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v — a—
[ c: N ] [ ol ¢ e \ [ fy-folyc: o f,.f,c€f,.f..1,c ]

Leaves of tree form universal model set (can answer queries) [Bou+16]

But query answering/entailment is undecidable [BV81]
Chase termination is also undecidable [GM14, GO18]

RMFA/RMFC can sometimes detect (non-)termination [CDK17]

We reconsider RMFC with ideas from our previous work [GC23]
introducing (D)RPC with a working proof and additional improvements.
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Is it any good?

cat my-ruleset | docker run --rm -i registry.gitlab.com/mOnstr/dmfa-checker -t [non_]termination -cv restricted -disj [-depth 2] ...

RMFA2 (142)

OXFD A

RPC (12)
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Ok, so what do we want to do exactly?

Given arule set R, we ask if there is a knowledge base (R, D) that only
admits infinite chase trees.
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2. Cyclicity Sequences

4 N\

R is never-terminating
if for some KB and HC z: M - (3?/- Y oy N TEY )V e (1)
there exists a cyclicity
sequence, i.e. a loaded,
growing, and g-unblk.
trigger sequence.

r: o —dz. z:MM A D2 (2)
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2. Cyclicity Sequences

~N
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M - (Jdy. y: N AN x € z: % (1
The body of every Ul ( A ! )v - )
trigger is satisfied by T o —3z 2 WM A TSz (2)
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2. Cyclicity Sequences
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Growing:
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steps a new term T —dz. z:MM A 32 (2)
must be introduced. \ )
This implies infinity.

Such a sequence is embeddable into every CT.

Forthe DB c: 71 , we find the following cyclicity sequence:

(), [/el) (@), [2/f,c]) (), [2/f.Fyc)) (@), [2/F,Futye])

Lukas Gerlach, David Carral (TU Dresden, INRIA Montpellier) Sufficient Conditions for Restricted Chase Non-Termination 05.09.2023



2. Cyclicity Sequences

G-Unblockable: “
z "M - (dy. 0, N x€E Lo (1
If a trigger is loaded in T ( Y- Y )V = (1)

the HC-branch of any r: o, —Jz. z:MM A 52 (2)
CT then its HC-output

occurs in this branch.

. J

Such a sequence is embeddable into every CT.

Forthe DB c: 71 , we find the following cyclicity sequence:

(), [/el) (@), [2/f,c]) (), [2/f.Fyc)) (@), [2/F,Futye])

Lukas Gerlach, David Carral (TU Dresden, INRIA Montpellier) Sufficient Conditions for Restricted Chase Non-Termination 05.09.2023



2. Cyclicity Sequences

4 N\

R I1s never-terminating
if for some KB and HC z: M - (Ey- Yy:olly, N TEY )V e (1)
there exists a cyclicity
sequence, i.e. a loaded,

growing, and g-unblk. ‘
trigger sequence. Such a sequence is embeddable into every CT.

z: 0 —dz. z2:MM A zD2 (2)

J

Forthe DB ¢ : 7 , we find the following cyclicity sequence:
(), [z/el) (@), [0/fye]) (), [2/F.fpe]) @), [0/, fodye])

Lukas Gerlach, David Carral (TU Dresden, INRIA Montpellier) Sufficient Conditions for Restricted Chase Non-Termination 05.09.2023



2. Cyclicity Sequences

Loadedness an_d z ot (gy. y M A TEY )v z:% (1)
growth are easily
verified for a trigger. r: 0 —3Jz. z:M A 2352 (2)

Such a sequence is embeddable into every CT.

