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The method which is valid for improving the transmission of information and a clean separation of signal and noise is suggested
in [1]. The basis of the proposed new way of developing the theory and methods of communication is the rejection of the
probabilistic method for evaluating noisy signals according to the maximum likelihood rule. This method contains the
mathematical procedure for absolutely accurate separation, as well as proving the absence of any fundamental theoretical limits
[2,3] on the effectiveness of communications, including the absence of channel capacity limitations [4]. This approach includes
the fundamentally new concept and the technical aspects of implementing telecommunication systems and uses systems of linear
algebra equations (SLAE) to filter signals from noise. The SLAE matrix is the linear algebraic matrix (LSM) that separates and
extracts the true values of informative signal parameters. Such a SLAE always has the solution, but obtaining this solution
sometimes requires a particular method to be used, because its matrix is not always square, but can be rectangular as well.
Therefore, the method of the orthogonal decomposition is proposed in this paper. For obtaining the matrices of orthogonal
decomposition the Gram-Schmidt process, which is suitable for matrices of any size and composition, can be used. The method
of solving a SLAE includes full description of solution and acceptable for matrices of any size. The example of solving the SLAE
with a small matrix is presented in the paper. The MathCad Prime has been implemented for a bigger matrix. The implementation
includes the functions that can be used in any other programming language. The solution has minimal norm and acceptable for
linear algebraic matrices that separate signal and noise.
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Bunaxizn y po6ori [1] nporonye MeToA, sIKHii OB sI3aHO 3 CHCTEMaMH IS TOKPAILEHHS IIepeJayi Ta YUCTOro BIIIIICHHS IIyMy
Ta curHary. ba3zoBa imes, sika HiIKPECTIOETHCS y pOOOTI ULl HOBOTO HIIIXY PO3POOKH Teopii Ta TEeXHIKM KOMYyHIKamii, Iie
BIAXWJICHHSI METOAY, SIKMi TOOYZOBaHO Ha IMOBIPHOCTI, AJIsI OLIHKY CHTHAITY 3TiJHO 3 IIPaBHJIOM HalOinbImof iiMoBipHOCTI. Lle
MaTeMaTH4Ha Hpolexypa Juisl abCONIOTHO UITKOTO BITOKPEMIIEHHS CHTHAIy Ta IIyMy Ta JOKa3 BiJCYTHOCTI OyIb-sKHX
(yHIaMEHTaIbHUX TECOPETHYHHX OOMexeHb [2,3] Ha edeKTHBHICTH KOMYHIKallii, BKIFOYHO BiJICYTHICTH OOMEKEHH €MHOCTI
kanany [4]. Takuii miaxig po3ryisigae HOBY KOHIICMI[IO Ta TEXHIYHI aCIeKTH IMIUIEMEHTAlil TeJIEKOMYHIKAI[IfHUX CHCTEM Ta
BUKOPHUCTOBYE cucteMu anredpaiunux piBHAHb (CJIAP) mms Toro, mo6 BiadineTpyBatu curHan Big mymy. Marpuns CJIAP —
e JiHiiiHa anreOpaidHa MaTpHIL, IO cemapye Ta BUAIISLE MpaBIBi 3HAUCHHS iH(GOpPMATHBHHUX MapaMeTpiB curHamy. Taki
CJIAP 3aBxan MaroTh pillIeHHS, aJie I pillleHHs TOTPeOyIOTh iHKOJIM 0COOJIMBOTO METOIY, I[00 OyTH BUPIMIEHUMH, TOMY IO IX
po3Mip He 3aBXKIM KBAJPaTHUH, IHOAI MPSMOKYTHHH. TakMM 4YMHOM y Wiif poOOTI NMPOMOHYETHCS METOX OPTOTOHAIHEHOTO
poskianeHHs. 11 OTpUMaHHSI MaTPHIlh 3 OPTOrOHAIBHIM PO3KJIaJeHHSIM MOXKHA BUKOpPHCTOBYBaTH Metox I'pama IlIminra ms
MaTpuIb 3 OyIb-IKUM PO3MIpOM HABITh SKIIO € CTOBMII a00 CTPOKH, IO IOBTOPIOIOTHCS Y MaTpuii. MeTos A1 BHPiLICHHS
CJIAP MicTHTB ITOBHHUI OITUC PIMIEHHS Ta MPUOATHUHA U TOBUIBHOTO PO3MIPY MaTpHLb. Y poOOTi € MPUKIa] 3 BUPIMICHHS 3
MaJTUM po3MipoM MaTpuLi. Takoxk € mpUKiIaz IMINIEMEHTALii 3 MaTpUIIel0 HabaraTto OUIkIIOro po3mipy y cepenosuii MathCad
Prime. IMmnemenTaniss MictTuth QyHKIIi, sIKi MOYKHa BUKOPHCTOBYBATH Ul 1HIIMX MOB IporpamyBaHHsA. OTpuMaHe pilleHHS
Mae MiHIMaJIbHY HOPMY Ta MpUAaTHE IS JiHIMHUX anreOpalyHiX MaTpHUIlb, IO CETMapyIOTh CUTHAM BiJ IIyMY.

