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The Connection Method

‘FDNF.‘PV["PAQ]V("QAR]V"R
P =P -Q -R
e

* Fenr:
* (Pv-aPv=Qv-R)"
* (Pv-PvRv-R)"
* (Pv Qv-Qv-R)"
* (PvQVvRv-R)

=Howtynroue iualidihens




Validity in DNF Matrices

‘FDNF.’PV["PAQ)V["QAR]V"R
. k [p P =Q “R | ?
Q R J

* A formula in DNF is valid when every path has a
complimentary pair of literals (P v =P), a connection.All
paths must be checked:

* {E 7P, =Q 7R}
* {E 7P R, 7R}
* {B Q =0 "R}
*{EQ R R}




FOL CM Example

Example 1 (DNF, matrix, graphical matrix). The knowledge base and query

Vx (Ely hasPet(x,y) A Cnrt(y}) — Cntﬂwner(x)) ]
vz (OldLady(z) — ‘v’k(hnsPEr(z, k) — Cnt(k))) ~E= Vu(OldLady(u) — CatOwner(u))
vz (0ldLady(z) —» 3v(hasPet(z,v) ;"\Aninmf(t?))l



FOL CM Example

Example 1 (DNF, matrix, graphical matrix). The knowledge base and query

Vx (Ely hasPet(x,y) A Cﬂt(y)) — Cntﬂwner(x)) ]
vz (OldLady(z) — ‘v’k(hnsPEr(z, k) — Cnt(k))) ~E= Vu(OldLady(u) — CatOwner(u))
vz (0ldLady(z) —» 3v(hasPet(z,v) ﬂﬂnimm’(t?})l

1s represented by the matrix (where a 1s an individual and £, a Skolem function):

{{hasPet(x,y), Cat(y), =CatOwner(x)}, {OldLadyu(u), hasPet{u,v) ,=Cat(v)}, {OldLady(z),
=hasPet(zf(z))}, {OldLady(z), -Animal(f(z))}, {=0ldLady(a)}, {CatOwner(a)}}



Proof

hasPet(x,y) OldLady(z) OldLady(z) OldLady(u) —0OldLady(a) CatOw(a)
Cat(y) —hasPet(z, f(z)) —-Anim(z f(z)) hasPet(u,v)
—CatOw(x) —Cat(v)



Proof

hasPet(x,y) OldLady(z) OldLady(z) OldLady(u) —0OldLady(a) CatOw(a)
=) Cat(y) —hasPet(z, f(z)) —-Anim(z f(z)) hasPet(u,v)
—CatOw(x) —Cat(v)

o={x/a}



Proof

Cat(y) —hasPet(z, f(z)) —Anim(z f(z))mphasPet(u,v)
_ICHtOW(}\/_I Cat(v)

o =1{x/a,y/v}

»[haspet(x,y} OldLady(z) OldLady(z) OldLady(u) —0OldLady(a) CatOw(a)




Proof

O\

hasPet(x,y) OldLady(z) OldLady(z) OldLady(u) —0OldLady(a) CatOw(a)
Cat(y) _“——hasPet(z f(z)) —Anim(z f(z)) hasPet(u,v)

o ={x\a,y,v\f(a),u,z\a}
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The Description Logic ALC

* Most DLs are decidable fragments of FOL, L2

* Concepts are formed according to the following syntax:
C:=A|T|L|CnD|CuUuD]|=C]|VrC]|3arC
* A ranges over concept names, r over role names, and C, D over concepts

* An _4LContology O is an ordered pair (T A)

e ATBox T is a set of basic axioms in one of the two forms
e CLCDor
e C=D

* An ABox A w.r.t. a TBox T is a set of assertions of two types
e Concept assertions, like C(a)
* Role assertions, like r(a,b)



Representation in 4£C 6-CM

* Representation without variables, typical from DL

* To eliminate variables, the variable links inside the constructs should
be preserved

* horizontal lines connect quantified roles to Skolemized concepts
e Examples:Vr.C E Eand EE 3Jr.C
* Designated by r(x,f(x)) and C(f(x)) in FOL

e vertical lines link quantified roles to concepts
e Examples: E EVr.Cand I3r.CCE E
» Designated by r(x,y) and C(y)) in FOL



