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Potts model for exaggeration of a simple rumor transmitted by recreant rumormongers
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A simple rumor transmitted by recreant rumormongers is considered quantitatively. The simple message
contained in the rumor is represented by a simple proposition that has been universally quantified. The
operations to change the proposition by rumormongers are established. To describe the rumor’s transmission
along different channels mathematically, a spin chain is introduced, in which spins represent the operations.
The addition of spins is established according to the laws of operations. The result of a rumor’s transmission
is given by the chain’s spin sum. The model, which is favorable for a social prognostication, can determine
guantitatively how the social guide and the competition among various opinions affect the exaggeration of the
simple rumor transmitted by recreant rumormongers. It proves that the rumor forms Potts-like spin chains in
the case with maximum information entropy. The approximate calculation shows that the rumor may be
aggrandized little or aggrandized normally, even sometimes catastrophically. Moreover, the exaggeration is
greater when the guide is larger and the competition is lower.
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I. INTRODUCTION motivation of social individuals, phenomena in social stra-
tum are more protean. Therefore, this requires that one adjust
At present, phenomena in complex systems are the focusvery physical result properly when study social phenomena,
of much attention, with social collective behaviors being es-and that one pay attention to the difference between physical
pecially interesting. One elementary form of the collectiveand social phenomena.
behaviors[1-4], is rumor, an unverified story spread from  From the view popularized in sociology, it is clearly as-
one person to another according to its definiti@h Many  serted that collective behaviors originate from the motivation
interesting characteristics about it emerge during the coursand interaction of individual§1]. Being a kind of whole
of the transmission of the story. One remarkable one is thgocial behavior, collective behavior's corresponding micro-
uncertainty of the message; that is, the message is often récopic behavior is individual behavior, and global social be-
vised continuously by rumormongers. The rumor’s exaggerabavior is usually determined by microscopic behavior. We
tion is also one of these revisions, and could be describeghould note that collective behavior is similar to macroscopic
quantitatively. Moreover, because an involuntary rumor mayehavior in a physical system, and, correspondingly, the so-
probably lead to a political or economic crisis, a quantitativecial motivation and interaction of individuals are similar to
description of a rumor has practical significance. the microscopic motion. Consequently, if provided with a
Up to now, all descriptions of a rumor have been phenomduantitative description, we can determine the relation be-
enological[1-4]. As a kind of social processes, a rumor's tween these variables by introducing relational variables to
quantitative description may be provided by the mathematidescribe the rumor’s macroscopic and microscopic proper-
cal sociology, which is a subfield of modeling social pro- I€S.
cesses and social structures in sociol¢gy-8]. Generally, Sociologists have explained a rumor's main characteris-
there are multitudinous variables in each mathematicalics phenomenally1-3]. In order to carry out our discus-
model of social processes, which are characterized by indSion, a few relevant characteristics of a rumor are listed as
viduals and social groups. Mathematical sociology appliedollows.
itself to studying the causal relation among these variables, A rumor’s intensity is high when the public is interested
and most of its models describe social processes as stochadfican event with great ambiguifyt]. Each person distorts his
processes conventional[@—12. However, there are over- OF her account by dropping some items and adding his or her
full indefinite parameters in each stochastic process like thi€Qwn interpretations when a rumor is relayed from one person
and the degree of difficulty has been increased greatly. Thu® anothef4]. Social experience suggests that the rumor pro-
we prefer to regard rumor as a complex phenomenon in sd:€ss can eliminate the most impossible and unreliable con-
ciety and to study it by applying successful methods in phystent and make its story achieve a high degree of verg8ity
ics. In fact, there are many examp|es of mode”ng social pro- All this indicates that a rumor often describes an event of
cess physicallj13—16. Usually, a complex system contains Public interest. Possessing some uncertainties, this event is
three strata the physical, biological, and so€ial,18. Due  spread randomly in public by social individuals. Rumormon-
to its objectivity, a description of complex phenomena ingers will alter a rumor’s description according to their own
physical systems becomes more quantitative. On the oth&pinions when transmitting. However, their opinions are cor-

hand, with the influence that arises due to the subjectivéespondingly affected by public viewpoint. Since exaggera-
tion is a rumor's common characteristic, some social mecha-

