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Context: PSL1 and SVA2 translation to Büchi automata

tpa ^ bq* : pc ; ! aqu[]-> G c

Semi-Extended Regular Expressions

Regular operators: “;”, “*”, “|”

Additional operators:
§ Intersection “&”
§ First Match “fm”
§ Fusion “:”

Linear-time Temporal Logic

Alphabet is 2AP

Boolean formulas as abbreviations

a ^ b “ tabc, abcu

1Property Specification Language Reference Manual v1.1, 2004.
21800-2017 - IEEE Standard for SystemVerilog–Unified Hardware Design, Specification, and Verification

Language, 2018.
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t

pa ^ bq* : pc ; ! aq

u[]-> G c

Semi-Extended Regular Expressions

Regular operators: “;”, “*”, “|”

Additional operators:
§ Intersection “&”
§ First Match “fm”
§ Fusion “:”

Linear-time Temporal Logic

Alphabet is 2AP

Boolean formulas as abbreviations

a ^ b “ tabc, abcu

1Property Specification Language Reference Manual v1.1, 2004.
21800-2017 - IEEE Standard for SystemVerilog–Unified Hardware Design, Specification, and Verification

Language, 2018.
A. Martin et al. (LRE — EPITA) Translation of SERE using Derivatives CIAA — Akita — September 5, 2024 3 / 16



Context: PSL1 and SVA2 translation to Büchi automata

t

pa ^ bq* : pc ; ! aq

u[]-> G c

Semi-Extended Regular Expressions

Regular operators: “;”, “*”, “|”

Additional operators:
§ Intersection “&”
§ First Match “fm”
§ Fusion “:”

Linear-time Temporal Logic

Alphabet is 2AP

Boolean formulas as abbreviations

a ^ b “ tabc, abcu

1Property Specification Language Reference Manual v1.1, 2004.
21800-2017 - IEEE Standard for SystemVerilog–Unified Hardware Design, Specification, and Verification

Language, 2018.
A. Martin et al. (LRE — EPITA) Translation of SERE using Derivatives CIAA — Akita — September 5, 2024 3 / 16



Context: PSL1 and SVA2 translation to Büchi automata
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SERE syntax: fusion operator
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SERE syntax: fusion operator

Concatenation: E ; F

a

b

c

abc abc abc abc abc abc; ; ; ; ;

A. Martin et al. (LRE — EPITA) Translation of SERE using Derivatives CIAA — Akita — September 5, 2024 4 / 16



SERE syntax: fusion operator

Fusion: E : F

a

b

c

abc abc abc abc abc abc; ; ; ; ;

A. Martin et al. (LRE — EPITA) Translation of SERE using Derivatives CIAA — Akita — September 5, 2024 4 / 16



Regex to automaton translation

Brzozowski, 1964 E dE
dℓ
dE
dℓ

R3

ℓ

ℓ1

Antimirov, 1996 E

R1

R2R2R2

R3

ℓ

ℓ

ℓ1

BE
Bℓ “ tR1, R2u

ℓ P Σ

LFpEq “ tpℓ, R1q, pℓ, R2q, pℓ1, R3qu
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Regex to automaton translation

Brzozowski, 1964 E dE
db
dE
db

R3

b

b1

dE
db “ R1 _ R2

Antimirov, 1996 E

R1

R2R2R2

R3

b
b

b1

BE
Bb “ tR1, R2u , ε |ù R2

b Ď 2AP

LFpEq “ tpb, R1q, pb, R2q, pb1, R3qu
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Antimirov’s Linear Forms

LFpKq “ ∅
LFpεq “ ∅
LFpℓq “ tpℓ, εqu

LFpr1 _ r2q “ LFpr1q Y LFpr2q

LFpr‹q “ LFprq ; r‹

LFpr1 ; r2q “ pLFpr1q ; r2q Y pλpr1q ; LFpr2qq

LFpr1 : r2q “ pLFpr1q : r2q Y

#

ppi ^ pj, sjq

ˇ

ˇ

ˇ

ˇ

ˇ

ppi, siq P LFpr1q, λpsiq “ ε,
ppj, sjq P LFpr2q

+

LFpr1 ^ r2q “ tppi ^ pj, si ^ sjq | ppi, siq P LFpr1q, ppj, sjq P LFpr2qu

LFpfmprqq “ tppi, fmpsiqq | ppi, siq P detpLFprqqu
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Algorithm 1: Translation

input : A SERE ϕ
output: An automaton A such that

L pAq “ L pϕq

Q, δ, F Ð tϕu,∅,∅;
todo.pushpϕq;
while todo ‰ ∅ do

f Ð todo.poppq;

foreach pp, sq P LF (f) do

if s R Q then
Q Ð Q Y tsu;
todo.push psq;
if ε |ù s then

F Ð F Y tsu;

δ Ð δ Y tf
p
ÝÑ su;

return xQ, δ, ϕ, Fy;

Initial state is the input formula ϕ

Loop over LF pairs

States are labeled by SEREs

Identify accepting states
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Two simplifications on linear forms
Unique Suffix

