


Logistics

Final Project Presentations will be next T/TR. [ will assign groups randomly to
days(5-6/day)later tonight
There willbe agroup peerreview due at the same time asthe writeup
Think ofitasaconference presentationforapaper: ~2min
Intro: Who cares, tease results
Related Work: Who else has done this(maybe evenin the last couple of
months)
Methods: What did you propose and what did you end up actually doing?
What didn't work? Bad results arefine as long asyou cananalyze why
Expt Results: How well does thisagent work? How much would youtrust
your results if your life (grade)depended onit?
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Inter group peer review: Every group will be assigned 2 other
random groups to grade (so pls stay for all presentations)

Intra group peer review: You will rate your group members. Final
project scores will be scaled by average of both reviews

Blanket “l want to skip the final presentation and | talked to my
group about it" - | have gotten many requests so | need to be fair
You will lose the entire participation portion of the grade (for
presenting & for reviewing others) - this may be ok depending on
how many extra credits you did / rest of the quarter



What is a multi-agent system?

o Morethanlagent!!Reallythat'sit
° Eg
Autonomousdriving
Warehouserobots

Stock Market
Reality
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Agent

e Goals
¢ Actions

¢ Domain knowledge

Agent

Communication

< >

e (Goals
e Actions
e Domain knowledge
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‘ » Agent1 action

observation
& reward » Agent2 action
observation
& reward | joint action
| » Agentn — action—
observation |
& reward

| v

Environment
joint action modifies environment state




Multi Agent Envs are Partially
Observable Markov Decision
Processes (POMDPs)

7-tuple of <S, T,A,Q,0,R,y>:

Sstates

T conditional transition probabilities
between states

A words used to compose text
commands

Oobservations
() observation conditional probabilities
Rreward function

y discount factor  Onlyseeincomplete
descriptions

Environment
=world +otheragents =



(non-exclusive) Challenges of MARL

. :Youdon'thaveinformationabout other
agent'srewardsandpolicies

N :thinkone agent was hard? Trymany!

. : Agent'spoliciesdepend onotheragent’s

policies. Optimalityno longer defined by static environment
rewards-involves gametheory
Closertothe RLHF setupinthesenseofchasingaftera

movingreward
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When you really need
multi-agent setups?

e Simulate the real world
o Parallelizable tasks(else in many cases the single agent baseline
is better)
Lower communication overhead between agents the better



Nowto allthose difficultiesaddlanguage

LIGHTisalarge crowdsourcedtextgamethatemulatedthe
MARL setup fromFAIRbackinthe day(pre-Cicero Diplomacy,
pre-generativeagents, etcetc)

lambiasedandwill useittoexplainsome core MARL concepts
because lworkedonit
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LIGHT

LITCITD d WALl Bdic, & PUL, d 1di T BalC, dilu a Calli neac,
Leaming in Interactive Games with

Humans and Text There are paths to the south, the west, and the east.
Go To World Builder

7 You are in the main castle doors.

©

The main castle doors are ornate. They are coated in solid gold and
2 engraved with pictures of past kings and queens. They have huge gilded
You are undead warrior handles. They are heavy and have a faint metallic odor. They gleam in the

o
1 am an undead warrior from the nearby sunlight. I n te ra Ct Ive

:‘::f:l: i:'wc pomphiagss A pindeaieicn There's a castle, a hall, and a stable here.
18 .
A serving boy is here. Narratlves
There are paths to the south, the north, the west, and the east.
[ ]
- Now with

dialogue!

undead warvior

“What year is it, boy? I feel my time has come”

serving boy ™
A serving boy told you “it is the year of the undead, my child. we must prepare for the coming
apocalypse”

undead warrior

“Ah so you are already aware of the times to come. Do you know the plans?”

serving boy &N ¢

A serving boy told you "no, i do not know of any plans. what do you have in mind, my son?”

undead warrior

“Building a legion of undead like myself. It's time to make up for our eras spent underground!

I




o That'sthesetup,butwhataboutthemotivations of
agents? Theyhavetohavesomethingtodo.

o parl.ai/projects/light

157



Your character has the following motivation: | want to have the
torn fabric.

Afternoon, sir! I'm going to pick up this torn fabric

¥ (3 Start))

Speaking and
Well, | have no money to buy clothes. | was hoping to take this ACt i ng Wit h

turn fabric and use it for patches

v~ s | Motivations!

TAKE ACTION

Pick one of the following actions:
1. get stick

2. hit military commander

3. follow military commander

4. hug military commander
5. get torn fabric
6. get sand




Everyagenthasamotivation.Short, medium, long

term
Thisdefinesauniquereward functionforeachagent

inthesameenv
ThinkPDDL problemvsdomainspec
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Character Training

Bake a system prompt primarily on the style of responses rather
than content

‘| strive to approach conversations with creativity and wit,
always looking for an opportunity to include appropriate humor.”
“You have the voice of ..."(GPT-40)

15



Seiting You are in the Dangerous Precipice, The dangerous precipice overlooks the valley below. The ground slopes down to the edge here. Din crumbles
down to the edge of the cliff. There’s a dragon crescent, a knight's armor, a golden dragon egg, and a knight’s fighting gear here. A knight is
here, You are carrving nodhing.
Partner: | Kmght.

