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Abstract

Economic inequality is a severe global issue. It
intensifies disparities in education and health-
care, impairing social stability. Traditional
systems such as the US federal income tax
reduce inequality but they lack adaptability.
Frameworks like the Saez optimal taxation in-
troduce dynamic adjustments, but they rely on
rigid economic assumptions and taxpayer ho-
mogeneity. This study introduces the TaxA-
gent, an integration of large language models
(LLMs) with agent-based modeling (ABM) to
design adaptive tax policy that accounts for
taxpayer heterogeneity and moves beyond arbi-
trary assumptions. In our macroeconomic sim-
ulation, heterogeneous H-Agents (households)
simulate real-world taxpayers and the TaxA-
gent (government) iteratively optimizes tax
rates. Benchmarked against Saez optimal tax-
ation, US federal income tax, and free-market
system, TaxAgent achieves superior equality-
productivity trade-offs and maintains a healthy
economy with low unemployment and stable
inflation. Two behavioral experiments further
suggest that H-Agents better simulate real hu-
man decision-making compared to rule-based
models. This research provides a novel taxation
solution and a scalable framework for fiscal pol-
icy evaluation, demonstrating the potential of
LLMs in addressing social challenges.

1 Introduction

Economic inequality is a critical global issue with
profound social, political, and economic impacts.
Researches highlight its detrimental effects on edu-
cation, healthcare, political stability, and economic
growth (Flug et al., 1998; Ferreira et al., 2022;
Glaeser et al., 2003). Tackling inequality is essen-
tial for building a fair and prosperous society.
Progressive taxation emerged to address inequal-
ity. By imposing higher tax rates on higher in-
comes, systems like the US federal income tax
have shown potential to reduce poverty and im-

prove health, education, and economic opportuni-
ties (Hoynes and Patel, 2015; Nichols and Roth-
stein, 2015). However, these systems remain static,
constrained by legislative inertia and unable to
adapt dynamically to shifting economic conditions.

The evolution of dynamic optimal taxation
frameworks, from Mirrlees’ foundational work
on incentive compatibility (Mirrlees, 1971) to
Saez’s rule-based social welfare optimization (Saez,
2001), has sought to reconcile equality and effi-
ciency. Yet unresolved challenges persist:

* Arbitrary Assumptions in Economic Mod-
els: Critical assumptions—such as the Slutsky
matrix’s sufficiency in capturing consumer
behavior (Sgrensen, 2007) and utility aggre-
gation methods (Kleven et al., 2009)—Iack
empirical grounding and face challenges for
overlooking behavioral complexities (Weis-
bach, 2023; Afriat, 1980).

* Behavioral Homogeneity in Taxpayer Re-
sponses: Traditional economic models rely
on rigid functional forms for taxpayer be-
havior (Diamond and Mirrlees, 1971; Saez,
2001), neglecting heterogeneity and bounded
rationality in real-world decision-making. Al-
though the latest customized neural networks
can capture various responses, they rely on
a significant amount of training data and ex-
pert knowledge, making them difficult to cali-
brate and deploy (Tesfatsion and Judd, 2006;
Trott et al., 2021; Zheng et al., 2022; Mi et al.,
2023).

To address these limitations, we propose inte-
grating agent-based modeling (ABM) with large
language models (LLMs). This synergy enables
adaptive tax optimization by replacing restrictive
assumptions with simulations of heterogeneous
human-like behaviors. LLMs enhance policymak-
ers’ ability to interpret complex socioeconomic
trends while avoiding contentious welfare calcu-
lations (Li et al., 2024).



Our framework comprises three components.
TaxAgent: An LLM-powered government agent
that dynamically adjusts tax policies using real-
time socioeconomic data, circumventing reliance
on arbitrary welfare metrics. H-Agents Group: Het-
erogeneous households represented by LLLMs, sim-
ulating diverse behaviors absent in traditional mod-
els. Macroeconomic Environment: A simulator
capturing market dynamics (wages, prices, produc-
tion) to evaluate policy impacts.

By iteratively optimizing tax rates through agent
interactions, the framework resolves the equality-
efficiency dilemma more effectively than tradi-
tional systems. Benchmarking against Saez tax-
ation, the US federal taxation, and free-market sce-
nario reveals the TaxAgent’s superior balance of
equality and productivity: 12.8% better than the
second-best US federal taxation. Mechanistic anal-
ysis demonstrates that the TaxAgent achieves pol-
icy consistency and prioritizes equality without sac-
rificing flexibility, mitigating productivity decline
through dynamic adjustments. Evaluation of eco-
nomic side-effects shows that the TaxAgent does
not compromise macroeconomic stability; instead,
it fosters low unemployment rate and price stability.
Finally, behavioral experiments substantiated our
claim that H-Agents outperform rule-based ones in
simulating real-world taxpayers.

