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. - LABOR DATABASE of ArEel )E\nl'% ‘Life Sequence’i H o
. - Industry | City | Income | Position HOP=3 H=xR1o] =75 582 =5 & 714 7I= HICIH
20 May 2008 Banking Kege >95k Manager o = AMH AZHAMRUN) H|O|E]
201, st XY /%, AA, AEl gX(of| 25t 712 25t

HEALTH DATABASE
Diagnosis @ Status

17 Feb 2011 Bronchitis In-patient
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H SR 2008LAEE| 2020L77X| OF 00T HEEO] CHIOFE R 017 =

PN, : o 1) 2015 122 310f| AforQ) 1 0= HE =
. - Industry | City ' Income | Position = 12T T3

2) 20153 12 31 7|F 25M[0f|A] 70M| AFO|QI Ab=h
3) ol 7|7F SQF 1LH0{| 1280 O|4f2| .= 7[E0| Ql= Atz
20 May 2008 Banking Kege >95k Manager ) ot ° o Te ~
)

— ' =

(
(
(
(4 I

= 3,252,086 (=78 1,630,082 / 949 1,622,004)

M 213 717t 5 AFEIE Y0l URHEl Al

HEALTH DATABASE - EI7| AL o= Task
Diagnosis = Status © (22 =712 &3 20151 12 31 35M[0llM 65M] AfO| ARFER
Sy
« % 2,301,993 (H/d 1,153,443 / 018 1,148,5508)
17 Feb 2011 Bronchitis  In-patient - M7 QA O & Task

© (5) H=RI0] POSAP 410 70
« (6) HEXACO A HYAQL 2tdst M o ZiE =2tz |X| or2 74
« & 9,7945 (‘H/d 4,393% / 0478 5,40153)
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Life Sequence

LABOR DATABASE

Industry | City |Income !Position

HEALTH DATABASE

Diagnosis | Status
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HEALTH DATABASE

17 Feb 201 Bronchitis In-patient
20 May 2008 Banking Kege >95k Manager Diagnosis |
LABOR DATABASE 9 Oct 2015 Mycoses
Industry | City | Income | Position
24 Sep 2009 Kege 60k Jobless
1 January 2008 31 December 2015
c® : :
238
E Age -i— 28 29 30 32 32 33 34
s s :
=3 Absolute position 140 632 1143 3.03
o
- —— Chronological order =—>»
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Life Sequence

(b) Convert to
Concept Tokens

(@)

<— Lookup tokens in our Vocabulary
LABOR DATABASE

(© Looup e <

Temporal Information < Number of full years a the time of a Life-event
20™ MAY 2008 < Banking Kege >95k Manager »  ABSOLUTE POSITION: 140 < Number of days since January 1st, 2008
SEGMENT: C < Segment canbe A, B, or C

(d) Insert Information into
the model input matrix

\/
Life-Sequence \"\’;.;\,,:j,,,ijw :"';,;5 , [ Income .9 ) .,.;L,L;i‘:, M é’Eﬁ]j [SEP]
Age 28 28 28 28 28 <——— nput to the model
(for one individual)
ABSPOS 140 140 140 140 140
Segment C C C C Cc