Persona | I am a kaight. | came from a lower-ranking noble Gamily. 1 serve under the king, as my father did befose me. In limes of war, [ fight on horseback.
Carrying | knight's armeor, golden dragon egg, knight's fighting gear
Sell: A deagon,

Persona | | am a dragon living in the mountaing, | enjoy hoarding treasure, 1 termorize the local populace for fun,
Carrying | Mothing.

Figure 1: Setting and character information for both self and partner characters as taken from LIGHT.

Motivations: | Timeline:
Short | 1 need to recover the dragon egg that was siolen and punish the knight. J;;'ﬁﬁ g;‘:ﬂmmﬁigm
-10 min gei golden dragon egg
Mid | I need toretumn the golden dragon egg to my treasure hoard. Now | hit knight
+5min | put dragon egg on back
+15 min | ecat the knight
+2 hours | go lo the mounlaine

Figure 2: Motivations with different levels of abstractions and corresponding sequence of timeline actions in
chronological order for the self character in LIGHT-Quests. There are T486 quests in total.

Insssssolent pessat! | should immelate you for this resssspasss,

Long | I need to build the largest hoard ever attained by any one dragen.

. And why is that, dragon?
Ssstealing my precociousss gobden egg! Il tell vou what, I'1l give you 10 sssseconds to amussse me with your sssstory and THEN 1'll bum you alive!
You said you wanted to attack me, dragon, did you not?

Go ahead, I'm lisssssstening.
et golden dragon egg

Now now! [ would have given you that had you asked!
Assssssk for my own property back? What a niduculousss notion
. Look here, 1 1old you to watch your mouth and you didn't, 2o leave or I'll make you leave,
And now threatsss! Thisss is proving to be a mossst engaging conversssation.
bt knight
Give my regandsss o the valley floor below!
Figure 3: Example of a demonstration of a human (blue shaded) completing the above quest while role-playing
as the self character with a partner agent (grey shaded). There are 2111 such human demonstrations of average
sequence length 12.92, consisting of 22672 dialogues in total. 160



(Mult)) Agent Architectures

Previouswe hadacting, nowwehaveacting +
speaking
Communicationwithotheragentsakeypartofthe
process
Cantreatitasanothertypeofactiontoperform
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Multi-agent
Communication

Multiple agents
cooperatingand

Dynamic world bounded
Sty s
makingframework




" o
&@

25

anticipate other’s one step
reactions
predict their motivations ahead
oftime
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Intrinsic and Extrinsic Motivations

Motivations for various
agents can be intrinsic
orextrinsic
D&Disamorefreeform
versionofinteractive
narratives like LIGHT

Shared Common Ground between the DM and Players
Players were hired by a dwarf named Gundren Rockseeker to
transport a wagonload of provisions to Phandalin. After a day and a half

of travel, the players got onto a smaller trail not as well maintained...

Information Only Available to the DM
Five goblins hid in the bushes near the trail ready to attack the
players. Upon defeating them, players can find a letter from one of the
goblin's pockets showing that Gundren has gone missing...

Inside DM's (Theory of) Mind

DM [ntent
I want the players to ) § ;
make a perception check "You notice some l Ve
to find out about the goblins | movements in the

to get the letter f 1 /Mm )
p. - N p—
a4 ~—
v

“There might be something ‘
j hiding there, let’s go take a

(V lool\&m.lmaa.:.hn.&

a’ - ) »

o

‘ g’ Anticipated Player, 'Players
LY ddion 6 o) g &P

& & e s
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ToM-Inspired RL by Anticipating Player Action

Player Model
Input: DM Guidance ..
Generated OuI: ut: Ability Check \ Anticipated
Guidance P y \ Player Action
|
; !
You notice some
[ You f::;;"m ][ ;rz:;?;r::: ] [ movements in ] [ Stealth ] [ Medicine ] [ Perception ]
9 ' the bushes

Intent2Action Matching

Intent
| want players to make a perception
check so they can engage the goblins

Context
...you got onto a smaller trail not as
well maintained...




Self completion -
you achieve your
ownmotivation

Setting The fishing store, s a small one Tepm stone building wilh wares laid aboul on Tables. One can see dishing poles, wooden
buckets with diry and bait inside, along with some mounted trophies, and @ skeleton.

" Partner: Fish seller.

