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Abstract

Cancellations are actions; spoofing is a source of value. The bona fide value envelope,
the largest payoff a displayed path can earn from execution-facing motives, separates
them. A path is spoofing-like when this envelope is negative yet total value turns
positive after induced response. With unrestricted hidden exposure, public data cannot
identify this response wedge. Audit evidence requires a bona fide upper bound, a path-
excluded response counterfactual, and signed exposure. Rational responders learning
from displayed depth close the model: spoofing reduces display informativeness and
creates an unpriced credibility externality. Classification is inconclusive when any leg

cannot be signed and bounded.
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A credible surface can conceal the source of value beneath it. Every limit order a trader
displays announces a willingness to trade, yet in modern order-driven markets the great
majority of displayed orders are cancelled before they execute. Far from being pathologi-
cal, cancellation is the ordinary grammar of liquidity supply. Traders revise and withdraw
quotes to protect themselves against stale prices, to manage inventory and queue position,
to complete hedges, and to avoid being picked off by better-informed counterparties (Kyle,
1985; Glosten and Milgrom, 1985; Biais, Hillion, and Spatt, 1995; Parlour, 1998; Foucault,
1999; Foucault, Kadan, and Kandel, 2005; Rosu, 2009). The institution that makes displayed
depth informative also makes deception possible: a trader may post an order that is valu-
able because others believe it, while privately preferring not to trade. The two motives can
generate identical public order paths. A screen that treats cancellation, short order lifetime,
or a high order-to-trade ratio as the signature of manipulation is therefore a screen for false
positives.

The question that separates the two cases is not what the trader did to the order but
why the displayed path was worth choosing. Suppose the path is valuable because the trader
might execute, might preserve the option to execute, might shed inventory or complete a
hedge, might protect a resting order against a stale quote, or might improve queue position.
Then the path earns its value on the trader’s own execution frontier, and it is bona fide
whether or not anyone else is watching. Suppose instead that the path loses money under
every such motive and pays only because it moves other traders’ beliefs or actions in a
direction the trader is positioned to exploit. Then its value is response-facing, and the path
is structurally spoofing-like. Cancellation is an action; spoofing is a source of value. The
contribution of this paper is to make that distinction an object rather than a slogan, and to
show what it takes to identify.

The object is the bona fide value envelope, the largest payoff an order path P in state S



can earn from the admissible class B of execution-facing motives,

VB(P; S) =sup V,;Z(P; S).
beB

A path exhibits the spoofing wedge when it is unprofitable on this frontier yet profitable once

the response of others is added,
VP@P;S)<0 and  VP(P;S)+ D(P;S) — KP(P;S) > 0,

where D(P;S) is the causal payoff from other traders’ response to the displayed path, mea-
sured against a path-excluded response counterfactual, and K2 (P; S) is the cost of producing
that displacement. The first inequality rejects the maintained execution frontier; the second
says that the path becomes worthwhile only after induced response is counted. The enve-
lope gives these inequalities content. It collects the legitimate motives into one maintained
frontier and maximizes over them, so that a negative envelope is a restriction, not a failure
of imagination: the best available execution story still loses money.

The contribution is not the observation that spoofing can move other traders. That
mechanism is central in existing legal, theoretical, and agent-based work on spoofing. The
contribution here is an identification criterion. I ask what an analyst must observe to distin-
guish a cancelled displayed path that is valuable through own execution, inventory, hedging,
queue, or stale-quote motives from an observationally similar path that is valuable only be-
cause it induces other traders to react. The answer is the spoofing wedge: a negative upper
bound on bona fide value together with positive response-augmented value and exposure
that monetizes the response.

Why should a displayed order move anyone at all? It moves the market because, in
equilibrium, displayed depth is correlated with the genuine motives that produce it, and
rational responders learn from it. Spoofing lives off that correlation. It imitates the public

signal that bona fide liquidity emits while privately carrying negative own-execution value.



The trader extracts value from an informational asset that bona fide liquidity providers
create, and degrades that asset for later display. The response value D(P;S) is not an
accounting residual: it is the payoff from a shared credibility resource. The social cost of
spoofing is the depreciation of that resource, not only the single bad response it provokes.

This reframing dictates the shape of the argument. The first result is a boundary re-
sult. Over a model class that leaves hidden exposure and execution-frontier primitives un-
restricted, no classifier measurable only with respect to coarse order-path statistics can be
uniformly valid. The result is not a substitute for structure; it explains why the rest of the
paper imposes structure on the execution frontier, the response counterfactual, and signed
exposure. Proposition 1 states this coarse-statistic non-identification result, and Proposi-
tion 2 extends the point to the public book: even the complete public message history does
not identify the wedge unless the analyst restricts or observes the trader’s hidden economic
exposure. These results locate the missing information in the trader’s execution frontier and
signed position rather than in the shape of the path.

Where to look is the envelope. Definitions 2 and 3 define the execution frontier and
the admissible class, Proposition 3 establishes the envelope as a well-posed maximization,
and Lemma 1 supplies the discipline that keeps the construction honest: because inventory,
hedge, queue, and risk-limit states are bounded and are already maximized over, a negative
envelope cannot be undone by some unmodeled but admissible motive inside those main-
tained sets. The envelope is a declared frontier, not an open-ended list of excuses, and the
paper is explicit that enlarging B weakens every rejection while shrinking it strengthens ev-
ery rejection. Each classification is therefore conditional on, and conservative relative to, a
stated admissible class.

The equilibrium analysis makes the wedge a choice a trader makes, not an artifact the
analyst imposes. Under the mixture experiment in Theorem 1, response value is parasitic
on the credibility of bona fide displayed liquidity and collapses as manipulation becomes

prevalent, so spoofing is self-limiting in its own success. Definition 6 and Theorem 2 define



credibility as signal informativeness and characterize the unpriced depreciation that manip-
ulation imposes on the book. Theorem 3 characterizes a manipulation region as a threshold
in signed exposure, and Theorem 4 gives an existence result in which public-statistic non-
identification survives threshold optimal-stopping rules.

The same apparatus yields a test, but the test is an audit-data design rather than a public-
message classifier. Public book data can motivate, calibrate, and test auxiliary predictions,
but individual-path classification requires evidence that can bound the trader’s execution
frontier, the path-excluded response gap, and signed exposure. Because point identification
of a counterfactual is rarely available, the test is deliberately one of partial identification.
Theorem 5 measures how much induced response a path requires before it turns profitable,
and Theorem 6 states the classification: reject the path as spoofing-like only when every ad-
missible execution rationale is ruled out and displacement-augmented value remains strictly
positive across the maintained parameter set. In practice the test has three legs: a negative
bona fide envelope, an abnormal induced response relative to matched controls, and signed
exposure that profits from that response. When any leg cannot be bounded with the right
sign and margin, the test returns an inconclusive verdict rather than a manipulation label.
The classification is economic, not legal: it identifies the payoff component a path requires,
not the state of mind of the trader who chose it. The argument closes on market design.
Proposition 6 and Theorem 7 show that hard caps on message traffic discipline the surface
statistic while leaving the wedge intact below the cap, so effective regulation must raise the
cost of deceptive response value rather than the cost of cancellation.

The paper draws on three literatures and contributes to each. The limit-order-book
literature explains why aggressive cancellation is rational liquidity supply and supplies the
execution-facing motives that populate the envelope (Parlour, 1998; Foucault, 1999; Fou-
cault, Kadan, and Kandel, 2005; Rosu, 2009). The market-manipulation literature studies
the price, settlement, and predatory channels through which strategic traders profit from dis-

torted prices or forced trades, and locates spoofing within a broader account of manipulation



as the exploitation of others’ responses (Allen and Gale, 1992; Kumar and Seppi, 1992; Brun-
nermeier and Pedersen, 2005; Goldstein and Guembel, 2008; Putnins, 2012). The spoofing
and surveillance literature documents the conduct, models how spurious orders sway agents
who learn from the book, and develops empirical detectors (Lee, Eom, and Park, 2013; Wang
and Wellman, 2017, 2021; Cartea, Jaimungal, and Wang, 2020; Fox, Glosten, and Guan, 2022;
Do and Putnins, 2023; Commodity Futures Trading Commission, 2013). Fox, Glosten, and
Guan explain why quote-driven spoofing can mislead liquidity suppliers and why the harm
is not cancellation per se. This paper takes the next identification step. It does not model
misleading quotes as the novel mechanism; it asks how to classify the source of value when
two order paths have the same public footprint but different hidden economic exposures.
The marginal objects are the bona fide value envelope, the path-excluded response gap, and
the signed-exposure test that links the response to the trader’s payoff.

The remainder of the paper proceeds as follows. Section I sets out the institutional
identification problem and the role of coarse surveillance screens. Section II develops the
model and the causal response object. Section III states the public-path non-identification
boundary. Section IV constructs the bona fide value envelope, and Section V defines the
wedge and develops the credibility mechanism, its externality, and the equilibrium manip-
ulation region. Section VI turns the theory into an audit-data partial-identification design.
Section VII studies threshold rules and market design, Section VIII uses an NSE-style order
book as an institutional illustration, and Section IX gives the simulation design and em-
pirical implications. Section X concludes. Proofs not given in the text, together with the

threshold-equilibrium construction, are collected in the Appendix.

I. The Identification Problem in Electronic Markets

An electronic limit order book is an identification problem before it is anything else.

Participants submit, revise, and cancel orders continuously in response to movements in the



last traded price, their place in the queue, the toxicity of recent flow, and their inventory
and hedging needs, and the same visible footprint that looks suspicious in isolation is the
ordinary residue of competent liquidity supply. The problem sharpens in high-frequency
markets, where dense message traffic, low-latency revision, and automated market making
are not aberrations but the mechanics of modern liquidity provision (Hendershott, Jones,
and Menkveld, 2011; Hasbrouck and Saar, 2013; Menkveld, 2013; O’Hara, 2015), and where
automated order-book dynamics can interact with episodes of market stress (Kirilenko et al.,
2017). The analyst who sees only the message stream sees the shadow of two very different
motives and cannot, from the shadow alone, tell them apart.

