
  

 

Graduate Courses in Systems Engineering 
 SE 5302 Formal Methods 

What’s Exciting About this Course? Learning to apply a set of Formal Methods techniques that leads to 

more reliable design of cyber-physical systems. Engineers can design complex systems that result in 

fewer deviations from the intended and expected behavior of the system. 

Course Description. This course is designed to provide 

students with an introduction to formal methods as a 

framework for the specification, design, and verification of 

software-intensive embedded systems. Topics include 

automata theory, model checking, theorem proving, and 

system specification. Examples are driven by cyber-physical 

systems. The course is addressed to students in engineering 

who have had at least a year of software or embedded 

systems design experience. 

Course Outcomes 

• Gain familiarity with current system design flows in industry used for embedded system design, 

implementation and verification. 

• Learn what formal methods are and how they are used in embedded systems design. 

• Learn how to translate informal requirements to formal specifications.  

• Learn languages for formal specifications and the applicability and appropriateness of various 

language choices for expressivity and efficiency.  

• Learn how formal specifications and formal methods can be used in verification.  

• Learn what model checking is and how it can be used in embedded systems verification  

• Learn the theory behind SAT solvers, SMT solvers, and bounded model checking  

• Learn how model checking can be used for real timed, continuous, and hybrid systems  

• Learn about program analysis – both static and dynamic  

• Learn about theorem proving and its use in embedded systems verification  

• The course is intended to serve as a key component to achieve standard work proficiency levels L2-

L3 in embedded system design.  

Topics: Classical Results in Computer Science: Propositional and Predicate Logic, Floyd-Hoare logic, CTL and LTL Model 

Checking, Abstract Interpretation, SAT and SMT Solvers, Black-box testing. Classical Results in Control Theory: PID Controls, 

State space control techniques, Linear and Nonlinear Controls, Lyapunov and Inverse Lyapunov functions, Switched Systems. 

Recent Research in CPS Verification: Symbolic and Numerical Model Checkers for Timed and Hybrid Systems. Applications: 

Air-traffic Control Protocols, Automotive Control Systems, Robotics, Analog Circuits, Stabilizing Switched Systems, Power-

grid systems. 

Course Objectives and Links to Overall Program Goals 

Students can design, develop, and integrate system elements into more reliable cyberphysical systems. 

With the demand for increasing levels of complexity in systems, this course prepares engineers to design 

systems that fulfill stakeholder needs by conforming more closely to system specifications.  


