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DEFINITION
A team X is a set of variable assignments (with the
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TEAM SEMANTICS

» Team semantics: Lifts semantic values (of formulas) from sets
of assignment to sets of sets of assignments (or sets of teams).

» Flatness for FO: A first-order formula is satisfied by a team iff
all assignments in the team satisfy the formula.
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DEPENDENCE LoGIC

¢ u=At| -At|D(xy) [¢Ad|dvo|Ixg|Vxe
M, X = ~ if for all se X: M, s = -, where 7 is a literal.
M, X = D(x; y) iffor all s, s’ € Xif s(x) = §(x) then s(y) = §/(y).
s M,X = ¢ Aif M,X = ¢ and M, X = .
» M\XE ¢vipifthereare YUZ = Xst. M,YE ¢pand M, Z = 1.
» M, X = Ix¢ if thereis f: X — Ms.t. M, X[f/x] = ¢.
» M, X = Vx¢ if M, X[M/x] = ¢.

v

v

> XIf/] = {slfls)/x] | s€ X} (sla/x] = s v {x, @)
» X[M/x] = {sla/x] | s€e Xandae M}

ME o iff M,{J} E o.
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DEPENDENCE LOGIC, QUANTIFIERS
» M, X = Ix¢if thereis f: X — Ms.t. M, X[f/x] = ¢.

> XIf/Ad = {slfls)/x] | se X}
Example: M, {so, s1} = 3zRxyz

M
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DEPENDENCE LOGIC, QUANTIFIERS
» M, X = Vx ¢ if M, X[]M/x] &= 6.

» X[M/x] = {sla/x] | s€e Xandae M}
Example: M, {so, 51} = VzRxyz

M

S1

TEAM LOGIC
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EXAMPLES

Vx3yWz3w(D(z; w) A )

UV AWZAw(D(z; W) A —u=yA(x=z< y=w))
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PROPERTIES

» Empty team property: M, J = ¢
» Downwards closure: If Y Xand M, X = ¢ then M, Y = ¢.
» Dependence logic (DL) = Existential Second Order logic (ESO)

» For formulas the situation is slightly different: Only a fragment
of ESO is expressible in DL.

» Extra special feature of DL: Truth is definable.
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BRANCHING IN NATURAL LANGUAGES
Some relative of each villager and some relative of each towns-
men hate each other. (Hintikka, 1974)

(\:/:iyv) (V(x) A T(z) = (R(x, ) A R(z, w) A H(y, w)))

Most of the dots and most of the stars are all connected by
lines. (Barwise, 1979)

(o) et

Two examiners marked six scripts. (Davies, 1989)

(Gror) B 2 50 m Mx )

TEAM LOGIC
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GENERALIZED QUANTIFIERS

A generalized quantifier Q is a class of structures closed under iso-
morphisms.

» Qui={R| (M,R) e Q}.

Oum S P(M)
M, sk Ox¢iff [¢]™ e Oy

» Vi ={M}
A= {ACM|A% D)
» (QUm={AcS M| |A[ =R}

Qis monotone increasing if A € Band A € Qy implies B € Qy.
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GENERALIZED QUANTIFIERS IN DEPENDENCE LOGIC
(Engstrom, 2012)
Works well only for monotone increasing generalized quantifiers.
» M, X = Qx ¢ iff there is F: X — Qy such that M, X[F/x| = ¢.
X[F/x] = {sla/x] | se X,a€ F(s) }
Example: M, {so, 51} E 3%z Rxyz

M

S1
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ITERATION AND BRANCHING

ITERATION

(Q1- ®)u={R= M |{a|.Re(Q)u}e(Q)um}

(Q1- Q)xydp = QxQoy¢
For monotone increasing quantifiers:
Br(Q1, %)y ={ RS M*|Ax BS R A€ (Q1)m,Be (Q2)um }

Br(Q1, 0s)xyé = @’;) é
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PROPERTIES OF DL(Q)

» Empty team property: M, &J = ¢
» Downwards closure: If Y S Xand M, X = ¢ then M, Y = ¢.

FLATNESS
M, X ¢iffforallse X: M,s = ¢

for all FO(Q)-formulas ¢.

