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Abstract

In order to solve the problem of multidimensional logic variable true value function remarked in the paper(Yaozhi
Jiang., 2017), now author has used discrete multiple Fourier transform to deal with the problem remarked above, and
obtained an theoretical formulations of discrete multidimensional Fourier transform for that multidimensional logic
variable true value function is unknown or we need the frequency properties of multidimensional logic variable true
value function. Another problem is about further and deeper properties of Kirchhoff matrices defined in author’s
paper(Yaozhi Jiang., 2017), author has established a series of matrix expression for Kirchhoff laws and some new
properties of Kirchhoff matrices. These results are all compute-able and complicated.

Keywords: Multidimensional discrete dynamical sampling system, Discrete multiple Fourier transform,
Multidimensional logic variable Kirchhoff matrices, Matrix expression of Kirchhoff flow function law, Matrix
expression of Kirchhoff power function law

1. Introduction

In the dialectical logic K-model, the case about multidimensional logic variable is so important that we have to solve
the sort of problem. As shown in author’s papers(Yaozhi Jiang, 2017.; Yaozhi Jiang, 2018.), author has solved
single-dimensional of these problems. To the case that multidimensional logic variable true value function is unknown
or needs analysis properties in frequency domain of the multidimensional logic variable true value function, now author
used the multidimensional discrete time and discrete space dynamical sampling system and discrete multiple Fourier
transform to the sort of problem of multidimensional logic variable true value function and obtained some results in the
section 2. Author also expanded the Kirchhoff graph and Kirchhoff matrix to the multidimensional logic variable true
value function in the section 3. These results are never heard of before.

2. The Multidimensional Discrete Dynamical Sampling System for The Multidimensional Logic Variable True
Value Function T(Ai”(x, Y, Z;t)) and T(Ai“(w,t))

The multidimensional logic variable true value functionT(P{"“(x, Y, Z;t)) is denoted to the true value function of
dialectical logic variable i"(x, Y, Z;t)involved 3-dimensional Euclidean space and 1-dimensional time, and true
value function T(Ai“(w,t is denoted a sort of logic variable Aﬁ“” (W;t) acted in topology space such as river
channel, highway, railway, etc. Author has explained the situation depended only gn time t, (Yaozhi Jiang, 2017), now
author will explain the situations in which true value functioanAi”(x, Y, Z;t) and T(Ai“(w,t) is unknown to
need discrete dynamical sampling system to determine their initial true value function or need multidimensional discrete
dynamical sampling system for discrete multiple Fourier transform to analyse true value function properties in
frequency domain.

In this paper, the true value f nctionT(Ai" (X, Y, Z;t)) of multidimensional logic variable Ai”(x, Y, Z;t) and true
value function T Ai” (W;t)j of multidimensional logic variable Ai“(w;t) are satisfied by the Dirichlet conditions,
i.e. the Fourier transform of both the true value functions as above are all existent.

2.1. Some Definitions, Symbols about Discrete Multidimensional Dynamical Sampling System and Discrete Multiple
Fourier Transform

Some definitions and symbols about discrete multidimensional dynamical sampling system and discrete multiple
Fourier transform must be reviewed and recalled as below.
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2.1.1 Denote the Imaginary Symbol by
i=v-1
2.1.2 Unit Sampling Pulse

5(x,y, 2:t) = Lif x=0,y=0,z=0;t=0;
Y BY=10, otherwise

2.1.3 If the 4-dimensional True Value FunctionT(Aj“(x, Y, z;t)) Is Continuous at the Point (XO, yo,zo;to), then
the Pulse Sample Function at Point (Xo, YorZgity) i

fﬂ(XOvYO7Zo;to):T(A4in(X01yo’zo;to))g(x_xo’y_ymz_zo;t_to)

