SEPHIROT HORIZON LAB

Causal Horizon
Funeral Procession

*

fEf&h TCausal Sets / 2851 Zicric. BRI Z A Tld7s < KISREBER DER
FNEFE UTIRAET—%2R (vi~v9, BEZHAf o/ N EE2 &
)

v 9 plate: projection rule f, stability domain, and counterexamples

= f(5; B, 8)
6 = { p (transmissivity), q (selection), o (jitter), K (segmentation) }
S satisfies Sephirot constraints + causal set order axioms
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fEm% / Title Archetypus / o4

HIELE / Year 202057H /Jul 2020

4+ X / Dimensions 123 X 99 cm (it X #§/H X W)
AT 1D L[ Medium T RNRXT 47 [ Digital media
Bi% [ Technique 7 4 ka5 — 2 / Photo collage
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AME LAl & TEBEIA oG K8 2FEe L. BOREZEH - 2RO KB X > TABD
MR 72K 2 R T 2, ERICE > TREIZERZIMZ 2 FEICGHE S, ZOMRPEDLEHED
kb ohwWKE=AhTOMREEL, ZOMEREL— 7%, AEOES - b - 85 -
F. SHRBTHOWEZDS DERET 5,

BE

AR, fEf (3850 277 v 78— oM FHE B (horizon) JEFHICHEE S MiE L LT
Z. Rz Ty cidie < TRRBEGROERINEF) & LTk, vi~v9 OEHE. (i) Sephirot il
. () S AR OFEE (p, q, 0) . (iii) BHETH G0 . (v) #EkiZktE (edge entropy) . (v)
Bl f ORPNEBANCINKRT 2, AFE. Zho% plate/ Fislnote D=EIc—EHX¥3
Protocol Mapping & L THnL. BEAIRERHEELE L LTHEES 5, ER/RTH 2R T, v
WBWTEEHA f 2 HO0R/NNE (A1~A5) »S5HEMKR L. ZEFRROREWER L —EtoE
RzdHo TV —X%ZL %,

1 B BT (N0

f 1& Model “Controller DIKEE%R View HINELR T 2R/NMEAITH 2, TR LIIREAZES Z
TR, EohBURRER B CHHEZHER T2 VWO EKRTH 5, MUANRSFEUTHNN
Boh, HOHDEWHEDERIZIFE T 20058 X 5,

Input Output
Model: C = (V, 0), 'ranks, chains f View: plate
Boundary: B (horizon) Paper (PDF)
Controller: p, g, 0 k, edge entropy projection rule note draft
SNS text

Invariants (glyph-safe)

+ Causal-order consistency (no contradictions)

+ Boundary duality of B (preserve rule differences)
+ Rank / pillar hierarchy (preserve iteration)

- Diversity (avoid entropy collapse)

X1 : il f o A e A% & (glyph-safe) .

Sephirot Horizon Lab — Masaki Hirokawa (/&) !|Bt) 4/ 22



& PWRIRRE (R EFR)

Input model : C = (V, <), rank, chains

Boundary : B
Controller : p, g, 0, K, entropy
Seed : seed + protocol

import numpy as np
import matplotlib.pyplot as plt
from matplotlib.gridspec import GridSpec

def knn_edges(pts, k=4):
n = pts.shapel0]
d2 = ((pts[:, None, :1 - pts[None, :, :1) *x 2).sum(axis=2)
np.fill_diagonal(d2, np.inf)
idx = np.argpartition(d2, kth=k-1, axis=1)[:, :k]
edges = set()
for i in range(n):
for j in idx[i]:
j = int(3)
a, b= (i, j) if i < j else (3, 1)
edges.add((a, b))
return list(edges)

def pair_correlation(distances, r_max, bins=40):
hist, ed = np.histogram(distances, bins=bins, range=(0, r_max))
r=0.5% (ed[:-1] + ed[1:])
c = hist / hist.max() if hist.max() > 0 else hist.astype(float)
return r, c

def radial_power(points, grid=192):
H, _, _ = np.histogram2d(points[:, 0], points[:, 1],
bins=grid, range=[[-1, 11, [-1, 111)
F = np.fft.fftshift(np.fft.fFt2(H))
P = np.abs(F) **x 2
Yy, X = np.indices(P.shape)
cy, cx = (np.array(P.shape) - 1) / 2
rr = np.sqrt((x - cx) *x 2 + (y - cy) *x 2).astype(int)
tbin = np.bincount(rr.ravel(), P.ravel())
nr = np.bincount(rr.ravel())
radial = tbhin / np.maximum(nr, 1)
k = np.arange(len(radial))
return k, radial