Kniouosi cnoea: cenapayis, cucmemu ainiiinux aneebpaiynux pieHaHb, CUSHAT, WYM, OPMO2OHATIbHE PO3KIAOCHHS.

1. Introduction

The possibility of a new method of improving the transmission of information and a clean separation
of signal and noise is suggested by the discovery presented in [1]. This method uses systems of linear
algebra equations (SLAE) to filter noise from signals. To correct errors the system is configured to carry
out mixture Y (t) at specific time To,..., Tom and SLAE can be:

A-X =B, (1.1)

The algebraic solver separator is designed to separate the signal and noise into two independent
processes that occur in time [1]. The QR decomposition method of solving such a SLAE is considered in
the paper. This method allows solving a square and rectangular SLAE. The solution has a minimal norm,
otherwise:

||X||=\/x02+x12+x22+...+ anz (1.2)

where coefficients of a matrix A are:

Apo Aol Ag2 - AoM  AgM+l - Ao2m
Ao A1 A2 - AAM O ArLM+l - AraMm
A=l A20 A1 A22 - Aowm Ao M+1 - A2oMm |2M+1 (1.3)

Aomo Aaml Aom2 - A2MM A2MM+1 - A2M2M
2M+1

In [1] a matrix A is square (2M+1)x(2M+1), but it can be possible to use matrices that are not square
where: n1>n,, N1<ny, N1=n,. N1 and n, are possible sizes of a matrix A:
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Aoo  Ao1 Ao2 - Aon-1 Aon, o Aon,-l
Ato A1 A2 - Al Aln - Ayl
A= A2’0 A2,1 A2,2 A2,n1'1 Azlnl A2,n2—1 nl. (14)
Anl'l,o Anl'l,l Anl'l,z Anl'l,nl'l Anl'l,nl Anl'l,nz'l

n,
And a vector-column of free members can be:
Y(To)| <« for Ty
Y(Ty)| « for Ty
Y(Tp)| <« for T,
B= Y(T3)| « for Tg (1.5)
Y(Tnl) « for Tnl

2 Introduction of SLAE matrices with the orthogonal decomposition
One of the most important variants of orthogonal decompositions is a so-called QR decomposition:

A=QR, (2.1)

where A is a matrix from (1.1);
Q is an orthogonal matrix.
The matric R can be obtained by the formula:

R=Q"-A (2.2)

The variables Ni=n:-1, No=n,-1, N, =|N, —N,| are introduced for convenience. The size of a QR

decomposition matrix is: N1x(N1+Ny) if n1>nz or N1x(2-N1+N3) if ni<n..
For a rectangular matrix with size nixnz where ni;>n,, a QR decomposition matrix can be as shown in
(2.3) or (2.4):

Qo Q1 Qo2 - Qon, Roo Rox Roz - Ron, Eoo Eox Eo2 - Eonga
Qo Qa1 Q2 - Qn 0 Ry R o Ry B EBg1 o BEp . By
QR=1 Qo Q1 Q2 - QN 0 0 Ry .. Ryn Epo Exn By o Egnga
Qngo QOny1 Qny2 - Oy, 0 0 0 o Ryn, Enjo Engo Engo - Enpng
(2.3)
QR =[Q(NyxNy) R(NyxNp) E(Nyx(Ny-Np-1)]. (2.4)
If n1<ny, a QR decomposition matrix can be as shown in (2.5) or (2.6):
Qoo Qi Q2 -~ Qon, Roo Rox Roz - Ron,
Qo Qu Q2 - Qn 0 Ry R o Ry,
0 0 Ry .. Ry,