nisms can restrict unreliable exaggeration automatically.
*Email address: junluo@public.wh.hb.cn A stochastic process is the simplest description of a rumor
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process, in which the rumor is only taken as a transmittedyy one according to their own opinions. In order to be more
thing without any qualitative changes. A rumor’s transmis-convenient, we introduce the conception of the proposition
sion speed is merely figured out by the first-passage time ispace.
the stochastic process. A rumor’s exaggeration is a series of changes cumulated
Actually, rumors vary in many aspects. No matterin the proposition’s transmission along different channels.
whether it is simple complex, a rumor consists of three basi®We can reckon the individual number of this proposition by
elements: a transmitted message, rumormongers, and the golowing the scent of one channel, and then we can deter-
cial effect on the rumor process. With an initial understand-mine the rumor’s exaggeration ratio accurately. If the initial
ing of transmission characteristics, we will depict the sim-individual number of the proposition is and the number
plest rumor quantitatively in a case preserving all three basiaccepted by a certain rumormongernis then the rumor’s
elements. The rumor contains a simple proposition, and thexaggeration ratio is defined agn. Otherwise, if we track
rumormongers are so recreant that each of them only dares fore channels and select one rumormonger on each channel,
change the message slightly. Moreover, what we mainlfhe individual number received by these rumormongers

study is whether or not the proposition can be accepted bymounts tom. After averaging, the exaggeration ration is
society, and how the social guide affects the rumor’s trans—

mission. To do so, we have three requirements: quantifyin Sociol indicates that th ist kind of ial
messages, representing the operations which rumormongers ociology Indicates that there exists a kind ob socia

use to change the messages, and describing the social effé4ide, which affects the opinion of social individuals on ev-
on rumor transmission clearly. ery event of public |nteres[;—3]. This .gU|d_e has many
When quantifying a rumor process, it is necessary toOUrces, su'c.h as the authorlty .controllmg mformat}on,_ the
achieve the most abstract and basic representation of a me&iltural tradition, popular viewpoints, people’s believing in a
sage, which can be provided by the mathematical logicCertain event etc. Among all t_he opinions concerning the
Mathematical logic studies the fundamental constructions ofvent's property, the social guide leans toward the special
human thoughf9,20], in which the first-order logic is the ©ne. Gengrally, we describe the social guide thgoretlcally by
most fundamental one and is based on simple quantifiefh€ following means. Suppose one of th&s predicates as
propositions[19,20. Each proposition involves three ele- Fi(x). Compared with the rest, if the social guide “prefers”
ments: the individual variable that represents the disquisitivd1(X), more rumormongers in society will trend toward
subject, the quantified word or quantifier used to restrict inFi(x) as well.
dividual variables, and the predicate to express the property In counting the numbem, we introduce spin chains to
of the subject. represent a rumor’s transmission channels. Whttspins,
S|mp|y’ a story is a Comp|ete message expressed by gaCh Spin in the Spin chain stands for successive Operations
quantified simple proposition. When the message is transmithat recreant rumormongers use to change propositions. The
ted, its content is revised continuously because each rumofpPin sum figures out the cumulative changes of a rumor.
monger adds his or her own interpretation. Correspondinglyconsequently, this model is designed to study the random
the proposition used to describe the message Changes Cdﬁstribution Of I’umormongel’s W|th different OpinionS inStead
tinuously. Thus different propositions come at different mo-0f the stochastic transmitting processes of messages. Only in
ments. But these propositions may have the same subjeﬂie case of maximum information entropy can the recreant
(individual variablg, only with different predicates and indi- rumormongers’ operations form Potts-like spin chdias—
vidual total numbers. Therefore, the distortion of a messag@4]- The acceptability exponent of a proposition and the
means a change of the individual number or a change of thguide exponent will be defined here, and the spin sum will
predicate. When a rumor is transmitted, neither the indigive the rumor’s exaggeration ratio.
vidual number nor which predicate is suitable remains uncer- WhenL>2, an approximate calculation shows that the
tain, which rightly reflects the rumor's ambiguity. rumor will not be exaggerated ify/o<(1/2)In(L—1)
Now we set up an abstract model to demonstrate a ru# yIn(1+L)/4, while it will be aggrandized normally
mor’s transmission process. Supposing thereladifferent  if (1/2)In(L—1)+ VIn(1+L)/4< y/o<[In(L?—1)+1—In 4)/2.
predicates and the one adopted by the transmitted propodiowever, the rumor is exaggerated dramatically yifor
tion is among them. The individual number of the proposi->[In(L?—1)+1—In4]/2. This result shows a mutual restric-
tion may be zero or any positive integer. Therefore, we willtion between the social guide and the competition among
adopt a group of propositions below, in which each proposivarious opinions. The formefsocial guide encourages ru-
tion has the same individual variable as well as arbitrarymor exaggeration while the latécompetition suppresses it.
individual numbers. For the predicate, it can be any one of In accordance with the development of describing models
theL’s. Moreover, the proposition expressing a message wilfuantitatively in sociology, a quantitative model of social
vary within the group in this model. process may be evaluated by two main criteria: empirical
Usually, rumormongers deliver a rumor randomly alongadequacy and theoretical adequacy. Obviously, this model is
various channels. On each channel, each rumormonger rappropriate because all the theoretical results accord with our
ceives a proposition, then changes its predicate or individuampirical knowledge about a rumor’s transmission in soci-
number and passes it on to the next rumormonger. In ouety.
model, we assume that recreant rumormongers add only one In total, three main processes are involved in this paper:
to the total individual number of the proposition, or reducewe first propose algebraic and geometric representations of
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simple propositions with universal quantifiers, and define the P.,
proposition space simultaneousigec. ). Then we figure T Fx)
out all the operations by which rumormongers change the

