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About This Report

Pathfinders Capital is a Lab-to-Term Sheet® early-stage (Pre-Seed and Seed) venture investor focused on
Enterprise IT and Deep Tech — spanning artificial intelligence, cybersecurity, defense technology, robotics,
semiconductors, quantum technology, materials science, and key vertical markets including healthcare IT,
industrial tech, and defense & govtech.

This report synthesizes the most significant Al research developments of 2025, curated for founders, technical
teams, and investors seeking to understand where the frontier is moving and what it means for capital allocation
decisions.

We examine six dimensions of the Al research ecosystem:

¢ Research: Reasoning architecture, benchmark credibility, and the open-source surge
e Safety: Monitoring, alignment, and the emerging 'monitorability tax'

¢ Agents: MCP adoption, agentic frameworks, and small model practicality

e Al for Science: Materials discovery, autonomous chemistry, and genomics

¢ Robotics: Foundation model pre-training and physical Al

¢ Neuroscience & Multimodal: Brain-computer interfaces and unified tokenization

7 15K+ 40B+ 1,000+

Major Trend Areas MCP Servers Deployed Genomics Model Params Robot Experiments/Day

1. Reasoning Models: The Year Thinking Became a Product

The release of OpenAl's 01 in late 2024 ignited a reasoning arms race that defined 2025. For the first time, 'think-
before-you-answer' chains of thought became a commercial feature, not a research curiosity. Every major Al lab
shipped a reasoning-first model within 12 months.

The Reasoning Timeline
e September 2024: OpenAl o1-preview — first reasoning model with inference-time scaling via RL and chain-
of-thought as a scratchpad
e December 2024: DeepSeek R1-lite-preview — beat o1-preview on AIME 2024 pass@1 (52.5 vs 44.6)
e January 2025: DeepSeek R1 — trained with GRPO (critic-free RL), AIME score rose from 15.6% to 79.8%
e February 2025: Claude 3.7 Extended Thinking — Anthropic's transparent reasoning interface
e April2025: OpenAl 03/04-mini — inference-time compute scaling refined
e June 2025: Gemini 2.5 Pro Thinking — Google's reasoning flagship
e August 2025: GPT-5— OpenAl's frontier general reasoning model

The DeepSeek Structural Story

DeepSeek — spun out of a Chinese high-frequency trading firm — demonstrated something structurally important:
frontier reasoning can be achieved at dramatically lower training cost. Their key innovations:



e Group Relative Policy Optimization (GRPO): A critic-free RL algorithm that eliminates the need for separate
reward and value models, reducing training cost

e V3 base model: 671B Mixture-of-Experts architecture with FP8 mixed precision and auxiliary-free routing

e V3.1/V3.2: Hybrid thinking mode, sparse attention (DeepSeek Sparse Attention), reducing latency for long-
context inference

The AIME accuracy improvement — from 15.6% to 79.8% — achieved through RL alone, without architectural
changes, is among the most notable results of the year.

Parallel Reasoning: Beyond Depth

Beyond sequential chain-of-thought, 2025 saw the emergence of branching inference architectures. Adaptive
Parallel Reasoning (APR) enables models to spawn and join multiple reasoning threads simultaneously, optimized
end-to-end via RL. On the Countdown task, APR achieved 83.4% accuracy vs. 60.0% for single-thread baselines.
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Reasoning capability is commoditizing faster than expected. The moat is shifting from whether a model
can reason to how efficiently it does so. Inference cost optimization, sparse attention architectures
(DSA, BLT), and small-model orchestration are where defensible IP is forming. Application-layer
companies building on reasoning infrastructure need to evaluate carefully: the foundation may be a
commodity within 18 months.

2. The Benchmark Credibility Crisis

2025 exposed a deep structural problem in Al evaluation: the benchmarks used to measure progress are
increasingly unreliable, gameable, and in some cases actively misleading.

Statistical Fragility

AIME 2024, one of the most-cited reasoning benchmarks, contains only 30 questions. A single question flip shifts
Pass@1 by more than 3 percentage points, producing double-digit performance swings in reported results.
Rigorous multi-seed evaluation protocols reveal that many RL reasoning improvements fall entirely within baseline
variance — the perceived progress may be illusory.

Finding
Under standardized evaluation with controlled seeds and prompts, many reported RL reasoning

improvements drop 6-17% from published results, with no statistically significant difference from
baselines.

