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Point A: 1985 -Verification for safety-critical 

system was 70% of total cost; many people 

added to project to test (mostly manual)

2009 - META Program: Failure to update 1960s- systems 

engineering process significantly increases cost and schedule
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Complete the Storyboard

Point B: We must produce systems of the 

same complexity as hardware with similar 

costs and schedules
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ü First of all, it can be very challenging to construct faithful mathematical 

models of complex systems. 

üFor hardware, it's relatively easy to extract 

mathematical models, and we've made a lot of 

progress. 

üFor software, the problem is quite a bit more 

difficult. It depends on how the software is 

written, but we can verify a lot of complex 

software. 
ü But for systems consisting of software running on hardware, we don't 

know how to construct faithful mathematical models for their 

verification.
* Quotes from Talking Model-Checking Technology by Leah Hoffman 

(A conversation with Joseph Sifakis the 2007 ACM A.M. Turing Award winners.)

Joseph Sifakis, one of the 2007 ACM A.M. Turing 

Award winners, discussed things about modeling 

and verifying software systems
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Call to action: 

We have to address the differences between 

software-systems and hardware (ICs)

Whatôs 

Different?
Software behavior 

often relies on floating 

point variables with 

non-linear 

relationships and 

constraints
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Three things matter

ÅHow you write the software matters

üModels have to map to the implementation

ÅòVerification engineó needs to be powerful

üNeed to cover every type of modeling construct, even non -

linear ones

ÅModeling has to be òeasyó to use

üDonõt need to understand theorem proving
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TCAS Function 

Own Aircraft

Traffic and Collision Avoidance System (TCAS):

Issues Warnings and Resolution Advisories for Potential Collisions

Key Point #1 ð1988 - we started with the problem 

where we had to address model-based verification of 

non-linear functions and constraints for the surveillance 

and tracking of  aircraft
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Used 

constructive 

V&V approach

based on 

recursive 

modeling that 

mapped to 

implementation 

to produce 

V&V evidence 

during 

development

ÅIdentify interfaces

ÅModel requirements

ÅFactor in safety constraints

ÅGenerate test vectors

ÅGenerate test drivers

ÅExecute tests

ÅCheck test coverage
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Hierarchical specification (model) addressing 

implementation-derived requirements while ensuring 

design for controllability and observability

to support unit, integration and system testing

Similar to Simulink Models

Mapping
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ÅA precondition (DCP) defines 
ANDed set of constraints on 
inputs 

ÅA postcondition defines the output 
as a function of the constrained 
inputs

Precondition Postcondition

defines used as inputs

DCP: Constraint 1 output = f 1(inputs)
OR
DCP: Constraint 2 output = f 2(inputs)
. . .

. . .

. . .
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DCP: Domain Convergence Path

Thread

Threads are hierarchies of subsystems 

transformed at the lowest level into 

preconditions and postcondition sets  
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Any node is

a predicate

that can be a

math, logical, 

relational 

construct, or

model reference

Test vectors are generated for each domain 

convergence path for all hierarchical subsystems if the 

constraints are satisfiable

For example

Deepest subsystem hierarchy 11 levels
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1988 ï

fundamental 

concepts of 

first generation 

tools still 

relevant today
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