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I[ Introduction: SoC Design
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I Introduction: Chip Design Flow

 End to end chip design contains multiple design stages
 Challenges for design chip: years design cycle + high cost
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I[" Al for IC Design

Building the Al Using Al in our
infrastructure design solutions
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I[" Introduction: Modern CPU Design

Conventional

 Increasing design complexity of modern Sesfian Haw

high-performance CPUs -] Current Design
] ] ] ] lRTL/CSim.
* Design and optimization of CPU Simulation Report
microarchitecture I
| Manual Optimization |
- Evaluate design to obtain simulation results L mecepsieing SOy -
 Manual selection of optimal parameters [ Optimized
: : Design
« Dependent on engineer expertise ¥

Selected Design
Configuration
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I Introduction: Black-box DSE Methods

« Multi-objective Bayesian optimization laclcliox Do Fow
_ _ Initial Set
 Various techniques for surrogate {?ﬁé%%ﬁii’ IRTL,CSim_ |
modeling and acquisition functions " rloampledDataset]

 Algorithm-driven optimization Arch-blind A |
Data intensive
. . . I S
 Overlook architectural information New Point  —
o RTL/CSim.l
« Sampled dataset for model training SPA

Pareto set ||'
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I[" Our Work: LLMs for CPU DSE

e Chat-A2, an LLM-aided DSE framework

« CPU microarchitecture DSE
 LLM-based architecture expert

« Customized gem5 simulator and power/area

evaluator

LLM-aided DSE Flow
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Incorporate LLM as an architecture expert in CPU DSE
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I[" Observations

* Observation 1: LLMs struggle to complete multi-step tasks like
microarchitecture DSE autonomously.

* Observation 2: LLMs can determine whether parameter values should
be adjusted based on statistical reports.

* Observation 3: LLMs can refer to exploration history through in-
context learning to improve current optimization.

* Observation 4: LLMs can correlate different hardware parameters with
global information and intrinsic knowledge.

Z. Zhu, K. Bai, T. Jia, ASP-DAC 2026



I[” Framework Overview

* LLM-aided architecture analysis and optimization

* PPA evaluation w/ customized gem5 and McPAT

_ —] PPA Evaluation L L M-aided
E)verall Design Space gem5 | | McPAT \ Architecture Expert
| - 4
Architecture Analysis
LLM-aided & Eam@ Set
Design Space Pruning (Pareto Erontier) Architecture Optimization
EPruned Design Spacej l
L ) Generated Design Config. ]
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I[" Step 1: LLM-aided Architecture Analysis

[{System Prompt}

| Analyze the performance of Frontend,
Issue, Memory, and Execution Unit

 Top-down parameter categorization

|

|

. " |

* Identify critical modules | based on the following simulation stats. |

« Simulation report : Frontend ---- |

5 fetch.nisnDist::i |

e PPA metrics - decode.idleCycles I

Top-down : - decode.blockedCycles |
Categorization

@ > " lssue Unit |

Frontend : 'Ssue;n't § . Ia’
v epena on operation maae
@ Issue Unit I P P T
: | Repart the critical _WlO_d_U_lelSAf‘t display
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Example prompt for architecture analysis

Critical module: Identified bottleneck/redundancy
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I[" Step 2: LLM-aided Architecture Optimization

. o | {System Prompt} |
Optlmlze hardware param eters | [Issue Unit] displays significant

within the critical modules | bottlenecks. Here are PPA metrics,

| hardware parameters, and sim. stats.

I
I
I
« Based on simulation reports and PPAs | cpi: 0.5169; Power: 15.15; Area: 50.47 |
| 1$ Size: 16kB |, candidates: 8/32/64kB |

* Incorporate global optimization history 1. ... |
| Issue Width: 4 , candidates: 5/6/7/8 |
I

I

I

I

I

I

I

Critical Module | ROB Entry: 96, candidates: 128/192/256
Issue Unit | -—-- Issue Unit ----
Optimized | - issue.nisnDist::0 228661
Opt. History Design Config. | - rename.ROBFullevents 4227
LDeSign Param_w | - rename.|QFullevents 0
PPA metrics | What are suggested parameter values