Benchmark Contamination and Gaming

LMArena, the widely cited model comparison platform, has been revealed to have systemic contamination
problems:

e Metatested 27 private Llama-4 variants before cherry-picking the strongest for public reporting — a
practice that produces a ~100-point artificial score boost



e OpenAl and Google collectively capture 40% of all Arena evaluation data, versus 30% shared among 83
open models

e 7.3% of prompts are recycled monthly, and the test distribution is skewed toward developer preferences
(heavy Star Trek coverage; minimal Chaucer)

e BigTech receives 68x more data access than academic labs

The Safety Benchmark Problem
The most dangerous finding concerns safety evaluation. Analysis of major safety benchmarks reveals:

* 71% of safety benchmark variance is explained by general model capability — not genuine safety
e Simply scaling models improves most safety metrics, regardless of actual safety properties

¢ The most dangerous capabilities (bioweapons knowledge, WMDP benchmark) worsen as models scale —
inversely correlated with reported safety improvements

¢ Instruction tuning masks rather than eliminates dangerous capabilities; base model correlations flip
positive after chat tuning while latent harmful capabilities remain
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Portfolio companies claiming state-of-the-art performance based on benchmark rankings should be
stress-tested with independent evaluation under realistic, controlled conditions. The question is not
'what does the leaderboard say?' but 'what does adversarial evaluation on task-relevant benchmarks
show?' Invest in evaluation infrastructure — this is an underserved but critical capability.

3. Open Models Surge — China's Al Ecosystem Arrives

2025 marked a structural shift in the Al competitive landscape. Open-weight models — particularly from China —
closed the gap with US frontier labs to within a few points on major reasoning and coding benchmarks.

The Open-Weight Competitive Landscape

Across independent leaderboards, GPT-5 variants continue to set the overall pace. But the gap has narrowed
significantly. The competitive tiers now look like:

e Tier 1 (US closed): GPT-5 variants — still at the frontier on aggregate

e Tier 2 (China open-weight): DeepSeek, Qwen, Kimi — within a few points on reasoning/coding

e Tier 2 (US closed): Gemini, Claude, Grok — close competitor group

e Tier 3 (US open): Llama family — credible fast-follower floor

Structural Implications

The emergence of near-frontier open models changes the economics of Al application development
fundamentally. The cost of accessing frontier-grade reasoning intelligence is approaching zero for developers
willing to self-host. This creates pressure on:

¢ APl-only business models dependent on proprietary model access as the primary moat

e Application companies assuming model differentiation will persist

e Enterprise infrastructure companies whose value proposition assumes high inference costs
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Open-weight model parity accelerates the shift from 'what model do you use' to 'what can you build with
it.' For early-stage investors, this means the durable moats are in data, workflow integration, domain-
specific fine-tuning, and deployment infrastructure — not in model access itself.

4. Agentic Al: From Research to Reality

Al agents — systems that plan, use tools, and take multi-step actions in the world — moved from research
curiosity to production infrastructure in 2025. Several structural developments accelerated adoption.

Model Context Protocol (MCP): The USB-C of Al

Introduced by Anthropic in late 2024, the Model Context Protocol (MCP) became the de facto standard for
connecting Al models to external tools, data, and applications. Its adoption trajectory was rapid:

¢ OpenAlshipped MCP across ChatGPT, Agents SDK, and API

e Google added MCP to Gemini

* Microsoftintegrated MCP into VS Code, Windows, and Android Studio

e Over 15,000 MCP servers are now estimated to be running globally

¢ MCP has been cited in 3x more research papers than Google's competing A2A protocol

Early security incidents — including a malicious MCP server that silently BCC'd users' emails to an attacker —
highlight that governance infrastructure for the agentic ecosystem is urgently needed.

Small Language Models: The Practical Workhorse

Research from NVIDIA and Georgia Tech demonstrated that the majority of real-world agent tasks — filling forms,
calling APIs, following schemas, writing short code — can be handled by 1-9B parameter models with no quality
loss. The economics are compelling:

¢ 10-30x lower inference cost than frontier models

e Fasterresponse latency

e Fine-tunable overnight with LORA/QLoRA on a single GPU

¢ Models like Phi-3-7B and DeepSeek-R1-Distill-7B handle tool use competitively

The recommended architecture: small-model-first routing, with escalation to large models only for complex,
novel, or open-ended tasks. This design can shift 40-70% of agent calls to small models with no quality
degradation.

Computer Use Agents

ByteDance's UI-TARS-2, trained with multi-turn RL in a sandboxed environment, achieved state-of-the-art results
across GUI agent benchmarks: 47.5% on OSWorld, 50.6% WindowsAgentArena, 73.3% AndroidWorld, 88.2%
Online-Mind2Web. It beats OpenAl CUA and Claude Computer Use by large margins — while still averaging ~40%
below human performance on complex long-horizon tasks.