[ c:pife )4’[ fyc:m c€fyc )4’[ fofyc:otm fc>f,.f,.c ]
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2. Cyclicity Sequences

Theorem. z : pte —>(3y. Y, N xEy)Vx:%(l)
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3. Unique Constant (UC) Unblockability

4 N\

UC-Overap!:)roximation z oM (gy. y: N, N\ TEY )v z:% (1)
before a trigger \ i

rT: 0 —dz. z:MM A D2 (2)

. J

We show UC-Overapp. before ((2), [z/f,-c]) :
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. J

We show UC-Overapp. before ((2), [z/f,-c]) :
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3. Unique Constant (UC) Unblockability

s

UC-Overap!:Jroximation e (Ely. U N A TEyY )v 2 (1)
before a trigger A .
1. Birth Facts of A r: 0 —Jdz. z:MM A 232 (2)

2. Critical Facts of )\ \

~N

J

We show UC-Overapp. before ((2), [z/f,-c]) :

fpc:dy, c€f.c xc:y xc:iM *,C 0 N

*xE*x, xE€EC, cEXk,CcEC *xDk, x2D2C, CDk, CDC

J

.
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3. Unique Constant (UC) Unblockability

UC-Overapproximation .0 s d N ATEd v (1)
before a trigger A i g’ Y
1. Birth Facts of \ T, — d, MMM A x>d, (2)

-

2. Critical Facts of A
3. Chase with UC-Rules ~ We show UC-Overapp. before ((2), |z/f,-c|) :

4 N\

fpc: e c€f.c xc: N *c:MMM xc:

xEkx, k€cCc, ceEx,CcEC *x2k, x2C, C2o2%x, CDC

d,: o x,ced, d, :MM xc>d, d,ed, d,6>d,

J

\.
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3. Unique Constant (UC) Unblockability

4 N\

UC-Overap!:)roximation z oM (gy. y: N, N\ TEY )v z:% (1)
before a trigger \ i

1. Birth Facts of A r: 0 —Jdz. z:MM A 232 (2)
2. Critical Facts of A \ g
3. Chase with UC-Rules ((2), |z/f,-c]) isapplicable to its overapp.

~N

-

fpc:dy, c€f.c xc:y xc:iM *,C 0 N

*xE*x, xE€EC, cEXk,CcEC *xDk, x2D2C, CDk, CDC

d,: o x,ced, d, :MM xc>d, d,ed, d,6>d,

J

.
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3. Unique Constant (UC) Unblockability

4 N\

UC-Overap!:)roximation z oM (gy. y: N, N\ TEY )v z:% (1)
before a trigger \ i

1. Birth Facts of A r W —Jz. z:"MMe A D2 (2)
2. Critical Facts of \ \ /
3. Chase with UC-Rules ((2), [z/f,-c]) is uc-unblockable!

-

fpc:dy, c€f.c xc:y xc:iM *,C 0 N

*xE*x, xE€EC, cEXk,CcEC *xDk, x2D2C, CDk, CDC

d,: o x,ced, d, :MM xc>d, d,ed, d,6>d,

J

.
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3. Unique Constant (UC) Unblockability

Vs

UC-Overapproximation e (Ely. U N A TEyY )v 2 (1)
before a trigger A i
1. Birth Facts of A r: 0 —Jz. z:MM A 232 (2)

2. Critical Facts of A \ g
3 Chase with UC-Rules Would not workwith z€ey — y>«x

~N

-

fpci c€f.c xc:ym *c:tH *, ¢ o

*xE*x, xE€EC, CcEXk,CcEC *xDk, x2D2C, CDk, CDC

d,: o x,ced, d, :MM xc>d, d,ed, d,6>d,

. J
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3. Unique Constant (UC) Unblockability

UC-Overapproximation Lemma.

before a trigger A If a trigger is uc-unblockable, it is g-unblk.
1. Birth Facts of A Every possible fact that may occur in any CT
2. Critical Facts of A where the trigger has not been applied can be

3. Chase with UC-Rules embedded into the overapprox.

-

fpci c€f.c xc:ym *c:tH *, ¢ o

*xE*x, xE€EC, CcEXk,CcEC *xDk, x2D2C, CDk, CDC

d,: o x,ced, d, :MM xc>d, d,ed, d,6>d,

. J
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3.' Unblockability Propagates

We only want to check uc-unblockability for finitely many triggers.
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3.' Unblockability Propagates

We only want to check uc-unblockability for finitely many triggers.

