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(Henkin, 19 61 Branching Quantifiers

X 3y
(Vz Jw, ox.y,Z,W)

y may depend on X, but not on z or w;
w may depend on z, but not on x or y;

but the value of ¢ may depend on x, y, z, and w.
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VX 3y _ _
Ju (Vz gy (X=Z <> Yy=W A Y # U)

du 3f, 49, VX Vz (x=z < f,(X)=g,,(2) A f,(X) # u)
f, 0y M - M;

M
m fu=0u;
O f, 1s 1-1;
Gu Q* @ u ¢ Range(f,).

Therefore, M is Infinite
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But what does “dependence between connectives” mean?

1. Explanation in terms of Skolem functions:

VX 3y _
(Vz gy o(X,y,z,w) = Ifdg VxVz ¢(X,f(x),z,9(z))

Gives a translation from branching quantifiers to X1,

Not a semantics!

Dependencies between existential connectives are not
expressed.
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2. Game Theoretic Semantics + Imperfect Information:

VX dy Vz dw (Xx=w v y=27)
/
A v 3

A FOL sentence Is

@ . O true in a model |ff
Yy . . .
® o ® / Eloise has a winning
N strategy for the

corresponding
game



Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

Vx 3y
Vz Aw

@D

(X=W v y= z)




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

VX 3y
Vz dw

\CD

(X=W v y= z)




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

VXEIy (X=wW v y=7)

Vz dw

oo




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

VX 3y _ _
(Vz gy (X=w v y=2)

X <M> 2




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

Vx 3y
Vz Aw

ok

(X=W v y= z)




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

Vx 3y
Vz Aw

@D,

(X=W v y= z)




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

VX 3y _ _
(Vz gy (X=w v y=2)

X y 2
O
O O
O I don't know
_° g




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

Vx 3y
Vz Aw

=

(X=wW v y=7)




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

Consider the
left disjunct




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

(VZHW (X=w v y=2)

A




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

Consider the
right disjunct




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

(VZHW (X=w v y=2)

A




Dynamic Dependence Logic

But what does “dependence between connectives” mean?
2. Game Theoretic Semantics + Imperfect Information:

VX 3y _ _
(Vz gy (X=w v y=2)

A




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

Consider the
left disjunct




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

(VZHW (X=w v y=2)

A




Dynamic Dependence Logic

But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:
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A

Neither player has a winning strategy
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But what does “dependence between connectives” mean?

2. Game Theoretic Semantics + Imperfect Information:

M |= ¢ iff Eloise has a winning strategy for G,,(¢)

This gives us a semantics for Branching quantifiers.

But not compositional: no way to deal with open formulas!
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Dynamic Dependence Logic

Simpler notations for dependence and independence:

IF Logic (Hintikka and Sandu, 1989)

VX 3y _
(VZ =17y (l)(X,y,Z,W) = VX Ely A4 (HW/X,y)(])(X,y,Z,W)

w depends
only on z

(Vx Jy /

97 W o(X,y,z,w) = Vx3ayvzaw(=(z,w) A o(X,y,Z,w) )

Dependence Logic (Vaananen, 2007)
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Hodges semantics (1997)

In order to reason about dependence, one needs to
consider sets of assignments!
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Hodges semantics

A team X Is a set of assignments:

So 0
S, 1
S, 0

0

0
1
1
S3 1

o o O BB

An assignment (row) represents a state of things (e.g., partial play).
A team represents a state of knowledge: “the actual state is in X".

Closure Principle: X |= ¢, X'c X = X" |= ¢
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Hodges semantics

-----
0 1 0
s'01 1 1 0
S'10 0 0 1
1 0 1

Operations over teams

Supplementation: F . X - Dom(M), X[F/X]

Duplication: X[M/X]

= {s[F(s)/X] : s € X}

= {s[m/x]: s € X, m e Dom(M)}
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Two satisfiability relations, X |=* ¢ and X |= o;

n’
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Connectives are transitions between relations
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Dynamic Dependence Logic

“Dynamic Semantics” is the name of a family of
theoretical linguistics frameworks with subscribe
to the following motto:

The meaning of a sentence does not lie 1in
its truth conditions, but rather in the way
it changes(the representation of) the
information of the interpreter.

(Groenendijk and Stokhof, 1991)
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Introduced to deal with anaphora binding:

A man, walks in the park. He, whistles.

