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Abstract: In this paper, we analyzed the ecological characteristiasformation diffusion networks, and incorporated it witbtka-
Volterra competition model. Based on this improved modeloamstructed ecosystems, competition and diffusion equatf false
information in public crisis. Using this method, we studigalv kinds of information decrease from n to only one by conmgein
information ecosystem and considered the reason why the ifaflormation is the most influential in the social netwdrke interesting
conclusion is, if there are three types of information insysbem, when the information published by the official meatia the
information published by the unofficial media meet certaistrictions together, the official information may promtte diffusion of
false information.
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1 Introduction also difficult, what kind of information can win is
uncertain, so the information diffusion in public crises

In digital, networked, high-tech era, the dissemination of &N cause unexpected results and huge losses.

information has become faster and faster, the way to Many scholars have conducted many related research
diffuse is more diverse and convenient. Thus, the quickabout diffusion and effect of the false information. Liu
diffusion speed also has bad influence on information forTuo introduced chaos theory to false information in
the official media and grapevine media, controlling the public crisis, he used Matlab simulation modeling, and
information well is more and more difficult. When a revealled laws of false information diffusion from the
public crisis occurs, truthfully reported information Wil point of view of accepting probability1]2]; Shayong
appear as well as all kinds of false information. ScholarZhong, Zhongxian Shi e8] studied the impact factors of
Liu Tuo [1] defines false information as: the so-called false information diffusion in public crisis based on Agent
false information is a part of the truth even with the kernel simulation model, he also simulated how real information
of false, so people can accept and believe the falseonfront false information; Zhihong Li, Chen Yuan é€f [
information easily. Though the information seems 5] studied the period characteristics of information
well-founded, its nature is strictly close to false, false diffusion Model and management strategies in sudden
information causes certain social blinded and harm. Ompublic crisis and information diffusion in network
March 11, 2011, the Fukushima nuclear leaked, a widecommunity, they also summarized a number of relevant
range of domestic “storm to buy iodized salt” occurred, theory from four levels space, structure, interaction and
the sales and the price of iodized salt increased in theule, these thory explained the meaning of network
geometric pace. There are many similar incidents, thoseommunity and information diffusion mechanisms; Han
incidents seriously affect people’s life. In society, when Qiang [6] was busy with the study of dealing with rumor
public crisis occur, relevant information can be true orspread scientifically in public incident, he analyzed
false, many kinds of information in a complex dynamic objective law of ways the rumors spread in, he also drew
social network compete with each other and controlling issome suggestions to response to rumors scientifically;
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Chunye WangT] studied the relationship between rumor relationship among multiple species consists of
spread in public emergencies and government informatiortompetition, predation and cooperation and there are
disclosure, he found that disclosure of governmentsimilar relationships among information subjectivities.
information can make people get to know more about theThird, both are restrained by resource. In ecosystem
truth; Weizhu Zhu 8] established information diffusion different populations has to compete to found different
model in crisis, he also analyzed the information diffusionfood chains because resources are limited. To diffuse in
process, period character. Initially Lotka-\Volterra social networks, information ingredients has to grab for
ecological model is mainly used to study changes in theresources among the main subjects because the number of
growth number of eco-populatioti4, 15,16, 17] But with the information carrier and recipient are limited, the
the development of cross-disciplinary and diverse,influence and the individual psychological effects of the
Lotka-Volterra model is gradually being applied to stock information carrier and recipient are different. So
market investment, to the development mechanism of theultimately reliable mainstream information becomes the
service in management sector, to the mechanism ofmain trend or false information is the winner.
knowledge creation and to the mechanism of innovation
diffusion, etc p,10,11,12,13].

Most scholars only summarized existing research .
theories on informationydiffusion, used simula%ion model 2-2 The LotkaVolterra model in ecosystem
to find laws of false information diffusion, analyzed the
factors and indicators of information diffusion, period |n 1930s, American scholars Lortka and ltalian scholars
characteristics when diffuse, presented recommendationgolterra established Lotka-Volterra model, it initiallg i
to government to control information. But few studies are pased on two populations predator and prey: Suppose a
based on Lotka-Volterra model to research falseecosystem including two populations predator and prey,
information. In this article, we innovatively use predators can survive rely on prey, the system has no
Lotka-Volterra model to reveals the number of populationexchange with the outside world population .They
coming , going and the periodic cycle phenomenon, weestablished a mathematical model describing this system,
explore the formation and diffusion mechanism of false based on this, the later scholars study the general form of