This study contributes:

* A Scalable Policy Evaluation Framework:
Combines adaptive policymakers, behavioral
heterogeneity, and market dynamics in a sim-
ulation environment, enabling scalable experi-
mentation for real-world fiscal policy design.

* LLM-Driven Tax Innovation: Eliminates
rigid assumptions by using LLMs to model
both policymaker reasoning and taxpayer be-
havior, enabling dynamic and data-informed
taxation.

¢ Comprehensive Empirical Validation: This
study highlights our framework’s effective-
ness in addressing taxation trade-offs, show-
ing the LLM’s potential in fiscal policy design.
By benchmarking against established mod-
els and analyzing economic side-effects, we
confirm that Tax Agent maintains macroeco-
nomic stability while optimizing the equality-
productivity trade-off. Additional experi-
ments show H-Agents outperform rule-based
models in replicating real taxpayer behavior.

2 Related Work

Traditional Tax Systems Progressive taxation
implements higher rates for higher incomes, reduc-
ing economic inequality (Hoynes and Patel, 2015;
Nichols and Rothstein, 2015) but lacks adaptabil-
ity to dynamic economic conditions (Foo, 2019;
Patjoshi, 2015).

Optimal taxation theory maximizes social wel-
fare while considering economic constraints (Dia-
mond and Saez, 2011). Pioneered by Mirrlees (Mir-
rlees, 1971) and Diamond and Mirrlees (Diamond
and Mirrlees, 1971), this approach optimizes aggre-
gate utility. Saez (Saez, 2001) advanced the field
by incorporating earnings elasticity and income dis-
tribution into tax rate calculations. Diamond and
Saez (Diamond and Saez, 2011) further developed
this framework into a closed-loop system balancing
social welfare and income inequality.

Recent economic research emphasizes taxpayer
behavioral responses. Studies on top tax rates’ elas-
ticity (Piketty et al., 2014) reveal its impacts on
labor supply and tax avoidance. Research on unem-
ployment effects (Kroft et al., 2020) demonstrates
how wage responses shape tax structures, leading
to innovations like the Earned Income Tax Credit.

Al in Economic Policy Research Al optimizes
economic policy beyond traditional equilibrium-
based models. The Al Economist (Zheng et al.,
2020) demonstrates the potential of reinforcement
learning in tax policy optimization, and the inte-
gration of causal inference improves the impact
assessment (Athey, 2018).

Agent-based models (ABMs) can simulate com-
plex economic phenomena (Axtell and Farmer,
2022), enabling business cycle, policy interven-
tion, and inflation studies (Delli Gatti et al., 2018).
Improved computation power and data quality
have enhanced the empirical validity of these stud-
ies (Zheng et al., 2020).

Large Language Models (LLMs) introduce ad-
vanced reasoning capabilities to economic research,
enabling market behavior simulation and policy
evaluation (Zhao et al., 2024; Nie et al., 2024).

Current optimal taxation models rely on arbitrary
assumptions and underestimate behavioral hetero-
geneity (Weisbach, 2023; Zheng et al., 2020). With
the advancements in ABM and LLMs, our work ad-
dresses these limitations by employing LLMs both
as tax planners and taxpayers, eliminating explicit
economic assumptions while capturing diverse be-
havioral responses (Li et al., 2024).



3 Taxation Evaluation Framework

Our framework integrates three components—the
TaxAgent (government), H-Agents Group (house-
holds), and the macroeconomic simulation en-
vironment. This framework models household-
government interactions within an evolving econ-
omy. The system operates as follows:

* Household Decision-Making: H-Agents,
representing households, observe economic
dynamics such as taxation and market condi-
tions from the macroeconomic environment
and incorporate past experiences. They decide
on work and consumption propensities based
on these inputs.

¢ Macroeconomic Environment Dynamics:
Heterogeneous household decisions are pro-
cessed, updating metrics such as production,
wages, and prices, reflecting supply-demand
dynamics and financial market influences.

* Government Decision-Making via the Tax-
Agent: The TaxAgent, representing the gov-
ernment, analyzes updated economic metrics
and household behavior using an LLM. It pro-
poses tax rates optimized for social goals.

* Iterative Feedback: New tax rates are im-
plemented and updated metrics are fed back
to H-Agents for the next round decision mak-
ing. This cycle continues for a set number of
iterations.

The following subsections detail the roles and
mechanisms of the three components.

3.1 H-Agent: Agent as a Household

One H-Agent represents one distinct household, us-
ing an LLM to model decision-making in response
to economic conditions. By interacting with the
macroeconomic environment and the TaxAgent,
H-Agents Group collectively influence macroeco-
nomic outcomes of tax policies.

