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Abstract: Making use of the mathematical model with dynamic features and attribute disjunctive
characteristics, the new concepts of aF-information segmentation, aF-information segmentation,
(ocF p ocf)-information segmentation and their attribute characteristics are given, and the intelligent
acquisition of matrix reasoning and information segmentation is given, as well as the information seg-
mentation theorem. Moreover, the equivalence between information segmentation and information
fusion is discussed, and the information fusion intelligent acquisition intelligent retrieval algorithm
is given. Based on these theoretical results, the intelligent information fusion retrieval algorithm and
its simple application in health big data are presented. In conclusion, the results presented in this
paper are entirely based on new ideas.
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1. Introduction

Facts I~III encountered in the application research of information fusion and informa-
tion retrieval are as follows: (x)= {x1,xp,- -, x¢} isinformation, x; € (x) is an information
element; a= {a1,ay,- - ,a;} is the attribute set of (x) (« is the characteristic set of (x));
and attribute ¢; € « of information element x; € (x) satisfies the “disjunctive normal form”.
Information (x) has dynamic characteristics:

L Some information elements x; outside (x) are added to (x), (x) generates @),
(x) € (®"

II. Some information elements x; in (x) are deleted from (x), (x) generates (Y)f,
and (%)F C (x);

IIL. Under the condition that I and II exist at the same time, (x) generates (Y)F and

(Y)f at the same time, and (¥)7 C (x) C (x)F.

Facts I~III have not attracted people’s attention in the application research of infor-
mation fusion and information retrieval. I is internal information fusion (the information
element x; outside (x) is fused into (x), and (x) generates (x)F); 1L is the external informa-

tion fusion (the information element x; in (x) is fused outside (x), and (x) generates @)F);
III is internal and external information fusion. I and II are two forms of information fusion.
Many authors have studied the theory and applications of information fusion (see [1-7]).
The following new concepts are obtained by re-understanding and re-studying I~III:

I*. 1is af -information segmentation;

IT*. Il is a-information segmentation;
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IIT*. I is (aP , ocf> -information segmentation; “Information segmentation” has become a
new concept in the application of information fusion.

A number of authors are focusing to find a mathematical model and method with
dynamic characteristics to study I~III; in article [8], the authors propose an inverse packet
sets (p-sets) model is given and it also gives the structure of the model; several applications
of inverse p-sets are given in [8-12]. The inverse p-sets is obtained by introducing the
dynamic characteristics into the finite ordinary element set X and improving the finite
ordinary element set X. The characteristics of inverse p-sets are exactly the same as facts
I~IIIL Therefore, inverse p-sets is a new mathematical method to study information fusion,
information dynamic retrieval and application. Refs. [13-19] presented p-sets that are are
dual forms of inverse p-sets, and [20-22] presented function inverse p-sets as the functional
form of inverse p-sets. Function p-sets are the functional forms of p-sets as given in [23,24],
and they are widely used in dynamic information systems.

The main results of this paper are as follows:

1.  The structure and characteristics of inverse packet sets are introduced, and the fact
of the existence of inverse p-sets and its logical characteristics are given, which are
important and indispensable.

2. The concept of information segmentation is given, and their attribute characteristics
are discussed.

3. The intelligent acquisition theorem of information segmentation is given by using
inverse p-augmented matrix reasoning;

4. The equivalence concept and theorem of information segmentation and information
fusion are given;

5. The information fusion intelligent acquisition-retrieval algorithm and its application
are presented. Application examples come from the disease diagnostic-treatment
block of “Health Big Data”. The conceptual and theoretical results presented in this
paper are new.

2. Inverse P-Sets Mathematical Model and Its Dynamic Structure
Given finite ordinary element set X = {xq,x2,--- ,x,} C U = {ay,42,--- , a5} C V

is the attribute set of X, and YF is referred to as the internal inverse p-sets generated by X,
Xf = xux*t 1)
X7 is called the F-element supplementary set,
XT=A{ujjui e Uu; ¢ X, f(u;) =x'; € X, f € F} 2)
If attribute set af of X' meets
of =au{i|f(B))=ai€afeF} 3)

here, in 3), B; € V,B; ¢ w, and f € F changes B; into f(B;) = &/; € « in (1),
X = {xl,x3,~ <X b,g<t,q,reNT.
Call X' the outer inverse p-sets of X,

X =X - X~ @)
X~ is called the F-element deletion set of X,

X = {x,‘

X; € X,f(xl-) = Uu; ¢ X,? S F} (5)
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If attribute set af of X' meets

& _“_{ﬁz

flai) = Bi ¢ o, f € F} ©)

here, in (6), a; € &, and f € F changes a; into f(«;) = B; ¢ «; and of # &, in (4),
<F
X ={x,x, -, x5}, p<qpgeNt.