ALC Example

{ JhasPet. Cat E CatOwner,

OldLady = 3hasPet. Animal N YhasPet.C at} = OldLady E CatOwner



ALC Example

{ dhasPet. Cat © CatOwner,
OldLady = 3hasPet. Animal M YhasPet. Cat

{{hasPet, Cat, =CatOwner}, {OldLady, hasPet, -Cat}, {OldLady, —hasPet!'}, {OldLady,
—Animal'}, {-0ldLady(a)}, {CatOwner(a)}}

} = OldLady E CatOwner




ALC Example

{ dhasPet. Cat © CatOwner,
OldLady = 3hasPet. Animal M YhasPet. Cat

{{hasPet, Cat, =CatOwner}, {OldLady, hasPet, -Cat}, {OldLady, —hasPet!'}, {OldLady,
—Animal'}, {-0ldLady(a)}, {CatOwner(a)}}

} = OldLady E CatOwner

hasPet OldLady OldLady OldLady —0ldLady(a) CatOwner(a)
[ Cat —hasPet —Animal hasPeW
—CatOwner —Cat

Figure 1. The query from Example 1 represented as an _4£( matrix



ALC Example

{ dhasPet. Cat © CatOwner,
OldLady = 3hasPet. Animal M YhasPet. Cat

{{hasPet, Cat, -CatOwner}, {OldLady, hasPet, -Cat}, {OldLady, —hasPet'}, {OldLady,
—Animal'}, {-0ldLady(a)}, {CatOwner(a)}}

} = OldLady E CatOwner

hasPet OldLady OldLady OldLady —0OldLady(a) CatOwner(a)
[ Cat —hasPet —Animal IHSPEW ]
—CatOwner —Cat

Figure 1. The query from Example 1 represented as an 4L matrix

Cat(y) —hasPet(z,f(z)) —Anim(f(z)) hasPet(u,v)

hasPet(x,y) OldLady(z) OldLady(z) OldLady(u) —OldLady(a) CatOw(a)
—CatOw(x) —Cat(v)
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The 4,£C 6-CM Calculus

e O-substitution instead of unification

e f-substitution is a variable substitution that maps (sometimes
implicit) variables to variables or instances.




O-substitution - Definitions

 The Set of concepts (T(x)) [Schmidt & Tishkovsky 2007] of a variable or
individual x contains all concepts that were instantiated by x
e T(x) ¥ {F € N-|E(x) € Path}

* Skolem condition: at most one concept is underlined in the graphical
matrix form in a set of concepts or Path for each variable/individual

*Va|{E'(a) € Path}| <1, whereiis a column index

* An instance can be assigned to at most one horizontally linked
variable/predicate.



FOL simulation and Base Case for 4£C 6-CM

e ECAr.AVr.AC E W,y E(a)

[ E(x) Ex) —r(y.90)) :4(9(3/)) E( )]
—r(x, f(x)) —|A(f(x2)\ -E(y) // —~E(y)

\\*~X—’// a
e ECAr.AVr.AC E Vi co-cm E(a), as well:

E E ar E(a)]
—r =4 —|E —|E




FOL simulation and Base Case for 4£C 6-CM

e ECAr.AVr.AC E Wy E(a)

[ E(x) Ex)  -r(rng®) A(g»))  EC )]
—r(x, f(x)) —|A(f(x2)\ -E(y) // —~E(y)

\\*~X—’// a
e ECAr.AVr.AC E Vi co-cm E(a), as well:

E E ar E(a)]
T —|A —|E —|E
xX

* Path = {E(a),_(;c), —A(x)}, violating Va ‘ {E_‘ € N, |Ei(a) € Path} ‘ <1



FOL Connection Calculus - Sequent style

Axi A
xiom (Ax) 3.0 Path
Ci,M,
Start Rule (St) 1M, with C; € a
M, e

C,M,Path U {L,}

R on Rule (R
eduction Rule ( ed) C U {Ll}, M, Path U {Lz}

with o(L,) = o(L,)

C;\{L,}, M\C{,Path U {L,} C,M,Path
Ext on Rule (Ext
xtension Rule (Ext) C U (L3, M, Path

Wlth Cl € M, LzE Cl’ O-(Ll) — O-(L_2)




The AL£C 6-CM Calculus — Sequent Style

Axi A
xiom (Ax) 3.7 Path
Ci, M,
Start Rule (St) v M. J with C; € a
M, e

C,M, Path U {L,}

Reduction Rule (Red
eduction Rule (Red) =25 o UL
with 8(L,) = 8(L,) and the Skolem condition holds

