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Challenge: combining diverse (potentially conflicting) sources without weakening them

Standpoint Logic
= Multimodal logic characterised by simplified Kripke semantics
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First-Order Standpoint Logic: Syntax

Syntax of g - O¢p — “To g, itis conceivable that ¢”

Signature (P, C, S) of predicates, constants and standpoints. | - [le® — “To e, itis unequivocal that ¢”
FOSL formulas: A formula is-
Gw =P, ...t) | h=b "¢ | dpAy | T x | <>e§b - Monodic : at most one free variable in each

counting quantifiers with< e { <, =, > }, subformula of the form <>e¢ (or |l ¢)

Vx.Tissue(x) — []+« Tissue(x)
<>e_'¢ =] | gb (dual)

VxVy.hasTissue(x,y) — []« hasTissue(x,y) X

Standpoint expressions: - C?: only 2 variables, all predicates of arity <2

el’ e2 o x | S | el U 32 ‘ 91 N 62 ‘ el\e2 « VxVy.hasTissue(x,y) — Jx.hasCell(y, x)
« VxVy.hasTissue(x, y) — Jz.hasOrgan(x, z) A from(y,z) X
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monodic C? FOSL ) nullary- and constant-free S5 monodic C? FOSL

Jx.

dx.[], (Tumor(x) A hasTissue(John, x))

v

Ix.[ . (L — (Tumor(x) A hasTissue(Jahn,x)))

\

. (‘v’x.(L’(x)) — (Tumor(x) A hasTissue(]ohn,x)))

S5: no standpoint expressions except *
Simulate standpoint expressions by

marking worlds with nullary predicates.

nullary-free: all predicates of arity =1
Easy: Simulate nullary predicates by

immediately quantified unary ones.
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Stepwise Translation

monodic C? FOSL ) nullary- and constant-free S5 monodic C? FOSL

Ix.[], (Tumor(x) A hasTissue(John, x)) S3: no standpoint expressions except *
* Simulate standpoint expressions by

marking worlds with nullary predicates.

Ix.[ . (L — (Tumor(x) A hasTissue(Jahn,x)))

* nullary-free: all predicates of arity =1
Easy: Simulate nullary predicates by

Ax.[ 1. (‘v’x.(L’(x)) — (Tumor(x) A hasTissue(John,x)))

immediately quantified unary ones.

v

3x.J« (Vx.(L'(x)) — (Tumor(x) A Jy.(hasTissue(y, x) A John(y)))) constant-free: no constants
Simulate constants by unary predicates

A 371 x . John(x) A 3='x. [+ John(x)

(axiomatising uniqueness and rigidity).
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= for other logics' standpoint extensions, we often relied on existence of models with few worlds
("small model property")

= yet, here we can enforce infinitely many worlds:

« VX. ( (First(x) < —1dy Next(y, x)) A

3='y (Next(y,x)) A 3="y(Next(x, y)))
infinite domain

Vx. ) ( Fi rst(x))

every entity is first
iIn some world

37 1x (First(x))

only one first entity
per world

I1 o A 5() 0 1 52 53
First
T ‘N oxt ¥ Next "D‘Next Next
. FlrSt. ________ +@--——>
1 Wext P TNext T Next
First
TU <
2 Wext Pext—F-Ror P Next *
First
[k <- = -
3 Next “Next ‘Nexlt__,,’m'
X
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monodic C? FOSL formula

satisfied inl e [ — lsatisfied in

FOSL FOSL
Structure Structure
(possibly infinite, (possibly infinite,
irregular) regular)
N N

-
- A
S — E
A
: ——
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(nullary- and constant-free S5)

monodic C? FOSL formula

satisfied inl e [ — lsatisfied in

FOSL FOSL  permutational closure  FOSL "stacking" FOL
Structure Structure <¢————— Strycture =—————) Structure
(possibly infinite, (possibly infinite, (exponential size)
irregular) regular)
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Argument Overview

FOSL permutational closure ~ FOSL
Structure <¢——————— Strycture

(possibly infinite, (exponential size)
regular)
N
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Argument Overview

(nullary- and constant-free S5)

monodic C? FOSL formula

satisfied inl e [ — lsatisfied in

FOSL FOSL permutational closure ~ FOSL
Structure Structure <¢——————— Strycture
(possibly infinite, (possibly infinite, (exponential size)

irregular) regular)
A A A
—
- N
R —— E
A
: ——

"withess sampling”
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Argument Overview

(nullary- and constant-free S5) . .
polynomial translation

monodic C? FOSL formula  — plain C? formula

satisfied inl s | ——) lsatisfied in < e —ts———) Satisfied inl

FOSL FOSL  permutational closure  FOSL "stacking" FOL
Structure Structure <¢————— Strycture =—————) Structure
(possibly infinite, (possibly infinite, (exponential size)
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Stacking Worlds

50 51 52 506 1

e Disjoint union

e Bookkeeping 1: indicate originating worlds by assigning numbers (bit-encoding by unary predicates L,L;,...)

e Bookkeeping 2: connect corresponding elements with consecutive numbers by binary predicate F

e N.B.: Being "well-stacked" interpretation (i.e. the result of such a stacking) can be characterized in C?
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Translating to plain C?

A polytime translation maps a monodic C? FOSL formula to a plain C? formula.

Basic idea for the interesting cases: consider formulae with free variable y

o JVx. w(x,y) implemented as "there are <n elements x in the same L-layer as y satisfying /"

o O:p(y) implemented as "there is an element from the same E-class as y satisfying ¢ "

The translation preserves satisfiabiliy.

Corollary: Satisfiability in monodic standpoint C 2
Is NExXpPTIME-complete
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Application to Description Logics and Ontology Languages

Adding monodic standpoints to popular expressive DLs does not increase their computational complexity:
= \We can add monodic standpoints to the description logic ALCOZQOB>el
(Easy: Essentially just C? in diguise)

= \We show how to accommodate (possibly standpoint-annotated) role chain axioms.

We obtain monodic standpoint SHOZOBg and SROZOB
subsuming OWL 1 and OWL 2

Theorem: Checking satisfiability of monodic standpoint SHOZQB sentences is NExXpTIME-complete.

Checking satisfiability of monodic standpoint SHOZOBg sentences is N2EXPTIME-complete.
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Nominals Cause Trouble

As observed in earlier works, the interplay of nominals and standpoint modalities is quite
troublesome for reasoning:

= The satisfiability even of monodic standpoint ALCO is already NExpPT1ME-hard

(tiling of exponential size grid),
as opposed to monodic standpoint SHZQ, which is known to be ExpTiME-complete.

= Lifting monodicity gentliest (1 binary rigid predicate) causes undecidability even for ALCOLF
(tiling of infinite grid),
while monodic standpoint ALCZF with rigid predicates (and more) is known to be decidable.
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Conclusions

Recap:
= Managing perspectives is interesting in knowledge integration scenarios.