Each H-Agent operates through two modules.
Decision-Making: H-Agents determine production
and consumption propensities based on economic
inputs, including household-specific background
information, taxation, labor markets, price levels,
and financial markets. Self-Reflection: A reflection
module enhances decision-making by maintaining
a memory pool of past economic data and deci-
sions (Li et al., 2024). Quarterly, H-Agents refine
future behavior by reviewing this information.

3.1.1 Decision-Making

H-Agents decide on working and consumption
propensities (p;’, p§) based on current economic
observations and past reflections, as shown in Fig-
ure 1, process (1):

(P, p§) = Hi(Pmt;, 0F) (1

H; is the decision function for the ¢-th household,
Pmt; includes observable economic data and back-
ground information. GZR represents reflection-based
parameters from previous decisions.

3.1.2 Self-Reflection

At the end of each quarter, represented as loop (2) in
Figure 1, H-Agent reviews its decisions and eco-
nomic history to update its reflection parameters:

0f « H;(Memo;) (2)

where M emo; represents the i-th household’s prior
prompts and decision history.

3.2 TaxAgent: Agent as a Government

The TaxAgent is the central authority of the macroe-
conomic simulation, leveraging an LLM to dynam-
ically adjust tax rates, balancing two societal goals:
productivity and equality.

The TaxAgent iteratively performs two steps.
Tax rate adjustment: Using a heuristic prompt
that combines household data, global performance
metrics, and decision-making flexibility, the TaxA-
gent integrates traditional tax data with the LLM
reasoning. It analyzes economic trends and the
productivity-equality trade-off to generate tax rates
aimed at optimizing societal objectives. Iterative
Feedback: Generated tax rates influence house-
hold behavior and economic conditions within the
simulation. Updated metrics are fed back to the
TaxAgent, enabling continuous refinement of its
strategy through an iterative feedback loop.

3.2.1 Tax Rate Adjustment

The tax rate adjustment process corresponds to loop
in Figure 1 and is represented as follows:

TX = Gov(Pmt,0q,0m) 3)

where T'X represents the tax rate; Gov is the
tax rate determination function; Pmt includes
household data, global performance metrics, and
decision-making flexibility; 6g represents the
LLM’s trained parameters on the government’s
optimal taxation strategy and 0y represents the
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Figure 1: The illustration of the taxation evaluation framework.

trained parameters on household reactions to ad-
justed tax rates.

3.2.2 Iterative Feedback

Once proposed, the tax rates are implemented in
the simulation environment, influencing household
behavior and market dynamics. The resulting eco-
nomic metrics are then fed back to the TaxAgent,
forming an iterative feedback loop as shown in
Figure 1, loop (9):

Oc, 0y < GOU(Pmtupd,eg,HH) @

Where Pmit,,,q includes latest household data and
global performance metrics.

3.3 Macroeconomic Simulation Environment

The macroeconomic simulation environment mod-
els key aspects of a real-world economy. It includes
four modules: production, taxation, consumption,
and the financial market, which interact dynami-
cally.

Economic metrics in each module are updated
based on decisions of the TaxAgent and H-Agents
Group. These metrics, in turn, inform agent deci-
sions, creating a cyclical feedback loop that begins
with production and wage distribution, followed
by taxation, income allocation, and adjustments to
wages and prices based on production-consumption
relationship.

3.3.1 Production Module

Production is the starting point of economic activ-
ity, as shown in Figure 1, Module (3). The produc-
tion, .S, is determined by the total individual labor

supply, s;:
N
=25 5)
j=1

The inventory G is updated after production as
follows:

G+ G+ S (6)

Households receive wages upon completion of pro-
duction.

3.3.2 Taxation Module

Taxation, central to this study, follows wage distri-
bution. The taxation is bracketed: income in each
bracket is taxed at a specific rate. The brackets are
set according to the 2018 version of US federal
income tax. In addition, redistribution is even and
implicit, emulating real-world scenarios:

zi =2 =T (z) + 2 7

Where z; is individual income, zI"“is pre-tax in-
come, T'(z;) is tax levied, and 2" is the redistribu-

tion.

3.3.3 Consumption Module

After taxation, households allocate post-tax income
between consumption and savings. Total demand,
D, is the sum of individual demands, d;, and inven-
tory G is updated dynamically:

D= d; 8)

G%G—d]’ (9)



3.3.4 Financial Module
The financial market incorporates the interest rate,
a critical metric influencing household savings. In-
dividual saving, s;, increase annually by the pre-
vailing interest rate 7:

S; < 8§; X (1+7‘). (10)
Interest rate is adjusted based on the unemployment
rate and inflation rate (Dawid and Gatti, 2018).

3.3.5

Interactions among production, taxation, consump-
tion, and the financial market drive wage and price
changes. When supply exceeds demand, prices
drop, restraining profits and wages. Conversely,
when demand exceeds supply, the opposite occurs.

Global Interdependency

3.4 Advancing Beyond Rule-Based Optimal
Tax Systems

The TaxAgent addresses the limitations of tradi-
tional optimal taxation.

