Financial Markets at the Edge: Two Studies in Dynamic Symmetry Theory

Editorial note

The following two-part paper is presented in the spirit of the 0XQ research programme: dynamic symmetry
theory, or Edge theory, is treated here not as a settled doctrine but as a working framework for identifying,
formalising, and testing the relation between order, disorder, resilience, and regime change in complex
systems. The first part offers a conceptual account of market crashes as endogenous structural failures. The
second develops a market-specific Dynamic Symmetry Index intended to operationalise that account within

a tractable empirical framework.

Part I. Modelling Economic Market Crashes via Edge Theory

Abstract

Economic market crashes are often described either as irrational panics or as statistically rare accidents.
Neither description is sufficient. A more adequate account must explain why long periods of apparent
stability can give way so quickly to violent breakdown, why these breakdowns recur across different
markets and eras, and why conventional measures of risk so often understate the scale of impending

disorder. This paper argues that Edge theory offers a coherent framework for addressing these questions.

Edge theory, also referred to as dynamic symmetry theory, treats markets as complex adaptive systems
rather than as linear mechanisms tending naturally towards equilibrium. On this view, markets remain
viable not when they are perfectly ordered, nor when they are fully open to random fluctuation, but when
stabilising and exploratory forces remain productively coupled. Crashes occur when that coupling
degrades. The system is then pushed away from its viable balance and towards a regime in which small

disturbances can trigger disproportionate consequences.

The account developed here is continuous with the formal programme of Dynamic Symmetry Theory 2.1 and
the Dynamic Symmetry Index paper. In the language of those works, financial crises can be interpreted as
transitions in systems whose order and disorder functionals drift away from a viable balance region in
order-disorder space. The present essay is not a formal proof of that claim. It is a conceptual and
explanatory sketch intended to show how the dynamic symmetry framework can organise familiar financial

phenomena such as bubbles, herding, heavy tails, liquidity collapse, and abrupt regime shifts.



1. Introduction

A central problem in the study of financial crises is the mismatch between slow build-up and rapid collapse.
Booms can persist for years, confidence can deepen while fragility increases, and then an apparently modest
disturbance can precipitate a breakdown whose scale far exceeds the visible cause. The difficulty is not
merely predictive. It is explanatory. A satisfactory theory must account for why markets become vulnerable
in the first place, why that vulnerability is often hidden during expansion, and why the eventual collapse is

so often discontinuous.

Classical finance has often approached these issues through the language of equilibrium, informational
efficiency, and probabilistic deviation. That approach has analytical force, but it is weak on endogenous
fragility. It tends to treat large crashes either as reactions to new information or as statistically remote

events. It says much less about how market structure itself can incubate disproportionate failure.

Edge theory approaches the problem differently. It starts from the claim that many adaptive systems
function best within moving bands where stabilising and exploratory processes remain coupled. Order
alone is not enough, because excessive rigidity produces brittleness. Disorder alone is not enough, because
excessive fluctuation destroys coherence. A viable market requires both. The question is how these

tendencies are related, how that relation changes, and what happens when it breaks down.

This first part develops that idea in five stages. Section 2 contrasts equilibrium finance with a complex-
systems perspective. Section 3 examines bubbles as processes of strategic compression and herding.
Section 4 interprets market breakdown through the language of criticality and phase transition. Section 5
discusses the relevance and limits of log-periodic power-law modelling. Section 6 turns to attractors,
bifurcations, and crash regimes. Section 7 addresses heavy tails and the limits of Black Swan vocabulary.
Section 8 then links the discussion explicitly to the formal research programme of Dynamic Symmetry

Theory 2.1 and prepares the transition to Part II.

2. From equilibrium finance to complex adaptive systems

Classical finance has often been built on assumptions of equilibrium, representative rationality, and
statistical regularity. The Efficient Market Hypothesis, in its stronger forms, implies that prices incorporate
available information so efficiently that sustained mispricing is quickly eliminated. In parallel, standard risk
models have often relied on approximately Gaussian assumptions about return distributions, correlations,
and volatility. In these frameworks, major crashes appear either as responses to new information or as

extreme deviations from an otherwise stable probabilistic background.



There is elegance in this picture, but its limitations are substantial. Markets are not composed of isolated
particles responding independently to information. They are social, technical, and institutional systems
populated by heterogeneous agents whose beliefs interact, whose strategies adapt, and whose decisions
alter the environment to which they then respond. Feedback is therefore intrinsic rather than incidental.
One trader’s action changes price, price changes alter perceptions of opportunity and risk, and these altered

perceptions shape further action. Such recursive dynamics make the market irreducibly non-linear.

