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Tuesday - 18th Wednesday - 19th Thursday - 20th

9h00-10h30 Introduction to V&V  of 
dependable CPS

VVML: Specifying Workflows 
for V&V Methods

Symbolic Model Checking 
of Hybrid Systems

10h30-11h00 Break Break Break

11h00-12h30 An overview to testing of 
safety-critical CPS

Formal requirements 
engineering

Deductive Verification in a 
Nutshell

12h30-14h00 Lunch & Poster 
Presentation Lunch & Poster Presentation Lunch & Poster 

Presentation

14h00-15h30 Software-implemented 
fault injection

Introduction to Model 
Checking

An overview of relevant 
safety and cybersecurity 
standards

15h30-16h00 Break Break Break

16h00-17h30 Simulation-based fault 
injection

A V&V framework for storing 
elements of V&V activities

An overview of relevant 
safety and cybersecurity 
standards
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VVML’s goal
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Users + 
Development

team
Verification

team
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• Exactly 1 start & 1 stop
• Mandatory: input/output 

sequence flow
• Mandatory: >1 output artifact
• …

• Act is executed when any 
previous Act’ is finished

• Nested calls are atomic
• …

(Informal) Guidelines for correct workflows
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Structure Behaviour
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• Exactly 1 start & 1 stop
• Mandatory: input/output 

sequence flow
• Mandatory: 1+ output artifact
• …

• Act is executed when any 
previous Act’ is finished

• Nested calls are atomic
• …

(Informal) Guidelines for correct workflows
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Structure Behaviour

VVML
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• Fork to start parallel
• Join to merge parallel

More behavioural guidelines

19 Jul 2023 VVML - Formalisation 7

• Copy artefacts
• Do NOT join artefacts
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• Start alternative flows

More behavioural guidelines
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• Join alternative flows
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Is it correct? 1/10
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Is it correct? 1/10
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Is it correct? 2/10
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Is it correct? 2/10
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Is it correct? 3/10
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Is it correct? 4/10
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Is it correct? 5/10
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Is it correct? 6/10
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Continue online…
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https://
  cister-labs.github.io/
  coreVVML/
  ?#6
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• (good structure)
• never blocks before reaching the stopping node
• never reaches the stopping node while

 some activity is still running
• can always reach the stopping node
• never re-enters a running activity
• is able to start all of its activities

Correct VVML workflow?

19 Jul 2023 VVML - Formalisation 18
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• (good structure)
• never blocks before reaching the stopping node
• never reaches the stopping node while

 some activity is still running
• can always reach the stopping node
• never re-enters a running activity
• is able to start all of its activities

Correct VVML workflow?
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What does it 
mean 

PRECISELY 
to RUN?
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Core VVML – Syntax

19 Jul 2023 VVML - Formalisation 20

m1

mi1mi1

mo1amo1a

mo1bmo1b

more?

StopWorkflow

a1

ai1
ao1StartWorkflow

a2 <m2>

mi2mi2

m2om2o

yes
no

m2

mi2mi2 m2om2o

StartWorkflow
f1

a3

ai3 ao3

a4
f2

StopWorkflow
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Core VVML – Syntax
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m2

mi2mi2 m2om2o

StartWorkflow
f1

a3

ai3 ao3

a4
f2

StopWorkflow

a1 a3 a4 a2
m2 m1 a1 a2

m2 m2 a3 a4
m1 = a1; (m2 + 0) m2 = a3|a4

m1 m2 m2 m1

m 2 M hA, I, #, F, Sr, Sk,!, 99K,↵, �i

A

m1 m2

Am1 = {a1, a2}
Im1 = {a1}
#m1

= {a1, a2}
Fm1 = {}
Srm1 = {mi1, ao1,mo2}
Skm1 = {ai1,mi2,mo1a,mo1b}
!m1 = {ha1, a2i}
99Km1 = {hmi1, ai1i, hao1,mo1ai,

