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Introduction: A Blueprint for a Modern Bank

As the technological backbone of our bank, you are tasked with ensuring that our systems are
robust, scalable, and innovative while meeting regulatory demands and adapting to customer
behaviors. This document presents a comprehensive design for a modern banking institution,
leveraging the Knowledge-Based Behavioral Systems Engineering (KBSE) framework via
Homotopy Type Theory (HoTT). This approach, developed by J. Konstapel in Leiden on September
29,2025, integrates van Ruijven's tetrahedron-based Systems Engineering with Burstein's category
theory-driven behavioral modeling, enhanced by Oliveira's relational calculational methods. The
design aims to create a digital bank that is mathematically rigorous, behaviorally insightful, and
practically implementable, aligning with financial engineering principles for sustainability,
compliance, and scalability.

For you as a CTO, this means a system where:

e  Transaction Integrity is guaranteed through type-checking, reducing errors and fraud.

e  Behavioral Insights drive personalized services and risk management.

Scalability is achieved via a hierarchical structure that adapts to growth.

Auditability is ensured with provable traces of all operations.

This blueprint outlines the theoretical foundation, architectural components, dynamic evolution,
knowledge management, and practical implementation, providing a clear roadmap for development
and deployment.

Foundation: HoTT as a Unifying Mathematical Basis

The KBSE framework uses HoTT as its foundational mathematical language, offering a unified
approach to modeling banking systems. HoTT integrates:

*  Geometric Structures: Homotopy types represent the spatial organization of banking
operations (e.g., transaction networks).
*  Logical Relationships: Dependent types encode regulatory constraints and symbiotic
interactions between system components.
*  Temporal Dynamics: Path spaces track the evolution of transactions and behavioral states
over time.
This fusion creates a coherent system where financial objectives, tasks, structures, and capabilities
are interrelated with provable consistency. For the CTO, this translates to a system where every
transaction and decision is mathematically verifiable, reducing the risk of systemic failures.



Relationally, Oliveira's calculational approach adds non-deterministic modeling (e.g., market
volatility) through hylomorphism, enabling the derivation of robust financial algorithms from
specifications.

Core Architecture: Geometric Types and Compositional
Design

Basis Type Definitions

Tetrahedron Type (T)

The tetrahedron type models the core components of the bank:

text

T := 2(objective : FinancialObjective) (tasks : TransactionTasks)
(structure : RegulatoryStructure) (capabilities : RiskCapabilities)
SymbioticRelations(objective, tasks, structure, capabilities)

. FinancialObjective: Goals such as maximizing return on investment (ROI > 5%) while
keeping Value at Risk (VaR) below 2%.
. TransactionTasks: Operations like deposits, loans, and trades, executed via digital ledgers
or blockchain.
. RegulatoryStructure: Compliance frameworks such as Basel III, PSD2, or AML
regulations.
*  RiskCapabilities: Tools for hedging, stress testing, and scenario analysis.
Symbiotic Relations: These are type dependencies ensuring that tasks align with objectives and
capabilities, validated through type-checking. For example, a loan task requires a risk capability to
assess creditworthiness, formalized as a dependent type constraint.

Sefira Type (S)

The sefira type captures behavioral aspects:

text

S := 2(cognitive : ClientCognitive) (emotional : MarketSentiment)
(action : TradingAction)
+ FeedbackLoop(cognitive, emotional, action)

*  ClientCognitive: Cognitive biases (e.g., confirmation bias in investment choices).
. MarketSentiment: Emotional indicators derived from news, social media, or market data.
e  TradingAction: Actions like buy/sell orders or portfolio adjustments.
Feedback Loop: This models how cognitive states influence actions, with emotional feedback
inducing behavioral shifts, represented as path equivalences in HoTT.

