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Used slide material for todayOs lecture

I .... Lecture 01: Introduction in Course Intelligent Agents (CS 45&k#12), University of Luebeck
https://www.edit.fis.uni -hamburg.de/ws/files/53892714/Intelligent_Agents.zip

I Pacuit. Social Choice Theory and Machine Learning Lecture 05 (ESSLLI Course)
https://pacuit.org/static/88cae2b2b371fb847b7c77d91f3d0671/lecstrat-voting -rihf.pdf
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This course

I Types
lecture + seminar (forintellectics students)
lecture (for others)

I Credits
8.0 (for lecture + seminar);
3.0 (for lecture only)

Winter term 25/26 AIL | ...zg¥r L..zeep 3
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Stine + Moodle

I Stine for the official and organizational stuff regarding your studies

I Moodle (https://lernen.min.uni -hamburg.de/course/view.php?id=5808)
for all content-wise relevant stuff and communication

I If not done yet, please enroll now

Winter term 25/26 AIL | ...zg¥r L..zeep 4
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Topics covered In the course
I Multi -agent systems (analysis, synthesis, regulation)
I Social Mechanisms (Social Choice, Game Theory, Mechanisms)

I Logics, logics, logics (for mukagent systems)

I All topics are of utmost relevance and importance for current
developments in Al because E

Winter term 25/26 AIL | ...zg¥r L..zeep 5
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E we are living in crazy times ...

| Breathtaking speed in Al developments

I Whether it is a singular eventbwho can tell o o/ sSC M As
But: It is transformative and has deep impact 2FWREHU
IDWKDQ %YHQDLFK
I Just have a look at the state of Al report Me >me//a | 'Ma
(Benaich2025) S N

I See also the summary/discussion by
Mowshowitz (2025a)

Winter term 25/26 AlL | ...zg¥r L..zeep 6
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E we are living in crazy times ...

I Some very confident guy (?) says -
OAdvancing Al may Orequire changes to thig
social contractOO
(cited according to Mowshowitz 25b)

| Some guys wish they wouldexaggerate E
(YudkovskySoares 25))

Winter term 25/26 AIL | ...zg¥r L..zeep 7
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E we are living in crazy times ...

I Development pushed by big tech companies (quoted text in above quote
Is from of the leading guy of an Al company)

I Academics of various disciplines try to understand, criticize, warn, found
the right reasons for regulation from different disciplinary angles

I Full comprehension of the complexity and the impact of current Al related
systems research in the intersection of different disciplinesge.g.
philosophy, sociology, cognitive science, computer science, jurisprudenceE

| Also required for design of future trustworthy, safe, aligned E systems

Winter term 25/26 AIL | ...zg¥r L..zeep 8
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Purposeof todayOs lecture & Agenda

I Understand the basic I Multi -Agent Systems
motivation and object of
study of Intellectics

" Multi -Agent systems | Course Agenda

| See some examples

I Examples

| Get an overview of this
termOs course content

Winter term 25/26 AIL | ...zgYr L..zeep 9
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Multi -Agent Systems
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Current complex systems aramulti -agent systems

I OMulti-agent systemsO standard field in computer science and related
areas (Shoham 08)

I Now: deep & complex interactions of humans and artificial agents
" human-compatible Al
agentic systems and social mechanismgASM)

I Current research on Agentic Al now heads towards physical agents
(e.g., Gemini Roboticshttps://deepmind.google/discover/blog/gemini -
robotics-brings-ai-into -the-physicalworld/ )

Winter term 25/26 AIL | ...zgYr L..zeep 11
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Artificial Intelligence and Intelligent Agents

Artificial intelligence (Al) is the science of systematic synthesis and analysis
of computational agents that act intelligently.
In particular, Alis heavily concerned with buildingmodels of interacting Al

and models in agents " [AYeJolsIgle]

I Agent (system)s are central to Al (and vice versa)

I Intelligent agent = computational agent that acts intelligently

I Talking about Al Intellectics] without talking about [hybrid collections of]
agents misses the point (and vice versa)

Winter term 25/26 AIL | ...zgYr L..zeep 12
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What is an Agent? I Human agent: eyes, ears, and
"H$%8S other organs for sensors; hands,

legs, mouth, and other body parts
for actuators

= i

1#0,8%#1"#*2 .
* I Robotic agent:cameras and
Infrared range finders for sensors;

5683 various motors for actuators

Anything that can be viewed as | Software agent: interfaces, data
perceivingits environment through Integration, interpretation, data
sensorsand acting upon that manipulation/output

environment through actuators What is going/ should go on here?