. Y  Performance-driven mode %——tommprowmelsvetom performancek

Example prompt for architecture optimization
Z. Zhu, K. Bai, T. Jia, ASP-DAC 2026



I[" Exploring Pareto Optimal in Design Space

« 98.93% and 97.88% hypervolume in the performance-area and
performance-power view of the Pareto set, respectively
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I Optimization Benefits

* Physical implementation of optimized and default configuration
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I[” AgenticDSE: Agentic-Assisted DSE for Chiplets ¢

—  Design space for
multi-chiplet architecture

Parametric
Design Space
- Parallelism Strategies: TP, PP

- Hierarchical Architecture

Fixed des:gn space with complex
architecture-parallelism parameters

(a)

Black-box Optimization

Surrogate
Model
Acqmsmon
Funchon
o Black-box optimization w/o
domain knowledge

~
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I Introduction: OSH Platforms

« OSH SoC development platforms provide automated SoC
generation based on open-source |IP

g

Build your hardware, easily!

Chipyard PULP ESP LiteX

P. Yan, Q. Zhi, L. Liu, T. Jia, ISLPED 2025 (Best Paper)



I Introduction: SoC Generation

 Question: what if we want to build a more custom SoC?

— (" module example(...); h ([ A
o IIneed comments . We need to spend
a lot of time and

effort integrating
and verifying SoC

always@)(...)begin

E%d e

endmodule

"h /Ineed documents
* This module describe a ...

This module consist of ...

-
N

\. 4

Open-Source Hardware IP SoC Integration and Verification
@ « Lack of structured organization @ « Labor-intensive and error-prone
 Lack of documents and annotations « Time-consuming and hard to debug

P. Yan, Q. Zhi, L. Liu, T. Jia, ISLPED 2025 (Best Paper)



I[" Our Work: GenSoC Workflow

« GenSoC: OSH and LLM agents are utilized for agile SoC design
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- - - -------—---—-"-—---—n-—-n—n—-—--—--"—n—-—-—--—--—V— - \

~ /: [ ) Please design an SoC for edge Al inference with the following |

< — 7 | 4 specifications: low power consumption (<500mW) |

Y s . 2
User IP library 7 ST T T T T T T T T T T T T T T T T T T T T T T T T T T oo oo
requirement manger 7 | The user wants to design an SoC for edge-side Al inference with low power |
/7 | consumption. | need to propose an SoC design solution based on the |

e ™ | existing IPs in the IP library. First, i need to select a CPU--- |
I I

e | The user requires a low-power SoC, but the superscalar architecture of OpenC910 |

m l,;’ - | consumes too much power, soitis excluded. CVA6 and Rocket are retained as |

| alternatives. Since object detection requires real-time processing of image data, the CPU |

IP  Perf Power Area | needs to balance computational throughput and energy efficiency. However, Rocket's in- |

e o | order execution may lead to preprocessing delays, affecting overall real-time performance. |
)| | In contrast, CVAG's out-of-order execution capability can meet real-time requirements. |

| IP1 O @ Q | Therefore, CVAG is ultimately selected as the core processor. |
— | l
—_——_—— e — — — — — \ | The userrequires a low-power SoC for edge Al inference, but the Gemmini accelerator's |
| Q | high power consumption exceeds the budget, so itis excluded. NVDLA and VTA are |
IP 2 O | retained as alternatives. Since real-time object detection relies heavily on CNN |
— — — — — — — — — | acceleration, the NPU needs to balance computational throughput and energy efficiency. |
T T T T T 3\ | However, VTA's limited model compatibility and AXI-Lite interface constraints may |
| IP 3 Q @ O | introduce preprocessing bottlenecks, affecting end-to-end latency. In contrast, NVDLA's !
L= W | dedicated CNN acceleration architecture and native AXI interface provide higher !
- | throughput while maintaining power consumption, ensuring real-time processing. !
l N : Therefore, NVDLA is ultimately selected as the Al accelerator core. :

N N | cpUlP | Perf | Power | Area NPUIP | Perf | Power | Area I

?&? Cgrr]wgg Design N : CVAG6 (V) B) B) VTA @ © :
generate plan \ | Rocket Q NVDLA @ 0 @ |

N : openco10| @ Q ® Gemmini (X (C) :

P. Yan, Q. Zhi, L. Liu, T. Jia, ISLPED 2025 (Best Paper)



[ Example: Overall Workflow

.0
AUy L

| need a SoC for

... (other

requirement). Please generate an SOC like this for me.