& KRR

plate / paper PDF  note draft /~ SNS text, plate Z—XXHR& LCEEL. MO IIZFR—D
Model /Controller fREE& ([dl— seed & X7 X —XEE) »LIEEZHE 5, plate Tid. horizon_y %
5z Al (within-horizon) Z#ERIECE. Tl (beyond-horizon) % 7 > & AFCE & L THEMK

L. Rt mprsi (kNN edges) ZfiEi 32, 2512, 2 siMHEI%Z  within-horizon ~beyond-
horizon,/cross-horizon (Z43#| L THHEL L. EHl, oD radial power (proxy) ZffE T %,
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# requires: numpy as np, matplotlib.pyplot as plt, GridSpec
def render_plate(filename, seed=42, horizon_y=0.0, dpi=420):
rng = np.random.default_rng(seed)

# within-horizon (above): structured; beyond (below): random
po = perturbed_hex_points(seed=seed)

po = pol[pol[:, 1] = horizon_y]

pr = random_points(seed=seed + 1)

pr = prlpr[:, 11 < horizon_y]

# ensure minimum count in the structured region
if len(po) < 140:
extra = po.copy(); extral[:, 0] %= -1
po = np.vstack([po, extral); po = pol[po[:, 1] = horizon_y]

po = po[:180]; pr = pr[:180]
pts = np.vstack([po, prl); n = len(pts)
edges = knn_edges(pts, k=4)

above = set(np.where(pts[:, 1] = horizon_y)[0].tolist())
below = set(np.where(pts[:, 1] < horizon_y)[0].tolist())

# correlation samples, split into within / beyond / cross-horizon

# (full panel-drawing code in Appendix A)

fig = plt.figure(figsize=(10, 10), constrained_layout=True)
fig.suptitle("Causal Horizon Funeral Procession (monochrome plate)")
fig.savefig(filename, dpi=dpi)

plt.close(fig)

TRBRFEREMNER A 2B,

2 AR - KB - ZESMA (D)

RERE I BETERE LTRILLARWER Th3, 2 THERx k. RRES L #IFEo

RO F. JRATE A REL (p, @) DFELBHENETE LR WEIH 2T, ARTIERDR LD,
REE WP MM, EME (rank © chains) . ZHk1E (entropy DIEFREE) ZAZ&E e U THEE
%, &fl (counterexamples) ZH/RT 2 Z & TRUILMEBAEE D, BESM () OEKDE
K5 3,
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Over-closure (g 1) Over-diffusion (p T,0 T) Excess cross-pillar (k T)

o ° °
o
° = 2 o
e 4
o ®
°
Connections become too e Localitydisappears; Cross-horizon threads dominate
dense; rank / pillars. structure weakens. beyond intent.
°
° u e O
L] [ o®
°
. °
Connections become too dense; Locality disappears; Cross-horizon threads
rank / pillars blur. structure weakens. beyond intent.

B2 Bl (BHEE—F) o

X unstable

g (closure

X unstable XUnStabIe

0.0 0.2 0.4 0.6 0.8 0.8 1.0 1.0
p (mixing)

B3 : ek () oz (p-q Fi) .