2.1.4 Truncation Function for 4-Dimensional True Value Function T (Af” (X, Y, Z;t))

lLifte At,Tt—g;XE —g,TX—&;
2 2 2 2
Ay Ay Az Az
AX,AY,AZAt)=ye|-— T, ——lze|-——T,——
0, otherwise
As above, AX,Ay,Az, At all are sampling interval, T,,T,,T,,T, all are truncated interval and N, =l—x :
X
Ty Tz Tt H H :
Ny =—, NZ ==, Nt = — all are sampling number. What shown above means that the sampling is an equal
Ay Az At

interval sampling and every time pulse is corresponding to P = N, N, N space pulses, with another word, this is a

lattice structure..
2.1.5 The Convolution

C(x,y,z;t)= f"(x,y,z;t)x(Ax, Ay, Az; At)
2.1.6, Discrete 4-dimensional Fourier transform Q(T( f”(x Y, Zt))) and its inverse Fourier transform
QT (e, B, 7:5)
QT (A" (¢ y,2:0)) =T (@ 5. 1:0) =
-1N 1
T(Aj”(x, y,z;t))exp[— jzzz(N_+l3\/l_ﬂ = N_B

X Y z t

=4

y—IN, 1IN, =

X

x=0 y=0 z=0 t=0
in the formula above, & =012,--, Nx -15=012,-, Ny -Lx=012,-, Nz -6=012,-, Nt -1

Q’l(T*(Of,ﬂ 2:6))=

N, —IN, -IN, ~IN, -1 Yﬂ
ZZZ T (a0, B, y:5)exp jor| X% zr to
NNNNtaoﬁolwo NX N, NZ Nt
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in the formula above,

x=012,--,N, ~Ly=012--,N, ~L,z=012,---N, -1t =012,---,N, -1

Especially, when N, =N, =N, =N, =M , then

ot (A (x,y,z;))) = T(A"(x, y, z;t))exp(_ I{/IZﬂ (xa+yB+zy+ td)J

in the formula above, «, 3, ,0 =012,---,M -1

M-1IM-IM-1M-1

Q’l( T (o, B, 1:6 ) T (e, B, 1,6 exp( (Xa+y,b’+;(z+t5)J

aOﬂOlOEO

in the formula above, X,Y,z,t=012,---,M -1

2.1.7 Recurrences Formula of Discrete 4-Dimensional Fourier Transform Q. (T(Af” (X, y,Z;t))) and Its Inverse

O (T(A (x. v, ;1))
if the the sampling number is increasing and the sampling numberis N, , N, N,, N, then

QN(T(Ai”(x y,Z't))):

Ny lN 1N -1N

‘ o ( B,
T\A, x zt ex 2r iz

bl R b |

in the formula above,

a=012--,N,~Lf=012---N, ~L y=012-N, -L5=012,---,N, -1

Qﬁ(T*(a B, 1:0))=

—IN, 1IN, 1N, -1
ZZ T (a, B, 1:6)exp j2z[xa+£+ Zx +EJ
NxNyNZNt a=0 =0 =0 5= Nx Ny NZ Nt

in the formula above,

X:O,l,z,"', Nx _l;yzoilzl'na Ny _:LZ :01112!'“1 Nz _:Lt :Ol:LZ)'“Nt _1

If the sampling number is (NX+1), (N +l),(NZ +1) and (Nt+1),then

QN+1(T( Xth)) i%i NtT( xyzt)exp[ JZH(N ?\'jﬁ NZ+N—tBinthe

x=0 y=0 z=0 t=0 X y

formula above,

(ZZO,].,Z,"', NX;,BZO,].,Z,---, Ny;ZZOJ:LZ!'“l Nz;5=0,12,---, N
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1
(N, +1)N, +21(N, +1YN, +1)

N, N,
ST (@, B i6)exp| j2n] —2—+ bz 16
a=0 =0 y=006=0 Nx+1 Ny+1 NZ +1 Nt+1

in the formula above,

L (T (e B, 1:6))=

x=012,--,N,;y=012,---,N;z2=012,---,N,;t=012,---,N

Especially when the sampling numberis N, =N, =N, =N, =M, then

Q,, (T( (x,y,z;t) )) ithz_ufT( (x,y,z;t )exp( 12 (xa+y,8+z;g+t5)j

x=0 y=0 z=0 t=0

in the formula above, «, B, y,0 =012,---,M -1

e 1 MAM-IM-1M- j2r
Q. (T (a, B, 7:6) ):—ZZZZ (a, B, 0 exp(—(Xa+ yﬂ+z;(+t5)j
M* a=0 =0 z=0 5=0 M
in the formula above, X,Y,z,t=012,---,M -1