Faced with this, exchange surveillance leans on coarse, message-based screens as a first
filter: order-to-trade ratios, modification counts, cancellation rates, order lifetimes, quoting
imbalance, and persistent-noise indicators. Such features have demonstrated predictive con-
tent in empirical spoofing work and are useful for triage and infrastructure discipline (Lee,
Eom, and Park, 2013; Do and Putnins, 2023). They are not, however, structural tests. A
cancelled order may have carried real execution-option value when it was posted, and an or-
der that looks unremarkable under message statistics may have no execution-facing rationale
and may pay only because it bends other traders’ beliefs. The economic content lives in the
source of the order’s value, not in the silhouette it leaves in the message log, which is what
ties the spoofing problem to the broader theory of trade-based, predatory, and price-feedback
manipulation (Allen and Gale, 1992; Kumar and Seppi, 1992; Brunnermeier and Pedersen,
2005; Goldstein and Guembel, 2008; Putnins, 2012).

A high-message exchange of the kind operated in many emerging and developed markets,
with order-to-trade monitoring, persistent-modification concerns, and algorithmic surveil-
lance, is a natural laboratory for this gap, and the National Stock Exchange of India serves
as the running example below (Securities and Exchange Board of India, 2020; National Stock
Exchange of India, 2020, 2026). The point, however, is broader. A venue that tries to infer

manipulation from the shape of the order path confronts the same identification problem,



and a structural classification must reach past the path to the economics that generated it.

II. Model

The model is built to make one distinction precise: the difference between value a trader
earns from own execution and value the trader earns from the reactions of others. It has
three kinds of participant. A strategic trader displays orders and holds a possibly hidden
economic position; a population of responders observes the public book and acts on what
it infers; and an analyst, standing outside both, observes some information set and tries
to classify the trader’s conduct. Three separations organize everything that follows. The
first is between what the trader displays and what the trader earns: the displayed path is
the visible stream of orders, revisions, and cancellations, whereas the full economic path also
contains the trader’s real positions, which may sit in the same book, on the opposite side, in a
correlated instrument, or in a later monetizing trade. The second is between two channels of
value: execution-facing value would exist even if the book were unobserved, while response-
facing value exists only because others see the displayed path and react to it. The third is
between information sets: the trader’s private state is hidden, responders condition on the
public book, and the analyst lies in between, commanding richer evidence the deeper an
audit reaches. The remainder of this section formalizes these separations and, in particular,
constructs the response channel against an explicit path-excluded counterfactual, so that
value earned from others’ reactions is never confused with value earned from ordinary public

information.



A. States, paths, and feasibility

Time is discrete, t = 0,...,T, and discounted by g € (0,1). The public limit-order-book

state is

St = (pt7 dt7 Qta Zt>7

where p; is a price or best-quote state, d; is displayed depth or imbalance, @), is queue state,

and z; collects public order-flow information. The strategic trader carries a private state
Ty = (qe, bty O, A, ),

in which ¢, is inventory, h; is hedge exposure, 6, is a private trading motive or urgency state,
¢ is private execution-risk information, and ¢; is a surveillance or detection state. The full
state is Sy = (s, zy) € S.

At each date the trader chooses a displayed order vector
o, = (sidey, price,, size;),

a cancellation or modification decision ¢;, and a real economic trading decision y;. The
decision y; collects executions in the same book, opposite-side trades, later monetizing trades,

and positions in correlated instruments. Writing the displayed and full economic paths as

T T
Pd = ((Ot7ct))t:0 and P = ((Ot7Ct7yt))t:07

the separation between them is the crux of the model: a displayed order may be costly to

have filled, yet the trader may still profit through g, after others revise their quotes, withdraw

liquidity, submit marketable orders, or reprice a correlated instrument. To keep the two roles

of position distinct, y; always denotes the real economic trading action, and the scalar Y

is reserved for the signed monetization exposure that the y-path carries with respect to the



response gap; empirical data vectors are denoted separately so that Y never stands for an
observable.

A path is feasible when it respects the mechanics of the book: an unposted order cannot
be cancelled, an execution cannot exceed displayed size, and queue position evolves under

the venue’s priority rule. Let P(S) denote the set of feasible full economic paths from state
S.
B. Responders and the causal response channel

Other market participants observe public order-book states and choose responses r; € R,
among them quote improvement, quote retreat, cancellation, marketable-order submission,
queue migration, and cross-instrument repricing. Let ¢, € {H, L} index a short-horizon

value, order-flow-pressure, or adverse-selection state. Responders hold the posterior belief
e =Pr(¥, = H | O,

formed on the public order-book history O, which includes displayed depth and the strategic

trader’s displayed path when visible, and a representative responder solves

ry € arg rrneagc Ur(r, e, Qt, Pt)-

Displayed depth and order paths update beliefs through the Bayesian operator

Hi+1 = qj(ﬂta dt7 Qta 2, Ptd)a

and the induced equilibrium response path is written R(P;S) = {r;(P;S)}L,.
To isolate the causal response to the suspect displayed path, define a path-excluded
information intervention. Let Z' be the public information set observed by responders, in-

cluding ordinary public order-flow information and, when visible, the suspect displayed path



P4 Let ZP* be the information set obtained by removing the suspect displayed messages
from Z* while holding fixed all non-suspect public information, including marketwide order
flow, public trades, news, and other displayed depth. Equivalently, Z=* is a masking or
placebo intervention in which the suspect path is not available as an informative signal. The
path-excluded response is

R°(P;S) = R(Z™";9),

and the observed response is

R(P;S) = R(Z; ).

The induced-response payoff is

D(P;S) =II(P, R(P; S); S) — II(P, R°(P; 5); S), (1)

where II(P, R; S) is the trader’s payoff from path P under response path R. Thus D(P;S)
measures the payoff effect of allowing the suspect displayed path to enter responders’ infor-
mation sets, holding fixed ordinary public information. Responders need not be irrational or
mechanical: they update optimally from the information they observe. The counterfactual
changes the information experiment, not the rationality of the responders.

The pieces of the model have familiar antecedents. The adverse-selection component is
in the spirit of information-based microstructure (Kyle, 1985; Glosten and Milgrom, 1985);
the order-placement component follows the limit-order-market literature in which execution
probability, waiting costs, and queue conditions are endogenous state variables rather than
background frictions (Parlour, 1998; Foucault, 1999; Foucault, Kadan, and Kandel, 2005;
Rosu, 2009); and the response channel formalizes the insight of agent-based spoofing models
that displayed orders move traders who learn from the book (Wang and Wellman, 2017,
2021). What is new is the decomposition of payoff into an execution-facing part and the

response-facing part (1).
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C. A tractable responder block

For the equilibrium results, specialize the representative responder’s problem as follows.
The responder observes a signal m derived from displayed depth and forms posterior y =
Pr(¢¥ = H | m). The response action r is a scalar summary of quote improvement, liquidity
retreat, marketable-order submission, or cross-instrument repricing in the direction favored

by state H. Let

KJR(Q? p) 2

%@m@m=H%@@+@M@M-%@@MF—774,

where ay(Q,p) > ar(Q,p) and kr(Q,p) > 0. The unique optimal response is

ar(Q,p) + (an(Q,p) — ar(Q,p))p
HR(QaP) ,

™ (p, Q,p) =

which is strictly increasing in p. For notational economy, suppress () and p when they are
fixed over the event window and write r*(u).

A trader with signed monetization exposure Y earns response payoff

D(m;Y,p) =Y [r*(u(m; p)) = r*(1°)] ,

where u(m; p) is the posterior when the suspect displayed signal is observed and p° is the
posterior under the path-excluded information set. In this special case, the reduced-form

response-gain function used below is not primitive; it is induced by responder optimization:

The signed exposure Y is observed by the trader and, in an audit design, by the analyst. It
is not observed by responders in real time. If responders observed Y, their optimal response

would condition directly on the possibility of deceptive monetization.
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D. Maintained assumptions

AssuMPTION 1 (Regular state and path spaces): The state space S, the private inventory,
hedge, and risk-limit sets, and the motive set B are compact. For every S, the feasible
path set P(S) is nonempty, and the payoff primitives introduced below are bounded and

continuous in the relevant state, path, and motive arguments.

AssuMPTION 2 (Coarse observability): The coarse statistic
X(P) = (size(P), lifetime(P), cancelRate( P), modifyCount(P), OTR(P), distance(P))

is measurable with respect to displayed order messages and public order-path attributes, such
as size, lifetime, cancellation rate, modification count, order-to-trade ratio, and distance from
the touch. It does not include the trader’s hidden inventory, hedge book, cross-instrument
exposure, beneficial ownership, private execution-risk information, risk-limit state, or real
economic trading path y;. The maintained model class permits more than one feasible

hidden-state completion of the same displayed statistic.

AssuMPTION 3 (Execution-facing admissible class): The admissible bona fide class B con-
tains only motives whose value comes from own execution, execution optionality, inventory
reduction, hedge reduction, stale-quote protection, adverse-selection avoidance, queue value,
or risk-limit compliance. Any payoff component that requires changing other agents’ beliefs

or actions without own execution-facing value enters D, not B.

AssuMPTION 4 (Endogenous response and credibility): There exist public states and dis-
played paths at which displayed depth is informative, because bona fide liquidity sometimes
carries positive execution-frontier value. A change in displayed depth or imbalance can
therefore move posterior beliefs y; and the response r;, and the resulting causal response

value D(P;S) is bounded and may be positive even when the displayed path has negative
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own-execution value.