Winter term 25/26 AIL | ...zgYr L..zeep 13
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Models

I It also NOT a pipe zoomed out nor
a Spaghetti seen from above

I It could be something used as a
dot/full stop in natural language

| Early dayNLPsystemsgot rid of
CECI MESTRRAS UN POINT: those Ostop signsO

! For(some) LLMs (GRZ small)
these have more OmeaningO

Winter term 25/26 AIL | ...zg¥Yr L. ...zeep 14
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OlnsideO an LLM: Embeddings

LLMs model OmeaningO of
expressions as vectors in high
dimensional spaces

Deleting dots from texts gives
LLMs hard times

In GPT2 small the dot
OsummarizesO the text before.
(Chauhan et al 25)

Winter term 25/26

AIL | ...zg¥Yr L. ...zeep
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Punctuation and Predicates in Language Models

Sonakshi Chauhart *, Maheep Chaudhary’ , Koby Choy?, Samuel Nellesseh Nandi Schoot$

Univesity of Glasgow?IndependentRadboud

Abstract

In this paper we explore where information is collected and
how it is propagated throughout layers in large language
models (LLMs). We begin by examining the surprising
computational importance of punctuation tokens which
previous work has identiPed as attention sinks and memory
aids. Using intervention-based techniques, we evaluate the
necessity and sufbciency (for preserving model performance)
of punctuation tokens across layers in GPT-2, DeepSeek, and
Gemma. Our results show stark model-specibc differences:
for GPT-2, punctuation is both necessary and sufpcient in
multiple layers, while this holds far less in DeepSeek and
not at all in Gemma. Extending beyond punctuation, we ask
whether LLMs process different components of input (e.g.,
subjects, adjectives, punctuation, full sentences) by forming
early static summaries reused across the network, or if the
model remains sensitive to changes in these components
across layers. Extending beyond punctuation, we investigate

whether different rules are p ly
by LLMs. In particular, through interchange intervention
and lay i we bnd that it

statements (if, then), and universal quantibcation (for all) are
processed very differently. Our Pndings offer new insight
into the internal mechanisms of punctuation usage and
reasoning in LLMs and have implications for interpretability.

Code:

1 Introduction

Recent work has revealed that LLMs often perform tasks
in ways that diverge signiPcantly from human reasoning. In
particular, punctuation which is often considered negligible
in human processing appears to play a surprisingly active
and complex role within these models. Studies have shown
that punctuation tokens can act as attention sinks (Gu et al.
2025; Barbero et al. 2025), increase computational memory
(Pfau, Merrill, and Bowman 2024), and even serve as infor-
mation carriers (Tigges et al. 2023). Despite their seemingly
minor status, punctuation marks appear to shoulder a dispro-
portionately large computational burden.

In this work, we examine the role of punctuation in sum-
marization and information propagation through the lens of

necessity and sufpciency: how essential are these tokens for

“Correspondence to: sonakshichauhan1402@gmail.com

University NijmegefUniversity of Oxford

preserving meaning and reasoning within the model? We
use zeroing out interventions to better understand how punc-
tuation inBuences layerwise computation dynamics. To test
whether the period acts as a boundary for information sum-
marization in the context of reasoning, we also perform tar-

geted activation interchange interventions.

Building on this, we take a mechanistic lens to ask a
broader question: How do LLMs internally represent and
process reasoning? Previous work on reasoning has inves-
tigated reasoning rules using graph-based approaches (Luo
et al. 2024; Qu et al. 2021; Tang et al. 2024). In this paper,
we investigate whether models interpret inputs composition-
ally, treating different elements of a sentence (such as sub-
jects, adjectives, punctuation, and full syntactic structures)
as functionally distinct units or whether they instead form
a static summary early in the forward pass and reuse that
across layers. This line of inquiry helps us understand not
just whether a model can reason, but how that reasoning un-
folds internally. This distinction is an effort to zoom-in on
how closely model behaviour aligns or diverges from human
reasoning patterns.

To understand how rules are processed by language mod-
els, we analyze which layers are responsible for reason-
ing over different types of logical and syntactic structures.
Specibcally, we aim to identify whether rule-consistent be-
havior is distributed across the model or concentrated in
particular layers. We use part-of-sentence interventions and
layer swaps, with the aim of characterizing how different
layers contribute across syntactic and logical dimensions.

Our main bndings are:

¥ For GPT-2 we bnd that period and question mark tokens
are necessary and sufpcient in Pve out of twelve layers.

However, in DeepSeek this only holds for one in twen-

tyfour layers, and in Gemma there is no layer for which

this holds. See Section 5.1. We are the prst to investigate
sufpciency and necessity of punctuation tokens, which
we do by selectively (non-)zeroing out tokens. Addition-
ally, although interchange interventions have been done
on tokens, they were not previously used to investigate
attention sinks and memorization.

