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Manual Navigation of PDK and Design Files

Which cell is best 
suited to reduce 
leakage without 
violating setup 

time?

   Design Files

PDK Files

● Engineers typically navigate PDK files during various stages of hardware 
design. 



Navigating PDKs is Time Consuming and Error Prone
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Navigate PDKs with Natural Language

What is the area of the and2:1 
cell in the high speed library? 

The and2:1 cell has an area of 
12.0 units

Retrieve

PDK Files

How can LLMs retrieve from 
the PDK files ?

Exploit the Structured 

Property

Liberty Lef



PDK: Relational Database
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Hardware Design (DEF):  Graph Database
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LLM-based Retrieval with Database Queries
● Dynamically generate database queries based on user question. 

The current design uses 3 metal 
layers out of the available 5 metal 

layers in the PDK

Design

PDK

How many metal layers does our 
design use, and how does this 

compare to the PDK's maximum?

      Text-to-SQL

      Text-to-Cypher

      Retrieval Augmented Generation

How many metal layers are in 
the PDK? 

SELECT COUNT (*) FROM 
RoutingLayer

How many layers are used in the 
design?

MATCH (n:Segment) RETURN COUNT
(DISTINCT n.layer)

Cypher Result

SQL Result

Num_Metal_Layers

5

Num_Metal_Layers

3



ChipXplore Framework

interact

ChipXplore



Experimental Results: Setup

Picorv CPU Design - Cells 50,637

Picorv CPU Design - Nets 11,070

Picorv CPU Neo4j DB- Nodes 605,563

Picorv CPU Neo4j DB- Edges 2,582,105

→ Design: Picorv CPU design. 

    DEF Design

       Neo4j Database 

→ PDK: Skywater 130nm PDK

Standard Cell Libraries (SCLs) 6

Tables 19

Cell Entries 39,576

Timing Entries 13,874,290

Size 1.1GB

   PDK Database

○ gpt-4-turbo 
○ Llama 3.3:70b
○ DeepSeek-V3

→ LLMs



Use Cases: Cross Library Comparison



Use Cases: Analyzing Nets



Use Cases: Area and Power Tradeoffs



Experimental Results: Evaluation Set

→ Evaluation Set: 

117 questions and their 
corresponding ground truth 
query. 

→ Accuracy Metrics: 

1) Execution Accuracy (EX): 

LLM Generated Query returns same result as the 
ground truth query . 

Result returned from executing LLM generated query. 

Result returned from ground truth query. 



Main Results 

No Agents 

No Planner & 
No Dispatcher & No 
Selector

No Planner & No 
Dispatcher 

(EX): Execution Accuracy (VES): Valid Efficiency Score

➔ ChipXplore + DeepSeek-V3 achieved the highest overall Execution Accuracy 97.39%



User Study: Productivity Impact
● User study with 15 Electrical and Computer Engineering graduate students. 

● Participants completed 4 retrieval tasks; once manually and once using the 
framework 

➔ ChipXplore enhanced task completion time by 5.63x , and reduced errors by 5.25x



Thank You!

Find Us

https://github.com/scale-lab/ChipXplore
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Scalability Concerns

● In-memory storage scales 
better than Disk-storage