ASSUMPTION 5 (Outside-option normalization): The value of inaction over the event win-
dow is normalized to zero, so a path is chosen only when its total continuation value is

weakly positive relative to that outside option.

Given a response rule, the trader solves the Bellman problem

V(S) = max {7%(S,0,¢.y, R) + D(S,0,¢,y)
(0,¢,9) (2)
- KB(Sa 0, ¢, y) - KD(S7 o, C,y) +6E[V(S/) ‘ Sa 0, Cay7R]}>

in which the execution-facing return 72 and its cost K? are evaluated under the counter-
factual response R°, while continuation is taken under the actual response R. The decom-

B records what the path

position in (2) is the formal home of the paper’s thesis: the term 7
is worth on the trader’s own frontier, and the term D records what it is worth through the

reactions of others.

ITI. Public-Path Non-Identification

The first result formalizes a boundary on surveillance that reads only the shape of the
order path. The claim is not that path statistics are uninformative in any particular sam-
ple. It is that, over a model class with unrestricted hidden exposure and execution-frontier
primitives, a classifier based only on those statistics is not uniformly valid. To state it, let

P denote an order path and let

X(P) = (size(P), lifetime(P), cancelRate( P), modifyCount(P), OTR(P), distance(P))

13



be the coarse path-statistic vector available to a message-based screen. A surveillance rule

that uses only X (P) is measurable with respect to

and the question is whether any such rule can recover the structural classification.

DEFINITION 1 (Pattern classifier): A pattern classifier is a measurable map
o : range(X) = {B, M},

where B denotes bona fide and M denotes manipulation-like. Equivalently, the induced

classifier ¢x(P) = ¢x (X (P)) is Gx-measurable.

PROPOSITION 1 (Coarse-statistic non-identification over unrestricted hidden exposure): Un-
der Assumptions 1, 2, 3, and 4, suppose the market contains both execution-facing can-
cellation motives and response-facing manipulation motives. Let Z € {B, M} denote the
structural source-of-value classification. Then there exist two structural economies, with

probability laws Pg and Py, such that

‘C]PB (X) = ‘CPAI (X)>

but

Ps(Z=B)=1 and Py(Z=M)=1.

Thus structural spoofing is not uniformly identified over the two economies by any Gx-

measurable classifier. In particular, for any pattern classifier ¢x,

max {Bs(ox(X) # Z), Pulox(X) # 2)} > ¢

14



under the common distribution of X. Hence no classifier measurable with respect to X is

uniformly consistent over the two-economy class.

Proof. Let v be any probability distribution over feasible coarse statistics x with support on
displayed paths that involve order entry, modification, cancellation, and nontrivial order-to-
trade ratios. By many-to-one observability, each x in the support can be generated by more
than one feasible full economic path and private state.

In the first economy, P, assign to each z a feasible path-state pair (P?(z), S?(z)) gen-
erated by stale-quote protection, queue-position value, inventory-risk reduction, hedge-risk
reduction, or execution-risk management. Choose the bounded execution-frontier primitives
so that

VP (PB(x); SB(x)) > 0

for v-almost every . Then Z = B almost surely under Pp.
In the second economy, P, assign the same distribution v to coarse statistics, but
generate each x from a feasible path-state pair (P (z), SM(x)) with the same displayed

statistics and negative own-execution value:

—B

Vo (PM(2); SM(2)) < 0.
Let the displayed path induce belief updating or action displacement by other traders—quote
improvement, liquidity retreat, cancellation, market-order submission, queue migration, or
cross-instrument repricing-that the trader monetizes through y;. Choose response primitives
so that

D(PM(x); M (2)) — KP(PM (2); M (2)) > V" (PM(2); SM (2))

for v-almost every x. Then Z = M almost surely under Py;.
By construction, the marginal law of X is v in both economies, so Lp,(X) = Lp,,(X).

Any Gx-measurable classifier is a function only of X. Its accuracy under the two economies

15



is therefore

/1{¢X(:C) = B} dv(x) —|—/1{<;§X(:c) = M}dv(z)=1.

Thus

N | —

max {B(6x (X) # 2), Pay(6x(X) £ 2)}

The missing information is not a better cutoff inside X; it is the structural source of contin-

uation value. [}

The proposition is intentionally a model-class statement. It does not say that order-path
statistics are useless in a particular sample. It says that their identifying content depends on
restrictions outside the statistic itself. The rest of the paper supplies such restrictions through

a declared execution-facing frontier, a response counterfactual, and exposure evidence.

COROLLARY 1 (No sufficient cancellation statistic): No statistic built only from order size,
order lifetime, cancellation frequency, modification count, order-to-trade ratio, or distance
from the touch is a sufficient statistic for structural spoofing whenever execution-facing can-

cellation and response-facing manipulation can generate the same statistic.

The same logic extends, with more force, to the richest public information an analyst
could hope to observe. One might suspect that the screen fails only because it discards
detail, and that the full public message stream would suffice. It does not. Let

Hbook( P) = ((St; Ptd, public trades,, public reSpOHSGSt))tTZO

denote the public book history generated by the displayed path, public trades, and publicly

visible responses. Let

gbook = U(‘Hb00k<P>)'

This sigma-field is richer than Gx. It may contain the complete displayed message stream,

best quotes, depth, public trades, and responses by other traders. It still excludes the trader’s

16



hidden inventory, hedge book, beneficial ownership, cross-instrument exposure, risk-limit

state, private execution-risk information, and real economic trading ;.

PROPOSITION 2 (Public-book non-identification without exposure restrictions): Fiz a fea-
sible public book history h. Suppose the maintained admissible set does not rule out either of

the following two full economic completions of h:

(i) a bona fide completion (PB,SB) with the displayed history h and
7B/ pB. oB
V(PP 87) = 0;

(ii) a response-facing completion (PM, SM) with the same displayed history h, the same

public response path, and hidden economic exposure satisfying
VEPM M)y <0 and VO (PM;SM) 4+ D(PM;SM) — KP(PM; SM) > 0,

Then structural spoofing is not identified by Gyoox alone. In particular, any Gyoox-measurable
classifier assigns the same label to the two completions and therefore cannot be correct on

both.

Proof. Both completions induce the same public book history h, so every Gy o-measurable
classifier must take the same value on them. The first completion is bona fide because
its own-execution envelope is nonnegative. The second completion is structurally spoofing-
like because own-execution value is negative but displacement-augmented value is positive.
Thus the structural label differs while the public-book observation is identical. A public-book

classifier cannot distinguish the two. [ |

Proposition 2 is deliberately conditional. It is not an absolute impossibility theorem. It
says that public-book data alone are not a sufficient statistic when hidden economic exposure

is unrestricted. The response-facing completion must still be feasible and must still satisfy
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the wedge inequalities; the missing object is the exposure sign and magnitude needed to rule
that completion out. Account-level audit trails, beneficial-ownership data, cross-instrument
positions, hedge records, or maintained restrictions on feasible exposure can shrink the set
of completions and turn the public-book history into useful structural evidence.

Table 1 summarizes the identification ladder. Let G4 denote an audit-and-exposure in-
formation set that augments G0 with account-level exposure records, beneficial ownership,
cross-instrument positions, hedge records, and risk-limit information. Structural classifica-

tion lives at the top of this ladder, where exposure evidence is combined with the response-gap

design.

Information set What it contains Structural role

Ox Coarse path statistics: size, Useful for triage and message
lifetime, cancellation frequency, discipline; does not by itself identify
modification count, OTR, and the source of continuation value.
distance from the touch.

GObook Full public book history: displayed Identifies public response moments;
messages, public trades, best still misses hidden exposure and the
quotes, depth, and visible trader’s own execution frontier.
responses.

Ga Public book plus audit-trail and Can bound bona fide value and
exposure records: account signed monetization exposure Y.
ownership, inventory, hedges,
correlated positions, and risk
limits.

Gs Audit-and-exposure evidence plus Supports structural classification: no
matched counterfactual responses,  execution rationale, abnormal
markouts, and response-gap response, profitable exposure.
estimates.

Table 1: Information-set ladder. Moving from path shape to structural classification requires
hidden exposure evidence and a response-gap design. Public-book data alone are not the
final identifying object when hidden economic exposure is unrestricted.

The result is not a claim that pattern screens are useless. Pattern screens can be use-
ful for triage, message discipline, or prioritizing investigation. Proposition 1 says that the
source of continuation value is not identified by cancellation-space observables alone, even

distributionally. Proposition 2 extends the point: even a full public book history does not
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identify the wedge without restrictions on hidden economic exposure.

Both results point to the same missing object. What the observables fail to reveal is not
a sharper feature of the path but the trader’s own execution frontier: the set of payoffs a
path could earn from fills, queue position, inventory, hedges, stale-quote exposure, and risk
limits, before any other trader reacts. Identification must therefore stop asking what the
path looks like and start asking what the path could be worth on that frontier. Section IV
constructs the envelope that answers this question and converts non-identification into a

usable decision boundary.

IV. The Bona Fide Value Envelope

Non-identification leaves a precise gap: the source of continuation value cannot be read off
the path. This section fills the gap with one object. The idea is to evaluate a displayed path
against the most favorable execution-facing story available to the trader and ask whether
even that story makes the path worth holding. If it does, the path is rationalizable without
anyone else reacting, and there is nothing to explain. If it does not, the path’s value must
come from outside the declared execution frontier; in the maintained decomposition, that
remaining channel is the response of other traders. The envelope makes “the most favorable
execution-facing story” a well-defined supremum rather than a rhetorical concession, which

is what allows a negative envelope to function as a restriction rather than a relabeling.

