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Exploring Large Language Models for Communication Games:
An Empirical Study on Werewolf

Yuzhuang Xu', Shuo Wang', Peng Li**, Fuwen Luo'
Xiaolong Wang', Weidong Liu'~®, Yang Liu'**
IDepartment of Computer Science & Technology, Tsinghua University, Beijing, China
“Institute for Al Industry Research (AIR), Tsinghua University, Beijing, China

* Xu et al. fff 84> HLLMASD HI R AU A 4, alad M e e] B A IR . - T TR
» LLM 222 2] 7 Nk P a4 Do Pl Mais .
* JiF AR A T BT prompt AU ALAL B S AL AT IR

Xu et al. Exploring Large Language Models for Communication Games. 2023-09.
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s KXCIRNBERE LilLog BENER A, ARERBIEHIENX

o RN EiE https://lilianweng.github.10/posts/2023-06-23-agent/

* Lilian Weng BBI& OpenAl Al Safety Team £ &

« eV FENFE LN KR FZHRERRIEMSR Indiana University Bloomington



https://lilianweng.github.io/posts/2023-06-23-agent/

SOUTII CHINA NORMAL UNIVERSITY

Reference

 LLM Powered Autonomous Agents. https://lilianweng.github.io/posts/2023-06-23-agent/ . Accessed on 2023-09-25.
* Wei et al. Chain-of-Thought Prompting Elicits Reasoning in Large Language Models. NeurlPs 2022.

* Yao et al. React: Synergizing reasoning and acting in language models. 2022.

* Shinn et al. Reflexion: Language Agents with Verbal Reinforcement Learning. 2023.

* Wang et al. 4 Task-Solving Agent through Multi-Persona Self-Collaboration. 2023.

* ACL 2023 Tutorial: "Retrieval-based Language Models and Applications." https://acl2023-retrieval-Im.github.i0/ .

» Shi, Weijia, et al. "Replug: Retrieval-augmented black-box language models." 2023.

* Shen, Yongliang, et al. "Hugginggpt: Solving Al tasks with ChatGPT and its friends in huggingface.”" 2023.

* Chen, Liting, et al. "Introspective Tips: Large Language Model for In-Context Decision Making." 2023.

* Madaan et al. "Self-refine: Iterative refinement with self-feedback." 2023.



Numbers of Parameters (in Millions)

2017-2023 KBUBEEE

Al LM S8 e&I% <

ronLM
8300
@
.
7500 <3
NVIDIA.
5000
@ w
O AI UNIVERSITY of WASHINGTON
. pen Grover-
2500 GPT-2 Mega
m @ i Google Al 1500 = 0 1500 .o
OpenAlI Trargf&;mer o N ® S,
BERT-Large MT-DNN XLM 665 RoBERTa
ELMo GPT 340 465 330 340 355 DistilBERT
94 110 ° XLNET ¥ 66
o ¢ Carnegie ® .
0o ® Metton =
® % ® 0 9 Universi 9
0 r& S S S ¥
A N Q
Qk\ 0\* \OQI ,b\* Q\\ &\\
v 5 ,\(";\'O ‘r,\(\o V‘ 5
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L LLM |:| I l/ J\ = = }EEKZIS N O ‘@' how to merge dictionaries in python?
—— —
I% 'L/ \ | ﬂ Eﬁ \ ;U}ﬁ'T‘ 2|: }EIE o @ To merge two dictionaries in Python, you can use the “update()"
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1. #% Planning by AI-Agent

. FE¥RDf#E (Subgoal decomposition) : IEGKREESHBAE/N. ESTLE
HNFBir, NI ERESHERE,
o B4EHE Chain-of-Thought (CoT; Wei et al. 2022)  # (217 7154 /E EZHIT FE 575 H IE (25716
« B Tree-of-Thought (ToT; Yao et al. 2023) H EEEFHEERE, TERETE

« BHEE R Algorithm-of-Thought (AoT; Sel et al. 2023) # Z/IDFS ., BFS& &1L /EZ1TFE

