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Â Simulink/ Stateflowextensively used for 

designing reactive applications (eg, control)

Â Softwarefaults: No. 1 cause of  field calls

Â Need for enhanced ways of

Â ensuring correctness (eg, formal verification; 
testing with guaranteed coverage)

Â fault-tolerance (since faults are unavoidable)

Â Studying both under 2 different NSF projects

Â Simulink/ statfloworiginally designed for 
simulation; need formal models for analysis
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ÁWhenever
Startispressed,Stopisnot pressed,Supplyispresent,andSeqNobelowlimit,

Issue VelCmd[n] as set-point for Duration[n];

ÁWhenever

Stop is pressed, Supply is absent, or SeqNo is exhausted,   

Halt
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Servo Motor Control/Monitoring
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Simulink to I/O -EFA
Â time-driven  vs. event-driven;

Â single-rate vs. multi-rate; 

Â hybrid: PID loops and switching

Example: 

A Counter



Input/Output Extended Finite Automata (I/O -EFA)

Â Finite automata extendedwith inputs/outputs/data variables

Â P= (L, D, U, Y, ä, D, E, L0, D0)

ÂL: Locations (finite); L0ÌL: Initial locations

ÂD: Data (infinite, p-dim); D0¢D: Initial data value (predicate)

ÂU/ Y: q-dim input/r-dim output (analog)

Âä/ D: discrete inputs/outputs (symbolic)

ÂE: Edges between locations, e= ( se, te, se, de ,Ge, fe, he )

Âoe, te ÍL origin/terminal locations

ÂseÍä, de ÍDdiscrete inputs/outputs

ÂGe¢D× U enabling guard (predicate)

Â fe : D × U­ D data update function

Âhe : D × U­ D output assignment function

Ge, se /de
se te

fe,  he



Recursively defining Simulink Diagrams

Â Simulinkdiagram 

recursively defined:

Â Each atomic-blocka 

simulinkdiagram

Â Connectionsof 

system-blocks is 

simulinkdiagram

Â Conditioningof 

system-block is a 

simulinkdiagram

Ƕ = {Ƕ1, Ƕ2}/ C1

Ƕ1 = ({Ƕ3, Ƕ4, Ƕ5}/ C2)ÞǦ
Ǧ = (UǦ, uǦ(k) > 0, d(k) = d0, (y3(k), y4(k), y5(k)) = (Ĭ,Ĭ, y50), T

Ǧ)

Ƕ1 Ƕ2

Ƕ3

Ƕ4

Ƕ5



Modeling Simulink Diagrams
Â Simulinkdiagram modeled as pair of I/O-EFAs (for output-

assignments and for data-updates), 

Â connected by pair of edges:

Â succession-edgefrom final location of 1st to initial location of 2nd

Â time-advancement edge from final location of 2nd to initial location 

of 1st that increments time, k := k + 1.


















































