DEFINITION 2 (Execution frontier): The trader’s execution frontier is the set of payoffs
generated by the trader’s own fills, fill probabilities, inventory exposure, hedge exposure,
queue position, stale-quote exposure, adverse-selection exposure, and risk-limit constraints.
These payoffs may depend on public and private state, but they do not require other traders

to update from the suspect displayed path.

DEFINITION 3 (Admissible bona fide class): The class B contains policies or motives b whose
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payoff is generated only by the execution frontier. For each b € B, define

T
VP (P;S) =E | B (CF} +1R} + HR} + QO] + AS} + RL{ — MC})

t=0

P.S,R°(P;S)

Here R°(P; S) is the path-excluded response from Section I1. The term CF? is cash-flow value
from fills, IR? is inventory-risk reduction, HRSZ is hedge-risk reduction, QO? is queue-option
value, AS:;7 is adverse-selection or stale-quote protection, RL;7 is risk-limit value, and MCf:7
is message, monitoring, and execution cost. A motive is not admissible if its positive value
requires induced belief distortion, induced liquidity retreat, quote improvement by others,
market-order submission by others, detector gaming, or cross-market monetization of a false

displayed signal.

The admissibility restriction is therefore this: if b € B, then V,?(P;S) may depend only
on own fills, own risk, own hedge, own queue position, and own execution option value. It
may not depend positively on other traders being induced to cancel, retreat, improve quotes,
submit market orders, migrate queues, or revise beliefs.

Define the bona fide value envelope:

VP(P;S) = sup V;B(P; S).
beB

The envelope is a maintained admissible frontier, not a maximization over every imag-
inable story. Enlarging B weakens the rejection of bona fide rationalizability; shrinking
B strengthens it. The paper therefore makes a conditional claim: relative to a declared,
bounded, execution-facing class, a negative envelope means the path cannot be rational-
ized by own-execution motives inside that class. It does not say that unconstrained private

explanations are impossible.

DEFINITION 4 (Bona fide rationalizability): A path P is bona fide rationalizable in state S

if VB(P; S) > 0. It is not bona fide rationalizable relative to B if VB(P; S) < 0.
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PROPOSITION 3 (Bona fide envelope): If B is compact and V,P(P;S) is continuous in b,
then the supremum is attained. A path is not bona fide rationalizable relative to B if and

only if

max V,Z(P; S) < 0.
bel3

Proof. Compactness and continuity imply the maximum exists. If the maximum is non-
negative, the maximizing motive rationalizes the path. If the maximum is negative, every

admissible execution-facing motive gives negative value. [

LEMMA 1 (Private-state discipline): Let private inventory, hedge, execution-risk, queue, and
risk-limit states lie in bounded admissible sets. [fVB(P; S) < 0, then no admissible bounded
private-state explanation in B rationalizes P. Any rationalization of P must therefore use
either a payoff outside the execution frontier or a state outside the maintained admissible

set.

Proof. The envelope maximizes over all admissible motives and bounded private states in-
cluded in B. A negative maximum means every such execution-frontier explanation has
negative value. A remaining positive rationalization must add a payoff not in B or change

the maintained state space. [ |

This discipline is what keeps the theory from collapsing into either of its degenerate
forms. It does not assert that no private explanation could ever exist; it asserts that the
standard private explanations, inventory, hedge, queue, stale-quote, and risk-limit motives,
inhabit bounded admissible sets that the envelope has already searched. When the envelope
remains negative, the path lies outside the bona fide frontier, and whatever residual value it
carries must come from somewhere the frontier does not reach. Any payoff that depends on
inducing other traders to cancel, retreat, improve, submit marketable orders, migrate queues,
or revise beliefs, without own execution value, is by definition assigned to the response term
D(P;S). The next section studies precisely the region in which that response value is not

incidental but necessary for the path to be worth choosing.
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V. The Manipulation Wedge

With the envelope in hand, spoofing can be defined as an economic event rather than
a behavioral one. The defining feature is not that the trader cancels, nor that cancellation
is fast, but that the chosen path is unprofitable on the trader’s own frontier and is rescued
by the reaction of others. This section gives that event a name, derives the response value
created by credible displayed liquidity, and traces the consequences of that dependence: a
dynamic externality on the informativeness of the book, and an equilibrium region in which

traders with sufficient exposure choose to spoof.

DEFINITION 5 (Manipulation wedge): A path P has a manipulation wedge in state S if
VP(P;S) <0 and VO(P;S)+ D(P;S) — KP(P;S) > 0.

PROPOSITION 4 (Manipulation wedge): If P has a manipulation wedge, then the path is loss-
making under every admissible execution-facing motive but profitable after induced-response

value is included. Hence P is structurally spoofing-like.

Proof. The first inequality rules out bona fide rationalizability. The second inequality states
that total value is positive after displacement value net of displacement cost is included.

Thus the path is rational only through induced-response value. [

Figure 1 gives the basic economic decomposition. The displayed path is first evaluated
against the most favorable admissible own-execution rationale. If that envelope is negative,
the path crosses into the spoofing-like region only when induced-response value more than

offsets both the own-execution loss and displacement cost.
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profitable only
after induced response

hot rationalizable
on own frontier

BonaBﬁde Induced  Displacement 5 Total
v +D -KP V' +D-KP

Figure 1: The spoofing wedge. The figure decomposes a path with negative own-execution
value, 7P < 0, positive induced-response value D, displacement cost K, and positive total

value. The numbers (VB = -5, D =+9, KP =2, total = +2) are the running illustration
of Section VIII.

Bona fide liquidity moves beliefs too; the claim is not that legitimate orders go unnoticed.
The distinction is one of dependence. A bona fide path retains nonnegative value when the
response term D is stripped away, because its worth rests on the trader’s own execution
and risk reduction. A spoofing-like path loses that rationalization when the response term

is removed. The wedge is the set of paths for which induced response is load-bearing.

LEMMA 2 (Credibility necessity): If R(P;S) = R%(P;S), then D(P;S) = 0. If in addition
VB(P; S) < 0 and KP(P;S) > 0, then P cannot be profitable relative to the normalized

outside option.

Proof. By the definition of the causal response term,

D(P;S) =1(P,R(P;S);S) — II(P, R°(P; S); S).
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If R(P;S) = R%P;S), then D(P;S) = 0. Total value is therefore
VE(P;S) — KP(P;S) <0

whenever VB(P; S) < 0and KP(P;S) > 0. With the outside option normalized to zero, the

path is not profitable. The path can be rational only if it changes other traders’ response. W

THEOREM 1 (Responder learning and parasitic response value): Let M = [m,m] C Ry be
a compact displayed-depth interval. Let ¢ € {H, L} be a short-horizon value, demand, or
adverse-selection state. Bona fide displayed depth has conditional densities fg and fr on

M. Suppose fg, fr, and g are continuously differentiable and bounded away from zero on

M. Let
_ Ju(m)
fr(m)

t(m)

have strict monotone likelihood ratio on M: there is k; > 0 such that ¢'(m) > k, for all
m € M. A fraction p € [0,1] of displayed depth is manipulation-driven and drawn from

density g(m), independent of V. The observed conditional density is

ho(m; p) = (1 — p) fo(m) + pg(m).

Responders form posterior

Thy(m; p)
Thi(m; p) + (1 — m)hg(m; p)

p(m; p) =

and choose the optimal response v*(u) from the quadratic payoff in Section II. A trader with

signed exposure Y > 0 earns response payoff

D(m;Y,p) =Y [r*(u(m; p)) = r*(1°)] ,

where 11° is the posterior under the path-excluded information set. Then there is p > 0 such
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that, for all m € M,
dD(m;Y, p)

>0 forall p<p.
om

If manipulation-driven depth becomes fully prevalent and uninformative, then

: DN - 0D(m;Y, p)
ilgiﬂ(m,ﬂ)—ﬁ and ,ljlg%a—m

=0.
Hence, in this mixture experiment, manipulation-driven display has response value because
bona fide display makes depth informative.

Proof. When p = 0, the posterior odds are

p(m;0) 7
1—pu(m;0)  1-— ﬂﬁ(m),

Since ¢'(m) > k; > 0 and the densities are bounded away from zero, du(m;0)/0m is strictly
positive on M. The derivative du(m;p)/0m is continuous in (m, p) on the compact set
M x [0,1]. Therefore strict positivity at p = 0, uniformly on M, implies that there is
p > 0 such that du(m;p)/Om > 0 for all m € M and all p < p. Since Y > 0 and
or*/opn = (ag — ar)/kr > 0, the response payoff is also strictly increasing in displayed
depth on this region.

When p — 1, both conditional densities converge uniformly on M to the same uninfor-
mative density g(m). Thus hg(m;p)/hr(m;p) — 1, and Bayes’ rule gives u(m; p) — m. The
posterior no longer changes with displayed depth, so du(m;p)/Om — 0. Since Or*/Ou is

finite on the posterior range, the marginal response payoff converges to zero. [ |

Figure 2 plots the same mechanism. Manipulation is most valuable when displayed depth
remains credible because bona fide depth still carries information. As manipulation becomes

prevalent, the marginal response value of displayed depth collapses.
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Figure 2: Parasitic credibility. The figure plots the marginal response value of displayed
depth, 9D/0m, in the mixture experiment. At low manipulation prevalence p, displayed
depth remains informative; as manipulation-driven display becomes prevalent, the marginal
response value falls toward zero. Greater response sensitivity (dashed) raises the curve but
does not change its collapse as p — 1.

DEFINITION 6 (Display credibility): Display credibility is the informativeness of displayed

depth about the latent short-horizon state. In the mixture experiment of Theorem 1, define

Cp) = 1(9; M,),

where M, is the displayed-depth signal with conditional density hg(m;p). Higher C' means
that displayed depth carries more information for responders. Because manipulation-driven
display is drawn from a state-independent density, increasing manipulation prevalence gar-

bles the displayed-depth experiment and weakly lowers C'.

