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Ei3

posi_filter,

Eys

post_filter

ans_path

tuples
(a’b))
(a’C)’
(C’d)’
(d,a),
(a’d)’
(C’a)’
(d,b),
(d,c)

Eig

ansacyclic |




path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /

acyclic(z,y) < path(x,y), ~path(y, x). @ @

E : Ey .
5 ] filter, , "] post filter, \ /

By Ep @

Eqn

‘ input_path ans_path

{((a,a),{e}), ((c,b),{c}), E1a
((c,0),{¢e}), ((d,d),{e})}

ter ost_filter
o filters o e i _filtery

tuples
(a’b))
(a’C)’
(C’d)’
(d,a),
(a’d)’
(C’a)’
(d,b),
(d,c)

tuples
(X3, ¥3)

filters 4

subqueries
{((X3,y5), {x/x5, YIy3 1)}

‘ input_acyclic _).( pre_filters H— filters 4 1 filters o : post_filter, = ansacyclic |
£y Ea : Eg : Eis Eyg

tuples subqueries
(X1 Y1) {(Cy) A, yly DY




path(x,y) < edge(x,y)
path(x,y) < path(z, z),edge(z,y) /
acyclic(z,y) < path(x,y), ~path(y, x). @

Eqn

‘ input_path ans_path

{(a,a), (c,b),El_1
(c,0), (d,d)} :upl;es
a’ 3

(a’C)3

(C’d)3

(d,a),

(a’d)!

(C’a)’

(d,b),

(d,c)

tuples
(X3, ¥3)

filters 4 filters o post_filter,

Eyo Ei3

subqueries
{((X3,y5), {x/x5, YIy3 1)}

‘ input_acyclic _).( pre_filters H— filters 4 1 filters o : post_filter, = ansacyclic |
£y Ea : Ee : Ei1s Eig

tuples subqueries
(X1 Y1) {(Cy) A, yly DY

: E .
filtery ; —2s{ post filter, \ /



path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /

acyclic(z,y) < path(x,y), ~path(y, x). @

: E .
filtery ; —2s{ post filter, \ /

Eqn

ans_path

‘ input_path

tuples tuples
X ) (a,b)) (a’a)’
( 3 YB) filters 4 = filters o = posi_filter, (a,c), (¢c,b),
12 13
subqueries (c,d), (c.0),

(d,a), (d.d)
(a,d),

(c,a),
(d,b),

(d’C)’

{((X5,y5),{x/x3, Yy, 1)}

‘ input_acyclic _).( pre_filters H— filters 4 1 filters o : post_filter, = ansacyclic |
£y Ea : Eg : Eis Eyg

tuples subqueries
(X1 Y1) {(Cy) A, yly DY




path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /

acyclic(z,y) < path(x,y), ~path(y, x). @

: E .
filtery ; —2s{ post filter, \ /

ans_path

‘ input_path

tuples tuples
(X33 .)/3) (a,b), (G,Cl),

filtery 4 filters o post_filter, (a,c), (c,b),
(c,d), (c0),
(d,a), (d,d)
(a’d)’
(C’a)’
(d,b),

(d’C)’

Eyo

subqueries
{((X3,y5), {x/x5, YIy3 1)}

‘ input_acyclic _).( pre_filters H— filters 4 1 filters o : post_filter, = ansacyclic |
£y Ea : Ee : Ei1s Eig

tuples subqueries
(X1 Y1) {(Cy) A, yly DY




path(x,y) < edge(x,y) (b)

path(x,y) < path(z, z),edge(z,y) /
acyclic(z,y) < path(x,y), ~path(y, x). @
E E;
i filter 1 ? post_filtery \ /
F= Eio @