hmi1,mi2i, hmo2,mo1bi}
↵m1 = {ai1 7! a1, ao1 7! a1,

mi2 7! a2,mo2 7! a2}
�m1 = {a2 7! m2}

A = {a3, a4}
I = {f1}
# = {f2}
F = {f1, f2}
Sr = {mi2, ao3}
Sk = {ai3,mo2}
! = {hf1, a3i, hf1, a4i,

ha3, f2i, ha4, f2i}
99K = {hmi2, ai3i, hao3,mo2i}
↵ = {ai3 7! a3, ao3 7! a3}
� = {}

m1 m2

hm2, {mi2 7! t?}i {ai3 7! t?,mo2 7! ta3}

h;, {f1 7! 1} , {ai3 7! t?}i
�! h{a3 7! Ready, a4 7! Ready} , ;, {ai3 7! t?}i f1

�! h{a3 7! Run(ai3 7! t?), a4 7! Ready} , ;, {ai3 7! t?}i a3

�! h{a3 7! Run(ai3 7! t?), a4 7! Run()} , ;, {ai3 7! t?}i a4

�! h{a3 7! Done, a4 7! Run()} , ; {ai3 7! t?, ao3 7! ta3}i a3

�! h{a3 7! Idle, a4 7! Run()} , {f2 7! 1} , {ai3 7! t?,mo2 7! ta3}i a3

�! h{a3 7! Idle, a4 7! Done} , {f2 7! 1} , {ai3 7! t?,mo2 7! ta3}i a4

�! h{a3 7! Idle, a4 7! Idle} , {f2 7! 2} , {ai3 7! t?,mo2 7! ta3}i a4

FS (f2) = ready(f2) = 2

m1 m2

Am1 = {a1, a2}
Im1 = {a1}
#m1

= {a1, a2}
Fm1 = {}
Srm1 = {mi1, ao1,mo2}
Skm1 = {ai1,mi2,mo1a,mo1b}
!m1 = {ha1, a2i}
99Km1 = {hmi1, ai1i, hao1,mo1ai,

hmi1,mi2i, hmo2,mo1bi}
↵m1 = {ai1 7! a1, ao1 7! a1,

mi2 7! a2,mo2 7! a2}
�m1 = {a2 7! m2}

A = {a3, a4}
I = {f1}
# = {f2}
F = {f1, f2}
Sr = {mi2, ao3}
Sk = {ai3,mo2}
! = {hf1, a3i, hf1, a4i,

ha3, f2i, ha4, f2i}
99K = {hmi2, ai3i, hao3,mo2i}
↵ = {ai3 7! a3, ao3 7! a3}
� = {}

m1 m2

hm2, {mi2 7! t?}i {ai3 7! t?,mo2 7! ta3}

h;, {f1 7! 1} , {ai3 7! t?}i
�! h{a3 7! Ready, a4 7! Ready} , ;, {ai3 7! t?}i f1

�! h{a3 7! Run(ai3 7! t?), a4 7! Ready} , ;, {ai3 7! t?}i a3

�! h{a3 7! Run(ai3 7! t?), a4 7! Run()} , ;, {ai3 7! t?}i a4

�! h{a3 7! Done, a4 7! Run()} , ; {ai3 7! t?, ao3 7! ta3}i a3

�! h{a3 7! Idle, a4 7! Run()} , {f2 7! 1} , {ai3 7! t?,mo2 7! ta3}i a3

�! h{a3 7! Idle, a4 7! Done} , {f2 7! 1} , {ai3 7! t?,mo2 7! ta3}i a4

�! h{a3 7! Idle, a4 7! Idle} , {f2 7! 2} , {ai3 7! t?,mo2 7! ta3}i a4

FS (f2) = ready(f2) = 2

m1 m2

Am1 = {a1, a2}
Im1 = {a1}
#m1

= {a1, a2}
Fm1 = {}
Srm1 = {mi1, ao1,mo2}
Skm1 = {ai1,mi2,mo1a,mo1b}
!m1 = {ha1, a2i}
99Km1 = {hmi1, ai1i, hao1,mo1ai,