3 Protocol Mapping (HlfE—$2H—260)

View & plate /F@ PDF /note J5fF /SNS text d 4 1% HH#EL 5%, plate XHlED—RAER,
A AREDEE. note IZNBDHDEED . SNS text 13&4] - HEDDOENTH S, F—DN
HIREED S 4 HAERIRESE S 22T, HETRGEBHTEEIC AR D, (B 558 () 2T L 72
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Vo ZZCHR—ONEIKEE 21X, [W— seed & Controller %7 X —&%#£5 (p, q, 0, x, edge entropy
7Y PRI NIRRT

4 v9 — B Al £ oS

vi~v8.1 %l U THREERAINCEE SN T EBEHAl £ 2. & 2 TRERDNORERD & EFEIIC TR
T5, BETINHEIAD (A1~A5) TH3, TUODHERHICHILIT L &, »DOZDL ZIZRD,
fix T35 2w EEE—NL L2 e VDB RROLR TR, FIZRT—%24EMTE 2, SHEK
il (CE1~CE3) 3FPEDONHOER Y UTHMBRI N, KEEBIE (2A NS FRICHILT 587
XA—ZDHEE] ¥ LTREWIcEERE N 3,

& 4.1 BEHIDOkEEDHB

v8.1 TREIEINZEBJRERD I HIEL, TN 2l TThENT IR IZLZV ] EWVWIE
WTH b, ERRIATIER L, KON X35 RDOMEEIC X > TORT— T vl »26—E L TfT
HNTERZ e DIRIKIZIEDR T 570,

H = f(S; B, 8)

S = (v, <) causal set: vertices V with causal order <
B causal horizon (boundary)

8 ={p, q, o, kK, H_edge } Controller parameters

H View = Hologram (output)

® 4.2 HODOF/NNH

ALl JEFPARTT

a<binS = f(a) precedes f(b) in H

f13 S DRIEFZ H OFICRELZTHER 5730, KD THidy Tldz TEERRERORS ) TH
5% 5, fI3ZDHESDFINZRL TIIR SR,

ERTHLE 0 PDRETES (CE2) , Yy X—RRDRZERICL., EDEADBEDELD ] DDHiHEA
B < 72 % —HIFARRE (illegibility) o

A2 HPmE o AP

B splits V into V_above (within) and V_below (beyond);
f(V_above) and f(V_below) are structurally distinct.

p 2 1 @t & within & beyond MR& L. MIFHAHEZ 5, HFE LT IUIFEINE 151 125700
— HRIRETD 5,
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BT 5% D p>1, g0 (CEL) . 81 (saturation) 1%, MIFHIOEKEL L edge entropy DFIEAFIRHC
EZRETH 5,

A3 RPN

for small 868, the change 8H is bounded and continuous;
f is Lipschitz in 8 within the stable regime.

AU THITEOHEBHATREN ) OB TH 2, AL seed FEL 0 256FAU H »HEohzd—Z2hd
Protocol Mapping OHME72, ZE RO ClddEitEosEhn., HIEBNRAENE X 2,
BT % e & CEI~CE3 D3N TOES, ZEMEBOIGEIHER R TS 2,

A4 =¥ buv—IEHE
H_edge( f(S; B, 8) ) > H_min > 0O

ADITY Fa = 0 2[5 ¥ &, [ I3EREZLS, REEIEFHERCRAUL I8 . H20niEe
o miciziud (hzfk) | NI ERZ R 720 DEMOKE MHR 20267, v T edge
entropy 238 A E N7 DX, TORHEEAHULT 27972 o 7,

BT % e % CEl (BT X % entropy Fil) .

A5 Kwuro 74 v 7EREIK
| cross-horizon edges | < Area(B) / 2_P?

HFE 2B Z 2 KRR 0RO, HFH O [HE) Lz ER%2RD, Z4ud Bekenstein-Hawking
Rz o —-olr I usTth s,

KT A2 E i x PKETES (CE3) . Cross-horizon threads %3 &2 & reachability 25Hiti. ZE% D
5] G2 (fracture) 32— (pillar) OEHENEZ %,

€ 4.3 RELE RO

FER S B S A/ e

CE1 p>1, g0 A2, A4 HISFTERH S + entropy R

CE2 PN Al KIERNEF DR AR D TRE (illegibility)
CE3 K K AS FERREMEOIHE (fracture)