Eqn

{(a,a), (c,b),

ans_path

‘ input_path

tuples (C,C), (d,d)} tuples
(X33 .)/3) (a;b), (CI,CI),
filtery 4 = filters 5 - post_filter, (a,c), (c,b),
12 13
subqueries Efj,d))’ EZ,Z)),
,ad), ’
{((x3.y2),{x/x3, yly; 1)} @,
. (c,a),
- (db),
(d,o),
‘ input_acyclic T).( pre_filters }T- filters - filters o - post_filter, ——> ansacyclic |
1 2 16 18 19
tuples subqueries

(X, y1) {((xpy), Ixy, iy D}



path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /

acyclic(z,y) < path(x,y), ~path(y, x). @ @

: E .
filtery ; —2s{ post filter, \ /

by Ep @

Eqn

ans_path

‘ input_path

tuples tuples
X3 (a,b), (a,a),
( 3 YB) ﬁitc:'?“g:l B ﬁzif:'?"g:g B posi_filter, (a,c), (C,b),
12 13
subqueries (c,d), (c.0),

{((X3’Y3)’{X/X3’ y/y3})} (d,CI), (d’d)

(a,d),

unprocessed_tuples (c,a)

. ((@a), (cb), (0), ([dd)} (@b),
(d,0),

‘ input_acyclic _).( pre_filters H— filters 4 1 filters o : post_filter, = ansacyclic |
£y Ea : Eg : Eis Eyg

tuples subqueries
(X1 Y1) {(Cy) A, yly DY




path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /
acyclic(z,y) < path(x,y), ~path(y, x). @ @

: E .
filtery ; —2s{ post filter, \ /

Eqn

ans_path

‘ input_path

tuples tuples
X3 (a,b), (a,a),
( 3 YB) filters 4 TELY filters 5 = post_filtery (a,c), (c,b),
12 13
subqueries (c,d), (c.0),

{((X3’y3)’{X/X3’ y/y3})} (d’a)’ (d’d)

(a,d),

unprocessed_tuples (c,a)

. ((@a), (cb), (©0), ([dd)} (@b),
(d,0),

‘ input_acyclic _).( pre_filters H— filters 4 1 filters o : post_filter, = ansacyclic |
£y Ea : Ee : Ei1s Eig

tuples subqueries
(X1 Y1) {(Cy) A, yly DY




‘ input_path

tuples
(X3, ¥3)

path(x,y) < edge(x,y)

path(x,y) < path(z, z),edge(z,y)

acyclic(z,y) < path(x,y), ~path(y, x).

filter, 1

Eg

ﬁitr:‘rg: 1

post_filtery

{((a.y,),ylysyz/a}),
((¢,y3),{y/ys,2/b}),
((eya) ylyszict),

& ((dy,).yly,z/d})}

subqueries

‘ input_acyclic

tuples
(x5, y1)

re_filter. H
—E s

Eyo

{((X5,y5),{x/x3, Yy, 1)}

ﬁ!-i:{'frg:z

Ep

ﬁi ir:f:"i'—"';: 1

subqueries

Eg

ﬁl!tff'ir':'i:g

Ei3

posi_filter,

{((xpy ) Ax/x,, yiy, 1)}

Eys

post_filter

ans_path

(a’b))
(a’C)’
(C’d)’
(d,a),
(a’d)’
(C’a)’
(d,b),
(d,c),

Eig

ansacyclic |

tuples

(a,a),
(c,b),
(¢,0),
(d,d)



path(x,y) < edge(x,y) (b)

path(x,y) < path(z, z),edge(z,y) /
acyclic(z,y) < path(x,y), ~path(y, x). @
E E;
i filter 1 ? post_filtery \ /
F= Eio @

By
ans_path

‘ input_path

tuples (@b (@b, tuples
(X3, y3) (e, d),{e}), ((d,a),{e})} (a,b), (a,a),
‘ pre_filters }Tq;- filters 4 o filters 4 o post_filter, (a,g)’ EE,ZZ)),
subqueries (c,d), (60),

(d,a), (d.d)
(a,d),

(c,a),
(d,b),

(d’C)’