hmi1,mi2i, hmo2,mo1bi}
↵m1 = {ai1 7! a1, ao1 7! a1,

mi2 7! a2,mo2 7! a2}
�m1 = {a2 7! m2}

A = {a3, a4}
I = {f1}
# = {f2}
F = {f1, f2}
Sr = {mi2, ao3}
Sk = {ai3,mo2}
! = {hf1, a3i, hf1, a4i,

ha3, f2i, ha4, f2i}
99K = {hmi2, ai3i, hao3,mo2i}
↵ = {ai3 7! a3, ao3 7! a3}
� = {}

m1 m2

hm2, {mi2 7! t?}i {ai3 7! t?,mo2 7! ta3}

h;, {f1 7! 1} , {ai3 7! t?}i
�! h{a3 7! Ready, a4 7! Ready} , ;, {ai3 7! t?}i f1

�! h{a3 7! Run(ai3 7! t?), a4 7! Ready} , ;, {ai3 7! t?}i a3

�! h{a3 7! Run(ai3 7! t?), a4 7! Run()} , ;, {ai3 7! t?}i a4

�! h{a3 7! Done, a4 7! Run()} , ; {ai3 7! t?, ao3 7! ta3}i a3

�! h{a3 7! Idle, a4 7! Run()} , {f2 7! 1} , {ai3 7! t?,mo2 7! ta3}i a3

�! h{a3 7! Idle, a4 7! Done} , {f2 7! 1} , {ai3 7! t?,mo2 7! ta3}i a4

�! h{a3 7! Idle, a4 7! Idle} , {f2 7! 2} , {ai3 7! t?,mo2 7! ta3}i a4

FS (f2) = ready(f2) = 2
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Core VVML – Semantics (without artefacts)
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hAS [a 7! Ready],FSi �! hAS [a 7! Run],FSi

�(a) = ?
hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

�(a) = m2 m2

hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
hAS [a 7! Done],FSi �! hAS [a 7! Idle][AS2],FS ] FS2i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FSi �! hAS [AS2],FS � fi

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FSi =) hAS ,FSi

hAS ,FSi �! hAS2,FSi
hAS2,FSi =) hAS3,FSi
hAS ,FSi =) hAS3,FSi

AS = {a 7! Ready | a 2 m.I \m.A} FS = {f 7! 1 | f 2 m.I \m.F}
hAS ,FSi =) h , i

m

m2

mi2mi2 m2om2o

StartWorkflow
f1

a3

ai3 ao3

a4
f2

StopWorkflow

Method State

hAS [a 7! Ready],FSi �! hAS [a 7! Run],FSi

�(a) = ?
hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

�(a) = m2 m2

hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
hAS [a 7! Done],FSi �! hAS [a 7! Idle][AS2],FS ] FS2i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FSi �! hAS [AS2],FS � fi

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FSi =) hAS ,FSi

hAS ,FSi �! hAS2,FSi
hAS2,FSi =) hAS3,FSi
hAS ,FSi =) hAS3,FSi

AS = {a 7! Ready | a 2 m.I \m.A} FS = {f 7! 1 | f 2 m.I \m.F}
hAS ,FSi =) h , i

m

a3 7! Idle
a4 7! Idle
f1 7! 1
f2 7! 0

hAS [a 7! Ready],FSi �! hAS [a 7! Run],FSi

�(a) = ?
hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

�(a) = m2 m2

hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
hAS [a 7! Done],FSi �! hAS [a 7! Idle][AS2],FS ] FS2i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FSi �! hAS [AS2],FS � fi

