploads a map and asks, “Identify flood risk areas in this map.”

Advanced Language Understanding
· Few-shot and zero-shot learning abilities
· Deep contextual comprehension, e.g., detecting disaster-related indirect social media messages
· Tool Use: GPT-4 can query external data sources via LangChain, SERP API, or GIS tools
📈 Example: “Fetch the latest flood forecast for region X and suggest an emergency plan.”

Knowledge Consistency and Hallucination Risk
· Improved factual consistency over GPT-3.5, yet hallucinations (false information) may occur
· Fine-tuning with domain-specific datasets (e.g., FEMA) significantly reduces this risk
📚 [Lippincott Journals, 2024]

Application Performance and Real-World Use
· GPT-4 achieved up to 95% accuracy in tasks like scenario generation, resource planning, and instruction creation in systems like DisasterResponseGPT
· In FloodAI Assistant, GPT-4 translated complex meteorological data into public-friendly alerts

Integration into Decision Support Systems
GPT-4 supports:
· Information Collection: Analyzing social media, news, and official data
· Summarization: Generating short, actionable briefs for decision-makers
· Scenario Simulation: Generating "what-if" crisis models
· Action Suggestions: Resource allocation, safe zone recommendations
💡 Example: Enter a disaster scenario → GPT-4 outputs a relief plan and communication strategy

Advantages for Disaster Management
	Feature
	Value

	Context Depth
	Very High (128K tokens, multi-source support)

	Multimodal Input Support
	Text + Image + Voice + Geolocation

	Task Accuracy
	92–96% (fine-tuned models)

	Strategic Planning
	Multi-layered decision suggestions

	Real-time Feedback
	Simultaneous public alerting via chatbot or API



Model Overview and Technical Features – DistilBERT
DistilBERT, developed in 2019 by Victor Sanh and Hugging Face, is a transformer-based LLM optimized for computational efficiency. Using knowledge distillation, it compresses the larger BERT base model into a smaller, faster variant.
🔬 Source: Sanh et al., "DistilBERT, a distilled version of BERT," arXiv:1910.01108
Model Architecture
· Parameters: ~66 million (vs. BERT base’s 110 million)
· Layers: 6 transformer blocks (vs. 12 in BERT)
· Hidden size: 768
· Attention heads: 12
· Token limit: 512
Despite compression, it retains ~97% of BERT’s language understanding capacity.

Distillation Process
1. Train the teacher model (BERT)
2. Use teacher’s logits, attention maps, hidden states to train the student model (DistilBERT)
3. Student learns not only the final answer but the teacher's decision process
📘 Result: lower resource needs, high efficiency

Efficiency and Deployment
· 60% faster inference time (even on CPU)
· 40% less memory usage
· Ideal for mobile, edge, or low-resource disaster scenarios
⚙️ No GPU required → practical for field deployments like crisis bots or Twitter monitoring

Disaster Management Applications
Tweet Classification & Crisis Detection
· Categorizes disaster-related tweets (help request, damage report, info message, etc.)
· Training accuracy: 92.42%
· Validation accuracy: 82.11%
· Dataset: Chennai floods [MDPI Mathematics, 2022]
Location Extraction with NER
· DistilBERT + NER can extract location names from tweets
· Classification accuracy: 99%
· Location extraction accuracy: 89%

Enhanced Use Cases
Hunger Games Search (HGS) + DistilBERT
· Feature optimization using HGS improves real-time crisis signal detection
Multilingual Disaster Bots
· DistilBERT fine-tuned on Tamil, Hindi, English for multi-language tweet classification

Limitations
	Weakness
	Description

	Limited Context Understanding
	Not as effective as BERT/GPT for long texts

	Domain-Specific Knowledge Gaps
	Needs fine-tuning for disaster terminology

	No Multimodal Support
	Text-only model


Thus, DistilBERT is better suited for data preprocessing, fast classification, and signal extraction rather than strategic planning.

Role in the Disaster Decision-Support Chain
	Stage
	DistilBERT’s Role

	Data Scanning
	Classify social media & open-source data

	Signal Detection
	Mark anomalies and clustered message spikes

	Location Extraction
	Use NER for place/coordinate recognition

	Prioritization
	Rank help requests by urgency or risk



Benchmark Results: Performance & Accuracy
	Criterion
	GPT-4
	DistilBERT

	Task Accuracy
	~95% (scenario generation)
	~92% train / ~82% val (tweet classification)

	Context Handling
	128K tokens, multimodal
	Focused on short texts

	Info Extraction – Location
	40%+ improvement with Geo-Guided GPT
	89% accuracy with NER

	Inference Speed / Resources
	High latency, GPU-dependent
	Fast on CPU, ideal for critical response

	Multilingual
	Full support (text/audio/image)
	Limited, can improve via fine-tuning

	Decision Support
	Strategic action plans
	Signal extraction & data filtering



Use Case Scenarios
1. Flood Risk Management & Public Communication (GPT-4)
· User inputs flood alerts or meteorological data
· GPT-4 combines map-based data and vulnerability profiles
· Outputs human-readable suggestions, high-risk zones, next steps
· Rated high on context understanding, user-friendliness, and responsiveness
2. Real-Time Tweet Scanning and Location Detection (DistilBERT + HGS + NER)
· DistilBERT classifies tweets (e.g., "help request", "damage report")
· HGS optimizes features; NER extracts location
· Chennai Flood example: 99% classification accuracy, 89% location extraction

Hybrid Pipeline: DistilBERT → GPT-4
1. DistilBERT scans social media for crisis signals
2. Extracted locations and categories sent to GPT-4
3. GPT-4 generates scenarios, action plans, and communicates them to decision-makers
(e.g., DisasterResponseGPT approach)

Conclusion and Recommendations
Overall Evaluation
· GPT-4 excels at deep context analysis, multimodal support, and strategic planning
· DistilBERT offers rapid classification and field-ready data processing with high efficiency
· A hybrid usage model combines both strengths for operational flexibility
Strategic Recommendations
· Use DistilBERT on mobile apps, drones, and field devices for real-time signal detection
· Use GPT-4 in the backend to analyze and generate disaster action plans
· Fine-tune GPT-4 with domain-specific disaster data; extend DistilBERT with NER modules
Future Developments
· Use GPT-4o’s voice and vision support for inclusive public engagement
· Leverage Geo-knowledge guided GPT models for better location intelligence
· Integrate human-in-the-loop and ethical governance to manage hallucination risks
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