. . . . <F :
The element set pairs constituted by internal inverse p-sets X and outer inverse p-sets

X" are called the inverse p-sets generated by X, inverse p-sets for short, and recorded as

(X', X") @)

Cantor set X is referred to as the ground set of inverse packet sets.
From (1)—(3), we have that if oclf C 1x12: c...C ”‘5—1 C af, then

XcXbc...cxt X ®)

From (4)—(6), we also have that if ocF - "‘n 1S C zxg C zxf, then

From (7)-(9), we obtain
<F < F <F  <F <F <F
(Xl’Xn) (XZIXn 1) c.--C (anerZ) - (Xn/Xl)‘ (10)

From (8) and (9), we obtain

(X5 XhlieLje)) (11)

(11) is referred to as the family of inverse p-sets generated by X, and (11) is the general
expression of inverse packet sets.
From (1)—(11), we obtain the following theorem.

Theorem 1. In the case of F = F = &, the inverse p-sets (YF,YF). and finite common element
set X meet:
(X, X )prpy =X (12)

Proof. 1. If F = &, then we have

in (3), F:aU@—tx {i|f(Bi) =d'ica,feF} =2

in (2), XT={wiju; € U,u; ¢ X, f(u;) = «'; EXfEF}-@
in (1), X" —XUX“‘—XU@ X.
2. 1ff @, then in (6), af =a — {Bi|f(Bi) = & ¢ w,
{Bilf(B l = ¢ af € F} = @,in(5), X~ ={xlx; € f(
n@), X =X-X" =X-0=X.

From 1 and 2, we can complete this theorem. []

Theorem 2. In the case of F = F = &, the inverse p-sets family

{(x"x)|ienjer}

and finite common element setX meet:

(R enie), =
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The proof is similar to Theorem 1, and it is omitted.

Proposition 1. Under static dynamic conditions, finite ordinary element set X is a special case of

inverse p-sets (X, X' ), and inverse p-sets (X, X' ) is the general form of finite ordinary element
set X.

Proposition 2. The dynamic characteristics of the inverse p-sets (YF, YF) come from the attribute
supplement and attribute deletion in the attribute set o of X, the opposite is true.

Remark 1. (1) U is a finite element domain and V is a finite attribute domain;
(2Q)F = {f1,fo, ,fn} and F = {71,f2,~ . ,j‘n} are the family of element (attribute)

transfer; f € F, f € F are element (attribute) transfer, element (attribute) migration is the concept
of transformation or function;

(3) The characteristics of f € F are that for element u; € Uu; ¢ X, f € F changes u;
intof (u;) = x'; € X; for attribute B; € V, B; ¢ , f € F changes B; into f(B;) = a. € a;

(4) The characteristics of f € F are that for element x; € X,f € F changes x; into
f(x;) = u; ¢ X; for attribute a; € a, f € F changes a; into f(;) = B; & &;

(5) The dynamic characteristics of (1) are the same as the dynamic characteristics of accumulator
T=T+1;

(6) The dynamic characteristics of (4) are the same as the dynamic characteristic of down-
counter T = T — 1. For example, in (1) Xi = XU X, let Xi = X, Xp= X; U Xy =
(XUX{)UXS,- -, and so forth.

The fact of the existence of inverse p-sets and its logical characteristics.

X = {x1,x2,x3,%4,x5} is a finite set of common elements composed of five chil-
dren’s toys, & = {a1,ap, a3, a4, a5} is the attribute set of X (the color set of the children’s
toys), where a; denotes red color, ay denotes yellow color, a3 denotes blue color, ay
denotes blue color, and a5 denotes orange color. The attribute «; of Vx; € X satisfies
the “disjunctive” feature in mathematical logic, or the attribute «; of Vx; € X satisfies
o =a1VaryVazVagVas;i=12,---,5and "VvV”is a “disjunctive” operation.

1. If the attributes a¢ and a7 are supplemented in «, among them, a¢ denotes black
color, &y denotes purple color, & generates

of = aU{ag, a7} = {ay, a0, a3, 04, a5, a6, 07}

then X is supplemented with x¢ and x7,
—F . .
X generates X' = X U {xg, x7} = {x1,x2, X3, x4, X5, X, X7}, the attribute of x; is

a; =(ayVapVagVagVas)VagVay=a1VarVazVayVasVagVay

2. If the attributes a4 and a5 are deleted in &, « generates of =a — {ag, a5}= {a1, a2, a3},
then x4 and x5 are deleted in X, X generates X =x-Xx" ={x1, X2, X3, x4, X5} — {x4, x5}
. <F .
= {x1, x2, x3}, and the attribute of Vx; € X is

a; =(ayVapVagVagVas)—VagVas=aVapVag

3. If the supplementary attribute and deletion attribute are carried out simultane-
ously in &, a generates af and «F at the same time, X generates X" and XF, or X gen-
erates (XF,XF) ; the attribute a; of Vx; € X' and the attribute aj of Vx; € Xt satisfy

(Vi k) Vi_g ax, (Vi_jax) — V3_,ax). This is a simple fact which can be accepted by
ordinary people.
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The concepts and models given in Section 2 are the preparation of the research theories,
and the related methods are given in Sections 3-6; it is important to read and accept the
research results of Sections 3-6.