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FSi =) hAS ,FSi

hAS ,FSi �! hAS2,FSi
hAS2,FSi =) hAS3,FSi
hAS ,FSi =) hAS3,FSi

AS = {a 7! Ready | a 2 m.I \m.A} FS = {f 7! 1 | f 2 m.I \m.F}
hAS ,FSi =) h , i

m

a3 7! Idle
a4 7! Idle
f1 7! 1
f2 7! 0

hAS [a 7! Ready],FSi �! hAS [a 7! Run],FSi

�(a) = ?
hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

�(a) = m2 m2

hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
hAS [a 7! Done],FSi �! hAS [a 7! Idle][AS2],FS ] FS2i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FSi �! hAS [AS2],FS � fi

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FSi =) hAS ,FSi

hAS ,FSi �! hAS2,FSi
hAS2,FSi =) hAS3,FSi
hAS ,FSi =) hAS3,FSi

AS = {a 7! Ready | a 2 m.I \m.A} FS = {f 7! 1 | f 2 m.I \m.F}
hAS ,FSi =) h , i

m

Idle
Ready
Run
Done

Activity
State



PU

Ibex

Core VVML – Semantics (without artefacts)
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hAS [a 7! Ready],FSi �! hAS [a 7! Run],FSi

�(a) = ?
hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

�(a) = m2 m2

hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
hAS [a 7! Done],FSi �! hAS [a 7! Idle][AS2],FS ] FS2i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FSi �! hAS [AS2],FS � fi

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FSi =) hAS ,FSi

hAS ,FSi �! hAS2,FSi
hAS2,FSi =) hAS3,FSi
hAS ,FSi =) hAS3,FSi

AS = {a 7! Ready | a 2 m.I \m.A} FS = {f 7! 1 | f 2 m.I \m.F}
hAS ,FSi =) h , i

m

Idle
Ready
Run
Done

hAS [a 7! Ready],FSi �! hAS [a 7! Run],FSi

�(a) = ?
hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

�(a) = m2 m2

hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
hAS [a 7! Done],FSi �! hAS [a 7! Idle][AS2],FS ] FS2i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FSi �! hAS [AS2],FS � fi

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FSi =) hAS ,FSi

hAS ,FSi �! hAS2,FSi
hAS2,FSi =) hAS3,FSi
hAS ,FSi =) hAS3,FSi

AS = {a 7! Ready | a 2 m.I \m.A} FS = {f 7! 1 | f 2 m.I \m.F}
hAS ,FSi =) h , i

m

Idle
Ready
Run
Done

hAS [a 7! Ready],FSi �! hAS [a 7! Run],FSi

�(a) = ?
hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

�(a) = m2 m2

hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
hAS [a 7! Done],FSi �! hAS [a 7! Idle][AS2],FS ] FS2i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FSi �! hAS [AS2],FS � fi

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FSi =) hAS ,FSi

hAS ,FSi �! hAS2,FSi
hAS2,FSi =) hAS3,FSi
hAS ,FSi =) hAS3,FSi

AS = {a 7! Ready | a 2 m.I \m.A}
FS = {f 7! 1 | f 2 m.I \m.F}

hAS ,FSi =) h , i
m

Idle
Ready
Run
Done

hAS [a 7! Ready],FSi �! hAS [a 7! Run],FSi

�(a) = ?
hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

�(a) = m2 m2

hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
hAS [a 7! Done],FSi �! hAS [a 7! Idle][AS2],FS ] FS2i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FSi �! hAS [AS2],FS � fi

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FSi =) hAS ,FSi

hAS ,FSi �! hAS2,FSi
hAS2,FSi =) hAS3,FSi
hAS ,FSi =) hAS3,FSi

AS = {a 7! Ready | a 2 m.I \m.A}
FS = {f 7! 1 | f 2 m.I \m.F}

hAS ,FSi =) h , i
m

Idle
Ready
Run
Done
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Core VVML – Semantics (WITH artefacts)
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m2

mi2mi2 m2om2o

StartWorkflow
f1

a3

ai3 ao3

a4
f2

StopWorkflow

Method State

hAS [a 7! Ready],FSi �! hAS [a 7! Run],FSi

�(a) = ?
hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

�(a) = m2 m2

hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
hAS [a 7! Done],FSi �! hAS [a 7! Idle][AS2],FS ] FS2i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FSi �! hAS [AS2],FS � fi

