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Thm ' ( Characterization)
JCRA for | with , states

& k reg isters

iPP
Yminimel WA R Forb

Jsemilinear inva,riaht I of R st.

W(I_) $n & dom(D)CK

A‘jorﬁ[})ﬁ n s

L> I is comfutable in NEXPTIME
=5 SH:~RQ8 min pb. is decidable in NEXPTIME

Cor 3Re(<jis|l€.\" comrlexity of ?T
I

M(M/A(Z*)Q)
where (u.l}a,)v)f minimal WA For ?r

L UL)L(Z’*)t is computab\e in 2-EXPTIME
=> Rea min pb is decidable in 2-EXPTLME



A‘&Orithm For Ehe State,'RCaiSteh HihimizatiOh Prol)’e,m
Tne R=Cu,py) d-dimensional WA n ke N

[
Ovut: Semilinear ihvariant oF 37» (iF -])
of lehath & Y dimension {k



A‘&Or‘ithm For Ehe State,'RcaiSte,h Mil’)imiza_tiOh Prob)em
Tn: R=CQu,kv) d-dimensional WA n keN

|

Ouvt: Semilinear invariant of A

(if 3)
of lehath & Y dimension {k

<
Lewn. Semilinear invarianbs of lchath &n ¥ dimensioh {k can be represented in size O('h k,z)

1. Guess a representation of « semilinear set S

3 it Sisan invariant of & : return S
else : reject

Com)),exit\/i VEXPTIME



A‘&Orithm For H\e Rc,aiste,r Mihl‘mizatiOh Prol)’e,m
In: Slz(u,,/;/v) cL-Jime,nsiOha\ WA‘ C.(-.N

Ovut: Semilinear ihvariant oF 37»
.Str‘onao,r- U’\an all Ehe semilinear invariants of 3 of Iehgth $C



A‘gorithm For Ehe Rc,aiste,r Mihimization Problem
In: mz(u,p/v) A.-Jime,nsiOha\ WA‘ (.(—.N

Ovut: Semilinear invariant of 371,
.Str‘onao,r H"an a” Hwe semilinear invariants of 34 OF Iehath \(C

)
= reburns u/u(z*) if Cis Iarae enough

Com))lexi t\/ : O(CF((L)) (Fol* « pofyhomn'a' P)



A‘gorithm For Ehe Rc,aiste,r Mihimization Problem
Ih: mz(u,p/v) A.-Jime,nsiOha\ WA, (.(—.N

Ovut: Semilinear ihvariar\t oF 571,
.Str‘onao,r- H"an all Ehe semilinear invariants of 3 of Iehgth $C

- )
= reburns u/u(z*) if Cis Iarae enough

F(d))

Com))lexit\/t O(c

(for Folynomia' P)

[ Bell ¥ Smerbnig 217

bbb ( G ) < 2 ExP in
J

couw be imp\'oved ??2




A‘gorithm For Ehe Rc,aiste,r Mihimization Problem
Ih: mz(u,p/v) A.-Jime,nsiOha\ WA, (.(—.N

Ovut: Semilinear ihvariar\t oF 571,
.Str‘onao,r- H"an all Ehe semilinear invariants of 3 of Iehgth $C

- )
= reburns u/u(z*) if Cis Iarae enough

d
Com))lexi t\/ : O(CF( )) (Fol* « pofyhoml'a' P)
Vo e EZ; }L(rc):/k(to-)
[ Bell & dmerthig 0831 %
bbb ( G ) < 2 ExP in gt s *) < ExP in d
) /
could be imp\'oved 707 Light bound

(example with 1z21:=1)
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Affine CRA

Ki= X
V= 2Y

X:= X
7:= X + 2y
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Affine CRA

wplz) = (10)+ Rxfo]

aly:=2Y*1 ) B}Y‘:Zy

()
Y:=O“>@—> Y




Conclusion

§emi!inea.r /semiaFFihe ihVaHo.htS Ca.h Ioe used to solve‘-
StatrRegistbr minimizabion Froble,m in VEXPTIME
RegiStb\“ minimizabion Froble,m in J-EXPTLME

For linear / afFfine CRA . v/
5&(1U€,ntia’- & UhambiauoUS? oo



Conclusion

Semilinear /semiaFFihe invariahts cen be used to solve:
State'ReaiStbl" minimizabion Froble,m in VEXPTIME
ReaiStb\” minimizatbion Froble,m in J-EXPTLME

/
For |i fFine CR :
or lineafr / 7= ne A ‘Secluentia'? & Uha.h’]bl'aUOUS? Eoo

Open questions
- better c,omlslexity /
- other classes of CRA !

- obher semirings /
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