If the sampling number is N, = N, =N, =M +1, then

QMH(T(AI” (X, Y, z;t))): iiiiT(A}” (X, Y, z;t))exp(;/ljij (xa+yB+zy +t5)j

x=0 y=0 z=0 t=0

in the formula above, «, B, y,0 =012,---,M

iiiif(mﬂwﬁ)em[,\jlzfl(xa+yﬂ+zz+t5)j i the

QKA1+1<T*(a'ﬂ'Z; 5)):
formula above, X,Y,Zz,t=012,---,M

2.1.8 The Discrete 2-Dimensional Fourier Transform to True Value Function T(A;”(W;t)) of 2-Dimensional Logic

Variable A" (w; At)

Follow the section 2.1.2.,2.1.3., 2.1.4.,2.1.5., for the 2-dimensiontruevaluefunction
we can established the formulas below

off (A w))= 33 lT( Wt)exp( 127{N¢ :\'ﬁﬁ

w

23



http://jmr.ccsenet.org Journal of Mathematics Research \ol. 10, No. 3; 2018

0 (1 (g1 ST Gu eXP(JZﬂE\I'\\II—(éJrLﬂD

t ¢=0 u=0 w t

in the formula above, W=012,---,N;t=012,--- N,

If the sampling number is increasing and the sampling number is N, and N, then the recurrences formula of discrete
2-dimensional Fourier transform is as below.

0, {1 ot) - Sl o - e )

w Nt
in the formula above, ¢=012,---,N, -5 #=012,---,N, -1
1

(T (g u))= NW_th_lT*(¢:u)exp[jZﬂ(VNV—¢+tﬁD

NWNt #=0 u=0 w Nt
in the formula above, W=012,---,N, -Lt=012,---,N, -1
If the sampling number is N, +1 and N, +1, then

N

QN+1(T(A§”(w:t)))=NZOtOT( Wt)ex"[ jz”[vavvﬁ1+Nti1JJ

in the formula above, ¢ =01,2,---,N ;2 =012,---,N,

=

~ . 1 N,,—IN,-1 . . W¢ t/,l
QwalT (4 1))= T(¢; 2
alT(140) (N, +1(N, 11) & = (v “)EXF{J 7{ N1 Nt+1D
in the formula above, W=012,---,N;t=012,--- N,
Especially if N, =N, =M, then
M-1M-1 2
0, (A ()= 3374 o] ~ 257 g 10|
w=0 t=0 M
in the formula above, ¢, £#=012,---,M -1
M-1M-1
QT (g:10))= ZZT (¢ 1 eXp( (W¢+t/~t))
#=0 =0

in the formula above, W,t =01,2,---,M -1
The recurrences formula of discrete 2-dimensional Fourier transform and its inverse transform are as below

0 ()= S5 (45" (o] - 127 g+ 1)

in the formula above, ¢, £#=012,---,M -1

M-1M-1

w=0 t=0

M-1M

Qflm( i )=Mizz (o, 1t exp(lv(wwrt ))

#=0 =0

in the formula above, W,t =0,1,2,---,M =1
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00 (85" w00) = 23 (A o] ~ 127 w10

W=0 t=0 +1

in the formula above, @, £ =012,---,M

0l )= 1 ST o 2 4 )
(M +1) 55i= M+1
in the formula above, W,t =0,12,---,M

3. The Kirchhoff Graph and Kirchhoff Matrices of Multidimensional Logic Variable (Maden, A. D., Cevik, A. S.,
Cangul, 1. N. et al. 2013)

In the last paper by author (Yaozhi Jiang, 2017), we have a series of definitions and concepts about the Kirchhoff matrix
initially. In this section, we will explain the properties of Kirchhoff matrix carefully and deeply.

3.1 Definitions about Kirchhoff Graph (Yaozhi Jiang, 2017; Yaozhi Jiang, 2018)

Defines a graph Gy = {vi, Eij}, in which V; is the vertexes set and E”- is the edges set, theV; is denoted the

i — th vertex and the Eij is denoted the edge conjunction between vertex V;and vertex V;, if the edge exists.