Reversible Constant z e (ay, y: M, A TEYy )v z:% (1)

Mappings [G(C23]

preserve uc-unblk. z: 0 —dz. z2:MM A zD2 (2)
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3.' Unblockability Propagates

We only want to check uc-unblockability for finitely many triggers.

4 N\

Reversible Constant r:ette (3y, y: M, A TEYy )v roo (1)
Mappings [G(C23]
preserve uc-unblk. r: 0 —3Jz. z:MM A 2352 (2)

\\ J

N = ((2), |z/f,.f.-f,c]) resultsfrom = ((2), [z/f,.c|]) withthe
reversible constant mappingg: ct f,.f,.c.
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3.' Unblockability Propagates

We only want to check uc-unblockability for finitely many triggers.

Reversible Constant r:ette (3y, y: M, A TEYy )v o (1)
Mappings [G(C23]
preserve uc-unblk. r: 0 —3Jz. z:MM A 2352 (2)

\\ J

N = ((2), |z/f,.f.-f,c]) resultsfrom = ((2), [z/f,.c|]) withthe
reversible constant mapping g : ¢ = f,.f,.c. The UC-overapproximation of
A’ can be embedded into the uc-overapproximation of A by mapping all
“superterms” of f,.f, .c by the inverse of g and all other terms to x.
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3.' Unblockability Propagates

We only want to check uc-unblockability for finitely many triggers.

Reversible Constant r: M - (Ely. y: B, \ TEY )v z: % (1)
Mappings [G(C23]
preserve uc-unblk. T: o, —3dz. z:MMM A zD2 (2)

fpc:dy c€f,.c xc:ym *c:iM *,C: o
*xEx, kxE€EC,CcEXx, CcEC XDk, xD2C, CoD%x, CDC

d,: o x,ced, d, M xc>d, d,ed, d,>d,

. J
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3.' Unblockability Propagates

We only want to check uc-unblockability for finitely many triggers.

4 N\

Reversible Constant r:ette (3y, y: M, A TEYy )v o (1)
Mappings [G(C23]
preserve uc-unblk. r: 0 —3Jz. z:MM A 2352 (2)

\\ J

N = ((2), |z/f,.f.-f,c]) resultsfrom = ((2), [z/f,.c|]) withthe
reversible constant mapping g : ¢ = f,.f,.c. The UC-overapproximation of
A’ can be embedded into the uc-overapproximation of A by mapping all
“superterms” of f,.f, .c by the inverse of g and all other terms to x.

In fact, we can show that this is always possible!
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3.' Unblockability Propagates

We only want to check uc-unblockability for finitely many triggers.

Reversible Constant Lemma.
Mappings [GC23] If a trigger (p, o) is uc-unblk, then (p,g o o) is
preserve uc-unblk. uc-unblk. for every rev. constant mapping g.

N = ((2), |z/f,.f.-f,c]) resultsfrom = ((2), [z/f,.c|]) withthe
reversible constant mapping g : ¢ = f,.f, .c. The UC-overapproximation of
A’ can be embedded into the uc-overapproximation of A by mapping all
“superterms” of f,.f, .c by the inverse of g and all other terms to x.

In fact, we can show that this is always possible!
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4. Cyclicity Prefixes

Finite Trigger Sequence extendable into an (infinite) Cyclicity Sequence

4 N\

z : e —>(E|y. T a:Ey)v z:% (1)
T W —dz. z:MM A 32 (2)

. J
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4. Cyclicity Prefixes

Finite Trigger Sequence extendable into an (infinite) Cyclicity Sequence

4 N\

rT: 0 —dz. z:MM A z>D2 (2)

. J

Consider the rule DB for (1): ¢, : #77#

Prefix: ((1),[z/c,])
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4. Cyclicity Prefixes

Finite Trigger Sequence extendable into an (infinite) Cyclicity Sequence

4 N\

2. DB Trgis g-unblk.

rT: 0 —dz. z:MM A z>D2 (2)

. J

Consider the rule DB for (1): ¢, : #77#

Prefix: ((1),[z/c,])
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4. Cyclicity Prefixes

