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String Constraints

1. membership constraints

x €L
TN regular language

@:.x € (ab)*

(x = abab) F ¢ (x =aba) F ¢

L(g) = {(ab)" | n € N}
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String Constraints

1. membership constraints x €L

2. relational constraints

(t,1") € R «——_ definable by input -

output automata

p:(x,y€eT (transducer)
alb

alb
(x =abb,y = baa) F ¢ @\b//ﬂ&@
— . T
{(abb, baa), (aa,bb)} C Z(¢) Bl

ZL(p) C (Z*)
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String Constraints

1. membership constraints x €L

2. relational constraints (z,¢) € R

String constraints: Conjunction of atomic string constraints

@ :x€even, A(x,y) € T Ay € even,

(x = abba,y = baab) F ¢,
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Satisfiability Problem

Given a string constraint ¢, does there exists a

satisfying assignment/solution to ¢!

HI, THIS 1S OH, DEAR = DID HE | DID YOU REALLY WELL, WEVE LOST THIS
YOUR SON'S SCHOOL. | BREAK SOMETHING? | NAME YOUR SON YEAR'S STUDENT RECORDS.
WERE HAVING SOME N A Y AY Robert'); DROP T HOPE YOURE HAPPY.
COMPUTER TROUBLE. TABLE Students; -~ 7 \,n

AND I HOPE

, ~ OH.YES. LITTLE - YOUVE LEARNED
m BOBBY TABLES, L TOSANMIZE YOUR
m WE CALL HIM. DATABASE INPUTS.

source: https://xkcd.com/327/
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Related Work

PCP — (x,x) ER undecidable
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Straight Line Fragment
- no cyclic dependency
[Anthony Lin, Pablo Barcel6] (POPL16)

POPL 16, POPL 18, POPL 19

X Ry
1
R, ( ,\ x, length
J preserving
X3 R,

. Abdulla et al.] (ATVA 1
decidable [Abdulla et al.] 2

FMI 2021 Vrunda Dave Analysing String constraints using Separability



Related Work
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undecidable

/.3-str3 [Murphy Berzish, Vijay Ganesh, and Yunhui Zheng, FMCAIS“LZ]
CVC4 [Andrew Reynolds et al., CAV 17] ~
Trau [Parosh Abdulla et al., PLDI 17]

SLOTH [Anthony Lin et al., POPL 2018]

OSTRICH [Philipp Riimmer et al., POPL 2019]

decidable
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Separability Problem of String Constraints

Input: Two constraints ¢, and ¢, < from &

Question: Does there exists a language S L(¢,) and L(¢),)?
1S, L(¢;) C Sand L(¢,) N S = D?

& separability of class €

L), L(¢)