A graph can be called as a Kirchhoff graph, if and only if:
The graph is a connected, directed, no self-loop, no multiple edge and Kirchhoff-weighted graph ;

A. In the graph every vertex V; is weighted a power function V, (t) in which t is time variable; in the graph every
edge Eij is weighted a power function ;; (t) produced by

pij(t)zvi(t)_vj(t)

In the formula above, the power function of head vertex minus the power function of tail vertex, otherwise the direction
of edge is opposite and need make the direction of the edge redirected by another direction or sign a negative sign
before the  [0j; (t);

B. In the graph, there is a pair of vertex, one vertex is called as source vertex V_,, its power function is constant +1,
and another vertex is called as sink vertex V_,, its power function is constant -1, and the power function of the edge
E+l’,l is a constant 2, the flow function of edge E+1,71 isaconstant | ;

C. In the graph, for k — dimensional logic variable there is a complete sub-graph , its vertex number is 2k , of cause
its edge number is k(2k —l). This complete sub-graph can be called as primary sub-graph;

D. In the graph, for N -contradiction factors there are k(2k —1) secondary sub-graph (See Yaozhi Jiang 2018);

E. The source vertex V., is connected to every positive vertex, and the sink vertex V_, is connected to every
negative vertex;

F. To the every cycle H , in the graph, the formula as below must be satisfied:

Z pij(t): 0

ifedgEjjeH,

Inwhich H . isdenoted the m—th cycle in the graph;

G. In the graph every edge E;;, if the edge E;; exists, is weighted a flow function fij(t), to the total edges
conjugated with vertex V;, the formula as below is satisfied:

> f,(t)=0

if £, (0ev,

In which incoming edges is positive and outgoing edges is negative;
I. The formula below is defined as a contradiction function Cij (t)on the edge Eij :
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Vi(t)_vj(t) pij(t)
SO="H0 T

J.Define the energy produced on the edge Eij or the work done on the edge Eij as below:

Wij = ]1. p; (t)f;;(t)dt

to

If the W;; > 0, then the definite integral above is defined as that an energy source produced on edge E ; if the
W; < 0, then the definite integral above is defined as that work done on the edge E Thus we have the energy
conversatlon law as below:

to

W;; = Z I Pij (t)fij (t)dt =0

for-all-edges for—all—edgest0

i.e. the algebraic sum of energy produced on every edge and work done on every edge is zero in the graph.

Now we have a series of definitions to a sort of graph, the sort of graph can be called as Kirchhoff graph. Because of the
graph is satisfied by Kirchhoff laws.

3.2 Kirchhoff Matrix

From definition of Kirchhoff graph above, we can obtain the Kirchhoff matrices via special adjacent matrix for
Kirchhoff graph.

A. The first row of Kirchhoff power function matrix is the power function sequence below:
+1,-1 ;5 (t) P (t) P (1), i (0) -, i (0). Pra (0) P2, (2) P2 (8). P (1), po (E) oo,
P30 () P2 (), Py a(t) Poa(t) Py (t) Py o (0o Py (8 Py ()

to vertex sequence below:

Vo Vo Vi (O (0.3 (O, (O v, (0.5 (0.5 (0 (05, (0 v, (1),

Vo (02 O+ V51 OV, (05,0 v, (O v5 ()5 0 (1)

its first column is the transposed sequence of first row;

it is correspondent

B. Its other elements of power function matrix is the power function pij( )of corresponding edge E;; j (if the edge

E;; exists);

The first row of Kirchhoff flow function matrix is the vertex sequence :

Vi Vo, V1+,1 (t)' Vl_,l (t)’ V1+,2 (t), Vl_,Z (t)’ T V1+,n (t)’ Vl_,n (t), V2+,1 (t)’ V2_,1 (t)' V2+,2 (t)' Vz_,z (t)’ T
V2+,n (t)’ V;n (t)’ T Vg,l (t)v V;,l (t)’ Vg,z (t), V;,z (t)’ T Vg,n (t)’ V;,n (t)
its first column is the transposed sequence of first row, and other elements of flow function matrix is the flow function

f(t) on corresponding edge E;; (if the edge E;; exists);