. B 55 (Reflection and refinement) : X IEXBITanHH#TERINEIIRE, 4
IELART RSB IR SEE S B0H

« BE1T5 ReAct (Yao et al., 2022) # (& WikiAPl #7T1%25, HEI&
« [AE Introspective Tips (Chen et al., 2023) # M ZHITa0800F, FS 2 E 8T

- ZRESESEEARMEYX Xuetal, 2023) # ZSH M ESIEE S



BgEsE, B4R Chain/ Tree-of-Thought

CoT BT RE "BEFSRBE"

« EPrompt B, [BIRRAVZEEMINN “Let's

think step by step” (ZeroShot-CoT)
- EEERREHTFESBIROIER
- NEBR BT IR R TR
@ @ GSM8K

A |

-~ Modelinput )

Chain-of-Thought Prompting

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

4! The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples
do they have?

J
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Standard Prompting  Chain of Thouwghts

| . 8. The
answer is 9.
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RRERE7E -BEE KRB (Reflection and refinementy

e Self-Refine (Madaan et al., 2023) 2 HiER XK

HHERI AN

Feedback Refine
H N =] —/\ =+
« LLME o4 pli , BB HE NLLMYXT 44 \@/
\ VA hE <17 +83 \ A\
%ﬁ1j- }i LJ'_I\ ) ;E TzE{;:l\: EQ&E .LX y Use M to get feedback on its own output Use M to refine its previous output, given its feedback
(d) Code optimization: z, y; () FEEDBACK fb (f) REFINE y¢i1
Generate sum of 1, ..., N This code is slow as Code (refined)
def sum(n): it uses brute force.
res = 0 A better approach is def sum_faster(n):
for i in range(n+1): to use the formula return (n*(n+1))//2
res += i ... (n(n+1))/2.
return res




RES55%E - IMBRE (Reflection and refinementsf ===

ReAct (Yao et al., 2023)

c FRIRAKERE A 175 - #HE F7

¥ (reasoning) L£5% 775014l

* {750 (acting) ZREXSMEBENIR - {5 5
Wikipedia API {7 REHK, H

UEIEEES

Question:

Thought:

Action:

Thought:

Action:

Is Avatar an American film made in 2010?

I need to search for Avatar and find if it is an
American film made in 2010.

Search Avatar in Wiki database. Return results.

The result says that it is an American film made in
2009, so it is not made in 2010.

Finish and return NO.



REB 5552 (Reflection and refinement )

Reflexion (Shinn & Labash 2023) {&£ %
HwEIEEEHREGES
(a) {3 ReAct LERRATEN I
(b) FITTEHHHMBER WkEHFERR)
(c) WERER 01 pE ({7sh=2EHIh)

(de) FRLLMERTEINRE, BEEMRE
SRMEN LT (SOHEETE )

(a) Task

,—[ 1. Decision making ]—

You are in the middle of a room
[...] Task: clean some pan and put
it in countertop.

l

(b)
Trajectory

(c)
Evaluation
(internal / external)

[E—

Action:take panl from stoveburnerl
Obs:Nothing happens. [...]
Action:clean panl with sinkbasinl
Obs:Nothing happens. [...]

Rule/1IM Heuristic:
Hallucination.

(d)

Reflection

[...] tried to pick up the pan in
stoveburner 1 [...] but the pan
was not in stoveburner 1. [...]

l

(e) Next
Trajectory

[...] Action: take pan 1 from
stoveburner 2
[...] Obs: You put the pan 1 in

countertop 1.




ZHREERSE multi-persona self-collaboration

~— multiple personas ——

&

@—1‘* Alah@a % +
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Domain Experts / Audiences
X P J

« Wang et al. I B PLLMEETZ X

— N ZSHABMERIANN RS

HY

« B4, LLM SiZSHhiR Bl o) jAE
AEAVIRE

- BE, ZARABHITSRERIME,

BRI BBt ERIZES

Example Task 1: Use numbers and basic arithmetic operations (+ - * /) to obtain 24.
Input: 6 12 11

Participants: Al Assistant (you); Math Expert

Start collaboration!

