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• Where are we?

• Tools

• Lessons we got 

• The Future





AI is controlling the World

AI is developed and programmed  by smart people syllogism



Constructing reliable software 

efficiently is our permanent goal in 

software community. 



1 Software Requirement  

Modeling

4 Software Testing 

3 Formal Verification 

Engine 

Formal Methods play an important role: 

formal semantics, dataflow analysis, symbolic execution, model checking…  

2 System  Behavior  

Modeling



Software Requirement Modeling 

The key idea: Not for general modeling, 
only for domain modeling 

Software Modeling is to deal with the complexity of software 



FREPA: an automated and formal approach to requirement modeling and analysis in aircraft control domain. Jincao

Feng, Weikai Miao, Hanyue Zheng, Yihao Huang, Jianwen Li, Zheng Wang, Ting Su, Bin Gu, Geguang Pu, Mengfei

Yang, Jifeng He， FSE2020

The Approach: an automated and formal approach to requirement modeling and analysis

➢In safety-critical domain, look forward to using formal methods to improve quality of the product 

or follow the standard (e.g. Do-178B/DO-333)

➢How to use formal methods in requirement is still a problem

➢Formal method is too hard to learn for software engineers. They struggle with math notations.

Software Requirement Modeling 



➢The Current State in Industry

Informal document

Manul manipulation 

Human Inspection

Software Requirement Modeling 



Approach Outline

Software Requirement Modeling 



From informal Doc to Formal Spec

Software Requirement Modeling 

Template: Bold denotes keyword



Formal Notations

Software Requirement Modeling 

s



System Behavior Modeling 

Domain modeling: Interlocking  System in Railway



System Behavior Modeling 

Domain modeling: Interlocking  System in Railway

➢Maintain the states of devices.

➢Decide whether it is safe to perform operations accordingly.

➢“When there are human beings on the track, trains are not allowed to pass.”



System Behavior Modeling 

Domain modeling: Interlocking  System in Railway

➢Train movements must not collide.

➢Train movements must not derail.

➢Tain movements must not collide with authorized vehicles or human beings crossing the railway.

➢Protect railway employees from trains.



System Behavior Modeling 

LightF3: A Lightweight Fully-Process Formal Framework for  Automated Verifying Railway Interlocking Systems, Yibo Dong, Xiaoyu Zhang, Yicong Xu, 

Chang Cai, Yu Chen,Weikai Miao, Jianwen Li, Geguang Pu, FSE 2023

➢Propose a new formal language RIS-FL to allow writing formal descriptions at a low cost.

➢Can effectively transit to model checking problems and carry any latest Aiger-based verifier.

➢Perform well on real large-scale stations

The Key Idea



System Behavior Modeling 



System Behavior Modeling 



System Behavior Modeling 



Formal Verification 

Our Observation
The model checking technique  can really help in industry for two 

areas: EDA verification engine and Railway Signal Verification 



Formal Verification 

The fact
SAT-based modeling checking techniques dominate 

in formal verification area



Formal Verification 

New model checking engine CAR

• SimpleCAR: An Efficient Bug-Finding Tool Based on Approximate Reachability， Jianwen Li, Rohit Dureja, Geguang Pu, 

Kristin Yvonne Rozier, Moshe Y. Vardi， CAV2018

• Searching for i-Good Lemmas to Accelerate Safety Model Checking，Yechuan Xia, Anna Becchi, Alessandro Cimatti, 

Alberto Griggio, Jianwen Li, Geguang Pu， CAV2023

Inclusion property



Formal Verification 

The current state for optimization in model checkers

mostly depends on luck

The motivation: we should  know why our 

optimization algorithms behave well or bad?



Formal Verification 

The current state for optimization in model checkers

mostly depends on luck

Two ideas:

1、Visualize the search track

2、Hack the model checker  

The motivation: we should  know why our 

optimization algorithms behave well or bad?