Agreement: (x) = X,(®)" = X',®F = X, (®F,(®F) = (X', X") in Section 2.
These marks are used in Sections 3-6 without special explanation.
3. Information Segmentation and Its Attribute Characteristics

If there exists Ax # @, Ax N (x) = & meet

@F = (x)uax (13)

then (%)F is the af-information segmentation of information (x).
If there are Vx # &, Vx N (x) = & meet

(B = () - Vx (14)

then (%)" is the af-information segmentation of information (x).

The information segmentation pair composed of (¥)" and (%) is called (af,af)-
information segmentation of information (x), recorded as

(@, @ (15)

called _
{(®, @®))ieLje]} (16)

is the (af, af)-information segmentation family of information (x), and (16) is a general
expression of (af,al)-information segmentation.
In (13), Ax is the composition of information element x; supplemented in information (x);
In (14), Vx is the composition of the deleted information element x; in the information (x).
From (13)—(16), we obtain the following.

Theorem 3. (af-information segmentation attribute theorem) If (f),f is the af -information parti-
tion of information (x), af and a are the attribute set of (Y),f and (x), respectively, then

af — (aUAR) =2 (17)
In(17), Ax # &, N Ax = &, Aw consists of the attribute a; added to «.

Proof. From (1)-(3) and (13) in Section 2, « C oc,f , Aw is the supplementary attribute set in «,
or zx,f = a U A, we can directly obtained (17). O

Theorem 4. ( vcf-information segmentation attribute theorem) If (f)f is the af-information parti-

tion of information (x), af and w are the attribute set of (Y)f and (x), respectively, then

af —(a—Va) =02 (18)

In (18), Va # &, N Va = &, Va is the composition of attribute ajin a.
The proof is similar to Theorem 3, and it is omitted.
From Theorems 3 and 4, we can obtain directly the following.
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Inference 1. If ((Y),f, (f)f) is the (aF, aF )-information segmentation of (x), the attribute set
(ocf,akf) of ((7),{, (Y),f) and the attribute set aof (x) meet

(af, zxf) —(aUAx, 0 —Va) =2 (19)

In (19), (af, ocf) — (aUAa, 0 — Va) = @ represents af. — (¢ U Ar) = @,ockf — (e —Va) =0.

Theorem 5. (Attribute disjunctive extension theorem of aF-information segmentation) If (E)f
is the af-information partition of information (x), then the attribute a; of information element

x; € (%) meets
a; = (Vi_ja1) Vi 1 @ (20)

In (20), & = {a1, a2, - - - , &} is the attribute set of information (x) ={x1,xp,--- , x4},
and af = {ay, a0, , g, Xg41,- -+ &} is the attribute set of (f)]f

Theorem 6. (Attribute disjunctive contraction theorem of ocf—information segmentation) If (Y),f
is the aF-information partition of information (x), then the attribute a; of information element

Xj € (%) meets

_ q q
Kj = (V)\:lafl) — \//\:p+1ﬂéA (21)
In 21), « = {ag,ap--- Sy, Ky, ,aq} is the attribute set of information
(x) ={x1,x2,- -+, Xp, Xpy1,- -+, x4}., and ucf = {m,a2,---,ap} is the attribute set of

—F
(x)k = {x11x2/ T /xp}'
Through the fact and logical characteristics of the existence of inverse p-sets in Section 2.
It is easy to prove theorems 5 and 6, and the proof is omitted.
Inference 2. If (af, D(E) is the attribute set of («F, aF )-information segmentation ((E)f , (Y)f), then

(wi, o) composed of attribute w; of information element x; € (Y)ﬁ and attribute aj of x; € (X); meets

(D‘i/ D‘j) = ((\/7\:10‘/\) \/r/\:q-i—l XA, (VK:1“A> - v?\:er]“A) (22)
here, (22) represents a; = (V_ ) Vg1 &a & = (VI ) — VqupHM ; in (20)—(22),
p<q<rpgqgreNT.

By utilizing the concepts and results in Section 3 and Ref. [25], we will give Section 4.

4. Inverse P-Matrix Reasoning and Intelligent Acquisition of

(ocF , af) -Information Segmentation

If Ay, Apyq and (X)), ()L, meet
..—F —F _\F _\F
if Ay = Agiq, then (X); = (%) (23)

(23) is referred to as internal inverse packet matrix reasoning generated by an internal
inverse packet matrix; Zf = Zf 11 is referred to as the condition of the internal inverse
packet matrix reasoning, and (Y),f = (%) ,f 41 is referred to as the conclusion of the internal
inverse packet matrix reasoning.