information in a phased manner . Lotka-volterra model.
. . Xm
2 The formation mechanism of false & =xq (a1 + Brxa +1x2), "
. . i X
information based on the L otka-Volterra d_t2 — Xo(012 + Boxa + VoXa),
model
] ] which aj, i,y are constantsf; and y» respectively
2.1 The formation mechanism of false reflects the density effect of the two groups, known as
information in public crisis action coefficient within populationgg and 3, reflects

the interrelated factors between the two groups, called
General information diffuses mainly through formal action coefficient between populationsy; and o>
channels, such as news, newspapers, Internet and othegspectively represent the natural growth rate of the two
media. But a number of informal ways can not be groupsf5 < 0 represents limit resource in the population.
ignored. “Oral communication”, and infection like “viral” ¥ > 0(< 0) means that the interaction between
also transmit wrong messages though complex sociapopulations lead to their rate of change positive
networks. Information generats in public crisis and is (negative). Depending on the parameters of model, we
disseminated by communicators though complicatedcan analyze the different relationship between
social network but it is likely to magnify to distortion. populations, for example, whep > 0 andy > 0, the
The mainly reason is the interference of false informationrelationship between the two is cooperative and mutually
in the network. The process of information from creation beneficial; Wheny; < 0 and y» < 0 the relationship is
to the diffusion can be seen as an ecosystem, so in thisompetitive; Wherny; < 0 andy, > 0, the relationship is
information ecosystem, there are a variety of falseprey.
information subsystems “to compete” to achieve the Ahmad [1516], Zeaman 14] studied other
purpose to proliferate. The ecosystem is a system with @ompetitive models further, they used the similar defined
certain range and space, and in this system there are \ariablesx;(t) means population density of thg group
plenty of populations. After analysis, the information att, N; means the intrinsic population growth ratd;;
ecosystem is same with a general ecosystem. First, botmeans mutual action coefficient between populatiand
have more subjectivities than one. The eco-systemj, which is known as species contributing factor. In
consists of multiple species, and information ingredientsparticular, Chinese and foreign scholars conducted
are composed of multiple subsystems. Second, bothmesearch in-depth on periodic, stability and asymptotic
internal subjects have linkages. In eco-system thdines about the autonomous ecosystem Lotka-volterra,
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kinds of populations are competing in this system, we carwithin populations ); But the more the number of

know from literatures15,16,17] system is as follows: recipient is ,the greater growth rate is promoted, this
competitive relationship is different with the general

dx; (t) n Lotka-volterra ecosystem model, that i&; > O

dt Xi(U) (N~ leMiJ'XJ' ’ (2)  (reciprocity within group), showing a positive effect.

Mij > O,Mii > 0,i,j =1,2,--- ,n ~ Assumption 2: A period of time is divided into

aliquots countless infinitesimal, which can be considered

infinite. After the unexpected occurs, a small amount of

. . information diffuses in a variety of social networks, the
2.3 Based on ecosystem constructing formation attitude of government agencies and official media

mechanism of false information in public crisis towards the event is very cautious, efficiency to deal with
the event is affected, diffusion speed can be easily lagged.

Lotka-volterra  model represents an ecological|n a short time, a variety of false information is generally

phenomenon, but in nature, in addition to predator-preymixed with reliable information in a non-dominant state,

relationship in the form of outside surface, the model canthey compete with each other to diffuse.

also describe the paraSitiZEd rEIationShip between pﬁraSi Tak|ng the Specia| nature of Competition among

and host. Similarly, different types of information can be jnformation populations into account, we can define

assumed as different subsystems, each representing |®tka-volterra model of information ecosystem as

population, mutual “confrontation” between reliable foljows:

information and kinds of false information in populations.

Because of this, we not only study competitive model

between true and false information, but also research dxi (t) n
more realistic situations of competition among the various ot X (t) | Bi+Aix — Z AX ] 3)
false information to analyze the diffusion mechanism of j=Lj#

false information. Aij>0A;i>0i,j=12--,n

To understand the information ecosystem
Lotka-volterra models better, we view the groups in ) L
complex social network as the carrier, and define3 Analyzing competitive process of false
information groupi as thely, kind information received jnfor mation diffusion in ecosystem
by groups. Intrinsic population growth of Information
group i means growth number of population receiving Though competitive process of information diffusion ,we
informationi, the interaction between information group graw when n kinds of information diffuse in social
and j refers to the changes of the number of peoplenetworks, one kind information can survive after
receiving informationi instead of . The growth rate  competition, we also find various conditions the
represents the growth of the recipients of information jtimately survival information must meet in the process
but indicators of different communicators’ influence and of reducing.
psychological effects are different, which can be reflected | ecosystem (3), whedx(t)/dt = 0, we define the
by growth rate and interaction indices. Changes ofsystem as stable at the moment ahat is
various recipient groups can be affected by interaction