. S+~ fromd&
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Related Work

______ PCP — (x,x) €R undecidable
~~~~~~~~ ¢1 — (.Xf, y) S Rl
~ SL A SL
. . \“x\ ¢2 — (y9 .Xf) S R2
Straight Line (SL) Fragment —
- no cyclic dependency
[Anthony Lin, Pablo Barcel6] (POPL16)
POPL 16, POPL 18, POPL 19 L@ L(b,)
R, o
M >

For any string constraint ¢, we can construct two SL ¢ and ¢,

@ satisfiable <= @ A @, satisfiable
decidable
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Separability Problem of String Constraints

Regular separability of String Constraints undecidable X

Regular separability of Straight Line Constraints  undecidable X

S /n\xi €L A /k\(xi,tl-) € R,
i=1 i=1
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Separability Problem of String Constraints

Regular separability of String Constraints undecidable X

Regular separability of Straight Line Constraints undecidable X

PTL separability of Straight Line Constraints decidable
B(X*a, X*a,2*---a,2*) complexity open &
PosPTL separability of Straight Line Constraints decidable

tve B(X%a,2%a, 27+ a,27) complexity open &
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Separability Problem of String Constraints

PTL separability of Straight Line Constraints decidable
B(X*a,X*a,2*---a,2*) complexity open &
PosPTL separability of Straight Line Constraints decidable
+ve B(X*a X*a,x*---a,2*) complexity open

PosPTL separability of Right sided SL constraints (x;,x;) € Ry A (x5, X3) € R,

variables - - - —» independent

can implement all SL equations with functional transducers
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PosPTL separability

Languages L, and L, are PosPTL separable
iff
LlT N L2 — @

T wrt subword relation
{ab) 1 = S*aX*br*
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PosPTL separability of constraints

Languages L(y;) and L(y,) are PosPTL separable
Iff
L(yy) 1 N L(yp) = O

T wrt subword relation
{ab) 1 = S*aX*br*

FMI 2021 Vrunda Dave Analysing String constraints using Separability



PosPTL separability of constraints

L) 1 NLy,) =0

L(y;) —— formal model ?
Logic?

automata?
1. L(yq) 1 is computable

2. Intersection with regular language

3. Emptiness is decidable TWO Way
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PosPTL separability of Right sided SL constraints

constraints: ¢, o,
Two way v v
transducers A, A,

(2NFT):

constraints PosPTL separable < 2NFTs 2-PosPTL separable
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PosPTL separability of Right sided SL constraints

Liy) 1 NL(y,) =0

0. Encoding of n-tuple words

(Wi, Wy, oo, W) > WiHWH#. L HW,

(x =ab,y = ac) — ab#ac

1. Construct two way transducer which outputs encoding of L(y;)

WX =ay Ly) = {aw#w | w € X*)}
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PosPTL separability of Right sided SL constraints

Liy) 1 NL(y,) =0

1. Construct two way transducer which outputs encoding of L(y;)

independent variables: x;_ ¢, ..., X, variables: X, ..., X, X, 1, ..., X,
wHu, # .. Fuy Fu  # ... #u

n

A . (Wis oo Wiy Uy 15 -0 W) W5

\4

wHEw # o #tw R F .. Hu

n
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PosPTL separability of Right sided SL constraints

Liy) 1 NL(y,) =0

1. Construct two way transducer which outputs encoding of L(y;)

uy, # Uy, # us # uy # us # ug

run T on us

52[1. > skip 4 #s > frominit P
run A, on op® ¢ .
from init Y; . X1 = T(X5X4)
Wl — T(M5M4)
( run T on u x, €A
skip 3 #s > fromp ‘o Dy 1 1
runAlonop.q >
from ¢ /

w, # wy, # wy # u, # us # ug
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PosPTL separability of Right sided SL constraints

Liy) 1 NL(y,) =0

2. upward closure for two way transducer
finite basis / minimal words in upward closure

Claim: minimal words in L(y;) 1T are of length at most

exponential

{(ab)'|i> 0} 1 = Z*aX*bT* = {ab} 1
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PosPTL separability of Right sided SL constraints

Ly 1Ly =@ <= A,TNA, =0
decision procedure:

minimal word (u, v) of Aw1 1 size no more than exponential

NEXPSPACE algorithm:

B
guess (i, V) - a minimal word of 4, 1 . 1. input has a subword u?
checkif (u,v) T N Al/,2 = 2. simulate Aw2 on input and v T on
' output - product construction
can be checked in EXPSPACE poly state machine in size of
in size of A, , A, ul,v?1,and Aw2
Emptiness of 2NFA 1s

PSPACE-COMPLETE
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Separability Problem of String Constraints

Regular separability of String Constraints undecidable X

Regular separability of Straight Line Constraints undecidable X

PTL separability of Straight Line Constraints decidable
B(X*a, X*a,X* - a, X*) complexity open &

PosPTL separability of Straight Line Constraints decidable
+ve B(X*a, 2*a, 2%+ a,2%) complexity open

PosPTL separability of Right sided SL constraints NEXPSPACE
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Thank you