3x, (MAN(X,) A WALK_IN_PARK(x,)) A WHISTLES(X,)
3x, (MAN(X,) A WALK_IN_PARK(X,) A WHISTLES(X,))

S UNGRAMMATICAL

Not every man, does not walk in the park. *He, whistles.
VX, (MAN(X;) - =WALK_IN_PARK(X,)) A WHISTLES(X,)

—vx,((MAN(X,) - —=WALK_IN_PARK(X,)) A WHISTLES(X,))
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Dynamic Predicate Logic (Groenendijk and Stokhof 1991):
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(s,s) |- Rt,.t, & s=s"and s |= 5 Rt;..t;
dx can be taken as an

(s,s) |= t=t' & s=s' and s|= 4 t=t’; atomic sentence:

(s,s") |= =¢ < s=s" and for no s", (s,s") |= ¢; (s,s") |= Ix & Im, s' = s[m/X]
(s,8) |- 0 Ay = 35", (s,5") = ¢ and (s”, ') [= ;
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Can we make a dynamic version of dependence logic?
Formulas = transitions between teams

O =Rttt |t=t ]| =(t,..t) | 3IX| (@) |0V . ¥

As the excluded middle does not hold in DL, we must keep track of
positive and negative transitions:

X, Y)|=o.vedZst. (X, 2) |="oand (Z,Y) |=F v,
X, Y)|=¢o. vedZst (X, Z2)|=oand (Z,Y) |= w.

X|=¢ iff AY s.t. (X, Y) [=7 0
If v sentence, |[=* y iff X |=" y for any X.



Dynamic Dependence Logic

1) Dependence Logic

2) Dynamic Predicate Logic

3) Dynamic Dependence Logic: Hodges semantics

4) Properties

5) Game theoretic semantics for Dynamic Dependence Logic



Dynamic Dependence Logic

Dynamic Dependence Logic Is a conservative extension
of Dependence Logic:



Dynamic Dependence Logic

Dynamic Dependence Logic Is a conservative extension
of Dependence Logic:

X|=pL o < Y, (X)Y) |=ppL ¢



Dynamic Dependence Logic

Dynamic Dependence Logic Is a conservative extension
of Dependence Logic:

X|=pL o < Y, (X)Y) |=ppL ¢

Dynamic Dependence Logic is paraconsistent:



Dynamic Dependence Logic

Dynamic Dependence Logic Is a conservative extension
of Dependence Logic:

X|=pL o < Y, (X)Y) |=ppL ¢

Dynamic Dependence Logic is paraconsistent:

For all teams X, X |="pp. Ix and X |="pp, IX



Dynamic Dependence Logic

Dynamic Dependence Logic Is a conservative extension
of Dependence Logic:

X|=pL o < Y, (X)Y) |=ppL ¢

Dynamic Dependence Logic is paraconsistent:

For all teams X, X |="pp. Ix and X |="pp, IX

Dynamic Dependence Logic is as expressive as
Dependence Logic:



Dynamic Dependence Logic

Dynamic Dependence Logic Is a conservative extension
of Dependence Logic:

X|=pL o < Y, (X)Y) |=ppL ¢

Dynamic Dependence Logic is paraconsistent:

For all teams X, X |="pp. Ix and X |="pp, IX

Dynamic Dependence Logic is as expressive as
Dependence Logic:

Vo eDDL 3¢’ e DL s.t., for all X, X |="pp; 0 & X |='p; ¢
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Closure Property:

If (X,Y) |[= 0, X' X, Y Y then (X, Y') |= ¢

X y z

X y z X ss O 1 0

Sl o = ] i 1

2 L e F(s) = 0 s, 1 0 0
F(Sl):l

Fo) = 1 ss, 0 0 0

Every row of the antecedent is sent into some row of
the consequent
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O :=Rt..t [t=t'|=(t,..t)]|IX] 2 |ovvy|d. vy

—(0) = —. 0. For every ¢, X M, define

the game G"(0):
Two players, X and z ;

Positions of the form (¢q, 01, ... O, S, Q),

0g ... 0, € DDL;

S assignment;
oe {LII); (a=I:Rmoves, a=11:§ moves)

