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(REGULAR) MODEL CHECKING

Verify that a system satisfies a specification

precondition {gp} P {w} postcondition

Regular Model Checking of Continuous Functions
yoo= P

Regular Model Checking :
— Programs : string-to-string programs
— Specifications : regular expressions

Continuous functions :
f7Y(L) is regular whenever L is a regular lan-

guage
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LET’S DESIGN

ALIAUME LOPEZ

def getBetween(l, i, j):
"t Get elements between i and j """
for (k, c) in enumerate(l):
if i <=k and k <= j: @®
yield ¢ ®

containsAB(w) :
"t Contains "ab" as a subsequence
seen_a = False (®
for (x, c¢) in enumerate(w):
if ¢ == "a": @®
seen_a = True (®
elif seen_a and ¢ == "b":
return True
return False

nun

subwordsWithAB (word) :
nnn Get subwords that contain "adb" """
for (i,c) in enumerate(word): ®
for (j,d) in reversed(enumerate(word)): @
s = getBetween(word, i, j)
if containsAB(s):
yield s

Fig. 1. A small Python program that outputs all subwords of a given word containing

ab as a scattered subword
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lists (2)
loops (6) and (7)
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equality (4)
tests (1)
shadowing no nay never
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updates (3) and (5)
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LET’S DESIGN sot gotpetueen(l, 1, 1):

"t Get elements between i and j """
for (k, c) in enumerate(l):

if i <=k and k <= j: @
Rules of the fight yield ¢ ®

lists (2) def containsAB(w):

""" Contains "ab" as a subsequence
loops (6) and (7) ¢
variables (6)
equality (4)
tests (1)

nun

seen_a = False ()

shadowing no nay never

functions no boolean inputs hat comtain "apt 1

in enumerate(word): ®
for (j,d) in reversed(enumerate(word)): @
s = getBetween(word, i, j)
if containsAB(s):
yield s

updates (3) and (5)

Fig. 1. A small Python program that outputs all subwords of a given word containing
ab as a scattered subword
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SIMPLE FOR PROGRAMS

Rules of the fight
functions no no no

lists no!

variables only booleans / positions

ALIAUME LOPEZ

seen_space_top = False @©
# first we handle all words exzcept of the final one
for i in input: @
seen_space = False (®
if label(i) ==’ ’: @
for j in reversed(input): @®
if j < i:
if label(j) ==~ ’:
seen_space = True
if not seen_space:
print(label(j)) @
print(’ ) @

# then we handle the final word
for j in reversed(input):
if label(j) ==~ ’:
seen_space_top = True
if not seen_space_top:
print (label(j))
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ANATOMY OF A FOR(PROGRAM CHECKER)

Program —————  For-program
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ALIAUME LOPEZ

FIRsT-ORDER LOGIC... WITH TAGS!

p:=dr:tag,p | Jx:pos,p | p i Apa |z =pale<y|z=t

feFoOl1
FO s FO+T

Vw, f(w) E e <= wE f(p)

F(Vath) = Vi, ctogs Yoy, oy s (dom(te, 21, ... 2ay)) = f())

dom(t, 21, ..y Zar(t)) = Vy/ crags (t =t A hom(T1, .- -, xar(t/)))

f(x < Z/) = th,tQQtags (tI =l Nty =ta A @27752 (.’El, coy Tar(ty), Y1y - - -:yar(tg)))

f(.'E =L a) = (Vtetags/\out(t)zat - tw) v (Vtetags/\out(t)eA(t =tz A Lout(t) =L a))
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CALLING SOLVERS FOR HELP

MONA SMTLiB2

Solves : WS1S/WS2S over words Solves : First order theories

— DT : tags
—UF;w: N— A+ L

tags S.EP FO-I : positions

filename i .d. .d. | size Ld. b.d. ‘ size

identity.pr
reverse.pr
subwords_ab.pr

Complete but s z:zé:::r:i'pro 1 »mplete but fast
get_last_uog pr
get_first_worgrw
compress_as.p:

litteral_test.]@
bibtex.pr
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ANATOMY OF A FOR(PROGRAM CHECKER)

Program  ———  Forprogam ———  FO-Int. ——— FO+T —— MONA

FO Ale-Ergo
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COMPILING TO FIRST ORDER

seen_space_top = False (O
# first we handle all words ezcept of the final ome
for i in input: @
seen_space = False
if label(i) ==’ ’: @
for j in reversed(input): @
if § o< i:
if label(j) ==’ ’:
seen_space = True
if not seen_space:
print(label(j)) ®
print(’ ’) @

# then we handle the final word
for j in reversed(input):
if label(j) ==’ ’:
seen_space_top = True
if not seen_space_top:
print (label(j))
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seen_space_top = False (O
# first we handle all words except of the final one
for i in input: @
seen_space = False
if label(i) ==’ ’: @
for j in reversed(input): @
if § o< i:
if label(j) ==’ ’:
seen_space = True
if not seen_space:
print(label(j)) ® t1
print(C’ ) @ ta

# then we handle the final word
for j in reversed(input):
if label(j) ==’ ’:
seen_space_top = True
if not seen_space_top:
print (label(j))