Composition Type (C)



The composition type integrates behavioral and operational layers:

text

C := X(tetrahedron : T)(sefira embedding : S - T)
+ GeometricConsistency(tetrahedron, sefira embedding)

This embeds sefira (behavioral) structures into tetrahedrons (operational units), ensuring geometric
consistency through type constraints. For instance, a retail banking tetrahedron embeds client
sentiment to adjust loan offerings dynamically.

Flower of Life as Higher Inductive Type

The organizational structure is modeled as a Higher Inductive Type (HIT):

text

FlowerOfLife := HIType where

| center : CoreBankingSystem

| petal : T » FlowerOfLife - FlowerOfLife

| symmetry : V(t: t2 : T), petal(t:, petal(t:, center)) =
petal(t2, petal(t:, center))

| unity : V(f : FlowerOfLife), 3!(decomposition : List(T)),
reconstruct (decomposition) = £

Center: The core banking system (e.g., central ledger).

Petals: Subsystems like Retail, Investment, and Compliance, symmetrically organized.
. Symmetry: Ensures balanced risk distribution across departments.

Unity: Guarantees a unique decomposition for audit and scalability purposes.
Relational Extension: Non-deterministic evolution is handled via a relational hylomorphism:

text

RelFlowerEvol := [G] [R]

where R is the specification (e.g., "transactions comply with regulations"), and G is the generator
(e.g., market inputs), fused as RelFlowerEvol = R - F RelFlowerEvol - G

Dynamic System Evolution via Path Spaces and Relational
Paths

Lifecycle Modes as Path Types

Lifecycle modes represent different perspectives on a tetrahedron:

text



WhyMode, HowMode, WhatMode : T - Type
TransitionPath : V(t : T), WhyMode(t) = HowMode(t) = WhatMode(t)

*  WhyMode: Strategic rationale (e.g., "Why offer this loan?").

. HowMode: Execution method (e.g., "How via blockchain?").

. WhatMode: Outcome (e.g., "What is the balance?").
TransitionPath: Connects these modes with equivalence paths, enabling traceable lifecycle
transitions (e.g., from strategy to execution).

Behavioral Evolution in Finance

Behavioral evolution tracks state changes:

text

BehavioralState := X(cognitive bias : BiasType) (emotional state
SentimentType) (action tendency : TradeType)

RelEvolution : BehavioralState - BehavioralState - Prop
SystemEvolution : V(t : T)(b: bz : BehavioralState),
RelEvolution(b:i, b2) - T[bi1] = T[bz]

. RelEvolution: A relational catamorphism [BaseRel, StepRel], where BaseRel initializes
states (e.g., market opening), and StepRel applies bias transformations (e.g., from bullish to
crash response).

*  SystemEvolution: Ensures that behavioral changes induce equivalent system
transformations, provable via HoTT paths.

Symbiotic Interactions as Fibrations

Symbiotic relationships are modeled as fibrations:

text

SymbiosisBundle : T x T - Type
mi1 : SymbiosisBundle(ti, tz2) - t1
m2 : SymbiosisBundle(t:i, tz2) - t:2

*  RelSymbiosis : T — T — Prop: Uses Galois connections (o - Symbiosis - y) for
refinement, approximating interactions (e.g., loan-risk unit synergy).
e Pullback Constructions for Harmony: text

Harmony(t:1 tz2 : T) := Pullback(capabilities(ti) - SharedGoal «
structure(t2))



Shared goals (e.g., "compliance with AML") are defined as pullbacks, ensuring harmonic
integration.

Knowledge-Based Components via Dependent Types and
Relational Contracts

Knowledge Type Hierarchy

Knowledge management distinguishes tacit and explicit knowledge:

text
Knowledge := TacitKnowledge ® ExplicitKnowledge

TacitKnowledge := 2 (experience : TradingExperience) (intuition
MarketIntuition)
EmbodiedUnderstanding(experience, intuition)

ExplicitKnowledge := ¥ (codified : RegulationCode) (transferable :
ComplianceTraining)
+ FormalRepresentation(codified, transferable)

*  TacitKnowledge: Trader intuition from experience (e.g., market feel).
*  ExplicitKnowledge: Codified regulations (e.g., Basel III rules).