Starting positions (0, s, 1I), s € X.
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Position p Successors S(p)
(Rt;..t, 0, ... 0, S, Q) {(0; ... 0, S, W)} if s |=5 RE;...1,
& otherwise;
(t=t', 0, ... 0., S, ) {0, ... ¢, S, A} if s |=4 t=t,
& otherwise,;
=(t;...t), ¢, ... ¢, S, @) {0 ... 0, S, W)};
(3X, ¢, ... 0, S, @) {(¢; ... ¢, S[MIX], &), m € Dom(M)};
(¢, ... 0, S, Q) {9 ... 0, S, 1-O0)};
WvO o, ..0,s {(v, 0; ... 0., S, ), (6, 01 ... O, S, W)};

(v.6,0,..0,s, o) {(y, 6,0, ... 0, s, a}.
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A strategy o for Player o in {I, 1I} is a function s.t.

o(p) € S(p) for all p = (¢, 01, -.. Op, S, ).
Given two strategies o, 1, for I, IT in GM, (9),
Plays(c, 1,GM, (¢)) = { LFP(Id + (c U 1) o Ist, (¢, s, IT)) : s € X}.

A strategy = for II in GM, (¢) is uniform iff whenever
» p € Plays(o, 1, GM,(0)), p' € Plays(c', T, GM, (0)), and

o« (=(t;...t.), &, ... 0, S, ID), (=(t,...t.), 0, ... &, S', II) occurs in p, p'
for the same instance of =(t,...t ), and t(s) = t(s') for i=1..n-1

thent (s) =t (s')
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We say that ¢: X - Y if there exists a uniform strategy t for II in
GM, (0) s.t., for all strategies ¢ of 1,

p =p,...p, € Plays(c, T, GM, (0)) = p.= (¢, s, II) for some s e Y
Theorem

OXY) = o iffor X = Y
(X,Y) |=~ 0 iff =(0): X - Y
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M = ({O,l}) (Ax v 3Ay). (x=y),s,II) (se X)

v

((Ax v 3y), (x=y), s, II)

X = Sq
— Il chooses L Il chooses R
Sl 0 1 /\

(3x, (x=y), s, 1I) Ay, (x=y), s, II)
I m M N
s' = s[m/x] s' = s[n/x]
((x=y), s', 1I)

Ifs(x) = s(y)

v

&, s, I0)



Dynamic Dependence Logic

M = ({0,1}) (@x v 3y). (x=y), s, II) (s € X)

v

((Ax v 3y), (x=y), s, II)

X = Sq
— Il chooses L Il chooses R
Sl 0 1 /\

(3x, (x=y), s, 1I) Ay, (x=y), s, II)
I m M Nn
s' = s[m/x] s' = s[n/x]
((x=y), s', 11)

Ifs(x) = s(y)

v

(g, s', II)



Dynamic Dependence Logic

M = ({0,1}) (@x v 3y). (x=i/), s, II) (s € X)
= (@x v Jy), (x=y), s, I0)
X = s, 0 0 ..
s, 0 1 .. 1 Ws R
(3x, (x=y), s, 1I) Ay, (x=y), s, II)
I MM n
s' = s[m/X] s' = s[n/x]
((x=y), s', 1I)

T((AX v Ay) X(X=y), s, II) = (3x v Ty), (X=Y), s, II); |
If s(x) = s(y)

v

(g, s', II)



Dynamic Dependence Logic

M = ({0,1}) (@x v 3y). (x=y), s, II) (s € X)

v

X Yy .. (@x v 3y), (x=y), s, II)

X = So
— Il chooses L Il chooses R
Sl 0 1 /\

(3%, (x=y), s, 1I) Ay, (x=y), s, II)

] m AMS n
s' = s[m/X] s' = s[n/x]

((x=y), s, 1I)
T((IX v Iy) X(X=y), s, II) = ((Ix v Ty), (X=y), S, 1I); |
T((IX v Ty), (X=y), s, II) = (3X, (x=y), s, 1I); If s(x) = s(y)

v

(g, s', II)



Dynamic Dependence Logic

M = ({0,1}) (@x v 3y). (x=y), s, II) (s € X)
N —— (@x v 3y), (x=y), s, I1)
_ Sy O 0 ..
X = . 0 1 Il Ws R
L
(3%, (x=y), s, 1) Ay, (x=y), s, II)
s' = s[s(y)/x] M n
s' = s[n/x]
((x=y), s', IT)
T((3AX v Iy) X(X=Y), s, II) = ((Ix v y), (x=y), s, 1I); |
T((Ax v Ay), (X=Y), s, II) = (3X, (X=y), s, 1I); If s(x) = s(y)
t(3X, (X=y), s, II) = (x=y, s[s(y)/x], 1I); +

