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sectionIntroduction

The relationship between inflation expectations and central bank interest rate
policies represents one of the most fundamental yet complex dynamics in mod-
ern macroeconomics. Traditional economic models, particularly those based
on rational expectations and linear response functions, have provided valuable
insights but increasingly fail to capture the nuanced interactions in today’s digi-
tally interconnected global economy. This research introduces a groundbreaking
computational framework that merges quantum-inspired optimization with be-
havioral economic modeling to address these limitations.

The conventional approach to monetary policy analysis has predominantly re-
lied on variations of the Taylor rule and New Keynesian frameworks, which
assume relatively straightforward relationships between policy rates and infla-
tion expectations. However, the emergence of digital communication networks,
algorithmic trading, and real-time information dissemination has fundamentally
altered how economic agents form and update their expectations. These changes
necessitate a more sophisticated analytical approach that can accommodate
the multi-dimensional, non-linear, and often paradoxical nature of expectation-
policy interactions.

Our research addresses three core questions that have remained inadequately
explored in the existing literature. First, how do heterogeneous expectation
formation mechanisms, ranging from fully rational to boundedly rational and
socially influenced, interact with central bank policy credibility in digital infor-
mation environments? Second, what computational limitations do traditional
monetary policy rules encounter when dealing with high-inflation regimes char-
acterized by multiple equilibria and path dependency? Third, how can principles



from quantum computing and complex systems theory enhance our understand-
ing of policy transmission mechanisms in economies where information travels
at near-instantaneous speeds?

The novelty of our approach lies in its integration of computational techniques
from seemingly disparate fields. By applying quantum annealing algorithms to
policy optimization problems and incorporating neuro-symbolic computing to
model expectation formation, we create a bridge between advanced computer sci-
ence methodologies and macroeconomic policy analysis. This cross-disciplinary
perspective allows us to identify previously unrecognized stability conditions
and policy trade-offs that emerge when central banks operate in environments
where expectations are formed through distributed, networked processes rather
than isolated individual reasoning.

sectionMethodology

Our methodological framework represents a significant departure from conven-
tional approaches in monetary economics. We develop a multi-agent computa-
tional economic model where heterogeneous agents form inflation expectations
through different cognitive processes, ranging from Bayesian updating to social
learning and algorithmic pattern recognition. The core innovation lies in our
application of quantum-inspired optimization techniques to solve the central
bank’s policy response function.

The model architecture consists of three interconnected components: an expec-
tation formation module, a policy optimization engine, and an economic environ-
ment simulator. The expectation formation module employs a neuro-symbolic
approach that combines neural networks for pattern recognition with symbolic
reasoning for rule-based expectation updating. This hybrid architecture allows
agents to process both quantitative data and qualitative information, such as
central bank communications and media sentiment, in forming their inflation
expectations.

The policy optimization component utilizes a quantum annealing-inspired algo-
rithm to solve for optimal interest rate paths. Traditional optimization methods
often struggle with the high-dimensional, non-convex nature of monetary policy
problems, particularly when multiple equilibria exist. Our quantum-inspired ap-
proach treats the policy space as a quantum system where different interest rate
paths exist in superposition until measured against specific economic outcomes.
This allows us to explore policy possibilities that would be computationally
prohibitive using classical methods.

The economic environment simulator implements a sophisticated New Keyne-
sian model with several crucial extensions. We incorporate financial frictions,
heterogeneous agent behaviors, and network effects in information transmission.
The model captures how expectations propagate through social and professional
networks, creating emergent macroeconomic patterns that cannot be reduced
to individual agent behaviors.



Our data synthesis approach combines traditional economic indicators with
novel digital footprints, including social media sentiment, search query volumes,
and financial market micro-structure data. This multi-modal data integration
provides a more comprehensive picture of how inflation expectations form and
evolve in real-time, allowing our model to capture dynamics that are invisible
to conventional data sources.