If Ay 1, Ay and (%)F,, (%)F meet

., —F —F _\F _
if Axr = Ap, then (%), = () (24)
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(24) is referred to as the outer inverse packet matrix reasoning generated by an outer
. . —F —F . . .
inverse packet matrix; Ay, = Ay is referred to as the condition of outer inverse packet

matrix reasoning, and (X) ,f = (Y)lf is referred to as the conclusion of the outer inverse
packet matrix reasoning.
Here, in (23) and (24) “="1s equlvalent to“C”.

— - = F
If (Ag, Aps), (A1, Ar) and ((®)F, (©)f 1), (D) 41 (F)f) meet
.. ,~F —F —F —F _\F ,\F _\F ,\F
if (A, A1) = (Agr, Ar), then (D, (Fa) = (Figa (X)) (25)
(25) is referred to as the inverse packet matrix reasoning generated by the inverse

. —~F —F —F  —F, . o .
packet matrix; (Ay, Aryq1) = (Axy1, Ay ) is referred to as the condition of inverse packet

matrix reasoning, and ((%); (X ){: 1) = ((f),f " (Y)f) is referred to as the conclusion of the
inverse packet matrix reasoning.
From (23)—(25), we obtain the following.

Theorem 7. (af-information segmentation intelligent acquisition theorem)
If AL A w1 and (%)}, (F)f,, meet (23), then we have the following:
1. (%)f 1 is segmented outside (x)f for intelligent acquisition and meets

card((X)g,q) — card((X)g) >0 (26)
2. The attribute set ”‘If+1 of (Y),l:+1 and the attribute set a}. of (f)]f meet

"‘If+1 Nal # o (27)

Proof. 1. If Z,f,Z,fH and (X);, (%);; meet if Z]f = Z,I:H, then (%)f = (7),21 From
(1)-(3) in Section 2 and (13), supplement the information element x] in (¥ ) to generate

(Y)kﬂ, or (x),f C (x )k+1f under the condition of Ak = Ak+1 , (x )k+1 is segmented and

intelligently acquired outside (7)5 or card ((7),1: 41)—card ((*)F) > 0, we get (26).

2. With the help of (%)f C (%);. i and the attribute set af of (¥ %); and the attribute set
af,, of (x )k+1 meet af C af,, oraf,  Nag # @, we get (27). O

Theorem 8. (a —mformatzon segmentatzon intelligent acquisition theorem)
If Ak+1, Ak and (X )k+1'( )k meet (24), then we have the following:
1. @) k41 is segmented and intelligently acquired in (X ) . and meets

card((x)kil) - card((x)f) <0 (28)
2. The attribute set afﬂ of (?)EH and the attribute set ocf of (f)f meet

"‘Eﬂ N zxf #+9 (29)

The proof of Theorem 8 is similar to Theorem 7, and the proof is omitted.

Inference 3. If the reasoning condition (Z,I:,Z,f 1) = (Z,f 1 Z,I:) of the inverse P-matrix is met,

the information segmentation ()i 11 of af and the information segmentation (X )k 1 of af are
obtained intelligently at the same time.
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Theorem 9. (af-information segmentation relation theorem)
If {(Y)ﬂ(*)F - (Y)fﬂ,zx Caf,y,i=1,2--,n}is the a"-information partition chain
generated by(x), then (X )k and its attribute set «f meet

_\F _\F no_\F
. C C .
YU (@) S & l.zgﬂ(x)l (30)
k—1 n
Fcafc F
i Mio=% = i:rllrlal (31)
Proof. (%); meets (¥)] C (¥)5 C - C (F)f_1 € (@) € )4 C -+~ C (), di-

x
rectly obtained (30) The attribute set of (Y)f , (Y)g PR (7),5_1, (Y),f , (Y),f IRTRER (7)5 meets
C ocz c...C uck 1 € (xk C ”‘k+1 C---Cal, directly obtained (31). [J

Theorem 10. ( ocf—information segmentation relation theorem)
If {(Y)ﬂ(?)ﬁrl C(x )] i C tx ,i=1,2,---,n} is the « -information partition chain

generated by (x), then (X )k and its attrzbute set ock meet

k=1 _ F _\F n _\F

jL:Jl (x); € (@) C j:?ﬂ(x)]’ (32)
k-1 = = =
U af C oc,f C rrﬁ af (33)
=17 j=ki1

Theorem 11. ((af, ocf)—information segmentation relation theorem) B
(@ @D @) € (@, @), ) € (@fyal),ij =12, n}, is the (o, af)-

information partition chain generated by (x), then (%), (%) ) and its attribute set (af, uck) meet

; ) C C : f 4
(5@ @) < (@L@H < (i @F A @ 39
k-1 k—1 = n n +
F F F _F F F
(igltxi /]E ‘X] ) g (th,Dék) g (Z r]lrlwi /j:rlj+10‘j) (35)

Inference 4. The attribute set Aw of Ax and the attribute set o of (x) meet Ao N = .
Inference 5. The attribute set Vo of Vx and the attribute set « of (x) meet Va Na # &.

