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Towards the Agentic Era

Traditional Workloads

Prompt Response

General ChatBot QA, Translation etc.

LLM

Agentic Workloads

Prompt

Thinking Tool Call

Coding Agent, Computer Use Agent etc.

LLM

• Agentic workloads have significantly higher token usage

• Agentic workloads fundamentally reshape the 

compute and memory characteristics of LLM inference
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Memory Walls in Agentic Workloads

• Bandwidth Wall: Off-chip bandwidth limits on-chip compute.

• Capacity Wall: Off-chip capacity limits the KV-cache batch size.

Limits compute utilization in 
traditional square-shaped 
systolic arrays.



To solve these problems, we propose PLENA — an open-source, hardware–
software co-designed NPU for agentic inference, spanning the full stack from 

model to hardware.
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We open-source the whole stack – Model to Hardware
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PLENA ISA Design
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PLENA Simplified Microarchitecture Design

Optimization Pathways:
1. Flattened Systolic Array

2. Mixed Precision Supported

3. Supporting FlashAttention

The Optimization Pathways
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Traditional Systolic Array No Longer Suitable

Square Shaped Systolic Array
y = xw

x

wLimited Batch Size B due 
to capacity wall

B B

h

h

h

In Projection:

Low Systolic Array Utilization

Pathway 1: Flattened Systolic Array
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Pathway 1: Flattened Systolic Array
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Pathway 2: Mixed Precision Supported
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Pathway 3: Supporting FlashAttention

• Reduce the memory traffic

• Overlapping the KV cache read / write process to the HBM

• Matrix SRAM that could support low-cost transposed matrix read to support QKT

Self-Attention,

No Memory Prefetch

Flash-Attention,

No Memory Prefetch

Flash-Attention,

With Memory Prefetch
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We open-source the whole stack – Model to Hardware

Transactional 
Emulator

Analytic PPA 
Model

Compiler
Quantization & 

Accuracy Evaluator

Software Optimization Layer

Simulation Layer

Hardware 
&Software

Co-Design DSE

Quantization
Design

Hardware
Design

Slow but Accurate PPA

Fast PPA

ISA
Design

Hardware Layer

RTL 
Evaluation

Micro-Arc
Design

Hardware &
Software

Co-Design DSE

Transactional 
Emulator

Analytic PPA 
Model

Simulation Layer



UNIVERSITY OF CAMBRIDGE | AIXSIM

Balancing Area, Latency and Perplexity via Co-design

Multi-objective optimization to jointly optimize workload accuracy 

(perplexity ), latency( ) and area( ).
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PLENA delivers higher throughput than leading accelerators / GPU devices with the 
same amount of multipliers.

Agentic WorkloadsChatbot Workloads
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PLENA delivers the highest energy efficiency than leading accelerators / GPU devices

Agentic WorkloadsChatbot Workloads
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PLENA Overview

Compiler
Quantization & 

Accuracy Evaluator

Transactional 
Emulator

Analytic PPA 
Model

ISA
Design

Software Optimization Layer

Simulation Layer

Hardware Layer

RTL 
Evaluation

Hardware 
&Software

Co-Design DSE

Quantization
Design

Hardware
Design

Slow but Accurate PPA

Fast PPA

Mirco-Arc
Design

• Compiler: Custom ISA and Aten based PyTorch-to-
PLENA Compiler

• Simulators: Multi-Fidelity Simulations

• RTL: Ready for ASIC EDA tool flow

PLENA artifacts can be found at: 

https://aicrosssim.github.io/PLENA_Doc/

PLENA Published at ISCA 2026

https://aicrosssim.github.io/PLENA_Doc/
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Beyond PLENA, What We’ve Built Next

KernelCraft: First benchmark for agentic LLM generation of close-
to-metal assembly kernels on PLENA and other emerging 
accelerators. (presenting today)

DART: Diffusion NPU Accelerator for Refinement-based Text 
Generation

MemExplorer: A new memory system synthesizer for 
heterogeneous NPU systems

HeteroPanacea: Simulating future Heterogeneous AI systems 
(eg.GPU+NPU); with optimization like prefill–decode and 
attention–FFN disaggregations.

https://openreview.net/forum?id=CG3TwM48M8
https://arxiv.org/pdf/2601.20706
https://arxiv.org/abs/2604.16007
https://arxiv.org/abs/2608.03741
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