


L_ogistics

Final Project Presentations will be next T/TR. [ will assign groups randomly to

days (4/day) later tonight

There willbe agroup peer review due at the same time as the writeup

Think of it as a conference presentation for a paper: 15 min
Intro: Who cares, tease results
Related Work: Who else has done this (maybe even in the last couple of
months)
Methods: What did you propose and what did you end up actually doing?
What didn't work? Bad results are fine as long as you can analyze why
Expt Results: How well does thisagent work? How much would you trust
your results if your life (grade) depended on it?
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what is a multi-agent system=?

o Morethan1agent!! Really that'sit
° Eg
Autonomous driving
Warehouse robots
Stock Market
Reality
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Agent Agent
® Goals Communication e Coals
e Actions < »| e Actions
e Domain knowledge e Domain knowledge
N A A A
'l‘ D \" O
! wn H ! ul Eq-
‘ - D A = D '
A g p A g p i
"i. J = ‘\ o L F’
i {[: g i { g ¥
‘\ a ‘\ a I':
\ Y ' V ’

Environment

151



‘ » Agent1 action

observation
& reward » Agent 2 action
observation
& reward | joint action
| » Agentn — action—
observation |
& reward

| v

Environment
joint action modifies environment state




Multi Agent Envs are
bservable Markov

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

Agent
S states <<
T conditional transition probabilities

between states
A words used to compose text
commands

0 observations
() observation conditional probabilities
R reward function

y discount factor  Only see incomplete
descriptions

Fartially

ecision

Processes (POMDOPSs)

Environment
=world + other agents 153



(mon-exclusivel Challenges of MARL

. : You don't have information about other
agent's rewards and policies

. : think one agent was hard? Try many!

N : Agent’s policies depend on other agent’s

policies. Optimality no longer defined by static environment
rewards = involves game theory
Closer tothe RLHF setup in the sense of chasing after a
moving reward

154



o Nowto all those difficulties add language

e LIGHT isalarge crowd sourced text game that emulated the
MARL setup from FAIR back in the day(pre-Cicero Diplomacy,
pre-generative agents, etc etc)

e |lambiased and will use it to explain some core MARL concepts
because | worked on it
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LIGHT

Learning in Interactive Games with -
Humans and Text There are paths to the south, the west, and the east.

BIMERE S o WHLET BeiLEs, o P, & HIge Bele, s 8 CRRiier mere,

G To Wiarld Builder

?

You are undead warrior

T, Interactive
Narratives
- Now with

dialogue!



o That'sthe setup, but what about the motivations of
agents? They have to have something to do.
o parl.ai/projects/light
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Your character has the following motivation: | want to have the
torn fabric.

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

Well, | have no money to buy clothes. | was hoping to take this
turn fabric and use it for patches

TAKE ACTION

# ¥ (3 Starll)

military commander. What are you doing here, citizen?

w ‘w [2 Starl)
millitary commandar. Al well yau can wear it for the day than.

Pick one of the following actions:

1. get stick
Z. hit military cemmander
3. follow military commander

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

Speaking and
cting with
Motivations!




Every agent has a motivation. Short, medium, long

term
This defines a unique reward function for each agent

in the same env
Think PDDL problem vs domain spec
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Setting You are in the Dangerous Precipice. The dangerous precipice overlooks the valley below. The ground slopes down to the edge here, Dirt 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 kmight is
here, You are carrying nothing.
Partner: | Kmght.

Persona | | am aknight. | come from a lower-ranking noble family. | serve under the king, as my father did before me. In times of war, [ fight on horseback.
Casrving | knight's armor, golden dragon egg, knight's fighting gear
Sell: A dragomn,

Persona | | am a dragon living in the mountains, | enjoy hoarding treasure. 1 erorize the local populsce for fun.
Carrying | Nothing.

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

Motivations: | Timeline:
Short | I need to recover the dragon egg that was stolen and punish the knight. j;'t:ﬁ g:’tl:u?mmﬁigm
=10 min get golden dragon egg
Mid | I need to return the golden dragon egg to my treasure hoard. Now | hit knight
+5 min put dragon egg on back
+15 min | eat the knight
+2 hours | go o the mountains

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 7486 quests in total.

Insssssolemt pessst! 1 should immelate you for this resssspasss.

Long | [ need to build the largest hoard ever attained by any one dragon.

. And why is that, dragon?
Sestealing my prececiousss golden epp! Il tell yvou what, I'll give vou 10 sssseconds to amussse me with your sssstory and THEN 11l 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! I would have given you that had you asked!
Assssssk for my own property back? What a riduculousss notion
. Look here, 1told you to watch your mouth and you dida’t, 2o leave of I'll make you leave,

And now threatsss! Thisss is proving to be a mossst engaging conversssation.

it 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



(Multh) Agent Architectures

Previous we had acting, now we have acting +
speaking

Communication with other agents a key part of the
process

Can treat it asanother type of action to perform
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Multi-agent
Communication

Multiple agents

cooperating and
ursuing motivations

Dynamic world bounded
by unified decision-

making framework




e e e e e e
"

R @ e e INnteractive
= - — | Narratives- Now
=, - | with dialogue!




e
e@

25

anticipate other’'s one step
reactions
predict their motivations ahead
of time
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INErinsic and Extrinsic Motivations

Motivations for various
agents can be intrinsic
or extrinsic

D&D is a more freeform
version of interactive
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 [utent
I want the players to . § :
make a perception check | "You notice some l S
to find out about the goblins | movements in the |

) 7, '..)‘

to get the letter f | MM“—)
— .

