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Abst ract

Thi s docunent defines a Coherence Lead-Tinme Profile for the Milti-
Vant age Path Synchrony (MWPS) franmework

[1-D. nel egassi-i ppm mvps-bundle]. It states three LEMVAS (L_ZD. 1",
L zD.2', L_zZD.3) that bound, in closed form the expected |ead-timne
of the multi-vantage Mahal anobis detector D2 over the per-vantage
max-z detector under three canonical signal regines: |linear growh,
exponential (wormstyle) growh, and the degenerate sparse-direction
case in which the multi-vantage detector |oses its advantage.

The operational claimis the closed form

E[L exp] = (1 / lanmbda) * In( sqrt(N) * ( g_z(N, al pha)
- E[MN
[/ sqgrt( gq_chi(N, alpha) - N) )

for a rank-1 propagating signal of gromh rate | anbda observed
across N vantages with matched per-step fal se-alarmrate al pha.
E[MN] is the expected maxi mum of N iid standard Gaussi an random
variables. This formula is a Fl RST- EXPECTED- CROSSI NG UPPER BOUND.
The conpani on | emma docunent records a CORRIGENDUM to a prior vO
derivation that onitted the EfMN term and overpredicted the
closed-formlead-tine by a factor of approximately 2.3x in In units;
the vO derivation is RETIRED in favour of the corrected formula
shown here.

Thi s docunent does NOT claimthat M/PS unconditionally detects
zero-day vulnerabilities, and explicitly excludes code-I| evel

vul nerability discovery, single-host exploitation, and any zero-
day whose exploitation does not perturb network telenmetry in a
rank-1 ow coherent manner. The scope is restricted to NETWORK-
PROPAGATI NG ZERO- DAY EVENTS such as sel f - propagati ng wor s,
coordi nated DDoS anplification using novel vectors, nmass BGP
routing anonalies, and supply-chain conpronises with periodic
command- and- control beaconi ng that reaches a rank-1ow cross-
vant age si gnature.

The cl osed-formprediction is enpirically validated under finite-
sanpl e noise by a Monte Carl o backtest over a 9-configuration panel
(Section 5.5): the SIGNCLAIM (E[L_exp] > 0) holds with WIlson 95%
| ower bound > 0.30 on ALL configurations (0 of 9 falsifying), and
the MAGNI TUDE- CLAIM (cl osed formtight within +-40 percent) holds
on configurations with N >= 30 and growth doubling tine T_d <= 30 s.
For slower growmh (T_d > 30 s), the SI G\ CLAI M hol ds but the

cl osed-form upper bound is |oose by a factor of 5-30x and an
enpirical MC backtest at the operator’s specific (N, lanbda) is
recommended over the closed form

The enpirical extension to a corpus of historical events (Conjecture



T ZD*) is stated in Section 6 with a fully witten falsification

protocol. The conjecture is NOT YET CONFI RVED; the principa

bl ocker is the depth of free public BGP archives (the RIPE Stat
free bgp-updates endpoint returns 0 records for the 2018-2021
events tested, per Section 6.3 data-coverage note), notivating
IMRT- ar chive parsing as future infrastructure.
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I nt roducti on

The Mul ti-Vantage Path Synchrony framework

[1-D. nel egassi -i ppm mvps-bundl e] conmputes a Mhal anobi s di st ance
Dr2 over a triple (C 1, C2, C3) of coherence axes observed
across N >= 2 vantages. The enpirical lead-tine profile of
[1-D. mel egassi -i ppm nvps-1ead-tine] characterises the observed
| ead-fraction of D'2 over the per-vantage z-score detector on
Rl PE Atl as measurenent nsm 1001 (Lanbda = 14/60 = 23.3 %
Wlson 95% Cl [0.143, 0.353], mean lead -230 s) and proves
Lemma L_LT. A (existence of positive-lead episodes with strictly
positive Wlson | ower bound) plus Conjecture T _LT* (BGP-nulti-
prefix conditional regine, open).

That body of work is OBSERVATIONAL: it reports what was neasured
on a specific data set and bounds the lead-fraction by 2 * rho via
the standard correl ation bound. 1t does NOT characterise the
SUFFI CI ENT REG ME in which a positive lead-tinme is GUARANTEED by
the al gebra of the two detectors.

The present document fills that gap for the specific class of
NOVEL, RANK-LOW MONOTONE- GROMH events that constitute the
propagati on phase of network-visible zero-day attacks. It states
three closed-formlemmas (Sections 3.1, 3.2, 3.3) and the
correspondi ng enpirical conjecture (Section 6) with a pre-
registered falsification protocol

1. Wiy a separate zero-day profile

"Zero-day detection" is operationally distinct from"lead-tinme on
known events":

0 The signature of a zero-day, by definition, is ABSENT from
any calibration wi ndow predating the public |Indicator of
Conprom se. Both detectors operate W THOUT prior know edge
of the alternative direction or growh rate.