transmitted proposition; eventually we set up an abstract )
model of the rumor proceg$ec. ). In Sec. IV, we repre- p P
sent a rumor channel with the help of a spin chain, and point T F{x)
out that only the chain with the maximum information en- =P
tropy is a Potts-like model. The approximate calculation of f T
the spin sum is given in Sec. V. In the Appendixes, we 0 e
determine laws of addition among spins according to the

operations on rumor by rumormongers, and give a detailed F!G- 1. L positive axes corresponding kopredicates=(x). On
calculation of the spin sum every axise; =Py, is the unit length that can be used to express the

quantified simple proposition &3;,=(x)F(x). Every integemrm
on thelth axis corresponds to the propositiey, | = (X) mF(X).

F(x)

o —
- ®—

O —

O —
® —

F.(x)

II. QUANTIFIED SIMPLE PROPOSITION

AND PROPOSITION SPACE proposition does change its or I. We can take the proposi-
A. Simple propositions and proposition group tions to form a group, assumingy=0,1,... and L
=1,2,...L; then we study all the possible variations of
propositions occurring within the group.
We will take a penguin as an example, concerning a
roup of propositions as follows:

Not only providing the most fundamental quantitative
representation for a messaffe6], mathematical logic has
focused on a description of human thought systems wit
various levels of languages, such as the lower or higher lev=
els. Generally, logic laws on a lower level of language are
always feasible on a higher level. Therefore, the lowest level
of language is the most fundamental. So as to ensure the
universality of this study, a description of a rumor’s trans-
mission must be based on the lowest level of language,
namely, first-order logic, in which the simplest message is a

quan_tified simple propositio[\lg,_zq. . ... ,Each proposition in the group has the same individual vari-
It is convenient to adopt a simple proposition, quantified ble x, which here is the penguin, and its domain s

universally to represent a message when doing the researflyi iquals (penguing. The predicate set i63) with three

on the rymor’s exaggerathn. Eac'h rumor has a certal'n Su%ifferent predicatesF,(x) is “are killed,” F,(x) is “are
ject, which represents an interesting event, and remains Ulantured,” andF4(x) is “are released.” Correspondingly,
changeable during the transmission. The Subject is reprepe e i 4 rymor that the transmitted proposition varies in the

ser)teq by an |nd|v_|dual variable in the quar_1t|f|ed proposition, roup. At a certain moment when transmitted, the proposi-
while its property is represented by a predicate. In first-orde[;

logic, each individual variable has a domain with finite indi- . o oY be £)sFs(x) ("All three penguins are released

. L : . while it may turn into &);F.(x) (“All 7 penguins are
viduals, and only the individual variables are quantified, . ", ; : :
[19,20. Supposing the individual variable is and its do- killed” ) at the other moment or some other things like this.

main includesm individuals. If the predicate is represented Apparently, the proposition has changedandl during the

F(x) , then a quantified simple proposition with a univer- | comission.
asF(x) , men a quantined simple propositio auniver- Sociological investigation shows that a rumor’s intensity
sal quantifier ), is expressed as followd 9,20

is high when the public is interested in an event with great

(X)F(X). (1) ambiguity [4]. Clea_rly, in our discgssiqn of the simplest ru-
mor, the event of interest to society is a group of proposi-

In the expression above, the brackex represents the uni- tions concerning an individual variabke the ambiguity usu-

versal quantifier for all individuals in the domain,” and the ally corresponds to the arbitrariness when we deniteand

subscriptionm of the bracket means that the domain of thel’s concrete numbers.

individual variable containe individuals.