A3 (FPmERME) 13 CE1I~CE3 O3 R TOERTHN S, ZEBEBDOINEDIHIZEETH B Z DYl
DEVWHTH 5,
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& 4.4 LEERO BRI

FANHEDFRIRICHIL T 289 X —ZDES Q_stable XD XS IZEHRT 5, v8.1 OB M EREE
& p/q . o/ k FRERE ) 1. Z OREBIEERDRRBRINIERR T B - 72,

0_stable = { 8 = (p, q, 0, K)

Al: o < o_max(q) o cap depends on q (selection supports order)
A2: p < p_max, g > g_min p not too large, g not too small

A3: B8 € int(0_stable) interior only (the boundary is non-continuous)
A4: H_edge(B) > H_min entropy floor

A5: k < k_max(p, q) K cap depends on p, q }

® 4.5 RPEDIEEREEL

BREZEG OB E LTHEEL, EXoNTRTIX—% 0 PLEHBICET 202RET 5, BIE
3 vi~v8.1 DB HED A TH D, FHART I 74 v 7ERLY tab—056DEHICE X
BZONEINEHEMETDH 3,

import math
from dataclasses import dataclass

@dataclass

class Controller:
p: float # transmissivity / mixing (0, 1)
q: float # selection / closure (0, 1)
sigma: float # jitter (=2 ®
kappa: float # segmentation / cross (= 0)

def check_axioms(theta: Controller) — dict:
"""Verify whether a Controller theta satisfies each axiom A1-A5."""
p, g, sigma, kappa = theta.p, theta.q, theta.sigma, theta.kappa

# A1l Order preservation: small jitter keeps the causal order legible
sigma_max = 0.15 * (q + 0.1)
al = sigma < sigma_max

# A2 Boundary duality: the horizon must keep two distinct phases
a2 = (p < 0.85) and (g > 0.15)

# A3 Local continuity: theta sits in the interior of the stable set
dist = min(abs(p - 0.2), abs(p - 0.8), abs(q - 0.2), abs(g - 0.7))
a3 = dist > 0.05

# A4 Entropy non-collapse: edge entropy stays above a floor

h = -p * math.log(p + 1e-9) - (1 - p) * math.log(l - p + le-9)
h x= g

a4 = h > 0.1

# A5 Holographic bound: cross-horizon threads stay under the area cap
kappa_max = 0.5 * (1 - p) * g
a5 = kappa < kappa_max

return {"A1": al, "A2": a2, "A3": a3, "A4": a4, "A5": a5}
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def is_stable(theta: Controller) — bool:
return all(check_axioms(theta).values())

& 46 fO—FMHIIOVT

EFH GEEAR) . ZEMEE Q_stable NIZBWT, A1~A5 2= 354 { ZFEEZREWT—ETH
%, T TFH e WO HEIER. o Dflhs—RICEE %] WS FRTH S,

PHEINCE 2R, AurT 74 v Z7FEHICBWTER T — 225 bulk OER—RI@LIhs, &
WS ZETH b, IMEHNCE ZIX, PRI (8GR 2 5BREAN—FICBH IS, 7— M

ZIE, seed & 0 EE S AU plate Z—EICHRE 2 —2 0 THBARERHIELE) OEKT
Do

St

RERAD 778 ¢ (1) £ 23 A1~A5 Ziiti7e 5 IRET %, (2) EED S, B, 6 € Q_stable iZxfL T, {(S; B,
0) OENFRIE (reachability depth, edge entropy. g(r)) %FtE 3%, (3) 2a5DFHUED 6
DAHIHKIFL, S DFFUTHKFEL RV L Z2Rs (FEMN . 4) Z20FHf { BEUCRHEEZFD
o, R GDBEAEL T = fHDILDOI L ERT,

v 9 plate: projection rule f, stability domain, and counterexamples

H = f(S; B, 8)
0 = { p (transmissivity), q (selection), o (jitter), k (segmentation) }
S satisfies Sephirot constraints + causal set order axioms

Stability domain (qualitative)

p7q(0=1) G 7K (0=w)
stable
. (o small,
ow stable high small e large

mid-range
(p moderate, g moderate)

Counterexamples (collapse cases)

CE1l CE2 CE3

p-1, q—0 o too large K too large
saturation illegibility fracture
(edge entropy loses meaning) (rank / interference dissolve) (reachability breaks)

Causal Horizon Funeral Procession — v 9 (Final)

14 : v9 plate — S MAIf, L, &fFl (CE1I~CE3) .