* Beyond Assumption Optimization: By com-
bining data with an understanding of collec-
tive human welfare, the LLM-based TaxA-
gent shifts from rigid assumptions to adaptive
decision-making, reflecting diverse societal
perspectives as a "superposition of social con-
sciousness."

* Modeling Heterogeneous Behavior: Learning
from the heterogeneous and irrational behav-
iors of H-Agents in the macroeconomic envi-
ronment, the TaxAgent adapts to various re-
sponses and moves beyond the rational-agent
assumption, producing superior outcomes.

4 Experiments

This section assesses the ability of the TaxAgent
to achieve balanced social outcomes compared to
traditional tax systems, guided by the following
research questions:

* RQ1 Does the TaxAgent achieve an improve-
ment over traditional tax systems?

¢ RQ2 What is the tax rate determination mech-
anism of TaxAgent?

* RQ3 What are the macroeconomic side-
effects of deploying the TaxAgent?

* RQ4 Do H-Agents simulate real-person be-
haviors better than rule-based agents?

4.1 Baselines

Traditional machine learning approaches’ under-
lying assumptions often fail to reflect real-world
complexities (Zhao et al., 2021; Ezeife et al., 2021).

Therefore, we propose an LLLM-based approach
that better captures real-world economic behav-
ior (Li et al., 2024) and evaluate it against three
representative tax systems. Saez Optimal Taxation:
A theoretical benchmark based on elasticity esti-
mates and income distribution. US Federal Income
Tax: A bracketed progressive system, representing
the real-world approach. Free-market: A Zero-tax
scenario, a theoretical Pareto optimal, serving as a
baseline to measure redistributive effects.

These baselines include theoretical optimal, real-
word implementation, and theoretical Pareto op-
timal. Our work introduces the first explainable
LLM-based tax system that combines theoretical
rigor with contextual awareness.

4.2 Implementation Details

The simulation comprises N = 200 households
over P = 120 months. Four tax systems are tested:
free-market, US federal income taxation, Saez op-
timal taxation, and the TaxAgent. Productivity is
fixed at 1, with results remaining consistent across
parameter variations. The simulation utilizes the
glm-4-plus model.

4.3 Performance Evaluation Metrics

Tax system performances are evaluated using equal-
ity and productivity per capita. Equality is calcu-
lated as the complement of the normalized Gini-
index, while productivity is defined as the current
average wealth of H-Agents. The social outcome
is assessed as the product of equality and produc-
tivity (Zheng et al., 2020).

4.4 Experiment Results

4.4.1 The TaxAgent in Generating Social
Outcomes (RQ1)

Performance Comparison Across Tax Systems
The TaxAgent is evaluated against Saez optimal
taxation, US federal income tax, and the free-
market over 120 months by tracking the Equality-
Productivity Index (EPI). Figure 2 illustrates the
temporal evolution of the performance of each sys-
tem:
e Short-term (0—40 months): TaxAgent per-
forms comparably to Saez and US federal sys-
tems, with all systems showing high volatility.
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Figure 2: The EPI performance of all tax systems over
120 months. The TaxAgent (purple) performs signifi-
cantly better in the long-term.

* Medium-term (40-80 months): TaxAgent ex-
periences a slight decline before month 70,
maintaining performance similar to Saez and
US federal systems.

* Long-term (80—-120 months): TaxAgent and
Saez taxation show significant improvement,
with TaxAgent consistently outperforming all
other systems.

Statistical Validation of the Performance of Tax-
Agent Fixed-effect regression analysis quantifies
performance differences: Table 1 shows each sys-
tem’s performance relative to the free-market base-
line. TaxAgent achieves the best overall EPI
performance, outperforming the second-best US
federal taxation by 12.8% overall and 70.6 % in
the long term.

Table 2 analyzes temporal trends relative to the
free-market. The TaxAgent shows significant posi-
tive trends in all periods except the medium-term,
demonstrating superior progress. The Saez taxa-
tion shows moderate improvement; the US federal
taxation and free-market systems remain stagnant.

4.4.2 Mechanisms Behind TaxAgent
Performance (RQ2)

Tax Rate Determination Mechanism We ana-
lyze factors influencing the tax rate decisions of
TaxAgent using time series regression:

6 6 6
T~y Ti+Y Pty E+e (D
=1 =1 =1

where T is the mean tax rate, E and P represent
equality and productivity indices, and [ indicates
the lag period. Table 3 reveals two key insights:

* Policy Consistency and Adaptability:
Strong positive effects from lag three and
four tax rates, with no significant influence
from recent periods, indicate balanced policy
consistency and flexibility.
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Figure 3: Sample tax rates for seven income brackets of
the TaxAgent (top), the Saez taxation (middle), and US
federal income tax (bottom). Regressiveness of Saez
taxation and rigidness of US federal income tax limit
their performances.