Supplementary Figure 1: The data transformation from the Tabular format to the 1ife2vec suitable format. (a)
We start by looking up the next (chronologically-wise) life-event in a person’s history. (b) We convert relevant
features to concept tokens of our vocabulary. (c¢) We look up relevant positional information such as age, absolute
temporal position, and segment of the life-event. (d) We insert the data into the sequence.
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D VTN
. . (a) (c) ENCODERBLOCK (d) MLM DECODER (e) SOP DECODER (9) MULTIHEAD
Tra NI ng Sequence of Contextual Representations g - output logits outputlogits POOLED
? ? ? logits  logits  logits logits ~ ATTENTION
t el Forand Layer e
4 each row 12 hc;;r'mlised ? (for persopahty
QLTI — ; questions)
= T Position-wise FF [ scalenorm |
|__Feed Forward Layer |
g T e m? Feed Forward Layer
: LN RRERRR AR ! !
9V EE—— Person Summary
% _— 4 3 4 : shape: HiddenSize
£ ReZero | Feed Forward Layer
E Encoder Block — a cOmextuaﬁsz Concept Contextualized [CLS] Token 4 shape:
= Feed Forward Layer . HiddenSize * HeadNum
§ 5 ' F OUlPU; logits POOLED shape:
= ATTENTION i ~
g I, P | == ) TTENTION D s st
g ! Aterion ! | s oo
2 person Summary e —
8 Embedding Block = Produces Attention Weights s Sadle ;Fl)-leeadNum
T sigsoftmax
J Context | ==
4 Leamable Vector 4 Learnable
QT | s -« 00
Input Data Sequence of Concept Representations Feed Forward Layer
& Sigo Embecing of s Corcopt and Cotoxt EMBEDOING BLOCK 1y N
Qo — + B + Av — + — ? ?
Segment Position Concept Embedding Matrix
Embedding Embedding . ‘. ? ?
Matrix time2vec
Qiadsl; ASEOMENILIASSEDSTIIACK] [CON IR [V LIRFRRFRRE RN
Example: [ (10] [43] [D16] Sequence of Contextual Concept Representations Sequence of Contextual Concept Representations
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Task-Specific Decoder

- Early Mortality Prediction
« PU-Learning Setting, Area Under-the-Lift(AUL)
- C-MCC
« Baseline RNN

 Personality Nuances Prediction
« Combine 3 Loss Function : Class Distance Weighted Cross-Entropy + Focal Loss + Softmax Function and Loss Weighting
«  CQK(Cohens’s Quadratic Kappa) Score
 Baseline RNN, Random Guess
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Closest neighbors to

(S62) Fracture at wrist or hand level:
(S52) Fracture of forearm
(S61) Open wound of wrist, hand and fingers
(SO1) Open wound of head

Analysis

HEALTH
Closest neighbors to

(032) Maternal care for malpresentation of fetus:
(072) Postpartum hemorrhage
(036) Maternal care for other fetal problems )
(026) Maternal care for other conditions Closest neighbors to
predominantly related to pregnancy (POS3314) Stats and math professionals:
(POS3513) Computer systems technicians
I ___.---_--_-_-_____l ar
(Y &
-9

(POS2120) Mathematicians and statisticians
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s 1
s 1 Closest neighbors to
1 ‘ . .POS -4121 .'l Professionals ;ll'gé:g%lg ;argjp 3) L Income (79th quantile):
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1 1
1 1
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H POS-4221 ! @ < IND-4212 » ! (IND2821) Manuf ing of fur
(I N D4726) To baCCO ShO [OF] [ @ PS .. 1 L% 18" & ! (IND2573) Manufacturing of hand tools
1 ‘ spos,4121 ’l .f IND-1072 LIND-1092 1 (IND4672) Trade services for metal ore
) P ../ POS-5249 | ZIND-1012 B8 s © 1 (IND3092) Manufacturing of bicycles
1POS P ‘e ® 0550 ! IND-2442 @ IND2712 @ ]
S o0 %. o ! S / D IND1i07 '
POS-4311 g 1 IND-2020 IND-4672 ¢
ot 9 ORieS INDUSTRY ¢ Qi ® |
1
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Analysis
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1
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HEALTH
Closest neighbors to
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(072) Postpartum hemorrhage
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% N
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a 4
) & '
Managers V)
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A Nna |yS | ) Recall for deceased people
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Supplementary Figure 3: The 1ife2vec’s recall is based on the period between the day of the prediction and the
day of death (yearly bins). The recall is the fraction between two values: the number of (known) true positives
(deceased) divided by the total number of (known) deceased. The higher the value, the higher the performance.
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Analysis

Person embedding space
(projected with PaCMAP)
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0.25 _ Mean scores ~- Center line
7 1 M life2vec (ours) I +/-s.e.
1 B RNN

0.20 -| B Random guess
. (permutations)
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0.05 —
o1 M | |
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Score