® 47 VIHPHLZ DD

v9 MER LIz =, 2] IROEWERD, [ZEF|vik, AOONEZZTHE—DOREr LT
REZicZ g N-HRDHER DY TH S, | vl T IRREEROFIRE FEOEX ) —B—Hol
& rEWZ R, BEENCIE TAI~AS  ORXDERERT 2 ZEEBDHFTDAREKE RO D
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W 2 LCHRTE2, FHeHMERRILZIEEZEoTWVAEA— 2N vl oBLDLITTVWESDTH
Ba

5 plate ¥ ¥ 7V — (v1~v8.1 + closure)

#% plate 12, (i) 87X —% (p, q, 0, ¥) . (ii) BHZEA(L, (ii) BN 2532, [B# & plate
ETHARN S HELE L, TER) 3HET X —XRENE S RETENZ 16T,

Causal Horizon Funeral Procession (monochrome plate)
Cells and causal horizon Causal threads (attenuated across horizon)

NN NN AN VY]

NN |
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[N » T .
° o ° L N . ¢ -
Two-point correlation split by horizon Radial power (proxy) above vs below horizon
1.04 1.0 —— within-horizon
--- beyond-horizon

0.8 0.8
o =l
£ osy £ oo
© ©
£ £
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o o
£ £
<044 < 0.4
O I

0.21 0.21

—— within-horizon
: --- beyond-horizon
0.0 - cross-horizon 0.0
0.00 025 050 0.75 1.00 1.25 150 1.75 2.00 0 20 40 60 80
r k (radial frequency index)

4 : Plate v1 (baseline) — two-phase split across the horizon

p=0.350 g =0.350 o0 = 0.250 Kk = 0.150

A HOFE E R tH23HE (structured / random)
BE B R 2 R/NEREEE T S
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Causal Horizon Funeral Procession (Sephirot-constrained plate)
Cells, horizon, and Sephirot template Causal threads (Sephirot-constrained, attenuated across horiz

e o ® ®e o000, o000 0% o oo

catalhlrizoe ©° ° ee o e se ® o,  e° o o

I S S ¢ T T T
00 ° oo
° o0° ° . & e
° o o e o ° .
. B .
o © . . ° .
° .
e oo oo °
e ¢ ° o
. . ¢ °e
° . ° o . e °
°° o
. ¢ o ° .
. oo ° .
. . ° o0 .
° o ° % °
. . . .
® . . °
° ce o o . .

Radial power (proxy) above vs below horizon

1.0 4 1.0 4 —— within-horizon
---- beyond-horizon
0.8 0.8
=3 =l
L0679 £ 0.6
© ©
£ £
s s
£ £
=044 X 0.4
O T
0.2 1 0.2
H : —— within-horizon
. : ---- beyond-horizon <. S o
0.0 - i - cross-horizon 0.0
0.00 025 0.50 0.75 1.00 125 150 1.75 2.00 0 20 40 60 80
r k (radial frequency index)

5 : Plate v2 — coherent density and increased order under constraints

p=0.350 g =0.350 o0 = 0.250 Kk = 0.150

A G X DEESEG, BREAHE S
BE Sephirot filfy THE LD TEE) 2>
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Causal Horizon Funeral Procession (Sephirot-constrained plate, v3)

