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Agents, Intellectics, and Logic (AlL)
Lecture 09: Dynamic Epistemic Logic (DEL)
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Today’s lecture is based on

= 0.0.: Lecture 08,09 “Dyamic Epistem Logi | + 11” in Course “Intelligent
Agents “(CS 4514-KP12), University of Luebeck
https://www.edit.fis.uni-

hamburg.de/ws/files/53892714/Intelligent Agents.zip

= Which rests on
The AAMAS 2019 Tutorial ,,EPISTEMIC REASONING IN MULTI-AGENT
SYSTEMS®, Part 4: Dynamic Epistemic Logic
http://people.irisa.fr/Francois.Schwarzentruber/2019AAMAStutorial/

Winter term 25/26 AlL | Ozgir L. Ozcep 2
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Logics for Modeling Multi-agent Systems

= Models of interaction

= Logics for Social choice
and Game theory

= Judgment aggregation

= Group knowledge

Winter term 25/26

= Models of
* mental attitudes:
sensors epistemic logic,
doxastic logic
= preferences (game
theory, social choice)

pEI’CEptS
actions -
= » Models of change
P' = of attitudes: dynamic
epistemic logic, belie”
revision mental
effectors Actions: STIT

Causality

AlL | Ozgir L. Ozcep 3
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Purpose of today’s lecture & Agenda

= Learn about another = Modelling actions

instance of modal logic
= Event models

= Learn about a formal
treatment of knowledge
change in dynamic

epistemic logic * Product Update formally

* Product Update: Muddy
Children example

= Logic DEL

Winter term 25/26 AIL | Ozgiir L. Ozcep
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Modeling Actions
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In verification/model checking community

Actions represented as edges —

#include “stdafx h*
#include “resource h®

#detine HAX_LOADSTRING 100

riab

HIN o
TCHAR =2Title[¥AX_LOADSTRING]
TCHAR szVandovClass(XAX_LOADSTRING)

Fovard decla u 1e included in this code

ATOM HyRegis atorlass (RINSTANCE hlnstance)
Inatinstance (HINSTANCE. int

IRESULT CALLBACK  VndProc(HUND, VINT. VPARAN, LPARAM)

IRESULT CALIBACK  About (HVND, UINT, VPARAN. LPARAX)

int APIENTRY VinMain(HINSTANCE hlnstance
ANCE KPrevinstance

Fitd

TODO: Place code here

S5 nzg.
BACCEL haccelTable
bal st

Initialize
LoadString(hIns! TITLE. szTitle. MAX_LOADGTRING)
LTOVIN, sz¥indovClass. YAX_LOADSTRING)

HyRegisterClass(hInstance) Tra ns it i on Syste m

Perfors application initialization
if (1InitInstance (hInstance. mCadShov))
<

Program

1loVin.cpp : Defines

Actions represented as edges —
Epistemic indistingushability by =

#include “stdatx.h®
finclude “resource h®
#dotine NAX_LOADSTRING 100
TUSTRIGE hinst:

CHAR 5274t Le{HAX_LOADSTRING)
TCHAR 32VindovClass (HAX_LOADSTRING)

Foverd declaration fu
ATON YyRegist torcloss(d r.snn
BOOL Instinstance (RINSTANC
TRSULT CALLBACK  Undbroc(HOND. INT. VEARAN. LPARAM)
IRESULT CALLBACK  About (HVND, UINT, UPARAM, LPARAM)

Ex-: hInxtarce)

int APIENTRY Vinkain(HINSTANCE hlnstance
E hPrevinstance
e
int nCadShov)

TODO: Place

S5 nzg
HACCEL haccelTable.

oba
Loedstrlngthrnslarce 15 szTitle. MAX_LOADSTRING)
¢ 20 lazs, MAX.

Hohegistesciase (hTustonce? Tra nsition Syste m

i (TinetTnetonce” (hinstonce. néadsnon))

%ram - .
Winter term 25/2 AIL| Ozgir L. Ozcep
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In Philosophy and Al

Type of = Type of mechanism of
mechanism actions is important

Public/private  ,She knows you hold 5 ¢“ = There is a dedicated logic

announcement for the first type of
Public action Play card 5 o announcements: PAL
(Public announcement

Private action  Secretely remove card 5 ¢

logic)
Belief revision ~ Revise beliefs (entailing
—p) after being told p * Formalism to use to handle

all of them - DEL?