2.5)

0 0 0 0 Ry,
0 0 0 O 0
Qno Onyi QOn2 o Qun, O 0 0 0 0
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N, x N R(N, x N
OR = Q(N; xN;) R(N,xN,) 26)
O(N;xN,)
If n1=ny, then a QR decomposition matrix is:

Qoo Qoz Qo2 - Qon, Roo Rox Roz - Ron,
Qo Qu Q2 - Qn 0 Ry R o Ry 27
QR: QZ,O Q2,1 Q2’2 QZ,Nl 0 0 R2,2 RZ,Nl ( ’ )

Qno Qnga Qng2 o Qngny 0 0 0 o Ry,
QR = [Q(Nl X Nl) R(Nl x Nl)] (2.8)

Any SLAE can be represented by the following formulas (2.9), (2.10), (2.11) after obtaining a QR-
decomposition matrix:

Q'-A=Q" B (2.9)
R=Q'"-B. (2.10)
R=QTB, (2.11)

where QTB=Q" -B.

SLAE for (2.3) and (2.4) can be like (2.12):

Ro,0 X0 +Ro1- X +Ro2-Xo +..+ Ry N - XN, =QTBy —Eg o~ XNy 11 —Eo1 - Xnj42 —Eo2 - XNy+3 =+~ Eo,Ng—1 - XNy 4N,
Rip-X+Rpo X+ +Ry N, XN, =QTBy =By o Xy g —Bpg - Xnje2 —B12 - Xnpa3 =~ Brng 1 XN N,
Rp2-Xp+...+ Ry - XN, =QTBy —Ep - Xn1a —Epa - Xnjr2 —E22 - XNj+3 =~ E2 N3 XNy,
RN, N, XN, = QTBN, —Enio - XNy+1 — ENga - Xng+2 =~ Eng2 - XNg+3 =~ ENLNG - XNg+N,

(212

The norm of the solution vector looks like:

2,2, .2 2 2 2 2
C=x5+x +x5 e X XN g TN e TN N (2.12)

The partial derivatives are equated to zero for calculating the minimum of C (2.12):

oC g X Xy OXN,
=Xp- + X - + X - ot XN, o+ XN =0
OXN, 11 OXN 41 OXN 11 OXN 41 XN 41
oC X X X OXN
=Xp X Xg e Xy, + X, 42 =0
aXN2+2 aXN2+2 aXN2+2 6XN2+2 aXN1+2 (213)
aC d X X OXN
mxg =0y Py O ot XNy o XN N, =0
OXN,+Ng OXN,+N, OXN, N, OXN,+N, OXN,+N,

N variables can be derived from (2.12):
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QTBN, En10-Xnj+1 Enzi-Xnj+2  Eng2-Xng+3 ENp Ng-1 7 XN +N;,
XNl = — — — — =
RNy RNpNy RNyN, RNyN, RNy
Xy QTB, Ezo-Xnq1 E2r-Xnq2 E22-Xnj43 - EanNg1 XNy +Ng  Rong XN
Ro2 R22 R22 Ro.2 Ro.2 Ro2
y QB EoXnu Bia-Xn+2 B2 Xngsz  BrngaXngen, RipoXp o R Xy
Ria Ri1 Ri1 Ria Ria Ria Ri1
+. ~ QTBo Eoo-Xn41 Eop-Xng2  Eo2-Xnj43 EoNs-1-XN;+N;  Ro2-X2  Roi% Ro,N, “ XN,
0= — — — — . — — —.—
Ro0 Ro0 Ro.0 Ro,0 Ro0 Ro,0 Ro0 Ro0

(2.14)
Any lines of SLAE (2.14) can be represented like the expressions (2.15):

Xo =€ +do - Xn, 41 +Co - XN, +2 TP - XNy 43+ 80 - XNy N,
Xp =€+ 0y XN 41+ 0 X2 0 XN a3 B XN N

Xo =ez+d2-XN1+1 +C2'XN1+2 +b2'XNl+3 +...+82'XN1+N3 . (215)

XN, =N, T AN, XN+ ON XN 2 DN XN e AN XN,
Then the expressions (2.13) will take the following form:

oC

OXN, 41

oC
=Xp'Co+X:C+Xp-Co+...+ XN, ‘CN +XN+2=O
Xy e LN TN . (2.16)

=X0'd0+X1'd1+X2'd2 +...+XNl'dN1+XNl+1=O

oC
OXN,+N3

The SLAE (2.16) is a system with a square matrix. According to (2.7) and (2.8) such systems are
solved by the method of “direct run” because it can be represented in the form of the triangular matrix R.
It is possible to obtain N3 variables. N1+1 variables are derived from (2.12).