Finite Trigger Sequence extendable into an (infinite) Cyclicity Sequence

1. Start: Rule DBTrg X . TTTT — (E'y (VI ”. N T € y )\/ T o (].)
2. DB Trgis g-unblk.
3. Ldd, UC-unblk trgs r: 0 —Jz. z:MMM A 232 (2)

Consider the rule DB for (1): ¢, : #77#

Prefix: ((1),[xz/c,]) ((2), [w/fy-ca;b
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4. Cyclicity Prefixes

Finite Trigger Sequence extendable into an (infinite) Cyclicity Sequence

4 N\

1. Start: Rule DBTrg X . TTTT — (E'y (VI m N T € y )\/ T o (].)
2. DB Trgis g-unblk.
3. Ldd, UC-unblk trgs r: 0 —Jz. z:MMM A 232 (2)

4. Repeat with cycl. t. _
Consider the rule DB for (1): ¢, : #77#

Prefix: ((1),[z/c,])  ((2), [z/f,.c.]) (1), [z/f..f,ca])
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4. Cyclicity Prefixes

Finite Trigger Sequence extendable into an (infinite) Cyclicity Sequence

4 N\

1. Start: Rule DB Trg z: e — (Hy. Yy: i, \ TEYy )v z:% (1)
2. DB Trgis g-unblk.

3. Ldd, UC-unblk trgs r: 0 —Jz. z:MMM A 232 (2)
4. Repeat with cycl.t. _ ’
5 Induced CM is rev. Consider the rule DB for (1): ¢, : #1*

Prefix: ((1),[z/c,])  ((2), [z/f,.c.]) (1), [z/f..f,ca])

with constant mapping g : ¢, = f,.f,.c, (whichis reversible).
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4. Cyclicity Prefixes

Finite Trigger Sequence extendable into an (infinite) Cyclicity Sequence

4 N\

1. Start: Rule DB Trg e (ay. Y N A TCy )\/ (1)
2. DB Trgis g-unblk.

3. Ldd, UC-unblk trgs r: o —Jdz. z:MMM A 32 (2)
4. Repeat with cycl.t. - _ ’
5 Induced CM is rev. Consider the rule DB for (1): ¢, : t11%

~N

Rule Database

c, : 1M

. J

Lukas Gerlach, David Carral (TU Dresden, INRIA Montpellier) Sufficient Conditions for Restricted Chase Non-Termination 05.09.2023



4. Cyclicity Prefixes

Finite Trigger Sequence extendable into an (infinite) Cyclicity Sequence

4 N\

1. Start: Rule DB Trg e (ay. Y N A TCy )\/ (1)
2. DB Trgis g-unblk.

3. Ldd, UC-unblk trgs r: o —Jdz. z:MMM A 32 (2)
4. Repeat with cycl.t. - _ ’
5 Induced CM is rev. Consider the rule DB for (1): ¢, : t11%

~N 4 )

Rule Database fy-c: el

c, : 1M c € f,.c

. J \_ )
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4. Cyclicity Prefixes

Finite Trigger Sequence extendable into an (infinite) Cyclicity Sequence

1. Start: Rule DB Trg r: M - (ay. y: i, \ TEY )\/ z:% (1)
2. DB Trgis g-unblk.

3. Ldd, UC-unblk trgs r: o, —3dz. z:M A 32 (2)
4. Repeat with cycl.t. - _ | ’
5 Induced CM is rev. Consider the rule DB for (1): ¢, : t11%

Rule Database fy-C: N, fo-fy.c:mie
- P
Cp - TTTI C € fy.C A fy'c > fz'fy'c )
Lukas Gerlach, David Carral (TU Dresden, INRIA Montpellier) Sufficient Conditions for Restricted Chase Non-Termination 05.09.2023



4. Cyclicity Prefixes

Finite Trigger Sequence extendable into an (infinite) Cyclicity Sequence

1. Start: Rule DB Trg
2. DB Trgis g-unblk.
3. Ldd, UC-unblk trgs
4. Repeat with cycl. t.
5. Induced CM is rev.

\.