Winter term 25/26 AIL | Ozguir L. Ozcep
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Actions in Al: STRIPS (Fikes/Nilsson, 1971)

= STRIPS: “Stanford Research Institute Problem Solver” Based on first-order
logic (FOL) with finite vocabulary

= Originally: STRIPS = representation formalism + planning algorithm

= STRIPS also part of de-facto standard PDDL (planning domain definition
language) as used in ICAPS competition
(ICAPS = International Conference on Automated Planning and Scheduling

LR Nl NelsW e Elslallalefrdsecond column of the Intellectics course

Winter term 25/26 AlL | Ozgir L. Ozcep 8
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Classical Planning a la STRIPS

of an operator

take(k,l,c,d,p)

;; crane k at location | takes c off of d in pile p

Precond: belong(k,l), attached(p,l), empty(k),
top(c,p), on(c,d)

Effects/ holding(k,c), m=empty(k), =in(c,p),

Postcond: —top(c,p), —on(c,d), top(d,p)

Winter term 25/26 AIL | Ozguir L. Ozcep

Actions = instances
of operators,

take(cranel, loc1,c3,c1,p1)
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Problem solving by search
= Problem =single state space
= Program search algorithm

Winter term 25/26

AlL | Ozgir L. Ozcep

Problem solving by planning

Specify problem declaratively
Solve by general planning algorithm

s
CHAI "7, °
Humanities-Centered Al

10
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1) (Baltag et al., 1998)

CHAI “7
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2) (van Ditmarsch et al, 2007)

Dynamic Epistemic Logic (preview: actions)

Classical —— has5 o

planning
(sayala
STRIPS)

Logic DEL"2)
Kripkean
models of
classical
planning

Winter term 25/26

has5 o

— has5 o

pre: has5 ¢
post: —has5 ¢

|

pre: has5 o
post: —has5 ¢

v
pre: true
post: -

AlL | Ozgir L. Ozcep

Setting: Card game
Action: Privately
announce to red agent
removement of 5 o

blue agent does not know

Remarks
= Start state: white
= Implicit self loops of
indistinguishability

n
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DEL (preview: update)

(epistemic model) (event model) (updated epistemic model)
l pre: has5 o hl C . i
has5 o post: —has5 ¢ —nas > hass o
— has5 o = — hass o
pre: true
post: -

Winter term 25/26 AlL | Ozgir L. Ozcep 12
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Game description language Agent a sees the game position
(Love et al. 2008), (Thielscher, 2017)

Flatland (Babiani et al, 2021), (Gasquet et al. Agent a sees agent b

2014), (Gasquet et al, 2016)

Visibility atoms (Charrier et al, 2016) Agent a sees truth value of p
Paying attention to public announcements B,payAtt(b) — [p'|B,Bpp

(Bolander et al, 2016)
Asynchronous announcements (Knight et al, 2019) [p!][read ]K,p

Epistemic gossip (Ditmarsch et al 2017) [call,, |K, secret,,

Logics dealing with epistemics and actions

Winter term 25/26 AIL | Ozguir L. Ozcep 13
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Event models




Similar to solving an algebraic equation these kinds of puzzles can be solved

(automatically) with the right abstractions of related concepts and :m
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Muddy children puzzle

= Three children (a, b, ¢) are playing in the mud. Father calls the children to the house, arranging them in a
semicircle so that each child can clearly see every other child.

“At least one of you has mud on your forehead”, says Father. The children look around, each examining
every other child’s forehead. Of course, no child can examine his or her own.

= Father continues, “If you know whether your forehead is dirty, then step forward now”. No child steps
forward.

= Father repeats himself a second time, “If you know whether your forehead is dirty, then step forward
now”. Some (a, b) but not all of the children (here: not c) step forward.

= Father repeats himself a third time, “If you know whether your forehead is dirty, then step forward now”.
All remaining children step forward.