=Xg-8g+X -8 +Xp 8 +...+ Xy, Ay, + XN, 4N3 =0

3 An example of solving a SLAE by using QR decomposition matrices
For the demonstration of the solution, matrices A and B have been chosen:

1 20 2 3 2
A= ,B= .
7 8 56 200 24
The parameters of the A matrix n1=2, n,=4, N1=2-1=1, N,=4-1=3, N3=N;-N,=2. The size of the QR
matrix A is N1x(2-N1+N3) =2x(2-2+2) at 2<4:
AQR = 0.141 -099 7.071 10.748 55.72 198.414
(099 0141 0 -18668 594 25314 )
The egpression (2.3) will be represented in the form:
AQR _ QO,O QO,l RO,O RO,l EO,O EO,1:|
_Ql,O Ql,l 0 R1,1 El,o E1,1
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B
QTB=Q'-B= QTE, .
QTB,

According to (2.14) it is possible to present:
Ro,0 X0 +Ro1-% =QTBy—Ego-X2 —Eg1-X3
Rip- % =QTB —Ejg-X —E3-X3

:QTB ElO - X i.xa

R: R. ' Ry

X _QTBo _ Eo.o X — Eo,l Xy — RO,l X
- 2
Rio Roo = Roo R
E E E E
QT8 Ewo , Eu Ry _(QTBl By i~x3J
Reo R R R. Ru ° Ry

0,0
) _[QTBO Ry _QTBlJ_[Eo,o Ry El,o]_x _(i_ R E_J )
_ ] Doz |
° R0,0 R0,0 Rl,l RO,O RO,O Rl,l R0,0 ROO Ri, :

The variables x; and x, for the SLAE are possible to represent as in (2.3) and (2.4):
Xo =Cy+Dby X, +8, X,

QTBo R. QTBl Eo,o Ro: Eio B, Ry Eu

where ¢, = b, = - . Q=="——"—"

X0=

0,0

RO,O RO,O R11 RO,O RO,O Ri,l 1 RO,O RO,O R1,1
X =C+b X, +a, X,
E, _ Ey
where ¢ == a=—-
o 11 R Rl,l

The norm of the vector.
C=x2+x7+x5+x..
The partial derivatives are zero for calculating the minimum of (3.5):

a_C_X %+X1 a_X1_+_X _O a_C_X a_xo_|_x1 _X1_|_X _O
OX, OX, OX, 0%, OX, 0%,
Another way:
oC oC
—=X,-b,+x b +X%x =0, —=X%,-a,+%-a +X =0.
axz XO 0 Xl bl 2 8)(3 0 aO X1 a1 3
oC
— =-29.424+71.052-x, +252.354%, =0,
aXZ
oC
v =-105.983+252.354- X, +910.126-x, =0.
X3
Or:

262.166- X, + 944.457 - x, = 29.424
3.781-x, =0.401, then: x, =0.107, x, =0.034.
Other variables can be found from the following expressions:
Ro0 % +Ro1-%=QTBy —Ego-X3—Ep1-%4
Ro1-%=QTB —Eyg-%3-E1-% .

7.071-x, +10.748-x, =0.912
 then X, =0.08, X, =0.007.
~18.668- X, =—1.497

(3.1)
(3.2)

(3.3)

(3.4)

(3.5)

(3.6)
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4. The implementation of MathCad Prime for solving a SLAE by using QR decomposition
matrices

The matrix A of the size 190324 (Fig. 4.1), and the matrix B (Fig. 4.2) with 189 elements have been
used for demonstration.