Once this non-linearity is acknowledged, equilibrium ceases to be the natural default. Markets may spend
time in relatively stable states, but those states are maintained through ongoing adjustment rather than
through any final or settled balance. Liquidity depends on confidence, confidence depends on price
behaviour, and price behaviour depends in part on the expectation of liquidity. Similar circular relations
hold for credit, leverage, and asset valuation. A market can therefore appear robust while becoming

progressively more vulnerable.

Edge theory provides a disciplined language for this vulnerability. It proposes that adaptive systems
function well only within a moving band between excessive rigidity and excessive disorder. Applied to
markets, the relevant issue is not whether order is good and disorder bad. Both are necessary. Order
provides persistence, comparability, enforceable rules, settlement continuity, and enough regularity for
coordinated exchange. Disorder provides variation, experimentation, dispersed judgement, and enough
unpredictability to support discovery and adaptation. A healthy market contains both. It becomes

pathological when one side overwhelms the other or when their coupling weakens.

This point matters because Edge theory does not reduce complexity to the slogan that good systems live
“somewhere between” extremes. In the spirit of Dynamic Symmetry Theory 2.1, it asks a more exact
question: what concrete processes are playing stabilising roles, what processes are generating exploratory
variation, how are they coupled, and what signatures appear when the relation between them changes? In
finance, stabilising processes may include arbitrage, diversity of strategy, capital requirements, settlement
systems, and institutional trust. Exploratory or destabilising processes may include speculative innovation,
rapid shifts in sentiment, leveraged exposure, reflexive pricing, and correlated behavioural imitation. The
market’s condition depends on the evolving relation between these tendencies rather than on the isolated

magnitude of any one variable.

3. Bubbles, herding, and the loss of dynamic symmetry

A speculative bubble can be understood as a progressive deformation of the order-disorder relation. Early
in a bull market, participants may differ substantially in horizon, method, and conviction. Value investors,

momentum traders, market makers, hedgers, and discretionary institutions can coexist without converging



on a single behavioural script. Such diversity does not eliminate risk, but it helps prevent local disturbances
from spreading uniformly through the system. The market remains noisy, but it is not yet tightly

synchronised.

As the boom matures, this heterogeneity often narrows. Narratives of inevitability strengthen. Successful
strategies attract imitation. Highly leveraged positions become normalised. Institutions increasingly infer
safety from rising prices themselves, and this inference draws in further participation. Algorithmic systems
trained on recent market behaviour may amplify the same directional signals that human actors are already

following. The result is not simply exuberance. It is a structural reduction in independence.

This is a crucial point. A market does not become fragile only when volatility becomes high. It can become
fragile while price appreciation appears smooth and confidence appears strong. One of the most dangerous
stages in a bubble is the period during which volatility is damped by convergence. If many actors are buying
for similar reasons and funding themselves through similar mechanisms, the system acquires a form of

higher-order regularity. Surface calm conceals underlying compression.

Edge theory interprets this as a loss of dynamic symmetry. The market is no longer balancing diverse
exploratory behaviour with durable stabilising constraints. Exploratory energy becomes channelled into
increasingly similar pathways. The range of effective options contracts even as apparent confidence
expands. This is why bubble conditions often feel robust right up until they do not. Internal diversity has

already been sacrificed.

The clustering phase is therefore not best described as a drift from order into disorder. It is more accurately
described as a drift into hyper-order of a pathological kind. Prices may still oscillate, but the strategic
ecology becomes less plural. Correlations rise. Hidden dependencies multiply. Small deviations from
expectations can no longer be absorbed locally because so many participants are positioned in ways that

presuppose the continuation of the same trend.

Once the market reaches this state, the size of the eventual trigger becomes less important than the
condition of the system when the trigger arrives. The trigger may be a disappointing earnings release, a
funding squeeze, a policy remark, an unexpected default, or a modest decline in collateral values. What
determines the severity of the crash is the system’s structural position. If dynamic symmetry has already
been lost, even a minor perturbation can set off synchronised deleveraging, rapid repricing, and cascading

withdrawal of liquidity.



4. Phase transitions and criticality

The language of phase transition is useful because it captures discontinuity emerging from gradual change.
A liquid market does not usually advertise the exact moment at which it will cease to be liquid. Conditions
worsen incrementally: leverage rises, margins narrow, strategy concentration intensifies, confidence
becomes self-referential, and risk models are calibrated to a period that already embodies the bubble. Yet
the eventual breakdown is often abrupt. This asymmetry between slow build-up and rapid collapse is one

of the central features that any adequate theory of crashes must explain.