* Emphasis on Equality: The magnitude of
the negative correlation between past equal-
ity levels and current tax rates is larger than
the correlation between productivity and tax
rates. This phenomenon demonstrates Tax-
Agent prioritizes addressing inequality over
productivity considerations.

Comparative Analysis We also examined tax
rate trajectories and their impacts on equality and
productivity performance across systems, as shown
in Figures 3 and 4:

» Saez Optimal Taxation: Despite theoretical
optimality, its regressiveness impairs long-
term performance due to the resistance to
higher rates for lower-income groups.

» US Federal Income Tax: Fixed rates maintain
stable equality (0.6-0.65) but lack dynamic
adjustment capability, limiting optimization
potential.

* Free-Market: Shows minimal productivity
and equality, contradicting traditional assump-
tions of free-market Pareto optimality and
demonstrating the necessity of taxation.

4.4.3 Macroeconomic Side-Effects of the
TaxAgent (RQ3)

Inflation and unemployment rates are fundamen-
tal indicators of economic health (Masca, 2017,
Cuche-Curti et al., 2008). To evaluate whether the
TaxAgent achieved better social outcomes while
maintaining economic stability, we analyze infla-
tion and unemployment patterns across different



Table 1: Regression Results on the Fixed Effects of Tax Systems

Variable Overall Short-Term Medium-Term Long-Term
TaxAgent 1417  0.89™ 1.19" 2.15"
Saez 0.82"" 0.42™ 0.82"" 1.24™
US Federal 125" 1.17°" 1.31° 1.26"
Note: Significance levels: “ p < 0.1, ™ p < 0.05, ™ p < 0.01.

(The same below)

Table 2: Regression Results on the Trend of Tax Systems

Variable Overall Short-Term Medium-Term Long-Term
TaxAgent  0.02™" 0.03™ 0.00™ 0.04™"
Saez 0.01™"  -0.01 0.01"" 0.02"""

US Federal 0.00 0.00 0.00 0.00

The coefficients of TaxAgent in Table 1 and Table 2 demonstrate
the superior EPI performance of the TaxAgent.

Equality (Short-Term) N ity (Long-Term)

Index Value

Index Value
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Figure 4: The equality (above) and productivity (below)
performance of different tax systems. The TaxAgent
demonstrates its prioritization on equality and its flexi-
bility in making equality-productivity trade-offs.

tax systems. This analysis was crucial since high
volatility in these metrics creates economic un-
certainty that can discourage investment, nega-
tively impact stock markets, and burden house-
holds (Dixit, 1992; Ampudia et al., 2020).

Figure 5 presents the inflation and unemploy-
ment rate distributions of each system. As shown in
Figure 5, the TaxAgent demonstrates superior per-
formance with three notable characteristics: first,
it maintained a moderate inflation rate of approx-
imately 8%; second, it achieved the lowest un-
employment rate among all systems, consistently
maintaining levels between 2% and 4%; third, both
indicators show minimal fluctuations compared to
other systems, suggesting a more stable economic
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Figure 5: The distribution of inflation and unemploy-
ment rate of different tax systems. The TaxAgent (the
rightmost one in each plot) achieved stable inflation con-
trol and low unemployment rate.

environment, providing predictability that allow
society to adjust effectively.

4.4.4 Authentic Behaviors of the H-Agents
(RQ4)

To validate the authenticity of H-Agents in mod-
eling human behavior, we conducted two experi-
ments, comparing H-Agents with rule-based mod-
els and responses from interviewees under identi-
cal initial conditions. We select a composite of
LEN (Lengnick, 2013) and CATS (Gatti et al.,
2011) as the rule-based model.

Free-Market Experiment This experiment ex-
amined decision-making in a zero-tax environment,
testing the classical "rational man" assumption
where individuals optimize work until marginal
cost equals marginal reward (Barger, 1936). Be-
havioral economics suggests that perceived inequal-



Table 3: Regression Results on the Tax Rate Determination Factors

Variable Lagl Lag2 Lag3 Lag4 Lag5 Lag6
Mean Tax Rate  0.00 -0.04 028" 042" 0.02 0.30"
Productivity -0.00 -0.00 0.01 0.03"  0.02" 001"
Equality -0.03 -0.02 -0.08" -0.07" -0.05" -0.06""

The TaxAgent emphasizes equality and shows strong policy consistency

and adaptability.

Table 4: Consumption Reduction Facing Unem-
ployment (Percent of Overall Wealth)

Variable Median 25th% 75th%
H-Agent 5.03 2.89 5.19
Real-person 8 2 10
Rule-based 2.25 2.14 2.36

ity reduces work incentives (Cohen-Charash and
Mueller, 2007; Sainz et al., 2023). As shown in
Figure 6, H-Agents demonstrated lower equality
and productivity levels that aligned more closely
with real-person responses than rule-based models,
confirming the impact of inequality perceptions on
work behavior.