(g, s', II)



Dynamic Dependence Logic

M = ({0,1}) (@xv 3y). (x=y), s, 1I) (s € X)
S — (@x v 3y), (x=y), s, I1)
Xl — S 0 0
s, 1 1 .. Il Ms R
(3%, (x=y), s, 1) Ay, (x=y), s, II)
s' = s[s(y)/X] M n
s' = s[n/x]
((x=y), s', IT)
T((3AX v Iy) X(X=Y), s, II) = ((Ix v y), (x=y), s, 1I); |
T((Ax v Ay), (X=Y), s, II) = (3X, (X=y), s, 1I); If s(x) = s(y)
t(3X, (X=y), s, II) = (x=y, s[s(y)/x], 1I); +

(g, s', II)



Dynamic Dependence Logic

M = ({0,1}) (@x v 3y). (x=y), s, II) (s € X)
e (@x v 3y), (xzy), s, II)
Xl — SO 0 0
s, 1 1 .. Il Ms R
(3%, (x=y), s, 1) Ay, (x=y), s, II)
s' = s[s(y)/X] M n
s' = s[n/x]
((x=y), s', I)
T((AX v Ay) X(X=y), s, II) = (3x v Ty), (X=Y), s, II); |
T((Ax v Ay), (X=Y), s, II) = (3X, (X=y), s, 1I); s(x) = s(y)
t(3X, (X=y), s, II) = (x=y, s[s(y)/x], 1I); +

ux=y, s[s(y)/x], 1) = (e, s[s(y)/x], 1I). (g, s', IT)



Dynamic Dependence Logic

M = ({0,1}) (@x v 3y). (x=i/), s, II) (s € X)
e (@x v 3y), (x=y), s, 1)
S, 0 O

X =
s, 0 1 .. Il chooses L Il chooses R

X Y o (3%, (x=y), s, 1I) Ay, (x=y), s, II)

v 0 0 ..
Xl — Sy \M
s, 1 1 .. s' = s[s(y)/x] s' gi:[ﬁ/:l]

((x=y), s', 1)
T((AX v Ay) X(X=y), s, II) = (3x v Ty), (X=Y), s, II); |
T((@x v 3y), (x=y), s, II) = (3x, (x=y), s, 1I); s(x) = s(y)
t(3X, (X=y), s, II) = (x=y, s[s(y)/x], 1I); +
T(X=Y, s[s(y)/x], II) = (g, s[s(y)/x], 1I). (e, s', II)

(Ax v 3y). (x=y): X - X'



Dynamic Dependence Logic

M= ({0,1})

X Yy .



Dynamic Dependence Logic

M= (10,1}) (Ix v 3y) . (x=y) . =(X)



Dynamic Dependence Logic

(Ax v 3y) . (x=y).=(X),s, II) (se X)

M = ({0,1) .
X ¥y o (Ex v 3y) . (x=y), =(x), s, 1I) (s € X)
¥ = S o 0 .. |
s, 0 1 .. ((Ix v 3y), (x=y), =(X), s, II)
I chwses R
(3, (x=y), =(x), s, 11) 3y, (x=y), =(x), s, 1I)

I picksm\AA/lpicks n

s' = s[m/X] ((x=y), s', II) s' = s[n/X]

If s(x) = s(y)
\j
(=(x), s', 1I)

\

&, s, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, 1) (s € X)

M = ({0,1}) ’
X Yy o (@x v 3y). (x=y), =(x), s, 1I) (s € X)
x= S 0 0 .  /
s, 0 1 .. ((dx v 3y), (x=y), =(x), s, II)
Il chwses R
(3x, (x=y), =(x), s, 1I) 3y, (x=y), =(x), s, 1I)

s' = s[s(y)Ix] A/Ipicks n

((x=y), s, 1) S =0

s(x) = s(y)
\/
(=(x), s', II)

\

(e, s, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, 1) (s € X)

X ¥V .. (@x v 3y). (x=y), =(x), s, II) (s € X)
W = sl OTe |
s, 0 1 .. (@x v 3y), (x=y), =(x), s, II)
1| Chwses R
X vy .
X'= S 0 0 . @3x (xzy),=(x),s, ) Ay, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s[s(y)Ix] A/Ipicks n

((x=y), s, 1) 7S

(Ax v 3y) . (x=y) . =(x): X - X? 309250

(=(x), s, II)
\J

(e, s, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, 1) (s € X)

