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‘ Terminology proposal

s—->pt tis+eachablefrom s
reached

36. s6 -5 t6 tis reachable from s [sternagel & Sternagel '16]
(s ©% t)

rExample:
Q: start(some_input) S4 error(some_code)?
A: yes, start(5) —% error(DIVO)




‘ Reachability in DP framework

new ‘
usable: 3r' 2 r.r' o4 1 J

v~ N\ . N\

l1—>7"1 lZ_)TZ l3_>7"3 l4—>7"4_ l5—)T5

dependency graph arcs: t* o4 s*




‘ Usable rules (before)

(Theorem ([Hirokawa & Middeldorp '04 / Giesl+ '05]):
o= N\ N\ fu.o-reu

f(s1,.)9ns f(ly,... )>TER
If ¢(rhds P) A ¢(rhds U), then one can ignore R\ U

p
Theorem ([Sternagel & Thiemann '10]): same for

P (s) := /\ /\ tcap(sy) ~unit i, = f(l4,...) 2T EU

f(s1,.)2s f(14,... ) PTER




 Usable rules via reachability

(Theorem (new): Usable rules technique applies for

H(s) = /\ /\ 5y Oy, flly, ) > r el
f(s1,..)2s f(l4,... ) PTER

\.

" Proof:
I changed original proofs until Isabelle somehow accepted.
So it must be true.

[ TODO: Understand why the proof works ]




‘ Estimating reachability

= Requirements
o efficiency: can't be as hard as termination proving
o completeness: if t is reachable from s, then it must say so
o soundness (only for nontermination)

= Proposed solutions

mm) o symbol transition graph
o generalized TCAP-unifiability
o combination




‘ Symbol transition graph (in NaTT & TTT2)

(f() - g(...) e . N
R=<g(C.)—-c(.)

\h(...) - X /N
ac(...) »xt = t mustbe c(..) \f_>g_>cj
a0 g(..) >t = t mustbe g(...) orc(...) G
a f(..) =t = tmustbe f(...) or g(...) or c(...)

0 h(...) > t = don't know
N

¢ .

Theorem (to be formalized):

Define graph G, = (F,3) s.t. f 3 g whenever
f(..)»g(.)eRor f(..) > x ER.

Then f 3* g is a complete estimation of f(...) ©% g(...)




‘ Symbol transition graph' (only in TTT2)

= Example:
R=1f00,1,x) - f(x,x,x) } ! 0 1 )
P — {f#(O,l,X) — f#(x,x,x)} 6
"__, \ !
Gr

reduced to "Jx. x 3 0 A x 53 1 A x Op x""
... UNSAT, since 0 and 1 have no common ancestor in Gy

(TODO: efficient algorithm for common ancestors (in graph) J




‘ Estimating reachability

= Requirements
o efficiency: can't be as hard as termination proving
o completeness: if t is reachable from s, then it must say so
o soundness (only for nontermination)

= Proposed solutions

mm) o symbol transition graph
o generalized TCAP-unifiability
o combination




‘ TCAP-unifiability [Giesl+'o5]

= complete estimation of reachability:

s Ox t = tcape(s) ~unif t

-
Implementation in NaTT: tcap(s) ~yuiet =
e seV or
e teV or
¢ s=f(sq4..,S,) and
e t=f(ty,..,t,) and Vi.tcap(s;) ~unir t;, OF
e 3f(ly, ..., 1) »r € R. Vi.tcap(s;) ~ynir l;




‘ TCAP-unifiability [Giesl+'o5]

= complete estimation of reachability:

s Ox t = tcapr(s) ~unif t

-
Implementation in NaTT: tcap(s) ~yniet =
* seVor
e teV or
¢ s=f(sq4..,S,) and
 t=f(tq4,..,t,) and Vi.tcap(s;) ~ynir t;, OF
e 3f(ly, ..., 1) »r €R. Vi.tcap(s;) ~ynir l;




‘ TCAP-unifiability reformulated

= complete estimation of reachability:

SL):Rt:>S<—>R’1t

(Definition: s ©pq t iff
e seVP or
e teV or
¢ s=f(sq,..,5,) and
* t=f(t,..,ty) ANd Vi.s; Opq t;, OF

. gf(ll, ___,ln) - 1r € R. Vi.s; ‘—>;R,1 li |
.
if s o5 Il > r e R then give up ‘

‘ valid only if r o4 t




‘ k-step look-ahead (only in NaTT)

= complete estimation of reachability:

S(—>Rt:>SL>SQ’kt

-
Definition: s <5, t iff
e seVor

« tEV Or :
N N
. s=f(sy,...s,) and ‘ if sopl>r€eR, checkr ogt ‘

* t=f(ty,.. ty) and Vi.s; Sg t;, OF V

* Hf(ll, n)—>TE:R Vi. Si gggklland'f'(—)ggk 1t|
\. J

= Experiments: (k = 8, empirically chosen)
+10 YESs (all known, from MNZ_10)




‘ Estimating reachability

= Requirements

o efficiency: can't be as hard as termination proving
o completeness: if t is reachable from s, then it must say so
o soundness (only for nontermination)

= Proposed solutions

o symbol transition graph
mm) o generalized TCAP-unifiability
o combination




' Combination (straightforward)

e SEV Or
e teV or

o t=f(tq,..

‘Definition: s Spprt Iff

¢ s=f(sq,..,58,) and

,ty) and Vi.s; Sgp t;, OF

« if k=0 then use G4
« else Af(ly, ...

) 2 r€R.Viis; oOp band r Spp_q t

J




‘ Conclusion

= (Almost) exact usable rules via reachability

= New reachability estimation

o symbol transition graph
o k-step look-ahead (generalizing TCAP-unifiability)

= TODO:

o missing formalizations/implementations/evaluations
0 use substitution
o combine with CTRS techniques [Sternagel & Sternagel '16]?