For dynamic comparative statics, it is useful to approximate the law of motion by using LZ
for bona fide displayed-liquidity supply and LM for aggregate manipulation-driven displayed
depth:

Cop1 = (1=08)Cy + L7 — XL},

which is a local linearization of the learning-based credibility stock around a steady state.
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The externality result below uses the structural sign restriction behind this approximation:
manipulation raises the prevalence of state-independent display and therefore weakly lowers

the informativeness of displayed depth.

THEOREM 2 (Credibility externality from signal garbling): Let manipulation intensity m €
[0,/m] raise the next-period prevalence of state-independent displayed-depth noise, so that
pt(m) is increasing in m. Let display credibility be C(p) = I(9; M,), with C,(p) < 0. The

private payoff from manipulation is

WM (m;C) = D(m; S,C) — A(m) — KP(m).

Here D(m; S, C) is the response payoff from the same responder block, with signed exposure
collected in S and the displayed-depth experiment summarized by credibility C'. The social
objective is

SW(m; C) = W (m; C) + T(C(p*(m))),

where T > 0. Assume all functions are continuously differentiable, pf(m) > 0, and

WM (., CY) and SW(-;C) are concave in m. If the private optimum is interior, then it satisfies

Dp(m; S,C) = A (m) + K2 (m).

If the social optimum s interior, then it satisfies

Dyn(m; 8,C) = A(m) + K2 (m) = Te(C(p*(m))) C,(p™ (m)) pi, (m).

Since C, < 0 and p}, > 0, the extra social term is nonnegative. Private manipulation is
weakly above the social level, strictly so when credibility is valuable and manipulation strictly

garbles the signal.

Proof. The private first-order condition is obtained by differentiating W (m; C') with respect
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to m. The social objective adds the continuation value of credibility. Since

0

5 L(C (" (m))) = Te(Clp™ (m))Cylp™ (m)) pr (m),

the social first-order condition is
Dy (m; S, C) = Ap(m) — K (m) + T (C(p* (m)))Cy(p™ (m))p,(m) = 0,

which gives the stated expression. The additional term is positive whenever manipulation
reduces credibility and credibility has positive continuation value. At an interior private
optimum m™, the private marginal payoff is zero. The social marginal payoff is

%T:j/[;c) = FC<C(p+(mM)))Cp(er(mM))p:;(mM) <0.

Concavity of SW(+;C) implies that a social optimum cannot lie to the right of m™. If the

inequality is strict and the social optimum is interior, it lies strictly to the left. |

The credibility externality is the missing term in the private problem. The private trader
extracts response value from an informational asset created by bona fide displayed liquidity,
but does not internalize the loss of future order-book informativeness.

For small manipulation intensity around m = 0, the credibility component of deadweight

loss has the first-order approximation
DW L(m) =L (C(p™(0) [Co(p™(0))] £ (0) m + o(m).

If the private and social objectives are twice differentiable and locally concave, then the

private-social manipulation gap is approximately

o s Le(Clo (m™M)) [Colp™ (m™))] py (m™)
—SWim(m*; C) '
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THEOREM 3 (Equilibrium manipulation region): Let the spoofing-depth action set be a
nonempty compact interval M = [m,m] C (0,00), with inaction available separately at
value zero. A trader with signed monetization exposure Y chooses displayed depth m € M.

Suppose own-ezxecution value from the displayed path is negative and total payoff is
W (m; Y, p) = YG(u(m; p)) — ®(m),

where G(u) = r*(u) — r*(u®) is the response gain generated by responder optimization and
d(m) = A(m) + c(m) + KP(m) is the total cost of the displayed path. This is the exposure-
explicit version of the private payoff WM (m; C), with credibility determined by the manipu-
lation prevalence p. Assume ® is continuous and strictly positive on M, and G(pu(m;p)) is

continuous and strictly positive on M x [0, 1]. Define the exposure threshold

ooy 20m)
Y R Gt )

Then the trader strictly prefers some spoofing-like displayed path to inaction if and only if
Y > Y(p); at equality the trader is indifferent. If Y ~ F has a continuous distribution on

compact support, an equilibrium manipulation prevalence p* exists and satisfies

pr=1-F((p")).

If G(u(m; p)) is decreasing in p, then credibility erosion weakly raises Y (p). Pointwise in-
creases in accidental execution cost, message cost, or detection cost weakly raise Y (p). Point-

wise increases in response sensitivity weakly lower Y (p).
Proof. For fixed p, the trader chooses a spoofing-like displayed depth if and only if there

exists m € M such that YG(u(m; p)) > ®(m). This is equivalent to

0]
Y > min (m)

M Gty )
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The minimum is attained because the ratio is continuous on compact M, and Y (p) is con-
tinuous by the maximum theorem. Aggregate manipulation prevalence is therefore the con-
tinuous map T(p) = 1 — F(Y(p)) from [0,1] into itself. Let H(p) = T(p) — p. Since
H(0) =T(0) > 0and H(1) = T(1) — 1 < 0, the intermediate value theorem gives a fixed
point p* = T'(p*).

If G(1(m; p)) decreases in p, then the ratio defining Y (p) rises pointwise, so the threshold
weakly rises. Increasing any component of ®(m) also raises the ratio pointwise. Increasing
response sensitivity raises the denominator pointwise and therefore weakly lowers the thresh-

old. |

The fixed point in Theorem 3 has a transparent reading, shown in Figure 3. Each trader
spoofs only when the trader’s signed exposure clears the threshold Y(p), so the prevalence of
manipulation that the population best-responds to is T(p) = 1 — F(Y(p)), and equilibrium
prevalence solves p* = T'(p*). The theorem only requires existence. In the single-crossing
case drawn in the figure, credibility erosion raises the threshold as p rises, T slopes down,
and the equilibrium is unique. The comparative statics act through this curve: anything
that raises the cost of displacement or dampens the response of others shifts T" inward and

lowers equilibrium prevalence.
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Figure 3: Equilibrium manipulation prevalence as a fixed point. In the plotted single-crossing
case, prevalence p* solves p = T(p) = 1 — F(Y(p)) at the intersection with the 45° line. A
higher displacement cost or a lower response sensitivity shifts 7" inward (dashed) and reduces
equilibrium prevalence.

The manipulation-region threshold raises a final question: can the observational equiva-
lence of Proposition 1 survive once cancellation is generated by optimizing behavior rather
than chosen by hand? It can. A bona fide and a manipulation-driven threshold system can
be matched to produce the same law of displayed statistics while keeping their payoff decom-
positions distinct. Appendix A states the matching lemma (Lemma 4) and the finite-support

construction in full; the main-text consequence is the following.

THEOREM 4 (Equilibrium non-identification): There exist threshold-policy primitives satis-
fying the optimal-stopping rules in Appendiz A. Under those primitives, bona fide cancellation
and manipulation-driven cancellation generate the same distribution of displayed order-path

statistics:

LX(PP)) = L(X(PM)),
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while
VP(PB.S)>0 and VO (PM,S) <0<V (PM,8)+ D(PM;S) — KP(PM;S).

Thus optimizing threshold behavior does not, by itself, make public path statistics identify the

source of value.

Proof. By Lemma 4 in Appendix A, choose bona fide and manipulation-driven threshold
systems with a common displayed-statistic law. In the bona fide economy, cancellation
is triggered by stale-quote exposure, inventory pressure, hedge pressure, or execution-risk
information, with VB(PB; S) > 0. In the manipulation-driven economy, cancellation occurs
after induced-response value has been extracted but before accidental execution or detection
risk dominates, with V" (PM; S) < 0 < V7 (PM; S) + D(PM; S) — KP(PM;S). The same
law of X arises from the two payoff decompositions, so the observational equivalence survives

threshold-based equilibrium behavior. [ |

Taken together, these results make spoofing a choice rather than a label. It is the decision
to display a path that the trader’s own frontier cannot justify, in a market credible enough
that others’ reactions can justify it for the trader. The next section asks what an analyst

must observe, beyond the path itself, to tell that this is what has happened.

VI. Structural Detection as an Audit-Data Design

The detection design is a partial-identification procedure, not a verdict. It does not claim
to recover intent or to point-identify the wedge in every case. It asks a single counterfactual
question, whether the observed path can be rationalized without the induced response of
other traders, and it answers only when the relevant signs and margins can be bounded.

When they cannot, the procedure returns an inconclusive case rather than a manipulation
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label. Everything below is an audit-data design for classifying the source of continuation
value; the legal question of intent is separate and is not addressed by the test.

By Proposition 1 and Proposition 2, pattern tests based on the coarse sigma-field Gx =
o(X(P)), and even public-book histories without exposure restrictions, do not identify
the two sources of value over the maintained model class. Table 1 shows the resulting
information-set ladder. Structural detection operates above the public book and requires

richer information:

Gs = 0(Ga, P, Z(P; S), matched controls, response).

Here Z(P;S), defined below, collects event-window observables used to bound bona fide

value and estimate response value. The key object is the response gap

AR(P;S) = R(P;S) — R°(P; S),

the behavior of other traders after observing the displayed path, relative to a path-excluded
response counterfactual.

Table 2 states the data requirement explicitly. Public message data can triage paths
and estimate auxiliary response moments, but they do not by themselves sign the wedge.
Individual-path classification requires audit evidence that bounds the execution frontier,

constructs a path-excluded response benchmark, and verifies signed exposure.
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Object

Minimum evidence

Classification role

Bona fide value
envelope

Path-excluded
response gap

Signed monetization
exposure

Public message
screens

Fills, queue position, inventory,
hedge book, stale-quote
exposure, risk-limit state, and
markouts.