Rule Database

c, : 1M

~N

Vs

z ;e —>(E|y. Y il AN xEy)v z:% (1)

r: B — 3z z:MMP A zD2 (2)

~N

J

-

J

.

fy-c: il

cE f,-C

~N

Consider the rule DB for (1): ¢, : #11®

Vs

fodycioty

J

Lukas Gerlach, David Carral (TU Dresden, INRIA Montpellier)

\ fye3 [ f,c )

fyfodyc - o,

1l e S e e

J
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4. Cyclicity Prefixes

Finite Trigger Sequence extendable into an (infinite) Cyclicity Sequence

1. Start: Rule DB Trg Theorem.

2. DB Trgis g-unblk. Every cyclicity prefix can be extended into a

3. Ldd, UC-unblk trgs cyclicity sequence implying never-term.

4. Repeat with cycl. t. _

5 Induced CM is rev. Consider the rule DB for (1): ¢, : #T1%

Rule Database f,-c: f.-f,.c:oe fyfoefyec : S,
N P b
c, : 1M cE f,.c \ fy-€3 [ 1y ) 1l e S e e

b 7\ % EE T P P PP PRI \ J
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

4 N\

z : e —>(E|y. T :I:Ey)v z:% (1)
TP —dz. z:MM A 32 (2)

. J
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

4 N\

Each rule pand HC z : ohs _>(3y, Y, A xey)vfc;% (1)

r: 0, —dz. z:MMM A 352 (2)

. J

Consider the rule DB for (1): ¢, : #77¢

~N

Rule Database

c, : 1M

\. J
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

Each rule p and HC z : e —>(3y. Yl N :I:Ey)v z:% (1)
1. Apply Rule-DB Trg
r: 0, —dz. z:MMM A 352 (2)

. J

Consider the rule DB for (1): ¢, : #77¢

e N )
Rule Database fo.c:
y* ,
-
C, : Tﬂ! c € fy,c
|\ J \_ )
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

4 N\

Each rule pand HC z : ohs _>(3y, Y, A xey)vfc;% (1)
1. Apply Rule-DB Trg
2. Ldd, UC-unblk trgs T gy, —Jz. 2:MM A T2 (2)

J

w/o cycl. until cycl. _
Consider the rule DB for (1): ¢, : #11*

Ve ~ 4 N\ 4 \
Rule Database .~ f..c .t
-’- /"
Ca; TTTT C & fy.C A fy°c > fz‘fy'cj
. J/ \_ )
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

4 N\

Each rule pand HC z : ohs _>(3y, Y, A xey)vfc;% (1)
1. Apply Rule-DB Trg
2. Ldd, UC-unblk trgs T gy, —Jz. 2:MM A T2 (2)

J

w/o cycl. until cycl.

3. For p: Subs is inj. Consider the rule DB for (1): ¢, : 111®

e N ) 4 A e N
Rule Database f,c 0 f.-f,.c:oe fyforfyec s
- P y
C, TTTI C € fy.C ! fy'c = fz‘fy'c ) fzfyc c fyfzfyc
\ RN Y, - y,
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

4 N\

Each rule p and HC z : 9is _>(3y, TR W mey)vgj;% (1)
1. Apply Rule-DB Trg
2. Ldd, UC-unblk trgs T gy, —Jdz. 2: MM A T2 (2)

J

w/o cycl. until cycl.

3. For p: Subs is inj. Consider the rule DB for (1): ¢, : 71T®

Extracted triggers: ((1),[z/c,]) ((2), |z/f,.c.]) (), |z/f.-fy-ca])
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

4 N\

Each rule p and HC z : 9is _>(3y, TR W mey)vgj;% (1)
1. Apply Rule-DB Trg
2. Ldd, UC-unblk trgs T gy, —Jdz. 2: MM A T2 (2)

J

w/o cycl. until cycl.

3. For p: Subs is inj. Consider the rule DB for (1): ¢, : 71T®

Extracted triggers: ((1), [z/c,]) ((2), [2/fy.c.]) (1), [2/f.-fy-ca])
We just saw that this is a Cyclicity Prefix!
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

Each rule p and HC

1. Apply Rule-DB Trg

2. Ldd, UC-unblk trgs
w/o cycl. until cycl.

3. For p:Subs is inj.

Theorem.
If a rule set is RPC, it never-terminates.