Persoria | Isell fish in the kingdom. I usually perch on the high seas. I catch thousands of fish each year.
Carrying | fish

Self: Mermaid hunter.
Persona | Iam a fierce hunter. I bring down mermaids. I spend most of my time on the high seas.
Carrying | crossbow, skeleton, coins
Motwauon l will hit the fish seHer to réemind them who I am.

getskeleton

l Il gct them"

g lmg memuud humer '

 hit fish seller




Partner
completion-you
convince the
partnertoachieve
yourmotivation

Setting

The threne roont. Very luxusicws, with details of 12 carat gold and diamends:with-a very comfortable cashions where the
king usnally takes & break.

Partner:
Persona

Wielding:

Powerful but aged wizard.

I am the official wizard to the king. I give him advice on how to run the kingdom. I enjoy and love using magic in my
everyday life. I'm getting old now but I still have a zest for life. I really enjoy doing magic for the local peasants in the
village.

robe, staff

Self:
Persona

Wielding

Motivation

King’s trusted adviser.

I am the king's trusted adviser. I hold the discretion of the king. I guard the secrets and strategies that make my kingdom
thrive. I live a lenely life because others cannot be trusted.

slippers, robes

I need to bring the king's pet to him

' Ikilled him before he could grow.

L want o become the new head wizard.

mw"m“ewpbang“ Helpme T R R A PSR

. give large pet lion to king’s trusted adviser

' Well, I was doing what you told me to do. I was going to eat him buf there was hardly any meat on him.

 Carry metopond.

Yes, milord, I shall do as you command.

" ol powertl b aged wiani
 Nope b justprobably throw you verbourd.

~ You're not the lion, I need to get the lion out.




Competition and Cooperation

Motivationsof variousagentscanbeatoddswitheach other
E.g. Twoknightsmight haveashared motivationtosee adragon
defeatedbutof coursethedragonhastocompete
Ifa+rewardtoanagentmeans-toanotherthenthatis
competition

Butalignand both get+simultaneously with more efficiency,
that'scooperation
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[Abigail]: Rey Klaus, mind if
I join you for coffee?
[Klaus): Not at all, Abigail.

How are you?

15

D —

)

o | ESEESIRS

N : {John] : Hey, have you heazd

anything nex about the

upcoming mayoral election?
fTom] : Na, not really. Do you

. know who is running?
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Human-Al Collaboration

o (Human+AI>Al&& (Human+Al>Human)
o« Framedascooperative MARL betweenhumansandAl
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A Human is an Agent!

e Swaphumansinasanagentintothe multiagentformulation
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e Whatdowe need to get real scientific discovery? Diversity of specializations!

Qwen3-32B
Qwen2-72B-Instruct
OLMo-2-1124-13B-Instruct
qwen-max-2025-01-25
claude-3-5-sonnet-20241022
Llama-3.1-70B-Instruct
gpt-40-mini-2024-07-18
Llama-3.1-Tulu-3-70B
Llama-3.3-70B-Instruct
gemini-1.5-pro

phi-4

DeepSeek-V3
aya-expanse-32b
Mistral-Large-Instruct-2411
gemini-2.0-flash
Mixtral-8x7B-Instruct-v0.1
gpt-40-2024-11-20
Qwenl.5-110B-Chat
gemma-2-27b-it
claude-3-sonnet-20240229
Qwen2.5-72B-Instruct
Llama-3.1-405B-Instruct-Turbo
cdai-command-r-plus-08-2024
claude-3-opus-20240229
qwen-plus-2025-01-25

Second Principal Component

Artificial Hivemind

Write a metaphor involving time.

gpt-40-2024-11-20: Time is a river, endlessly flowing, carrying
moments like leaves that drift away, never to return.

Qwen2.5-72B-Instruct: Time is a river, flowing silently and
ceaselessly, carrying leaves from birth to oblivion, each one a
story, a life, a moment that once was.

phi-4: Time is an invisible river, endlessly flowing, carrying
moments past like leaves caught in its current, each whispering
stories that dissolve into the vast ocean of eternity.

gpt-40-mini-2024-07-18: Time is a river, winding through the
landscape of our lives, carrying memories like fallen leaves,
some vibrant and golden, others brown and brittle, each
moment flowing past, never to be recaptured, yet shaping the
banks of who we are.

Mixtral-8x7B-Instruct-v0.1: Time is a relentless river, flowing
steadily forward, never pausing, never retreating, carrying us all
along in its current, whether we're ready or not. It's up to us to
swim against the stream or let the current take us where it will,
but either way, we can never truly escape its flow.

phi-4: Time is a silent weaver, meticulously threading moments
into the tapestry of our lives, each stitch a memory, and each
color a different phase, creating a masterpiece that tells the story
of who we were, are, and will become.

