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Abstract

Kriging is parent theory of the least squares. This paper presents kriging ap-
proach to the problem of incompatibility in the field of the Einstein Theory of
Relativity.

Let us consider (e.g. for j = n + 1) variance of the difference of two random variables V;
and Vi, where FE{V;} = E{V;} = m = 0, in the terms of covariance

DV, - Vi} = Cov{(V; = V))(V; = V))} -
Cov{V;Vi} = Cov{V;V;} — Cov{V;V;} + Cov{V;V;}
Cov{V;V;} = 2Cov{V;V;} + Cov{V;V;}

introducing the estimation statistics \7] =5 w;:VZ' = w;:VZ'

DHV; = Vj} = Cov{V;V;} = 2Cov{ViVi} + Coo{ViV}
= Var{Vi} —2Cov{3; wiViVi} + Cov{(%; w; Vi) (L wiVi)}
o’ =25 w Co{V;V;} + %, > wéqéCov{%W}

2 2,00 . 2, 00
o° — 20 wipij + oTwipiw;

where p;; (to simplify notation) is (e.g. for i =1,...,n)

P11 oo Pin p(IL=11) ... p(J1 —nl)

Pnl -+ Pnn /0(|n_1|) ,0(|n—n|)

nxn nxn

symmetric n X n matrix of stationary correlations.

The minimization constraint
oDV, —Vi} _
Ow? N

J
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produces n equations in n unknowns w}

P11 .-+ Pin w; P1y
n
N —’ N———
nXxn nx1 nx1

equivalent to time-domain Wiener-Hopf equation in the set of weights w;
o piw; = oW pi = o’ pi;
or frequency domain Wiener-Hopf equation in the transfer function H(f)

Su(FYH(f) = H(f)Su(f) = Si(f)
multiplied by w;
Wi i) = Pije;
and substituted into
DV, = V;} = B{[V; = Vi]*} = ( B{V;} — BE{V;} )?
S— N
0 0

gives the so-called ‘mean squared error’ minimized at every single j-th value

E{[(V; =m) = (Vi =m)[} = 0*(1 = pije}) = 0*(1 = pjiwey) = 0 pj; — 0 pjos]

70

where
pij = p(lt—3l) = p(l =G =) = plls —il) = pji ,

or at unit value of f

[y

, P = |

" Vs - A0

cause the variance of the estimation statistics is minimized at every single j-th value

[S5:(f) = S (f) H())df = /

1 L
2 2

E{[V; = m]*} = Cov{V}V}} = o’wipisw = o%pjic;

r

L
2

or at unit value of f

N

QUi = | : [|5ij(f)|2

NI
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Since outcoming of input value (e.g. for 7 = n)

is unknown

AV, — m]} = 02,80 = o
its mean squared error can not be equal to zero value then the so-called ‘mean squared

E{[(V; =m) = (V; =m)]’} = o*(1 = py6) =

is not a mean squared error.

error’

Since only for infinite set of outcome values v; of V;
n . n .
lim Zuﬂvi = lim ZuﬂVi =m=0
n—r00 4 1 7 n—00 4 . J
= =

then each (finite) weighted average seen as the outcome value of the statistics

n
S o =Y
; =1

is the conditional mean with zero (for the Wiener filter) mean value as central value of
its error distribution and variance of the estimation statistics as its mean squared error

B{[V; = m]*} = o*pijw]
or

E{[Vu —m]*} = 0-2p2']‘w;‘ = const. .

If linear trend (non-stationary and non-zero mean) is taking into consideration

A

Vi=¢+ ﬁfky—61+5 f11‘|‘5 f2J

1 ]

and
Visea+ B fui=a+8 fu+8 fu i=1,....n
N~ A

1 7
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the unbiasedness condition
E{Vi} = E{wVis
produces two equations '
Jri = friw’
the minimization constraint produces n equations in n + 2 unknowns w}, c Wi /,L}, /,L?
i k
piiw; + frif; = pij
multiplied by w;
wpiiwt = — friuk + wipi
gives the minimized mean squared error
’ k i i k
E{[V; = 8" fi]"} = owipiw; = o*(pijw; — fuji])
associated to kriging weights
i i gk
wj = p"pij — P ity
where
i = A frip" oy — A% fiy o and - AP = (fuip” )"
The non-linear BLUE equation (the mean squared error identical to zero value)
i k . 3
pijw; — frjp; =0 if pi; #0
has only asymptotic least-squares approximation for 5 — oo
i i1
pijwi = frj} & piji + §fijkkfkj ~ 26,
where |
pijw; R~ § R §fijkkfkj :
then |
pijw; — §fijkkfkj ~ 0
associated to asymptotic least-squares weights

W;‘ ~ piifkiAkkfkj .
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The mean squared error if the correlations vanish

0-2 .j2 - an.] + Mgy . I~
O'ka]‘Akkfk]‘ = ( no? ) if Pi; = 0

associated to the least-squared weights
W; = phfkiAkkfkj
can be identical to zero value (incompatibility)

fi; A fo=0e j=m, £ 1o, ,

N 5 -5 =2
where: m,, = by Men = Z27 o, =\1?2—1 ) I =+v—1.

Let us consider Robertson-Walker metric

ds? = g, da’de” = —dt* + gy(dz")?

where: 2’ =t, 2! =r, 2° =0, 27 = o,
a(t)? .
gi1 = % ) Goo = a(t)’r® gas = a(t)’r’sin® 0 .

Solving the Finstein equations

1
RMV — §gMyR = GMV

we get

Gy = — (K—I— a’(t);—(l—t)Qa(t)a”(t)) o and Gy (M) ‘

Now, we can rewrite the metric

% QGI/(t)

1
d52:—dt2—( 3 + o) ) Gu(dz')?

for Gyy = 87Gp and Gy = 87Gpgy equal to

8rGo  2a"(1

3

—1
ds® = —dt* — 87Gp ( )) gu(dz")?
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identical to

ds® = —dt* + g”(d:zjl)2
if

a”(t) 47 G

a(t) = _T(Q + 3}7)

and if |
p7£0<:>R”—§g”R7£O.

Following kriging approach to incompatibility, the Einstein equation, like
Z' 1
pijw; — §fijkkfkj ~0,

is only approximation for p & 0

1 1
Ry — 59113 =gt — 59113 ~ 0

of the parent equation that if the spatial components of the metric vanish for p = 0, like
the mean squared error if the correlations vanish

S A iy =0,
can be identical to zero value (incompatibility)

R(t) = 6] K + a/(t;j(;l—) a(t)a"(t)] 0 if p=0 and guR(t) = —R(t)=0 if o=0

associated to

N 2K +2d'(t)* + a(t)a”(t)

Z(1) (1) ifp=0 and Z(t)= o) ifo=0
then
" _ K+ a/(t)2 o _ an 3 K+ a/(t)2 " _
a()Z(t)+d"(t) =2 lia(t) + (t)] 0 d o] [ o] t)| =0

solving the differential equation inside the braces

C

JE +a(t)?

where C' is a constant, substituting tan o = a’(¢) for K' = 1 the parametric solution is
a=Ccosa and t = C(1 — sin «), substituting coth § = &'(t) for K = —1 the parametric
solution is @ = C'sinh # and t = C(cosh 8 — 1), for K = 0 we get a(t) = v2C'1.

a(t) =
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