¥ For the models we investigate, we Pnd different layer-
wise responses to interventions on conditional statements
and universal quantibcation, which are two types of rea-
soning rules. See Section 5.2. We are the prst to investi-

15
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Agentic Al: Towards Agency
I Agent notion draws no human/non-human distinction

I Agency (as dealt with in philosophy) captures aspects of
human agents, e. g., intentionality, consciousness,
responsibility, norms, self reflection, E

I Ongoing debate: agency ascriptions to LLMbased agents s

| See also early discussions on ascriptions of mental
attitudes (McCarthy 79) (Ferrero et al. 22)

Winter term 25/26 AIL | ...zgYr L..zeep 16
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Social Abllity

I The real world is amulti -agent environment: we cannot try achieving
goals without taking others into account

Some goals can only be achieved with theooperation of others
Account for selfinterested agents which will show strategic behavior

I Social abilityin agents is the abllity to interact with other agents (artificial
or human)

I Testing those abilities should be at the centerstage” Durkheim test

Winter term 25/26 AIL | ...zgYr L..zeep 17
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Turing Test (Turing 50) and Chinese room (Searle 80)
I Testing (non)human-likeness of agents via inputoutput behavior

I If an agent linguistically indistinguishable from a human, it can be
attributed to OthinkO.

| SearleOs thought experimen®Chinese roomO
Non-Chinese speaker locked in room

Receives Chinese characters via slot to which it can response based on
Chinese handbook containing pairs (input character, output character)

No OthinkingO because no real understanding!

Winter term 25/26 AIL | ...zgYr L..zeep 18
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Octopus test (Bender/Koller 20)

I Main argument: artificial agents (concretely LLMs) have no semantic
grounding (the authors also coined the term Ostochastic parrotsO (Bender
et al 21))

I Two people, stranded on remote islands, communicate via undersea cable

I Octopus taps into conversation, thenbafter a while Bcuts the cable and
takes the role of one of the people in the conversation

! Main point: Octopus does not really understandbwhich will be revealed it
It is asked to conduct a physical act (e.g., OPlease build a coconut catapultO)

Winter term 25/26 AIL | ...zgYr L..zeep 19
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Durkheim test (Leigh Star 89)

| Language is (one of many forms of ) (intejacting” generalize thisE

I Thesis Of relevance is testing how the agent contributes to the overall
multi -agent systems: how it interacts, adapts, how it profits the common
goals of the system, E

I " Requires the study of (social) mechanisms as dealt with in sociology

Winter term 25/26 AIL | ...zgYr L..zeep 20
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One-slide summary of sociology ;)

“MACRO™- “Social facts” 4
LEVEL (e.g. institutions) P  Social outcomes
?
“situational 1 3 “transformational
mechanisms” mechanisms”
“MICRO™- 2
LEVEL Motivations P Individual behavior

“action formation mechanisms™

Figure 1. “Boudon-Coleman diagram.”
(ex: Jepperson/Meyer 05)

Winter term 25/26 AIL | ...zgYr L..zeep 21
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Example 1: Reasoning Agents T aress The et Leapin

Reasoning

Large Language Models (LLMs) and Bl

Recent LLMs (such as ChatGPT) ar ressoning:aNeweraotar
attributed advanced reasoning b i
capabilities | | @ comat e

d I' (iV > ¢s > arXiv:2312.11562

126b0a

Advancing Al's Cognitive Horizons: 8 Significant

Holy grail is generalpurpose
reasoning

Computer Science > Artificial Intelligence

[Submitted on 17 Dec 2023 (v1), last revised 25 Jan 2024 (this version, v5)]
A Survey of Reasoning with Foundation Models

Jiankai Sun, Chuanyang Zheng, Enze Xie, Zhengying Liu, Ruihang Chu, Jian
Hongyang Li, Mengzhe Geng, Yue Wu, Wenhai Wang, Junsong Chen, Zhang
' Junxian He, Wu Yuan, Qi Liu, Xihui Liu, Yu Li, Hao Dong, Yu Cheng, Ming Z

[ | Ping Luo, Jinadong Wana, Ji-Rong Wen, Xipeng Qiu, Yike Guo, Hui Xiona, C

What is Ocorrect reasoningO? Erar |
. o i xamples of OpenAl 03 Usage hitps ichatgpt co.ukiopenai-od/
" AS k d I S C I p I I n e Of L O g I C 1. Coding: The 03 was tested in software development environments, demonstrating its ability to generate complex code,

solve programming problems with high accuracy, and even understand nuances of different programming languages.
2. Mathematics and Scientific Reasoning: This model sets new benchmarks in mathematical and scientific reasoning tasks,

ARC-AGI: The 03 also made significant progress in the ARC-AGI (Abstraction and Reasoning Corpus), a test designed ti
Winter term 25/26 AlL | . evaluate Al models' ability to perform tasks requiring abstraction and reasoning, essential for advancing towards artificiall




N bl /

UH ~ -

. oy ee -/m\_
L2 Universitdit Hamburg LA N

DER FORSCHUNG | DER LEHRE | DER BILDUNG I"#$9%& &()+(%'(,(-./0

Example 2: Logics for Modeling Multtagent Systems

Model agentOs attitudes:
mental attitudes: epistemic
logic, doxastic logic

I preferences (game theory,

percepls social choice)

sensors

actions
Model change of

I Model interaction: ' mental attitudes:
I Logics for Social choice dynamic epistemic logic,
and Game theory belief revision
| Judgment aggregation effectors | Actions: STIT; Causality
I Group knowledge