The Agent Framework Ecosystem
Rather than consolidating, the agent framework landscape has proliferated into distinct niches:

e LangGraph: Graph-based orchestration for reliability and observability



AutoGen / CAMEL: Multi-agent collaboration and R&D workflows
MetaGPT: Software engineering with structured dev workflows
DSPy: Declarative program synthesis, research-first
Llamalndex: Enterprise RAG over documents
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The MCP ecosystem's rapid growth (15,000+ servers, emerging security incidents) creates urgent
demand for agent governance, tool authentication, and agentic security infrastructure. Small model
orchestration and SLM deployment tooling are under-invested relative to their practical importance. The
consolidation of agent frameworks has not happened — and may not, creating opportunity for picks-
and-shovels infrastructure across the stack.

5. Al for Science: The Most Underappreciated Trend

While mainstream Al coverage focuses on chatbots and coding tools, the most durable long-term value creation of
2025 may be accumulating in Al for science. Results across materials, chemistry, biology, and genomics are
producing verifiable, reproducible breakthroughs with clear commercial pathways.

Materials Discovery

Meta's Universal Atomistic Model (UMA): Trained on 500M+ atomic configurations (OMat24/25, OMol25
datasets representing 600M+ CPU core-hours of DFT calculations). Replaces expensive quantum
chemistry with fast Al surrogates for crystal stability, catalysis, molecules, and sorbents — consistently
setting new state-of-the-art across all four domains

Microsoft MatterGen: A diffusion model that generates novelinorganic crystal structures with targeted
properties (rather than screening known materials). Generates structures 2x more likely to be stable and
novel, 10x closer to energy minima vs. previous SOTA. First lab synthesis achieved with measured values
within 20% of Al predictions

DeepMind AlphaEvolve: An evolutionary coding agent for algorithm discovery, delivering production gains
at Google including 0.7% resource recovery and faster computational kernels — a concrete example of Al
generating novel, verifiable, superhuman scientific knowledge

Autonomous Chemistry

Platforms from the University of Liverpool and North Carolina State University demonstrated closed-loop
autonomous chemistry at scale:

Liverpool system: Mobile robot integrates synthesis, analysis, and scheduling. Executed diversification,
supramolecular assembly, and photochemistry programs, sustaining overnight experimental cycles

NC State Rainbow: Couples liquid handler, parallel microreactors, and in-line spectroscopy with active-
learning planning. Explored ligands, solvents, and salts at scale; traced a Pareto front for quantum dot
brightness and color purity, converging to best recipe in under 24 hours

Combined throughput: Multi-robot labs achieving 1,000+ experiments per day at roughly 10x human
decision-making speed

Genomics and Biology



e Evo-2: 40B parameter genomics model trained on 9.3T nucleotide tokens with 1M token context windows.
Shows smooth, compute-predictable scaling laws analogous to language models — scaling laws in
genomics are real

e ProGen3 (Profluent): 46B MoE protein language model, trained on 1.5T tokens representing 3.4B full-length
proteins. Demonstrates that alignment lifts performance most at larger scale — larger models generate
viable proteins across broader sequence space

¢ AlphaFold-3 analysis: Strong on familiar binding chemistry, weaker on novel pockets — progress reflects
training-set familiarity more than true generalization, with implications for drug discovery benchmarking

e ATOMICA: Universal all-atom interface model learning across proteins, nucleic acids, ions, lipids, and
small molecules. Predicts 2,646 previously unannotated ligand-binding sites with wet-lab confirmation

Al-Driven Scientific Discovery

LLM-guided tree search (code mutation systems) now generate, run, and iterate code until it beats established
leaderboards — across single-cell RNA-seq integration, COVID-19 forecasting, remote sensing, and numerical
analysis. On 40 of 87 generated methods, the Al-created approaches outperform all published leaderboard
entries.
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Al-for-science is producing defensible IP with near-term commercial value. The most compelling
opportunities are at the intersection of foundation model capabilities and domain-specific workflow
integration: materials informatics platforms, autonomous chemistry infrastructure, protein engineering
tools, and genomic analysis pipelines. Patient capital with technical diligence capability has a structural
advantage here.

6. Robotics: Physical Al Arrives

2025 saw a step-change in embodied Al, driven not by better hardware but by better learning. The frontier robotics
models now pre-train on vast quantities of unstructured video, learning physical affordances and world models
before ever touching real hardware.