Cells, horizon, Sephirot template (Haniel axis annotated) Causal threads (Sephirot-constrained, parameterized attenuati

eaalhlrizore ©° * ee o e ee o o 0% o o

ettt Sl Sl el el e
s ° ° oo
. . T . R .
B B
o © . ° ¢ . .
o . .
° o 0 o, . . Y
. R . s,
° ° o o ° °e . s
° s ° ° °
B oo ® .
° ° N Lo °
° o s B
° ° ° ° v . .
°m ° o ° ° ° : ° °® .'. .. . . " : . -*
attenuation: p=0.25, q=0.55, 0=0.035
Pair-correlation g(r) split by horizon Radial power (proxy) above vs below horizon
7 —— within-horizon 1.0 4 —— within-horizon
---- beyond-horizon ---- beyond-horizon
cross-horizon
6
0.8 1
— 51
=
5
£ Sl
S 41 ﬁ 0.6
g g
° £
o 31 2
=1 = 0.4
= T
=
S 21
0.2
14
01 00{ == —
0.00 0.25 0,50 0.75 1.00 125 150 175 2.00 0 20 40 60 80
r k (radial frequency index)

Xl 6 : Plate v3 — locality and haze in balance (p-q shift)

p=0.250 g = 0.550 o0 = 0.035 Kk = 0.150

B R BLOANS Y253
BE p g o0 CHSERSEZARSES
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Causal Horizon Funeral Procession (directed partial order, v4)
Directed causal threads (partial order) + reachability shading

Cells, horizon, Sephirot template (Haniel axis)

catalhlrizoe ®° ° ee o e se ® o,  e° o o

I - LI
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° 00° ° e & e
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° . ° o . o *
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. s o ° .
. oo ° .
. . ° o .
° ° ° % °
. . ° .
w . . °
° s o o . .

me as reachability: BFS distance from Keter (darker = nearer)

e 000 o o000 o

0% e 00, o0, o °,

9(r) (ratio to random ref.)

7 : Plate v4 — reachability becomes more legible

attenuation: p=0.25, q=0.55, 0=0.035

g(r) + reachability depth distribution

— wit|
~4- bey
cro|

in-horizon g(r)
lond-horizon g(r)
s-horizon g(r)

r1.0

r0.8

r0.6

r0.4

F0.2

0.0

p=0.250 g = 0.550 o =

FERTREME D FE A HIAREIC 72 2
KR DT A 2 TR LA RS 2

Sephirot Horizon Lab — Masaki Hirokawa (f&)11E#st)

2.5 5.0

0.035
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r
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reachability depth (norm.)
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Causal Horizon Funeral Procession (Archetypus nesting via rank, v5)

Cells, horizon, Sephirot template (Haniel axis)

catalhlrizoe ®° ° ee o e se ® o,  e° o o

I - LI
0o ° oo
° 00° ° e & e
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. . ° o .
° ° ° % °
. . ° .
w . . °
° s o o . .

Archetypus nesting: rank layers (reachability strata)

attenuation: p=0.25, q=0.55, 0=0.035

g(r) + rank depth distribution

Directed causal threads (partial order) + reachability shading

9(r) (ratio to random ref.)

—— within-horizon g(r)

-1- beyond-horizon g(r)
crofs-horizon g(r)

r1.0
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r

8 : Plate v5 — rank repetition becomes prominent

p =0.250 g = 0.550
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Causal Horizon Funeral Procession (pillar interference, v6)

Cells, horizon, Sephirot pillars (guides)
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X 9 : Plate v6 — x controls cross-horizon interference

p=0.250 g = 0.550 o
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Causal Horizon Funeral Procession (edge entropy: time-as-absent, v7)
Causal threads (directed) + reachability shading

Cells, horizon, pillar guides (structure only)
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10 : Plate v7 — diversity maintained via edge entropy

p = 0.250 q =
g Bz w

BE edge entropy TEZHEMEHRIFT 2
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Two-dimensional Data Domain (Alaya-Vijnana)

Alaya Consciousness

(Model) MVC mapping
Projection rule f
Singularity .
Black Hole (Present) White Hole
(Past) (Controller) (Future)

Holographi¢ projection

Three-dimensional World
(Hologram H)
(View)