Winter term 25/26 AIL | ...zgYr L..zeep 24



UH
m
L2 Universitdit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

g by
!u#$ i< ~

s ] \
I"H$%8 &(F+(%'(,(-/0

Example 3: CeSTORM

I STORM = Synthesis of Topic
outlines through Retrieval and
Multi -perspective Question
Answering (Shao et al 24)

| Co-STORM = Collaborative Storm
(Jiang et al 24)

| https:// github.com/ stanford-
oval/storm

Winter term 25/26 AIL | ...zg¥r L..zeep

l,mw from Stanford University

Co-STORM
Get a Wikipedia-like report on your topic with Al

STORM is a research prototype that supports

interactive knowledge curation.

25



Track the Discourse O

O [User: I want to learn more about the topic Alphafold 3]_

so I can report this technical breakthrough.

v

v

Observe and Participate

Mind Map (§3.2)

* Background and Development

» Technical Aspects
* Accessibility Enhancements for Researchers

¢ Advancements in Biomolecular Structure Prediction

* New Features and Advancements in AlphaFold 3

* Impact and Applications
* Drug Discovery Acceleration

¢ Protein-DNA and Protein-RNA Interaction Predictions

* Accuracy Improvements in Drug Discovery

o W A

Collaborative Discourse

Al Expert: ...

-~

Geneticist: ...

User (§3.3): I'm curious about its impact and its applications?

_ structural data.[13] [14] ....

f Molecular Biology Expert: ... This open-access treasure trove is leveling
the playing field, allowing researchers everywhere to tap into top-notch

J

@ G Dole-(

| and innovate the drug discovery process? (inspired by [20][21])

 Moderator: That's a great point. How might the integration of AlphaFold 3
with emerging technologies like self-driving laboratories further accelerate

J

7 G

Question Asking

h 4

Generate Question Polish Utterance ]—

4-[ Choose Intent Kor ’ 5
) Update
Question Answering —{ Generate Queries and Retrieve ]—-[ Generate Cited Response J
Discourse . . e . | Filter 4
History Perspective-Guided Expert Pipeline (§3.4) Large Information Respository (e.g., The Internet) Mind Map
2 Polish Utterance ] Generate
4-[ Rerank Unused information ]—-[ Generate Question

Moderator Pipeline (§3.5)

Update Participant List ] —
—I Report

Cited
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Understanding CoSTORM topics of the course

I Produceknowledge artefact I Ensuring S comes to know P In

roup and by knowledge artefact
I cooperating with group of agents Jrotp y J

I Choosing the appropriate
representatives (experts)

| reflecting aggregated judgments | Who can testify facts?

I relying on experts

I Does knowledge artefact/mind

| " (Social) Epistemology (2.0) represent djointO knowledge of
group agents?

Winter term 25/26 AIL | ...zgYr L..zeep 27
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Understanding CoSTORM topics of the course

I Produceknowledge artefact I Which (sulb-)coalition of

. . agents/humans is fruitful?
I cooperating with group of agents

I How to systematically aggregate
judgments of agents/humans into

| reflecting aggregated judgments knowledge artefact?

I relying on experts

l " Socilal Mechanisms
(Social Choice, Game Theory)

Winter term 25/26 AIL | ...zgYr L..zeep 28
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Notebook

LIT 300
Example 4:NotebookLM
| https:// notebookim.google/
| Advertised as Opersonalized research assistantC
I Generates on the fly a x
podcast/texts/videos/QA -agents on given text
document
I In podcast: participation of humans in the .
podcast allowed (as by phone call)

| See also the Kicloff notes

Winter term 25/26 AIL | ...zg¥r L..zeep
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Homework: NotebookLM

I Download slides of the next lecture (on game theory) from Moodle in PDF
and skim over them

I Make yourself acquainted with NotebookLM
I Import the slides into NotebookLM

| Generate a report/video/blog entry/podcast/QA -Agent with NotebookLM
and consume/use it

I Generate a quiz and test yourself

Winter term 25/26 AIL | ...zgYr L..zeep 30
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Example 5: Humancompatible Al

I A robot having the objective of bringing coffee will do anything to get you
coffee bat any cost!

| This reflects a misalignment of robotsO objectives with humansO
preferences

| RussellOs solution (Russell 2019)
The only goal of the robot is to maximally fulfill humansQreferences
The robot is uncertain in the beginning about humansQreferences
The best resource about humansO preferences are their behaviors