{((X5,y5),{x/x3, Yy, 1)}

‘ input_acyclic _).( pre_filters H— filters 4 1 filters o : post_filter, = ansacyclic |
£y Ea : Eg : Eis Eyg

tuples subqueries
(X1 Y1) {(Cy) A, yly DY




path(x,y) < edge(x,y) (b)

path(x,y) < path(z, z),edge(z,y) /
acyclic(z,y) < path(x,y), ~path(y, x). @
E E;
i filter 1 ? post_filtery \ /
F= Eio @

By
ans_path

‘ input_path

{(Cl,b), (CI,C), Eiq

tuples cd), [da) tuples
(X33 .)/3) (a;b), (CI,CI),
filtery 4 = filters 5 - post_filter, (a,c), (c,b),
12 13
subqueries Efj,d))’ EZ,Z)),
’a ) ’
{((Xay), /x5, Yy, 1)} @,
. (c,a),
- (db),
(d,c),
‘ input_acyclic T.‘ pre_filters }T filters 0 filters o I post_filter, v ansacyclic |
G 18 g
tuples subqueries

(X, y1) {((xpy), Ixy, iy D}



path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /

acyclic(z,y) < path(x,y), ~path(y, x). @ @

: E .
filtery ; —2s{ post filter, \ /
F= Eio @

No tuples is added
to tuples(ans_path)

Eqn

ans_path

‘ input_path

tuples tuples
X3 (a,b), (a,a),
( 3 YB) ﬁitc:'?“g:l B ﬁzif:'?"g:g B posi_filter, (a,c), (C,b),
12 13
subqueries (c,d), (c.0),

(d,a), (d.d)
(a,d),

(c,a),
(d,b),

(d’C)’

{((X5,y5),{x/x3, Yy, 1)}

‘ input_acyclic _).( pre_filters H— filters 4 1 filters o : post_filter, = ansacyclic |
£y Ea : Eg : Eis Eyg

tuples subqueries
(X1 Y1) {(Cy) A, yly DY




‘ input_path

tuples
(X3, ¥3)

path(x,y) < edge(x,y)

path(x,y) < path(z, z),edge(z,y)

acyclic(z,y) < path(x,y), ~path(y, x).

post_filtery

E . E
- filtery !
Ey
filters 4
: £
subqueries

‘ input_acyclic

tuples
(x5, y1)

re_filter. }ﬁ- ter.
T-( pre_fi 3 Ea i 3,1

{((X5,y5),{x/x3, Yy, 1)}

filters o

Eqn

Ep

subqueries

Eg

{((xpy ), Ax/xy, yly 1)}

filters o

posi_filter,

Eys

post_filter

ans_path

tuples
(a,b), (a,a),
(a,c), (c,b),
(c,d), (c,0),
(d,a), (d,d)
(a’d)’
(C’a)’
(d,b),
(d,0),

Eig

ansacyclic |




‘ input_path

tuples
(X3, ¥3)

path(x,y) < edge(x,y)

path(x,y) < path(z, z),edge(z,y)

acyclic(z,y) < path(x,y), ~path(y, x).

Ep

Eg . Eg ]
.ﬁit‘:f""l:l post_filtery
Ey
En
filters 4 filters o
' Eo : Ei13
subqueries

‘ input_acyclic

tuples
(x5, y1)

yre_filter. H— lter.
T-( pre_fi 3 Ea i 3,1

{((X5,y5),{x/x3, Yy, 1)}

subqueries

Eg

{((xpy ), Ax/xy, yly 1)}

filters o

posi_filter,

Eys

post_filter

{(a,b), (a,0), (c,d), (d,a),
(a,d), (c,a), (d,b), (d,c),
(a,a), (c,b), (c,c), (d,d)}

ans_path

tuples
(a,b), (a,a),
(a,c), (c,b),
(c,d), (c,0),
(d,a), (d,d)
(a’d)’

(C’a)’

