Splitting gone 3D

15.10.2025 - implementation of splitting a secret into 3 points in space and reverse
computation of the secret - [ was rooting for ChatGPT 5...

Cenék Svoboda, svobo.c@gmail.com

[ have a number z0, implement in JavaScript a function that returns [0,0,z0, x1,y1,z1,
x2,y2,22,x3,y3,z3] so that the points A[0,0,z0], random B[x1,y1,z1], random C[x2,y2,z2] and
computed D[x3,y3,z3] lie on one random plane in 3D space.

ChatGPT said:
Thinking for 28s

Sure! This creates a random plane passing through A = (0,0,z0), chooses two random points
B and C on it and computes D so that all four lie on the same plane (D with A,B,C forms a
parallelogram, therefore they are coplanar):

// Returns array [0,0,z0, x1,yl,z1, x2,y2,22, x3,y3,23]
function fourCoplanarPoints(z0, span = 10, rand = Math.random) {
const A = { x: 0, y: 0, z: Number(z0) };

// 1) Random plane normal (unit)
const phi = 2 * Math.PI * rand();

const cost = 2 * rand() - 1; // cosine of a random angle
const sint = Math.sqgrt(l - cost * cost);
const n = { x: sint * Math.cos(phi), y: sint * Math.sin(phi), z: cost

// 2) Orthonormal basis of the plane: u, v (perpendicular to n)

// choose a helper vector that is not almost parallel to n

const helper = Math.abs(n.z) < 0.9 ? { x: 0, y: 0, z: 1 } : { x: 1,
y: 0, z: 0 };

// u = normalize(n x helper)

const ux = n.y * helper.z - n.z * helper.y;
const uy = n.z * helper.x - n.x * helper.z;
const uz = n.x * helper.y - n.y * helper.x;
const ul = Math.hypot (ux, uy, uz);

const u = { x: ux / ul, y: uy / ul, z: uz / ul };

// v =n x u (unit automatically)
const vx = n.y * u.z - n.z * u.y;

const vy = n.z * u.x - n.x * u.z;



const vz = n.x * u.y - n.y * u.x;
const v = { x: VX, y: Vy, Z: Vz };

// 3) Random offsets on the plane for points B and C

const r = () => (rand() * 2 - 1) * span; // random in [-span, span]
const al = r(), bl = r();
const a2 = r(), b2 = r();
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A (fourth vertex of a parallelogram in the plane)
const D = {
B.x + C.x - A.x,
y: B.y + C.y - A.y,
z: B.z + C.z - A.z,

return [
A.x, A.y, A.z,
B.x, B.y, B.z,
c.x, C.y, C.z,
D.x, D.y, D.z,
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// Example:
console.log(fourCoplanarPoints (3));
// - 10,0,3, x1,vyl,z1, x2,vy2,22, x3,y3,23]

// 'span' controls the spread of the random points on the plane (larger
= farther from A).

// 'rand' can be replaced with your own PRNG for determinism.

You said:

create a function that from [x1,y1,z1, x2,y2,z2, x3,y3,23] computes z0

ChatGPT said:



Understood & You have three points B, C, D. Together with the sought A(0,0,z0) they lie in
the same plane.

Method: Find the normal of the plane. Use the plane equation and solve for z0. If nz = 0 the
plane is parallel to the Z axis and z0 is not unique.

function computezO([x1,vyl,zl, x2,y2,z2, x3,v3,23]) {
// Vectors in the plane
const vl = [x2 - x1, y2 - yl, z2 - z1];
const v2 = [x3 - x1, y3 - yl, z3 - z1];

// Normal n = vl x v2

const nx = v1[1]*v2[2] - v1[2]*v2[1l];
const ny = v1[2]*v2[0] - v1[0]*v2[2];
const nz = v1[0]*v2([1] - v1[1]1*v2[0];

if (Math.abs(nz) < le-12) {
throw new Error ("The plane is parallel to the Z axis - z0 is not
unique") ;