Remark 2. A n x n matrix Apxy, is given, and supplement t columns into n columns of Ayxn,
where Apxn becomes A,y (yqp) and Ay (1) 1S an ordinary augmented matrix of Apxn. In the
application research of dynamic information system, we often encounter the following:

(1) If deleting A columns from n columns of Ayxn, A < 1, Apxn becomes Anx(n,)\);

(2) Matrix pair (AHX(H_A),AW(”H)) composed of A,y (n—p) and Apx(nyt)- In ordinary
mathematics, we cannot find the definition and name of A, (,,_) and (AnX (n=A)r Apx (n+t))- Us-
ing the structure of P-sets, the finite ordinary set X = {x1,xp,---,%x;} is given,
and & = {ay,a,-- a3} is the attribute set of X; XF = {x1,x5,--- ,x,} is called the in-
ternal p-sets generated by X, X&' = {x1,x2,+-- ,x,} is called the outer p-sets generated by X,
and (XF, XF) is called the p-set generated by X where p < q <r,p,q,v € NT. If Vx; € X has n
element values y;, take y; = (y1,, Y2, "+, Yq j) as the column, then X generates matrix Anxq
Ref. [25] gives the following: xF generates matrix Anxp ,and X generates matrix AL, ,; AE xp i
called the internal p-augmented matrix of Apxg; AL, is called the outer p-augmented matrix of
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Apxgq; and (Aﬁxp, AL, is called the p-augmented matrix of Ayxg. AL, is the same concept as

an ordinary augmented matrix, whereAEXp C Apnxg, Anxq C Al,; «r- In Ref. [26], an augmented
matrix was applied in the information fusion research.

By using the research results of Refs. [25,27] gives Zﬁ e Zﬁx p and (Zﬁw, ZEX p) are

respectively called the internal inverse p-augmented matrix, outer inverse p-augmented

. . . —F —T
matrix and inverse p-augmented matrix of Anxq. Here, Anxq C A, Aux p Cc A, xq-

The reasoning (23)—(25) in Section 4 can be easily obtained by using the properties of the
inverse p-augmented matrix. The properties and applications of the inverse p-augmented
matrix are widely discussed in Refs. [28-30].

Based on the results in Sections 4 and 5 is given.

5. Equivalence of Information Segmentation and Information Fusion

If ¥ is the af-fusion coefficient of [¥]" and ;F meets
nF—1>0 (36)

then af -information segmentation ()" is the af-information fusion [%]" generated by [x].

If 5 is the af -fusion coefficient of [¥]" and 5F meets
F
nh—1<0 (37)

then af-information segmentation (f)f is aF-information fusion [Y]f generated by [x].

If #F and 17f form a discrete interval [f, ] _1, then (af, aF)-information segmentation
(x)F, (Y)f) is (af, aF)-information fusion ([x]*, [Y]f) generated by [x].

Here (1) = ", @ = @, (®",®" = (@ @).(x) = [x]; in G6),
0F = card([5)F)/card([x]); in G7), qF = card([F) /card([x)); IpE0T) =l
card = cardinal number.

Theorem 12. (Interval outer point theorem of n*-fusion coefficient)
The aF -fusion coefficient n* of af-information fusion [E]F is the outer point of unit discrete
interval [0,1], and meets
" ¢ [0,1] (38)

Theorem 13. (Interval interior point theorem of nf—fusion coefficient)
The (xf—fusion coefficient nf of ucf—information fusion [Y]P is the interior point of unit discrete
interval [0,1], and meets
7" €0,1] (39)

Theorem 14. (Interval relation theorem of («f, aF)~fusion coefficient.) The interval [, nf]
formed by the fusion coefficient of (aF, aF )-information fusion ([x]°
interval [0, 1] meet

,[%]F) and the unit discrete

nE ] [01] £ @ (40)

here, in (38)—(40), [0, 1] is the unit discrete interval of values 0 and1l = n = card([x])/card([x]),
and n = 1 is the fusion coefficient of x| itself.
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Theorem 15. (Equivalence theorem of aF-information segmentation and af-information fusion)
oF -information segmentation (%)* and oF-information fusion [x)* are equivalent classes about
attribute set af

[(®)" e = [[%]] ¢ (41)

Theorem 16. (Equivalence theorem of af—information segmentation and ocf—information fusion)
oF -information segmentation (%)* and oF-information fusion [x)* are equivalent classes about
attribute set af

[(®], = ([ ]r (42)

Theorem 17. (Equivalence theorem of («F, «F)- mformatzon segmentatzon and (af f)-informatiqz
fusion) (aF, aF)-information segmentation ((Y)F (x)F) and («F, oF )-information fuszon (@), ()
(oF,

of)