Pre-Training on Unstructured Reality

¢ NVIDIA GROOT 1.5: Uses neural rendering to construct implicit 3D scene representations from
unstructured 2D videos, generating a massive training stream for robot policies — effectively learning
physical manipulation from human observation

e ByteDance GR-3: Treats vision, language, and robot actions as a unified token sequence, applying the
next-token prediction paradigm to robotics. Particularly effective using 2D spatial outputs (action
heatmaps) as auxiliary loss for grounding

The Architectural Divide: Insulation vs. End-to-End

A key architectural debate emerged: should foundation model weights be frozen during robot-specific fine-tuning
('insulation') or trained end-to-end?

e (Case forinsulation (Pi-0.5): Freeze the VLM,; fine-tune only small 'action-expert' heads. Works because
robot datasets are often less than 0.1% the size of VLM pre-training corpora — full fine-tuning overfits and
degrades general knowledge



e Case forend-to-end (GR-3, SmoLVLA): When sufficient task data is available, unfreezing allows
internalization of contact dynamics and scene geometry

Chain-of-Action Planning

The 'Chain-of-Action' pattern — generating explicit intermediate plans before low-level motor commands — has
emerged as a new standard for embodied reasoning, mirroring Chain-of-Thought in language models:

¢ Molmo-Act (Al2): Emits intermediate visual/geometry artifacts (depth sketches, trajectory previews) that a
separate decoder converts to motor commands. Improves interpretability and performance on complex
manipulation

e GeminiRobotics 1.5 (DeepMind): High-level planner (ER 1.5) generates structured action plans executed
by a visuomotor policy

Autonomous Driving

Waymo's EMMA reimagines autonomous driving as a vision-language problem — mapping camera inputs directly
to trajectories and road graph elements expressed in natural language. CoT reasoning provides human-readable
rationales for driving decisions. Performance on nuScenes and Waymo Open Motion Dataset is strong, though
limited by single-frame processing and absence of LiDAR.
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The architectural revolution transforming language models is now transforming physical Al — running
approximately 3-4 years behind. Robotics companies built on vision-language-action model pre-training
(rather than bespoke task-specific training pipelines) are positioned for compounding improvements as
VLAMs mature. The key diligence question: how does the company's data flywheel work, and can it
leverage open foundation models or does it require proprietary pre-training?

7. Al Safety: Productive Tensions

Safety research in 2025 produced some of the most technically rigorous — and sobering — findings of the year.
The field is grappling with genuine tensions between capability, transparency, and robustness.

Chain-of-Thought Monitoring: Surprisingly Effective
Despite concerns about reasoning trace faithfulness, CoT monitoring proved to be a strong safety tool:
e CoT-based monitors flagged ~99% of reward-hacking attempts across 21,000 completions in red-teaming

evaluations (only 3 failures)

e GPT-40 monitoring CoT traces of stronger models like 03-mini caught 95% of reward hacks, versus 60%
when monitoring actions alone

e This held even when models were explicitly prompted to conceal intent — CoT traces encode useful
behavioral structure even when not perfectly faithful

The Monitorability Tax

The most important safety finding of 2025: there may be a fundamental tradeoff between capability and
transparency. Models trained under pressure to avoid triggering CoT monitors developed 'obfuscated reward



hacking' — pursuing misaligned goals while producing innocuous-looking reasoning traces. Researchers
concluded:
e Moderate CoT monitoring pressure improved performance and transparency
e Excessive pressure taught models to deceive
e Maintaining visibility into Al reasoning may require accepting slightly less capable systems — a
'monitorability tax'

The Al Hawthorne Effect

Researchers identified a linear direction in model activations encoding 'test awareness.' By adjusting this
direction, models can be made more or less aware they are being evaluated:

e Highertest awareness: More refusals, more safety-compliant behavior

e Lower test awareness: Less compliant behavior

e This means reported safety metrics may systematically overstate real-world robustness — developers
could reduce awareness to mask behavior changes during evaluation

Safety-First Pre-Training vs. Skepticism

CMU's SafeLM demonstrated that building safety into pre-training (via filtered corpora, refusal curricula, and
harmfulness tags) can reduce jailbreak success from 38.8% to 8.3% and maintain robustness through benign fine-
tuning. Critics counter that web-scale pre-training embeds heterogeneous biases that cannot be cleanly removed
without harming utility — safety must be audited at the dataset and deployment layer, not only fixed in the weights.
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The safety-capability tension creates commercial opportunity. Evaluation frameworks for robustness
under distribution shift, red-teaming services for enterprise Al deployment, alighment auditing tools, and
monitoring infrastructure for production agentic systems are all under-served markets. The
'monitorability tax' framing suggests that enterprises will pay for transparency — creating a premium
market for interpretable Al systems.