Winter term 25/26 AIL | ...zgYr L..zeep 31
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Example: Off-switch games !
p g 9 T B
! Game alternating between Robot (R) 7, «7,,. oy
and Human (H) move 5% )
l Aim of R:maximize utility U for H ! e
! In the beginning it does not know @
about H.OS Preferences .y//// o T
I Uncertainty is not a bug but a feature
OUncertainty, Causality, an Thm: Robot has positive incentive
ConditionalsC to allow itself to be switched off
(Hadfield-Menell et al. 17) Thm: Robot is provably beneficial
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Example 5: Reinforcement learning from human feedback

Step 1 Step 2 Step 3
Collect demonstration data, Collect comparison data, and Optimize a policy against the I . .
and train a supervised policy. train a reward model. reward model using e re I S n O a S I n e
reinforcement learning. -
h ' lved but many

A prompt is sample from A prompt and several A new prompt is sampled a
our prompt dataset. Explain the moon model outputs are Explain the moon from the dataset. Write a story
landing to a 6 year old sampled. landing to a 6 year old about frogs
. .
' 2.1.2 ! I How to cope with this
Explaingravity..  Explain war. PO .

e e The policy generates an //?%

A labeler demonstrates @ Moonisnatural  Peoplewentto output. .\\5.3(/. - ’)

" satalteof. the maon

. systematica

behavior. Z H
Some people went v

to the moon...

Once upon a time...
Alabeler ranks the
\ outputs from best I
"

.SFT. to worst. e>e)°=e \

RM
This data is used to .\ 2 /' The reward model o0
fine-tune GPT-3 with }5&{ v calculates a reward for & N . .
supervised learning. Y the output. W I C
‘ ™ onstitutiona
@ @ @ This data is used to M \j "
o o o

train our reward model.

u

coee | EEED 4 (Bai et al. 22)
I RLCHFQonitzeret al 24)
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Reinforcement learning from collective human feedback
Basic RLHF rating :

2,06

B, 0 - [# :

2, & P IHS%0%6& S(H S+, H T (SI#().(#0),'81
B, 8 @ |

2, @

B, @ -

texts ratings

I #E& (
Yeprompt; ' : response
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Challenges: different forms of aggregation

I Instant Runoff Voting (iterative) | Borda Count (scorebased):
| Each ballot is a list of ordered

Count voters® altern at|VeS

first choices

I On each ballot compute the rank
of each alternative

| Rank order alternatives based on
decreasing sum of their ranks

Distribute ballots of
eliminated candidate
Candidate
with
IS no Eliminate last
place candidate

Winner
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Challenges: different forms of aggregation

Borda:
| C () ( . '$&.'&012'#33

"H#P%E&YoH' r,"-./0-./01.20-.303.2"

! " ||#$ $ $ —4

% 4SS # # | 5" -.30-.201./0-.203.3"
-6

& $#||# " "
r7"-./0-.301.30-./03./"

28

I So, 9 preferred over: preferred over;
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Challenges: different forms of aggregation

Instant Runoff:

! ( () ( . '$&.'&012'#33
"#5%&YoH' I First place counts
! T HS S S ! by +<
I +1
% #$$" # # # .
' 948 (" eliminated)
& $#"# " " $
I Updated counts:
I +<0 -" /3 (" ; hasmajority)
I :+103" [/
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Challenges: different forms of aggregation

| ( () ( * +#- ['$8.'&012'#33

"HEY&YoH

! T H#H S S S

% #$$" # # #
& $#"# " "8

I So: Different aggregation operators may have different (non)desirable
properties for the scenario under consideration
l So: better know and control them E
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Property of independence of clones

: W[4 > How to translate
! Clone_canqldateS! I#: Obegreifen O into English?
for all individual preferences

] A: O hendO
and eachother choice ComprEnen

alternative $: ! B: OcatchO
is preferred to $ iff
!#%'eferred to$ | 52061 " #

| Desired feature: Aggregation ' 48%:# " !
operator should be unaffected

by intrOdUCing ClOneS I So:! preferred to #

Winter term 25/26 AIL | ...zg¥r L..zeep
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Obegreifen O into English?

A: OcomprehendO
AO: OunderstandO

B: OcatchO

I 26%:! " 1$" #
I 26%:1$" I " #
I 48%:# " 1$ " |

' Now, # preferred to!
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Property of independence of clones

> How to translate > How to translate
| FaCt Borda count does NOT oegreifen O into English? oegreifen O into English?
fulfil independence of clones \ , ‘ ,
A: OcomprehendO A: OcomprehendO
I However: Standard B: OcatchO AO: OunderstandO
_appr_o_aches to RLHF | o Oentehd
Implicitly amount to using a
Borda aCCOun'[ I 52%: " # I 26%:! " 1$" #
(Siththaranjan et al 23) - asve 2% T
I 48%:# " 1$ " |
I So:! preferred to # ' Now, # preferred to !
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Course Agenda




Date Lecture AIL (Tuesday 124) Seminar AIL (Tuesday 146)

1 14.10.25 Introduction Introduction

2 21.10.25 Noncooperative Game Theory

3 28.10.25 Social Choice Talk 1 (Game theory + LLMS)