= Reasoning with monodic Standpoint C? has the same complexity as with plain C*.
= This warrants complexity-neutral extensions of Ontology Languages by monodic standpoints.

= The interplay of standpoint modalities and nominals causes trouble.

Future Work:
= |mplementation of translations and integration with existing reasoners

= |ifting the monodicity restriction

= Towards conceptual modelling with standpoints for knowledge integration challenges
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For any satisfiable ¢, we construct an (exp.) structure that yields a model

¢ = ElzliB.(EQ) A \VICII(El) N E2 with
«(Good(x))

EyV O, (Best(x) AVy.(Best(y)«<x=1y))
O, (Vzr.Good(x) V Best(x))

7y ----39%g. . Bestg G00dg Goodg Goodg

Tt S 5T TR S 1%
Good 5 Worse

71'2 ...... OO ‘\‘_/V. . eSt. ...... O
Good Worse Best

71'3 ...... OO @ - Q- Qo - .es.
Good
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model B |
¢ = 4= ZIJ(EO) /\ \VICII(El) N\ E2 with
- . Ey = [O«(Good(z))
Building the exponential structure from a model M, = (A,I1,, 0o, Yo )_- E, = EyV O,(Best(z) A Vy.(Best(y) <z =1))
Ey = §,(Vr.Good(x) V Best(x))
mo — <A7H070-0770>
m A & & & & 6
M = (AL, 0, ) 7y ----39%g . Bestg Go0dg Goodg Goody ..
IT A ¢ o 0, O3 Oy ** T ....gp.o.d‘ ..... ¢ -le...... S
Worse
... Good,\./. Bestg......0
Worse
my...0%%.. . . e .0 055
Good
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Qb — El—lx.(Eo) /\ ‘v’a:(El) N\ E2 with
- . Ey = O.(Good(z))
Building the exponential structure from a model M, = (A,I1,, 0o, Yo )_- E, = EyV O,(Best(z) A Vy.(Best(y) <z =1))
o | | Ey = O, (Vz.Good(x) V Best(x))
- Add one rigid unary predicate E; per monodic sub-formula Q* /g
(Set the same extension in structure)
- Select from 11 M, = (A, 1L, 00, )
| | m, A & & & & 6
- arxwifno (}-subforml.JIaS; otherwise: M= (Ao ....Goodd Bestg Goodd Goodd Goodg ..
- a x for each sentential <>*l//subformula A S 6 6 & 6 - PN U 120 SUUNP GO o8
. Worse
- for each realised E-type T, (£,1. (£}, (E,.E|) 7, - G20dg. Bestg Goodd Goodd Goodd, 7, ....99.9@.wy...3?§?. ...... ®
pick o of type T 3 ....0%9% . &0 B
Good

a r satisfying y; foroperkE, € T B L o G058 R R S
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model - |
Qb — El—lx.(Eo) /\ ‘v’a:(El) N\ E2 with
- . Ey = O.(Good(z))
Building the exponential structure from a model M, = (A,I1,, 0o, Yo )_- E, = EyV O,(Best(z) A Vy.(Best(y) <z =1))
o | | Ey = O, (Vz.Good(x) V Best(x))
- Add one rigid unary predicate E; per monodic sub-formula Q* /g
(Set the same extension in structure)
- Select from 11 M, = (A, 1L, 00, )
| | m, A & & & & 6
- arxwifno (}-subforml.JIaS; otherwise: M= (Ao ....Goodd Bestg Goodd Goodd Goodg ..
- a x for each sentential <>*l//subformula MA S 6 6 & 6 - PN U 120 SUUNP GO o8
. Worse
- for each realised E-type T, (£,1. (£}, (E,.E|) 7, - G20dg. Bestg Goodd Goodd Goodd, 7, ....99.9@.wy...3?§?. ...... ®
pick o of type T 3 ....0%9% . &0 B
Good

a r satisfying y; foroperkE, € T B L o G058 R R S
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model b — T10.(Bg) AVa.(Ey) A By with
- . Ey = O«(Good(z))
Building the exponential structure from a model M, = (A,I1,, 0o, Yo )_- E, = EyV O, (Best(z) A Vy.(Best(y)«>z =1y))
o | | Ey = O, (Vz.Good(x) V Best(x))
- Add one rigid unary predicate E; per monodic sub-formula Q* /g
(Set the same extension in structure)
- Select from IT, Mo = (A 1o, 00, %)
m, A & & 6 & 6
- a zif no {)-subformulas; otherwise:
| m:<A,H,U,’)’> Ty wveeevee @ - @ - @ - @ - - O
- a m for each sentential <>>k  subformula MA S 6 6 & 6 - PN U 120 SUUNP GO o8
. Worse
- for each realised E-type 7, (£). (£} (E,.E,) 7,000 Bestg Goodg Goodg Goodg, ) ----990-‘?%)-,0--3???. ------ '
pick o of type T 3 ....0%9% . &0 B
Good

a r satisfying y; foroperkE, € T B L o G058 R R S
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model - |
Qb — El—lx.(Eo) /\ ‘v’a:(El) N\ E2 with
- . Ey = O.(Good(z))
Building the exponential structure from a model M, = (A,I1,, 0o, Yo )_- E, = EyV O,(Best(z) A Vy.(Best(y) <z =1))
o | | Ey = O, (Vz.Good(x) V Best(x))
- Add one rigid unary predicate E; per monodic sub-formula Q* /g
(Set the same extension in structure)
- Select from 11 M, = (A, 1L, 00, )
m, A & & & & 6
- a mif no {)-subformulas; otherwise:
<> | M = (AL, 0, 7) 7y ----39%g . Bestg Go0dg Goodg Goody ..
- a x for each sentential <>>k  subformula A S 6 6 & 6 - PN U 120 SUUNP GO o8
. Worse
- for each realised E-type 7, (£} (). (E,.E,) 7, -000dg. Bestg Goodg Goodg Goodg. 2! ----990-‘?0%;5-:)-,0..3???. ------ '
pick o of type T 3 ....0%9% . &0 B
Good

a r satisfying y; foroperkE, € T B L o G058 R R S
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model - |
Qb = El—lx.(Eo) /\ ‘v’a:(El) N E2 with
- . Ey = O.(Good(z))
Building the exponential structure from a model M, = (A,I1,, 0o, Yo )_- E, = EyV O,(Best(z) A Vy.(Best(y) <z =1))
o | | Ey = O, (Vz.Good(x) V Best(x))
- Add one rigid unary predicate E; per monodic sub-formula Q* /g
(Set the same extension in structure)
- Select from I, Mo = (4,110, 00, %)
m, A & & & & 6
- a mif no {)-subformulas; otherwise:
<> | M = (AL, 0, 7) 7y ----39%g . Bestg Go0dg Goodg Goody ..
- a x for each sentential <>>k  subformula A S 6 6 & 6 - PN U 120 SUUNP GO o8
. Worse
- for each realised E-type 7, (£ ). (£ ). | b gy..§90dg. Beste Goodg Goodg Goodg, . 7 ----990-‘?%)-,0--3???. ------ '
pick o of type T 3 ....0%9% . &0 B
Good