Public-book response variables,
matched pre-event states,
common-shock controls, and
no-anticipation checks.

Account-level positions,
beneficial ownership,
correlated-instrument exposure,
hedge records, and monetizing
trades.

OTR, cancellation rate, lifetime,
modification count, displayed
size, distance from the touch,
and persistent-noise measures.

Upper-bounds execution-facing
value; the first leg requires the
bound to be negative.

Estimates R(P;S) — R°(P;S);
the second leg requires a positive
lower bound on induced
response.

Tests whether the trader profits
from the estimated response; the
third leg requires alignment with
the response gap.

Triage and calibration only;
without the three objects above
they do not classify source of
value.

Table 2: Audit-data requirements for structural classification. Public message screens or-
ganize the search set, but the spoofing-wedge classification needs evidence for the envelope,

the path-excluded response gap, and signed monetization exposure.

DEFINITION 7 (Event window and response observables): For a displayed path P?, define

an event window

where t is the first displayed message in the suspect path and ¢; is the cancellation or

terminal message. Let

T(P) = [to = Lo, t1 + L],

Z(P;95) = (ﬁlls, queue changes, inventory changes, hedge changes, markouts,

Adepth, Aspread, Aimbalance, Amktflow, Across-instrument response)

collect structural observables in 7 (P). The own-fill, queue, inventory, hedge, and markout

components bound bona fide execution value. The response components estimate AR(P; S)

and therefore D(P;5).
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DEFINITION 8 (Matched path-excluded counterfactual): For a suspect path P, let C(P) be

a matched control set of paths P; satisfying:
X(P) ~X(P), S5 ~S

where S~ is the pre-event public and private-proxy state. Controls must pass pre-trend filters
for depth, spread, imbalance, marketable flow, and cross-instrument returns. Let weights

w;(P) > 0 sum to one. The empirical path-excluded response is

R(P;S) = > wi(P)R(P;; S)),

Pj EC(P)

and the estimated response gap is
AR(P;S) = R(P; S) — R(P; S).

The controls need not be known bona fide paths. They are path-excluded comparisons:
paths drawn from similar pre-event states whose response window is not contaminated by

the suspect displayed path being evaluated.

Figure 4 illustrates the empirical object. The structural question is not whether the
displayed path has a high cancellation rate; it is whether the post-event response exceeds

the response implied by matched path-excluded controls.
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Figure 4: Response-gap event study. Structural detection compares the observed response R
after a displayed path to a matched path-excluded counterfactual R° built from similar pre-
event states, pre-trends, and displayed-path statistics. The shaded region is the estimated
response gap AR. A path that creates a temporary belief distortion rather than durable
information produces a response that partially reverses after the cancellation at t;.

AssuMPTION 6 (Counterfactual response design): For each suspect path P, the matched

controls satisfy:

(i) Overlap: C(P) is nonempty in a neighborhood of the pre-event state S~ and displayed
statistic X (P).

(ii) No anticipation: response variables have no abnormal pre-trend over [ty — Lo, to).

(iii) Conditional counterfactual: conditional on S~, X(P), and pre-trends, the matched-
control response equals the response that would have occurred under the path-excluded

information intervention for P¢.

(iv) Cross-instrument discipline: correlated instruments and marketwide order-flow controls

absorb common shocks unrelated to the suspect displayed path.

(v) Stable response map: the payoff map from response moments to induced-response value

is locally Lipschitz.
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DEFINITION 9 (Response elasticity estimand): Let Zr(P) be a scalar response moment,
such as liquidity retreat, quote improvement, marketable-flow response, or cross-instrument
repricing. Let Zp(P) be the displayed-depth shock created by P?. The local response
elasticity is

ER(P) = ((P))

High Er(P), combined with negative own-execution value, is evidence that the path’s value

comes from induced response rather than own execution.

LEMMA 3 (Response-gap identification): Under Assumption 6,
AR(P; S) = AR(P; S) + ug(P),

where ug(P) is the matching and sampling error. If the induced-response payoff map is

locally Lipschitz with constant Lp, then
|D(P; S) = D(P; 8)| < Lpllur(P)]|.

Proof. By the conditional-counterfactual condition, the weighted matched-control response
estimates R(P;S) up to matching and sampling error. Subtracting it from the observed
response gives AR(P; S)4ugr(P). The bound for D follows from the local Lipschitz property

of the payoff map from response moments to induced-response value. [ |

The empirical object is partial identification, not universal point identification. Let Ug(P)
be the admissible uncertainty set generated by matching error, sampling error, common-

shock adjustment, and response-map calibration. A conservative response-gap interval is
AR(P;S) € [ZT%(P; S) — ar(P), AR(P;S) + aR(P)] ,

where ugr(P) = Sup,ey,(p) [|ul| after projecting response moments into the payoff-relevant
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direction. If Y/(P;S) is known only to lie in an audit-feasible set Y (P), the signed exposure
leg is bounded by
inf )<Y, AR(P; S) +u).

YEY(P), ucUr (P

Only a positive lower bound signs monetization. If the response gap, signed monetization
exposure, or bona fide envelope cannot be bounded with sign and margin, the structural test

returns an inconclusive case. It does not classify the path by default.

DEFINITION 10 (Response-dependence threshold): Scale the response channel by « € [0, 1]:
Ro(P;S) = R'(P;S) + a[R(P; S) — R°(P; 5)].

The corresponding payoff is
IL,(P; S) = V' (P; S) + aD(P; S) — KP(P; ).

The derivative 011,(P;S)/0a = D(P;S) measures revealed response dependence. It is a

counterfactual payoff dependence, not a claim to observe subjective intent.

Thus the word “revealed” refers to payoff dependence under a counterfactual response
channel. A trader may have many subjective reasons for acting. The structural question
is narrower: can the observed path be rationalized without the induced response of other

market participants?

THEOREM 5 (Revealed response dependence): Suppose KP(P;S) > 0,

VB(P; S)<0 and TI4(P;S)>0.
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Then D(P;S) > 0 and there is a unique response-dependence threshold

KP(P;S) -V (P;S)
D(P; 5)

a*(P;S) = € (0,1)

such that
[, (P;S) <0 for a<a*(P;9),

and

[, (P;S) >0 for a>a*(P;S).

Lower o means stronger dependence on induced response: less response intensity is needed

to make the path profitable.

Proof. The condition II;(P; S) > 0 gives
D(P;S) > KP(P;S) -V (P;S).

Since KP(P;S) > 0 and VB(P; S) < 0, the right-hand side is strictly positive, so D(P;S) >
0. The payoff I1,(P; S) is affine and strictly increasing in a. Solving I, (P;S) = 0 gives the

stated a*(P;S). The inequalities follow from strict monotonicity. [

DEFINITION 11 (Partial-identification bounds): Let ©p5 be the admissible bona fide param-

eter set. The sharp upper bound on bona fide value is

VI(P;S) = sup VE(P;S,yp),
Yp€EOE
which is the empirical counterpart of the envelope VB(P; S) of Section IV: maximizing over
the admissible class B corresponds to maximizing over its parameterization ©g. The two
coincide when ©pg indexes exactly the motives in B. Let © collect admissible parameters for

bona fide value, induced response, and displacement cost. The lower bound on displacement-
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augmented value is

W(P;S) = ui)relg [VE(P; S, ¢p) + D(P; S,¢p) — KP(P; S,¢k)] -

Equivalently, the response component can be written as an interval

D(P;S) € [D(P;S), D(P; S)]

induced by the response-gap interval and the audit-feasible exposure set. The lower endpoint

D(P;S), not the point estimate lA)(P; S), is what enters a conservative classification.

DEFINITION 12 (Three-leg structural test): The empirical detection design has three legs:
VP (p;S) <o,

D(P;S) >0,

and

inf <Y, Z}\%(P; S) + u> > 0,
YeY(P),ucUr(P)

where Y(P) is the trader’s audit-feasible signed-exposure set across the monetized instru-
ments, @(P; S) is the estimated response gap in those same instruments, Ug(P) is the
response-gap uncertainty set, and (-,-) is the Euclidean inner product. The third leg there-
fore requires that every admissible exposure-and-response completion preserve profitable
alignment. In words: no execution rationale, positive lower-bound response value, profitable

signed exposure.

THEOREM 6 (Margin classification): A path is structurally classified as spoofing-like, relative
to the maintained model, if

VP (P;S) <0
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and

W(P;S) > 0.

The classification is conservative relative to the maintained parameter sets: every admis-
sible bona fide rationalization is rejected, while displacement-augmented rationality remains
strictly positive throughout the admissible set. If both bounds are estimated with uniform

error at most €, classification is robust whenever
VB(P; S)<—n and W(P;S)>n

forn > 2e.

Proof. 1f VB(P; S) < 0, then even the most favorable admissible own-execution explanation
gives negative value. Thus the path is outside the bona fide frontier. If W (P;S) > 0, then
even the least favorable displacement-augmented valuation rationalizes the path. Uniform
error at most €, including response-gap error from Lemma 3, cannot reverse either inequality

when the margin is larger than 2e. |

This is an economic classification, not a legal conclusion. It does not claim to observe
subjective intent. It identifies the payoff component necessary to rationalize the observed
path. The spoofing-specific agent-based literature shows that displayed orders can be valu-
able through the beliefs of order-book learners (Wang and Wellman, 2017, 2021); the struc-
tural test here asks whether that induced-response channel is necessary to rationalize the
path. Recent Level-3 surveillance work also moves toward manipulation-gain calculations
from order-book features rather than pure message counts (Fabre and Challet, 2025). The

structural object here is the economic version of that move:
Can the path be rationalized without induced response?