C:\1L,}, M, Path U {L C,M,Path
Extension Rule (Ext) 1\the} CUILT, 1{\/1111ath

withC; € M, L,€ C;,0(L,) = 6(L,) and the Skolem condition holds




Example

hasPet
Cat

| wCatOwner

OldLady OldLady OldLady -—OldLady(a) CatOwner(a)]
—hasPet —Animal hasPet

—Cat

M = {{h,C,~C0},{0,h,=C},{0,2h'},{0, 24"}, {=0(a)}, {CO(a)}}

&M, €

— St



Example

hasPet
Cat

| wCatOwner

OldLady OldLady OldLady —0OldLady(a)m)CatOwner(a)]
—hasPet —Animal hasPet

—Cat

M = {{h,C,~C0},{0,h,=C},{0,2h'},{0, 24"}, {=0(a)}, {CO(a)}}

\COa)}, M, {}

&M, €



Example

hasPet

=) Cat

| wCatOwner

OldLady OldLady OldLady -—OldLady(a) CatOwner(a)]
—hasPet —Animal hasPet

—Cat

{h(a,x),C(x)},M.{CO(a)}

lllll

{COla)} M, {}

M = {{h,C,~C0},{0,h,=C},{0,2h'},{0, 24"}, {=0(a)}, {CO(a)}}

e,M.e



Example

im) hasPet OldLady OldLady OldLady -—OldLady(a) CatOwner(a)]
Cat —hasPet —Animal mphasPet
X
—CatOwner —Cat

{0(y), h(y,1)},M,{CO(a),C(x)} (Ha.) (0O}
{h{a,),C()}, M, {CO(a)} m{)
(COla)} M, {}

M = {{h,C,~C0},{0,h,=C},{0,2h'},{0, 24"}, {=0(a)}, {CO(a)}} e,M,e

Ext

St



Example

) hasPet ®)OldLady OldLadym)OldLady —OldLady(a) CatOwner(a)]
Cat —hasPet —|An( ?l asPet
X
ﬂCatOWN —Cat a

{00)},M,{CO(a),Clx), hlax)}

{00y)},M,{C0(a),C(x)}

{00y),hy.2)},M,{CO(a),C(x)}

Ext

{0(y), h(y,0)},M,{CO(a),C(x)} (Ha.)} M {COW}
{h{a,),C()}, M, {CO(a)} i m{)
(o)
eMe O

M = {{h,C,~C0},{0,h,=C},{0,2h'},{0, 24"}, {=0(a)}, {CO(a)}}



Example
N

l»hasPet OldLady OldLadym)OldLady —OldLady(a) CatOwner(a)]

Cat ﬂhasPewasPet
: V a,X)
X
—CatOwner —Cat a

(.M, (€0, 0} ™ [1M,{C0a).C) ’;
{00)},M,{C0().C(x),ha.x)} {00)},M.{C0(),C(x)) )
Ext
{00), h(y,x)},M, {CO(a),C(x)}

{0(y), h(3.3)}, M, {CO(@),C(x)} (Ha.)} M {COW}

{h{a,),C()}, M, {CO(a)} i m{)
(cowmf)
M = {{,C,~C0}, {0, h, <C}, {0, 7k}, {0, 24}, {~0(a)}, {CO(@)}} e.M.¢



Example
AN

l»hasPet OldLady OldLady OldLady -—OldLady(a) CatOwner(a)]

Cat —hasPet —Animal asPet
: \(a,x) a,X)
X
—CatOwner —Cat a

(M,{C0().Cl) ) ~0(a)} fd (M.{C0).C.00@) [}, {COla).Cl)} ’;
(00))M. {0 C) haa)] (00))M.1C0() C)} '
Ext
(00)- i)} M. {COla).Cu)
(00),h(y.2)}, M. {CO(a).C(1) ) 100
{h(ax).CLo}, M, {CO(a)} ITTRY

M = {{h,C,~C0},{0,h,=C},{0,2h'},{0, 24"}, {=0(a)}, {CO(a)}} e,M,e



Example
AN

hasPet —\)(\)ldLady OldLady OldLady -—0OldLady(a) CatOwner(a)]