Causal Horizon Funeral Procession - Plate v 8

11 : Plate v8 — Model — Output mapping clarified

p =0.500 g =0.450 o0 = 0.350 k = 0.280

## Model — Output DX LTI XN 5

BE projection bridge ZHH{t 3 %

v 8.1 plate: MVC remapping of v 7 specification
View
Model Controller Three-dimensional World
Two-dimensional Data Domain Singularity (Present) (Hologram H)
(Alaya-Vijnana)
Projection rule f reachability shading
Sephirot constraints p,d, 0, K rank nesting
Causal set axioms (dynamics) pillar interference
edge-entropy
phases around the Controller
= S

Black Hole (Past) White Hole (Future)
(inward folding) (outward release)

Holographic principle
Boundary (area) constrains projection-possibility
- limits arrangement room for connections

Causal Horizon Funeral Procession

12 : Plate v8.1 — interpretation stabilizes; MVC correspondence fixed

Sephirot Horizon Lab — Masaki Hirokawa (/&) !|Bt)
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p =0.500 g = 0.450 0 = 0.350 Kk = 0.280
Bl MRPLEET 2
BR v7 ZEINL. MVC MGz EES %

Closure plate: v1l - v 8.1

v1-v6
specification fixed v7 v8 v8.l
(horizon, Sephirot, edge entropy projection mechanism v 7 remapped
p.q,0, 9(r), rank, (internal statistics) (MVC + BH/WH) into MVC
pillars)
f ™~
Core (fixed)
1) Reachability = time as outcome
2) Edge distribution - internal statistics (edge entropy)
3) Projection conditions = Model/Controller/View + boundary constraints
—
. ~
If proceeding to v 9
Define projection rule f with minimal axioms/parameters
Show counterexamples + stability conditions on plates
— _

Causal Horizon Funeral Procession — Closure

13 : Closure — integrated trajectory (v1-v8.1)

p =0.500 g = 0.450 0 = 0.350 K = 0.280
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ff3x A ZMa—F (render_plate)

§1 TEWLL plate HROTREREEEZUTIIRT, AXD helper B (knn_edges,
pair_correlation, radial_power) ¥ [R—®WHEIRE (seed « T X —XEE) ZHiIRL T 5,

def render_plate(filename, seed=42, horizon_y=0.0, dpi=420):
rng = np.random.default_rng(seed)

po = perturbed_hex_points(seed=seed)
po = po[po[:, 1] = horizon_y]

pr = random_points(seed=seed + 1)

pr = prlpr[:, 1] < horizon_y]

if len(po) < 140:
extra = po.copy(); extral:, 0] = -1
po = np.vstack([po, extral); po = po[po[:, 1] = horizon_y]

po = po[:180]; pr = pr[:180]

pts = np.vstack([po, prl); n = len(pts)

edges = knn_edges(pts, k=4)

above = set(np.where(pts[:, 1] = horizon_y)[0].tolist())
below = set(np.where(pts[:, 1] < horizon_y)[0].tolist())

pair_samples = 20000

a = rng.integers(0, n, size=pair_samples)

b = rng.integers(0, n, size=pair_samples)
m=a==b; a=alml; b =b[m]

dist = np.sqrt(((pts[al - pts[b]l) **x 2).sum(axis=1))

dA, dB, dC = [1, [1, []
for i in range(len(dist)):
ia, ib = int(alil), int(b[il)

if ia in above and ib in above: dA.append(dist[il)
elif ia in below and ib in below: dB.append(dist[i])
else: dC.append(dist[i])

rA, cA = pair_correlation(np.array(dA), r_max=2.0, bins=40)
rB, cB = pair_correlation(np.array(dB), r_max=2.0, bins=40)
rC, cC = pair_correlation(np.array(dC), r_max=2.0, bins=40)
kA, pA = radial_power(po, grid=192)
kB, pB = radial_power(pr, grid=192)

fig = plt.figure(figsize=(10, 10), constrained_layout=True)
gs = GridSpec(2, 2, figure=fig)

axl = fig.add_subplot(gs[0, 0]); axl.set_aspect("equal"); axl.axis("off")
axl.scatter(po[:, 0], po[:, 1], s=8, color="black", alpha=0.85)
axl.scatter(pr[:, 0], pr[:, 1], s=8, color="black", alpha=0.35)
ax1l.plot([-1.05, 1.05], [horizon_y, horizon_y],