I I I

| | |
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Interpretability

A Attention-based Importance Score

0.035
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0.025

Score

0.020

0.015

0 500 1000 1500 2000 2500
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IND_3299 ENT_18 || TIME_1 SOC_612 SOM_7035 ENT_18 IND_3299 RMUN_671 || TIME_2 SOC_351 SOM_19998 RMUN_671 || IND_3299 ENT_18 SOC_136
TIME_2 INCOME_25 SOM_20000 ATP_A RMUN_671 || SOM_11050 TIME_2 IND_3299 SOC_311 RMUN_671 ENT_18 || SOM_20000 ENT_18 ATP_A IND_3299

RMUN_671 INCOME_21 SOC_136 TIME_2 || RMUN_671 SOM_19998 SOC_351 TIME_2 || TIME_2 ENT_18 RMUN_671 IND_3299 SOM_11050 SOC_311 ||
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I Alympics : Language Agents Meet Game Theory

Playground

___________________________

Human Players
- (Optional)

[ m Sandbox Playground ]

1
1
RS @
: - Persona (Optional)
: Memory LLM y —T
1 AN
: lT _ H / Reasoning (Optional)
1 —_:;;2'_ =
i =.- . dh
. Agent Code Status
1
| 4
[ Actions] [ Observations ]
v I
o —

Figure 1: The architecture of Alympics comprises the Sandbox Playground and Players. The Sandbox Playground
creates an environment where game settings, as specified by researchers, are executed. Agent players, along with
the optional human players, actively engage in the game within this environment.

ALYMPICS: Language Agents Meet Game Theory
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Water Allocation Challenge

Day N Water Supply Announcement Submit Bids...
P P Pz P @Ps P Pt fininsiing)
@20 @75 Do D120 (D120 724 r

2885 4%F 89882 A

Alex Bob Cindy David Eric

Day N Results Announcement Results being tabulated...
|Resu'|.t: | C} {:}

$ Parr i 1st 2nd 2nd 3rd 4in
g @ C)g % & 100 80 70 50
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Figure 2: "Water Allocation Challenge". Players are tasked with ensuring survival over 20 days by strategically
acquiring water resources through daily auctions. Each player has different income and different water demand.
Daily water supply varies and will be announced before daily auction. To allocate water resources, a sealed-bid
auction will be conducted daily. Acquiring water increases HP, while failing to do so decreases HP. Players whose
HP drop below or equal to 0 will be eliminated from the game.
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Game Settings

Goal : 20 days survival

Player Info : Water requirement / Salaries
Health Points : Maximum 10 / start 8

Routine : Bid on water resources

Supply : Daily water supply

Auction Rule : Highest bidder

Tie Rule : Priority given to lower requirements

22



I Alympics : Language Agents Meet Game Theory

Player Persona

ey
Avatar ﬂ'
Name Alex Bob Cindy David Eric
Basic Info Daily salary: $70 Daily salary: $75 Daily salary: $100 Daily salary: $120 Daily salary: $120
Requirements: 8 units/day Requirements: 9 units/day Requirements: 10 units/day Requirements: 11 units/day Requirements: 12 units/day
Profession ~ Unemployed High School Teacher Psychologist Mathematician Marketing Executive
Alex has low intelligence and  Understanding, high EQ, Well-balanced high EQ and David has an extremely high  Above-average 1Q and EQ.
find it difficult to understand average IQ. He is very adept 1Q, along with empathy and 1Q and exceptional analytical Very charismatic. Eric is
complex concepts. He also at understanding and analytical abilities. Cindy is and reasoning abilities. He skilled at reading people and
lacks emotional intelligence, communicating with people, skilled at understanding and always strives for the optimal using this insight to influence
Personality = making it hard to understand making him a natural teacher. helping people, making her an  solution but encounters and lead them.
others' feelings. He tends to excellent therapist. difficulties in social
be irritable and often exhibits interactions and has a fear of
negative and antisocial dealing with people.
tendencies.
Alex grew up in an Bob come from a close-knit Cindy’s interest in psychology =~ David grew up in a small town  Eric grew up in a bustling city
impoverished community and family. He chose to become a  began when she volunteered where he was always drawn and ware always fascinated
faced many challenges in his high school teacher to make a  at a crisis hotline during high to books and puzzles. He by human behavior. Eric
early years. Due to his family's  positive impact on young school. She went on to study excelled academically and studied business in college
poverty, he dropped out of people. While Bob may not psychology and eventually eventually earned a Ph.D. in before transitioning into the
school at a very young age. have the highest 1Q, his became a licensed therapist. mathematics. His research world of marketing. His ability
Background He has been unable to find emotional intelligence and Her ability to combine focuses on abstract to connect with consumers on

stable employment, which
further exacerbates his
difficulty in interacting with
others.