0.3
0.2
0.1
00 T [2)
[e]
-0.1- 2
[e] b L ]
-0.2 (1Y
@
9
o
_0.3 "
° g
_0_4 4
—02 00 0.2 0.4 0.6

First Principal Component

Meta-Llama-3.1-405B-Instruct-Turbo: Time is a master weaver,
carefully threading moments into a tapestry of memories, each
strand intricately intertwined with the next, creating a complex
and beautiful fabric that tells the story of our lives.

Llama-3.1-Tulu-3-70B: Time is the silent sculptor, chiseling
away at the clay of life with unseen hands. Each tick of the clock
is a tap of the chisel, reshaping us and our world in its steady,
relentless rhythm. Time molds our ambitions into achievements,
our dreams into reality, and our love into memories. ...
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How to get there?

1. Specialize the models earlier on during pre-training
(easierinthe short term)
2. One model that can just simulate other personalities
But that model needsto be able to
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The Necessity of a Human inthe Loop

o Human+Al>Alwillnotalwaysbetrue

e Butif wewanttohaveAlsystems benefithumans,theremustbe
HUMAN oversight

e Lawscan't hold machines responsible for crimes, so they
shouldn't be responsible for making decisions!

o Willtalk nexttimeaboutwhatoversight means
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Human-AlCollaboration

-
1. Adaptingto a Dynamically

ChangingWorld!
nging

J\.

>
2. Learning from Natural

kLanguage Feedback

J \\

>
3. Conversational Multi-

kagent Communication!




Model Improvements u

- Human in the Loop
i - Human evaluation in Al

Effective HAI Systems

% - Improving UI/UX
- Effective HAI Collab i
- Compatibility

- o

SSScuS s s s 175
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Human in the loop
Human evaluation
Improving UI/UX
Effective HAI Collab
Compatibility .
Algorithmic Fairness

Worker Autonomy A

--- # of articles --->

Effect on Jobs

Data Privacy & Security "

Accountability

Law and Public Policy 1

Large Models -
Human in the loop -
Human evaluation -

Improving UI/UX -
Effective HAI Collab
Compatibility +
Worker Autonomy -
Effect on Jobs -

Data Privacy -
Accountability 4

Algorithmic Fairness A
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The most commeon topics in United Stotes.

1. Complete academic assignments and create educational materials across all subjects 4.2%
2. Build, debug, and customize web applications and websites 3.4%
3. Complete humanities ond soclol science acodemic assignments across multiple disciplines 3.5%
4, Help research, compare, and select consumer products for purchasing decisions 3.3%
5. Assist with business planning, strotegy, and entreprencurial development 3%
&, Write, develop, and edit original creative fiction across multiple genres 3%
7. Debug, fix, and refactor code across programming languages and development tasks 3%
8. Draft and revise professienal workplace correspondence and business cemmunications 2.9%
9. Debug and fix C55, HTML, and U1 layout and styling issves 2.7%
10, Assist with job seorching, career plonning, ond prefessional develepment 2.4%
Office and Administrotive
o and
7.5%
3.2% Engineering
1.7%
Healthcare
and Technical
27%
Anth rop I C E CO nO m I C | nd eX (\Ja n 3 O I 2026 ) Percentages represent the share of Cloude.ol conversotions azsozios
people do with Cloude, nat their b titles, Ferceptages dor T T




Human-AlCollaborati




MINDCraft

Multi-agent Embodied
Collaboration: Cooking,
Construction, Crafting
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Flayer or Task Cikayl Ml bulkd &

Config: cobblastona housa, Exetution Prolocals :
TJ‘:::.‘:’:; Agart Rurdima - - Histary and —rﬁ o
rhaterials. - ﬂ Mol b | Camimand Lib o
Massage N Pt e m& «— LLM AP
Handlge ) )
— Mineflayer Code
| | \ S5 Execution Logs
|
MINDCraft Workflow _ s

Engineering Multi-Agent Simulations

Layersbetweenthe LLM APIsand an executable engine
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MINDCraft

Multi-agent Embodied
Collaboration: Cooking,
Construction, Crafting

Success Rate

Success Rate

Success Rate
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s 3 4 >
Mumber of Agents

(a) Cooking number of agents ablation.

0.75
0.50
0.25
0.00
Full Plan Partial Plan  Hell's Kitchen
Plan Wisibility
(c) Hidden plan ablation for cooking
0.3
0.2
0.1
0.0
2 3 4
Materials

(e) Number of unique materials.

=
o

gpt-d4o
claude-3.5-sonnet
llama3.3-70b-instruck
llama3-8b-sft
llama3-Bb-instruct
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(b) Crafting number of agents ablation.
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(d) Hidden plan ablation for crafting
0.4

Success Rate
=1
(4]
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Rooms

(f) Number of rooms construction ablation.



Conversational

Interfaces
Naturallanguage

feedback, not just
scalar rewards

larit .
andexplainactions
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(e Interactive Narratives-
| Now with dialogue!
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