Cat (ax —~hasPet —Animal asPet
: \(a,x) a,x)
X
| wCatOwner —Cat a

(}.M.{CO(@).Cx). h{ax), 0(a)} ’;“d (1M, (COa).C. 0@} " M- {COla).Cl) ‘;
[ 1l
{00y)},M,{CO(a),C(x),h(a,)} {0(y)},M,{CO(a),C(x)}
Ext
{0(y),h(y,x)},M,{CO(a),C(x)}
I Ax
{}.M.{CO(a),~h(a.x)',~0(a)} i
(00),h(y.0)}. M. {COa).C(x) )} . (COW] fed .
{h(a,x).C(x)}, M, {CO(a)} N M) E‘
{CO(a)} M. {} .
M = {{h,C,~C0},{0,h,~C},{0,ah'}, {0,524}, {-0(a)},{CO(a)}} M e t
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Blocking

e Usual solution for DL calculi to ensure termination

* For the CM, a new Copy rule implements blocking over new
instances, to make for the case of cyclic ontologies

* It regulates the generation of new, arbitrary individuals, thus
avoiding non-termination



Blocking rule

C U{L},Mu{Cy} Pathu{L,}
C U{L{},M,Path U {L,}
with L, € Cé", 6(L,) = 8(L,),and the blocking condition holds

Copy Rule (Cop)

Blocking condition:

- If the set of concepts of new individuals is included in the last generated
individual’s set of concepts, then block:

- T(xﬁ) < T(Xg_l) for not blocking



Termination Example in 4£C 6-CM

Person E 3hasFather.Person W q,09_cy Person(John)

Person Person Person(John)
—hasFather —Person




Termination Example in 4£C 6-CM

Person E JhasFather.Person W g0 9_cy —Person(John)

Person Person Person(John)

—hasFather —.Person\/
John




Termination Example in 4£C 6-CM

Person E JhasFather.Person W q,c9_cy Person(John)

Person Person  Person Person(John)

—hasFather —Person —Persm/
John

=1




Termination Example in 4£C 6-CM

Person E JhasFather.Person ¥ q,c9_cy Person(John)

[ Person Personx\1 Person Person(John)
—hasFather —Person —Persm/

John
u=1

T(xlf) = {—Person, Person}




Termination Example in 4£C 6-CM

Person E JhasFather.Person W q,c9_cy Person(John)

N

—hasFather —Person —|Person\—|Person
John

p=2

[ Person Person ( Person - Person Person(John)

T(xlf) = {—Person, Person}

T(ng) = {—Person, Person}




Termination Example in 4£C 6-CM

Person E JhasFather.Person ¥ q,c9_cy Person(John)

N

—hasFather —Person —|Person\—|Person
John

=2
T(xlf) = {—Person, Person}

[ Person Person ( Person - Person\’) Person(]ohn)]

T(ng) = {—Person, Person}

Blocked before generating x3, since T(ng) - T(xlﬁ)
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RACCOON Architecture

Abstract
Syntax Tree

Normalized
Clause Objects

OWL 2
Parser

Preprocessor Rcasoner

OWL 2

Ontology Result

* Written in C++ - Only optimization: The regularity condition requires
that the active Path contains no literals from the extension clause C, ,
under unification (Letz et al. 94, Otten 2010)

* AL. € C, L, € Path|6(L,) = 6(L,).




Experiments (based in the ORE)

* ORE competitors:
* Konclude (Steigmiller et al, 2014)
* Hermit (Glimm et al, 2014)
e FACT++ (Tsarkov and Horrocks, 2006)

* Only the consistency task was considered

* Ontologies which had AL, ALE and ALC expressivity from ORE’s datasets

* ORE 2014 : 1,621 ontologies
 ORE 2015 : 401 ontologies

e Timeout : 250sina 8 GBi5 @ 2.3 GHz, with two cores



Ontologies x Time: ORE 2014

AL — 825 ontologies

ALE - 740 ontologies

ALC — 56 ontologies

#Solved
Ontologies o o o
by g = + g CCJ et + g g g + x
Time s | E | & 2]l g | E | & 2 s | 2 | & =
Interval g | T |§ e |l & | £ |8 e | &2 | € |8 T
0-<0.1s | [592] 0 0 | [577]| [272 0 0 | [310]| 45 0 0 |[ 47
0.1-<1s 201 143 659 195 194 125 393 285 8 26 1 9
1-<10s 13 666 157 44 87 574 323 127 1 30 5 0
10 - < 100s 7 11 7 9 30 26 4 18 1 0 0 0
100-<250s || |_ 0] 1 0| _0| 3 8 3 |L_0| 0 0 0|0
Timeouts 12 4 2 0 154 7 17 0 0 0 0 0
Fastest 683 0 0 142 363 0 6 371 45 0 0 11