Within Edge theory, such moments can be interpreted as crossings of a critical boundary. A system can
absorb perturbation while it remains within a viable region of order-disorder space. Outside that region,
the same perturbation no longer dissipates. Instead, it is amplified by the structure of the system itself. The
market moves from resilience to fragility not because one variable crosses a universal threshold, but

because the joint configuration of variables no longer supports adaptive recovery.

This has an immediate implication for financial modelling. The relevant object is not merely price, nor
volatility alone, nor sentiment alone, but the geometry of their relations. Leverage without herding does not
behave like leverage with herding. Liquidity under dispersed positioning does not behave like liquidity
under concentrated positioning. An adequate model therefore resists one-dimensional metrics of safety. A
market can show low measured volatility and still be close to a critical edge if its structure is becoming

overly synchronised.

The analogy with critical systems in physics must be used carefully. Markets are not crystals or fluids. They
are reflexive systems in which agents interpret, anticipate, and strategically modify one another’s
behaviour. Nevertheless, the comparison remains useful in one respect: both kinds of system can display
qualitative changes of regime that are not reducible to the sum of isolated local events. The transition

matters more than the trigger.

In the formal language of Dynamic Symmetry Theory 2.1, the relevant next step is to define explicit order
and disorder functionals and to ask whether a task-relevant performance quantity is maximised on an
interior balance region rather than at either extreme. That research question is developed abstractly in
Dynamic Symmetry Theory 2.1 and methodologically in the Markov validation study. The present essay

remains at the conceptual level, but it is framed to connect directly to that programme.

5. Log-periodic power laws and accelerating instability

One of the most intriguing approaches to bubble dynamics is the log-periodic power-law model. Such

models attempt to capture the accelerating rise of asset prices during bubbles together with oscillatory



corrections that become more frequent as the system approaches a critical time. In broad terms, the model
represents a price series as a power-law acceleration modulated by log-periodic oscillations. These

oscillations are interpreted as the visible trace of increasingly compressed cycles of optimism and doubt.

The attraction of this framework is not merely that it fits certain historical bubbles. It offers a formal way
of expressing the intuition that a bubble is not just rapid growth, but a patterned acceleration generated by
feedback. Price appreciation draws in more participants, their participation pushes prices higher, and
higher prices validate the narrative that attracted them in the first place. The system therefore acquires
self-reinforcing momentum. Counter-movements still occur, but they do so within a narrowing temporal

frame.

From the standpoint of Edge theory, log-periodic acceleration can be treated as a possible surface signature
of a deeper structural process. As a bubble advances, the market’s exploratory energy becomes increasingly
channelled into a limited set of reinforcing expectations. What appears as exuberant fluctuation at the level
of price movement may therefore conceal a form of hidden order at the level of behavioural coordination.
The oscillations become more rapid because the system is spending less and less time in genuinely
independent discovery. It is trapped inside an increasingly compressed cycle of self-confirmation and

correction.

This interpretation is suggestive but should not be overstated. Log-periodic power-law models are not
themselves the content of dynamic symmetry theory, nor do they establish the geometry of a balance set in
the formal sense developed in Dynamic Symmetry Theory 2.1. Their value here is heuristic and potentially
diagnostic. They indicate one way in which accelerating feedback may become visible before collapse. Edge
theory supplies a broader explanatory frame, but it still requires formal and empirical work to tie such

patterns to explicit order-disorder trajectories.

6. Attractors, bifurcations, and crash regimes

The non-linear dynamics perspective becomes clearer when the market is represented in a
multidimensional phase space. Such a space need not be visualised literally in all its dimensions. It is enough
to recognise that price, leverage, funding conditions, order-book depth, realised volatility, cross-asset

correlation, and sentiment do not evolve independently. Together they define the system’s state.

Under relatively normal conditions, the market may orbit within a bounded regime in which disturbances
are damped. Prices move, positions are adjusted, and local shocks are absorbed without general
breakdown. This does not imply tranquillity. It means only that the system’s internal corrective
mechanisms still operate. Volatility may rise temporarily, but it does not immediately destroy the

conditions of trading.



A crisis begins when the underlying structure changes so that the old regime loses stability. In dynamical-
systems language, this is a bifurcation. Control parameters such as leverage concentration, collateral
fragility, strategy correlation, or funding dependence reach levels at which the market can no longer recover
as it did before. A perturbation that once would have been routine now pushes the system onto a different

path.