4 04.11.25 Mechanism Design Talk 2(Game Theory + LLMS)

5 11.11.25 First-Order Logic (FOL): Basics Talk 3(Mechanism Design + LLMs)

6 18.11.25 First-Order Logic: Advancedand beyond Talk 4 (FOL + LLM)

7 25.11.25 Modal Logic Talk 5 (Logic andNeurosymbolic Reasoning)

8 02.12.25 Epistemic Logic Talk 6 (Modal Logic + LLM)

9 09.12.25 Dynamic Epistemic Logic (DEL) Talk 7 (Epistemology: Knowledge first)

10 16.12.25 Knowledge and Time Talk 8 (Epistemology + LLMS)
L Gmmem

11  06.01.26 Modal Logic for Social Choice Theory Talk 9 (Logic(s): PluralismMonism Debate)

12 13.01.26 Belief Revision | Talk 10 (DEL and Game Theory)

13  20.01.26 Belief Revision Il Talk 11 (Belief Revision + LLMS)

14  27.01.26 Wrap-Up Talk 12 (Belief Revision + DEL)
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WMot Universitat Hamburg 14.10.25 Introduction
4 21.10.25 Noncooperative Game Theory
28.10.25 Social Choice
R 04.11.25 Mechanism Design
‘." 11.11.25 First-Order Logic (FOL): Basics
.
’,” 18.11.25 First-Order Logic: Advancedand beyond
R
‘.0 25.11.25 Modal Logic
O X 02.12.25 Epistemic Logic
X 09.12.25 Dynamic Epistemic Logic (DEL)
@) @) 16.12.25 Knowledge and Time
[ oo
06.01.26 Modal Logic for Social Choice Theory
13.01.26 Belief Revision |
20.01.26 Belief Revision Il
27.01.26  Wrap-Up
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21.10.25 Noncooperative Game Theory
1 28.10.25 Social Choice
04.11.25 Mechanism Design
o 11.11.25 First-Order Logic (FOL): Basics
.
L 4
181125 FirstOrder Logic: Advancedand beyond
R
o 25.11.25 Modal Logic
O=1\ 02.12.25 Epistemic Logic
Aggregation rules M 09.12.25 Dynamic Epistemic Logic (DEL)

O ]
16.12.25 Knowledge and Time

- | Omsmiemms

ArrowOs theorem 06.01.26 Modal Logic for Social Choice Theory

13.01.26 Belief Revision |
20.01.26 Belief Revision I
27.01.26  Wrap-Up
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14.10.25 Introduction
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21.10.25 Noncooperative Game Theory

28.10.25 Social Choice

~| 04.11.25 Mechanism Design

o | 11.11.25 First-Order Logic (FOL): Basics

Agent types :’ 18.11.25 First-Order Logic: Advancedand beyond
g

25.11.25 Modal Logic

Of [X o= 02.12.25 Epistemic Logic

Revelation principle o o 8— 09.12.25 Dynamic Epistemic Logic (DEL)

16.12.25 Knowledge and Time

m—— | rsmastoldys

06.01.26 Modal Logic for Social Choice Theory

13.01.26 Belief Revision |

20.01.26 Belief Revision Il

27.01.26  Wrap-Up

Winter term 25/26 AIL | ...zgYr L..zeep 45



UH
m
L2 Universitdit Hamburg

DE] Lecture AIL (Tuesday 124)

14.10.25 Introduction
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21.10.25 Noncooperative Game Theory
28.10.25 Social Choice
Syntax of FOL 04.11.25 Mechanism Design
11.11.25 First-Order Logic (FOL): Basics
Interpretation, entailment E . :
o 25.11.25 Modal Logic
.
o 02.12.25 Epistemic Logic
L4
%&'()*& (+,-/0/ ) 1 23 %&'()*& 435 ¢ 09.12.25 Dynamic Epistemic Logic (DEL)
16.12.25 Knowledge and Time
Towards Algorthmization : Calui T
06.01.26 Modal Logic for Social Choice Theory
: ’ S 13.01.26 Belief Revision |
Modelling with FOL and its limits
20.01.26 Belief Revision I
27.01.26  Wrap-Up
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21.10.25 Noncooperative Game Theory

28.10.25 Social Choice

04.11.25 Mechanism Design

Syntax: Modalities 11.11.25 First-Order Logic (FOL): Basics

18.11.25 First-Order Logic: Advancedand beyond

ant 25.11.25 Modal Logic

Semantics: Possible worlds, . 02.12.25 Epistemic Logic
accessibility, frames

09.12.25 Dynamic Epistemic Logic (DEL)

16.12.25 Knowledge and Time

Family of modal logics 06.01.26 Modal Logic for Social Choice Theory

13.01.26 Belief Revision |

20.01.26 Belief Revision Il

27.01.26  Wrap-Up
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21.10.25 Noncooperative Game Theory

28.10.25 Social Choice
EpIStemIC LOglC 04.11.25 Mechanism Design

11.11.25 First-Order Logic (FOL): Basics

18.11.25 First-Order Logic: Advancedand beyond

Knoweldge: PlatoOs definition 25.11.25 Modal Logic

and GettierOs counterexamples

02.12.25 Epistemic Logic

& l() ‘------‘-‘-ux
! 09.12.25 Dynamic Epistemic Logic (DEL)