AT B 12/ (1+1) * 6
BEEF MM LRI AL % ﬁ*%ﬁw&

e ) g — g —

Al BB : 12+(1 1) 6
BERAE: RIEE T LJxTLHE(l D) #e (1+1)

Al ByBEA 4 12+ (1+1) *6
BEFAE: TRIEWH

Finish collaboration!

Final answer: 6 * (1 +1)+12=24

Wang et al. “A Task-Solving Agent through Multi-Persona Self-Collaboration.” 2023.



g% @ﬁﬂsﬁﬁ Multi-persona cooperation and competitio— *"*""""""

PMABEER (EHISZ) REg: EEXNH
 KBHEIEREENE, N TEE LT
 WEESASH, ERLLMEREANEE
HFXGENR 5 Experience Pool (<HBICIZ)
- BRTEMBEES RN <RE, 85> g SE

. B BT ZAERRE IR | RREPSEEA |

BIRFECNEE (MHRENSKBRNRSE FE 9S
MERR), REEH BB | WER: UR—EREPT |

R A3
[ LI: REFE ]

Ll

X}
’

Xu et al. Exploring Large Language Models for Communication Games. 2023-09.
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When faced with a task, begin by identifying the
participants who will contribute to solving the task.
Then, initiate a multi-round collaboration process

until a final solution is reached.

N J

C Here are some examples: )

Example Task 2: Write a poem that meets the following requirements: (1) the poem has seve
a quantum computer. (3) the poem needs to be easy to understand by a ten years old kid.

Participants: Al Assistant (you); Poet; Computer Scientist; Ten year old child

Poet: Make sure that you write the poem with seven lines, and the first letters of the lines sh
Computer Scientist: A quantum computer is an advanced computing device that uses the
to represent information as Os and 1s, quantum computers use quantum bits or qubits. Qubi
consider using these information for the poem.

Ten year old child: | hope the poem to be fun and easy to understanding. | don't want to se
Al Assistant (you): Thanks for the guidance! Here's my initial attempt at the poem:
Computational wonder of our age,

Harnessing the quantum world's strange ways,

Atoms dance, entwined in dual state,

Tapping secrets hidden in their haze.

Grand power to solve, simulate,
Profound problems that perplex the wise,

Transforming our future, we await.

Now, identify the participants and
collaboratively solve the following task
step by step.

Wang et al. “A Task-Solving Agent through Multi-Persona Self-Collaboration.” 2023.
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2. 112118k :

1.

2.

[EHA1C1Z Short-Term Memory :
VERGELSTHERMESIRENGER, BTEIMHERE

v EF TransformerZ2 M LLMARRY | 1275 LTS AR,
E LR F T s B M ARNERIE

viEun, & ALLMBprompt token #{=PREHI, ChatGPT<=4000,
GPT-4<=32,000

L. LS

<HAi21Z Long-Term Memory:
VIBEZ/IINOELRUEE, JLAKBERIIR
v HIIRLAER Aembedding . ZR5|IndexEF 1714
VEILAURIR R . 15, fIEgE, HEUEEE

KA, FRERAKRRER

GPT4

GPT3.5

Llama2

Token Estimated word

Limit

32,768

4,096

2,048

count

25,000

3,083

1,563




HEFRZFRNAKIER A Retrieval-based LM R R
ET R SHNSELR

The capital city of Ontario is
The capital city of Ontario is Toronto
( Test time

ACL Tutorial https://acl2023-retrieval-Im.github.10/



HEFRZFRNAKIER A Retrieval-based LM X hlicntu S

BT RIS SCHREY

The capital city of Ontario is Toronto The capital city of Ontario is

Test time

ACL Tutorial https://acl2023-retrieval-Im.github.10/



HFRB\TRAER A Retrieval-based LM

T

EX: HENRE, (E

HMNEREX:

LA LAttty UM WL R
RRE T e I 3@%& ,

DO MRS \\W X
AR DR TR
“mm%w\m&@t@%ﬁ%@& ‘
SRR

Datastore
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&4 B Query
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E;‘zj(ljil* \1‘&? 7‘53\': Maximum Inner Product Search

MIPS ¥ FE Tk

« Y& A FNIREEER A (embedding), 7%
EO=8IEED

- EOETEHIEREENEE (distance

metric)

s MEENEEME q, ERIEU&IESE
% (ANN), Ty A

« —i%IR[E] top-K MNEHRERHEMUNARE

https://zhuanlan.zhihu.com/p/595249861

sim: a similarity score between two pieces of text

# of total d
) sim(,)) —@X log® S

of docs containing i
# of occurrences of i in j

ﬂbﬁ‘i LB
G sim(i,j) = Encoder(i) - Encoder())

Maps the text into an A-dimensional vector

ARRBUE




U EIESB ANN &%

EEREUXIS A ST LSH keys ~ Pashing o hash
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1 X ¥ ZZ 5| Inverted File Index
- METBAXIDKZSNETT, FREF—THFOR centroid

o Xquery, SEHEIRIENFORRTMNNETT, BEETT
N =R

https://www.pinecone.io/learn/series/faiss/
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* 3SR B R

, BERH—MEXNEES
- BROBESKREXXEEFHF, WALLMH#S
R ETN S EMensemble,

ERowl
SEIRLMN

o Jll%Retriever, BFIEN
embedding [ index

« &/IME KLAEREIMERNURE

= |

LLMXJ & 2SS X HFT 5 )

Retrieved document d,

Retriever

Document
Retrieval

Test Context X

\'\.
Jobs cofounded

> Apple in his
parents' garage

Input (
Reformulation

Jobs is the
CEO of _

Black-box
- @

\

Apple

d

[]

X

Jobs was raised

by adopted... q

-
Jobs is the

'\\

CEO of _

Steve Jobs

passed away... L

o ™
Jobs is the

CEQ of _

s N
Jobs cofounded
Apple...

CEO of _
.S

=
Jobs is the

v

Ensemble

apple
u pear
not

Shi, Weijia, et al. "Replug: Retrieval-augmented black-box language models.

"2023.



3. fEF & Tool Use

LLM 4MaBTE, MAPIL., f&4E, JLUEEY REERNGEN, IME
5, WHEXRE. BEFHR R‘_ﬁ«—;o
« TALM (Tool Augmented Language Models; Parisi et al. 2022, Schick et al.
2023 ) BEHMIEESKRERZIERIMNETRAPL, LLMIEAPISHRE
ZIBEEGkpESEEHE, NTHEHTEAR
* HuggingGPT (Shen et al. 2023 ) *UﬁHChatGPTVEjJEE&M*ZUE% RIEEE
iR FEEHuggingFace S & EAT ARNERER, HIREHRITERERERLIMN,
> £S5 X (Task planning) : LLM{EAZOKIN, KEFI Xﬁqﬂ‘ﬁjﬂ%/\ﬁg
> #&B%ERE (Model selection) : LLM RIFEF KB MR, MEEIIEXPEFERSER
ERER , EE R H HugginFace BE1EEE ,
> {517 (Task execution) : ERBEEEREES LHTHIERER
> N4 RY (Response generation) : LLM #EWHRITER, #TEL\_:.FHF'O

t

BRE

\I




Q: Can you tell me how many objects in el.jpg?
A: {"task'": "object-detection", "args'": {""image": "el.jpg" }}

HuggingGPT

< Can you describe this picture and count how
w many objects in the picture?