C. The contradiction function matrix is depended on the definition in A., its first row and first column are as same as the
definition in A., its other elements are contradiction function

OB

on corresponding edge  E;; j (if edge E exists);
D. The first row and first column of Klrchhoff power capacity function matrix are as same as the definition in A., its
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other elements are that power function [; (t) times flow function fij (t) ie.
P (t)= Pij (t)fij (t)

on corresponding edge E;; (if the edge E;; exists);

E. The first row and first column of Kirchhoff work and energy infinite integral matrix are as same as the definition in
A., its other elements are that definite integral

b
W; :.[ pij(t)fij (t)dt
t
on corresponding edge Eij (if edge Eij exists);
So we have the further properties about Kirchhoff matrix below.
3.2.1 Power Function Matrix M,

My, =
0 +1 -1 p) py P P Par P Pia Pae Pon Pan Pi2 Pis o P Pz Pez Pin Pen
+1 0 2 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0
-1 -2 0 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ®
P -® 0 0 ® ® ®© ® ® 0 0 0 0 0 0 0 o0 0 0 0 0
hp 0 -® -® 0 ©® ®© ® ® 0 0 0 0 0 o0 0 o 0 0 0 0
P, -® 0 -® -® 0 ® ® ® ® 0 ® 0 0 0 0 o0 0 0 0 0
Py 0 -® -® -® -® 0 ® ® 0 © 0 ® 0 0 0 o0 0 0 0 0
P, -® 0 -® -® -® -® -~ 0 ® 0 0 0 0 0 0 0 o0 ® 0 ® 0
Py 0 -® -® -® -® -® - -® 0 0 0 0 0 0 o0 0 o 0 ® 0 ®
P, -® 0 0 0 -® 0 - 0 0 0 ® ® 0 ® ® 0 o0 ® ® 0 0
m, 0 -® 0 0 0 -® -~ 0 0 -® 0 0 ® ® ®© 0 o ® ® 0 0
P, -® 0 0 0 -® 0 0 0 -® 0 0 ® 0 0 ® ® 0 0 ® ®©
by O -® 0 0 0 -® -~ 0 0 0 -® -® 0 0 0 ® ® 0 0 ® ®
P, -® 0 0 0 0 O 0 0 -® -® -~ 0 0 0 ® ® 0 ® ® ® 0
p, 0 -® 0 0 0 0 - 0 0 -® -® - 0 0 -® 0 0 ® ® ® 0 ®
P, -® 0 0 0 0 0 0 0 0 0 -® -® -® 0 0 ® ® 0 ® ®©
B, 0 -® 0 0 0 0 -~ 0 0 0 0 - -® -® 0 -® - -® 0 0 ® ® ®©
B, -® 0 0 0 0 0 « -® 0 -® -® « 0 0 -® -® « -® 0 -« 0 ® - ® 0
b, 0 -® 0 0 0 0 -« 0 -® -® -® «- 0 0 -® -® - 0 -® - -® 0 - 0

B, -® 0 0 0 0 0 -« -® 0 0 0 -« -® -® -® 0 - -® -® « -® 0 - 0

P, 0 -® 0 0 0 0 « 0 -® 0 0 « -® -® 0 -® « -® -® « 0 -® -« -® 0

In the Kirchhoff power function matrix above, the matrix element is
®; = P; (t)

on corresponding edges Eij (if the Eij exists). The time t in vertex sequence symbols of the first row and the first

column is deleted to save page space.
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3.2.2 Flow Function Matrix M