LFpEq “ tpp1, sq, pp2, squ

E s

p1

p2

USpLFpEqq “ tpp1 _ p2, squ

E s
p1 _ p2

Unique Prefix

LFpEq “ tpp, s1q, pp, s2qu

E
s1

s2

p

p

UPpLFpEqq “ tpp, s1 _ s2qu

E s1 _ s2
p

Note that this is not equivalent to a determinization in our case

A. Martin et al. (LRE — EPITA) Translation of SERE using Derivatives CIAA — Akita — September 5, 2024 8 / 16



Two simplifications on linear forms
Unique Suffix

LFpEq “ tpp1, sq, pp2, squ

E s

p1

p2

USpLFpEqq “ tpp1 _ p2, squ

E s
p1 _ p2

Unique Prefix

LFpEq “ tpp, s1q, pp, s2qu

E
s1

s2

p

p

UPpLFpEqq “ tpp, s1 _ s2qu

E s1 _ s2
p

Note that this is not equivalent to a determinization in our case

A. Martin et al. (LRE — EPITA) Translation of SERE using Derivatives CIAA — Akita — September 5, 2024 8 / 16



Two simplifications on linear forms
Unique Suffix

LFpEq “ tpp1, sq, pp2, squ

E s

p1

p2

USpLFpEqq “ tpp1 _ p2, squ

E s
p1 _ p2

Unique Prefix

LFpEq “ tpp, s1q, pp, s2qu

E
s1

s2

p

p

UPpLFpEqq “ tpp, s1 _ s2qu

E s1 _ s2
p

Note that this is not equivalent to a determinization in our case

A. Martin et al. (LRE — EPITA) Translation of SERE using Derivatives CIAA — Akita — September 5, 2024 8 / 16



Two simplifications on linear forms
Unique Suffix

LFpEq “ tpp1, sq, pp2, squ

E s

p1

p2

USpLFpEqq “ tpp1 _ p2, squ

E s
p1 _ p2

Unique Prefix

LFpEq “ tpp, s1q, pp, s2qu

E
s1

s2

p

p

UPpLFpEqq “ tpp, s1 _ s2qu

E s1 _ s2
p

Note that this is not equivalent to a determinization in our case

A. Martin et al. (LRE — EPITA) Translation of SERE using Derivatives CIAA — Akita — September 5, 2024 8 / 16



Two simplifications on linear forms
Unique Suffix

LFpEq “ tpp1, sq, pp2, squ

E s

p1

p2

USpLFpEqq “ tpp1 _ p2, squ

E s
p1 _ p2

Unique Prefix

LFpEq “ tpp, s1q, pp, s2qu

E
s1

s2

p

p

UPpLFpEqq “ tpp, s1 _ s2qu

E s1 _ s2
p

Note that this is not equivalent to a determinization in our case

A. Martin et al. (LRE — EPITA) Translation of SERE using Derivatives CIAA — Akita — September 5, 2024 8 / 16



Benchmarking UP effects

Benchmark dataset

12500 SEREs, randomly generated
with Spot a. We enforced a certain
heterogeneity in the dataset.

ahttps://spot.lre.epita.fr

Some jitter was added to the plot
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An interesting Linear Form property

Two expressions can have the same linear form:

Example

LFpa*q “ LFpa ; a*q “ tpa, a*qu

Property (Antimirov, 1996)

LFpEq “ LFpFq ùñ L pEqztεu “ L pFqztεu

A. Martin et al. (LRE — EPITA) Translation of SERE using Derivatives CIAA — Akita — September 5, 2024 10 / 16



Improving the translation

Algo 1: A B C D
a

a

a

a

a

a

a
a

Notice

LFpAq “ LFpBq

LFpCq “ LFpDq

Algo 2: labeling with linear forms pLFpAq, Kq pLFpCq, Jq pLFpDq, Kq

a a a

a
a
a
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Algorithm 2 is an improvement
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Improving the translation

Algo 1: A B C D
a

a

a
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a
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a
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LFpCq “ LFpDq

Algo 2: labeling with linear forms pLFpAq, Kq pLFpCq, Jq pLFpDq, Kq

a a a

a
a
a

Algo 3: using transition-based acceptance LFpAq LFpCq

a

a
a

a
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Improving the translation

Algo 1: A B C D
a

a

a

a

a

a

a
a Notice

LFpAq “ LFpBq

LFpCq “ LFpDq

Algo 2: labeling with linear forms pLFpAq, Kq pLFpCq, Jq pLFpDq, Kq

a a a

a
a
a

Algo 3: using transition-based acceptance LFpAq LFpCq

a

a
a

a
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Algorithm 3 is better
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Effect of UP on transition-based acceptance
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Wrapping up

Contributions

Extended Antimirov’s linear forms
§ Support alphabet Σ “ 2AP

§ Support SERE operators

Evaluation of UP / US simplifications’ performance

Labeling of automaton states with linear forms

Translation using transition-based acceptance

Future work

Build on this work to translate PSL / SVA to Büchi automata, and evaluate performance of
translation in a model checking context.
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