a r satisfying y; foroperkE, € T B L o G058 R R S
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model - |
Qb = El—lx.(Eo) /\ ‘v’a:(El) N E2 with
- . Ey = O.(Good(z))
Building the exponential structure from a model M, = (A,I1,, 0o, Yo )_- E, = EyV O,(Best(z) A Vy.(Best(y) <z =1))
o | | Ey = O, (Vz.Good(x) V Best(x))
- Add one rigid unary predicate E; per monodic sub-formula Q* /g
(Set the same extension in structure)
- Select from I, Mo = (4,110, 00, %)
m, A & & & & 6
- a mif no {)-subformulas; otherwise:
<> | M = (AL, 0, 7) 7y ----39%g . Bestg Go0dg Goodg Goody ..
- a x for each sentential <>>k  subformula A S 6 6 & 6 - PN U 120 SUUNP GO o8
. Worse
- for each realised E-type 7, (£ ). (£ ). | b gy..§90dg. Beste Goodg Goodg Goodg, . 7 ----990-‘?%)-,0--3???. ------ '
pick o of type T 3 ....0%9% . &0 B
Good

a r satisfying y; foroperkE, € T B L o G058 R R S
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model b — T10.(Bg) AVa.(Ey) A By with
- . Ey = O«(Good(z))
Building the exponential structure from a model M, = (A,I1,, 0o, Yo )_- E, = EyV O, (Best(z) A Vy.(Best(y)«>z =1y))
o | | Ey = O, (Vz.Good(x) V Best(x))
- Add one rigid unary predicate E; per monodic sub-formula Q* /g
(Set the same extension in structure)
- Select from 11 M, = (A, 1L, 00, )
m, A & 6 6 6 6
- a zif no {)-subformulas; otherwise:
| m:<A,H,U,’)’> Ty wveeevee @ - @ - @ - @ - - O
- a m for each sentential <>>k  subformula A S 6 6 & 6 - PN U 120 SUUNP GO o8
. Worse
- for each realised E-type 7T, (£ ). (E ). | b gy..§90dg. Beste Goodg Goodg Goodg, . 2! ----990-‘?%)-,0--3???. ------ '
pick o of type T 3 ....0%9% . &0 B
Good

a r satisfying y; foroperkE, € T B L o G058 R R S
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model - |
Qb = El—lx.(Eo) /\ ‘v’a:(El) N E2 with
- . Ey = O.(Good(z))
Building the exponential structure from a model M, = (A,I1,, 0o, Yo )_- E, = EyV O,(Best(z) A Vy.(Best(y) <z =1))
o | | Ey = O, (Vz.Good(x) V Best(x))
- Add one rigid unary predicate E; per monodic sub-formula Q* /g
(Set the same extension in structure)
- Select from I, Mo = (4,110, 00, %)
m, A & & & & 6
- a mif no {)-subformulas; otherwise:
<> | M = (AL, 0, 7) 7y ----39%g . Bestg Go0dg Goodg Goody ..
- a x for each sentential <>>k  subformula A S 6 6 & 6 - PN U 120 SUUNP GO o8
. Worse
- for each realised E-type 7, (£ ). (£ ). | b gy..§90dg. Beste Goodg Goodg Goodg, . 7 ----990-‘?%)-,0--3???. ------ '
pick o of type T 3 ....0%9% . &0 B
Good

a r satisfying y; foroperkE, € T B L o G058 R R S
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model - |
Qb = El—lx.(Eo) /\ ‘v’a:(El) N E2 with
- . Ey = O«(Good(z))
Building the exponential structure from a model M, = (A,I1,, 0o, Yo )_- E, = EyV O, (Best(z) A Vy.(Best(y) <z =y))
o | | Ey = O, (Vz.Good(x) V Best(x))
- Add one rigid unary predicate E; per monodic sub-formula Q* /g
(Set the same extension in structure)
- Select from 11 M, = (A, 1L, 00, )
m, A & &6 &6 & 6
- a mif no {)-subformulas; otherwise:
<> | M = (AL, 0, 7) 7y ----39%g . Bestg Go0dg Goodg Goody ..
- a rr for each sentential <>* Y subformula m A & 6 & 6 6 - m..S0 ) QU W7 YD W 99
- for each realised E-type T, (£ ), (£ ). | b gy..§90dg. Beste Goodg Goodg Goodg, . ) ----990-‘?%)-,0--3???. ------ o
pick o of type T 3 ....0%9% . &0 B
Good

a r satisfying y; foroperkE, € T B L o G058 R R S
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model - |
¢ — 3_133.(E0) /\ \VICII(El) N E2 with
- . Ey = O«(Good(z))
Building the exponential structure from a model M, = (A,I1,, 0o, Yo )_- E, = EyV O,(Best(z) A Vy.(Best(y) <z =1))
o | | Ey = O, (Vz.Good(x) V Best(x))
- Add one rigid unary predicate E; per monodic sub-formula Q* /g
(Set the same extension in structure)
- Select from 11 M, = (A, 1L, 00, )
m, A & &6 &6 & 6
- a mif no {)-subformulas; otherwise:
<> | M = (AL, 0, 7) 7y ----39%g . Bestg Go0dg Goodg Goody ..
- a r for each sentential <>* Y subformula m A & 6 & 6 6 - m..S0 ) QU W7 YD W 99
- for each realised E-type 7, (£ ). (£ ). | b gy..§90dg. Beste Goodg Goodg Goodg, . ) ----99-0-%#)-,0--3???0 ------ '
ick o of T BRE<-Ct) NS SO SO -3
pick o of type PRI SN Y-t S P "3 ) d‘ ) R A AR ¢

a r satisfying y; foroperkE, € T B e o G058 R R S
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model - |
¢ — 3_133.(E0) /\ \VICII(El) N E2 with
- . Ey = O«(Good(z))
Building the exponential structure from a model M, = (A,I1,, 0o, Yo )_- E, = EyV O, (Best(z) A Vy.(Best(y) <>z =1))
o | | Ey = O,(Vx.Good(x) V Best(x))
- Add one rigid unary predicate E; per monodic sub-formula Q* /g
(Set the same extension in structure)
- Select from 11 M, = (A, 1L, 00, )
m, A & &6 &6 & 6
- a mif no {)-subformulas; otherwise:
<> | M = (AL, 0, 7) 7y ----39%g . Bestg Go0dg Goodg Goody ..
- a m for each sentential <>>k  subformula A S 6 6 & 6 - PN U 120 SUUNP GO o8
. Worse
- for each realised E-type T, (£,1. (£}, (E,.E|) 7, - G20dg. Bestg Goodd Goodd Goodd, 7, ....99.9@,Wy...3?§?. ...... ®
pick o of type T = Y AL S O 3 ....0%9% . &0 B
Good

a r satisfying y; foroperkE, € T B e o G058 R R S
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Permutational Representatives