» f / V

o “There might be something

j hiding there, let’s go take a

r (b look. Perception check!” |

Anticipated Player)

; Players
\ 0 -
o) ‘v,
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ToM-Inspired RL by Anticipating Player Action

Player Model
Input: DM Guidance ..
Generated Our: ut: Ability Check 5 Anticipated
Guidance P 4 \ Player Action
|
; !
You notice some
[ You ﬁg‘:;:'w ][ J::;?;;":: ][ 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
own motivation

Setting The fishing store is a small one room stone building with wares laid about on tables. One can see fishing poles. wooden
buckets with dirt and bait inside, along with some mounted trophies. and a skeleton.

Partner: Fish seller.
Persona | 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
Motivation l will hit the fish seller to remmd them who I am.

" I'll get them!!




Partner
completion - you
convince the
partnerto achieve
your motivation

Setting

The throne room. Very luxurious. with details of 12 carat gold and diamonds with a very comfortable cushions where the
King usually takes a break.

Partner: Powerful but aged wizard.

Persona | 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.

Wielding | robe, staff
Self: King’s trusted adviser.

Persona | [Iam 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 lonely life because others cannot be trusted.
Wielding | slippers, robes

Motivation

" Where is Ki'ng Fulmer’s pcl" - - v

 The wizard is evil? Dang it. Help me.

I need to bring the king's pet to him
Well, I was doing what you told me to do. | was going to eat him but there was hardly any meat on him.

I killed him before he could grow.

~ Camry metopond.

remove slippers -

‘ Is hc not in his bed?

chlgumyouncod(obnngmmm B R PP e SIS S R PPN EY

follow po.)c’éfﬁll but aged ul:an! '

1 want to become the new head wizard.

Nope he just probably throw you overboard.

. give large pet lion to king’s trusted adviser




Competition and Cooperation

Motivations of various agents can be at odds with each other
E.g. Two knights might have a shared motivation to see a dragon
defeated but of course the dragon has to compete

If a+reward to anagent means - to another then that is
competition

But align and both get + simultaneously with more efficiency,
that's cooperation
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[Abigail]: Hey Klaus, mind if
I join you for coffee?
[Klaus): Not at all, Abigail.

How are you?

{John]: Hey, have you heard
anything new about the
upcoming mayoral election?
[Tom] : No, not really. Do you
know who is running?
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Human-Al Collaboration

e (Human+Al> Al)&& (Human + Al >Human)
o Framed as cooperative MARL between humans and Al
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MINDOCraft

Multi-agent Embodied
Collaboration: Cooking,
Construction, Crafting




| Player or Task Ciayl Ml bk &

Config: cobhlastona housa, Execution Prolocals
Build a house o
ot of nearby Agant Rurtims -, ﬁ:lﬂtﬂl‘ﬁf and —» =
. . mimand Lib
e ' :‘ Modsl [T T e
Requesi Chal and
e Pl
Mas5ag8 . Command | © M8
Haredlar
—.IF lei-ul'lnyu"lln-l:h
A . Commands
B Exacition Logs
.|
MINDCraft Workflow v

Engineering Multi-Agent Simulations

Layers between the LLM APIs and an executable engine
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MINDOCraft

Multi-agent Embodied
Collaboration: Cooking,
Construction, Crafting

0.8 0.8 E gpt-do
o ' o e claude-3.5-sonnet
E—* 0.6 E 0.6 B llama3.3-70b-instruct
@ H I llama3-8bh-sit
S04 o 041 B llama3-8b-instruct
s 3
0.2 ¥ 0.24
0.0 1
2 3 4 ] 2 3 4 3
Number of Agents Number of Agents
(a) Cooking number of agents ablation. (b) Crafting number of agents ablation.
o715
=
o 0.50
1]
[
5 0.25
L]
0.00
Full Plan Partial Plan  Hell's Kitchen Full Plan Partial Plan
Plan Visibility Flan Visibility
(c) Hidden plan ablation for cooking (d) Hidden plan ablation for crafting
0.4
a ]
"g 0.3 E
8 0.2 # 0.2
o 0.1 =]
a0 3
0.0 0.0
2 3 4 4 5

Materials Rooms

(e) Number of unique materials, (f) Mumber of rooms construction ablation.
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Model Improvements

- Human in the Loop
- Human evaluation in Al

Effective HAI Systems

- Improving UI/UX
- Effective HAI Collab
- Compatibility

175
Vats et al. Survev on Human Al Teaming with Large Pre-trained Models. 2024.



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

Worker Autonomy

--- # of articles ---=>

Effect on Jobs -

Data Privacy & Security .

Accountability

Law and Public Policy 1
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A Human is an Agent (A)

e Swap humansin as an agent into the multi agent formulation
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World Models
to Change

Adapting to novel,
unexpected scenarios

Critical for
Out of Distribution
Generalization,
Safety, and Usability

i —




Conversational

Interfaces
Natural language

feedback, not just
scalar rewards

Clarify user intent
and explain actions
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The Necessity of a Human in the LLoop

e Human+ Al > Al will not always be true
e Butif we want to have Al systems benefit humans, there must be

oversight
o Will talk next time about what oversight means
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Human-Al Collaboration

é )
01 Adapting to a Dynamically
Changing World!

_ J
4 A

02 Learning from Natural
Language Feedback
%

( N
03 Conversational Multi-

agent Communication!
\.




Human-Al Collaboration

4 )
Applications from

personalized tutors to

creative writing assistants)

4 )

Complement Humans

NOT Replace Humans
\ V.