Operationally, Definition 12 asks for negative bona fide value, abnormal induced response,
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and monetization. The first leg rejects the own-execution frontier. The second leg estimates
the causal response gap. The third leg verifies that the trader had an economic exposure

that benefits from that gap.

VII. Threshold Rules and Market Design

Regulators reach for hard caps and threshold rules because they are transparent and
enforceable, but the identification result implies that such rules act on the wrong object.
They discipline the surface statistic while leaving untouched the wedge that defines the
conduct. The argument here connects to the broader market-design debate over whether
continuous limit order books manufacture avoidable speed races and fragile priority contests
(Budish, Cramton, and Shim, 2015), and to evidence that pre-trade transparency and order-
disclosure rules shift spoofing incentives (Lee, Eom, and Park, 2013). In the present model,
design matters because every lever enters the wedge,

7

W(P;5,¢) =V (P;S,¢) +D(P;5,¢) — K”(P; 5,¢),

where ( is a vector of market-design parameters: tick size, cancellation friction, order-book

transparency, queue-priority rule, accidental execution risk, and surveillance intensity. A
.. . . . —B

path is in the manipulation region when V' (P;S,{) < 0 and W(P;S,() > 0. For a

manipulation-like path, write WM (P; S, () for this same wedge evaluated at that path.

PROPOSITION 5 (Monotone design levers): Fiz P and S. If a design parameter (; affects

only one component of the wedge, then:

ow oD
— >0 if — >0,
o, 70 1 g
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and

oW OKPD v’
— <0 1 >0 or < 0.
o, <V T g oG,

Thus manipulation incentives rise with induced-response sensitivity and fall with cancellation

friction, detection cost, accidental execution risk, or trader skepticism that lowers D.

Proof. Differentiate W = V% L D~ KD with respect to (;. If only one term changes, the

stated signs follow directly. [ |

PROPOSITION 6 (Threshold evasion and bunching): Let = X (P) be a one-dimensional
threshold statistic, such as OTR or a persistent-noise score, and suppose a rule applies

penalty

The trader solves

IIl;lX{D(.Z’) — A(z) — c(z) — k(x)}.

If D(z) — A(x) — c(z) is continuous and positive for some x < T, then a manipulation-
motivated trader can strictly prefer a below-threshold spoofing path. If the unconstrained
optimum lies above T, the threshold rule generates bunching just below T rather than elimi-

nating manipulation.

Proof. The discontinuous penalty creates a notch. Moving from just above to just below
Z preserves almost all continuous displacement value while avoiding the discrete penalty.
If displacement value remains positive below the threshold, the trader has a profitable
manipulation-like path that does not violate the hard cap. Thus the rule changes the chosen

statistic but does not identify or eliminate the source of value. [ |

COROLLARY 2 (Below-threshold displacement): If VB(x) + D(x) — KP(z) is positive for

some x < ¥, then a hard threshold can leave profitable displacement paths below the enforce-
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ment cutoff:

VB(J:) + D(z) — KP(2) >0 for some x < 7.

PROPOSITION 7 (Tick-size and transparency sign conditions): Let A denote tick size and T
denote displayed-book transparency. Then the sign of their effect on manipulation incentives

1s determined by

ow oV oD 9K
OA  OA  OA  OA

and
ow oV’ oD  9KP

or 8T+8T or

Thus larger ticks or greater transparency increase spoofing-like incentives only when their
induced-response effect exceeds their effect on bona fide execution value and displacement
cost. They decrease spoofing-like incentives when they primarily raise accidental execution

risk, improve structural surveillance, or reduce the credibility of displayed depth.

Proof. Both identities follow by differentiating the wedge with respect to the design variable.
The comparative-static sign is positive exactly when the induced-response channel dominates

the other channels, and negative when execution-cost or detection-cost channels dominate.

THEOREM 7 (Targeted response regulation): Consider two policies. A uniform cancellation
tax T reduces both bona fide value and manipulation value:

v’ WM

= <0, < 0.
T T

A targeted response-based surveillance rule Tg raises displacement cost in states with high

response elasticity,
OKP
0Tg

3P 15 high,

>0 when ‘—
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and leaves execution-facing value unchanged:

v’

A
OTg

for bona fide paths. If bona fide liquidity has positive welfare value and response-elastic
manipulation has positive social cost, then Ty weakly dominates T whenever it achieves the

same reduction in manipulation with a smaller reduction in bona fide liquidity supply.

Proof. A uniform cancellation tax acts on the message action itself, so it reduces the value of
both stale-quote protection, inventory control, and queue management, and manipulation-
like paths. A response-based rule acts on the source of manipulation value by raising K%
when the response elasticity of other traders is high. If the two policies achieve the same
reduction in manipulation but Tk imposes a smaller loss on bona fide liquidity, then the

welfare comparison follows directly from the maintained signs. |

These propositions separate two policy objectives. Caps can reduce message traffic, crude
noise, and infrastructure burden. They are not, by themselves, source-of-value tests. Struc-
tural market design should therefore distinguish message discipline from manipulation iden-
tification. This distinction is also consistent with welfare-oriented legal analysis of spoofing
regulation, which asks how misleading displayed orders affect market quality and allocative
efficiency rather than treating cancellation as the primitive harm (Fox, Glosten, and Guan,

2022).

VIII. NSE-Style Illustration

This section is an institutional illustration, not an individual-path empirical classification.
Without confidential audit-trail exposure, beneficial ownership, and account-level inventory

or hedge records, the structural test cannot be run as a full individual-path classifier. The
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NSE-style environment is useful because its order-to-trade and persistent-noise screens make
the distinction between message discipline and source-of-value classification concrete. The
exchange observes order entry, modification, cancellation, and execution, together with algo-
rithm identifiers and member-level surveillance states, and it polices conduct in part through
order-to-trade ratios and persistent-noise measures (Securities and Exchange Board of In-
dia, 2020; National Stock Exchange of India, 2020, 2026). These screens are sensible triage
devices, and nothing in what follows argues against their use. The model explains, however,
why they cannot be the last word: they live in the coarse information set Gx, and the source
of value lives above it.

Consider an NSE-style state
StNSE = (pt7 LTPtJ dtu Qt7 We, Vi, q, h’t7 /\t7 gt)?

where LTP, is last traded price, @) is queue state, w; is toxicity, v, is the message-intensity
or order-to-trade state, ¢; is inventory, h; is hedge exposure, )\; is execution-risk information,
and /¢; is surveillance state.

The OTR and persistent-noise observables are components of X (P). Algo identifiers and
member-level surveillance states improve triage and repeated-conduct analysis, but they
still do not reveal VB(P; S), signed monetization exposure Y, or the causal response gap
R(P;S) — R°(P;S) by themselves. This is the practical version of Proposition 2: public
message data become structural evidence only after they are combined with exposure re-
strictions, audit-trail information, or credible bounds on bona fide execution value. The
same data can nevertheless calibrate the first-stage simulation in Section IX: OTR distribu-
tions, persistent-noise states, response elasticities, and threshold bunching are public-facing

inputs even when individual-path labels remain unclassified.

PROPOSITION 8 (NSE coarse-screen non-identification): In an NSE-like order book, there

exist paths P and P’ with identical order-to-trade ratio, cancellation rate, modification count,
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lifetime, displayed size, and distance from the touch, where P is bona fide and P’ is struc-

turally spoofing-like.

Proof. This is the NSE specialization of Proposition 1. Let P be a high-message path
generated by stale-quote protection, queue management, hedge-risk reduction, execution-
risk management, or adverse-selection avoidance. Let P’ have the same coarse message
statistics but no beneficial execution-facing state. Its value is positive only through induced

response. Coarse screens see the same X (P); value decomposition separates the paths. H

COROLLARY 3 (NSE threshold bunching): If OTR or persistent-noise rules impose a hard
threshold and displacement value remains positive below that threshold, then manipulation-
like paths can bunch below the cutoff. Therefore threshold compliance does not imply absence

of a manipulation wedge.

Proof. This is the threshold-evasion result applied to an NSE-style OTR or persistent-noise
statistic. The penalty notch changes the displayed statistic. It does not by itself change the

path’s source of value. [ |

A numerical illustration makes the point. Let
X (P) = X(P") = (1000, 40 ms, 0.98, 20, 45, 3 ticks),

with components interpreted as size, lifetime, cancellation rate, modification count, OTR,
and distance from the touch. For P, suppose execution option value is 2, avoided stale-quote
loss is 5, queue/risk-management value is 1, and message cost is 1, so VB(P; S)y=17>0.
For P’, suppose VB(P’ ;S') = =5, induced-response value is 9, and displacement-related cost
is 2, so total value is 2 > 0. The paths are identical to the OTR screen and different under
the structural test.

The policy implication is layered surveillance: use OTR, persistent-noise, and modifica-

tion screens as first-stage triage, use public-book event studies to calibrate response elastici-
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ties and threshold bunching, and then estimate the bona fide value envelope, path-excluded
response gap, and signed exposure for identification. The right second-stage question is not
whether OTR is high. It is whether the path can be rationalized without the causal response

of other traders.

IX. Simulation Design and Empirical Implications

The theory does not ask the analyst to observe intent; it asks the analyst to observe
response and exposure. A structural empirical design estimates the bona fide envelope
%\B(P; S) from fill probabilities, queue state, markouts, inventory and hedge records, and
stale-quote exposure, and it estimates induced response from the behavior of others, can-
cellations, quote improvement or retreat, liquidity depletion, imbalance decay, short-horizon
price response, queue migration, and cross-instrument repricing. Existing surveillance work
already studies many of these moments, emphasizing order-book imbalance, quoting activity,
abnormal cancellations, posting distance, Level-3 features, and manipulation-gain calcula-
tions rather than raw message counts (Lee, Eom, and Park, 2013; Do and Putnins, 2023;
Fabre and Challet, 2025). What the framework adds is an interpretation: it tells the analyst

which moments bound the frontier, which estimate the response gap, which require audit

exposure, and when the evidence is insufficient for classification.