ability to relate to his students
set him apart.

empathy with analytical
thinking allows Her to connect
with her clients on a deep
level while also providing
sound guidance.

mathematical concepts and
theorems. Despite His
brilliance, he find
communicating with others on
an emotional level to be
challenging.

an emotional level has led to
numerous successful
campaigns. He is known for
his charm and persuasive
skills.

Figure 3: The player’s information and persona. In all experiments, basic Info (including name, daily salary and
requirements) will be used. While Profession, Personality, and Background are only used in the Player Persona
comparative experiments.
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Experiments

« State
+ Health Points
+ Balance
+  No-water Day

- Sealed-Bidding

« Resource Allocation

ALYMPICS: Language Agents Meet Game Theory

Day

Day-7 Supply:
19 units

1 will bid $150. Since the total supply are 19, there is a chance that
| can meet my requirement. My health points are still in a safe
range, but | have accumulated three No-Water Days, so | need to
secure water resources. | choose to bid higher than my previous
bids. By bidding $150, | have a higher chance of winning water
resources while still maintaining a balance for future auctions.

1 will bid $200. Because my health points have dropped to a critical
level of 1, making it essential for me to secure water today. | need to
bid aggressively to ensure | obtain the water resource. By bidding
$200, | maximize my chances of winning the auction and surviving.
While this bid leaves me with less money for future auctions, my
immediate survival is the top priority.

I will bid $120. My logic: 1. | have a balance of $360, so | can
afford to bid this amount while still having money left for future
bids. 2. Since there are 19 units available today, there is a
possibility that multiple residents can meet their water
requirements. By bidding $120, | have a fair chance of being one
of the highest bidders and securing my 10 units without
overspending.3. My health points are currently at 5, and my No-
Water days are at 1. Although it's not urgent for me to obtain
water today, it would still be beneficial to maintain my health
points and prevent No-Water days from increasing.

1 will bid $180. Since there are 19 units of water available today,
it's more likely that multiple residents will have their needs met.
Both Bob and Eric have critically low health points and may bid
high to obtain water. | have 5 health points and a no water count
of 2, so | need to place a competitive bid to secure water
resources and avoid losing health points. By bidding $180, | am
increasing my chances while also keeping some funds for future.
I will bid $300. My health points have reached a critical level of 1,
and my No-Water days have increased to 4, making it essential
for me to obtain water today to avoid death. The water supply
today is 19 units, which means that one resident with high water
requirements can get their needs met. By bidding a significantly
higher amount, | aim to outbid other residents who also have high
water demands and secure my survival.

* Health Points @ Balance ¢ No-Water Days

Sealed-Bidding ﬁzz::::n
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Player Persona

« Resource Abundant(R.A)
Low : daily 1

0-20

Medium : 15-25
High : 20-30

« Resource Satisfaction

RSR =

Low : 0.3
Med: 0.4
High: 0.5

E(resources)