0 The geonetric structure of a propagating zero-day is
wel | -characterised: the perturbati on spreads across vant ages
with a coherent direction (rank-1 or lowrank in the
cross-vantage covariance) and grows nonotonically in tine
(l'i near under prefix-accunul ati on, exponential under
Sl - nrodel worm propagati on).

0 Lead-time before the first public oCis the operationally
val uable metric (it is the operator’s response budget);
| ead-tine before a hand-1abelled ground-truth event is the
met hodol ogi cal | y cl ean measurenent substrate.

Thi s docunent treats the closed-formderivation (Section 3) as
provable fromthe al gebra of D2 versus max-|z|, treats the



finite-sample first-passage behaviour as enpirical (Section 5.5),
and treats the historical -event extension as a separate
fal sifiable conjecture (Section 6).

1.2. Relationship to the lead-tine profile

L LT.1 (alternative-cl ass-dependent AUC ordering) -- the
underlying reason why a positive |ead can exist at all
under mat ched- FAR cal i bration

L LT.2 (|EDelta]|] <= 2 * rho) -- the magnitude bound on the
OBSERVED | ead-fraction inbal ance on any data set.

L zD.1 / L_ZD.2" | L_ZD. 3 (this docunment) -- the CLOSED- FORM
expected |l ead-tinme E[L] under the specific signa
regi nes that characteri se network-propagati ng zero-days

L LT. A (existence statenent on RIPE Atlas) -- shows the
enpirical Lanbda > O with positive WIson | ower bound;
does not predict the sign of E[L].

T LT* -- conditional conjecture on BGP-nulti-prefix regines
(open).
T zD* (this docunent) -- conditional conjecture on a curated

zer o-day corpus (open, protocol in Section 6).
1.3. Conventions used in this docunent

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL
NOT", "SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED',
"MAY", and "OPTIONAL" in this docunent are to be interpreted as
described in BCP 14 [ RFC2119] [ RFC8174] when, and only when, they
appear in all capitals.

Not at i on:

p expected | ead-tinme under exponential growth
n expected | ead-time under linear growth
d

| anbda exponential growh rate (1/5s)
T d In(2)/1anbda doubling time of the propagating signa
r linear growth rate (signal units per s)
N nunber of vantages
al pha per-step nonminal false-alarmrate
si gma basel i ne- noi se standard devi ati on per vantage
u unit-normdirection of the rank-1 signal in R*N
u_nmax max- coordi nate of u; u_max in [1/sqrt(N), 1]
q_z(N, al pha) Bonf erroni - mat ched max-z threshol d,
Phi~{-1}( 1 - alpha / (2 N) )
g_chi (N, al pha) upper - al pha quantile of chi”2_N
E[ M N| expected nmax of Niid Nornal (0,1) random
vari abl es
D2 the multi-vantage Mahal anobis statistic
max- | z| the per-vantage nmaxi mumz statistic

1.4. Self-falsification record

Thi s document RETIRES a prior vO derivation in which the closed
formfor s_z* under the coherent direction was

s_z* _v0_coh = sigm * sqrt(N) * g_z(N, alpha). (W THDRAWN)

The vO fornmula OM TTED the additive EfMN termfromthe per-step
maxi mum of N standard Gaussi ans, and therefore overpredicted the
closed-formlead-time by a factor of approximately 2.3x in In
units (i.e., approximately 3-4x in real lead-time at N = 30).



The error was caught by the first execution of the Monte Carlo
backt est documented in Section 5.5: the enpirical nean | ead at

N = 30, Slamrer-class growh (T_d = 8.5 s) was 4.96 ticks, while
the vO closed formpredicted 17.89 s -- a relative error of 72 %
Three of nine panel configurations FALSIFIED the vO prediction
under the original PASS THECRY criterion.

The corrected derivation (Section 3.2) yields
s_z*' _coh = sigma * sqrt(N) * ( g_z(N, alpha) - EfMN )

and predicts 7.57 s at N = 30, Slamer-class -- which falls within
the +-40 % band of the MC enpirical nean.

Conpani on | emma docs/ WPS_ZERCDAY LEAD Tl ME LEMVA. t xt Section 0.2
contains the full CORRI GENDUM wi th SHA-256 hashes of both the vO
MC recei pt that caught the error and the vl corrected receipt.
The discipline of recording the falsification in-band (rather
than quietly amending the formula) is inherited from

[1-D. nel egassi-i ppmmvps-1lead-tinme] Section 3 (which sinilarly
downgraded the original "Theorem T_LT" to a refined Lenma L_LT. A
when its unconditional formwas contradicted by the RIPE Atlas
evi dence) .

2. Scope and Definitions
2.1. OQperational definition of "zero-day"

For the purposes of this docunment, a ZERO DAY EVENT is a network-
vi si bl e perturbati on whose signature satisfies all of:

ZD-1. PREVIOQUSLY UNCALI BRATED. No segnent of any hol dout
wi ndow predating the event onset contains the same
Cross-vant age covari ance signature.

ZD-2. RANK-LOW The cross-vantage covariance contribution
of the event has effective rank k << N k =1 is the
archetypal case.