within groups, as well as among the groups. Xi(t) =0 (4)
The specific meaning of each variable is defined as )
follows or
Xi (t) represents the number of recipient at the time of
in social network; N
d’gt“) represents the change rate of recipient at the time B = Ajxj —Aixi,i,j=1,2,---,n (5)
of i; =T
B; is the intrinsic growth index of information )
recipient (determined by the sensitivity of the informatio We can know from (5), its essence is the case of
and the psychological effect and influence of the infectedfinding the answers of a non-homogeneous linear
individual); equations. In hypothesi$An.n) is Coefficient matrix of
Ajj is interaction index that the recipient of information x,, and the augmented matrix i6nxn : Bn), Bn is
i influence the recipient of informatiopn N-dimensional column vector(A) represents the rank in
Aii is interaction index among the recipient of linear algebra.
informationi; Lemma 1 All non-homogeneous linear equations

Assumption 1: The development of information such asAx = b are n order matrix. Its necessary and
populations depends on competition of communicatorssufficient condition for solvability is(A) = r(Ab), when
resources in social network, their presence can inhibit ther (A) = r(Ab) = r = n, equations have the unique solution.
growth of other populations, namely; > 0 (inhibiton ~ When r(A) = r(Ab) = r < n, equations have many
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solutions. Whenr(A) # r(Ab), equations have no And Xj = (x1,X2,"--,X) is a positive solution to linear

solutions.

Theorem 1 For system (3), when(Anxn) # r(Anxn :
Bn), we can knowx; =0, (i =1,2,--- ,n) or X, = 0; when
r(Anxn) = r(Anxn : Bn) =1 =n, X has the unique key;
whenr(Anxn) = r(Anxn : Bn) =1 < n, there arg nonzero
components withim at least.

Proof: In the system (3), whdncomponents are zero

algebra systery = 3}_; Mijxj,i =1,2,---,r, if there are
n—r positive constantsl; 1, -- , M, which can make

1
r r N
max Mijl\/lj> <Ni— Mij—]> Jd=1--r
{(i—ZH izlzﬂ#j Mij

1

-1
r .
N _
(I <N), X_i141, - , % are taken as zero, and others as SmaX{MmMmm(Z Mmi ij) sm=r+1.. 7n}7
J:

nonzero, then (5) is in respect of a group of equations,
andr (An_1)x(n—1)) < n—1. First considering (5), we deal
with it by main element Gauss elimination method,

augmented matrix form is as follow

1 1 1 1
AL AR Al e
4 oal Al e
,N—
1 1 1
woo- | A AT AT e

Do A g
AL A AT B

Iterating as the following rules:

Ai<k+1) _ AI(:()’ Bi(k+1) _ Bi(k)7 j<kj<n-—I

|
ALY =AY - (A ADAG (),
k+l<i<n—l,k+1<j<n-—I
B =B — (A — Ag)AG = (K),
k+1<i<n-lLk+1<j<n-I

AN Z0 1<j<k<i<n-|

Thei step sequence master formula (@, ,_|) is

&(i=12--,n-1),5 = A} £0.

the key to system ig(t) — x;,i=1,--- ,r; xm(t) > 0,m=
r=21n,ift — oo,

We analogy the system 3 as competing models of n
various groups in original ecological system

Theorem 2: If (3) satisfies the condition:

(Hl)B' > A
| J':lz-,ﬁéi

j .
jTjjalZlvza"'ara

r
(HZ)Bk< ZAij]‘k,k:r:l’r—Fz’...’n.
=1

And xj = (X1,X2,--+ ,X) IS @ positive solution to linear
algebra systerh; = 2521 Mijxj,i =1,2,---,r (In order to
protect the positive solution, take> 2); there argn—r)
positive constant8y, . 1, - -- ,Ar, which can make

r r B] -1
max AiiAj B — Aiji— =11
(1‘—Z+l J ]>< =i "Aii>

-1
< maX{Ak(—Akk) (ZlAij“) k=r+1,-- 7n}7

So the key to system (3) ig(t) — X, i =1,--- ,r; Xc(t) —

We can know from the theorem above, for the systemO,K=r+1,---,nif t o -
(3) after satisfying a number of constraints, there will be ~ Proof: comparing information ecosystem competition
some kinds of information weakening to perish. We model (3) with the original ecosystem n species
analyze the progress that the populaiicompete, diffuse  COmpetitive systems (2), Variable relationship is as
and gradually perish in the social network under differentfollows: Aij = —Mi;, Aij = Mij, Bi = N;, there in no other
conditions, but what kinds of population information €ssential ~changes. Substituting it to Lemma 1,
perished and how to confirm need further discussion. h1) = (H1),(h2) = (Hz),(hs) = (Hs), completing the