Summer term 25 SSF | Ozgiir L. Ozcep 15
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Examples of actions

a,b
pre@ »publicannouncement of p“

post: —

pre: p b pre: true »private announcementofptoa

B post:\—) I post:—\)
a a,b

Winter term 25/26 AlL | Ozgir L. Ozcep 16




UH -
M [E];
L2 Universitdit Hamburg CHAL 7 |«

Examples of actions
re: inBasket : .
P . b pre: true »private action
— post: minBasket, —
: post: —
inBox
a a,b

Scenario: Assume that agent a transfers a marble from a basket
to a box — not seen by agent b

Winter term 25/26 AlL | Ozgir L. Ozcep 17
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Definition (Event model)

= Aneventmodel € = (E, (RE) seagr,pre, post) isa tuple where
= E ={e¢,...}isanon-empty set of possible events
= RS C E XE isan accessibility relation on E for agent a
= pre:E — L isa precondition function
= post: EXAP — Lg; is a postcondition function

= Apair (&, e) is called an action where e represents the actual event
of (€,e)

= Apair (& Ep),for Ey € E,is anon-deterministic action. The set E,
is the set of triggerable events.

Winter term 25/26 AlL | Ozgir L. Ozcep 18
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____Jpret p b | pre: true ,deterministic:
post: @ q POStQ a b single pointed
event model“
__pre:true b pre: true ,,non-deterministic:
post: P\)a POStQ Multi-pointed
7 event model“

___|pre: true b @,

post: —p a

Winter term 25/26 AIL | Ozguir L. Ozcep 19
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Public Actions

An action is said to be public iff the accessibility relations in the
underlying event model are self-loops

pre: true pre: true

post: p post: = p
a,b a,b

Winter term 25/26 AlL | Ozgir L. Ozcep 20
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Non-Ontic Actions

An action is said to be non-onticiff the postconditions are trivial:
forall e € E, forall propositions p € AP: post(e,p) = p,
alsowritten as: post = —

pre: p b pre: true

post: — post: —
a a,b

Winter term 25/26 AlL | Ozgir L. Ozcep 21
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Effect of a public announcement

Publicly announcing F leads to keeping only the F worlds.

pre: F

_ announcement of [
post: — S
a,b

Winter term 25/26 AIL | Ozguir L. Ozcep 23
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Muddy children puzzle: sketch of solution

» Children: Anne (a), Bill (b), Cath (c) = a further argues

= But b did not step forward, so he

" Actual world: does not know whether m,,

a, b muddy (m,, mp), ¢ is not (=m,)
Y e T e = Hence, a steps forward next time

" g argues: o
= b argues similarly
"my,mg;
» If =m, were the case, then b wouldsee =  Aformal treatment possible in
none with mud on forehead and hence DEL, as shown exemplarily on
infer that m;, (due to the announcement the next slides

of the father that someone has mud).

Summer term 25 SSF | Ozgiir L. Ozcep 24
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a 110
b
b
001 — a —
a 100

AIL | Ozgur L. Ozcep
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Actual world 10, i.e.

mg Amy, A —mg:
a muddy;

b muddy;

c not muddy

Winter term 25/26

a 110
b
b
00l — a —
a 100

AIL | Ozgur L. Ozcep
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Actual world 10, i.e.
mg Amy A —mg:

a muddy;

b muddy;

c not muddy

Winter term 25/26

a 110
b
b
001 — a —
a 100

>

Father: ,One of you
is muddy*“

101

AIL | Ozguir L. Ozcep
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Actual world 10, i.e.
mg Amy A —mg:

a muddy;

b muddy;

c not muddy

Winter term 25/26

a 110
b
b
00l — a —
a 100

101

Father: ,One of you
is muddy*“

AIL | Ozguir L. Ozcep

001

World 000 is
eliminated

28



Actual world 10, i.e.
mg Amy A —mg:

a muddy;

b muddy;

c not muddy

Winter term 25/26

a 110
b
b
001 — a —
a 100

101

Father: ,One of you
is muddy*“

AIL | Ozguir L. Ozcep

World 000 is
eliminated

No child steps forward -
a, b, c: | don‘t know whether |
am muddy*

29
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Actual world 110, i.e. 010 r 10 010 a —110 World 000 is
mg Amy A =mg: N : — b ! eliminated
a muddy; Father: ,One of you
b muddy; b b is muddy* N
c not muddy mg,V my Vm,
001 — a —|——101 001 a 101
~ ~
~ ¢ s ¢ c
000 a 100 100