ZD-3. MONOTONE GROMH. The signal anplitude s(t) is non-
decreasing on the propagation window [t 0O, t 0 + T],
with either linear or exponential growh.

ZD-4. NETWORK-VI SIBLE. The perturbation is observable in at
| east one network telemetry channel (RTT, BGP update
vol ume, |iveness, packet vol une).

2.2. The two detectors
Both detectors are defined in
[1-D. nel egassi-i ppm mvps-1lead-tinme], Section 2.1; reproduced here

for self-contai nnent.

f M : Hw->1{ D'2(w >= q_chi (N, alpha) }
f z : Hw->1{ max_v |z v(w]| >= qg_z(N, alpha) }

The MATCHED- FAR convention g_z(N, al pha) = Phi~{-1}(1 - al pha/(2N))
is the Bonferroni-coordinated per-step threshold yiel ding nom nal
per-step false-alarmrate <= al pha for the max-|z| test.

2. 3. Expected maxi mum of N null Gaussians E[M N

EfMN :=F mx {v=1.N Zv], Zviid Normal (0, 1).



E[MN grows like sgrt(2 In N) and is closed-formtractable via
the Bl om approxi mation Phi~{-1}((N - 3/8)/(N + 1/4)), accurate to
<2 %vs Monte Carlo at 5e6 sanples. Nunerical val ues used:

N 4 8 16 30 100 1000
E[ M_N| 1. 0296 1.4236 1.7660 2.0428 2.5074 3. 2416

E[MN] additively transfers to the maxi mum under any uniform
per-vantage shift mu:

E[ max_ v (mu + Z v) ] = mu + EMN. (Sec 2.3)

The omi ssion of this additive baseline in the vO derivation
(Section 1.4) is the cause of the corrigendum

2.4. First-expected-crossing tine
For a detector f with statistic T_f(t) and threshold g_f, the
FI RST- EXPECTED- CROSSI NG TIME tau_E(f) is the smallest t >=t_0 at
which E[ T f(t) | event(t_0) ] >= q_f. Under (Glin) or
(Gexp), tau E(f) is finite and unique. It is the |eading-order
approximati on to the actual stopping tinme of the random al arm
process; finite-sanple first-passage corrections shift the

enpirical mean fromtau_E by an anpbunt that is characterised
enpirically in Section 5.5.

3. Mat hemati cal Foundation
3.1. Lemma L_ZD.1' (Linear-growth |ead-tinme, corrected)
PRECONDI TI ON.

(P1) Null observations are Il D Gaussian: x_v(t) ~
Nor mal (0, sigma™2), independent in (v, t).

(P2) Event signal is rank-1: mu(t) = s(t) * u, ||u|l|] = 1.
(P3) Gowth: s(t) =r * (t - t_0), r >0.
(P4) Both detectors are MATCHED- FAR-calibrated at al pha in
(0, 1/2): g_z = Phir{-1}(1 - alpha/(2N)),
g_chi = F*{-1} {chi*2_ Nt(1 - al pha).
(P5) wu_max := max_v |u_v| in (0, 1].

STATEMENT. Define the ZERO DAY SI GNAL THRESHOLDS

s_M (N, al pha) = sigma * sqrt( g_chi(N, alpha) - N)
s_z*' (N, alpha, u) = sigm * ( g z(N alpha) - EfMN )
[ u_mex.

The first-expected-crossing tines are

tau E(f_M
tau E(f_2)

t 0 + s M(N, alpha) /r,
t 0 + s _z*' (N, alpha, u) /

and the EXPECTED LEAD-TIME is
E[L_lin] = ( s_z*"(N, alpha, u) - s M(N, alpha) ) / r.
E[L_lin] is STRICTLY PCSITIVE iff s_z*' > s_M, which under the

coherent direction u =1 N/ sqgrt(N) (u_nmax = 1/sqgrt(N)) holds for
all N >= 4 and al pha <= 0.05 in the matched-FAR setup (verified



nunerically in Section 5.1).

PROOF. See docs/ MWPS_ZERCDAY LEAD TI ME LEMVA. t xt Section 2 for
the five-step proof fromthe non-central chi”2 expectation, the
Bonferroni-matched z threshold, the additive E[M N baseline of
the max-of-N statistic, and the closed-forminversion of (Glin).

QED.

REMARK 3.1.1 (Coherent vs sparse). Under u =1 N/ sqrt(N),

u nmx = 1/sqrt(N), so s z*' =sigm * sqrt(N * (g z - EfMN).
Under u = e_v* (sparse), u_max = 1, but s_z* uses sigma * (g_z

wi thout the Ef M N] subtraction because the signal is concentrated
on a single vantage and the null-max baseline does not transfer;
see Section 3.3 Renark 4.1 of the | emma docunent.