Ontologies x Time: ORE 2015

AL — 167 ontologies ALE— 198 ontologies ALC - 36 ontologies
#Solved
Ontologies o o o
by g = + g CCD = + g g = + g
mme | & | E L Bl S| E|LE |2 8| E|E|E
nerval | & | £ | ¢ | )& | 2|8 | )& 2|8 |
0-<0.1s | [77] 0 0|[73]| [65] 0O 0 60 0 0 13~
0.1-<1s 65 75 91 60 77 52 97 87 12 13 8 17
1-<10s 13 83 63 23 40 123 75 32 7 19 4 3
10 - < 100s 7 4 8 11 17 6 4 19 4 4 1 3
100 - < 250s 0 0 0 0 1 10 1 0 0 0 0 0
Timeouts 5 5 5 0 8 [ 21 0 1 0 3 0
Fastest | 141 0 0] 26| 143 0 1] 54| 23 1 0] 12




Average Time X

Axioms : ORE 2014

Average

AL — 825 ontologies

ALE— 740 ontologies

ALC — 56 ontologies

Time '%)u - S c 3 - S
@) + += +
s |2 | B EIE 2| B B3 2| 0 E|EE
c Q S o Q S O Q e o
gl | 2| ||| 2|E | £|E|2|E | ¥
0-10% axs | 837 |[0.03 | 2.75 | 0.49 | 0.04 | 1.90 | 2.36 | 0.57 |[U.05 |[U:03]| 1.70 | 0.49 | [0.04
103-10% | 315 O.l4| 422 | 082 | 0.17 | 287 | 260 | 0.84 ||10.17] | 8.22 | 2.10 | 0.75 ||0.16
104-105 | 427 058 | 353 | 1.64 | 0.86 | 1.55 | 4.99 | 3.97 099 | 1.66 | 3.49 | 1.19 ||0.38
10°-10° 39 |[L4.80 [25.58 |20.91 |27.99 [15.65 |66.63 |16.65 |L5.32' - - - -
> 10%axs 3 (| N/A [51.94 | N/A |40.66 [41.44 |53.67 |53.73 |58.73 - - - -
Average - 1030 | 3.34 | 094 | 055 || 279 | 560 | 245 | 1.21 | 0.79 | 1.92 | 0.58 | 0.08




Average Time X

Axioms : ORE 2015

AL — 167 ontologies ALE — 198 ontologies ALC — 36 ontologies
Average o
Time 5 c 5 c 5 c -
@) +J — -
woms || B BB B[ 2E|5 2|0 E 8 ¢
C &) ot (&) O S (&) Q e &)
Ll | Z2|& | g |2 |E ||| |& | ¥
0-103 axs || 119 [ 0.03]| 0.80 | 0.47 | 0.04 | 1.53 | 0.91 | 0.57 [ 0.06 ]| 0.50 | 0.82 | 0.49 ||0.04
103-10* 9 || 0.12 | 1.09 | 0.73 | 0.15 | 7.67 | 1.25 | 0.77 | 0.22 [|10.94 | 1.17 | 0.82 ||0.19
10%-10° | 136 || 0.56 || 2.16 | 1.61 O.84|] 0.89]|| 3.97 | 548 | 1.24 | 1.49 | 1.75 | 1.33 ||0.51
10°-10° 48 |111.43 1|113.86 |26.30 |21.45 |10.07 |84.00 || 9.26 |16.81 |11.42 (15.74 |13.89 |15.19
> 10%axs 2 Il N/A 1{41.80 | N/A |38.72 - - - - 125.71] |41.67 | N/A |33.48
Average -1 1.28 | 239 | 283 | 249 | 4.20 (11.60 | 284 | 294 | 3.76 | 4.03 | 2.09 | 2.86




Behavior w.r.t. Ontology Size

Time in Secs

20

15

10

ORE 2014
i ¥
—¥— Raccoon i |
] HermiT 'r il!
: ;
=57=--  FalT++ : ,l
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i
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Behavior w.r.t. Ontology Size

