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» The circuit modules never break their environment by producing unexpected outputs

If at some state a module produces an output event x+, then at that state a
transition labelled x+ must be enabled in the environment

o Workcraft verification support

Conformation of Circuit model to its environment STG
Verification — Conformation [MPSat]

Conformation of STG model to its environment STG
Verification — 1-way conformation (1st STG without dummies) [MPSat]...

N-way conformation of STGs
Verification — N-way conformation (without dummies) [MPSat]...
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Conformation: 2-module system

o (Conformation check
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modulel module2

bf—b

modulel conforms to module?
module? conforms to modulel

Conformant modules

STG for modulel

at+—e—Db+ -a- ~b-

| \

STG for module?

b+ ~a- ~b- -a+

| . \

Result of conformation check:
both modules conform to each other

Non-conformant modules

STG for modulel

at+—e—b+ -a- ~b-

| \

STG for module?

b+ -a+ -b- -a-

| . \

Result of conformation check
module?2 breaks modulel by unexpected a+
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Conformation: 3-module system

F

4 modulel b

b module2 ©

C module3 4

Conformation check

modulel conforms to composition of module2 and module3
module2 conforms to composition of module3 and modulel
module3 conforms to composition of modulel and module?

Too much boilerplate — need for design automation!




N-way conformation

Automatically checks conformation of each STG to the composition of the other STGs
Uses a single parallel composition of all STGs

Performs a single run of UNFOLDINGTOOLS toolchain

Available for STG models via

Verification — N-way conformation (without dummies) [MPSat]...

N-way conformation

Source S5TGs

Search: |

1| Workspace
¢ ] External
[ s3m-modulel.stg.work

[ Y s3m-module2.stg.work

[ Y s3m-module3.stg.work

Cancel
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Reach property for N-way conformation

card DUMMY != 0 ? fail "Conformation can currently be checked only for device STGs without dummies" :
let
SETS_OF_PLACE_NAMES = {
{"<a+,b+>", "<a-,b->", "<b+,a->", "<b-,a+>", "#0"},
{"<c+,a->", "<a-,c->", "<c-,a+>", "<a+,c+>", "#1"},
{"<c+,b->", "<c-,b+>", "<b+,c+>", "<b-,c->", "#2"},
RV
SETS_OF_OUTPUTS_NAMES = {{"b", "#0"}, {“a", "#1"}, {"c", "#2"}, {""} \{""}},
EXTENDED_PLACES = PP ".*@[0-9]+"
{
exists PNAMES in SETS_OF_PLACE_NAMES {
let
TAG_SINGLETON = gather strin PNAMES s.t. str[0..0]="#" { str },
OUTPUTS_SINGLETON=gather OUT_S in SETS_OF_OUTPUTS_NAMES s.t. card (TAG_SINGLETON * OUT_S) =0 { OUT_S },
PSTG = gather nm in PNAMES s.t. nm[0..0]!="#" { P nm },
PSTG_EXT = PSTG + gather p in EXTENDED_PLACES s.t.
let name_p=name p, pre_p=pre p, post_p=post p, s_pre_p=pre_p \ post_p, s_post_p=post_p \ pre_p {
exists q in PSTG {
let name_g=name q, pre_g=pre q, post_qg=post q {
name_p[..len name_q] = name_q + "@" &
pre_q \ post_qg=s_pre_p & post_q\ pre_qg=s_post_p
}
}
}

{p}
TSTG = tran sig (pre PSTG + post PSTG)

exists tin TSTG, OSTG in OUTPUTS_SINGLETON s.t. name sig t in OSTG {
forallpinprets.t. pin PSTG_EXT { $p }
&
~@ sig t
}
}
}

} 6/11



Report of violation trace

e Violation trace for misbehaving component

Verification results for model 's3m-module3.stg'

M-way conformation is violated.

Trace(s) leading to the problematic state(s):

Unexpected change of output 'a'

c+, a+/1

» Detailed report in the Output tab
» Brief, Table, or List report style (configurable in the global preferences,
MPSat verification — Report style for conformation violation)
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Report style: Brief

[WARNING] N-way conformation 1s violated.

Violation trace of the composition: dumO, b+, duml, c+
Projection to ’'s3m—modulel.stg’: sig~, b+t
Projection to ’s3m—-module3-bad.stg’: c+

[WARNING] Output ’"a’ becomes unexpectedly enabled

Projection to ’'s3m—moduleZ2.stg’: Db+, duml, c+
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Report style: Table

[WARNING] N-way conformation 1s violated.
Violation trace of the composition: dumO, b+, duml, c+

s3m—modulel.stg

| s3m—module3—-bad.stqg
| | s3m—moduleZ2.stg

| | | Projected events

Projection to ’'s3m—modulel.stg’: sig~, b+t
Projection to ’s3m—-module3-bad.stg’: c+
[WARNING] Output ’"a’ becomes unexpectedly enabled
Projection to ’'s3m—moduleZ2.stg’: Db+, duml, c+
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Report style: List

[WARNING] N-way conformation 1s violated.

Violation trace of the composition: dumO, b+, duml, c+
sig~ : s3m—modulel.stg

b+ : s3m-modulel.stg —> s3m-moduleZ.stg

duml : s3m—moduleZ.stqg

ct : s3m—moduleZ2.stg —-> s3m—module3-bad.stqg

Projection to ’'s3m—modulel.stg’: sig~, b+t

Projection to ’'s3m—module3-bad.stg’: c+

[WARNING] Output "a’ becomes unexpectedly enabled
Projection to ’'s3m—moduleZ2.stg’: b+, duml, c+
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Practical: Verification and synthesis of hierarchical

designs

» Tutorials section at workcraft.org

Modelling causality and concurrency Synthesis and verification of asynchronous circuits
= Modelling with Finite State Machines: Vending machine = Design of C-element (basic, detailed instructions)
= Petri net synthesis: Concurrent vending machine = Design of basic buck controller (medium, some hints)
= Modelling with Petri nets: Dining philosophers = Design of VME bus controller (medium, individual)
= Modelling with STGs: Distributed Mutual Exclusion = Hierarchical design of a realistic buck controller
= Modelling with STGs: Writer-biased read/write lock = |nitialisation of speed-independent circuits
Q = Modelling Genetic Regulatory Networks with STGs: = Loop breaking and offline testing
Lysis-Lysogeny switch in Phage A = Resolution of encoding (CSC) conflicts
= Optimising asynchronous pipelines using wagging = Logic decomposition and technology mapping

= Verification and synthesis of hierarchical designs

All training materials...

o Direct link: https.//workcraft.org/tutorial/synthesis/composition/start
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