3.2. Lemma L_ZD.2' (Exponential-growth |ead-tinme, corrected)
Under (Pl), (P2), (P4), (P5) of Section 3.1 with (P3) replaced by

(P3") s(t) =s_inf * exp( lanbda * (t - t_0) ),
s _inf >0, lanbda > O,

the first-expected-crossing tinmes are

tau_E(f_M
tau E(f_2)

/[lanbda) * In( s_M(N, alpha) / s_inf ),
/[lanmbda) * In( s_z*' (N, alpha, u) / s_inf ),

t 0+ (1
t 0+ (1

and the EXPECTED LEAD-TI ME is

E[ L_exp] = (1/lambda) * In( s_z*' (N, alpha, u) / s_M(N, alpha) ).
(1)
Under the COHERENT direction u = 1 N/ sqgrt(N):
E[ L_exp] = (Ylambda) * In( sgrt(N * ( g_z(N, alpha) - EfMN )
[/ sqrt( q_chi(N, alpha) - N) ).
(2)

PROFILE in N (no clean closed asynptotic).
The ratio inside In(.) of (2) grows sub-logarithmcally in N
Nurerical profile of In(ratio) at alpha = 0.01 (Section 5.1):

N 4 8 16 30 100 1000
In(ratio) 0.260 0. 377 0. 502 0.618 0. 844 1.292

The vO PRCFILE "E[L_exp] ~ In(N) / (4 lanbda) as N -> infinity"
i s REVCKED per Section 1.4; the corrected leading order in Nis
smal | er because (g_z - EfMN]) grows nmuch nmore slowy in N than
g_z al one.

PROOF. (1) follows by inversion of (Gexp); (2) substitutes the
corrected mat ched- FAR t hreshol ds. See the | emma docunent
Section 3 for the full derivation. QED.

NUMERI CAL ANCHOR. Sl ammer -styl e propagation (T_d
N = 30, alpha = 0.01):

8.5 s,

| anbda =1In(2) / 8.5 = 0. 08155 s~{-1}
g_z(30, 0.01) = Phi~{-1}(1 - 0.005/30) = 3.5879

g_chi (30, 0.99) = 50. 8922

E[ M _30] = 2.0428

s M/ sigma = sqgrt(50.8922 - 30) = 4.5708

s z*' | sigm = sqrt(30) * (3.5879 - 2.0428) = 8.4767
ratio = 8.4767 | 4.5708 = 1.8545

E[ L_exp] = I n(1.8545) / 0.08155 = 7.57 s.



MC enpirical nean |lead at this configuration: 4.96 ticks
(Section 5.5). dosed-formupper bound is within +40 % of MC
enpirical at this (N, T_d).

3.3. Lemma L_ZD. 3 (Sparse-direction sign reversal)

Under (Pl), (P2), (P4) of Section 3.1, with u = e_v* (sparse;
u max = 1), the threshol ds becone

s_z*(N, al pha)
s_M (N, al pha)

sigma * gq_z(N, alpha)
sigma * sqgrt( g_chi(N, alpha) - N)

and the sign of the expected | ead-time reverses:

s z* < s for all N >= N O(al pha), (SI G\ REV)

where N _O(al pha) is the boundary at which g_z(N, al pha) drops
bel ow sqrt(qg_chi (N, alpha) - N). Nunerical table:

al pha 0.001 0. 005 0. 010 0. 025 0. 050 0. 100
N _O(al pha) 3 4 4 6 8 16

CONSEQUENCE. On a data set whose underlying signal direction is
predom nantly SPARSE, MPS does NOT | ead. The enpirical RIPE
At | as observation Lanbda = 23.3 %with nean |l ead -230 s reported
in [I-D. nel egassi-ippmnvps-lead-tinme] is CONSI STENT WTH this
regi me and DOES NOT CONTRADICT L_zD.1' / L _zZD.2'. Enpirical

eval uation of T ZD* (Section 6) nust therefore curate a corpus
whose signal direction is COHERENT (rank-1ow), not sparse.

PROOF. Substitution into the L_ZD. 1’ thresholds with u max = 1
and s _z* = sigma * q_z (per Remark 4.1 of the | enma docunent:
the null-max baseline does not additively transfer when the
signal is concentrated on a single coordinate). Sign check by
enuneration; snmallest N where reversal first holds tabul ated
above. CQED.

3.4. Qut-of-scope clains (explicit)

0S-ZD- 1. Code-level vulnerability detection (fuzzing, static
anal ysi s, synbolic execution, formal verification).
MVPS reads network telenetry only.

0S-ZD-2. ldentification of the responsible CVE/ |0oC
fingerprint.

0S-ZD- 3. Lead-tine on post-propagati on phases (steady-state
wor ns, saturated DDoS). By (ZD-3) we require
nmonot one gr owt h.

0S-ZD- 4. Adversarial signal shaping using SPARSE directions
to evade D*2. By L_ZD.3 such an adversary defeats
the multi-vantage advantage; the Mmultiplier
defence of [I1-D. el egassi-coherence-bfd] is the
rel evant mtigation.

0S-ZD-5. An exact (rather than first-EXPECTED- crossi ng)
stopping-tine density for the chi”~2 / max-Z alarm

processes under nonotone drift. Identified as
future work.