Formal Verification 



Formal Verification 



Formal Verification 

Anna Becchi, Alessandro Cimatti, Alberto Griggio



Automated Testing 

Testing is the most mainstream approach to 

ensuring the quality of software

Too many commercial testing tools

Dozens of testing methods

Thousands of testing researchers  



Automated Testing 

Testing is the most mainstream approach to  

ensuring the quality of software

Too many commercial testing tools

Dozens of testing methods

Thousands of testing researchers  



Automated Testing 

Testing is the most mainstream approach to  

ensuring the quality of software

Too many commercial testing tools

Dozens of testing methods

Thousands of testing researchers  

Key Point in Testing :  How to generate test cases automatically 



Dynamic Symbolic Execution

int checkSign (int x){
  if (x > 0)
    return 1;
  else if (x == 0)
    return 0;
  else
    return -1;  
}

1. input x

3. return 1

5. return 0 7. return -1 

2. x > 0

4. x == 0

T F

T F

1
2
3
4
5
6
7
8

Automated Testing 



int checkSign (int x){
  if (x > 0)
    return 1;
  else if (x == 0)
    return 0;
  else
    return -1;  
}

1. input x := 11

3. return 1

2. x > 0

T

Randomly generated 

input : 11

1
2
3
4
5
6
7
8

Collected constraint : x > 0

Dynamic Symbolic Execution

Automated Testing 



int checkSign (int x){
  if (x > 0)
    return 1;
  else if (x == 0)
    return 0;
  else
    return -1;  
}

1. input x := 11

3. return 1

2. x > 0

T

Randomly generated 

input : 11

1
2
3
4
5
6
7
8

Negated constraint : x <= 0

New input : -7

Dynamic Symbolic Execution

Automated Testing 



int checkSign (int x){
  if (x > 0)
    return 1;
  else if (x == 0)
    return 0;
  else
    return -1;  
}

3. return 1

7. return -1 

2. x > 0

4. x == 0

T

1
2
3
4
5
6
7
8

1. input x := -7 New input : -7

Collected constraint : x <= 0 ^ x != 0

Dynamic Symbolic Execution

F

F

Automated Testing 



int checkSign (int x){
  if (x > 0)
    return 1;
  else if (x == 0)
    return 0;
  else
    return -1;  
}

3. return 1

7. return -1 

2. x > 0

4. x == 0

T

1
2
3
4
5
6
7
8

1. input x := -7 New input : -7

Negated constraint : x <= 0 ^ x == 0

New input : 0

Dynamic Symbolic Execution

F

F

Automated Testing 



int checkSign (int x){
  if (x > 0)
    return 1;
  else if (x == 0)
    return 0;
  else
    return -1;  
}

3. return 1

5. return 0 7. return -1 

2. x > 0

4. x == 0

T

1
2
3
4
5
6
7
8

1. input x := 0 New input : 0

Dynamic Symbolic Execution

F

T F

Automated Testing 



int checkSign (int x){
  if (x > 0)
    return 1;
  else if (x == 0)
    return 0;
  else
    return -1;  
}

3. return 1

5. return 0 7. return -1 

2. x > 0

4. x == 0

T

1
2
3
4
5
6
7
8

1. input x := 0

Test suite :

{ 11, -7, 0 } 

Dynamic Symbolic Execution

F

T F

Automated Testing 



The Simple Idea leads to better 

commercial tool

Automated Testing 

Chengyu Zhang, Yichen Yan, Hanru Zhou, Yinbo Yao, Ke Wu, Ting Su, Weikai Miao, Geguang Pu:

Smartunit: empirical evaluations for automated unit testing of embedded software in industry. ICSE (SEIP) 2018: 296-305



Automated Testing 

The Simple Idea leads to better 

commercial tool



Lessons we got



Listen to  customers



No silver bullet 

Nearly 60 engineers

Hire, train, fire

Management is more important than techniques  

Each team is about 15 engineers for one tool

Find problems as early as possible

Meeting everyday

Review everyday



Believe success belongs to the persevering!



Believe the future



Future? 



AI is controlling the World ？



What is the future of the way to produce software? 



Input : Software Requirement Output : Software Product 

What is the future of the way to produce software? 



Input : Software Requirement Output : Software Product 

New  Powerful Compiler 

What is the future of the way to produce software? 



Formal method is the future



Thank You!
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