}

// Plane equation: n- (X - B) = 0, with A = (0,0,2z0)
const z0 = z1 - (nx*(0 - x1) + ny*(0 - y1)) / nz;
return zO0;

// Example
const arr = [1,2,5, 3,-1,4, 2,2,71;
console.log("z0 =", computeZO (arr));

= This returns z0 for A[0,0,z0] which lies in the same plane with B, C, D.
You said:
yes
ChatGPT said:
Thinking for 7s

Sure! Here is a small verification utility that checks A, B, C, D are coplanar. It computes the
distance of point A from the plane defined by B, C, D and returns both a boolean and the
numerical residual:

// Helpers
const sub = (a,b) => [a[0]-b[0], alll-b[l], a[2]-b[2]1];
const cross = (a,b) => [

alll*b[2] - al2]*b[1l],

al2]*b[0] - a[0]*b[2],



al0]*b[1] - al[l]*b[0],
17

const dot = (a,b) => a[0]*b[0] + al[l]l*b[1l] + al[2]*b[2];
const norm = (a) => Math.hypot(al[0], alll, al2]);
/**

* Verifies coplanarity of A(0,0,z0), B, C, D.
* Returns { coplanar, residual, normal, warning? }
* residual = perpendicular distance of A from the plane through B-C-D.
*/
function checkCoplanar(z0, [x1,vyl,zl, x2,y2,z2, x3,vy3,23], tol = le-9)
{

const A [0,0,Number (z0)];
const B = [x1,yl,zl1l];

const C = [x2,y2,22];

const D = [x3,vy3,2z3];

const vl = sub(C, B);

const v2 = sub (D, B);

const n = cross(vl, Vv2);
const nlen = norm(n);

if (nlen < le-15) {
return {
coplanar: true, // any plane through line B-C (degenerate)
residual: O,
normal: n,
warning: "Degeneracy: points B, C, D are collinear (or
overlapping); the plane is not unique."

bi

const residual = Math.abs (dot(n, sub (A, B))) / nlen;
return { coplanar: residual <= tol, residual, normal: n };
Usage example together with computeZ0 (as above).
You said:

build a demo that uses fourCoplanarPoints with z0=10 to generate B,C,D; obtain z0 via
computeZ0 from B,C,D and compare with 10 in a loop of 100, printing numerical results
AB,C,D

ChatGPT said:

Thinking for 21s



Here is a ready “demo” for Node.js: it generates 100 sets of B,C,D on a random plane for
fixed z0, re-computes z0 from B,C,D and prints rows with A,B,C,D, the estimate and the
error.

// ---- fourCoplanarPoints (A= [0,0,z0], random plane, random B,C,
computed D) ----
// (same implementation as above)

// ---- compute z0 from B, C, D —----
function computeZzO([x1,vyl,zl, x2,v2,z2, x3,y3,2z3]) {
const vl = [x2 - x1, y2 - vyl, z2 - z1];
const v2 = [x3 - x1, y3 - yl, z3 - z1];
const nx = v1[1]*v2[2] - v1[2]*v2[1l];
const ny = v1[2]*v2[0] - v1[O]*v2[2];

const nz = v1[0]*v2[1] - v1[1]*v2[0];
if (Math.abs(nz) < le-12) throw new Error ("Plane ~ parallel to Z axis
— z0 not unique");

return z1 - (nx*(0 - x1) + ny*(0 - yl1)) / nz;
}
// ---- formatting helper
const £ = (x) => Number.isFinite(x) ? x.toFixed(6) : String(x);
// —-—-—-— DEMO: 100 iterations for z0=10 ----