No child steps forward -
a, b, c: | don‘t know whether |

am muddy“
011 a 111
C /
/
110
b
101

Winter term 25/26 AIL | Ozguir L. Ozcep 30
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Actual world 110, i.e. 010 r 10 010 a —110 World 000 is
mg Ay, A —mg: ! ! —) ! | eliminated
a muddy; Father: ,One of you
b muddy; b b is muddy* N
c not muddy mg,V my Vm,
001 — a —|——101 001 a 101
~ ~
~ ¢ s ¢ c
000 a 100 100

No child steps forward -
a, b, c: | don‘t know whether |
am muddy*

011 a 111

~ For example 100 is
eliminated because:
here a would know that
he is muddy

.. .. 101
Winter term 25/26 AlIL | Ozgir L. Ozcep 31



Actual world 10, i.e.
mg Amy A —mg:

a muddy;

b muddy;

c not muddy

Winter term 25/26

Father: ,One of you
b b is muddy*“
mg V my Vim,

00l — a —|—— 101

E—

a, b step forward
(K,mg V Kz—my) A
Kbmb \ Kb —|mb)

AIL | Ozguir L. Ozcep

001

011

a 111
o
- :
110 World 000 is
eliminated
b
b
101
~
C

100

No child steps forward -
a, b, c: | don‘t know whether |
am muddy*

~ For example 100 is
eliminated because:
here a would know that
he is muddy

101
32



Actual world 10, i.e.
mg Amy A —mg:

a muddy;

b muddy;

c not muddy

Winter term 25/26

Father: ,One of you
b b is muddy*“
mg V my Vim,

00l — a —|—— 101

110 |

a, b step forward
(K,mg V Kz—my) A
Kbmb \ Kb —|mb)

ML | Yagul L voyep

001

011

a 111
o
- :
110 World 000 is
eliminated
b
b
101
~
C

100

No child steps forward -
a, b, c: | don‘t know whether |
am muddy*

~ For example 100 is
eliminated because:
here a would know that
he is muddy

101
33
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Product Update: formally




\ Nl 4
Lol
A ]
L2 Universitit Hamburg CHAI 77 +°
DER FORSC

HUNG | DER LEHRE | DER BILDUNG Humanities-Centered Al

Example: next state update

(epistemic model) (event model) (updated epistemic model)
has5 ;
450 0 pre: hass o — has5 o has5 ¢
post: —has5 o
— has5 o | C hast o
pre: true
post: -

Winter term 25/26 AlL | Ozgir L. Ozcep 35



Definition (Update Product)

= (iven
» M = W,{Rs}scact,V) (epistemic model)
= € =(E (RE) eacr,pre post) (event model)
= definethe update product of M and € as the epistemic model
MRE=WS, {R?}a - V®) where

= WO ={(we) EWXE|M,w kEpre(e) }
0 RC? ={((w,e),(w',e") € W® |wR,w' and eRE e'}
0 V®((W, e)) ={p € AP | M',w & post(e,p)}

Winter term 25/26 AlL | Ozgir L. Ozcep 36
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Definition (Successor state)

The successor state of an epistemic state (M, w) by action (€, e)
is (M,w)®(Ee)=WMQE (we))
if (M',w) E pre(e), otherwise it is undefined.

= Write e for (€ e)

= Write we'for (w, e)

= Write M Q E"forM R ER £...&Q & (n-times)
= Writewe, ...e,, E ¢ for M Q E",we; ...e, E @,

Winter term 25/26 AlL | Ozgir L. Ozcep 37
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Test your understanding

= Q: Just before the muddy children
example we stated that publicly
announcing F amounts to keeping
those states on which F is true.
Prove this with the previous
definition of the update product.

Winter term 25/26 AIL | Ozguir L. Ozcep



UH

m . oy ee

L2 Universitdit Hamburg
DER FORSCHUNG | DER LEHRE | DER BILDUNG

Test your understanding

» Q: Just before the muddy children  A: > post:\_)

example we stated that publicly
announcing F amounts to keepi
those states on which F is true.
Prove this with the previous

pre: F

a,b

ng
= A publicannouncement consists
of just a single event world.

definition of the update product.

Winter term 25/26

= So, the cartesian product with the
epistemic model is of the same
size of the epistemic model

AlL | Ozgir L. Ozcep 39
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Test your understanding (continued)

» Q: Just before the muddy children  A: > post:\_)

example we stated that publicly
announcing F amounts to keepi
those states on which F is true.
Prove this with the previous

pre: F

a,b

ng
= The worlds in W® are
{(we) EWXE | M,wEF}

definition of the update product.