The calibration process employs a multi-stage Bayesian estimation procedure
that accounts for parameter uncertainty and model misspecification. We vali-
date our model against historical episodes of monetary policy transitions and
inflation expectation shifts, demonstrating its superior performance in capturing
non-linear dynamics and regime changes compared to traditional approaches.

sectionResults

Our computational experiments reveal several groundbreaking findings that
challenge conventional wisdom in monetary economics. First, we identify a
previously unrecognized non-linearity in the relationship between policy credi-
bility and expectation stability. Contrary to traditional models that suggest a
monotonic relationship, our results demonstrate that moderate levels of policy
transparency can sometimes destabilize expectations by revealing the central
bank’s uncertainty, while either complete opacity or full transparency tends to
stabilize them.

Second, we find that the computational complexity of optimal monetary policy
increases dramatically when expectation formation incorporates social learning.
In networked environments, small policy changes can trigger cascading expec-
tation revisions that lead to emergent macroeconomic patterns not predictable
from individual agent behaviors. This finding suggests that central banks need
to consider the network topology of expectation formation when designing com-
munication strategies.

Third, our quantum-inspired optimization reveals multiple near-optimal policy
paths that traditional methods would overlook. These alternative paths rep-
resent different trade-offs between short-term stabilization and long-term cred-
ibility, suggesting that central banks face more complex decision landscapes
than previously recognized. In particular, we identify policy sequences that
temporarily tolerate higher inflation to build long-term credibility, challenging
the conventional wisdom of always prioritizing immediate price stability.

Fourth, our analysis of high-inflation regimes demonstrates that traditional pol-
icy rules encounter fundamental computational limits. When inflation expec-
tations become unanchored, the policy response surface develops multiple local
optima and discontinuities that render gradient-based optimization methods
ineffective. Our quantum-inspired approach, by contrast, can navigate these
complex landscapes more effectively, suggesting practical advantages for policy
makers facing extreme economic conditions.



Fifth, we document how digital information acceleration has fundamentally al-
tered the dynamics of expectation formation. In environments where infor-
mation travels at digital speeds, expectation updating occurs through paral-
lel rather than sequential processes, creating quantum-like superposition states
where multiple expectation trajectories coexist until resolved by concrete eco-
nomic outcomes. This finding necessitates a reconceptualization of how central
banks should model and respond to expectation dynamics.

sectionConclusion

This research makes several original contributions to both computational eco-
nomics and monetary policy design. By integrating quantum-inspired optimiza-
tion with behavioral economic modeling, we have developed a novel analytical
framework that captures dimensions of the inflation expectation-policy relation-
ship previously inaccessible to conventional methods. Our findings challenge
several established principles in monetary economics and suggest new directions
for both theoretical modeling and practical policy design.

The identification of non-monotonic relationships between transparency and sta-
bility, the discovery of computational complexity barriers in traditional policy
rules, and the documentation of quantum-like expectation dynamics in digital
economies all represent significant advances in our understanding of modern
monetary systems. These insights have practical implications for central banks
operating in increasingly interconnected and digitally mediated economic envi-
ronments.

Our research also demonstrates the value of cross-disciplinary approaches in
addressing complex economic problems. The application of quantum computing
principles, neuro-symbolic artificial intelligence, and complex systems theory
to monetary economics opens new avenues for research that bridges computer
science and economics. Future work could extend this framework to other areas
of economic policy, explore the implications for financial stability, and develop
practical computational tools for policy makers.

The limitations of our approach primarily relate to computational requirements
and data availability. While our quantum-inspired algorithms offer theoretical
advantages, their practical implementation requires significant computational
resources. Additionally, the novel data sources we incorporate, while rich in
information, present challenges in terms of standardization and interpretation.

In conclusion, this research provides both a new theoretical perspective and
a practical computational framework for understanding the complex relation-
ship between inflation expectations and central bank policies. By embracing
methodological innovations from computer science and complex systems theory,
we have uncovered previously hidden dimensions of this fundamental economic
relationship and provided new tools for navigating the challenges of monetary
policy in digital economies.
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