4., Calibration and Threshol d Conventi on

4.1. Matched FAR (Bonferroni-coordi nat ed)



The RECOMMENDED cal i bration MATCHES the per-step fal se-al arm
rate of both detectors to a comon noninal al pha:

g_chi (N, al pha)
q_z (N, alpha)

Fr{-1} {chi”*2_N( 1 - alpha)
Phi~{-1}( 1 - alpha / (2 N) )

so that Pr[f_M= 1] null] = alpha exactly, and Pr[f_z =1 | null]
<= al pha by the uni on bound.

This is the convention under which the closed fornms (1) and (2)
of Section 3.2 hold without further FAR-m smatch correction

4.2. Unmatched g _z = 3.0 (I PPM conventi on)

The |1 PPM convention used by [I|-D. nel egassi-i ppm nvps-| ead-ti ne]
and the | ab benchmark [I-D. nel egassi - coherence-bfd] keeps
g_z = 3.0 fixed independent of N. This is UNVATCHED FAR

Under unmatched FAR the closed forns (1) and (2) still hold with
s z*' =sigm * sqrt(N) * (3.0 - EfMN]) substituted; nunerical
conparison at Section 5. 4.

| MPORTANT v1 NOTE. Wth unmatched gq_z = 3.0, the I PPM conventi on
max-z detector LOSES the | ead-tinme advantage at N >= 100 because
(3.0 - EfMN) becones <= 0 (E[M_100] = 2.5; E[M_1000] = 3.24).
Qperators using the | PPM convention threshold MIST switch to

mat ched- FAR q_z when N >= 100, or | ose the |ead-tinme advantage
entirely. This is invisible in the vO derivation and is a
significant operational consequence of the vl correction

5. Nunerical Receipts at Finite N
Al'l nunbers in this section are conputed by the validator
scripts/validate zeroday_ | ead_tine.py and pinned by SHA-256 in
evi dence/ zeroday_| ead _tinme_receipt.json

5.1. Coherent matched-FAR thresholds (corrected, al pha = 0.01)

N q_z g_chi E[ M N| s_M/sig s_z*'/sig ratio I n(ratio)
4  3.0233 13. 2767 1.0491 3. 0458 3.9484 1.2964 0.2596
8 3.2272  20.0902 1.4342 3.4771 5.0714 1.4585 0.3774
16  3.4205  31.9999 1.7688 4. 0000 6. 6068 1.6517 0.5018
30 3.5879 50.8922 2.0403 4.5708 8. 4767 1.8545 0.6176
100 3.8906 135.8067 2.4986 5.9839 13. 9200 2.3263  0.8443
1000 4.4172 1106.9690  3.2273 10. 3426  37.6274 3.6381 1. 2915
Conparison to vO (W THDRAWN per Section 1.4): vO ratio at N=30
was 4.2994; vl corrected ratio is 1.8545.
5.2. Wrmdoubling |lead-tinmes (corrected, seconds)
Event cl ass T d N=4 N=8 N=16 N=30 N=100 N=1000
Sl anmer (2003) 8.5 s 3.18 4.63 6.15 7.57 10. 35 15. 84
Code Red (2001) 37 nmin 831.32 1208.80 1607.18 1978.16 2703.98 4136. 28
WannaCry (2017) 120 s 44.94  65.34 86.87 106.93 146.16 223.58
Mentached anp 15 s 5.62 8.17 10.86 13.37 18.27 27.95
Mrai scan 30 s 11. 23 16.34 21.72 26.73 36.54 55.90

These are CLOSED- FORM UPPER BOUNDS (first-EXPECTED- crossi ng).
Enpirical nean | eads at the corresponding (N, T_d) in the MC
backtest of Section 5.5 are SMALLER by a factor that grows as



T_d increases (worm slower than ~30 s gives enpirical nean
< 50 % of closed forn).

5.3. Sparse sign-reversal table (L_ZD. 3)

N s_M/sigma s_z*/sigma (sparse) sz - sM sign(L)
4 3. 0458 3.0233 -0.0224 L<O
8 3.4771 3.2272 - 0. 2499 L<O
16 4. 0000 3. 4205 -0.5795 L<O
30 4.5708 3. 5879 -0.9829 L<oO

100 5. 9839 3. 8906 -2.0933 L<oO

1000 10. 3426 4.4172 -5.9254 L<oO

5.4. Unmatched g z = 3.0 variant (corrected, coherent direction)

N E[ M N| s_M/sigma s_z*'/sigm (g=3) ratio In(ratio)
4 1.0491 3. 0458 3.9017 1.2810 0.2477
8 1.4342 3.4771 4.4288 1.2737 0. 2419
16 1.7688 4. 0000 4.9247 1.2312 0. 2080
30 2. 0403 4.5708 5. 2566 1. 1500 0.1398

100 2. 4986 5. 9839 5.0141 < 1.00 <0

1000  3.2273 10. 3426 0. 0000 < 1.00 <0

5.5. Monte Carlo enpirical validation

Met hod. For each (N, T_.d) in the 9-configuration panel, run K = 500
i ndependent Monte Carlo trials. Each trial