X YV . (@x v 3y). (x=y), =(x), s, II) (s € X)
W = sl OTe |
s, 0 1 .. (@x v 3y), (x=y), =(x), s, II)
1| Chwses R
X vy .
X'= S 0 0 . @3x (xzy),=(x),s, ) Ay, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s[s(y)Ix] A/Ipicks n

((x=y), s, 1) 7S

@xvIy). (=) =(x): X - X2 W)
No: not uniform! (=(X),*S', II)

(e, s, II)



Dynamic Dependence Logic

(@xv 3y). (x=y) . =(x), 5, ID) (S € X)

X YV . (Ex v 3y). (x=y), =(x), s, II) (s € X)
W = LSa OO |
s, 0 1 .. (@x v 3y), (x=y), =(x), s, II)
| Chwges R
X vy .
X'= S0 0 0 . @3x (xzy),=(x), s, ) @y, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s[s(y)Ix] A/Ipicks n

((x=y), s, 1) 70

@xvIy). (=) =(x): X - X2 W)
No: not uniform! (=(X),*S', II)

(g, s, II)



Dynamic Dependence Logic

(@xv 3y). (x=y) . =(x), 5, ID) (S € X)

X y ((HX v 3y) . (X=y)1 =(X)1 501 II) (S = X)
W = LSa OO |
s, 0 1 .. (@x v 3y), (x=y), =(x), s, II)
| Chwges R
X vy .
X'= S0 0 0 . @3x (xzy),=(x), s, ) @y, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s[s(y)Ix] A/Ipicks n

((x=y), s, 1) 70

@xvIy). (=) =(x): X - X2 W)
No: not uniform! (=(X),*S', II)

(g, s, II)



Dynamic Dependence Logic

(@xv 3y). (x=y) . =(x), 5, ID) (S € X)

X y ((HX v 3y) . (X=y)1 =(X)1 501 II) (S = X)
W = LSa OO |
s, 0 1 .. (@x v 3y), (x=y), =(X), S,, IT)
1| Chwges R
X 'y ..
X'= S0 0 0 . @3x (xzy),=(x), s, ) @y, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s[s(y)Ix] A/Ipicks n

((x=y), s, 1) 70

@xvIy). (=) =(x): X - X2 W)
No: not uniform! (=(X),*S', II)

(g, s, II)



Dynamic Dependence Logic

(@xv 3y). (x=y) . =(x), 5, ID) (S € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 301 II) (S € X)
W = LSa OO |
s, 0 1 .. (@x v 3y), (x=y), =(X), S,, IT)
1| Chwses R
X y ..
X' = So 0 0 o @x, (x3y), =(x), 5o IT) Ay, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s[s(y)Ix] A/Ipicks n

((x=y), s, 1) 70

@xvIy). (=) =(x): X - X2 W)
No: not uniform! (=(X),*S', II)

(g, s, II)



Dynamic Dependence Logic

(@xv 3y). (x=y) . =(x), 5, ID) (S € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 301 II) (S € X)
W = LSa OO |
s, 0 1 .. (@x v 3y), (x=y), =(X), S,, IT)
1| Chwses R
X y ..
X' = So 0 0 o @x, (x3y), =(x), 5o IT) Ay, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s,[s,(y)/X] A/Ipicks n

((x=y), s, 1) 70

@xvIy). (=) =(x): X - X2 W)
No: not uniform! (=(X),*S', II)

(g, s, II)



Dynamic Dependence Logic

(@xv 3y). (x=y) . =(x), 5, ID) (S € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 301 II) (S € X)
W = LSa OO |
s, 0 1 .. (@x v 3y), (x=y), =(X), S,, IT)
1| Chwses R
X y ..
X' = So 0 0 o @x, (x3y), =(x), 5o IT) Ay, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s,[0/x] A/Ipicks n

((x=y), s, 1) 70

@xvIy). (=) =(x): X - X2 W)
No: not uniform! (=(X),*S', II)

(g, s, II)



Dynamic Dependence Logic

(@xv 3y). (x=y) . =(x), 5, ID) (S € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 301 II) (S € X)
W = LSa OO |
s, 0 1 .. (@x v 3y), (x=y), =(X), S,, IT)
1| Chwses R
X y ..
X' = So 0 0 o @x, (x3y), =(x), 5o IT) Ay, (x=y), =(x), s, II)