This change of regime clarifies why crashes so often appear discontinuous. There may be no single moment
at which observers, looking only at prices, can say with confidence that the market has crossed the line. Yet
once the shift has occurred, normal interpretation fails quickly. Market makers widen spreads or withdraw.
Funding becomes selective. Margin calls turn a valuation problem into a liquidity problem, and then into a

solvency problem. In practical terms, the market enters a panic attractor.

Edge theory gives this narrative a precise conceptual structure. The pre-crisis regime corresponds to a
region in which order and disorder remain coupled in a way that supports adaptation. The post-bifurcation
regime corresponds to a region in which that coupling has broken down. The resulting disorder is not
creative variability but destructive decoherence. The distinction is central. Markets need fluctuation to
function, but they do not function when fluctuation is no longer contained by stabilising processes capable

of converting disturbance into renewed coordination.

A fully developed mathematical version of this argument remains a task for future work. Nevertheless, the
conceptual gain is already significant. It shifts explanation away from the search for one decisive external
cause and towards an analysis of changing system structure. It also suggests why post-crash policy
responses that focus only on restoring confidence can fail. If the market’s geometry has shifted, sentiment

alone is insufficient. The coupling conditions of the system must be rebuilt.

7. Heavy tails, power laws, and the limits of Black Swan vocabulary

Mainstream risk language often treats crashes as rare exceptions. In the popularised form of this view,
markets behave normally most of the time and occasionally suffer black swan events that sit far out on a
bell curve. This language has rhetorical force, but it is misleading when applied too casually to financial

systems.

Empirical return distributions in many financial markets are not well described by thin-tailed Gaussian
forms. Large moves occur more frequently than the normal model predicts. Volatility clusters across time.
Correlations shift rapidly under stress. These features suggest that extreme events are not merely statistical
accidents superimposed on an otherwise well-behaved baseline. They are part of the baseline structure of

markets whose internal organisation permits cascades, synchronisation, and multiscale amplification.



Power-law descriptions are useful here because they express the fact that large events remain materially
relevant even when they are less common than small ones. A system with fat tails is not one in which
extremes are guaranteed at every moment. It is one in which the decline of probability with size is slow
enough that extremes cannot be relegated to the conceptual margins. If the tails are structurally heavy, then

arisk architecture built on light-tailed assumptions is not merely imprecise. It is systematically misleading.

Edge theory offers a natural interpretation of this finding. Markets operating near critical regions, or moving
repeatedly towards and away from them, will tend to generate event distributions shaped by cascades
rather than by independent increments. When local interactions can propagate across scales, the distinction
between ordinary fluctuation and exceptional breakdown becomes less clean than Gaussian models

assume. The system contains within itself the possibility of reorganisation on many magnitudes.

That said, caution is required. Heavy tails do not by themselves validate every strong claim made in the
name of complexity. They do not prove that every crash is forecastable, nor do they show that one universal
exponent governs all markets and timescales. What they do show is that the geometry of financial risk
cannot be reduced to a bell curve without suppressing precisely the phenomena that matter most during

crises.

The phrase Black Swan is therefore best used sparingly. It may capture the subjective surprise experienced
by market participants, but it often obscures the structural conditions that made the event possible. A crash
may be surprising to those inside the system while remaining entirely consistent with the system’s

underlying organisation. Edge theory encourages explanation at that deeper level.

8. From conceptual diagnosis to formal operationalisation

If Edge theory is to become more than a suggestive language for financial instability, it requires
operationalisation. The conceptual argument of this first part points directly towards the formal
architecture already developed elsewhere in the Edge theory programme. Dynamic Symmetry Theory 2.1
provides the general framework in which order and disorder are treated as functionals on a common
evolving system and dynamic symmetry is defined geometrically as proximity to a balance set. The Dynamic
Symmetry Index paper then proposes a mathematically explicit family of index constructions for tracking

such proximity.

The unresolved financial question is how those formal tools should be specialised for markets. That
requires a declared financial universality class, explicit market order and disorder functionals, a balance
geometry tied to measurable resilience, and a validation design comparing a market-specific DSI against

simpler indicators. Without these elements, talk of the market being “at the edge” remains too loose.



Part Il takes up that task directly. It develops a market-specific Dynamic Symmetry Index for liquid financial
markets, with notation and sectioning aligned to the formal 0XQ framework. The purpose is not to claim a
finished theory of crashes, but to propose a tractable structure within which the central financial

hypotheses of Edge theory can be tested.