Risk Preference Analysis This experiment an-
alyzed risk preferences by assessing consumption
reductions during unemployment. Human decision-
making under uncertainty involves risk aversion,
probability weighting of rare events, and loss aver-
sion (Jia et al., 2024). Table 4 shows that real
individuals exhibited the highest risk aversion and
H-Agents displayed intermediate levels that better
approximated human behavior compared to rule-
based models, further validating their authenticity
in simulating real-person decisions.

5 Conclusion

This study introduces the TaxAgent, an innova-
tive LLM-based tax planner, and evaluates its per-
formance within an authentic simulation frame-
work. Benchmarking against Saez optimal taxation,
US federal income tax, and free-market systems
demonstrates its superior performance: it achieves
a 12.8% higher EPI than the second best US fed-
eral taxation. The TaxAgent emphasizes equality
and shows strong policy consistency and adaptabil-
ity. Analysis on the economic environment shows
the TaxAgent maintained a healthy economy with
low unemployment and stable inflation. Behavioral
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Figure 6: The equality-productivity trade-off made by
H-Agents, real persons, and rule-based simulations. H-
Agents(green) behaved more similar to humans(yellow)
compared to rule-based simulations(red).

experiments validate that H-Agents models irra-
tional and diverse taxpayer behaviors better than
rule-based agents.

By eliminating reliance on rigid economic
assumptions, TaxAgent pioneered in LLM-
augmented fiscal policy design. This work con-
tributes to a more equitable and prosperous society
through LLM-driven tax strategies.

6 Limitations

Potential Biased Behavior of the TaxAgent Be-
cause of the training process of the LLMs, its val-
ues may not fully reflect the society. Although
this study empirically validated its superior per-
formance over traditional tax systems, adjusting
training biases may generate even better social out-
comes.

More Complicated Simulation Environment
Although our simulation environment incorporated
many important economic factors, it is not as com-
plex as the real world. However, a more complex
simulation environment is a double-edged sword:
it may provide more accurate predictions or cause



over-fitting and take up excessive computational
power.

The Potential of Reinforcement Learning (RL)
With adequate training data, RL may act as a good
TaxAgent in tax policy design. However, there
are two major challenges. First, a reward function
is needed. Manually defining an explicit reward
function means that we regress to the classical ap-
proaches that require arbitrary assumptions and
value judgments. Second, training steps needed
by RL will significantly increase the cost of de-
ploying LLM-based agents to simulate taxpayers.
Therefore, this may be a promising topic for future
researchers with more adequate resource.
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A Appendix prompt provided to H-Agents in the self-reflection
process. For brevity, the previous prompts and

A.1 H-Agent and TaxAgent decisions of the H-Agents is omitted.

H-Agent Prompt Example The following
prompt is one example of the information provided Given the previous quarter’s economic envi-
to H-Agents in the decision-making process. ronment, reflect on the labor, consumption,

You’re Adam Mills, a 58-year-old individual
living in San Antonio, Texas. A tax planner
adjusts your tax rates periodically. Now it’s
2001.03. Last month, you worked as a(an)
Newspaper Delivery. If you continue work-
ing this month, your expected income will be
$567.18, which decreased compared to last
month due to deflation of the labor market.
Besides, your consumption was $544.68. Part
of your income last month was witheld as in-
come tax. Last month, the tax brackets are:
[0.00, 808.33, 3289.58, 7016.67, 13393.75,
17008.33, 42525.00] and their corresponding
rates are: [0.10, 0.12, 0.22, 0.24, 0.32, 0.35,
0.37]. Income earned within each bracket is
taxed only at that bracket’s rate. This month,
according to the tax planner, the brackets are
not changed. But the planner updated corre-
sponding rates: [10.00%, 12.00%, 22.00%,
24.00%, 32.00%, 35.00%, 37.00%]. Income
earned within each bracket is taxed at that
bracket’s rate. Pay attention to the tax rates
because they may be different from the previ-
ous ones and you need to make your decision
based on the current rates Deflation has led
to a price decrease in the consumption mar-
ket, with the average price of essential goods
now at $126.78. Your current savings account
balance is $13072.25. Interest rates, as set by
your bank, stand at 3.00%. Considering as-
pects like your living costs, future aspirations,
broader economic trends, and the tax you need
to pay, how is your willingness to work this
month? How would you plan your expendi-
tures on essential goods? Provide your deci-
sions in a JSON format. The format should
have two keys: work’ (a value between 0 and
1 with intervals of 0.02, indicating the willing-
ness or propensity to work) and ’consumption’
(a value between 0 and 1 with intervals of 0.02,
indicating the proportion of all your savings
and income you intend to spend on essential
goods).

and financial markets, as well as their dynam-
ics. What conclusions have you drawn? Your
answer must be less than 200 words!