(function demo () {
const trueZ0 = 10;
const N = 100;

console.log("i, z0 true,z0 est,abs err,Ax,Ay,Az,Bx,By,Bz,Cx,Cy,Cz,Dx, Dy,
Dz") ;

for (let i = 1; 1 <= N; 1i++) {

const arr = fourCoplanarPoints (trueZ0, 10); // adjust span if you
like

const A = { x: arr[0], y: arr[l], z: arr([2] };

const B = { x: arr[3], y: arrf[4], z: arr([5] };

const C = { x: arr[6], vy: arr[7], =z: arr[8] };

const D = { x: arr[9], y: arr[1l0], =z: arr[1l1l] };

const z0 est = computez0(arr.slice(3)); // only B,C, D

const err = Math.abs(z0 est - trueZ0);

console.log ([

ll

f(truez0), f£(z0 est), f(err),
f(A.x), £(A.y), £(A.2),
f(B.x), £(B.y), f(B.z),
f(C.x), f(C.y), f(C.z),
f(b.x), £(D.y), £(D.z),



You said:
run it and give me the result
ChatGPT said:

Here is a sample from 100 iterations with fixed z0. Each iteration picked a random plane,
points B,C and computed D. Then z0 was recomputed from B,C,D.

Results (first 5 of 100):

i z0_true z0_est abs err A(0,0,2z0)
B(x,v,2) C(x,vy,2)

D(x,y,2)

1 10.0 9.999999999999998 1.78e-15 (0,0,10.0) (-4.90,
1.65, 2.60) ( 3.79,-2.24,18.44) (-1.11,-0.60,11.04)

2 10.0 9.999999999999996 3.55e-15 (0,0,10.0) ( 3.01,-
8.51, 7.44) (0.27,-1.25,11.91) ( 3.29,-9.76, 9.35)

3 10.0 10.0 0.00e+00 (0,0,10.0) (-1.82,
3.00, 6.34) (-1.81,-2.59,17.48) (-3.63, 0.41,13.82)

4 10.0 10.000000000000185 1.85e-13 (0,0,10.0) (1.11,
1.92, 6.07) (-2.59,-4.44,19.50) (-1.48,-2.52,15.56)

5 10.0 10.0 0.00e+00 (0,0,10.0) (2.44,-
9.51, 2.12) (2.51,-5.38,12.82) ( 4.95,-14.88, 4.93)

In all 100 cases z0_est = 10 with error on the order of numerical noise (= 1e-15).
You said:

verify the algorithm with all permutations of points B, C, D

ChatGPT said:

Thinking for 23s

Done. I verified all permutations on 200 random planes (for z0 = 10).

Summary

Iterations: 200

Permutations per iteration: 6 (all orders of B,C,D)
Total z0 estimates: 1200

Degeneracies (nz = 0): 0

Max absolute error: 3.20x1071'3

Mean absolute error: 2.79x107:5

Median absolute error: 1.78x107t°

Failed cases (>le-12 or degeneracy): O



2 Result: independent of the order of the points. All permutations
yield the same result within numerical noise.

You said:

insert rounding to order 10e-12 into the algorithm for retrieving z0
ChatGPT said:

Thinking for 12s

Sure — I added rounding of the result to a step of 10e-12 = 1e-11. [ use eps = 1le-11 and
“snap” the result to the nearest multiple of eps.

/'k'k

* Computes z0 from points B,C,D and rounds to step 10e-12 (le-11).
* @param arr [x1,yl,zl, x2,v2,z2, x3,y3,2z3]

* @param eps rounding step (default le-11)

*/
function computeZORounded (arr, eps = le-11) {

const [x1,vyl,zl, x2,vy2,z2, x3,y3,23] = arr;

const vl = [x2 - x1, y2 - vyl, z2 - zl1];
[x3 - x1, yv3 - yl, 23 - z1]1;

const v2

v1[11*v2[2] - v1[2]1*v2[1l];
v1[2]1*v2[0] - v1[0]*v2[2];
v1[0]*v2[1] - v1[1l]*v2[0];

const nx

const ny

const nz

if (Math.abs(nz) < le-12) {
throw new Error ("The plane is ~ parallel to Z - z0 is not
unique.");

}

const z0 = z1 - (nx*(0 - x1) + ny*(0 - yl)) / nz;

// rounding to step eps (10e-12 le-11)
const rounded = Math.round(z0 / eps) * eps;

// optionally remove -0
return Object.is(rounded, -0) ? 0 : rounded;

// Mini example

const BCD = [1,2,5, 3,-1,4, 2,2,71;
console.log (computeZ0ORounded (BCD)) ; // ~ 10.00000000000 (step le-
11)

console.log (computeZORounded (BCD, le-12)); // finer step, if desired



You said:
yes
ChatGPT said:

Done — I replaced the computation with computeZORounded using a rounding step of 1le-
11 and ran 100 iterations.