Part II. A Market-Specific Dynamic Symmetry Index for Financial Markets

Abstract

Dynamic symmetry theory holds that adaptive performance in complex systems depends on the joint
configuration of order-generating and disorder-generating processes rather than on either tendency in
isolation. In the financial domain, this implies that market resilience is not maximised at either extreme of
rigidity or randomness, but within a domain-specific balance region in an order-disorder space. This paper
constructs a market-specific Dynamic Symmetry Index, denoted MDSI, for liquid financial markets by
specifying a financial universality class, defining paired order and disorder functionals on common market
observables, proposing a balance-set geometry, and setting out a calibration and validation protocol tied to
measurable resilience outcomes. The proposed index is intended not as a universal crash oracle but as a

disciplined, testable summary of market position relative to a viable adaptive band.

1. Introduction

A persistent weakness in both classical finance and many later complexity-based accounts of markets is the
absence of an operational framework that joins structure, fluctuation, and performance in a single
mathematically explicit object. Financial theory has produced many local indicators of risk, including
volatility, correlation, liquidity metrics, entropy-like measures, and systemic-stress indices, but these are
usually treated either in isolation or as predictors without a unifying geometric interpretation. Dynamic
symmetry theory offers such an interpretation by proposing that the relevant question is not simply
whether a market is highly ordered or highly disordered, but whether stabilising and exploratory processes

remain productively coupled within a viable region of order-disorder space.

This second part develops that proposal for financial markets. The aim is to construct a market-specific
Dynamic Symmetry Index suitable for empirical studies of market resilience, fragility, and regime change.
The task is not to declare one final formula valid for all markets and timescales. In keeping with Dynamic
Symmetry Theory 2.1, the construction must specify its system class, order and disorder functionals,

balance-set geometry, invariance conventions, and task-relevant performance criteria.



The construction proceeds in six steps. First, it defines a financial universality class centred on electronically
traded, liquid asset markets observed over rolling windows. Second, it specifies a common observation
vector from which both order and disorder functionals are derived. Third, it defines market order as a
composite of temporal persistence, cross-sectional synchrony, and structural concentration. Fourth, it
defines market disorder as a composite of transaction-sequence entropy, realised volatility dispersion, and
order-flow unpredictability. Fifth, it defines a balance region not as the line O = D, but as an empirically
fitted interior manifold associated with maximal resilience. Sixth, it proposes a monotone distance-based
index together with a validation design comparing it against order alone, disorder alone, and direct two-

variable predictors.

The paper is constructive rather than triumphalist. It offers a framework for operationalisation and testing,
not a claim of completed proof. That distinction matters because financial markets are multiscale, partially
observed, and non-stationary systems, and any index that ignores calibration, identifiability, and temporal
rescaling will produce misleading certainty. The value of MDSI depends entirely on whether its geometry

carries information about market resilience that simpler indicators discard.

2. Dynamic symmetry theory and the financial problem

Dynamic symmetry theory formulates a general framework for systems in which order and disorder are
normalised functionals of the same underlying dynamics, and dynamic symmetry is defined geometrically
as proximity to a balance set in the order-disorder plane. The Dynamic Symmetry Index is then any
admissible decreasing transform of distance from that balance set, with the specific form depending on the

system class, the geometry of the balance set, and the performance functional under study.

This architecture has two major advantages for financial analysis. First, it prevents order and disorder from
being treated as loose metaphors detached from measurement. Second, it makes clear that predictive value
must come from the joint geometry of the pair, not merely from claims about operating “between extremes”.
The existing DSI framework already sketches a financial application in which order is represented by
autocorrelation of price or volatility and disorder by entropy of transaction sequences. That suggestion is
useful but under-specified for serious financial work. Markets are not single-variable sequences. They are
high-dimensional systems whose fragility depends on correlations, concentration, liquidity conditions,
microstructural dependence, and the capacity to absorb shocks. A market-specific DSI should therefore
preserve the basic dynamic symmetry logic while extending the order-disorder pair beyond a single

statistic on each side.

A further lesson comes from the validation strand of the Edge theory programme. The framework gains

scientific weight only when the balance region is tied to a task-relevant performance functional and when



a DSI defined as distance to that region is tested against one-dimensional baselines and raw two-variable
models under out-of-sample evaluation. Applied to financial markets, this means the construction of MDSI
must be anchored not in aesthetic balance but in measurable market resilience: recovery after perturbation,

persistence of liquidity, contained price impact, or the avoidance of disorderly regime shifts.