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FSi =) hAS ,FSi

hAS ,FSi �! hAS2,FSi
hAS2,FSi =) hAS3,FSi
hAS ,FSi =) hAS3,FSi

AS = {a 7! Ready | a 2 m.I \m.A} FS = {f 7! 1 | f 2 m.I \m.F}
hAS ,FSi =) h , i

m

a3 7! Idle
a4 7! Idle
f1 7! 1
f2 7! 0

hAS [a 7! Ready],FSi �! hAS [a 7! Run],FSi

�(a) = ?
hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

�(a) = m2 m2

hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
hAS [a 7! Done],FSi �! hAS [a 7! Idle][AS2],FS ] FS2i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FSi �! hAS [AS2],FS � fi

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FSi =) hAS ,FSi

hAS ,FSi �! hAS2,FSi
hAS2,FSi =) hAS3,FSi
hAS ,FSi =) hAS3,FSi

AS = {a 7! Ready | a 2 m.I \m.A} FS = {f 7! 1 | f 2 m.I \m.F}
hAS ,FSi =) h , i

m

a3 7! Idle
a4 7! Idle
f1 7! 1
f2 7! 0

hAS [a 7! Ready],FSi �! hAS [a 7! Run],FSi

�(a) = ?
hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

�(a) = m2 m2

hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
hAS [a 7! Done],FSi �! hAS [a 7! Idle][AS2],FS ] FS2i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FSi �! hAS [AS2],FS � fi

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FSi =) hAS ,FSi

hAS ,FSi �! hAS2,FSi
hAS2,FSi =) hAS3,FSi
hAS ,FSi =) hAS3,FSi

AS = {a 7! Ready | a 2 m.I \m.A} FS = {f 7! 1 | f 2 m.I \m.F}
hAS ,FSi =) h , i

m

Idle
Ready
Run
Done

Activity
State

hAS ,FS ,PT i m
AS Ready FS PT

X[Y ] X[{Y } X
Y ] FS � f

f FS ready(f) f

hAS [a 7! Ready],FS ,PT i �! hAS [a 7! Run(PT (inputs(a)))],FS ,PT i

�(a) = ? PTa ✓ {p 7! ta | p 2 outpupt(a)}
hAS [a 7! Run( )],FS ,PT i �! hAS [a 7! Done],FS ,PT [PTa]i

�(a) = m2 hm2,PT i PT 2

PTa = {p 7! t | (p 7! t) 2 PT 2, p 2 outputs(a)}
hAS [a 7! Run( )],FS ,PT i �! hAS [a 7! Done],FS ,PT [PTa]i

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
PTa = {p0 7! PT (p) | p 2 outputs(a),PT (p) 6= ?, p 99K p0}

hAS [a 7! Done],FS ,PT i �! hAS [a 7! Idle][AS2],FS ] FS2,PT [PT 2]i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FS ,PT i �! hAS [AS2],FS � f,PT i

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FS ,PT i =) hAS ,FS ,PT i

hAS ,FS ,PT i �! hAS2,FS ,PT 2i
hAS2,FS ,PT 2i =) hAS3,FS ,PT 3i
hAS ,FS ,PT i =) hAS3,FS ,PT 3i

AS = {a 7! Ready | a 2 m.I \m.A} FS = {f 7! 1 | f 2 m.I \m.F}
PT 0 = {p 7! t | (p0 7! t) 2 PT , p0 99Km p} hAS ,FS ,PT 0i =) h , ,PT 00i

hm,PT i PT 00

hAS [a 7! Ready],FSi �! hAS [a 7! Run],FSi

�(a) = ?
hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

�(a) = m2 m2

hAS [a 7! Run],FSi �! hAS [a 7! Done],FSi

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
hAS [a 7! Done],FSi �! hAS [a 7! Idle][AS2],FS ] FS2i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FSi �! hAS [AS2],FS � fi