7, -- 9020 295l G00dg oodg, Goode
. G0%......g.Pg .. g
Worse
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model

M = (A,IL 0,7)
I A &5 & 6 6 &
7, -- 9020 295l G00dg oodg, Goode
. G0%......g.Pg .. g
Worse
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model

The P-stable permutational closure of 1

M = (A,IL o, 7)
IT A ¢ O 05 o Oy
7, -- 9020 295l G00dg oodg, Goode
n Goodg . ... 6.55e..... ' Y
Worse




Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model

The P-stable permutational closure of 1

- H/=HX[|:DE

- P¢ : set of permutations f: A — A that preserve E; membership

m A &5
Thyeeveee Q- O
][1 ....... o ----.. o

m:<A7H70‘77

5 5 6
...... e "le e
...... L S Y %
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model

The P-stable permutational closure of 1

- H/ — H X [FDE
- P¢ : set of permutations f: A — A that preserve E; membership
. Pr@®h = [£(5)| 5 € Pr™)
o (.f) — ()
P}/ / — {(f(él)af(éz)) ‘ (51952) = P}/ } M = (AL, 7, )

Putting Perspective into OWL [sic] | Page 29
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model

<9ﬁ>PE — <A7 Hla 0/7 7,>

_ | M
The P-stable permutational closure of A 5 8 6 8 6 -

- H/ — H X [FDE
- P¢ : set of permutations f: A — A that preserve E; membership
. Pr@®h = [£(5)| 5 € Pr™)
o (.f) — ()
P = ((f(8)), f(8,) | (3y,8,) € PI™) Ao
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model

<9ﬁ>PE — <A7 Hla 0/7 7,>

_ | M
The P-stable permutational closure of A 5 8 6 8 6 -

- H/ — H X [FDE
- P¢ : set of permutations f: A — A that preserve E; membership
. Pr@®h = [£(5)| 5 € Pr™)

° P}/ (ﬂ,f) — {(f(él)af(éz)) ‘ (519 52) = P}/(JZ')} M — (A,H,U, ’)’>
Elements swapped around, M A & & 6 &6 6 -
preserving world internal structure 7, -G00dg. Beste Goodg Goodg Goodg ..
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model

The P-stable permutational closure of 1

- II'=11 X P (0, f) - 5200 Bestg Goodd, Goodg Goodg .
- [P : set of permutations f: A — A that preserve E; membership (0 £.)..Go0dg. Besig Gooddy Goodg Goode.
. Ppri@f) — {f(0)| 6 € py(ﬂ)}
. PYED = {(£(5)), f(6)) | (6,6, € P} M = (AL 0,7)
Elements swapped around, Im A & 6 & &6 6 -
preserving world internal structure 7, --599%g. Beste Goodg Goodg Goodg, .
. G0%......g.Pg .. W
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model

. Mp, = (A I, 0",
The P-stable permutational closure of 2N . 5< >P5 <5 ) 7)
0 1 2 3 4
- II'=11IX ”:DE (my, f;) --500dg. Bestg Goodg Goodg Goodg, ..
- Pg : set of permutations f: A — A that preserve E; membership (0. £.).-G2040. Besig Goodg Goodd Goode ..
. Ppri@f) — (f(0)| 0 € py(ﬂ)} (m.fp)-- 9% ... @Bl g0
Worse
/ Good B
. P}/(jz',f) — {(f(5 ) f(5 )) ‘ (5 5 ) E P}/(][)} (71'1 fl)oo‘ ..... .....e.s.t. ...... .‘.v:\/.a.é.“
17 2 2 M = <A,H,O’, ,-)/> (7, ja)...qc?p.q‘ ..... ® - - .@._/*.
Elements swapped around, Im A & 6 6 & 6 Worse
Good Best
. . (00 Rty ® - P Y W‘ ...... ®
preserving world internal structure my--O20%g. Reslg Gondg Goodg Goodg. .. (1 1) Goodd | d... 4 B5le......0..
Worse
- .(.3.0.(?(.1. ...... ® .I.B.e.s.t.. ..... L XY B% (71, f5) - --G-(-)p-d-Q ----- @ .vvv_/. .|.3.e.s.t.
Worse orse
E, E. E,, E; E, E. E,, E;
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model

The P-stable permutational closure of 2N

- II'=11X |]:DE (my, f;) --500dg. Bestg Goodg Goodg Goodg, ..
- Pg : set of permutations f: A — A that preserve E; membership 0. £.).-G20dq. Beste Goode Goode Goodg ..
. Ppri@f) — (f(0)| 0 € py(ﬂ)} (m.fp)-- 9% ... @Bl g0
Worse
/ ..Goodg ... @ Beste......@..--.. .
° P}’ (ﬂ’f) — {(f(él)af(éz)) ‘ (519 52) = Py(ﬂ)} M — (A I o > el G d‘ ? ? 5 :W
y 14, 0,7 (nl,fZ)....?p..‘ ..... ® - - .i._/*.
Elements swapped around, Im A & 6 6 6 & - Worse
(7 ]%)..Qc.).o.d' ..... @ - .W_).Best.
preserving world internal structure ry-- 904 Bestg Goodg Goodg Coodg .. o) Goodd 4. e Eca)éséet. ...
Worse
¢ = F=1z.(Ey) AVz.(Ey) A Ey with PR SR ST SRR S SR N PG SR R owyo--?‘?s-t-
Worse orse
Ey = O«(Good(z)) E, E Eo, E, E, E; Eo, E,
Ei = EyV {,.(Best(x) AVy.(Best(y)«>x=1y))
Ey = O,(Vx.Good(x) V Best(x))
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Permutational Representatives

For any satisfiable ¢, we construct an (exp.) structure that yields a model

The P-stable permutational closure of 2N

- II'=11X |]:DE (my, f;) --500dg. Bestg Goodg Goodg Goodg, ..
- Pg : set of permutations f: A — A that preserve E; membership 0. £.).-G20dq. Beste Goode Goode Goodg ..
. Ppri@f) — (f(0)| 0 € py(ﬂ)} (m.fp)-- 9% ... @Bl g0
Worse
/ ..Goodg ... @ Beste......@..--.. .
° P}’ (ﬂ’f) — {(f(él)af(éz)) ‘ (519 52) = Py(ﬂ)} M — (A I o > el G d‘ ? ? 5 :W
y 14, 0,7 (nl,fZ)....?p..‘ ..... ® - - .i._/*.
Elements swapped around, Im A & 6 6 6 & - Worse
(7 ]%)..Qc.).o.d' ..... @ - .W_).Best.
preserving world internal structure ry-- 904 Bestg Goodg Goodg Coodg .. o) Goodd 4. e Eca)éséet. ...
Worse
¢ = F=1z.(Ey) AVz.(Ey) A Ey with PR SR ST SRR S SR N PG SR R owyo--?‘?s-t-
Worse orse
Ey = O«(Good(z)) E, E Eo, E, E, E; Eo, E,
Ei = EyV {,.(Best(x) AVy.(Best(y)«>x=1y))
Ey = O,(Vx.Good(x) V Best(x))
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Stacked Interpretations