3. Financial universality class

Dynamic symmetry theory emphasises the importance of universality classes: families of systems sharing
a common pair of order-disorder primitives, a declared invariance structure, and a common family of
response functions linking balance-set distance to outcomes. The relevant financial universality class here

is denoted by F.

Let F be the class of electronically traded, continuously cleared financial markets observed over rolling

windows W; of fixed duration. Each observation window is represented by a market state vector

Xe = ("0, 06, Qe S Co Aty Ve, 1), (D)
where:

e 1, denotes returns;

e 0; denotes realised volatility;

e g, denotes signed order flow;

e s, denotes bid-ask spread;

e ¢, denotes cross-sectional correlation;

e g, denotes serial dependence measures;

e v, denotes depth or volume measures;

£, denotes liquidity-related quantities observed or estimated within W,.

The exact contents of X; may vary by asset class, but the class is unified by three features: electronically
recorded sequential trading, measurable microstructural flow, and resilience outcomes definable on the

same observation windows.

This choice is methodological rather than metaphysical. It does not claim that all financial systems belong
to one class. Interbank funding networks, limit-order-book markets, over-the-counter derivatives, and
retail crypto exchanges may require distinct subclasses. The present construction is designed for relatively
liquid venue-based markets in which transaction sequences, order flow, and short-horizon resilience

measures are observable enough to support calibration.



The invariance conventions for F are declared in advance. First, monotone rescalings of raw prices are not
treated as substantively relevant changes, since the index should be scale-free with respect to asset
denomination. Second, order and disorder metrics are normalised on rolling historical baselines or control
samples to lie in [0,1]. Third, changes of observation window are not assumed to preserve MDSI exactly;

rather, they are studied through controlled temporal-rescaling analysis.

4. Market order

In the DSI framework, order measures regularity, predictability, coherence, or redundancy in the structure,
state, or transitions of a system. In financial markets, no single statistic adequately captures this. A market
may be orderly because price formation is smooth, because cross-asset relationships are coherent, or
because transaction dependence is high. Yet each of these can be either healthy or pathological depending
on degree and context. The order functional should therefore combine multiple components that represent

stabilising structure while remaining interpretable as a single normalised quantity.
Define market order by

0, = w A, + wyC, +wsM,, (2)
where w; > 0 and w; + w, + w3 = 1. The components are:

e A,: temporal persistence, a normalised measure of short-horizon autocorrelation or persistence in

returns, realised volatility, or volatility states;

e (,:cross-sectional synchrony, a normalised measure of common movement across assets, sectors, or

order-book layers;

e M,: structural concentration, a normalised measure of concentration in order flow, liquidity

provision, or trading-network structure.

This composite follows the formal account of order in Dynamic Symmetry Theory 2.1, where order is linked
to regularity, persistence, coherence, and low-dimensional structure. A market with high O, is one in which
temporal dependence is strong, collective movement is synchronised, and trading structure is concentrated
or tightly organised. Such order may support price discovery up to a point, but beyond that point it may

also indicate over-coupling and fragility. High order is therefore not identified with health.

Normalisation is performed component-wise using rolling-window empirical distributions or fixed
historical baselines. If Z, is a raw component, its normalised value is defined by a bounded monotone map,
such as a min-max transformation or logistic transformation based on baseline quantiles. The specific map

must be declared because invariance depends on it.



5. Market disorder

The DSI framework defines disorder as randomness, uncertainty, unpredictability, diversity, or instability
present in the structure or transitions of the system. In financial markets, disorder has a dual character.
Some variation is healthy, expressing heterogeneity of judgement and preventing brittle synchronisation.
Too much, however, can signal incoherence, panic, or failure of price discovery. The disorder functional
must therefore track exploratory variability and uncertainty without assuming that maximal disorder is

desirable.
Define market disorder by

Dy = u Hy +u,V, + uzEy, 3
where u; > 0 and u; + u, + u3 = 1. The components are:

e H,: transaction-sequence entropy, a normalised entropy or entropy-rate estimate of trade signs,

order types, or symbolic market states within W;;

e V,: volatility dispersion, a normalised measure of realised volatility heterogeneity across assets,

horizons, or intraday intervals;

o E,: order-flow unpredictability, a normalised measure of uncertainty in net flow transitions, queue

dynamics, or microstructural state changes.