(d,b),

(d,0),

Eig

ansacyclic |




path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /

acyclic(z,y) < path(x,y), ~path(y, x). @

- Eq .
ﬁ.!t::f?"l:l ! post_filtery \ /

Eqn

‘ input_path ans_path

tuples tuples
X3 (a,b), (a,a),
( 3 y3) filtery 4 = filters o = posi_filter, (a,c), (c,b),
12 13
subqueries (c,d), (c.0),

(d,a), (d.d)
(a,d),

(c,a),
(d,b),

(d’C)’

{((X5,y5),{x/x3, Yy, 1)}

‘ input_acyclic —>-< pre_filters }é— filters 4 1 filters 5 : post_filter, = ansacyclic |
£y Ea ' Eig : Eis Eig

tuples subqueries
(X, V) {(xuy ) A%, yly 1}

unprocessed_tuples
{(a,b), (a,c), (c,d), (d,a), (a,d), (c,a), (d,b), (d,c), (a,a), (c,b), (c,c), (d,d)}



path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /

acyclic(z,y) < path(x,y), ~path(y, x). @

- Eq .
ﬁ.!t::f?"l:l ! post_filtery \ /

Eqn

‘ input_path ans_path

tuples tuples
X3 (a,b), (a,a),
( 3 y3) filtery 4 = filters o = posi_filter, (a,c), (c,b),
12 13
subqueries (c,d), (c.0),

(d,a), (d.d)
(a,d),

(c,a),
(d,b),

(d’C)’

{((X5,y5),{x/x3, Yy, 1)}

‘ input_acyclic —>-< pre_filters }é— filters | L= = filters o : post_filter, = ansacyclic |
£y Ea ' Eig : Eis Eig

tuples subqueries
(X, V) {(xuy ) A%, yly 1}

unprocessed_tuples
{(a,b), (a,c), (c,d), (d,a), (a,d), (c,a), (d,b), (d,c), (a,a), (c,b), (c,c), (d,d)}



path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /

acyclic(z,y) < path(x,y), ~path(y, x). @

- Eq .
ﬁ.!t::f?"l:l ! post_filtery \ /

Eqn

ans_path

‘ input_path

tuples tuples
X3 (a,b), (a,a),
( 3 y3) filtery 4 = filters o = posi_filter, (a,c), (c,b),
12 13
subqueries (c,d), (c.0),

(d,a), (d.d)
(a,d),

(c,a),
(d,b),

(d’C)’

{((X5,y5),{x/x3, Yy, 1)}

‘ input_acyclic —>-< pre_filters }é— filters 4 1 filters 5 : post_filter, = ansacyclic |
£y Ea ' Eig : Eis Eig

tuples subqueries subqueries
(x ) {((xpy ), {x/x, yly, D} {((a,b),{x/a,y/b}), ((a,c),{x/ay/c}), ((c,d),{x/c,y/d}), ((d,a),{x/dy/a}),
v Y ((a,d),{x/a,y/d}), ((c,a),{x/c,y/a}), ((d,b),{x/d,y/b}), ((d,c),{x/d,y/c}),

((a,a),{x/a,y/a}), ((c,b),{x/c,y/b}), ((c,c),{x/c,y/c}), ((d.d),{x/d,y/d})}



‘ input_path

tuples
(X3, ¥3)

path(x,y) < edge(x,y)

path(x,y) < path(z, z),edge(z,y)

acyclic(z,y) < path(x,y), ~path(y, x).

filter, 1

Eg

ﬁl! t{'.:?"z: 1

post_filtery

‘ input_acyclic

tuples
(x5, y1)

yre_filter. H— lter.
T‘{ pre_fi 3 s fi 3,1

Eo

subqueries
{((X3,y5), {x/x5, YIy3 1)}

ﬁE ter 2,2

Eqn

Ep

subqueries

{(Cepy ) {xx,, iy, 1)}

Eg

subqueries

filters o

posi_filter,

Eys

post_filter

ans_path

tuples
(a,b), (a,a),
(a,c), (c,b),
(c,d), (c,0),
(d,a), (d,d)
(a’d)’
(C’a)’
(d,b),
(d,0),