M
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Stacked Interpretations

The stacked interpretation of 2 (with [I1| = 2™),
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Stacked Interpretations

The stacked interpretation of 2 (with [I1| = 2™),
™ = (A, 1) with signature (P w {F,L,,...,L, _},J)




Stacked Interpretations

The stacked interpretation of 2 (with [I1| = 2™),

I = (A, 1) with signature (P @ {F, Lo, -

*9 Lm—1}9 ®>
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Try -+ e ® - @ - @ - ® - @
Good Best
[ ® - o - ® - .\J. ..
Worse
E, E, Eo, E;



Stacked Interpretations

The stacked interpretation of 2 (with [I1| = 2™),

I = (A, 1) with signature (P @ {F, Lo, -

A'=Ax{0,...2"—1)

*9 Lm—1}9 ®>
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7, --520% . 555le.G00dg G900 Go0dg
Good Best
IREREEEEE ® - Q. - ® - | Jossasal o
Worse
E, E, Eo, E;
— Z
7" = (A1)

6.0 6.0 5,07 5,07 6,07

Gl 3.1 6,1 61 6,1



Stacked Interpretations

The stacked interpretation of 2 (with [I1| = 2™),

I = (A, 1) with signature (P @ {F, Lo, -

A'=Ax{0,..2"—1)
L7 = {(8,0) | the j" bit of bin(i) is 1}

*9 Lm—1}9 ®>
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7, --520% . 555le.G00dg G900 Go0dg
Good Best
IRRECEIES ® - o - ® - . 2
Worse
EO E1 EO E1
_ T
7" = (A1)

6,0 6.0 5,0° .07 .07

o (50,1)' (51,1). (52,1)' (53,1)' (54,1)'



Stacked Interpretations

The stacked interpretation of 2 (with [I1| = 2™),
™ = (A, 1) with signature (P w {F,L,,...,L, _},J)

A'=Ax{0,..2"—1)
L7 = {(8,0) | the j" bit of bin(i) is 1}
FZ = {((5,0),5,i+1)|de€A,i<2"=1)
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7, --520% . 555le.G00dg G900 Go0dg
LS. e Bl T
Worse
EO E1 EO E1
_ z
7" = (A1)

<6O,O>I <51,0>I (62,0>T (53,0>T (54,0>T

o (50,1)' (51,1). (52,1)' (53,1)' (54,1)'
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Stacked Interpretations

The stacked interpretation of 2 (with [I1| = 2™),

I = (A, 1) with signature (P @ {F, Loy .. 1}, D) . Goodg Bestg Goodd Goodl Geod
e A=A X {O,,Zm — 1} T ..Q'.O.C.).dg ....... ‘”B.e“s.t. ....... | SO I
Worse
— ] I iN(7) i 0 1 0> E1

« L ={(5,0) | the j™ bit of bin(7) is 1} -~ . - Fo B

« Fr={((0,0),00,i+1)]|6€ A i<2"-1}

« PT={(5,i)]i<2"6e P} 7 = (A7)
Good. Best  Good. Good.  Good

» PP ={((6,,0,(6,,0) | i <2",(6,6,) € Py(ﬂi)} (60,O)T (51,0)T (52,0)T (53,0)T (54,0)T
Good Best Worse

o (50,1). (51,1). (52,1)' (65,1) (8,,1)

EO E1 EO’ E1
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Stacked Interpretations

7, --520% . 555le.G00dg G900 Go0dg
000 e Potlg T
Worse
E, E, Eo, E;
— Z
7" = (A1)

Good  Best Good Good Good

(50,0>T <51,0>T @,OT <53,0>T <64,0>T
Good Best Worse

L

o 5, 1® 6,12 65,1° 6.1 6,19

EO E1 EO’ E1
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Stacked Interpretations

The C? stacked formula ¢” . forces all elements to have: =& 1Lo)
stack ma s & 6 & 6
7, --520% . 555le.G00dg G900 Go0dg
000 e Potlg T
Worse
EO E1 EO E1
T (A’, .I)

Good  Best Good Good Good

<60,0>T <51,0>T <62,0>T <53,0>T <64,0>T
Good Best Worse

L

o 5, 1® 6,12 65,1° 6.1 6,19

EO E1 EO’ E1
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Stacked Interpretations

The C~ stacked formula ¢p™ , forces all elements to have: o= Gl
stack ' T A o6 6 0, 03 Oy
-1 F-successor unless they have the last index 7, G000 . Beste. Goodg Goodg Goodg ..
- 0 F-successors if they have the last index
y PARSEEty SR Wt S WY W
_ _ Wor
- 1 F-predecessor unless they have the first index E,  E EO,E1O -

- 0 F-predecessors if they have the first index

™ = (Alv 'I)
Good  Best Good Good Good
<6O,O>T <61,0>T (62,0>T <53,0>T <54,0>T
Good Best Worse
L
o 1 612 6,12 61F 61

EO E1 EO’ E1
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Stacked Interpretations

The C~ stacked formula ¢p™ , forces all elements to have: o= Gl
stack ' T A o6 6 0, 03 Oy
-1 F-successor unless they have the last index 7, G000 . Beste. Goodg Goodg Goodg ..
- 0 F-successors if they have the last index
y 7, - 3%%......9. 5%l . ¢ P
_ _ Wor
- 1 F-predecessor unless they have the first index E,  E EO,E1O -

- 0 F-predecessors if they have the first index

- Any two F-connected elements have consecutive indexes M — (A, .T)
Good Best Good Good Good
<5O,O>T <61,0>T (62,0>T <53,0>T <54,0>T
Good Best Worse

L
o 61 61® 6,1® 6,1F G

EO E1 EO’ E1
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Stacked Interpretations

The C~ stacked formula ¢p™ , forces all elements to have: o= Gl
stack ' T A o6 6 0, 03 Oy
- 1 F-successor unless they have the last index r, . G00dg. Besty Goodd Goodd Goodg .
- 0 F-successors if they have the last index
y PARSEEty SR Wt S WY W
_ _ Wor
- 1 F-predecessor unless they have the first index E,  E EO,E1O -

- 0 F-predecessors if they have the first index
- Any two F-connected elements have consecutive indexes M — (A, .T)
- Binary predicates (except F) relate elements with matching indices. Good_ Best . Good . Good . Good
<5O,O>T <61,0>T (62,0>T <53,0>T <54,0>T
Good Best Worse
o t® 6,12 61® 6,1 6,10

EO E1 EO’ E1



Stacked Interpretations

The C? stacked formula ¢.. . forces all elements to have:

- 1 F-successor unless they have the last index

- 0 F-successors if they have the last index

- 1 F-predecessor unless they have the first index

- 0 F-predecessors if they have the first index

- Any two F-connected elements have consecutive indexes

- Binary predicates (except F) relate elements with matching indices.