Here we introduce the Lotka-volterra competition Proof. .
model. Biwen Li, Xianwu Zeng]7] and other scholars in Theorem 2 and Lemma 2 shows, no matiéy is
the field of bio-mathematical has strictly proved POSitive or negative, information ecological systems (5)
competition relationship of Lotka-volterra model among ¢&n get positive solutions. This can also be learned from
N populations and drawn important conclusions .We canthe point that the nature of the non-homogeneous linear
use the conclusions in this study, citing as follows: equations is independent of positive and negative of

Lemma 2 [17] If system (2) satisfy the condition coefficient matrix. . ,
After competition amongn species in information

r Nj diffusion in a moment we can know from theoremr2,
Mij——,1=1,2,---,r;  will gradually decrease after satisfying a number of
j=Li# /) conditions, in this case we consides 3. To simplify the
problem, we assume that: in public crises practical
information can be broadly grouped into three categories,
X1 on behalf somewhat true informatioxy on behalf of
somewhat false information, as well &s represent the

N >0,1<i,j<n, (h)N >

;
(h2)Nm < Z Mij]-k,m:r-|-17r_|_27... N
=1
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information released more officially at a certain moment,generally formed, in the system (3) two-dimensional

which impact the diffusion of the information, X,. competition model system for= 2 occur.
Based on this, the model of= 3 is very meaningful, dxy (1)
and its three-dimensional information ecological 1 = X1(1) (B + Araxa — AroXo)

competition model based on (3) is as follow: dxdt(t) 7)
22— %o (t) (Ba — Agrxa + AgoXo)

dt
dxg(t) After a timet, dxy(t) = 0 anddxy(t) = 0, four stead
t)(By + A11xq — Agoxo — A » 0X1 2 ' y
dxdt() Xa(t)(Br+Awxa — Arzie — Asgxs) states may appear in system (7).They are E(0,0),
o(t

at = Xo(t) (B2 + Agix1s — AxoXo — An3Xs) (6) F( All ,0), M(O, %222) and NQ(?_,XE). As is shown in
dxs(t) Figure 1 and Figure 2.
it X1 (t) (B3 + Ag1X1 — AgoXz — AzaXa)

Theorem 3 Assume that the system (6) satisfies the
following conditions, (i)By > A12 82 > A21 (||)

Bz < Az1X; + Agoxs; (iii)

AzzA12+ AzoA13 - B1A2 - AzzA22 — Ax3Az2
AzzAr1+AziAiz BoArr  AsiAoz— AgaAor’

A12A21 — A2oA11 > 0. In which

X — A12B2 + AxoBy & A11Bo + Ax1B
L AP — AgArn P AroPor — AgoArr

Fig. 1
Any  positive  solution to system (6) s
X1 — X7,X2 — X5,%3 — 0, whent — co.
Proof: we taker = 2, and (i) and (ii) contains the
conditions thatH;) and(Hy) are right. (iii) show that
X L
AzzA12+ AzoA13 - B1A22 4
AgzA11 +As1A13  BAnr L /
A3 B1 - 1
Bl‘i'BZﬁ;; 33( S +A\°,2A22)
B1A22 - Ag3A22 — AxzAz2 N >
BoA1:r  As1Poz—AzzAn L X,
Aoz By Bz \
—— — < Ag3| Az1— +A3—
Bz + Blﬁ—i %3 < 31A11 * 32A22) Fig- 2

So the conditiorHs is right. According to Theorem 2, . .
theorem 3is right. QED (Note: The existing results can not (1) When system (7) sa_tisfy the ~ condition
deduced theorem 3). A11A12 — Ax1A12 < 0, as is shown in Figure 1, da the

If the coefficient ofxs released by official media as ”9?5 to N is the mtersecdtxion point ofy andly, that is
well asxq, > 0; and the left |s$ < 0. Similarly, onl, the
satisfy constraints conditions from Theorem 3, we get a”ght to N is the intersection point of; and |y, that is
more interesting conclusion from Theorem 3 that the 24 ) - 0: and the left |sd"(}t(> < 0. Whent — oo, all
information released by official media may also promotepoints in quadrant convergencellh which is Consistent
the diffusion of the false information. That convergencewith Theorem 3.
of x3 promote the diffusion o%; andx,. (2) when the system (7) satisfy the conditidnAz, —

In the example, at the last stage of the diffusion of Ay;A12 > 0, as is shown in Figure 2; andl, have no
information in public crisis the number of kinds of intersection point. As is analyzed in follow:
information eliminates to two from three .In social Theorem 4 When the system (7) satisfy the condition
network two kinds of relative opposites information a= Aj2(A11A22 — A21A12) > 0, b = Aga(A21B1 + A11By),
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