Knowledge Transfer Functions

Relational transfer ensures knowledge preservation:

text

RelExternalization : TacitKnowledge - ExplicitKnowledge - Prop

Internalization : ExplicitKnowledge - TacitKnowledge
SociallLearning : TacitKnowledge x TacitKnowledge - TacitKnowledge

These are derived via hylomorphism, ensuring semantic integrity (e.g., distilling trader insights into
training modules).
Cognitive Bias as Type Constructors

Biases are modeled as type transformations:

text

BiasConstructor : Type - Type
ConfirmationBias : V(evidence : MarketData),
BiasConstructor(evidence) := FilteredEvidence(evidence, PriorBelief)



AnchoringBias : V(estimation : Valuation),
BiasConstructor(estimation) := AdjustedEstimate(estimation,
InitialAnchor)

*  ConfirmationBias: Filters data based on prior beliefs (e.g., ignoring bearish news).
*  AnchoringBias: Adjusts valuations based on initial anchors (e.g., entry price).
These constructors enable traceable bias effects, critical for behavioral risk assessment.

Recursive Decomposition via Universe Levels

Hierarchical System Types

The bank scales through universe levels:

text

Systemo : Typeo -- Basis: Transactions and accounts

System:1 : Type:1 -- Systems: Retail banking

System: : Typez -- Systems of systems: Enterprise risk management
SystemQ : TypeQ -- Meta-level integration (e.g., with fintech
partners)

Fractal Embedding

Self-similarity ensures scalability:

text
FractalEmbed : V(n : N), System, - System,+:

ScaleInvariant : V(s : System)(nm : N),
Structure(FractalEmbed”n(s)) = Structure(FractalEmbed"m(s))

*  RelFractal : System,, — System,, — Prop = [Id, FractalRel]: Proves equivalence for
isomorphic scaling (e.g., branch replication).

Implementation: From Theory to Practice

Computational Interpretation

Type Checking as Validation: Validates designs, flagging inconsistencies as type errors
(e.g., misaligned regulatory structures).
e Proof Assistant Integration: Agda/Coq sketch:
text

record BankSystem where



tetrahedra : List Tetrahedron

flower-structure : FlowerOfLife tetrahedra

behavioral-layer : V(t : Tetrahedron) - BehavioralState t
symbiosis-proof : SymbioticConsistency tetrahedra behavioral-layer
rel-evol : RelEvolution behavioral-layer

Digital Platform Architecture

*  HoTT-Native Tools: Type-directed interfaces for transaction modeling.

*  Automated Checks: Proof obligations ensure compliance.

*  Real-time Monitoring: Dependent type updates detect fraud.

*  Semantic Integration: RDF-to-HoTT translates legacy ontologies (e.g., XBRL).
text

RDF-to-HOTT : RDFTriple -» J(A B : Type), (A - B)
HOoTT-to-RDF : V(A B : Type), (A - B) - RDFTriple

Practical Advantages

Mathematical Guarantees

e  Compositionaliteit: Subsystems retain properties via path concatenation.
*  Correctness by Construction: Designs are error-free due to type discipline; knowledge
transfer preserves semantics.

Engineering Benefits

*  Predictable Behavior: Evolution analyzed via path spaces (e.g., market crash responses).
e Scalable Complexity: Universe hierarchy manages growth.
*  Verified Interoperability: Type unification ensures API compatibility.

Conclusion: A Mathematically Grounded Banking Framework

This HoTT-based KBSE framework realizes a bank that combines geometric intuition
(tetrahedrons), logical precision (dependent types), and dynamic modeling (paths). It surpasses
traditional financial engineering by offering provable consistency and calculative derivation, ideal
for a resilient, behavior-aware bank. Next steps include Haskell prototyping and Coq proofs, with
your leadership driving implementation.

Sincerely,
J. Konstapel

Leiden, September 26, 2025,07:14 PM CEST