Eig

-

ansacyclic |

{((a,b),{x/a,y/b}), ((a,0),{x/a,y/c}), ((c,d),{x/c,y/d}), ((d,a),{x/d,y/a}),

((a,d),{x/a,y/d}), ((c,a),{x/c,y/a}), ((d,b),{x/d,y/b}), ((d,c),{x/d,y/c}),
((a,a),{x/a,y/a}), ((c,b),{x/c,y/b}), ((c,c),{x/c,y/c}), ((d.d),{x/d,y/d})}



path(x,y) < edge(x.,y) (b)
path(x,y) < path(z, z),edge(z,y) /

acyclic(z,y) < path(x,y), ~path(y, x). @

- Eq .
ﬁ.!t::f?"l:l ! post_filtery \ /

E
‘ input_path =
tuples tuples
(X33 y3) - - (a,b), (G,Cl),
filters filters o post_filter, (a,c) (c,b),
1 Elz 1 .-t'-l,:l 5 b

(c,d), (c,0),

subqueries (d,a), (d,d)

{((X5,y5),{x/x3, Yy, 1)}

(a,d),

| (c,a),
=3 {(b,a), (c,a), (d,0), (a,d), (d,b),
(d,a), (a,c), (b,d), (c,d), (d,c),

(a,a), (b,0), (c,c), (d,d)}

‘ input_acyclic —>-< pre_filters }é— filters 4 1 filters 5 : post_filter, = ansacyclic |
£y Ea ' Eig : Eis Eig

tuples subqueries subqueries
(x y ) {((xpy ), {x/x, yly, D} {((a,b),{x/a,y/b}), ((a,c),{x/ay/c}), ((c,d),{x/c,y/d}), ((d,a),{x/dy/a}),
v Y (a,d).{x/ay/d}), (c.a),{x/c.yla}), (db) {xidy/b}), (d,0){x/dy/c}),

((a,a),{x/a,y/a}), ((c,b),{x/c,y/b}), ((c,c),{x/c,y/c}), ((d.d),{x/d,y/d})}



path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /
acyclic(z,y) < path(x,y), ~path(y, x). @ @

- Eq .
.ﬁit‘:f""l:l ! post_filtery \ /

no tuple is added to tuples(input_path) o o @
because the tuple (x,, y,) is more general

than any other tuples

Eqn

ans_path

‘ input_path

tuples tuples
(X ’.)/) (aab)) (a)a)?
3 filters 4 filters 4 post_filter, (a,c), (c,b),
' Bz : Eig

(c,d), (c,0),
(d,a), (d,d)
(a’d)’
(C’a)’
(d,b),
(d,c),

subqueries
{((X3,y5), {x/x5, YIy3 1)}

‘ input_acyclic _;.< pre_filters H— filters 4 1 filters o : post_filter, = ansacyclic |
£y Ea : Ee : Ei1s Eig

tuples subqueries subqueries
(x ) {((xpy ), {x/x, yly, D} {((a,b),{x/a,y/b}), ((a,c),{x/ay/c}), ((c,d),{x/c,y/d}), ((d,a),{x/dy/a}),
v Y ((a,d),{x/a,y/d}), ((c,a),{x/c,y/a}), ((d,b),{x/d,y/b}), ((d,c),{x/d,y/c}),

((a,a),{x/a,y/a}), ((c,b),{x/c,y/b}), ((c,c),{x/c,y/c}), ((d.d),{x/d,y/d})}



path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /

acyclic(z,y) < path(x,y), ~path(y, x). @

- Eq .
ﬁ.!t::f?"l:l ! post_filtery \ /

Eqn

ans_path

‘ input_path

tuples tuples
X3 (a,b), (a,a),
( 3 y3) filtery 4 = filters o = posi_filter, (a,c), (c,b),
12 13
subqueries (c,d), (c.0),