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FSi =) hAS ,FSi

hAS ,FSi �! hAS2,FSi
hAS2,FSi =) hAS3,FSi
hAS ,FSi =) hAS3,FSi

AS = {a 7! Ready | a 2 m.I \m.A} FS = {f 7! 1 | f 2 m.I \m.F}
hAS ,FSi =) h , i

m

ai3 7! t?
ao3 7! ta3

I ✓ A [ F # ✓ A [ F
F
Sr

Sk
! ✓ (A⇥A) [ (A⇥ F ) [ (F ⇥A)
99K ✓ Sr ⇥ Sk
↵ : (Sr [ Sk) * A
� : A * M

a m ↵

p 2 Sk ↵(p) = a
p 2 Sr ↵(p) = a
p 2 Srm ↵m(p) = ?
p 2 Skm ↵m(p) = ?

m = hA, I, #, F, Sr, Sk,!, 99K,↵, �i

8p 2 Sr : 9p0 2 Sk : p 99K p0

8p 2 Sk : 9p0 2 Sr : p0 99K p

8a 2 A\# : 9x 2 (A [ F ) : a ! x

8a 2 A\I : 9x 2 (A [ F ) : x ! a

I 6= ; # 6= ;
�(a) = m2

inputs(a) ✓ inputs(m2) ^ outputs(a) ✓ outputs(m2)

ta 2 T a t?

PT ✓ (Sr [ Sk) * T
S = {Ready,Run(PT ),Done, Idle}
AS ✓ A * S
FS ✓ F ! N+

0
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hAS ,FS ,PT i m
AS Ready FS PT

X[Y ] X[{Y } X
Y ] FS � f

f FS ready(f) f

hAS [a 7! Ready],FS ,PT i �! hAS [a 7! Run(PT (inputs(a)))],FS ,PT i

�(a) = ? PTa ✓ {p 7! ta | p 2 outpupt(a)}
hAS [a 7! Run( )],FS ,PT i �! hAS [a 7! Done],FS ,PT [PTa]i

�(a) = m2 hm2,PT i PT 2

PTa = {p 7! t | (p 7! t) 2 PT 2, p 2 outputs(a)}
hAS [a 7! Run( )],FS ,PT i �! hAS [a 7! Done],FS ,PT [PTa]i

FS2 = {f 2 F | a ! f} AS2 = {b 7! Ready | b 2 A, a ! b}
PTa = {p0 7! PT (p) | p 2 outputs(a),PT (p) 6= ?, p 99K p0}

hAS [a 7! Done],FS ,PT i �! hAS [a 7! Idle][AS2],FS ] FS2,PT [PT 2]i

f 2 F FS(f) = ready(f) AS2 = {b 7! Ready | b 2 A, f ! b}
hAS ,FS ,PT i �! hAS [AS2],FS � f,PT i

9f 2 # : FS(f) = ready(f)
9a 2 # : AS(a) = Idle

hAS ,FS ,PT i =) hAS ,FS ,PT i

hAS ,FS ,PT i �! hAS2,FS ,PT 2i
hAS2,FS ,PT 2i =) hAS3,FS ,PT 3i
hAS ,FS ,PT i =) hAS3,FS ,PT 3i

AS = {a 7! Ready | a 2 m.I \m.A} FS = {f 7! 1 | f 2 m.I \m.F}
PT 0 = {p 7! t | (p0 7! t) 2 PT , p0 99Km p} hAS ,FS ,PT 0i =) h , ,PT 00i

hm,PT i PT 00
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https://
  cister-labs.github.io/
  coreVVML/

Simulate &
Automatically check:
• Structure

(well-formed)
• Behaviour

(well-behaved)

No artefacts yet:
• Not useful yet
• Need contracts
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