linestyle=(0, (3, 4)), linewidth=1.0, color="black", alpha=0.8)
ax1.text(-1.82, horizon_y + 0.04, "causal horizon", fontsize=9)
axl.set_x1im(-1.1, 1.1); ax1.set_ylim(-1.1, 1.1)
axl.set_title("Cells and causal horizon", fontsize=11)

ax2 = fig.add_subplot(gs[0, 1]); ax2.set_aspect("equal"); ax2.axis("off")
ax2.plot([-1.05, 1.05], [horizon_y, horizon_yl],
linestyle=(0, (3, 4)), linewidth=1.0, color="black", alpha=0.8)
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for

ax3

ax3

ax4
ax4
ax4
ax4
ax4
ax4

fig

ax2.
ax2.
ax2.

ax3.
ax3.
.plot(rC, cC, linewidth=1.0, color="black", alpha=0.55, linestyle=":")
ax3.
ax3.
ax3.

(i, j) in edges:
xi, yi = ptsl[il; xj, yj = pts[]]
crosses = (yi - horizon_y) * (yj - horizon_y) < O
if crosses:
mx, my = 0.5 % (xi + xj), 0.5 * (yi + yj)
jx = mx + rng.normal(@, 0.03); jy = my + rng.normal(0, 0.03)
ax2.plot([xi, jx, xjl, [yi, jy, yjl, linewidth=0.6,
alpha=0.25, color="black", linestyle=(0, (2, 4)))
ellse:
if yi = horizon_y and yj = horizon_y:
ax2.plot([xi, xjl, [yi, yjl, linewidth=0.8, alpha=0.55, color="black")
ellse:
ax2.plot([xi, xjl, [yi, yjl, linewidth=0.7, alpha=0.22, color="black")
scatter(pts[:, 0], pts[:, 11, s=6, color="black", alpha=0.6)
set_x1im(-1.1, 1.1); ax2.set_ylim(-1.1, 1.1)
set_title("Causal threads (attenuated across horizon)", fontsize=11)

= fig.add_subplot(gs[1, 0])
plot(rA, cA, linewidth=1.2, color="black")
plot(rB, cB, linewidth=1.0, color="black", alpha=0.55, linestyle="--")

set_xlabel("r"); ax3.set_ylabel("C(r) (normalized)")

set_title("Two-point correlation split by horizon", fontsize=11)

legend(["within-horizon", "beyond-horizon", "cross-horizon"],
frameon=False, fontsize=9)

= fig.add_subplot(gs[1, 11)

.plot(kA, pA, linewidth=1.2, color="black")

.plot(kB, pB, linewidth=1.0, color="black", alpha=0.55, linestyle="--"
.set_xlabel("k (radial frequency index)"); ax4.set_ylabel("P(k) (normalized)")
.set_title("Radial power (proxy) above vs below horizon", fontsize=11)
.legend(["within-horizon", "beyond-horizon"], frameon=False, fontsize=9)

.suptitle("Causal Horizon Funeral Procession (monochrome plate)", fontsize=13)
fig.
plt.

savefig(filename, dpi=dpi)
close(fig)

Sephirot Horizon Lab — Masaki Hirokawa (/&) !|Bt)

22 [/ 22



	Causal HorizonFuneral Procession
	作品キャプション
	関連作（補助的参照）

	要旨
	1投影規則 f（入出力仕様）
	内部状態（最小定義）
	出力体系

	2不変量・反例・安定条件（中域）
	3Protocol Mapping（制作→提出→公開）
	4v9 ── 投影規則 f の最小公理系
	4.1　既知の構造の整理
	4.2　五つの最小公理
	4.3　公理と崩壊反例の対応
	4.4　安定領域の代数的記述
	4.5　公理の検証関数
	4.6　f の一意性について
	4.7　v9 が閉じるもの

	5plate ギャラリー（v1〜v8.1 ＋ closure）
	結語
	付録 A　参照コード（render_plate）