ITERATION

M, X (Q1- Q)xy¢ iff M,XE Q1xQox¢
BRANCHING

DL(Q) = DL(Q, Br(Q, Q)
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STRENGTH AND AXIOMATIZABILITY

THEOREM (Engstrom and Kontinen, 2013)

DL(Q) = ESO(Q)

LetI' =,, ¢ mean that I' = ¢ for any monotone increasing
interpretation of Q.
THEOREM (Engstrom et al., 2017)
There are sound and complete inference systems wrt the following
consequence relations:
» I' =y, ¢ where ¢ is FO(Q).
» ' = ¢ where ¢ is FO(Q ).
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DIGRESSION: QUESTIONS

“Who won Tour de France this year?” = “This year’s Tour de France
has finished”
Inquisitive semantics (Ciardelli, 2016; Yang and Vdénanen, 2016)

» Information states X are sets of models (together with variable
assignments).
» X ¢ifforall M e X, M = ¢ (when ¢ first-order).
» XEoWVYifXEdorXEY
» 7=V -
The inquisitive semantics is very close to the semantics of dependence

logic, in fact:
D(x; y) is equivalent to A, — A,

Ay is the identity question about x, “What is the value of x?”.
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NON-MONOTONE QUANTIFIERS
ME 3 5xPx
IF:{ @} -, st. M,{F} [F/x] = Px
JAC M, st. |A|=5and A< PV
M 3%5xPx

¢ is satisfied by X if

» every assignment s € X satisfies ¢.

» every assi isfies ¢.

» for every assignment s : dom(X) — M, s € X iff s satisfies ¢.
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TEAM LOGIC

pu=At| -At| T(X) | ¢ ®¢ | 0D |dnd|dvo|Ixg|Vxo

» M, X = ¢ iff Vs : dom(X) — M(se Xiff M, s = 1), for
first-order atomic or negated atomic formulas ).

M, X E T(x)iff 3xX = { € } [M*/dom(X)\ { x }]
MXE¢Quiff Y, Zst. X=YnZM,YE pand M, Z =
MXE¢®yiffIY,Zst. X=YUZMYE ¢pand M, Z =
» M XE o Apiff M XE ¢gand M, X =

» M\ XE pvpif M, XE= ¢or M,XE 1

» M, X = Ix¢ iff Y s.t. x€ dom(Y),IxY = IxXand M, Y = ¢

» M, X = Vx¢ iff 3Ys.t. x € dom(Y),VxY = IxXand M, Y = ¢

v

v

v

OxX={s:dom(X)\{x} > M|{aeM|sla/x] e X} e Qu}
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PROPERTIES

BASIC PRINCIPLE
A formula ¢ is satisfied by a team X if for every assignment s :
dom(X) — Mk, s e Xiff s satisfies ¢, i.e.,

M, X = ¢ iff X = [8]hmcn -

A formula is untangled if no quantifier Qx appears in the

scope of another quantifier ' xand no variable is both free and bound.
THEOREM
For first-order untangled ¢ and teams X s.t. dom(X) n bv(¢) = &:

M X E ¢ iff X = []}mx
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RELATIONSHIP WITH DEPENDENCE LOGIC

XE D(x; y) iff
XE(VWT (%)) ®@T(%2) A (y=20T(x W),
where z is not in x, y and wis dom(X)\ { x, y, z }.

THEOREM

For every team X and formula ¢ of Dependence logic such that
dom(X) = fv(¢) there is ¢+ of team logic:

M, X Epr, ¢ iff M, X =1 ¢+.

Team logic = ESO
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GENERALIZED QUANTIFIERS REVISITED

DEFINITION
M, X = Qx¢ if there is Y such that x € dom(Y), M, Y = ¢ and 3xX =
OxY, where
OxY={s:dom(Y)\{x} > M| Y(x) € On } .
Y;={s :dom(Y)\dom(s) > M|sus eV}
FLATNESS

For every untangled ¢ formula of FO(Q) and every team X such that
dom(X) N bv(¢) = &:

M, X ¢ iff X = [¢] 3. -

ITERATION

M X = (Ql . Qg)xy¢ iff M, XE Q1xQox¢
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TAKE HOME MESSAGE

Lifting from Tarskian semantics to team semantics makes it possible
to logically analyse phenomena in natural languages such as branch-
ing, questions and dependence.

THAT’S ALL FOLKS!
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