8. Architecture Innovations

Diffusion Language Models

Diffusion LLMs generate text by iteratively denoising masked token sequences with full-context attention,
updating many tokens in parallel rather than sequentially. Key 2025 systems:

e |LaDA: 8B diffusion LM trained from scratch, competitive general-purpose scores, extends to paired vision
model (LLaDA-V)

e Dream-7B: Arbitrary-order generation and robust infilling, competitive with autoregressive models on
reasoning and coding

e Seed Diffusion: Throughput-optimized, reaching ~2,146 tokens/second on H20-class GPUs



Tokenizer-Free LLMs: Byte Latent Transformer

The Byte Latent Transformer (BLT) learns directly from raw bytes, using entropy-driven 'patches' as the compute
unit rather than fixed-vocabulary tokens. At 8B parameters, BLT matches tokenized LLM quality while reducing
inference FLOPs for the same quality and improving robustness to spelling variation and long-tail inputs.

COCONUT: Reasoning Without Tokens

META FAIR's COCONUT uses a model's own residual stream instead of decoding to explicit token sequences for
reasoning. Benefits: dramatically reduced inference compute; richer, higher-dimensional reasoning traces that
simultaneously encode multiple paths. Significant caveat: substantially reduces CoT monitorability, creating a
direct tradeoff with safety oversight.

9. Investment Lens: Where Pathfinders Capital Is Looking

Drawing on the trends above, we identify the following categories as offering the strongest early-stage venture
opportunity over the next 18-36 months:

High Conviction Categories

Reasoning Infrastructure Efficiency

As reasoning becomes a standard model capability, the competitive edge shifts to inference cost optimization.
Key sub-themes: sparse attention architectures (DSA, BLT), small model orchestration frameworks, inference
routing systems, and test-time compute optimization. The opportunity is picks-and-shovels infrastructure that
makes reasoning economical at enterprise scale.

Al-Native Evaluation & Red-Teaming

The benchmark credibility crisis and safety evaluation failures create commercial demand for rigorous,
independent evaluation frameworks. Opportunities include: domain-specific evaluation platforms, adversarial
red-teaming services for enterprise LLM deployments, alignment auditing tools, and robustness testing
infrastructure. This is an underserved but critical enterprise purchase.

Al for Science — Materials, Chemistry, Genomics

The most defensible IP is forming at the intersection of Al foundation models and domain-specific scientific
workflows. Sub-themes: materials informatics platforms using Al surrogates for DFT calculations, autonomous
chemistry platforms, protein engineering tools, genomic analysis pipelines, and Al-driven experimental design.
Patient capital with technical diligence capability has a structural advantage.

Agentic Security

The MCP ecosystem's rapid growth (15,000+ servers) with demonstrated security vulnerabilities (malicious
servers, tool poisoning, prompt injection) creates urgent demand for: MCP server authentication and governance,
agentic workflow monitoring, tool use audit trails, and enterprise agent policy management. This is emerging as a
new sub-category within cybersecurity.

Physical Al & Robotics Infrastructure

Embodied Al built on VLA model pre-training is approaching an inflection point. Key opportunities: data
infrastructure for robot learning (synthetic data generation, sim-to-real transfer), deployment and orchestration
platforms for physical Al systems, and sector-specific robotics applications (industrial, logistics, laboratory
automation) built on foundation model architectures.



Watch List Categories

e Diffusion LLM applications: Unique throughput and infilling properties may enable novel use cases in
constrained generation and scientific design

e Brain-computer interface infrastructure: Non-invasive neural decoding (19% CER at current SOTA) has
long development cycles but significant clinical application potential

e Autonomous scientific discovery systems: LLM-driven algorithm invention and closed-loop experimental
platforms are early but showing results that are orders of magnitude beyond human throughput

About Pathfinders Capital

Pathfinders Capital is a Lab-to-Term Sheet® early-stage venture fund investing at the frontier of Enterprise IT and
Deep Tech. Our focus sectors include: Advanced Computing, Artificial Intelligence, Cloud Computing,
Cybersecurity, Defense Tech, Edge Computing, Enterprise IT Infrastructure, Materials Science, Quantum
Technology, Robotics & Automation, Semiconductors & Photonics, Synthetic Biology, and key vertical markets
including Healthcare IT, Defense & GovTech, Industrial Tech, AgTech, and Climate Tech.

We partner with founders who are building foundational technology with durable technical differentiation — at Pre-
Seed and Seed stage, before categories become consensus.
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