ORE 2015

o _ T .
—¥— Raccoon : I
n _j--© HermiT 'r :
2 -57==- FaCT++ 5 :
) i |
£ © 4-—=- Konclude i |
b : .
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0 100 200 300

Solution Number



Results - Conclusions

« RACCOON had a quite large number of timeouts (166) in the ORE 2014
* But less than FACT++ in the ORE 2015

* RACCOON and Konclude were almost always the fastest in all segments
* It performs better for small ontologies

* This performance is likely due to the efficient parsing and regularity
* RACCOON runs over _4LC, while the other solvers can deal with larger DLs
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Conclusions

* 4L£,C0-CM is a connection method for the DL 4AL£C
* Replaces Skolem functions and unification by 6-substitutions
* Blocking scheme, with a new Copy rule, to assure termination

* Implemented in RACCOON:https://github.com/dmfilho/raccoon
* Implementation can be competitive
* Fast for 4.£C and smaller DLs



https://github.com/dmfilho/raccoon

Conclusions

* Initial motivation, basic research for DL reasoning
* Trying out established, efficient FOL methods in the DL setting
* RACCOON is the implementation of a specially-tailored DL connection
calculus
* The first of its kind: DL+ connection calculus

* Promising performance
* No typical DL optimization
* Good for small ontologies, common place in the Semantic Web



Practical Future Work

* DL optimizations
* High number of timeouts will be tackled in a future version
* Implementing the other two ORE tasks, realization and subsumption

* Implementing (in)equality, DL cardinality restrictions
*>/<nrfor ALCN and = / < nr.C for SHQ and EL++
* Enables an ORE participation in the EL£ segment
* Already theoretically solved, but not implemented and tested yet

* More expressive constructs & DLs



Theoretical Future Work

* Encompassing techniques such as dynamic and double blocking
(Horrocks and Sattler, 1999) for inverse roles

* Dealing with nominals



Thank you for your attention!

e Questions?

* Suggestions?
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Unification and @-substitution are equivalent

Unification @-substitution
Input Output Input Output

L1 = E(x) o(L1) = E(a) L1 = E or E(x) 0(L1) = E(a)

LZ — —|E(Cl) LZ — —|E(Cl)

Ly = E(x) o(Ly) = E) Ly = E or E(x) 0(L1) =E(y)

LZ — —|E(y) Lz = oF OT—lE(y)

Ly = E(b) Not unifiable Ly = E(b) No @-substitution:

L, = =E(a) L, = =E(a) Not unifiable

Li=E(x) | o) ={EFO)} L =E 6(Ly) =E(y)
L, =-E(f(¥)) L, = oF t(y) =1(y) U{=E'}
Ly = E(g(x)) Not unifiable L, = E¥ No 0-substitution,as Skolem
L, ==E(f(y)) L, = —E Condition does not hold: Va

{E!| E'() € Path}| < 1




Inductive Case for 4L£C 6-CM

—_EI
E E_C . r A Ej]
Lr L . —..4 ~E —E- E/gr

Figure 7. Tentative AL &-CM connection proof for the inductive case




Inductive Case for 4L£C 6-CM

EI
[E E, C .. f’:r A a:/gj]
B —..4—.5 E._a

Figure 7. Tentative AL 6-CM connection proof for the inductive case
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Algorithm

01: func proveliteral (clause, literalindex, path) {

02: if literalindex == clause.size() \\ check if clause literals exhausted

03: return true;

04:  if path.contains (literalindex) \\ regularity: if literal is already in the path
05: return false;

06:  if path.containsNeg (literalindex) \\ Reduction rule

07: return proveliteral (clause, literalindex+1, path) \\ try next literal

08: path.push (literallndex); \\ put literal on path

09:  for each connection in literal.connections { \\ try each literal’s possible connection

10: if connection.valid (path) { \\ 1f we prove with the current connection
11: path.pop (); \\ remove literal from path to try next literal
12: if provelLiteral (clause, literallndex+1, path) \\ and try the clause’s next literal
13: return true;

14: path.push (literalindex) \\ 1f failed, push the literal back again

16: } \\ and try next connection (backtrack)

17: }

18: path.pop ();

19: return false; \\ no connection worked; not proven
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