MKf_

0 i Vi Vi Vi Vh Voo Vi Vi Ve Vap e Vi Vo Vap Vap e Vi Ve oo Vi Vip e W, Vi
v, 0 1 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0
v, -1 0 0 ® 0 ® 0 ® 0 ® 0 ® 0 ®© 0 ® 0 ® 0 ®
vV, -® 0 0 ® ® ® ® ® 0 0 0 0 0 0 0 o 0 0 0 o
vy 0 -® -® 0 ® ©® ® ® 0 0 0 0 0 0 0 0 0 0 0 o
Vi, -® 0 -® -® 0 ® ® ® ® 0 ® 0 0 0 0 0 0 0 0 o
V;; 0 -® -® -® -® 0 ® ® 0 ® 0 ® 0 0 0 0 0 o0 0 0
V, -® 0 -® -® -® -® -~ 0 ® 0 0 0 0 0 0 0 0 ® 0 ® 0
Vv, 0 -® -® -® -® -® - -® 0 0 0 0 0 0 0 0 0 0 ® 0 ®
v, -® 0 0 0 -® 0 0 0 0 ® ® 0 ® ®© 0 o ® ® 0 0
v, 0 -® 0 0 0 -® 0 0 -® 0 0 ® ® ®© 0 0 ® ® 0 o
v, -® 0 0 0 -® 0 0 0 -® 0 0 ® 0 0 ® ® 0 o0 ® ®
v, 0 -® 0 0 0 -® -~ 0 0 0 -® -® 0 0 0 ® ® 0 0 ® ®
v, -® 0 0 0 0 0 0 0 -® -® -~ 0 0 0 ® ® 0 ® ® ® 0
v, 0 -® 0 0 0 0 0 0 -® -® «- 0 0 -® 0 0 ® ® ® 0 ®
vV, -® 0 0 0 0 0 0 0 0 0 -® -® -® 0 0 ® 0 0 ® ®
vy, 0 -® 0 0 0 0 0 0 0 0 —® -® 0 -® ~® 0 0 0 ® ®
vV, -® 0 0 0 0 0 « -® 0 -® -® -~ 0 0 -® -® -+ ® 0 -« 0 ® - ® 0
Vi, 0 -® 0 0 0 0 « 0 -® -® =® «+ 0 0 -® -® «+ 0 ® -« -® 0 - 0

vV, -® 0 0 0 0 0 « -® 0 0 0 « -® -® -® 0 - -® -® - -® 0 - 0

v, 0 -® 0 0 0 0 « 0 -® 0 0 -« -® -® 0 -® « -® -® - 0 -® -« -® 0

In the Kirchhoff flow function matrix above, the element of the matrix is every flow function
®ij = fij (t)

on the corresponding edge Eij (if the edge Eij exists).The time t in vertex sequence symbols of the first row and
the first column is deleted to save page space.
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. . . My,
3.2.3 Contradiction Function Matrix M = M
Kf

My, =

0 vy vV Vo Ve Via Voo Voo Vin Vo Vao Vi Vin Voo Yk V2 Ven Vin
v, 0 3 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0
v, "% 0 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ® 0 ®
V, -® 0 0 ® ® ® ® ® 0 0 0 0 0 0 0 0 0 0 0 0
v, 0 -® -® 0 ® ® ® ® 0 0 0 0 0 0 0 0 0 0 0 0
vV, -® 0 -® -® 0 ® ® ® ® 0 ® 0 0 0 0 0 0 0 0 0
v;; 0 -® -® -® -® 0 ® ® 0 ® 0 ® 0 0 0 0 0 0 0 o0
W, -® 0 -® -® -® -® - 0 ® 0 0 0 0 0 0 0 ® 0 ® 0
Vi, 0 -® -® -® -® -® - -® 0 0 0 0 0 0 0 0 0 ® 0 ®
Vi, -® 0 0 0 -® 0 0 0 0 ® ® 0 ® ® 0 0 ® ® 0 0
v, 0 -® 0 0 0 -® 0 0 -® 0 0 ® ® ® 0 0 ® ® 0 0
v, -® 0 0 0 -® 0 0 0 -® 0 0 ® 0 0 ® ® 0 0 ® ®
v, 0 -® 0 0 0 -® -- 0 0 0 -® -® 0 0 ® ® 0 0 ® ®
v, -® 0 0 0 0 0 0 0 -® -® -~ 0 0 0 ® ® 0 ® ® ® 0
v, 0 -® 0 0 0 0 0 0 -® -® -~ 0 0 -® 0 0 ® ® ® 0 ®
v, -® 0 0 0 0 0 0 0 0 0 -® -® -® 0 0 ® ® 0 ® ®
v, 0 -® 0 0 0 0 0 0 0 0 -® -® 0 -® -® 0 0 ® ® ®
v, -® 0 0 0 0 0 - -® 0 -® -® - 0 0 -® -® - -® 0 - 0 ® - ® 0
v, 0 -® 0 0 0 0 - 0 -® -® -® -~ 0 0 -® -® 0 -® « -® 0 - 0