An FO interpretation satisfies ¢ . iff

stack

it's isomorphic to a stacked interpretation of an exp. sized FOSL structure

Putting Perspective into OWL [sic] | Page 31

Thy o« Q- - Q- [ Yosos66% " pEssose @
LS. e Bl T
Worse
Eo E, Eo, Eq
_ Z
7" = (A1)

Good Best Good Good Good

<5O,O>I <51,0>I (62,0>T (53,0>T (54,0>T
Good Best ‘/W_OFQ.‘

o (50,1)' (51,1). (52,1)' (65,1) (8,,1)

EO E1 EO’ E1
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Translating to C?
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

- 3¥"x. ¢ is evaluated on elements in the same L-layer




Putting Perspective into OWL [sic] | Page 32

Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

- 3¥"x. ¢ is evaluated on elements in the same L-layer

i} <>¢ is evaluated on elements with the same E-type

If an element of an E-type satisfies ¢, there are permutations so all
elements satisfy ()¢

If O¢p is sentential, the variable assignment does nothing
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

(my, f;) - -5ORdg . Bestg Goodg Goodg, Goodg
- I™x. ¢ is evaluated on elements in the same L-layer S PR PR (O
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type CDIE Y SEE SE 0 NA WY
Worse
N _ (Jt,f)..QQQSj' ...... e 2o ..... QW
If an element of an E-type satisfies ¢, there are permutations so all . Worse
. (7 fz)...G.QQSj’ ...... ® - .ﬁ. @ - -
elements SatISfy O¢ (]z'l ]%)GOOd. ...... .‘W.BeSt..
. . . . . Goodg.....@ . B e
If O¢p is sentential, the variable assignment does nothing RTINS S AR S S ¢
(7, j‘s)..Q(?(.).d' ...... @ - .'W\/.BeSt..
<9J.t.>.PE E, E, Eo, E;
Good. Best . Good. Good_  Good Ao 0) % %3 4
¢ =37 x.(Ey) AVz.(E1) A Ey with G0 (61,00 (5,00 (63,0)] (64,0) 7. G00dg, Bestd Goodd Goodd Goodd
Ey = O«(Good(zx)) . Good Best .ﬂQQ‘
E1 = EyV {,.(Best(z) AVy.(Best(y)<z=1y)) 0 (50,1)‘ (51,1)‘ (52,1)‘ G, (6,1 Ty .5%%%...... o - lg...... L
— Worse
Ey = $,(Vz.Good(x) V Best(x)) Tm e E £ E M N B e
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

(my, f;) - -5ORdg . Bestg Goodg Goodg, Goodg
- I™x. ¢ is evaluated on elements in the same L-layer S PR PR (O
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type CDIE Y SEE SE 0 NA WY
Worse
N _ (Jt,f)..QQQSj' ...... e 2o ..... QW
If an element of an E-type satisfies ¢, there are permutations so all . Worse
. (7 fz)...G.QQSj’ ...... ® - .ﬁ. @ - -
elements SatISfy O¢ (]z'l ]%)GOOd. ...... .‘W.BeSt..
. . . . . Goodg.....@ . B e
If O¢p is sentential, the variable assignment does nothing RTINS S AR S S ¢
(7, j‘s)..Q(?(.).d' ...... @ - .'W\/.BeSt..
<9J.t.>.PE E, E, Eo, E;
Good. Best . Good. Good_  Good Ao 0) % %3 4
¢ =37 x.(Ey) AVz.(E1) A Ey with G0 (61,00 (5,00 (63,0)] (64,0) 7. G00dg, Bestd Goodd Goodd Goodd
Ey = O«(Good(zx)) . Good Best .ﬂQQ‘
E1 = EyV {,.(Best(z) AVy.(Best(y)<z=1y)) 0 (50,1)‘ (51,1)‘ (52,1)‘ G, (6,1 Ty .5%%%...... o - lg...... L
— Worse
Ey = §,.(Vz.Good(x) V Best(x)) Tm e E £ E M N B e
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

(my, f;) - -5ORdg . Bestg Goodg Goodg, Goodg
- I™x. ¢ is evaluated on elements in the same L-layer S PR PR (O
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type CDIE Y SEE SE 0 NA WY
Worse
N _ (Jt,f)..QQQSj' ...... e 2o ..... QW
If an element of an E-type satisfies ¢, there are permutations so all . Worse
. (7 fz)...G.QQSj’ ...... ® - .ﬁ. @ - -
elements SatISfy O¢ (]z'l ]%)GOOd. ...... .‘W.BeSt..
. . . . . Goodg.....@ . B e
If O¢p is sentential, the variable assignment does nothing RTINS S AR S S ¢
(7, j‘s)..Q(?(.).d' ...... @ - .'W\/.BeSt..
<9J.t.>.PE E, E, Eo, E;
Good. Best  Good_. Good_ Good Ao 0) % %3 4
¢ =37 x.(Ey) AVz.(E1) A Ey with 0.0 (61,00 (5,00 (05,0)] (64,0 7. G00dg, Bestd Goodd Goodd Goodd
Ey = O«(Good(zx)) . Good Best .ﬂQQ‘
E1 = EyV {,.(Best(z) AVy.(Best(y)<z=1y)) 0 (50,1)‘ (51,1)‘ (52,1)‘ G, (6,1 Ty .5%%%...... o - lg...... L
— Worse
Ey = §,.(Vz.Good(x) V Best(x)) Tm e E £ E M N B e
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

(my, f;) --5OR4g . Bestg Goodg Goodg Goodg
- I™x. ¢ is evaluated on elements in the same L-layer S PR PR (e
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type CDIE Y SEE SE 0 NA WY
Worse
N _ (Jt,f)..QQQSj' ...... e 2o ..... QW
If an element of an E-type satisfies ¢, there are permutations so all . Worse
. (7 fz)...G.QQSj’ ...... ® - .ﬁ. @ - -
elements SatISfy O¢ (]z'l ]%)GOOd. ...... .‘W.BeSt..
. . . . . Goodg.....@ . B e
If O¢p is sentential, the variable assignment does nothing RTINS S AR S S ¢
(7, j‘s)..Q(?(.).d' ...... @ - .'W\/.BeSt..
<9J.t.>.PE E, E, Eo, E;
Good. Best  Good_. Good_ Good Ao 0) % %3 4
¢ = I71z.(Ey) AVz.(E1) A Ey with (60 (6.0 (5.0 (55,00 (6,,0) 7. Gioode, Bestg Goodd Goadg Good
Ey = O«(Good(zx)) . Good Best .ﬂQQ‘
E1 = EyV {,.(Best(z) AVy.(Best(y)<z=1y)) 0 (50,1)‘ (51,1)‘ (52,1)‘ G, (6,1 Ty .5%%%...... o - lg...... L
— Worse
Ey = §,.(Vz.Good(x) V Best(x)) Tm e E £ E M N B e
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