Tags : tags = {t1,t2,13}

Arities : ar(t1) = 2,ar(t3) =
Out : out(t1) = 7, out(ta) =

]., ar(t3) =
space, out

1
(t3) =J
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COMPILING TO FIRST ORDER

seen_space_top = False () Tags : tags = {tl, t2, t3}

# first we handle all words ezcept of the final ome

for 1 in input: © Arities : ar(t1) = 2,ar(t2) = 1,ar(t3) =1

seen_space = False

if label(i) ==’ ’: @ . — 9 — — 9

for j in reversed(input): @ Out : OUt(tl) J> OUt(tg) space, OUt(ts) J
Order : Lexicographic based on positions (QF)

if § o< i:
if label(j) ==’ ’:
seen_space = True
if not seen_space:
print(label(j)) ® t1
print(C’ ) @ ta

# then we handle the final word
for j in reversed(input):
if label(j) ==’ ’:
seen_space_top = True
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COMPILING TO FIRST ORDER

seen_space_top = False () Tags : tags = {tl, t2, t3}

# first we handle all words ewcept of the final ome

for i in input: @ Arities : ar(tl) = 27 ar(t2) = ]., ar(t3) =1
seen_space = False

if labelh) == 7 i @ Out : out(t;) = j, out(t2) = space, out(tz) = j

for j in reversed(input): @

if § o< i: A . . ..
ey — s Order : Lexicographic based on positions (QF)
, Soen-space - True Domain : ... difficult part!

if not seen_space:
print(label(§)) ®  t;
print(C’ ) @ ta

# then ue handte the final word values of the boolean variables?
for j in reversed(input):
if label(j) ==’ ’:
seen_space_top = True
if not seen_space_top:
print (label(j))
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COMPILING TO FIRST ORDER

seen_space_top = False () ‘ 1 Tags : tags = {t17 t2’ t3}
# first we handle all words exzcept of ;ﬁ = L ~
for i in input: @ \., ar(t3) == ].
seen_space = False

if label() =’ 1 @ Program formulas space, out(ts) = j
for j in reversed(input): @ ?

st — FO + input (pos,bool) / output (bool) positions (QF)

if label(j) == ' ’: — Can be composed easily

seen_space = True

if not seen_space: — Can implement if-then-else
print(label(j)) @) .

printC ) @ — Can implement loops

# then ve handle the final word One can write a program formula to compute the boo- riables ?
for j in reversed(input): . . ..
3t Tabel(p) o= o s lean variables at a given program position.
seen_space_top = True

if not seen_space_top:
print (label(j)) tg ‘ J
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— Can be used in place of a list / boolean
— Captures list variables but not boolean variables
— Simulate function calls

Example code :
for (i,x) in enumerate(gen( expr )) ...

Easy rewriting steps :
1. Remove literals
2. Remove functions
3. Remove boolean generators
. Remove let expressions

5. Push boolean introductions upwards
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FroM HicH TO LOowW

~ ~
New operator : generator expressions. Print all but first, program “s”
— gen(s)
— Can be used in place of a list / boolean b= Fa.lse )
— Captures list variables but not boolean variables for' (i,x) in enumerate(u):
— Simulate function calls if b:
yield x
Example code : else:
b = True

for (i,x) in enumerate(gen( expr )) ...

Easy rewriting steps : he foll d
. What are the following programs doing?
1. Remove literals § prog g
2. Remove functions ) )
for (i,x) in reverse(enumerate(s)):
3. Remove boolean generators yield x

4. Remove let expressions for (i,x) in enumerate(s):

5. Push boolean introductions upwards yield x
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ForRwWARD LOOP ELIMINATION
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bl = False

for (il,x1) in enumerate(s):

if bl:

else:
bl = True
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for (i,x) in enumerate(s):
for (j,y) in enumerate(s):
if i==j:
yield x

Idea : substitute the body of the loop in s.
slyielde — ...].

Problem : We lost the index variable 7!

Solution :
— 4 can only be used in tests
— 4 can only be tested against positions of s
— we can replace ¢ = j by an order formula
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bl = False
for (i1,x1) in enumerate(s):
if bl:

b2 = False

if b2:

for (i2,x2) in enumerate(s):

if i1 =12:
yield x1

else:
b2 = True

else:
bl = True
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BACKWARD LooOP ELIMINATION

for (i,x) in reverse(enumerate(s)):
yield x

Problem : reverse a non reversible computation! for (i1, x1) in reversed(enumerate(u)) :
for (i2, x2) in enumerate(u):

b2 = False

if b2:
if i1 =1i2:

yield x1

Solution :
— Compute a superset of the reachable yields in the

reversed order
— For every yield, check that it would be reachable
— If so, perform the rest of the computation

else:
b2 = True

Remark : this is the proof that polyregular functions are
closed under composition.
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IN THE END...

M  Polyregular Model Checking S

Evaluation Evaluation
* * * ok

Available | Aljaume Lopez![0000-0002-4205-327X]+ 5q Rafal

Stefaﬁskil [0000—0002—8439—4056] **

University of Warsaw

And more : Future work :
— Haskell implementation + webapp — Comparison with other models
— Nix / Docker / reproducible builds — Better interface with solvers
— Symbeolic alphabets — Composable checks

— Some optimisations — Monadic second order logic




