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Abstraet

In this research investigation, the author has presented a Novel Forecasting
Model based on Locally Linear Transformations, Element Wise Inner Product
Mapping, De-Normalization of the Normalized States for predicting the next

instant of a D}'namjcal State given its sufficient histur}' iz known.

Theory
Prediction of the Direction of the Dynamiec State Vector X 1 (iq H_“,)
Model 1

Consider a D}namical State 5}'stem denoted ]:l}' fl (f) for which we lmow

i
the datafor i =1 to 71.

fl (ff) iz a Row Vector with 71 Number of Elements wherein each element
denotes the Value taken ]:r_g‘ the respective Parameter {amung the M

Parameters) of concern as 1 goes from 1ton.

We denote the _j#i element of fl(ff) as Xl(f{-‘l,-)where 1= __I =m

We Normalize (Simple Vector Normalization) all State Vectors X i (f ; ) where

1 ‘i::_}' <mand 1 =< <# and represent themhy Xl(f)

i

We define T{ | as an X m Square Matrix where all its d.iaguna]

{f—t-l:f+1:l

elements are given bv
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L an(UsJ) = ﬁi% 1]

And all the off diagonal elements of T{;—}I::H:Il are ZeTo.

Now, we consider

~

Xl (fn) and find the Euclidean Inner Product of ;’Erl (f'n) and J’Erl(fk)s i.e
find

Ll

Xl (f )'}2'1(%) for Kk =1 to (?’I— 1) Wenow find the index (as k runs from

M

1to (H— 1)) at which the maximum wvalue of the Inner Product occurs. Let
this index be /.

Thatis X, (2, ) X;(z,) max{X )- X,(z.) } 2
ek =1to(n—1)and 1 <] <(n—1).

We now write

fi(fm 1) ) ( ){ﬂ{s_}u 1} .F J)} [3]
Model 2

Consider a D}‘nam_ical State 5}'stem denoted ]II‘_E_F Xl (f) for which we kmow

i
the datafor i =1 to 71.

fl (f) is a Row Vector with 1 Number of Elements wherein each element

i
denotes the Value taken bv the respective Parameter (among the M

Parameters) of concern as [ goes from 1 to 77.

We denote the _j#i element of fl(ff) as Xl(f?-) where 1 < _} <m

We Normalize {Simple Vector Normalization) all State Vectors f i (f ; ) where

1 “_ij <M and 1 < <1 and represent them bv Xl(f)

i

We define };{f—‘r(fﬂ:l} as an MM X M Square Matrix where all its diagonal

elements are given by
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X (ﬁ'_m} j )

Toin(Guf)= 1
1{i—={i 1_+}(J’ 7) m

And all the off diagu‘nal elements of :!r;{

i—(i+1)} 3TE Z€T0-

Now, we consider

o~

XI (fry- ) and compare ‘fl (f.qi,- ) and .{%1 ("fﬁg' )._; i.e., find

‘Xl(fm-)—jl(f@-)‘ for k=1 to (H—l). We now find the index (as A runs
from 1 to (H—l)] at which the minimum wvalue of the aforementioned
X(r,)- %0,
X,(6,)- X, (ﬁi;pj},:'] = mi“{}z'l (6,)— X1t 1} [4]

for k =1 to (H—l) andl‘iipj ‘*_i(?’l—l).

difference term,

occurs. Let this index be p;"

Thatis

We now write

}Erl (‘t{rz—l}j ): ‘il (r?;." ){TI{;:-J e{pj—l}}(.jv .})} where [5]

.. }E,i(f[ _-+i}')
Loy oot} (o) =7 6]

Model 3

Consider a D}'namical State 5}'stem denoted h}' }?1 (fj) for which we lknow
the datafor i =1 to 71.

fl (ff) is a Row Vector with 71 Number of Elements wherein each element
denotes the Value taken bv the respective Parameter (among the

Parameters) of concern as [ goes from 1 to 72.

We denote the j#i element of fl(ff) as Xl(f?-) where 1 < _} <M
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We Normalize (Simple Vector Normalization) all State Vectors X 1 (f ; ) where

1 "*_:j <M and 1 <7 <1 and represent them bv Xl(f)

I

We define j;{f_\’(ﬂ_ﬂ} as an M X M Square Matrix where all its diagonal

elements are given bv

Tmap(UsJ) = %i%

And all the off diagonal elements of Ti{f—‘»(Hl]} ATE ZETO.

