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Motivation

Conclusions and future

How? 

Case Study – A CERN magnet test bench facility

• Provide a simple, unambiguous and 
compact specification method to express 
interlock logic

• Potential use cases:
• Safety Instrumented Systems (SIS)
• Any interlock system with stateless logic

Cause and Effect Matrix (CEM)
a compact and intuitive graphical

representation of Boolean expressions

Facility to test new magnet prototypes

Operational requirements
Simple but ambiguous specification

Safety requirements
Unambiguous but no tool support

PLC program 
implementation out of the CEMs 

is straightforward

SISpec tool
Graphical editor for CEMs and 

test and verification cases generation

New CEM-based specification

• 5 test benches and 4 different 
power converters

• Several hazards of electrical and 
cryogenic nature

• Specification divided in 
Operational requirements and
Safety requirements

Process description

CEM pros CEM cons Future directions
• Simple and graphical mechanism
• Allows a better communication between 

control, process and safety experts
• Trivial generation of the PLC code
• Allows automatic generation of test and 

verification cases
• Improved maintainability of the PLC code 

and traceability of the whole project

• Not appropriate for all types of 
processes. Mainly convenient 
for stateless interlock logic

• Certain Boolean logic may be 
difficult to express in one single 
CEM (auxiliary CEMs may have 
to be Included)

• Extension of the CEM semantics to 
different activation logics  (rising 
edges, pulses, etc.)

• PLC code generation and 
integration in the development cycle 
of SISs and interlock-based control 
systems