These components fit the formal conception of disorder as uncertainty, exploratory variation, and
instability. A market with high D, is one in which trade sequences are unpredictable, volatility is dispersed
or unstable, and local flow transitions are difficult to anticipate. Moderate values may indicate healthy

variation and decentralised discovery, while extreme values may indicate decoherence or panic.

The separation between O, and D; is deliberate. In Dynamic Symmetry Theory 2.1, order and disorder are
not required to be strict complements and may vary independently within the unit square. Financial
markets provide a natural case for that independence. Periods of strong cross-sectional synchrony can
coexist with high intraday flow entropy. Likewise, a market may display low autocorrelation but also low
diversity because activity is concentrated in a thin set of participants. A useful market-specific index must

preserve the possibility of both high-order/high-disorder and low-order/low-disorder regimes.

6. Balance geometry

A central contribution of Dynamic Symmetry Theory 2.1 is the rejection of the simplistic view that dynamic
symmetry always lies on the diagonal O = D. For a declared system class, the balance set may instead be a

curve, band, or other lower-dimensional object in order-disorder space associated with maximal task-



relevant performance. Financial markets are particularly unlikely to admit a fixed diagonal optimum. A
moderately volatile market with high liquidity may tolerate more disorder than a thin market. A cross-asset
crisis regime may require more structure to remain viable than a calm regime. The balance set should

therefore be estimated empirically from resilience outcomes rather than imposed axiomatically.

Let By c [0,1]? denote the market balance set for the financial universality class F. This set is defined as
the subset of order-disorder space on or near which a declared resilience functional R, is maximised.
Candidate resilience functionals include:

e post-shock recovery speed of mid-price or spread to pre-perturbation range;

e inverse price impact of standardised order imbalances;

e persistence of market depth under volatility bursts;

e short-horizon continuation of orderly matching without halts, spread blowouts, or liquidity collapse.

The balance set should be identified on a training sample by selecting the upper quantile of R, values and
fitting one or more candidate manifolds through the associated (O;, D;) points. At minimum, three
candidate geometries should be compared: a weighted line, alow-degree polynomial curve, and a thin-band
spline representation. If all yield similar rankings and predictive relationships, the resulting index is more

credible. If they diverge sharply, identifiability is weak and strong claims should be withheld.

7. Definition of the market-specific index

Given a metric d on [0,1]? and a monotone decreasing map g satisfying g(0) = 1, define the market-specific

Dynamic Symmetry Index by
MDSI, = g(d((0;, D), B)). 4)
A transparent first choice is the exponential form
MDSI, = exp(—y d((0y, Dt),Bf)),y >0, (5)

with Euclidean or anisotropic weighted distance. This preserves the core DST logic: dynamic symmetry is
high when the market lies near the empirically fitted balance region and decays as the market drifts away

from it.
A simpler fallback, used only when data are too sparse for manifold fitting, is the linear approximation

MDSII" = 1 — |0, — D;| — (O, + D,), (6)



with , f = 0 calibrated on validation data. This formula follows the spirit of the existing DSI paper but

should be treated here only as an approximation to the richer balance-set geometry.

8. Calibration

Calibration should be treated as statistical estimation rather than arbitrary tuning. In the financial case,
calibration concerns at least four objects: the weights w; and u; in the order and disorder composites, the
normalisation maps for each component, the geometry of B, and the response parameter y or («, f) in the

chosen index family.
A disciplined calibration protocol proceeds as follows.

1. Metric pre-selection. Choose raw measures for A4, C;, M, H;, V;, and E; based on market structure
and data availability, keeping close to the framework’s requirements of interpretability,

normalisation, and sensitivity to relevant dynamics.

2. Normalisation. Map each component to [0,1] using baseline distributions estimated on a training

sample. Baselines may be rolling or regime-specific, but the choice must be fixed in advance.

3. Weight estimation. Estimate w; and u; by constrained optimisation on a training set to maximise the
predictive relation between (0, D;) and the resilience functional R, subject to regularisation and

interpretability constraints.

4. Balance-set fitting. Fit candidate manifolds for Bz using high-resilience observations and compare

them by stability across bootstrap resamples and modest smoothing changes.
5. Response-map fitting. Estimate y or («, ) on a validation subset, again with cross-validation.

This protocol is intentionally modest. DSI credibility depends on transparent geometry and out-of-sample
comparison, not on increasingly ornate fitting. In financial applications, overfitting is a constant danger
because markets are noisy, high-dimensional, and regime-dependent. The first goal is not maximal in-
sample performance but evidence that the order-disorder geometry contains genuine information about

resilience.