(@, @) .4y = (B 7 g (43)

are equivalent classes about attribute set

Remark 3. The complete concept of “information fusion” is composed of two sub concepts: external
information fusion (or aF information fusion) and internal information fusion (or oF information
fusion). Information (x) = {x1,x,-- - , X4} is given, under certain conditions, the information
element x; outside (x) is migrated into (x), (x) generates (X x)F, and (%) is the external information
fusion %] generated by [x], [x] C [X 1F. Under certain conditions, the information element x;

in (x) is migrated from inside (x) to outside x, and (x) generates (X (7)F; (Y)F is the internal

information fusion [%)" generated by [x], [x|F C [x]. In the application research of information

fusion, two basic forms of information fusion: information outer fusion and information internal
fusion are often encountered. The inverse p-sets given in Section 2 are a dynamic mathematical

model for studying information fuszon The concepts of af-information segmentation (x )F and

—mformatlon segmentation (X ) given in Section 3 are obtained through a new understanding
of the concept of information fusion. Obviously, a*-information segmentation and the external
information fusion are two equivalent concepts, and txf—information segmentation and internal
information fusion are two equivalent concepts, a® -information segmentation and af-information
segmentation are new concepts to study two kinds of information fusion.

Using the concepts and models in Section 2, and the theoretical results in Sections 3-5,
the applications of these theoretical results are given in Section 6.

6. («f, txf)-lnformation Fusion Intelligent Acquisition-Intelligent Retrieval Algorithm
and Its Application

6.1. (af, ocf)—lnformation Fusion Intelligent Acquisition Intelligent Retrieval Algorithm

In this section, only the af-intelligent fusion intelligent acquisition intelligent retrieval
algorithm is given, which is a part of the (af, af )-information fusion intelligent acquisition
intelligent retrieval algorithm; the complete (af, af)-information fusion intelligent acqui-
sition intelligent retrieval algorithm is composed of the af-information fusion intelligent
acquisition intelligent retrieval algorithm and af-intelligent fusion intelligent acquisition
intelligent retrieval algorithm. The af-information fusion intelligent acquisition intelligent
retrieval algorithm is shown in Figure 1.

The detailed process of the algorithm is as follows:

(1) Algorithm preparation: information (x) and its attribute set « are given;
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(2) Using information (x), attribute set a generates af-information segmentation (f),f,

k=1,2,---,n B B
. . o . . —F —F _\F _\F

(3)  The outer inverse P-matrix reasoning is established: if Ay, 1 = Ay, then (x),f = (x),f,
and the outer inverse P-matrix inference database is generated;

(4) af-information fusion [f]f and the af-information fusion database are generated by
Hand L k=1,2,---,n;

(5) The af-information fusion intelligent retrieval rules are given;

(6) Given the standard af-information fusion [¥] ll:'*' if [%]; = [%] ,f ”*, then the algorithm
ends; if [7]; # [7] ,f’*, return to (3) and (4); repeat (2)—(6). If [%]; = [7] f* is satisfied,
the algorithm ends.

| Information (x)} L Attribute set o ‘ I
"'-\.\“1_.-"".

a —information segmentation generation ‘ I

I

v
. | Quter inverse P —matrix reasoning and reasoning base ga’:ea'an":r? 1]

h J
PR 2P —informarion fiision and information fiision database and their intelligent generation v

X =[x

h

F . = : 2 L =
a” —information Fusion intelligent retrieval v
e A
e e
e 7 —
- _-—'—- - ik, - M ----\--\-\-\-"-.

- Cemparison gf [X15 " and [x1f = Vi

— "

— o

EID Vil

Figure 1. aF-information fusion intelligent acquisition intelligent retrieval algorithm.

6.2. Application of (af, ocf)-lnformation Fusion Intelligent Retrieval

In this section, only a simple application of aF-information fusion intelligent retrieval is

given; the application of af -information fusion intelligent retrieval and (af, af)-information
fusion intelligent retrieval is omitted; application examples are taken from the “heart
disease” block in “health big data”. The concepts and models in Section 2, the theoretical
results in Sections 3-5, and the algorithms in Section 6.1 are applied in this section.
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Given information (x) and its attribute set a, y; is the diagnostic value of x; € (x)
(examination value of disease, such as blood pressure, heart rate, etc.).

(X) = {x11x2/ X3, X4, X5, X6} (44)
& = {‘Xl/tXZI x3, &4, K5, 066} (45)
T
Yi = (Y17, Y2, Y3, Y4, Y5, Ye,j) (46)

j=1,23,4,5,6.

(x) is composed of patients with “heart disease”, and «; € « is the “symptom” (at-
tribute) of x; € (x); Vx;,x; € (x) meets i # j,a; # «;. In order to protect the privacy of
patients, patients and symptoms are represented by information element x; and attribute «;,
respectively; i = 1,2, - -, 6. The attribute «; of Vx; € (x) satisfies the attribute disjunctive
normal form (22): a; = &y V ap V ag V agVas Vg = V§_ ).