Epistemic Logic as instance of a 16.12.25 Knowledge and Time
E— | rsmastoldys

06.01.26 Modal Logic for Social Choice Theory

Epistemic Logic + Al 13.01.26  Belief Revision |

20.01.26 Belief Revision Il

27.01.26  Wrap-Up
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21.10.25 Noncooperative Game Theory

28.10.25 Social Choice

04.11.25 Mechanism Design

11.11.25 First-Order Logic (FOL): Basics

; 18.11.25 First-Order Logic: Advancedand beyond
Events6, actions, updates7 of
epistemic statesd 25.11.25 Modal Logic

02.12.25 Epistemic Logic

* + - * # EEER - . . .
Muddy children y 09.12.25 Dynamic Epistemic Logic (DEL)

16.12.25 Knowledge and Time

Epistenic Planning | rsmastoldys

06.01.26 Modal Logic for Social Choice Theory

13.01.26 Belief Revision |

20.01.26 Belief Revision Il

27.01.26  Wrap-Up
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14.10.25 Introduction
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21.10.25 Noncooperative Game Theory
28.10.25 Social Choice
04.11.25 Mechanism Design
11.11.25 First-Order Logic (FOL): Basics
Flow of time
18.11.25 First-Order Logic: Advancedand beyond
aaa
i i i i i 25.11.25 Modal Logic
“a, 02.12.25 Epistemic Logic
ol
"., 09.12.25 Dynamic Epistemic Logic (DEL)
Perfect recall Yoo,
*: | 16.12.25 Knowledge and Time
: : 06.01.26 Modal Logic for Social Choice Theory
Linear temporal logic
13.01.26 Belief Revision |
20.01.26 Belief Revision I
27.01.26  Wrap-Up
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21.10.25 Noncooperative Game Theory

28.10.25 Social Choice

04.11.25 Mechanism Design

11.11.25 First-Order Logic (FOL): Basics

Encoding aggregations 18.11.25 First-Order Logic: Advancedand beyond

25.11.25 Modal Logic

o- @ ——
}2{ 02.12.25 Epistemic Logic

O + @—;@ 09.12.25 Dynamic Epistemic Logic (DEL)
16.12.25 Knowledge and Time

*
*

L/
K 06.01.26 Modal Logic for Social Choice Theory

13.01.26 Belief Revision |

20.01.26 Belief Revision Il

27.01.26  Wrap-Up
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21.10.25 Noncooperative Game Theory

28.10.25 Social Choice

04.11.25 Mechanism Design

11.11.25 First-Order Logic (FOL): Basics

Classical belief revision and beyond 18.11.25 First-Order Logic: Advancedand beyond

25.11.25 Modal Logic

: _ _ 02.12.25 Epistemic Logic
Representation theorems #$%&PB(Mew info = new beliefs
09.12.25 Dynamic Epistemic Logic (DEL)

3
.
“‘ 16.12.25 Knowledge and Time
”, 06.01.26 Modal Logic for Social Choice Theory
“0 g 13.01.26 Belief Revision |

20.01.26 Belief Revision Il

27.01.26  Wrap-Up
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Your conclusion should be E

Ol am looking forward to the other lecturesO ;)
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Thanks for your attention!

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

I Newly introduced terminology and definitions, possibly in a frame
I Results (theorems) and emphasizing, possiblyn a frame

| Examples, possibly in a frame

Crossreferencego lectures (possibly of other courses
I Algorithms

I Reminders and recapitulation
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Other stu!

I In the beginning | mention slide material which | profited from
(without explicitly referencing them again and again

| Literature reference in the style (Author Year).
I Full reference list at the end

I Sometimes so crazy as to add an appendix (et voil™)
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OModelBuilding CubeO Methodology
Ontology

I Model building central Complexity

| Cube lists relevant Calcull T

aspects/perspectives in
model building

l  In due course, we will Semantics

. . /
highlight rglevant aspects Enistemalogy
for the topic under oragmatics
consideration
Syntax
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Syntax - Pragmatics

Ontology

I Consider the kind of entities you commit to in your models

I Examples
concrete vs abstract objects
Universals, relations, higherorder relations
Crisp or fuzzy (truth) values
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Syntax

.Se

Complexity

mantics

’ Pragmatics

\‘ 'I
\m‘
s T,

\
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Epistemology

| Deal with

what it means that an agent believes or knows something

how to acquire and justify knowledge/beliefs
architecture of knowledge/beliefs

| Example for general questions
Does knowing entail truth
What is the relation of knowing and believing
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Syntax ’ Pragmatics