S’ 1 1 ..
s' = Sy A/Ipicks n

((x=y), sp, 1) S 75

@xvIy). (=) =(x): X - X2 W)
No: not uniform! (=(X),*S', II)

(g, s, II)



Dynamic Dependence Logic

(@xv 3y). (x=y) . =(x), 5, ID) (S € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 301 II) (S € X)
W = LSa OO |
s, 0 1 .. (@x v 3Ty), (x=y), =(x), s,, 1I)
1| Chwses R
X vy .
X' = So 0 0 o @x, (x3y), =(x), 5o IT) Ay, (x=y), =(x), s, II)

S’ 1 1 ..
s' = Sy A/Ipicks n

((x=y), sp, 1) S 75

@x v 3y) . (x=y) . =(x): X - X'? 54b) =l
(=(x), sq, II)
\

(g, s, II)

No: not uniform!



Dynamic Dependence Logic

(@xv 3y). (x=y) . =(x), 5, ID) (S € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 301 II) (S € X)
W = LSa OO |
s, 0 1 .. (@x v 3y), (x=y), =(X), S,, IT)
1| Chwses R
X y ..
X' = So 0 0 o @x, (x3y), =(x), 5o IT) Ay, (x=y), =(x), s, II)

S’ 1 1 ..
s' = Sy A/Ipicks n

((x=y), so, IT) S = SINX
(@x v 3y) . (x=y) . =(): X - X2 SIS sl

No: not uniform! (F(X); Se, 11) (=(X)’:o; II)

(g, s, II)



Dynamic Dependence Logic

(@xv 3y). (x=y) . =(x), 5, ID) (S € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 301 II) (S € X)
W = LSa OO |
s, 0 1 .. (@x v 3y), (x=y), =(X), S,, IT)
1| Chwses R
X y ..
X' = So 0 0 o @x, (x3y), =(x), 5o IT) Ay, (x=y), =(x), s, II)

S’ 1 1 ..
s' = Sy A/Ipicks n

((x=y), so, IT) S = SINX
(@x v 3y) . (x=y) . =(): X - X2 SIS sl

No: not uniform! (F(X); Se, 11) (=(X)’:o; II)

(€, Sq, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, ) (s € X)

X Yy .. (@x v 3y). (x=y), =(x), s, II) (s € X)
W = sl OTe |
s, 0 1 .. (@x v 3y), (x=y), =(x), s, II)
| Chwges R
X vy .
X'= S0 0 0 . @3x (xzy),=(x), s, ) @y, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s[s(y)Ix] A/Ipicks n

((x=y), s, 1) 70

(@x v 3dy) . (x=y) . =(X): X - X7? s) ;S(y)
No: not uniform! (F(X); Se, 11) (=(X),*S', IT)

(g, s, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, ) (s € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 S11 II) (S € X)
W = sl OTe |
s, 0 1 .. (@x v 3y), (x=y), =(x), s, II)
| Chwges R
X vy .
X'= S0 0 0 . @3x (xzy),=(x), s, ) @y, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s[s(y)Ix] A/Ipicks n

((x=y), s, 1) 70

(@x v 3dy) . (x=y) . =(X): X - X7? s) ;S(y)
No: not uniform! (F(X); Se, 11) (=(X),*S', IT)

(g, s, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, ) (s € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 S11 II) (S € X)
W = sl OTe |
s, 0 1 .. (@x v 3y), (x=y), =(x), s,, IT)
1| Chwges R
X 'y ..
X'= S0 0 0 . @3x (xzy),=(x), s, ) @y, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s[s(y)Ix] A/Ipicks n

((x=y), s, 1) 70

(@x v 3dy) . (x=y) . =(X): X - X7? s) ;S(y)
No: not uniform! (F(X); Se, 11) (=(X),*S', IT)

(g, s, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, ) (s € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 S11 II) (S € X)
W = sl OTe |
s, 0 1 .. (@x v 3y), (x=y), =(x), s,, IT)
1| Chwges R
X y ..
X' = So 0 0 o @x, (x=y), =(x), s, IT) Ay, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s[s(y)Ix] A/Ipicks n

((x=y), s, 1) 70

(@x v 3dy) . (x=y) . =(X): X - X7? s) ;S(y)
No: not uniform! (F(X); Se, 11) (=(X),*S', IT)