(1) simul ates |11 D Gaussi an baseline noise X[T_history + T_det, N|
with T_history = 2000, T_det adapted per config to
max(500, 8.66 * T d) ticks (so that lanbda * T det >= 6,
ensuring the signal grows by >= exp(6) ~ 400x within the
det ecti on w ndow) ;

(ii) 1injects a rank-1 coherent signal at t_inject = T _history in
direction u =1 Nsqrt(N with exponential growh | anbda =
In(2)/T_d and anplitude s_inf = 0.5;

(iii) calibrates q chi and q_z EMPIRI CALLY at the 99-percentile
of D*2 and max-|z| conputed over the clean hol dout w ndow
[0, T_history) -- BLIND to any data after injection;

(iv) records t_M= first crossing of D'2 over g_chi in the
detection window, and t_Z = first crossing of max-|z| over
q_z, thenlead =t_Z - t_M

(v) aggregates over Ktrials: Lanbda enp = fraction with
lead > 0; WIlson 95 % Cl; nean/nmedi an/ p25/ p75 of | ead;
relative error against the L_ZD.2' closed-form prediction

Results (alpha = 0.01, K = 500 trials per config):

config N T d (s) Lanbda W /1 son 95% Cl mean medi an
eory rel.err verdict

Sl anmer - cl ass, N=4 4 8.5 0.402 [0.360, 0.446] 1.26 0.0
18 0. 603  BELOW THEORY

Sl anmer - cl ass, N=8 8 8.5 0.540 [0.496, 0.583] 2.65 2.0
63 0.428 BELOW THEORY

Sl ammer - cl ass, N=16 16 8.5 0. 620 [0.577, 0.661] 3.55 3.0
15 0.422  CONSI STENT_SI GN

Sl amer - cl ass, N=30 30 8.5 0.674 [0.632, 0.714] 4.96 5.0
57 0.346  PASS_THEORY

Sl ammrer - cl ass, N=100 100 8.5 0.730 [0.689, 0.767] 7.69 8.0
35 0.257  PASS_THEORY

Menctached- cl ass, N=30 30 15.0 0. 586 [0.542, 0.628] 5.57 4.0

37 0. 583 CONSI STENT_SI GN
M rai - cl ass, N=30 30 30.0 0. 566 [0.522, 0.609] 9. 37 7.5
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64

0. 649 CONSI STENT_SI GN

WannaCry-class, N=30 30 120.0 0. 472 [0.429, 0.516] 6.98
0.935 BELOW THEORY
Code- Red-f ast, N=30 30 600.0 0. 462 [0.419, 0.506] 14. 99
0.972 BELOW THEORY

Verdict grid:

PASS THEORY (2 of 9): WIlsonlo >0.55 AND rel.err <= 0.40
(sign + magni tude both confirned).
CONSI STENT_SIGN (3 of 9): WIson_|o > 0.50; magnitude | oose 40-65 %
BELOW THEORY (4 of 9): 0.30 < Wlson_lo <= 0.50; weak |ead,
cl osed form severely | oose.
FALSI FI ES (0 of 9): WIlson_lo <= 0.30; SIGNCLAIMfails.

HEADLI NE. The SIGN-CLAIM of L_ZD.2' (positive expected lead) is
enpirically supported on ALL nine panel configurations (WIlson 95 %

| ower bound > 0.30 in every case, > 0.50 in five of nine, > 0.55 in

two of nine). The MAGNI TUDE- CLAIM (closed formw thin +-40 % of
enpirical) holds in 2 of 9, both at fast growmh (Slammer T d = 8.5 s)
with N >= 30; loose by factor 1.4-1.6 in three additional CONSISTENT_SIGN
configurations; |oose by factor 5-30x in four BELOW THEORY configurations
(very small N or slow growh).

Operational reading. Fast-propagating events (T_d <= 30 s) with
mul ti-vantage groups (N >= 30) are the operational sweet spot for
MVPS zero-day-cl ass |lead-tinme. Slower events still give positive
mean | ead but the closed-form upper bound is |oose; for those,
operators SHOULD run the MC backtest at their specific (N, |anbda)
configuration to estimate realistic lead-tine rather than relying
on the cl osed-form val ue.

Recei pt: evi dence/ zeroday_backtest _nt_ <UTC>.json with full per-config
payl oad, SHA-256 enitted on backtest stdout.

Conj ecture T_ZD* and Fal sification Protocol
CONJECTURE T_ZD* (Open, not yet tested on real historical data).

Let Z be a corpus of Mhistorical, publicly-docunmented
"propagating” network events satisfying ZD 1..ZD 4 of

Section 2.1 on RIPE Atlas / RIPE RIS / doudflare Radar data
in a wi ndow encl osing the event onset. For each event i in Z
let:

t_1OCr (i) first publicly availabl e |Indicator-of-

Conpr om se timestanp.
t _MPSM (i) timestanp at which D2, conputed on a
hol dout-calibrated RIPE Atlas / RIS/ MT
archive wi ndow, first crosses
g_chi (N, al pha). Holdout =
[t IOC- 14 d, t_ICC- 7 d];
detection = [t_ICC- 7 d, t I1CC + 1 d].