(d,a), (d.d)
(a,d),

(c,a),
(d,b),

(d’C)’

{((X5,y5),{x/x3, Yy, 1)}

‘ input_acyclic —>-< pre_filters }é— filters 4 1 filters; 5 |2 sl post filterq = ansacyclic |
£y Ea ' Eig : Eis Eig

tuples subqueries subqueries
(x ) {((xpy ), {x/x, yly, D} {((a,b),{x/a,y/b}), ((a,c),{x/ay/c}), ((c,d),{x/c,y/d}), ((d,a),{x/dy/a}),
v Y ((a,d),{x/a,y/d}), ((c,a),{x/c,y/a}), ((d,b),{x/d,y/b}), ((d,c),{x/d,y/c}),

((a,a),{x/a,y/a}), ((c,b),{x/c,y/b}), ((c,c),{x/c,y/c}), ((d.d),{x/d,y/d})}



path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /
acyclic(z,y) < path(x,y), ~path(y, x). @ @

- Eq .
.ﬁit‘:f""l:l ! post_filtery \ /

Eqn

ans_path

‘ input_path

tuples tuples
X ) (a,b)) (a’a)’
( 3 YB) filterg 4 — filter; 4 — post_filters (a,c), (c,b),
I E 13 (c.d), (c.o),
subqueries da). (dd)
{((X3Y), {X/x3, yly; 1) } (a: d): ’
| (c,a),
Eig (d,b),
(d,c),
{((a,b).{€}), ((d,b).{e}),
((c,b),{e})}
‘ input_acyclic T-( pre_filters }T filters 4 e filters o e post_filter, v ansacyclic |
tuples subqueries subqueries

(Xp yl) {((xpy) X, yiy, DY {((a,b),{x/a,y/b}), ...}



path(x,y) < edge(x,y) (b)
path(x,y) < path(z, z),edge(z,y) /

acyclic(z,y) < path(x,y), ~path(y, x). @

: E .
filtery ; —2s{ post filter, \ /

Eqn

ans_path

‘ input_path

tuples tuples
x., (a,b), (a,a),
( 3 )’3) filtery 4 - filters o 1:'- post_filter, (a,0), (¢,b),
! 12 13 (C,d), (C,C),
subqueries d.a), (dd)
((CNAREZTA), @d),
| (c.a),
Ha (d’b)’
(d,0),
{(a,b), (d,b), (c,b)}
‘ input_acyclic —Hl pre_filters }ﬁ-ﬁz filters 4 i filters o I post_filter, T ansacyclic |
tuples subqueries subqueries

(Xp yl) {((xpy) X, yiy, DY {((a,b),{x/a,y/b}), ...}



‘ input_path

tuples
(X3, ¥3)

path(x,y) < edge(x,y)

path(x,y) < path(z, z),edge(z,y)

acyclic(z,y) < path(x,y), ~path(y, x).

filter, 1

Eg

filters 4

post_filtery

Eyo

subqueries

‘ input_acyclic

tuples
(x5, y1)

{((X5,y5),{x/x3, Yy, 1)}

filters o

Eqn

Ep

posi_filter,

—>-< pre_filter. }é— filters 4 filters 4
En il ' Eg '
subqueries subqueries

{(Cepy ) {xx,, iy, 1)}

Eys

{((a,b),{x/a,y/b}), ...}

post_filter

ans_path

tuples
(a,b), (a,a),
(a,c), (c,b),
(c,d), (c,0),
(d,a), (d,d)
(a’d)’
(C’a)’
(d,b),
(d,0),

Eig

ansacyclic |

tuples
(a,b),
(d,b),
(c,b)



At this point, no edge in the net is active.
The algorithm terminates and returns the set
tuples(ans_acyclic) = {(a,b), (d,b), (c,b)}.
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