TaxAgent Prompt Example The TaxAgent
is provided with comprehensive household and
macroeconomic data for tax rate determination.
In addition, the social performance of the TaxA-
gent past decisions are also provided, providing
the information needed for iterative feedback. For
brevity, part of the income and wealth information
is omitted.

You are a tax planner in charge of adjusting
the tax rates of each income brackets. You
will decide the tax rate in next period ap-
plied cumulatively to the income of agents
in the seven [0.00, 808.33, 3289.58, 7016.67,
13393.75, 17008.33, 42525.00] income brack-
ets. Last month, the incomes and wealth
of individuals living in your society were
$[529.42, 820.63, 1255.18, ..., 0.0, 80016.97,
0.0] and $[29273.73, 35603.8, 36976.86, ...,
180063.13, 286498.22, 294174.67]. The tax
rates you set in the past months were [([[0.1,
0.12, 0.22, 0.24, 0.32, 0.35, 0.37], [0.1, 0.12,
0.22, 0.24, 0.32, 0.35, 0.37], [0.1, 0.12, 0.22,
0.24, 0.32, 0.35, 0.37], [0.1, 0.15, 0.25, 0.3,
0.35, 0.4, 0.45], [0.1, 0.15, 0.25, 0.3, 0.35, 0.4,
0.45], [0.1, 0.15, 0.25, 0.3, 0.35, 0.4, 0.45]D)].
The average per-capita productivity in the last
months were [ (0.0), (11.26), (14.32), (15.13),
(15.28), (14.54)]: the past months’ equal-
ity performances were [ (0.0), (0.66), (0.66),
(0.66), (0.67), (0.67)](the higher, the more
equal). Adjust the tax rates to build a society
that you consider best for society. You have
the total freedom to adjust the rates! Provide
your decision in a JSON format. The decision
should be a list with seven values (each value
between 0 and 1 with intervals of 0.01).

A.2 Macroeconomic Simulation Framework
Details

The production is determined by the total labor sup-

The following prompt is one example of the  plied by households. For simplicity, we assume the
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production of a single homogeneous commodity,
with each household contributing 168 hours (21
eight-hour working days) of labor if employed in a
given period. The total production, S, is defined as:

N
S=>1;x168x A
j=1

(12)

Where [; represents the labor supplied by house-
hold j, and A denotes productivity.

Taxation is modeled using a progressive, brack-
eted structure. The tax bracket limitation is repre-
sented by b, The tax levied on a household with
income z; is given by:

B
T(2) = > 7k ((bryr — br) 120 > bey]
k=1

+ (2i = bg) L[bg, < 2z < bpy1])

(13)

Redistribution in the simulation is even and la-
tent. The actual post-tax income for a household
is:

N
1

zi =2l =T(z)+2" = zi—T(zi)—i—N ZT(zj),

j=1
(14)
Demand for commodities is inversely propor-
tional to price and directly proportional to wealth.

Total societal demand is expressed as:

N Pes;

Y B

Jj=1

e

J=1 J=1

15)

where c; stands for individual consumption inten-
tion; p§ is the working propensity and s; is the
accumulated wealth.
Due to inventory constraints, actual consump-
tion, d;, is bounded by available supply:
dj = min(dj, G), éj = dj x P (16)
To ensure fairness, households consume in a ran-
domized sequence, with the inventory updated after
each transaction:

G(*G*Cij. (17)

Interest rate is defined by the Taylor Rule:

r = max(r" + 7' +a" (7 — ')+ (u" —u),0),

(18)
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where, " represents the natural interest rate, 7t is
current inflation, and ™ is the natural unemploy-
ment rate.

Demand-supply mismatch is quantified as:

D-G

max(D,G)’ 19

¢ =
This imbalance triggers price and wage adjustments
modeled as:

wi = wi(1+ i), i ~ sign(@)U(0, aw|@|),
(20)
P« P(1+¢p),pp ~ sign(p)U(0, ap|@l)
21
where, o, and o, represents the maximum adjust-
ing rates of prices and wages, respectively.
Inflation is defined as:

7=t Pnot (22)
Pn—l
Unemployment is defined as:
2 N
_ Zrlnzl j:l(l - lj) 23)
12N
Equality is defined as:
. N -1
eq(ze) = (1 — gini(x.)) X (24)

N

where gini(x.) is the standard Gini Index of the
wealth of H-Agents.
Productivity is defined as:

prod(z.) (25)

A.3 Baselines

US Federal Income Tax The United States fed-
eral income tax system operates under a progres-
sive tax structure. Individuals and households are
taxed at increasing rates as their taxable income
rises. After ajusting for monthly income, the tax
brackets and corresponding rates for the 2018 tax
year are as follows:
* 10% Tax Rate: Applied to taxable income up
to $808.33 for single filers.
* 12% Tax Rate: Applied to taxable income
from $808.33 to $3289.58 for single filers.
* 22% Tax Rate: Applied to taxable income
from $3289.58 to $7016.67 for single filers.
* 249% Tax Rate: Applied to taxable income
from $7016.67 to $13393.75 for single filers.