Extracted triggers: (1), [z/c,]) ((2), [z/fy-c.]) (1), [2/f.-fyca))
We just saw that this is a Cyclicity Prefix!
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

Cyclicity Prefix:
Start: Rule DB Trg
DB Trg is g-unblk.
Ldd, UC-unblk trgs
Repeat with cycl. t.
Induced CM is rev.

Theorem.
If a rule set is RPC, it never-terminates.

vl ~ W N

Extracted triggers: (1), [z/c,]) ((2), [z/fy-c.]) (1), [2/f.-fycal)
We just saw that this is a Cyclicity Prefix!
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

Cyclicity Prefix:
Start: Rule DB Trg
DB Trg is g-unblk.
Ldd, UC-unblk trgs
Repeat with cycl. t.
Induced CM is rev.

Theorem.

If a rule set is RPC, it never-terminates.
We (almost) get a cyclicity prefix by
construction.

vl ~ W N

Extracted triggers: (1), [z/c,]) ((2), [z/fy-c.]) (1), [2/f.-fycal)
We just saw that this is a Cyclicity Prefix!
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

Cyclicity Prefix:

Start: Rule DB Trg
DB Trg is g-unblk.
Ldd, UC-unblk trgs
Repeat with cycl. t.
Induced CM is rev.

Theorem.

If a rule set is RPC, it never-terminates.

We (almost) get a cyclicity prefix by
construction. Points 2 and 5 need more love!

vl ~ W N

Extracted triggers: (1), [z/c,]) ((2), [z/fy-c.]) (1), [2/f.-fycal)
We just saw that this is a Cyclicity Prefix!
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

Cyclicity Prefix:

Start: Rule DB Trg
DB Trg is g-unblk.
Ldd, UC-unblk trgs
Repeat with cycl. t.
Induced CM is rev.

Theorem.

If a rule set is RPC, it never-terminates.

We (almost) get a cyclicity prefix by
construction. Points 2 and 5 need more love!
2 follows from uc-unblk of last trigger.

vl ~ W N

Extracted triggers: ((1), [z/c,]) ((2), [2/f,.c.]) (1), [2/f.-fy-ca])
We just saw that this is a Cyclicity Prefix!
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5. Restricted Prefix Cyclicity (RPC)

RPC is a computational procedure for (possibly) finding a Cyclicity Prefix:

Cyclicity Prefix:

Start: Rule DB Trg
DB Trg is g-unblk.
Ldd, UC-unblk trgs
Repeat with cycl. t.
Induced CM is rev.

Theorem.

If a rule set is RPC, it never-terminates.

5 follows from injectivity of substitutions in
trgs with p and the observation that the first
functional term is a subterm of every other.

vl ~ W N

Extracted triggers: ((1), [z/c,]) ((2), [2/f,.c.]) (1), [2/f.-fy-ca])
We just saw that this is a Cyclicity Prefix!
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Summary & Outlook

>, Define RPC (and DRPC) as cyclicity notions for the restricted chase in a
framework-like manner with additional improvements over RMFC.
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Summary & Outlook

>, Define RPC (and DRPC) as cyclicity notions for the restricted chase in a
framework-like manner with additional improvements over RMFC.
. Empirically verify the generality of the notions.
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Summary & Outlook

>, Define RPC (and DRPC) as cyclicity notions for the restricted chase in a
framework-like manner with additional improvements over RMFC.

. Empirically verify the generality of the notions.

2\ Use information from checks to automatically explain and fix potential
modelling mistakes that lead to non-termination.
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Summary & Outlook

>, Define RPC (and DRPC) as cyclicity notions for the restricted chase in a
framework-like manner with additional improvements over RMFC.

. Empirically verify the generality of the notions.

2\ Use information from checks to automatically explain and fix potential
modelling mistakes that lead to non-termination.
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(We have something in mind but it's hard to verify.)
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3.' Unblockability Propagates

If a trigger is unblockable, then so are similar repeated triggers.
A constant mapping g replaces constants with terms in expressions.