I. In the treatment of t; ~ t; € T, the symptom a3, a5 of x3,x5 disappears and «
generates a}, where

af = a1 — {as, a5} = {ay, ap, a4, 06} (47)
x3,%5 € (x) returns to the standard of healthy people, x3, x5 disappears from (x),

and (x) generates oclf-information segmentation (Y)f , Where
(E)lf =x1 — {x3,x5} = {x1,x2, x4, %6} (48)
Y= (]/1,]',yz,]‘,y3,j,y4,j,y5,j,y6,j)T generates yf in (46), where
Vi = (Y1), 92,V Ve) " (49)

T . . —F . . .
yj and y! constitute matrices Agys and Ag, 4 respectively, from the algorithm in

Section 6.1: oclf-information segmentation (E)f is intelligently retrieved, obtained in (x).
II. In the treatment of t; ~ tg € T, the symptom «1, a4 of x1, x4 disappears and rxlf
generates a}, where

wy =af — {06} = {ap, 04} (50)

(x) generates ocg -information segmentation (X) 5 , Where

(%) = @ — {1, %6} = {x2,xa} 1)
acg—information segmentation (Y)f is intelligently retrieved and acquired in (Y)lf
x2, x4 € (x) entered the ICU ward for treatment.

6.3. Result Authentication in Application Example

The search results (44)—(51) given in the example are accepted and confirmed by
medical experts.

7. Discussion

The inverse p-set model with dynamic features and element attributes satisfying
attribute extraction feature matches a class of information fusion features. If this kind of
information fusion has dynamic characteristics, then the attributes a; of the information
element x; have the characteristics of attribute extraction. This kind of information fusion is
commonly encountered in applied research. The inverse p-set model provides the support
of mathematical models and methods for the study of this kind of information fusion and
application. Information fusion is a dynamic concept with two forms: internal information
fusion and external information fusion. In this paper, a new concept of information
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segmentation is proposed by using the inverse p-set mathematical model to re-recognize
and re-study the concept of information fusion. Many new results can be obtained by
using the concept of information segmentation to study information fusion and application,
among which what is given in 3-6 is only a part of them.

In this paper, the information fusion intelligent retrieval algorithm and simple appli-
cation are given on the basis of matrix reasoning. If the results in the paper are further
improved, new af-information fusion and af-information fusion are obtained, which are
af-information chain fusion and af-information chain fusion, respectively. These new
studies are in progress and are obtained from the inverse p-sets family (11) in Section 2.

Author Contributions: Conceptualization, X.Z.; methodology, X.Z.; writing—original draft prepa-
ration, X.Z.; writing—review and editing, L.S.; software, L.S.; investigation and supervision, K.S.;
validation and funding acquisition, K.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This work is supported by the National Natural Science Foundation of China(NSFC) under
Grant 12171193, and the Fund of Young Backbone Teacher in Henan Province under Grant 2021GGJS158.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Mnatsakanyan, Z.R.; Burkom, H.S.; Hashemian, M.R.; Coletta, M.A. Distributed information fusion models for regional public
health surveillance. Inf. Fusion 2012, 13, 129-136. [CrossRef]

2. Zhang, W.; Zuo, J.; Guo, Q.; Ling, Z. Multisensor information fusion scheme for particle filter. Electron. Lett. 2015, 51, 486—488.
[CrossRef]

3. Zhao,M,; Li, Y,; Hao, G.; Li, J; Jin, H. Information fusion predictive control algorithm for time-varying systems with unknown
stochastic system bias. Int. J. Hybrid Inf. Technol. 2014, 7, 173-184. [CrossRef]

4. Liu,J,; Chen, Y,; Cheng, C.; Huang, S.F. OWA based PCA information fusion method for classification problem. Int. J. Inf. Manag.
Sci. 2010, 21, 209-225.

5. Nicholson, D. Defense applications of agent-based information fusion. Comput. J. 2011, 54, 263-273. [CrossRef]

6.  Biernacki, P. Songs recognition using audio information fusion. Int. J. Electron. Telecommun. 2015, 61, 37-41. [CrossRef]

7. Shi, K. Function inverse P-sets and the hiding information generated by function inverse P-information law fusion. In Proceedings
of the Conference on e-Business, e-Services and e-Society I3E 2014: Digital Services and Information Intelligence, Sanya, China,
28-30 November 2014; Springer: Berlin/Heidelberg, Germany, 2014; pp. 224-237.

8. Shi, K. Inverse P-sets. |. Shandong Univ. Nat. Sci. 2012, 47, 98-109. (In Chinese)

9.  Fan, C,; Huang, S. Inverse P-reasoning discovery ienification of Inverse P-information. Int. ]. Digit. Content Technol. Its Appl. 2012,
6,735-744.

10. Lin, K,; Fan, C. Embedding camouflage of inverse P-information and application. Int. ]. Converg. Inf. Technol. 2012, 7, 471-480.