- —

LLM as Controller

(i

A text can describe the given image: a herd of
giraffes and zebras grozing in a fields. In
addition, there are five detected objects as
giraffe with score 99.9%, zebra with score 99.7%, zebra
with 99.9%, giraffe with score 97.1% and zebra with
score 99.8%. The bounding boxes are shown in the
above image. | performed image classification, object
detection and image caption on this image. Combining
the predictions of =
& and '~
models, | get the results for you.

Prediction

1l Model |

SOUTII CHINA NORMAL UNIVERSITY

~ facebook/
detr-resnet-101 \
A

4

III Task Execution

Selection J

/I IV Response
= Generation

Prediction

~ nlpconnet/
vit-gpt2-image-captioning
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s ‘ Plot the zeta function on the critical line up to t=50

I Visual Studio Code
Used Wolfram v

Here is a plot of the real part of the Riemann zeta function on the critical line (Re(s) = 1/2)

for t ranging from 0 to 50:

def common_prefix(a, b)
"""Return the common prefix of two lists."""
if len(a) < len(b)
return common_prefix(b,a)
for i in range(len(a))
if-alil:-!=-bli]-: Y NP TR, W NS V AL V S TR Y S
return-al:il .
return a 1f

The Riemann zeta function is defined as:

On the critical line, the function takes the form:

C(; +it)

The plot above shows the real part of the zeta function along the critical line. The Riemann

Hypothesis, a famous unsolved problem in mathematics, conjectures that all nontrivial

zeros of the zeta function have a real part equal to 1/2.
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OpenAl Codex Model GitHub Private Code

\ fetch_pic.js
L EEE Provide Editor context ki const fetchNASAPictureOfT

return fetch('https://aj
method: 'GET',

headers: {1
----- Provide Suggestions EEEl 2 'Content-Type': 'ap

GitHub Copilot .
Service j--------

Public code and text
on the internet



4. E5AIE Embodied Agent

LLM @I X3 lzs ARIRY . BRI ERIERE, STHRIISEES
« Embodied Reasoning through Planning (Huang et al. 2022) 2 H{ERALLM3¥E
BAROER, REESHRRER, WA, BHNER, URHNAEXR
ImRRE, EKHAR,
 Grounding Language in Robotic Affordances ( Ahn et al. 2022) 3XEi#H1T
LM% A1 ETMERLRAITEIT o
* Step-1: B prompt LLMIE S BRNIESL DR A BEBRNEEIRITH]
» Step-2: ERA—MMEREREGE, RIENEEI PRSI ETHE
o Step-3: AT ELRIEFRIE, MMAZIEEES, ERAHETLATE, H

2MES T -

\




Robot Planning & Interaction

Human

@ Can you bring me the drink from the table?

Robot

Action: "go to table”

Robot

Do you want water or coke?

=

Human

@ Coke please.

Robot

Action: "pick up the coke'

w

Robot

Action: "pick up the coke"

w

Robot

Action: "bring it to you"

Grounded Closed-Loop Feedback Robot Environments

Robot
)

Scene Descriptor an Success Detector

Scene Descriptor

Q@

Human

@ | see: coke, water, chocolate bar.

Success Detector

Action was not successful.

Success Detector

Action was successful.

Figure 1: Inner Monologue enables grounded closed-loop feedback for robot planning with large language models
by leveraging a collection of perception models (e.g., scene descriptors and success detectors) in tandem with pretrained
language-conditioned robot skills. Experiments show our system can reason and replan to accomplish complex
long-horizon tasks for (a) mobile manipulation and (b,c) tabletop manipulation in both simulated and real settings.

Huang et al. "Inner monologue: Embodied reasoning through planning with language models." 2022.



Instruction Relevance with LLMs Combined
-6 Find an apple
-30 Find a coke
-30 Find a sponge
How would you put .
-30 Pick up the coke
-5 Place the apple
\l’
(? -30 Place the coke
-10 Go to the table
LLM -20 Go to the counter

Skill Affordances with Value Functions
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| would: 1. Find an apple, 2.
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Ahn, Michael, et al. "Do as i1 can, not as i say: Grounding language in robotic affordances." 2022.
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