Consider aterm set 7" closed under subterms; g is reversible for T if

1. gis defined for every constantin T,
2. g(s) #+ g(t) for every s,t € T with s # t, and
3. for every constant ¢ € T, every subterm s of g(c), and every functional

term u € T; we have g(u) # s.
If (p, o) is uc-unblk and g rev for its skeleton, then {p, g o o) is uc-unblk.
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Why condition 2 for reversibility?

Rev. Cond. 2: We have g(s) # g(t) for every s,t € T with s # t.
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Why condition 2 for reversibility?

Rev. Cond. 2: We have g(s) # g(t) for every s,t € T with s # t.

T oy — U, Toe—py Ay =—y (1)
L =y — Ju. Y =—> (2)
L s Y\ L P > Y e (3)
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Why condition 2 for reversibility?

Rev. Cond. 2: We have g(s) # g(t) for every s,t € T with s # t.

T oy — U, Toe—py Ay =—y (1)
T oy — Jv. Yy v (2)
L e ) N\ L ey — Y T (3)
Ty = y=—>y (4)

The trigger ((2), [xz/c,y/ f,(c,d)]) is uc-unblockable.
The trigger ((2), [z/f2(f1(c, d)),y/ f1(f2(--.), f2(...))]) is not.

Note that the second results from the first with the constant mapping
that maps both cand d to f,(f,(c,d)) and thus violates cond. 2. 4
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Why condition 3 for reversibility?

Rev. Cond. 3: For every constant ¢ € T, every subterm s of g(c), and every
functional term u € T; we have g(u) # s.
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r:A — Ju. T =y Xy — y:T VIz. R(z,y,2) (1)

T:B — dv. T =0y L ey — T

z:C — Jw. x = w
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Why condition 3 for reversibility?

Rev. Cond. 3: For every constant ¢ € T, every subterm s of g(c), and every
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r:A — Ju. T =y Xy — y:T VIz. R(z,y,2) (1)

T:B — dv. T =0y L ey — T

r:(C — Jw. 1 = w

The trigger ((1), [x/c,y/f,(d)]) is uc-unblockable. Mapping c to
f..(f.,(f,(d)))and d to itself via g fulfills conditions 1and 2 of reversibility
but not 3since g(f,(d)) = f,(d) is a subterm of g(c).
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Why condition 3 for reversibility?

Rev. Cond. 3: For every constant ¢ € T, every subterm s of g(c), and every
functional term u € T; we have g(u) # s.

x: A — Ju. T =y T >y — y:T V3Iz. R(z,y,2) (1)

x: B — Ju. T =y X oy — T

r:(C — Jw. 1 = w

The trigger ((1), [x/c,y/f,(d)]) is uc-unblockable. Mapping c to
fu(fo(fu(d))) and d to itself via g fulfills conditions 1and 2 of reversibility

but not 3since g(f,(d)) = f,(d) is a subterm of g(c). Indeed,
(1), [z/f,,(f,(f,(A)),y/f,(d)]) is not uc-unblockable! 4
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Problematic RMFC Example

z:O AN y:0 — Ju. T —y N\ Y —y (1)
r:O N T =—>z — . T — v A 2 —p (2)
/IZ(y:O/\y—Mﬂ — w:0 (3)
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z:O AN y:0 — Ju. T —y N\ Y —y (1)
[0 A & =z — . Ty Nz — (2)
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Yz N\ L ) \ L ) — Y ey N\ =y A y:[ (4)
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fi(..)
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So does RPC fix our problem? (cont.)

z:OAN y:0 — du. T oy N\ Y —
T [ N x =z — U, L e 9 A\ z )
Y: O N y = w — w:0

Y 2 N\ ) N\ L — Y=y A =y A y:[]
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So does RPC fix our problem? (cont.)
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So does RPC fix our problem? (cont.)

z:OAN y:0 — du. T oy N\ Y —
T [ N x =z — U, L e 9 A\ z )
Yy: O N y =—> w — w:0

Y 2 N\ ) N\ L — Y=y A =y A y:[]