Lanbda zD :=| { i : t _MPSMi) <t _IOC(i) } | I M

T zD* (sufficiency). Lanbda_zD >= 1/3 with medi an observed
|l ead at least (1/lanbda_typ) * In(ratio_typ) where ratio_typ
is the L_ZD. 2" closed-formratio at the operator’s typical
(N, alpha) (1.8545 at N = 30, alpha = 0.01).

STATUS. NOT YET CONFI RVMED. Real -data extension of the synthetic-
noi se validation of Section 5.5.

0.0

0.0
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6.1. Pre-registered corpus suggestion
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6. 2. Protocol

P-ZD. 1

P-ZD. 2

P-ZD. 3

P-ZD. 4

P-ZD. 5

P-ZD. 6

event approx t_10OC (UTQ)
SQ Sl anmer worm 2003-01-25 05: 30
Code Red vl worm 2001-07-13 14: 00
Code Red v2 worm 2001-07-19 22: 00
Conficker initial wave 2008-11-21 12: 00
Mrai (Krebs DDoS phase) 2016-09-20 02: 00
Mrai (Dyn DNS DDoS) 2016-10-21 11:10
WannaCry (SMB propagati on peak) 2017-05-12 07: 00
Not Petya (initial wave) 2017-06-27 09: 30
Mencached anplification (G tHub) 2018-02-28 17:21
Facebook BGP out age 2021-10-04 15: 40
Cl oudfl are BGP | eak (Verizon) 2019-06-24 10: 30
Rost el ecom BGP hi jack (nassive) 2020-04-01 16: 00

P-zD.1 .. P-ZD. 6

Pre-regi ster the corpus.

Fetch the BGP-update or RTT data covering

[t_1OCC - 14 d, t_ 10OC + 1 d] for each event fromthe
appropriate archive (RIPE Atlas msmIDs, RIPE RIS MRT,
Rout evi ews MRT, CAI DA BGPStream d oudfl are Radar).

Conpute D*2 on the BLIND HOLDOUT wi ndow

[t IOC- 14 d, t_IOCC - 7 d] to set g_chi at the
enpirical 99-percentile. Calibration MUST NOT see any
data later than t _I1OC - 7 d.

Run D2 forward through [t IOC- 7 d, t IOCC + 1 d] and
record t_MPS = first time D'2 >= g_chi.

Conpare to t_I OC, tabulate per-event |ead, conpute
Lanbda_zZD and WIson 95 % Cl per the convention of
L_LT. A

Apply the verdict:

FALSI FIES T_zD* if WIson 95 % Cl upper bound on
Lanbda_ZD i s bel ow 1/3

OR if observed nedian lead is

bel ow the L _ZD. 2" closed-form
prediction by a factor > 30.
(Factor 30 chosen to match the
BELOW THEORY band of Section 5.5
MC backtest; tighter falsification
threshol ds are i nappropriate given
the closed-formis a known UPPER
BOUND, not a tight prediction.)
CONSI STENT Lanbda_ZD >= 1/3 with Wl son | owner
bound > 0 but nedian lead is bel ow
the cl osed-form by 5-30x.

SUPPORTS T_ZD* if Lanbda ZD >= 1/3 with Wl son | ower
bound > 1/4 AND observed nedi an

| ead matches the cl osed-form

within a factor of 2.

6.3. Data-coverage gap (R PE Stat snoke test)

A snoke test perforned on 2026-05-25
(scripts/_snoke_ripestat_historical.py) confirned that the free



Rl PE Stat bgp-updates endpoint returns ZERO historical records
for the following events in the 2018-2021 w ndow:

Facebook BGP outage 2021-10-04 (prefix 157.240.0.0/16): 0 updates
CF/ Verizon | eak 2019-06-24  (prefix 1.1.1.0/24): 0 updates
Rost el ecom hi jack 2020-04-01 (prefix 8.8.8.0/24): 0 updates
Mentached/ G t Hub 2018-02-28 (prefix 140.82.112.0/20): 0 updates

The sane endpoint returned 3 records for the recent control
wi ndow 2026-05-24, confirming the endpoint is reachabl e but does
not retain history beyond a recent w ndow.

| MPLI CATI ON.  Enpirical execution of T _ZD* requires either
(a) RIPE RIS or Routeviews MRT-archive parsing (nmrtparse / pybgpstream,
(b) cached d oudfl are Radar snapshots from public blog posts, or
(c) CAIDA BGPStream/ Tel escope archives for pre-2018 events.

This is the principal infrastructure gap to close before T_ZD*
can be tested enmpirically. It is identified as future work.