v, -® 0 0 0 0 0 - -® 0 0 0 -« -® -® -® 0 - -® -® - -® 0 - 0

v, 0 -® 0 0 0 0 - 0 -® 0 0 - -® -® 0 -® - -® -® - 0 -® - -® 0

In the Kirchhoff contradiction function matrix above, the element of the matrix is every contradiction function

pij(t)
ST

on the corresponding edges Eij (if the edge Eij exists). The time tin vertex sequence symbols of the first row and
the first column is deleted to save page space.
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3.2.4 Power Capacity Function Matrix M,
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In the Kirchhoff power capacity matrix above, the element of the matrix is every power capacity function

pij(t)fij(t)

on corresponding edge Eij (if the edge Eij exists). The time 1 in vertex sequence symbols of the first row and the

first column is deleted to save page space.
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3.2.5 Work And Energy Definite Integral Matrix M
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In the Kirchhoff work and energy definite integral matrix above, the element of the matrix is
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®; :T pij(t)fij (t)dt

to

on the corresponding edges Eij (if the edge Eij exists). The time tin vertex sequence symbols of the first row and the
first column is deleted to save page space.

The definite integral matrix below

t, t t
M Kwe — I M Kpcdt = J‘(M Kp X M Kf )jt = J‘ Pi; (t)fij (t)dt
t t to

is the matrix expression for Kirchhoff work and energy definite integral.
3.2.6 The Basic Properties of Kirchhoff Matrices

A. These Kirchhoff matrices above are all “every element on main diagonal is zero”;

B. These Kirchhoff matrices above are all axis-symmetrical on the main diagonal taken as symmetrical axis, therefor
the Kirchhoff matrices above are all triangular matrix;

C. When a graph is named a inverse graph G about graph G, if and only if the G is isomorphic-equality to the
graph G, but its direction of every edge is inverse. The Kirchhoff matrix above has been divided into two graphs by
the main diagonal, in which one is the Kirchhoff graph and another is the inverse graph of the Kirchhoff graph. With
another word, as a boundary by the main diagonal, the matrix can be divided into two parts: the right-upper and the
left-lower. The corresponding graph of right-upper and left-lower are inverse graph each other;

D. The blocking of Kirchhoff matrices

MKf

0 vy vaivyovp VoV Ve Via | Via Vi Via Via [Vi Vi Vin Vi iotiVip Vi Vo Ven
0 ® 0/® 0 ® 0.® 0 ® 0] ® 0 ® 0
® 0 ®' 0 ® 0 ®!0 ® 0 ® 0 ® 0 ®
® ® ® 0 0 0 0:0 O 0 0 0 0 0 0
® ® ® 10 0 0 010 © 0 0!~ 0 0 0 0
® ® ®i® 0 ® 0:0 0 0 0i-io0 0 0 0
0 ® ®i0 ® 0 ®4i{0 0 0 0i-i0 0 0 0
0 ® 0 0 0 0i0 o0 0 0 i® 0 ® 0
-® 0 :0 0 0 0:0 0 0 0 -0 ® 0 ®
0o 0! ® ® 0.8 ® 0 0 ® ® 0 0
3 0 0 0 0 ®i® ® 0 0i-l® ® 0 0
Vi 0 -® 0 0 0 ®i0 0 ® ® 10 0 ® ®
V5, 0 0 -® - 0 -® 0 ! 0 ® ® 10 0 ® ®
Vs, 0 0 0 0 0 0 : ® ® 0 ® ® ® 0
Vi, 0 0 0 0 0 0 0 0 ® i1 ® ® 0 ®
0 ® ®
®