ZpEsurvivors

requirment,,
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R.A. Player w/o Persona w/ Persona
Setting 1 Setting 4
1 2 3 4 5 6 1 8 9 10 Avg 1 2 3 4 5 6 1 8 9 10 Avg
Alex X X X X X X X X X v 00 v v X X X x v x x x 030
Low  pop X X X X v X X x X v 010 X x x x X X v X x X 010
Cindy ¢ ¢ X X X ¥ ¥ ¥ X X 05 X ¢ X v X x v x v x 040
Dwvid X ¢ ¥ v X v ¥ v X v 070 X X ¥ v ¥ v X v X ¢ 060
Eric vV X v X v X X X v X 040 v Vv Vv X v v X v v x 010
RSR.S 030 030 030 030 030 030 030 030 030 030 030 030 030 030 030 030 030 030 030 030 030 030
RSR_E 068 071 065 136 071 071 071 071 125 079 083 075 050 065 071 065 0.65 056 065 068 136 072
Setting 2 Setting 5
1 2 3 4 5 6 1 8 9 10 Avg 1 2 3 4 5 6 1 8 9 10 Avg
) Alex X v Vv Vv Vv v v X v Vv 08 X v v v v X v v x X 060
Medium g, X v X v X X v X ¢ v 05 X v ¢ ¢ ¥ v X X x ¢ 060
Cndy ¥ ¢ ¥ ¥ ¥ ¥ ¥ ¢ X X 08 ¢ ¥ X ¢ v X v X x ¢ 060
Dwvid ¢ ¥ ¥ v ¥ X X v ¥ ¥V 08 ¥ v X X X v X v ¥ X 050
Eric v Vv Vv Vv X v Vv ¥ v ¥ 09 X v v ¥ Vv ¥ v ¥ v ¢ 0%
RSR.S 040 040 040 040 040 040 040 040 040 040 040 040 040 040 0.40 040 040 040 040 040 040 0.40
RSR_E 061 040 049 040 049 048 0.67 061 050 050 051 095 040 069 051 051 063 067 065 087 065 0.65
Setting 3 Setting 6
1 2 3 4 5 6 7 8 9 10 Avg 1 2 3 4 5 6 7 8 9 10 Avg
) Alex v Vv Vv Vv Vv v Vv Vv v v 10 v v v v v v v v v v 100
High g, vV Vv Vv Vv Vv v Vv v v v 10 X v v X v ¥ v v v v 080
Cndy v ¥ ¥ ¥V ¥ ¥V ¥ ¥ ¥V v 10 v v ¥ v Vv ¥ v v v v 100
Dwvid ¢ ¥ ¥ ¥V ¥ ¥V ¥ v ¥ v 10 v Vv ¥ v Vv v v v v v 100
Eric v Vv Vv Vv Vv v X ¥ v ¥ 09 v v v ¥ v ¥ v ¥ v v 10
RSR.S 050 050 0.50 050 050 0.50 050 0.50 050 0.50 0.50 0.50 0.50 0.0 0.50 0.0 0.50 0.50 0.50 0.50 0.50 0.50
RSR_E 050 050 050 050 050 050 0.66 0.53 054 055 053 061 050 050 0.61 050 050 050 050 050 050 0.52
Table 2: Survival Status Records: The table lists the survival status of each player at the end of the games for all

settings. A ‘v’ indicates the player’s survival at the end of the game, while a ‘X’ indicates the player’s eliminated
during the game. Based on the survival status, the table reports the Survival Rate for each player under different
settings. Additionally, we report the Resource Satisfaction Rate (RSR) at the beginning (RSRg) and end of the
game (RSREg). R.A. stands for Resource Abundance.
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Conclusion

- LLM Agent2| A O| 20| AgentEA{2| Aot 43l Tt/ 39
o Mot Xt A2tof| M S5 5H AEHO| A FRY ALI2 [ 15
- Resource Abundance®2f Persona Setting®| 2| Payoffo]l oftH QJgFS O|X|=X| 242

« Future Work

« AlympicsE 7ii415+01 & 2%st A Q1 Game Scenario 2ol M8
+  Economics®t Marketing®| Decision Making 20| M LLM Agent2| 7t5/g =2l
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« Human Agent2t LLM Agent?t 5-Z5t= 20| A A
« LLM Agent2| Persona &2|3H-S
« LLM ModelZ Z2[3}EZ M(Mistral, LIaMA, GPT)
« ZOfst LM Agent2t Human Agent?| H|&& Eh2|gH-S

© QIZHS LLM AgentS QOHE 4 92 ZI7P?

«  GameO]| £r0{5t= Human Agent2| £ LLM Agent2| 4= 2HH

QIZF2 LLM AgentZt £t015F Game & HEH| 77| =7t7
LLM Agent= GameO| YSt= PO E SELE QLo 4 Ql= A5HE 35 4 Q)
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