
Data Reuse-Aware Scalable Processing-In-

Memory Architecture for Efficient Large

Language Model Inference (DREAM)

TECHNOLOGY NUMBER: 2025-630

OVERVIEW

Data reuse-aware scalable processing-in-memory architecture for large language model

inference.

Improvement over existing technologies: Achieves 4.7× faster inference and 11.8× more

tokens per dollar versus state-of-the-art GPU servers like DGX H100.

Real-world applications: Scalable, GPU-free infrastructure for cloud AI providers, enterprise

data centers, generative text, audio, and coding assistants.

BACKGROUND

Running powerful large language models (LLMs) in an autoregressive manner requires

managing massive parameters and key-value (KV) caches for context windows up to 1 million

tokens. This autoregressive generation results in low operational intensity and high memory

bandwidth demands, limiting inference batch sizes. Contemporary hardware systems like GPUs

and TPUs are heavily optimized for compute throughput rather than the memory-bound nature

of LLM inference tasks. Consequently, traditional multi-GPU setups experience underutilization

and severe memory bottlenecks when shifting large volumes of data. Existing software solutions

and processing-in-memory (PIM) designs struggle to balance context scaling, flexibility, and cost

without underutilizing hardware. As LLM applications proliferate and demand outstrips GPU

supply, rising infrastructure costs and power inefficiencies create an urgent need for hardware

architectures optimized specifically for high memory bandwidth and efficient context reuse.
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INNOVATION

DREAM introduces a GPU-free, memory-centric architecture for LLM inference that replaces

costly graphics processing units with a hierarchical in/near memory platform. By integrating

near-bank processing units directly into smart memory devices, the system performs

computations where data is stored, eliminating frequent data transfers. Utilizing a Compute

Express Link (CXL) network alongside a hybrid processing-in-memory (PIM) and processing-near-

memory (PNM) structure, it expands memory capacity and bandwidth to handle massive

context windows up to 1 million tokens. This design matches LLM workloads, supports complex

model types like Mixture of Experts (MoE), and drastically reduces operational costs. Real-world

applications include high-throughput, low-latency deployment in hyperscaler data centers,

cloud AI infrastructure, financial models, healthcare systems, real-time chatbots, and generative

media creation.
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