* 32% Tax Rate: Applied to taxable income
from $13393.75 to $17008.33 for single filers.

* 35% Tax Rate: Applied to taxable income
from $17008.33 to $42525.00 for single filers.

* 37% Tax Rate: Applied to taxable income
above $42525.00 for single filers.

The Saez Optimal Taxation The Saez tax frame-
work is formalized as hereunder.

The utility of an individual depends positively
on consumption c and negatively on labor effort 2,
and is given by:

u(c, z) = v(c) = h(z), (26)
where v(c) captures the utility from consumption,
and h(z) represents the disutility from labor effort.
Individuals face a budget constraint:

c=z(1-71)+R, 27
where z is earnings, 7 is the marginal tax rate, and
R is virtual income.

Behavioral responses to taxation are captured

through three key elasticities:

* Uncompensated Elasticity (e,,):

0z
o1 —r1)’

which measures the sensitivity of earnings to
changes in the net-of-tax rate (1 — 7);

(28)

€y —
z

* Income Effect (1):

17 o
N OR’

n 29)

z

which represents how changes in virtual in-
come influence labor supply;

* Compensated Elasticity (e.):

€c = €y + 1, (30)

which captures the pure substitution effect af-
ter accounting for income effects.

The government’s objective is to maximize so-
cial welfare:

W = /w(z)u(c, z)dz, 31

where w(z) are welfare weights, decreasing with
income to reflect redistributive goals.
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For high-income earners, Saez derives a simple
formula for the optimal marginal tax rate:

_ 1
S l4a-e,’

*
T

(32)

where a = = is the Pareto parameter, reflect-
ing the thickness of the income distribution’s top
tail. This formula balances revenue gains from in-
creased tax rates with losses due to reduced labor
supply, ensuring progressivity without excessive
distortion.

Extending to the full income distribution, Saez

provides a general nonlinear tax schedule:

(1-G(2) +e-z-g(2)
L+e-g(2)

T'(z) = NGS)

where G(z) is the cumulative income distribution,
g(z) is the income density, and e is the elasticity of
taxable income.

Saez’s framework emphasizes progressive tax-
ation with higher marginal rates for top earners,
justified by diminishing marginal utility of income
and empirical evidence on elasticities.

A.4 Experiments

Ablation Study The results of using qwen-max-
2024-09-19 and gpt-40-2024-08-06 as the TaxA-
gent are shown in Figure 7. In general, the social
outcome generated by the TaxAgent is superior
in the long term. An exception is that its perfor-
mance experiences a slight drop after the 100th
month when the base LLM is Chatgpt, but the per-
formance is not significantly lower than its com-
petitors’. This indicates that the TaxAgent has low
sensitivity to changes in its LLM base, enhancing
its reliability.

Elaboration on Experiments in RQ4 In the
Free-Market experiment we randomly selected
50 responses from the H-Agent under the free-
market scenario from our main experiment and doc-
umented their economic condition and decisions
on work and consumption. We provided the same
prompts to real persons and asked them to make
the same decisions as H-Agents. Finally, we used
the formulas (Lengnick, 2013; Gatti et al., 2011)
of the rule-based agents to calculate the decisions
of rule-based agents.

We use the decisions made and initial conditions
specified in the prompts to calculate the equality
and productivity of the three kind of agents.



GPT (Short-Term) GPT (Medium-Term) GPT (Long-Term)

Losiosrmae  ofmwa——

---- Free Market ---- US Federal ---- Saez === TaxAgent

Figure 7: Ablation study of the robustness of the TaxA-
gent. The TaxAgent shows low sensitivity to changes in
its base LLM.

In the risk preference experiment, we selected
63 unemployment incidences from our main ex-
periment under the US federal taxation scenario
and documented their economic condition and de-
cisions on work and consumption. We provided
the same prompts to real persons and asked them
to decide on the consumption reduction percentage
of their total wealth. Finally, based on the income
loss, we used the formulas of the rule-based agents
to calculate their decisions.

The participants of the two experiments were
student volunteers from Huazhong University of
Science and Technology. The data collected are
totally anonymous. The usage of the data is fully
explained and gained consensus from the partici-
pants.

It is important to note that the response of rule-
based simulations to unemployment is derived from
their reaction to income reduction, meaning it can
be adjusted to any desired value by modifying
model parameters. Nevertheless, the variance in
consumption reduction among rule-based simula-
tions remains significantly lower than that observed
in the other two groups.
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