A. Empirical implications

The central contrast is between high-message paths with positive estimated bona fide
value and high-message paths whose only apparent profit comes from induced response. In an
NSE-style market the model predicts that coarse order-to-trade and persistent-noise screens
contain both. Public data can motivate and calibrate these predictions, but individual-path

classification requires the audit-data legs in Table 2. The model yields the following testable
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implications.

1. Coarse screens miz types. High order-to-trade ratios, high modification counts, and
short lifetimes are populated by both bona fide and spoofing-like paths, so conditioning

on a high screen value leaves the structural label uncertain,

Pr(M | X high) € (0,1).

2. Spoofing-like paths show worse own-execution value. Conditional on fill risk, a struc-
turally spoofing-like displayed order has lower estimated bona fide value than a genuine

cancellation,

—

VP(PM.S) < V7 (PB;S).
3. Spoofing-like paths provoke stronger responses. After a suspect displayed order, the
response gap appears as abnormal movement in

Adepth, Aspread, Aimbalance, Amktflow, Aqueue migration,

relative to matched path-excluded controls.

4. Public-data evidence is informative but incomplete. Public message data can reject
some simple stories, for example when matched public controls absorb the response gap
or when there is no reversal. But without exposure records or maintained exposure
restrictions, public data cannot determine whether the trader monetized the response,

Yeig{}))(Y,Z]\%(P; S)> > 0.

5. Cancellation is timed differently. A bona fide order is cancelled when the trader’s own

fill risk rises; a spoofing-like order is cancelled once induced response has been harvested
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but before accidental execution becomes likely, so its cancellation time approximates the

harvest-maximizing instant,

™~ arg max [Dt — A — Kﬂ )

6. The response partially reverses. If the displayed path creates a temporary belief dis-
tortion rather than durable information, the response weakens or reverses after the
cancellation message, absent news. Writing p; for the response price, ¢y for the first

displayed message, and t; for the cancellation, spoofing-like paths satisfy

Sign<Apto7t1) = - Sign(AptLtlJrh)

more often than bona fide paths with similar X (P) and pre-event states, and the reversal
is strongest when audit exposure can be signed in the payoff-relevant direction,
inf (Y, AR(P; S) + u) > 0.
YeY(P),ucUr(P)
7. Thresholds create bunching. Where order-to-trade or persistent-noise rules impose dis-

crete penalties, spoofing-like behavior bunches just below the cutoff, most heavily in

states with high response elasticity.

8. Spoofing value falls as credibility erodes. If participants learn that displayed depth is
unreliable, the marginal response value of depth declines, 0D /ddepth |, and spoofing

becomes less profitable. This is the empirical content of Theorem 1.

The design is falsifiable, and it is meant to be. The spoofing-wedge interpretation is
defeated if matched controls absorb the response gap, if bounding the envelope fails to
deliver negative own-execution value, if the trader holds no signed exposure that monetizes

the response, or if cancellation is not followed by the predicted decay or reversal. In any of
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these cases the model does not force a manipulation verdict; it favors a bona fide reading or
returns an inconclusive structural test, in keeping with the partial-identification discipline

of Section VI.

B. Simulation design

A simulation can establish the logic before confidential audit-trail data are touched. It
is not a substitute for audit-data classification. It is a controlled bridge from the public-
data problem to the structural design: the econometrician knows the latent type, the public
classifier does not, and the audit classifier is evaluated against the known data-generating
process.

The simulation has four components.

1. Environment. Generate a limit-order book with a latent short-horizon state ¥;, queue
position, spread, depth, stale-quote risk, toxicity, and cross-instrument price pressure.
Bona fide traders receive inventory, hedge, queue, and stale-quote shocks. Manipulation-

capable traders receive signed exposure Y; in the same or correlated instruments.

2. Path generation. Bona fide paths choose display and cancellation policies to maximize
execution-facing value. Spoofing-like paths choose visually similar display and cancella-

tion policies to maximize
V7(P;S)+ D(P;S) — KP(P;S),

with negative own-execution value and positive response-facing value. The design should
deliberately generate pairs with the same X (P), including cancellation rate, lifetime,

displayed size, modification count, and OTR.

3. Responder learning. Responders observe displayed depth and public order flow, update

beliefs about ¥, and choose quote retreat, quote improvement, marketable flow, or
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queue migration. Manipulation intensity garbles displayed-depth informativeness, so

simulated display credibility falls when spoofing-like paths become common.

4. Observed data. Record three information sets: public message data Gx, public-book
data Gpook, and audit data G4 containing inventory, hedge, beneficial-ownership, cross-

instrument exposure, and monetizing trades.
The classifiers should be compared on the same simulated paths.

1. Coarse public classifier: uses OTR, cancellation rate, modification count, lifetime, dis-

played size, and distance from the touch.

2. Public response classifier: adds event-study response moments and matched public con-

trols but no exposure records.

3. Audit structural classifier: uses the bona fide envelope, path-excluded response interval,

and signed exposure alignment from Definition 12.

The evaluation reports false positives, false negatives, inconclusive rates, response-gap
coverage, and robustness to common shocks. The central comparison is not whether public
data are useless. It is whether public classifiers improve triage while failing to uniformly sign
the source of value, and whether the audit structural classifier succeeds only when all three
legs are observed or bounded with margin. Such an exercise is the controlled counterpart of

Propositions 1 and 2, and the natural first implementation of the detection design.

X. Conclusion

Holding cancellation and source of value apart changes the object that surveillance and
theory should pursue. The question is whether the displayed path can be rationalized on
the trader’s own execution frontier or only through its effect on others. Pattern tests do

not answer that question without restrictions on hidden exposure. Over the unrestricted
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hidden-exposure class, order-path statistics and the complete public book leave the source
of value unidentified. The bona fide value envelope answers a different question: what could
the path be worth before anyone reacts? The wedge marks the path as spoofing-like when
that value is negative yet total value turns positive once induced response is counted.

The equilibrium gives the wedge its economic meaning. In the responder-learning model,
spoofing pays because bona fide liquidity keeps displayed depth informative. That makes
it self-limiting in its own prevalence: as manipulation spreads, the credibility it feeds on
erodes, and response value disappears. While credibility holds, a trader with sufficient
signed exposure can rationally display a path that loses money under every execution-facing
motive. The harm therefore exceeds the single response a deceptive display induces. Bona
fide liquidity builds the credibility of the book as a common resource; spoofing draws that
resource down.

Two conclusions follow for practice. Detection must combine exposure evidence with
a response counterfactual and must return inconclusive when signs and margins cannot be
bounded, rather than convict on the silhouette of the path. The NSE-style illustration treats
order-to-trade and persistent-noise screens as triage, not structural tests. Market design must
reach the source of value rather than the message: hard caps discipline traffic while leaving
the wedge intact below the threshold, whereas rules that raise the cost of deceptive response
value reach the conduct itself. The economic classification developed here is deliberately
silent on intent; it identifies the payoff a path requires, and leaves to law the question of the
mind behind it.

The bona fide envelope supplies the conservative frontier. The path-excluded counter-

factual supplies the response gap. Signed exposure supplies monetization.
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Appendix A. Threshold-Equilibrium Construction

This appendix supplies the matching lemma and the finite-support construction behind
Theorem 4. Its purpose is to show that the observational equivalence of Proposition 1 is not
merely an artifact of hand-picked static paths. It can also arise when both bona fide and

manipulation-driven cancellation follow optimal stopping against threshold indices.

LEMMA 4 (Threshold-statistic matching): Let bona fide cancellation follow

TB == lnf{t : AtB Z 0}, AtB == )\tAt — Qt - IRt - HRt,

and let manipulation-driven cancellation follow

TM = lnf{t . Aiw 2 O}, Ai]w = At + Ct + Kt[) — Dt'

If the joint law of displayed size, modification count, distance from the touch, and stopping

time s the same under the two threshold systems, then

L(X(PP)) = L(X(PM)).

On any finite support for X, such matching can be implemented by choosing threshold in-
dices AP and AM to induce the same distribution of first-passage times and displayed-order

attributes while keeping their payoff components distinct.

Proof. The statistic X (P) is a measurable function of displayed order attributes and stopping
behavior: size, lifetime, cancellation rate, modification count, OTR, and distance from the
touch. If the joint law of the displayed attributes and stopping time is identical under the
two threshold systems, then the induced law of any measurable function of those variables

is identical. On finite support, assign each displayed statistic z its target probability and
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choose threshold-index paths that first cross at the stopping time and displayed attributes
associated with x. The indices AP and AM can have the same crossing law while being built

from different payoff components. [ |

The bona fide index AtB = MA; — Qy — IRy — HRy crosses zero when accidental-execution
exposure \;A; overtakes the queue, inventory, and hedge value of keeping the order posted;
cancellation is then execution-facing and the path satisfies VB(PB; S) > 0. The manipula-
tion index Aftw =Ai+e+ KtD — Dy crosses zero when the accumulated accidental-execution,
message, and detection cost overtakes the induced-response value already extracted; can-
cellation is then timed to harvest D before exposure dominates, and the path satisfies
VE(PM.S) < 0 < V(PM;S) + D(PM;S) — KP(PM;S). Because the two indices are
distinct functions of distinct payoff primitives, their crossing laws can be aligned on any
finite support without aligning the underlying decompositions. Aligning the crossing law
aligns the joint law of displayed attributes and stopping time, which by the lemma aligns
L(X(P)). Theorem 4 then follows as an existence construction: the same distribution of

displayed statistics can be generated by a nonnegative and a negative bona fide envelope.
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