Task received. Objective: Edge Al
SoC with hard constraint:

. Initiating
thinking process...

CPU: Power consumption is the
primary consideration. The
superscalar architecture of
OpenC910 results in excessive
power consumption and is thus
excluded.

NPU: The power consumption of the
Gemmini accelerator exceeds the
budget and is therefore excluded.

Although Rocket has lower power
consumption, its in-order execution
architecture may lead to real-time
processing delays. The out-of-order
execution capability of CVAG6 better
meets real-time requirements, so
CVAG is ultimately selected.
Work completed. has
been generated.

integrator

N

iV

00

ajelauan
areibalul

/

Task received: . Objective:
Integrate CVAG6 (CPU), NVDLA (NPU),
and some 1/O unit. Initiating protocol-
driven integration process...
Considering that UART is a typical low-
bandwidth peripheral, | determined that
using the APB protocol from the AMBA
family would be the most efficient
choice

Before preparing the connection
module, | checked my internal adapter
library but found no existing APB-to-
UART adapter.

Using the APB protocol information |
just extracted, | will write a new Verilog
module named

based on this logic

Integration completed. Scanning final
code, allocating memory addresses,
and generating three critical verification
support documents:

Address Mapping Table

Register Function Documentation

Test Point Documentation

Work completed. SoC source code and
verification documents generated.

¥

P. Yan, Q. Zhi, L. Liu, T. Jia, ISLPED 2025 (Best Paper)

@
SoC
validtor

</

bngag

Received SoC_Top.v and verification
documents. Task: Validate SoC
functionality. Initiating iterative
verification loop...

Preparation:

Based on TestPoints file, | wrote a C
test case to verify CPU read/write
operations on NVDLA registers...
Simulation:

Compiled the test case into a binary
file and invoked the simulator for
execution. Simulation failed! Logs
indicate the master module is stuck in
the SEND state. Extracted structured
debugging information at the time of
failure. Files show the master’s valid
signal was asserted, but its ready input
signal was not triggered...

Debug:

Protocol specification comparison
revealed an error: the s_axi_wready
trigger was incorrectly placed in the
WR_DATA state instead of
WR_ADDR. After correcting the
Verilog code by relocating the signal
logic, the simulation passed...

All test cases passed successfully.
SoC functional verification completed



I Evaluation: SoC Design Examples

 Two design cases are developed by GenSoC with TSMC 22nm

« Case A: edge Al inference, Case B: general mobile computing

2000um

NPU
(NVDLA)

2000um

CPU
| (CVA8)

DSP

Case A

5300um

5100um

GPU
(Ventus)

(Xiangshan)

CPU NPU

(Gemmini)

{110

Others

Feature Case A Case B
PDK TSMC 22nm TSMC 22nm
Target Egde Al General Mobile

Frequency 500 MHz 1 GHz

Total Power 332.4 mW 16.23 W

Total Area 4 mm? 27.03 mm?

Case B

P. Yan, Q. Zhi, L. Liu, T. Jia, ISLPED 2025 (Best Paper)



[ Extensions

 End-to-end design flow including EDA script generation
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I summary

« Alfor IC design is promising to accelerate IC design cycle

 Agentic Al has great potentials from multiple aspects
 Chat-A?% LLM-aided CPU DSE framework
« AgenticDSE: Agentic-assisted DSE for Chiplets

« GenSoC: End-to-end SoC design and generation

« Much more can be done for Agentic-driven design methodology

GPU
(Ventus)

IIIIHI;

.
i umm."----
‘™ &‘

CPU
(Xiangshan)

|||||||||||||||||||||

NPU
(Gemmini)

1
|||||||||||||||||

I0 | Others
Defa ‘Xunﬁm Opamized X .'qslu Core

. :
Desugn Space \j RTL Coding \j Design &

Exploration Verification




Thank You