9. Multiscale implementation

Financial markets operate across multiple timescales, from milliseconds to months, and the theory
explicitly requires multiscale treatment whenever local and global balance may diverge. A market may be

dynamically symmetric at a daily horizon while being unstable at the microstructural level, or vice versa.



Define scale-specific order and disorder functionals Ot(r) and Dt(T) for window scale 7. Then define scale-
specific index values by Equation (4) at each 7. An aggregate form may then be constructed through an

operator
MDSI?€€ = 4 (MDSI™, ..., MDSI™), (7

where A is declared in advance. A minimum-type operator is appropriate if the claim is that systemic
resilience is constrained by the weakest relevant scale. A weighted average is appropriate for softer
compensation claims. Financially, a minimum-type rule is often more plausible during stress because

microstructural collapse can propagate rapidly into higher-level fragility.

Temporal rescaling should be analysed rather than ignored. One should recompute (Ot(r), Dt(T)), B;T), and
MDSI® across several T values to test whether interior balance geometry persists or whether apparent
symmetry is merely a one-window artefact. Exact invariance is not expected. Bounded distortion and

recognisable geometry are the proper goals.

10. Validation and predictive comparison

A market-specific DSI matters only if it improves understanding or prediction of market resilience relative
to simpler alternatives. Dynamic symmetry is substantively useful only if the geometry of the joint order-
disorder configuration carries information that the marginals do not. The financial validation programme
should therefore compare the following predictive models for a declared outcome Y;, such as next-window

liquidity resilience or crash-proximity indicator:
o Y, ~ O, only;
o Y, ~ D, only;
e Y, ~ MDSI; only;
o Y, ~(04D,) asaraw pair;
o Y, ~ (04D, MDSI,) to test added value beyond the raw pair.

Out-of-sample loss, classification accuracy, or survival-analysis criteria should be chosen according to the
outcome. A persuasive result would show that manifold-based MDSI outperforms order-only and disorder-
only models and either competes strongly with or adds value beyond the raw pair. If it does not, the fitted

balance geometry may be empirically weak even if conceptually attractive.

The theory also suggests early-warning analysis of the index process itself. In financial terms, this means

studying whether declining MDS], rising variance in MDS], longer excursions away from high-index regions,



or increasing autocorrelation in MDSI anticipate transitions into illiquidity, spread blowouts, or disorderly
crashes. Such signals must be interpreted carefully because different market crises arise through different

mechanisms, but they offer a principled route beyond static index values.

11. Identifiability, invariance, and limits

The principal theoretical danger in any DSI construction is non-identifiability. Different normalisations,
weightings, and manifold fits may induce similar rankings or predictive relations, making apparent
parameter meaning illusory. A serious implementation should therefore compare several manifold families
and check whether conclusions survive reasonable modelling variation. The same caution is essential in the

financial case, where data abundance can encourage overfitting rather than clarity.

Invariance is equally important. Universality claims become ill-posed unless one declares which
transformations of order, disorder, and geometry are treated as equivalent. For MDSI, the following
invariances are defensible: monotone rescaling of raw price units, venue-specific differences that do not
materially alter the state variables’ meaning, and modest changes in windowing that preserve broad
balance geometry. By contrast, changes in market microstructure, asset class, or participant composition

may require redefinition of the universality class and therefore a different specification.

A further limitation is epistemic. Even a well-calibrated MDSI does not predict crashes in the strong
deterministic sense. It is a framework for relating geometry to resilience, fragility, and regime change, not
a guarantee of exact event timing. The proposed index should therefore be understood as an instrument for

disciplined diagnosis and probabilistic forecasting rather than as a singular oracle.

12. Conclusion

Taken together, the two parts of this paper illustrate a single 0XQ claim in two registers. Part [ argues that
market crashes are better understood as endogenous structural failures in systems that drift away from
viable order-disorder balance. Part II translates that claim into the formal architecture of dynamic
symmetry theory by constructing a market-specific index designed to locate markets relative to a financially

meaningful balance set.

The proposal remains a research programme until calibrated and validated on real datasets. Its value
depends on whether the geometry of order and disorder captures information about liquidity, recovery,
and crisis risk that one-dimensional indicators miss. If successful, the market-specific index would provide
a principled operational tool for studying market fragility within Edge theory. If unsuccessful, that failure
would itself be informative, showing either that the chosen market class lacks a meaningful balance

geometry or that the proposed primitives require revision.