W, -® 0{0 0 0 0 - -® 0{0 0 - -® -® -® 0 0
Vi, 0 -® 0 0 0 0 - 0 -® 0 0 - -® -®| 0 -® - -® 0

Therefor the flow function Kirchhoff blocked matrix is as below:
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A3><3 BSka C2,3><2(n—1) C3,3><2(n—1) Ck,3x2(n—1)
Bszxs B4k2 D2,2k><2(n—l) D3,2k><2(n—l) Dk,2k><2(n—1)
T T
M. = C2,2(n—1)x3 D2,2(ﬂ—1)xzk C2,4(n—1)2 C2@3,4(n—1)2 CZ@k,A(n—l)z
K = || ~T T T
Caopnaps  Daafnapax Cs@z,4(n71)2 C3,4(n71)2 o C3®k,4(n—1)2
T T T T

Ceanaps  Dranapeax Ck®2,4(n—1)2 Ck@3,4(n—1)2 o Ck,4(n—1)2

The matrix blocks on the main diagonal, such as A, 5, B is the k -dimensional primary sub-graph, and the other

4K?

matrix blocks on the main diagonal, such as 0214(%1)2 :"'an'4(n71)2 are the secondary sub-graph shown in the

paper(Yaozhi Jiang., 2018). The blocked matrix’s sub-matrix those are axis-symmetrical on main diagonal is transposed
matrix each other.

We have blocked only on the Kirchhoff flow function matrix, actually we can block on all Kirchhoff matrices defined
above, if the blocking is necessary to our calculation;

E. The calculating for every vertex flow function in Kirchhoff matrix

First, we define a Square-ruler when we move from the first place element of flow function matrix one by one follow
the row (or column), if we meet the element zero in main diagonal then we turn from the element zero to follow the

column (or row), this looks like a light reflected by the main diagonal, except the V,, row or column and Vl;ln row or

column.

We have known that the every row element or every column element in the Kirchhoff flow function matrix is the
adjacent relationship from first place vertex of row or column to the other vertexes on the same row or column.
Therefor we can obtain the below:

In the Kirchhoff flow function matrix, on the the v , row or column and V;’IH row or column, algebraic sum of the

flow function on every row or every column is zero.

Or in the Kirchhoff matrix, on the other row or column, the algebraic sum of flow function on every Square-ruler is
zero.

This is the matrix expression of Kirchhoff flow function law above;
F.The calculating for cycle power function in Kirchhoff matrix
At first, we show an example of Kirchhoff power function matrix and its corresponding Kirchhoff graph below.
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We have known that a cycle example in the Kirchhoff power function matrix is the sequence such as:
V,=>0®=2V, =202V, ==V, ==V, =>+2=v,
or
V,o,=20=V, =RV =BV, =202V, =RV, = -0y,

The cycle defined above can be called as Kirchhoff cycle in Kirchhoff power function matrix. Therefor we have the
matrix expression of Kirchhoff power function below:

The algebraic sum of all edge power function in every Kirchhoff cycle is zero.
A property might be mentioned that in the Kirchhoff cycle there are not repeating edges in the same cycle;
F. The minimal power capacity path from vertex V,; tovertex V_;

Now we have another problem: how to calculate the minimal power capacity path from vertex V , to vertex V ,?
Undoubtedly such a path exists. We can use the famous Dijkstra’s Algorithm in graph theory to the power capacity
matrix to solve the problem.(Berge., 1973)

Redundancy analysis for elements in Kirchhoff matrices

Redundancy analysis is for the elements in Kirchhoff contradiction function matrix. To every nonzero element in
Kirchhoff contradiction function matrix, if the contradiction function value of some element is larger, it is more
important. With another word, if the contradiction function value of some element is larger, its redundancy is smaller.
According to this property we can delete the elements whose redundancy is larger to simplify the calculating of
Kirchhoff matrices. Of cause the deleting would increase the error of true value function.

4. Conclusion

As shown above, author has solved the two problems: multidimensional discrete sampling system on multidimensional
logic variable true value function and further properties of Kirchhoff matrices, even if they are theoretical but can be
played two very important parts in the dialectical logic K-model. And this paper indicated that the dialectical logic
K-model is rather complicated.
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