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Background & Significance

Research Achievements Industrial Deployment

Innovative Approaches

Improve fault 
coverage

Minimize the 
pattern set

Shorten test-
generation time

Three Core Research Motivations

◼ Conceptual Model of ATPG

Circuit testability is 
declining.

Traditional structural 
ATPG algorithms (D-
algorithm and PODEM) 
are becoming efficient.

SAT-based ATPG 
suffers from exploding 
pattern count.

Enhancing circuit 
testability is NP-hard.

Current limits

An excessive number of 
test patterns drive test cost 
up sharply.  

Test-compression 
techniques reduce test-
data volume and test time 
by inserting extra 
hardware (compressors 
and decompressors), but 
for large circuits they 
significantly increase the 
test-pattern count.

Current limits

Parallel ATPG suffers 
from severe pattern 
inflation when 
machines are poorly 
synchronized.  

Optimizations built 
into ATPG systems—
such as static test 
compaction—also add 
significantly to overall 
ATPG runtime, creating 
a trade-off.

Current limits

◼ The Core Role of Test Generation in DFT
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Design-for-Test (DFT) starts from the design to 

detect defects within the circuit during testing.

Automatic Test Pattern Generation (ATPG) is 

one of the most critical issues in digital 

integrated circuit testing.

/

LLM- and GNN-Based Intel l igent 
Design-for-Testabil ity 

Enhancement
HighTPI: We introduce a hierarchical 
graph-representation learning 
approach in a two-stage scheme.

PastATPG: A Hybrid Pattern-
Compaction ATPG System Based 

on Par tial-Assignment SAT
Core Observation: The pattern 
compaction capability stems from 
the, while mainstream SAT solvers 
cannot perform partial assignments.
• PA-MiniSat: Enhanced traditional CDCL solver 

framework by designing full-variable watch 
technology, enabling the solver to generate 
partial assignments (X-bits).

• PastATPG: Designed a dynamic test pattern 
compaction algorithm framework that hybridizes 
structural ATPG algorithms and SAT solvers.

Rapid Post-Generation Test-
Pattern Compaction via SAT-GNN 

Co-Optimization

Formulated as a set-
cover problem using 
Pure-MaxSAT solver: 
• Random-pattern fault 

simulation identifies 
hard-to-detect faults 
to build a partial fault 
dictionary.

Memory-Efficient Parameter-
Adaptive GPU Fault Simulation

Storing fault values is inherently 
redundant: a GPU-native circular fault-
value engine coupled with an adaptive 
parameter-tuning mechanism.

TESLA: LLM-based RTL DFT shift-left 
for automatic PSS and TPI

GNN-based pattern 
regeneration 
acceleration
• GNN-predicted hard-

to-detect fault 
locations for building 
partial fault-detection 
profiles

• SAT-based ATPG, pattern-compaction, and GPU fault-simulation 
modules have been productized in the ZhongkeJianxin DFT tool 
chain and successfully supported DFT tape-out testing of a national-
cryptography chip.

• The LLM-for-DFT flow has been integrated into Jianqiong (AI+EDA),
the full-flow EDA intelligent-computing platform for digital IC design.

ATPG ImprovementThree Approaches: Design for Testability
Test-pattern Post-

Processing

Experimental Results

Hard-to-detect fault set (Pure SAT 

ATPG): 30%-40% test pattern 
reduction
Full fault set (Structural + SAT ATPG): 

12% test pattern reduction

Evaluated on 
the ITC’99 suite 

and open-
source CPU 
benchmarks 

against state-
of-the-art SAT 

solvers.

Paper: DAC 25 (First Author)

Experimental Results

HighTPI: Fault coverage & pattern 
count improvement outperforming 

Commercial Tools
TESLA: Fully Automated RTL DFT 
Shift-Left Workflow

On academic 
benchmarks 

(OpenCores) vs. 
commercial 
DFT tools

Paper: ITC 25 VTS 25（ First Author ）

Experimental Results

Dedicated Pure-MaxSAT Solver: 

reduces pattern sets by 25%
GNN-Based Test Pattern 

Regeneration Acceleration: 5-7x
speedup over original method

Performance 
improvements 
on academic 
(ITC 99) and 
open-source 

CPU

Paper: ASP-DAC 24 ITC-Asia 24（First Author） Paper: TODAES 25（First Author）

Experimental Results

Average speedup of 40x over multi-
threaded CPU baseline simulator

Maximum speedup of 2.52x over 
multi-threaded commercial DFT tool 
simulator

On open-
source CPU 
(XiangShan) 
benchmarks

EDA Community Contributions:：
➢ 2nd Prize, HiSilicon Track, 2020 EDA Elite Challenge
➢ 3rd Place (3/152, Team Leader), HiSilicon Track, 2023 

Xiakedao EDA2 Challenge
➢ Core Contributor to openDACS Open-Source Project 

(ATPG, Fault Simulator)
Academic Publications:
➢ 15 papers published in total, including 8 first-author

papers
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“Fast” means the time overhead should be as small as possible.  
“Effective” means the coverage should be as high as possible.  

“Compact” means the pattern number should be as small as possible.

CASDFT is an in-house test-synthesis EDA tool-suite developed by 
ZhongkeJianxin. It covers Design-for-Test (DFT) insertion and Automatic Test 
Pattern Generation (ATPG), forming a key stage of the digital IC design flow.

• Auto-insertion of JTAG / IJTAG / MBIST / OCC
• Automatic global-signal repair, scan-

compression, and scan-chain insertion
• Fault analysis & ATPG
• Scan-cell and sequential fault simulation
• Fault diagnosis
• Flatten / Hierarchical design flows
• Tcl scripting support

EDA Tool Suite