We now write

{n-1)

{‘%(%)}Z .;.Q&}:fl (t,) [7]

Now, equating the components of the same basis we get

(n-1)

{}:f 1 (%' )} = ; a, X, (%;) (8]

and since 1 < _j = M, this equation is in fact 7! Number of Equations for
j=ltom

If m= (H—1)5 we solve for all the & for b=1to (H —1)

If m<< (?"I — 1)._; we can arbitrarily pick (P’I —-1- F?’I) number of values of
a, and solve the rest of the M number of walues of O; wusing the

aforementioned /7 Number of Equations.
Therefore, we can now write

m 1#

(m H) Z‘Ia {X(fb )}{1’4{3—1»1'_&:—1}}} [9]
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Prediction of the I’k[anrmtude of the [h'na]mc State Vector X ( { s “)

Model 1
De-Normalization Of States

We sav that

{X1 Ly 1 } Zﬁbxl fe: [10]

Now, the above equation is actually 71 Number of Equations, and we have
}1 Number of variables )853 to compute.

Component wise, the above is

{Xl(m 1) )}: Z}i:ﬁb}z(%) [11]

We now also note that

{i,l (fn—l )}: é‘;{l (ﬁ'_n—l_‘u ﬁ;

Hence, we can write

{A1(m 1&;)}_ - E}:l Sy 172 [12]
> ;ﬁﬁfl(r@-)

J=1

Now, the above equation is actually 71 Number of Equations, and we have
}1 Number of variables )8& to compute.

We now arbitrarily pick (?? — m) Number of Variables of ﬁb and compute
the rest 1 Number of Variables of ﬁb using the aforementioned 1 Numbex
of Equations in 12, as the LHS of equation 12 is known.

Hence, now as a]lﬁg can be known, fl (r}r—l) can be computed.
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However, we should note that this X (rﬂ—i-l) has (H — m) arbitrarv values in

it. In order to compute the Real less arbitrarv X (rn+l )5 we need to first

compute the magnitude using the relation

1/2
X0 =4 2 AT ), ) [12)-2
=1

And then write the Real less arbitrarv X (f —'-l) as

H+

f(rnﬂ ) - ‘f(fnﬂ ] f(fnﬂ ) [ 2] -3
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Model 2
De-Normalization Of States

For Model 1, we have

X, (fr_n_lju ): X, (f;;; ){II{E—H'_E—I}} (J.7 )}

R . Xz, ..
A, (f{n_l} j ) =X, (f;y- ){lﬁf(”;—“f)}
1\

Therefore, we can write

Xt )= X0, )R, )}{ 0 )}} 13

X0 X, (e

Xt = 2406 (s P}

J=l

with

Now, we can write

X 1 (f{ n+l) ) =|X 1 (f{ n+1) ]{jfl (ri'_n—l} )}

For Model 2, we have

}Erl (r{'n—l}j ): jl (r?gr' l{pj- —>1Lp;—1}}(j=- .})}

; ‘fi(r{ﬁﬂ}l{ji(r{ﬁﬂ}j)}
t )}{ R ) }

— = 211/ 2
Now, we can write IXI (.ﬁ n—l“:'] = Z {Xl (‘ﬁ’rz—l‘:'_;' )} }’

Now, we can write



Bagadi, R. (2017). Universal One Step Forecasting Model For Dynamical State Systems (Version 4). ISSN 1751-
3030. PHILICA.COM Article number 965.

http://www.philica.com/display_article.php?article_id=965

X, (-ﬁ’_n—n ) = ‘—}?1 (f{n—n H/i (-ﬁ'_n—l} )}
For Model 3, we have

(n-1)
}Er(m 1&) Z‘Ib{X }{T{b—ﬂb n}}

o,

" (n-1) (e
X ( 1}:: 1}) Zﬂb{X ;E('*ﬁr—l}j)
1\ gy

o

(n-1) ‘X (u: 1+]{if (IE: lu)}

}?(m n) Z%‘X fe: H ) {X1 ;.5: )} [15]
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