RPC X : RMFC(J; Cycl. Sequence with c¢:[0, d: O X;
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So does RPC fix our problem? (cont.)

z:OAN y:0 — du. T oy N\ Y —
T [ N x =z — U, L e 9 A\ z )
Yy: O N y =—> w — w:0

Y 2 N\ ) N\ L — Y=y A =y A y:[]

RPC 2X: RMFC(J; Cycl. Sequence with c:[O0, d:O X;never-term.
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So does RPC fix our problem? (cont.)

z:OAN y:0 — du. T oy N\ Y —
T [ N x =z — U, L e 9 A\ z )
Yy: O N y =—> w — w:0
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RPC 2X: RMFC(J; Cycl. Sequence with c:[O0, d:O X;never-term.
Cycl. Sequence with d:[0, d:0O [Y;
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So does RPC fix our problem? (cont.)
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So does RPC fix our problem? (cont.)

z:OAN y:0 — du. T oy N\ Y —
T [ N x =z — U, L e 9 A\ z )
Yy: O N y =—> w — w:0

Y 2 N\ ) N\ L — Y=y A =y A y:[]

RPC 2X: RMFC(J; Cycl. Sequence with c:[O0, d:O X;never-term.
Cycl. Sequence with d:[O0, d:0O [); never-term.
Was RMFC right all along?

Lukas Gerlach, David Carral (TU Dresden, INRIA Montpellier) Sufficient Conditions for Restricted Chase Non-Termination 05.09.2023



So does RPC fix our problem? (cont.)

z:OAN y:0 — du. T oy N\ Y —
T [ N x =z — U, L e 9 A\ z )
Yy: O N y =—> w — w:0

Y 2 N\ ) N\ L — Y=y A =y A y:[]

RPC 2X: RMFC(J; Cycl. Sequence with c:[O0, d:O X;never-term.
Cycl. Sequence with d:[O0, d:0O [); never-term. V)

Was RMFC right all along?
Frankly, we cannot say for sure; what we can say is that its correctness
has not been proven.
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Potential Counterexample for Never Termination

z:OAN y:0 — du. T oy N\ Y —
T [ N x =—> — U, L o 9 N\ 2
Y:O N y = w —du. u: [ N w:0

Y — N\ ) \ L — Y=y N\ z=py A y:[

TN Cmmp gy \ Zomdy N\ Lo ) A 2w y)f) — 2 ey
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Potential Counterexample for Never Termination

z:OAN y:0 — du. T oy N\ Y —
T [ N x =—> — U, L o 9 N\ 2
Y:O N y = w —du. u: [ N w:0

Y — N\ ) \ L — Y=y N\ z=py A y:[

TN Cmmp gy \ Zomdy N\ Lo ) A 2w y)f) — 2 ey

RPC >X: RMFC|J; Cycl. Sequence with d:[0, d:O X;never-term.
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Potential Counterexample for Never Termination

z:OAN y:0 — du. T oy N\ Y —
T [ N x =—> — U, L o 9 N\ 2
Y:O N y = w —Jdu. uv:Q AN w:0O

Y — N\ ) \ L — Y=y N\ z=py A y:[
TN Cmmp gy \ Zomdy N\ Lo ) A 2w y)f) — 2 ey
RPC >X: RMFC|J; Cycl. Sequence with d:[0, d:O X;never-term.

We think that every DB admits a terminating chase tree.
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Potential Counterexample for Never Termination

z:OAN y:0 — du. T oy N\ Y —
T [ N x =—> — U, L o 9 N\ 2
Y:O N y = w —Jdu. uv:Q AN w:0O

Y — N\ ) \ L — Y=y N\ z=py A y:[
TN Cmmp gy \ Zomdy N\ Lo ) A 2w y)f) — 2 ey
RPC >X: RMFC|J; Cycl. Sequence with d:[0, d:O X;never-term.

We think that every DB admits a terminating chase tree. (It could still be
that RMFC guarantees “sometimes non-termination” for exotic DBs.)
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