Winter term 25/26

= The original accessibility relations
do not change;

* due to post: — the valuations also
.do not change

AlL | Ozgir L. Ozcep 40
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Example (Update Product)

(B 2 DD Jas 1 Agent a gets private
: » QCiaT e e message about

mud on her forehead
o B 2 DD Jab

\Nb/(@;)a,b

Winter term 25/26 AlL | Ozgir L. Ozcep 41



UH

m . oy ee

L2 Universitdit Hamburg
DER FORSC

. ~
CHAI 7
HUNG | DER LEHRE | DER BILDUNG

(a,bg@l@g@; Of the eight possible
b b Jo o peme states only 6 are left:
a The product of the
\_(Beree epistemic model with
(DY) the first event of
s the event model
cae - BB G eaves only left
+ : ‘ ‘ column of the original
i Jr((Be) ——@@).»  model (where m, holds)

Winter term 25/26 AIL | Ozguir L. Ozcep 42
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(" )

(B2 D)) | Of the eight possible
b B =L KT states only 6 are left:
a The product of the
\“C@ epistemic model with
(D the second event of

the event model

c@b/ @O =D conserves original
= b ‘ ‘ epistemic model
]z (BE) —— (DE) Dab
g

Winter term 25/26 AIL | Ozguir L. Ozcep 43
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Logic DEL




C; (common knowledge) and a-like group-related knowledge will be discussed
in the course SSF

Definition (Dynamic Epistemic Logic Lpg;ck)

= Syntax: The language Lpg;cx extends Lg;cx with dynamic
(possibility) modalities < &, E, > according to the following

grammar:
Fu=TI|p|aF|(FVF)|K,F|C;F|<EE,>F

= Semantics: The modelling relation & for Lg; ¢k is extended
with the following clause:

M,w E< & Ey > F iffthereexists e € E, suchthat
M,w Epre(e)andM Q& (w,e) EF

= Dualoperator [€, Eg] F (see[Nanaper)

Winter term 25/26 AlL | Ozgir L. Ozcep 45
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Expressivity and Succinctness

Theorem (Baltag 98)
DEL and EL have the same expressivity

Proof idea: Dynamic operators [, E] can be removed without loosing
anything

|F!]G: if F holds then after having anounced F publicly, G holds.
= Example reductions:

|F!]p: saysthesameas (F - p)
= [F!]-G: says the same as (F - =[F']G)

Winter term 25/26 AIL | Ozguir L. Ozcep

46



v
[T:
iti [
[ 21 Universitit Hamburg CHAI "7, +°
DER FORSCHUNG | DER LEHRE | DER BILDUNG iti

Expressivity and Succinctness

Theorem (Lutz 2006

DEL is exponentially more succinct than EL

= Succinctness of L w.r.t L, means roughly:
For every formula in L, you can find a shorter equivalent one in L,
There is a formula in L, that can be expressed only by an exponentially

smaller formula in L, = IAaJollglelM
= So: “DEL is syntactic sugar that does the not make you fat but thin ©”

Winter term 25/26 AlL | Ozgir L. Ozcep 47
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Conclusion & Outlook

= Dealing with actions and their = Time is relevant for change
(epistemic) consequences with
slightly extended Kripke

semantics in DEL = Next weak: temporal logics and

epistemics
= Nice illustration of: Sometimes
you do not want to say more, but
want to say it shortly

Winter term 25/26 AIL | Ozguir L. Ozcep
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Thanks for your attention!

https://www.philosophie.uni-hamburg.de/chai/personen/oezcep.html

Winter term 25/26 AIL | Ozgiir L. Ozcep 49
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Given a class X of models, L, is exponentially more succinct than L, on X iff
the following conditions hold:

» forevery formula f € L, thereisaformulaa € L suchthata =5
and |a| < |B].

there exist k4, k, > 0, a sequence of formulas a4, a5, ... € L1, and a sequence

of formulas Sy, B>, ... € L, such that, for all n, we have:
o |a,| < kin

* |Bnl = 2527
* fnistheshortest formulain L, that is equivalent to a, on X
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Definition (Dual Operator)

= [EE))F =< EEy>AF
= The induced semantics is

M,w E [ E|F iff forall e € E, wehave:
fM,w E pre(e)then M Q €, (w,e) EF
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