11.  Yu, X.; Xu, F. Random inverse packet information and its acquisition. Appl. Math. Nonlinear Sci. 2020, 5, 357-366. [CrossRef]

12. Huang, W.; Wei, B. Iterative intelligent camouflage and reduction of innernal inverse P-information. J. Huaihai Inst. Technol. Nat.
Sci. 2016, 25, 26-29. (In Chinese)

13.  Shi, K. P-sets and its applications. Adv. Syst. Sci. Appl.-lons 2009, 9, 209-219.

14. Hao, X,; Jiang, X. Structure characteristics on probability rough information matrix. Fuzzy Syst. Math. 2017, 31, 153-158.
(In Chinese)

15. Li, X. An algebraic model of P-sets. |. Shangqiu Norm. Univ. 2020, 36, 1-5. (In Chinese)

16. Hao, X,; Li, N. Quantitative characteristics and applications of P-information hidden mining. J. Shandong Univ. Nat. Sci. 2019, 54,
9-14. (In Chinese)

17.  Fan, C.; Lin, K. P-sets and the reasoning-identification of disaster information. Int. J. Converg. Inf. Technol. 2012, 7, 337-345.

18. Lin, H,; Fan, C. The dual form of P-reasoning and identification of unknown attribute. Int. |. Digit. Content Technol. Its Appl. 2012,
6,121-131.

19. Liu, J.; Zhang, H. Information P-dependence and P-dependence mining-sieving. Comput. Sci. 2018, 45, 202-206. (In Chinese)

20. Shi, K. Function inverse P-sets and information law fusion. J. Shandong Univ. Nat. Sci. 2012, 47, 73-80. (In Chinese)

21. Zhang, Y. Random function inverse P-sets and its characteristics depending on attributes. J. Shandong Univ. Nat. Sci. 2014, 49,

90-94. (In Chinese)


http://doi.org/10.1016/j.inffus.2010.12.002
http://doi.org/10.1049/el.2014.3051
http://doi.org/10.14257/ijhit.2014.7.4.15
http://doi.org/10.1093/comjnl/bxq045
http://doi.org/10.1515/eletel-2015-0005
http://doi.org/10.2478/amns.2020.2.00042

Mathematics 2022, 10, 713 14 of 14

22.
23.
24.
25.
26.
27.

28.

29.

30.

Tang, J.; Chen, B.; Zhang, L.; Bai, X. Function inverse P-sets and the dynamic separation of inverse P-information laws. J. Shandong
Univ. Nat. Sci. 2013, 48, 104-110. (In Chinese)

Shi, K. Function P-Sets. Int. J. Mach. Learn. Cybern. 2011, 2, 281-288. [CrossRef]

Yu, X.; Xu, F. Function P (o,7)-Set and Its Characteristics. J. Jilin Univ. Nat. Sci. 2018, 56, 53-59. (In Chinese)

Shi, K. P-augmented matrix and dynamic intelligent discovery-identification of information. J. Shandong Univ. Nat. Sci. 2015, 50,
1-12. (In Chinese)

Xu, F; Yu, X.; Zhang, L. Intelligent fusion of information and reasoning generation of its P-augmented matrix. J. Shandong Univ.
Nat. Sci. 2019, 54, 22-28. (In Chinese)

Guo, H; Ren, X.; Zhang, L. Relationships between dynamic data mining and P-augmented matrix. J. Shandong Univ. Nat. Sci.
2016, 51, 105-110. (In Chinese)

Zhang, L.; Ren, X.; Shi, K. Inverse p-matrix reasoning model-based the intelligent dynamic separation and acquisition of
educational information. Microsyst. Technol. 2018, 24, 4415-4421. [CrossRef]

Hao, X.; Guo, H,; Jiang, X. Multi-attributes risk investment decision making based on dynamic probability rough sets. In Proceed-
ings of the 2017 International Conference on Natural Computation? Fuzzy Systems and Knowledge Discovery, Guilin, China,
29-31 July 2017; pp. 219-242.

Zhang, L.; Ren, X. The relationship between abnormal information system and inverse P-augmented matrices. J. Shandong Univ.
Nat. Sci. 2019, 54, 15-21. (In Chinese)


http://doi.org/10.1007/s13042-011-0032-1
http://doi.org/10.1007/s00542-018-3894-2

	Introduction 
	Inverse P-Sets Mathematical Model and Its Dynamic Structure 
	Information Segmentation and Its Attribute Characteristics 
	Inverse P-Matrix Reasoning and Intelligent Acquisition of ( F,F ) -Information Segmentation 
	Equivalence of Information Segmentation and Information Fusion 
	(F,F) -Information Fusion Intelligent Acquisition-Intelligent Retrieval Algorithm and Its Application 
	(F,F) -Information Fusion Intelligent Acquisition Intelligent Retrieval Algorithm 
	Application of (F,F) -Information Fusion Intelligent Retrieval 
	Result Authentication in Application Example 

	Discussion 
	References