(g, s, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, ) (s € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 S11 II) (S € X)
W = sl OTe |
s, 0 1 .. (@x v 3y), (x=y), =(x), s,, IT)
1| Chwges R
X y ..
X' = So 0 0 o @x, (x=y), =(x), s, IT) Ay, (x=y), =(x), s, II)

S’ 1 1 ..
s' = s,[s, (y)/x] A/Ipicks n

((x=y), s, 1) 70

(@x v 3dy) . (x=y) . =(X): X - X7? s) ;S(y)
No: not uniform! (F(X); Se, 11) (=(X),*S', IT)

(g, s, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, ) (s € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 S11 II) (S € X)
W = sl OTe |
s, 0 1 .. (@x v 3y), (x=y), =(x), s,, IT)
1| Chwges R
X y ..
X' = So 0 0 o @x, (x=y), =(x), s, IT) Ay, (x=y), =(x), s, II)

S’ 1 1 ..
s'%A/Ipicks n

((x=y), s, 1) 70

(@x v 3dy) . (x=y) . =(X): X - X7? s) ;S(y)
No: not uniform! (F(X); Se, 11) (=(X),*S', IT)

(g, s, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, ) (s € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 S11 II) (S € X)
W = sl OTe |
s, 0 1 .. (@x v 3y), (x=y), =(x), s,, IT)
1| Chwges R
X y ..
X' = So 0 0 o @x, (x=y), =(x), s, IT) Ay, (x=y), =(x), s, II)

s’ 1 1 ..
s' = 5'1 A/Ipicks n

((x=y), sy, 1)~ 7SI

(@x v 3dy) . (x=y) . =(X): X - X7? s) ;S(y)
No: not uniform! (F(X); Se, 11) (=(X),*S', IT)

(g, s, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, ) (s € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 S11 II) (S € X)
W = sl OTe |
s, 0 1 .. (@x v 3y), (x=y), =(x), s,, IT)
1| Chwses R
X y ..
X' = So 0 0 o @x, (x=y), =(x), s, IT) Ay, (x=y), =(x), s, II)

s’ 1 1 ..
s' = 5'1 A/Ipicks n

((x=y), s, I) S =Sl
(HX A\ Hy) . (X:y) . :(X) X R le? SIl(X) =vs.1(y)

No: not uniform!  (5(X): So, 11) (=(x), *S'l, IT)

(g, s, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, ) (s € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 S11 II) (S € X)
W = sl OTe |
s, 0 1 .. (@x v 3y), (x=y), =(x), s,, IT)
1| Chwges R
X y ..
X' = So 0 0 o @x, (x=y), =(x), s, IT) Ay, (x=y), =(x), s, II)

s’ 1 1 ..
s' = 5'1 A/Ipicks n

((x=y),s', II) S~ s[n/x]
(HX A\ Hy) . (X:y) . :(X) X R le? SI]_(X):S']_(y)

\|
No: not uniform! (F(X); Se, 11) (=(x), s';, II)
(=(x), s'y, I) \

(g, s, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, ) (s € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 S11 II) (S € X)
W = sl OTe |
s, 0 1 .. (@x v 3y), (x=y), =(x), s,, IT)
1| Chwses R
X y ..
X' = So 0 0 o @x, (x=y), =(x), s, IT) Ay, (x=y), =(x), s, II)

s’ 1 1 ..
s' = 5'1 A/Ipicks n

((x=y),s', II) S~ s[n/x]
(HX A\ Hy) . (X:y) . :(X) X R le? SI]_(X):S']_(y)

\|
No: not uniform! (F(X); Se, 11) (=(x), s';, II)
(=(x), s'y, I) \

(e, s'y, II)



Dynamic Dependence Logic

(@x v 3y). (x=y) . =(x), s, ) (s € X)

X Yy ((HX \4 3y) . (X=y)1 =(X)1 311 II) (S € X)
W = sl OTe |
s, 0 1 .. (@x v 3Ty), (x=y), =(x), s,, 1I)
1| Chwses R
X vy .
X' = So 0 0 o @x, (x=y), =(x), s, IT) Ay, (x=y), =(x), s, II)

s’ 1 1 ..
s' = s'l A/Ipicks n

((x=y), sy, 1)~ 7SI

(Ax v 3y). (x=y) . =(X): X - X'? $'4(X) = $'4(¥)

\
, =(x), S (=(x), s'y, 1)
So(x) # s';(x)! ST ¥

(e, s'y, II)



Dynamic Dependence Logic

2 Thank you! %
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