(my, f;) - -5ORdg . Bestg Goodg Goodg, Goodg
- I™x. ¢ is evaluated on elements in the same L-layer S PR PR (O
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type CDIE Y SEE SE 0 NA WY
Worse
N _ (Jt,f)..QQQSj' ...... e 2o ..... QW
If an element of an E-type satisfies ¢, there are permutations so all . Worse
. (7 fz)...G.QQSj’ ...... ® - .ﬁ. @ - -
elements SatISfy O¢ (]z'l ]%)GOOd. ...... .‘W.BeSt..
. . . . . Goodg.....@ . B e
If O¢p is sentential, the variable assignment does nothing RTINS S AR S S ¢
(7, j‘s)..Q(?(.).d' ...... @ - .'W\/.BeSt..
<9J.t.>.PE E, E, Eo, E;
Good. Best . Good. Good_  Good Ao 0) % %3 4
¢ =37 x.(Ey) AVz.(E1) A Ey with G0 (61,00 (5,00 (63,0)] (64,0) 7. G00dg, Bestd Goodd Goodd Goodd
Ey = O«(Good(zx)) . Good Best .ﬂQQ‘
E1 = EyV {,.(Best(z) AVy.(Best(y)«<z=1y)) 0 (50,1)‘ (51,1)‘ (52,1)‘ G, (6,1 Ty .5%%%...... o - lg...... L
— Worse
Ey = $,(Vz.Good(x) V Best(x)) Tm e E £ E M N B e
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

(my, f;) - -5ORdg . Bestg Goodg Goodg, Goodg
- I™x. ¢ is evaluated on elements in the same L-layer S PR PR (O
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type CDIE Y SEE SE 0 NA WY
Worse
N _ (Jt,f)..QQQSj' ...... e 2o ..... QW
If an element of an E-type satisfies ¢, there are permutations so all . Worse
. (7 fz)...G.QQSj’ ...... ® - .ﬁ. @ - -
elements SatISfy O¢ (]z'l ]%)GOOd. ...... .‘W.BeSt..
. . . . . Goodg.....@ . B e
If O¢p is sentential, the variable assignment does nothing RTINS S AR S S ¢
(7, j‘s)..Q(?(.).d' ...... @ - .'W\/.BeSt..
<9J.t.>.PE E, E, Eo, E;
Good. Best . Good. Good_  Good Ao 0) % %3 4
¢ =37 x.(Ey) AVz.(E1) A Ey with G0 (61,00 (5,00 (63,0)] (64,0) 7. G00dg, Bestd Goodd Goodd Goodd
Ey = O«(Good(zx)) . Good Best .ﬂQQ‘
E1 = EyV {,.(Best(z) AVy.(Best(y)«<z=1y)) 0 (50,1)‘ (51,1)‘ (52,1). G, (6,1 Ty .5%%%...... o - lg...... L
— Worse
Ey = $,(Vz.Good(x) V Best(x)) Tm e E £ E M N B e
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

(my, f;) - -5ORdg . Bestg Goodg Goodg, Goodg
- I™x. ¢ is evaluated on elements in the same L-layer S PR PR (O
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type CDRE SUE SEE NE W
Worse
N _ (Jt,f)..QQQSj' ...... e 2o ..... QW
If an element of an E-type satisfies ¢, there are permutations so all . Worse
. (7 fz)...G.QQSj’ ...... ® - .ﬁ. @ - -
elements SatISfy O¢ (]z'l ]%)GOOd. ...... .‘W.BeSt..
. . . . . Goodg.....@ . B e
If O¢p is sentential, the variable assignment does nothing RTINS S G S S ¢
(7, j‘s)..Q(?(.).d' ...... @ - .'W\/.BeSt..
<9J.t.>.PE E, E, Eo, E;
Good. Best . Good. Good_  Good Ao 0) % %3 4
¢ =37 x.(Ey) AVz.(E1) A Ey with G0 (61,00 (5,00 (63,0)] (64,0) 7. G00dg, Bestd Goodd Goodd Goodd
Ey = O«(Good(zx)) . Good Best .ﬂQQ‘
E1 = EyV {,.(Best(z) AVy.(Best(y)«<z=1y)) 0 (50,1)‘ (51,1)‘ (52,1). G, (6,1 Ty .5%%%...... o - lg...... L
— Worse
Ey = $,(Vz.Good(x) V Best(x)) Tm e E £ E M N B e
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

(my, f;) - -5ORdg . Bestg Goodg Goodg, Goodg
- I™x. ¢ is evaluated on elements in the same L-layer S PR PR (O
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type CDRE SUE SEE NE W
Worse
N _ (Jt,f)..QQQSj' ...... e 2o ..... QW
If an element of an E-type satisfies ¢, there are permutations so all . Worse
. (7 fz)...G.QQSj’ ...... ® - .ﬁ. @ - -
elements SatISfy O¢ (]z'l ]%)GOOd. ...... .‘W.BeSt..
. . . . . Goodg.....@ . B e
If O¢p is sentential, the variable assignment does nothing RTINS S G S S ¢
(7, j‘s)..Q(?(.).d' ...... @ - .'W\/.BeSt..
<9J.t.>.PE E, E, Eo, E;
Good. Best . Good. Good_  Good Ao 0) % %3 4
¢ =37 x.(Ey) AVz.(E1) A Ey with G0 (61,00 (5,00 (63,0)] (64,0) 7. G00dg, Bestd Goodd Goodd Goodd
Ey = O«(Good(zx)) . Good Best .ﬂQQ‘
E1 = EyV {,.(Best(z) AVy.(Best(y)«<>z=1y)) 0 (50,1)‘ (51,1)‘ (52,1). G, (6,1 Ty .5%%%...... o - lg...... L
— Worse
Ey = $,(Vz.Good(x) V Best(x)) Tm e E £ E M N B e
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