7. What This Profile Does NOT Cl aim

0 MVPS does NOT find zero-day vulnerabilities in code. It
finds the network-visible PROPAGATI ON S| GNATURE of an
expl oitation that produces coherent multi-vantage tel enetry
devi ations. Single-host privilege escal ations, passive
menory | eaks, cryptographic side-channels, and backdoors
dormant before the first network beacon are I NVISIBLE to
MVPS by constructi on.

0 MPS does NOT nane the responsible CVE or attack family.

0 The closed-formlead-tinmes of Sections 3.1 and 3.2 are
Fl RST- EXPECTED- CROSSI NG UPPER BOUNDS. Enpirical MC
(Section 5.5) shows the SIG\-CLAIM holds on the entire
9-configuration panel, but the MAGN TUDE- CLAI M (cl osed
formtight within +-40 % holds only on 2 of 9; on the
remaining 7 the closed formoverpredicts by factors of
1.4x (CONSI STENT_SIGN) to 30x (BELOW THEORY, sl ow grow h).

o Conjecture T_ZD* (Section 6) is NOTI a theorem It is the
real -data extension of the synthetic-noise validation of
Section 5.5 and depends on MRT-archive parsing
infrastructure not yet in place (Section 6.3).

0 Lemma L_ZD.3 (Section 3.3) PROVES that MVPS LGCSES the
|l ead-tine race in the SPARSE-DI RECTI ON regi me. Operators
with predominantly local-jitter alarnms SHOULD use a
per-vant age detector, not MPS.

o The Slamer / Code Red / WannaCry / Mentached / Mrai
| ead-tine nunbers in Section 5.2 are PREDI CTI ONS of the

closed-formL_ZD. 2" evaluated at typical doubling tines,
NOT neasurenents on the correspondi ng actual events.

8. (perational Recomendati ons
This profile is RECOMVENDED to be depl oyed when:

o N >= 30 vantages observe coherent multi-AS or multi-prefix
tel emetry.



o The operational concern includes FAST-propagati on events
(doubling tinme T_d <= 30 s): nmmss scanni ng worns, novel DDoS
anplification vectors, nmass BGP m sorigi nati on.

0 An enpirical MC backtest per Section 5.5 has been perforned
at the operator’s specific (N, |lanbda) configuration and
the Wlson | ower bound on Lanbda_enp exceeds 0. 5.

This profile is NOT RECOWENDED when

0 N < 16 vantages are available (lead-tinme advantage is small
even when present).

0 Operational concern is dom nated by single-vantage | oca
jitter or last-mle mcrocuts (sparse-direction regi ne of
L_ZD. 3).

0 Operational concern is dom nated by sl ow propagation events
(T_d > 120 s) where the closed-formlead-tinme is severely
| oose; for these the closed formshould not be used for
operati onal planning.

0 Code-level vulnerability discovery is the goal; MPS
operates strictly in the network-tel emetry domai n.

9. Reproducibility
Al artefacts are public:

Lemma docunent and proofs:
docs/ WPS_ZERODAY_LEAD TI ME_LEMVA. t xt

Nunerical receipt (closed-formtable, re-verified to le-6):
evi dence/ zeroday_| ead_time_receipt.json
schema = comcatel lix. nvps. zeroday_| ead_tinme_recei pt_vl

Monte Carlo enpirical receipt (K =500 trials per config):
evi dence/ zer oday_backtest _nt_<UTC>. j son
schema = com catel i x. nvps. zeroday_backtest _nt_v1

Val i dat or script:
scripts/validate zeroday |ead tine. py

MC backtest script:
scri pts/ backtest_zeroday_nt. py

Hi storical -coverage snoke test:
scripts/_snoke ripestat _historical.py

E[ M N] conputation
scripts/_conpute_emax_t abl e. py
(5e6 MC sanples per N, Bl om approxi mation verified to <2 %

Catellix evidence page
https://catellix.com vll-evidence. htm

Both receipts carry SHA-256 hashes emitted on script stdout and
pinned in the v11 evidence manifest.

10. Security Considerations

Thi s docunent defines no new wire formats and no new crypt ographic



11.

12.

13.

13.

13.

primtives. Two profile-specific considerations:

0 ADVERSARI AL SPARSI FI CATION (L_ZD.3). An adversary aware of
the multi-vantage detector can deliberately shape the
signal direction to be SPARSE and thereby defeat the
| ead-tine advantage. The Mnultiplier defence of
[1-D. nel egassi - coherence-bfd] Section 9.2 plus per-vantage
cross-checks limt this evasion path.

0 CORPUS PO SONI NG An adversary capable of injecting
spurious hol dout-w ndow traffic that matches their later
attack signature can degrade D*2’'s calibration. The BLIND
hol dout discipline of P-ZD.3 (calibration sees no data
later than t 10C - 7 d) limts but does not elimnate this
risk; longer holdout windows (>= 7 d) and rolling per-week
recal i bration are RECOMVENDED.

| ANA Consi der ati ons

Thi s docunent has no | ANA acti ons.

Privacy Consi derations

The RIPE Atlas measurenents used in the enpirical conjecture
protocol (Section 6) are public-target, public-probe
measurenents; no user-identifiable information is exposed.
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