Syntax

I Deal with well-formed expressions to use in model

I Examples
Vocabulary
Terms, sentences, arguments
Usually not without intended semantics

Winter term 25/26 AIL | ...zgYr L..zeep 64



Ontology Methodology

v
. Calculi Complexity 3@2
ii-.l - -
L4 ¥ Universitait Hamburg R R

1 N
DER FORSCHUNG | DER LEHRE | DER BILDUNG Epistemology . Semantics "#$%& ' &()+(%'(,(-./0

Syntax - Pragmatics

Semantics

I Deal with the intended meanings of your expressions with the meanings
of terms

I Example
Denotations
Truth of a sentence
Validity of an argument
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Calculi (as used In Logic)
| Inference: @initisticO means to capture derived semantic notions
| Based on axioms and rules

I Example
Axiom (tertium no datur): . / O .
Rule (Modus ponens): FromF . 1 2 infer 2
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Syntax - Pragmatics

I Deal with decidability and feasibility (w.r.t. time and space) of (inference)
problems over your models

I Example
Checking validity of first-order logic (FOL) arguments is undecidable
Checking truth of an FOL formula is feasible
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Syntax ’ Pragmatics

Pragmatics

I Deal with getting your model into action

| Examples
Application aspects
Context-sensitivity
Implementation aspects
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Syntax ’ Pragmatics

Methodology

I Methods and (meta-) principles you think adequate for modelling

I Examples

Conservativity
(e.g., want to extend a weltproven logic)

Robustness
Minimality
(e.g. OccamOs razor, minimal description length)
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If you do not have much timeBbwho has ?Pread ...

Multiagent Systems

ic, Game-Th ic, and Logical

YOAV SHOHAM
KEVIN LEYTON-BROWN

Various aspects of multtagents
are covered, in particular social
choice, (norr)cooperative game
theory, epistemic logic
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Comprehensive Books on Al

http://aima.cs.berkeley.edu

(AIMA, % edition 1995)

Pes

Stuat EESTIRSEERSN ,_?, "-‘
Russ::, Al’t cial |ﬁeuIQEnce

Norvig | AlVioderaiApproach
- FL X R
P N\ -~ Fourth Edition

Althe standard Al book

Winter term 25/26

http:/artint.info
(AIFCA,sLedition 2010)

SECOND EDITION

ARTIFICIAL
INTELLIGENCE

FOUNDATIONS OF COMPUTATIONAL AGENTS

DAVID L. POOLE T
ALAN K. MACKWORTH

Another good Al book
with similar coverage of
topics

Multiagent Systems

ic, Game-Th ic, and Logical

YOAV SHOHAM
KEVIN LEYTON-BROWN

Various aspects of multtagents are
covered, in particular social choice, (not)
cooperative game theory, epistemic logic
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Books on Logic

Michael Huth and Mark Ryan

Modal Logic

Peter Smith
mn J Logicin Computer Science
| Modelling and Reasoning about Systems Beglnnlng Mathematical LOQIC

—_——
l’,_——-

e

MODAL LOGICS ,-
~and PHILOSOPHY

" SECOND EDITION

ROD GIRLE

A Study Guide

Patrick Blackburn, Maarten de Rijke
-

A standard comprehensive Covers many topics of philosophy Logics for CS, in Study guide for

book on modal logic with modal logics: particular logics for logics as mathematical

emphasizing the semantics ~ temporal, epistemic, dynamic, deontic, verification (LTL, CTL) objects. Author has a blog in
Conditional logics logical matters

(no fully continued)

) https:// www.logicmatters.net / tyl/
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Books on Logic

Hans van Ditmarsch
Wiebe van der Hoek
Barteld Kool

Dynamic
Epistemic Logic

Reasoning About Knowledge 4) Springer

Comprehensive coverage of logics Comprehensive book

related to knowledge from B on epistemic logic extended
emphasis on CS with actions
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Books on Social Choice and Game Theory

HANDBOOK of

COMPUTATIONAL

SOCIAL CHOICE

EDITED BY
Felix Brandt » Vincent Conitzer = Ulle Endriss
Jéréme Lang » Ariel D. Procaccia

Social Choice theory
with CS emphasis
Winter term 25/26

Algorithmic Game Theory

Tour-de force on interface of
logic and games

Collection on game theory
with CS emphasis

AIL | ...zgYr L..zeep

% Morgan Cdaypool Publishers

Computational Aspects of
&&" ( *1, $ &

&(1&)  #"1 ")
Y #"1%
Lo# &&H# (!

SYNTHESIS LECTURES ON ARTIF ICIAL

INTELLIGENCE AND MACHINE LEARNING

Ronald J. Brachman and Thomas G. DietteriSeyies Editors

Compact treatment of CS
aspects of cooperative game
theory
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