_ x e % z % % % % % =

0, -
110 —0.852 0.852 0.085 —0.928 0.751 0.252 —0.978 0.628 0.412
111 —0.654 0.974 —0.252 —0.739 0.94 —0.135 —0.814 0.893 —0.017
112 —0.396 0.996 —0.56 —0.458 1 —0.502 —0.517 0.999 —0.443
113 —0.102 0.915 —0.804 —0.119 0.921 —0.794 —0.135 0.928 —0.783
114 0.202 0.739 —0.956 0.236 0.716 —0.966 0.268 0.692 —0.974

189
Fig. 4.1 The matrix A for a SLAE

0[0.783]
1]1.002
B= 2!0.498

31 0.068

189
Fig. 4.2 The matrix B for a SLAE

(2.14) and (2.15) is presented in the block x (Fig. 4.3), where the matrix RTGR is the matrix R,
described in the second part of the article. (2.16) is presented in the block C (Fig. 4.4). The method of
“direct run” is presented in Fig. 4.5. The block of “direct run” implementation is shown in Fig. 4.6 and
Fig. 4.7. The verification of obtained solution is shown in Fig. 4.8 where the result of multiplication AXq
completely matches the matrix B.

Il QTb
N1
r=|l|{jlxr +~——m
0.0 RTRG
N1,N1
forje0..N3-1
I _E
N1,j
I e
0.i+1  RTRG
N1,N1
forkel..N1
mm-t "Z‘:‘ HRGNI-;,NI—h'mn,u
I —
ko RTRG & RTRG
N1—k,N1—k Ni—k,N1—k
forje..N3-1
| —E _ (,_, RTRG T
N1-k,j Ni-k,Ni—-h  h,j+1
T e — 2
ki+1 RTRG LH RTRG
N1—k,N1—k N1—k, N1—k

Fig. 4.3 The implementation of x
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Cr=forzeD..N3-1

forje0..N3

ifz+1=3

| a1

|C +— 3T T +1
z.j i—p FJ f1+z

else

I N1
G A Z.‘]‘:_ =

z,j —n .3 i, 1+z

c
Fig. 4.4 The implementation of C.

trg(A,b):=||N —cols(A)
b
N-1
T —
-1
N-1,N-1
forie N—-2..0
II 1 N-1
||I-£— l[h_— Z A_ _II_]
i A_ ) i jit1 i, i
II 1,1
T

Fig.4.5 The implementation of the “direct run” method

0.107 ]
—0.069
YQR:=trg (CQR,—QQR" submatrix(C,0,133,0,0)) = 0.042
0.032
Fig. 4.6 The implementation of the “direct run’’ method
0.076
roves (V) _1 —0.24
Xqr=stack (ﬂr_q (RI‘RG,QT&— 3. submatrix(E,0,N1,i,i) -YQRJ ,YQR]: 0.068
=0 —0.42

Fig. 4.7 The implementation of the “direct run” method for finding N1+1=190 variables

0.783
1.002

A-Xgr=  |0.498
0.068

Fig. 4.8 The verification of the solution, AXq=B
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5. Conclusions

The possibility of a new method of improving the transmission of information and a clean separation
of signal and noise is suggested by the discovery presented in [1]. The basis of the proposed new way of
developing the theory and methods of communication is the rejection of the probabilistic method for
evaluating noisy signals according to the maximum likelihood rule. This method contains the
mathematical procedure for absolutely accurate separation, as well as proving the absence of any
fundamental theoretical limits on the effectiveness of communications, including the absence of channel
capacity limitations. This approach includes the fundamentally new concept and the technical aspects of
implementing telecommunication systems and uses systems of linear algebra equations (SLAE) to filter
signals from noise. The SLAE matrix is the linear algebraic matrix (LSM) that separates and extracts the
true values of informative signal parameters. Such a SLAE always has the solution, but obtaining this
solution sometimes requires a particular method to be used, because its matrix is not always square, but
can be rectangular as well. Therefore, the method of the orthogonal decomposition is proposed in this
paper. For obtaining the matrices of orthogonal decomposition the Gram-Schmidt process, which is
suitable for matrices of any size and composition, can be used. The method of solving a SLAE includes
full description of solution and acceptable for matrices of any size. The example of solving the SLAE
with a small matrix is presented in the paper. The MathCad Prime has been implemented for a bigger
matrix. The implementation includes the functions that can be used in any other programming language.
The solution has minimal norm and acceptable for linear algebraic matrices that separate signal and noise.
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