(my, f;) - -5ORdg . Bestg Goodg Goodg, Goodg
- I™x. ¢ is evaluated on elements in the same L-layer S PR PR (O
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type CDRE SUE SEE NE W
Worse
N _ (Jt,f)..QQQSj' ...... e 2o ..... QW
If an element of an E-type satisfies ¢, there are permutations so all . Worse
. (7 fz)...G.QQSj’ ...... ® - .ﬁ. @ - -
elements SatISfy O¢ (]z'l ]%)GOOd. ...... .‘W.BeSt..
. . . . . Goodg.....@ . B e
If O¢p is sentential, the variable assignment does nothing RTINS S G S S ¢
(7, j‘s)..Q(?(.).d' ...... @ - .'W\/.BeSt..
<9J.t.>.PE E, E, Eo, E;
Good. Best . Good. Good_  Good Ao 0) % %3 4
¢ =37 x.(Ey) AVz.(E1) A Ey with G0 (61,00 (5,00 (63,0)] (64,0) 7. G00dg, Bestd Goodd Goodd Goodd
Ey = O«(Good(zx)) . Good Best .ﬂOQ..
E1 = EyV {,.(Best(z) AVy.(Best(y)«<>z=1y)) 0 (50,1). (51,1). (52,1)' G,1) (6,1 Ty .5%%%...... o - lg...... L
— Worse
Ey = $,(Vz.Good(x) V Best(x)) Tm e E £ E M N B e
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

(my, f;) - -5ORdg . Bestg Goodg Goodg, Goodg
- I™x. ¢ is evaluated on elements in the same L-layer S PR PR (O
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type CDREEY SUE S50 NEN W
Worse
N _ (Jt,f)..QQQSj' ...... e 2o ..... QW
If an element of an E-type satisfies ¢, there are permutations so all . Worse
. (7 fz)..QQ?d’ ...... ® - .ﬁ. ® - -
elements SatISfy O¢ (]z'l ]%)GOOd. ...... .‘W.BeSt..
. . . . . Goodg.....@ . B e
If O¢p is sentential, the variable assignment does nothing LA S AR e S ¢
(7, j‘s)..Qc.)(.).d. ...... @ - .'W\/.BeSt..
<9J.t.>.PE E, E, Eo, E;
Good. Best . Good. Good_  Good Ao 0) % %3 4
¢ =37 x.(Ey) AVz.(E1) A Ey with G0 (61,00 (5,00 (63,0)] (64,0) 7. G00dg, Bestd Goodd Goodd Goodd
Ey = O«(Good(zx)) . Good Best .ﬂOQ..
E1 = EyV {,.(Best(z) AVy.(Best(y)«<>z=1y)) 0 (50,1). (51,1). (52,1)' G,1) (6,1 Ty 5%00e......ol PSR ... Ly
— Worse
Ey = $,(Vz.Good(x) V Best(x)) Tm e E £ E M N B e
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula

(my, f;) - -5ORdg . Bestg Goodg Goodg, Goodg
- I™x. ¢ is evaluated on elements in the same L-layer S PR PR (O
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type CDIE Y SEE SE 0 NA WY
Worse
N _ (Jt,f)..QQQSj' ...... e 2o ..... QW
If an element of an E-type satisfies ¢, there are permutations so all . Worse
. (7 fz)...G.QQSj’ ...... ® - .ﬁ. @ - -
elements SatISfy O¢ (]z'l ]%)GOOd. ...... .‘W.BeSt..
. . . . . Goodg.....@ . B e
If O¢p is sentential, the variable assignment does nothing RTINS S AR S S ¢
(7, j‘s)..Q(?(.).d' ...... @ - .'W\/.BeSt..
<9J.t.>.PE E, E, Eo, E;
Good. Best . Good. Good_  Good Ao 0) % %3 4
¢ =37 x.(Ey) AVz.(E1) A Ey with G0 (61,00 (5,00 (63,0)] (64,0) 7. G00dg, Bestd Goodd Goodd Goodd
Ey = O«(Good(zx)) . Good Best .ﬂQQ‘
E1 = EyV {,.(Best(z) AVy.(Best(y)<z=1y)) 0 (50,1)‘ (51,1)‘ (52,1)‘ G, (6,1 Ty .5%%%...... o - lg...... L
— Worse
Ey = $,(Vz.Good(x) V Best(x)) Tm e E £ E M N B e
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula
(my, f;) - -5ORdg . Bestg Goodg Goodg, Goodg
- 3¥"x. ¢ is evaluated on elements in the same L-layer a ||
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type CROMcE W S S N
Worse
o _ (Jt,f)..QQQSj‘ ...... e cle...... QW
If an element of an E-type satisfies ¢, there are permutations so all o ool A
. (e, fo) - 000 @ ® - .Wi. @ - -
elements SatISfy O¢ (71'1 ]%)..QQQQ. ...... ......‘.v;/.o.r;e....B.%t..
. . . . . Goodg.....@ . B S s
If O¢p is sentential, the variable assignment does nothing RTINS S AR S S ¢
(7, fs)...G.(.)(.)ij ...... @ - .'W\/.Bes't..
¢ and its C* translation are equisatisfiable o S o
Good. Best  Good. Good. Good A% o1 % %3 4
¢ = F=1x.(Ey) AVz.(E1) A Ey with (50,0)T 6,00 (5,,0)] (55,0) (54,0)T 7. Goodg, Bestg Goodd Goodd Goodd .
E() — *(GOOd(SE)) ] Good Best Worse
E1 = EyV {,.(Best(z) AVy.(Best(y)<z=1y)) 0 (50,1)‘ (51,1)‘ (52,1)‘ G, (6,1 Ty 5% ... o - lg...... L
. Worse
Ey = O, (Vz.Good(x) V Best(x)) Tm E, 3 £, E, m £, E E, E,
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Translating to C?

A translation maps a monodic C? FOSL formula ¢ to a plain C? formula
(my, f;) - -5ORdg . Bestg Goodg Goodg, Goodg
- I™x. ¢ is evaluated on elements in the same L-layer S PR PR (O
(my, f.)- - 5200 g . Bestg.Goodg Goodg Goodg
- <>qb is evaluated on elements with the same E-type G Coodgl. . T9Y Berg e
Worse
N _ (Jt,f)...G.C?QSj‘ ...... e cle...... QW
If an element of an E-type satisfies ¢, there are permutations so all . Worse
. (7 fz)...G.Qij’ ...... ® - .ﬁ. @ - -
elements SatISfy O¢ (]z'l ‘]%)GOOd. ...... ..Worse.BeSt..
. . . . . Goodg.....@ . B S s
If O¢p is sentential, the variable assignment does nothing RTINS S AR S S ¢
(7, fs)...G.(.)(.)ij ...... ® - .'%rs/e.BeSt..
@ and its C > translation are equisatisfiable <9ii§p £ E EoLE,

¢ = Iz (Ey) ANVz.(Er) A Corollary: Satisfiability in monodic standpoint C % s Goodd Bestd Goodd Good{ Goodd
Ey = O.(Good(z)) NExpTime-complete
E, = EyV O,.(Best(x) AVy.(Beg - ) l ] ) ] L Goodg ... ¢ S5e...... Y I
E2 = O*(\VlibGOOd(ﬂ?) V BEST.(QJ)) th E, E FE m . . ! I\E/\1/orse