Preview of the first 10 results:

z0 true =z0 est abs err A(0,0,z0) B(x,v,2)
(x,¥,2) D(x,y,2)

10.000 10.000 0.000e+00 (0,0,10.000) ( 3.966,-6.399, 8.641) (
.034, 2.727, 9.209) (10.000,-3.672, 7.850)

10.000 10.000 0.000e+00 (0,0,10.000) (2.197,-7.243,10.988) (-
.534,-0.639,14.796) (-2.337,-7.882,15.784)

10.000 10.000 0.000e+00 (0,0,10.000) ( 8.545, 2.236, 9.439) (-
.908, 6.761,10.996) ( 6.637, 8.997,10.435)

10.000 10.000 0.000e+00 (0,0,10.000) ( 3.749, 0.996,11.061) (-
.082, 2.649,12.010) ( 3.667, 3.645,13.071)

10.000 10.000 0.000e+00 (0,0,10.000) ( 3.273,-5.612,14.315) (
.188,-2.001, 6.937) (10.461,-7.0613,11.252)

10.000 10.000 0.000e+00 (0,0,10.000) (7.795,-2.863, 4.172) (-
.676, 4.587,14.687) (2.119, 1.724, 8.859)

10.000 10.000 0.000e+00 (0,0,10.000) (2.033,-6.452,11.953) (-
.693,-2.289, 8.539) ( 1.340,-8.741,10.492)

10.000 10.000 0.000e+00 (0,0,10.000) ( 5.057, 0.042, 8.260) (
.443,-1.970,10.658) ( 9.500,-1.928, 8.918)

10.000 10.000 0.000e+00 (0,0,10.000) ( 0.973, 1.352, 0.972) (-
8.901, 2.503,16.611) (-7.928, 3.855, 7.583)
10 10.000 10.000 0.000e+00 (0,0,10.000) (-2.847, 7.333,14.049) (-
4.615,-0.301,15.127) (=7.462, 7.032,19.176)
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In all 100 cases z0_est = 10.00000000000 (after rounding to step 1e-11), i.e., abs_err = 0.
You said:

yes

ChatGPT said:

Done. | integrated computeZORounded (step 1e-11) and verified all permutations (B,C,D)
over 200 random planes.

Summary

Iterations: 200

Permutations per iteration: 6 (all orders B,C,D)
Total estimates: 1200

Degeneracies (nz=0): O



Max absolute error: 0.0 (after rounding to le-11)
Disagreements across permutations: 0 (all permutations give identical
z0)

You said:

much larger span
ChatGPT said:
Thinking for 10s

Done. I tested a much larger span = 1e6 (1,000,000) with rounding step 1e-11 and verified
all permutations (B,C,D) over 200 iterations.

Summary (span = le6)

Iterations: 200

Permutations per iteration: 6

Total estimates: 1200

Degeneracies (nz=0): 0

Max absolute error: 1.9090e-08

Disagreements across permutations: 196 (for most iterations, different
permutations differed ~1le-10 to le-8)

This is expected: with a huge spread (span = le6) you get loss of
significant digits and the path of computation (i.e., permutation of
vectors in sums/cross-products) affects floating-point noise. The result
is still extremely accurate (relative error ~1.9e-9), just not
identical for all orders.

Illustrative example of a single iteration with a discrepancy (rounded
to grid le-11):

Estimates from different permutations:

[10.00000000015, 10.00000000015, 10.00000000017, 10.00000000017,
9.99999999983, 9.99999999983]

- deviations from 10: +(1.5-1.7)x107°.

CSV with all numbers (including A,B,C,D and results for all 6 orders per iteration) was
produced in the original run.
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