When transmitted, the message is continuously revised. B. Geometric representation of proposition group

The revision may be either a change of the individual num-

ber m or the predicate. In a group &f different predicates,

we denote the predicate set by}, and thelth predicate is

expressed a&|(x). So, whenm and | are integers, each

guantified simple proposition with the universal quantifier

(X)m can be expressed as followk9,20:

all penguins are killed;
all penguins are captured,; 3

all penguins are released.

A proposition defined by formul#2) is represented by

Pm, in the following, in whichm stands for an individual

number whilel for the predicatd=,(x). We can make every

predicateF(x) correspond to a positive real a}i®,»), so

that every propositiorP,, corresponds to an integen on

the Ith axis. Shown in Fig. 1, there atepositive real axes
(X)mF(X). (2)  forthe sefL}, and each integer corresponds to a proposition

in the proposition group.
In the exaggeration of a rumor, the individual variable is Linked at their original point©, all L axes can form a
always invariable during a rumor’s transmission but theproposition space. Shown in Fig. 2, the space is a skeleton
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tion received according to his opinion, and passes it on to the
rumormonger. Based on the assumption of a recreant rumor-
monger, propositiorP,,, can be changed® .\ if k=1,
which means that the proposition and the rumormonger have
the same predicate. Otherwise, it will be changed Pya 1 «
whenm#0 or P;; whenm=0 if we suppose thak#]I.
Having asserted the predicdfg(x) (“are captured’), a ru-
mormonger will send propositioR ., (“all m+1 pen-

e guins are captured’to the next rumormonger if he receives
propositionP,, (“all m penguins are captured,’while he

will send P, ; (“all m—1 penguins are killed)'or Py, 3

(*all m—1 penguins are releasefto the next rumormon-
ger if he receive®, ; (“all mpenguins are killed) or P, 3

(“all m penguins are releaseylrespectively.

FIG. 2. The proposition space constructed lbyaxes. It is a Now we turn to consider the channel with+1 rumor-
skeleton withL branches. In our discussion, only integers on eachmongers. The operation, by which a recreant rumormonger
branch in space correspond to propositions which represent ehanges the proposition at tiih site, will be expressed as
message. O, (n=0,1,...N) if he asserts the predicatg(x). Its

. . mathematical expression is
with L branches. Each proposition, therefore, can be ex- P

pressed a®,,;=mg in space.

F,(x)

Pm+ 1k I=k
C. Exaggeration ratio of the rumor OnPmk=91 Pm-1k, 1#k, m#0. (4)
After being put forward by a rumormonger, a proposition Py, 1#k, m=0

is usually spread along various channels during the process
of a rumor’s transmission among rumormongers. Differentf the proposition received by the rumormonger at the end of
channels mean the different experiences of the rumor'shis channel i, |, we can averagm for all possible chan-
proposition. When receiving the rumor at different spotsnels. Moreover, we must know the distribution of rumor-
along different channels, an investigator can obtain differenfhongers along each channel before obtaimmghe average
exaggeration ratios. It is permitted in theory that we regarqn)_
all channels as having the same number of rumormongers,
and count the exaggeration ratio according to the proposition
that is received by the last rumormonger. IV. POTTS MODEL FOR RUMOR

In order to be simpler, we choose one channel at first. If
the individual number of the initial proposition i and that ) _ i
of the proposition received by the last rumormongenjsve The mathematical representation of the operations by
define the exaggeration ratio of the rumor ratn. As an  Which rumormongers change propositions was given in Sec.
example, we use a fictitious rumor about a penguin varyind”- In this section, we will point out a_rumor’ transmission
in group (3). The original proposition is “two penguins are channel with the help. .of a spin chaln', and de.ter_mlne the
captured,” but the proposition received by the last rumor_chan_ges of th_e propositions cumulated in transmission by the
monger changes into "eight penguins are released.” As th@ddition of spins. _
rumors increases from two to eight, this means that the origi- We come to the case &f=2, which has the correspond-
nal proposition is aggrandized fourfold. Generally speakingind predicate se{2}. With only two different predicates
a proposition is put forward by a certain rumormonger ini-F1(X) andF5(x), set{2} has two branches of proposition
tially, and later spread in a network with many different ru- SPace corresponding to these predicates respectively. The
mor receivers. What we study is the proposition received byProposition space becomes a real axis if we assagwel
the last rumormonger in each channel. If we average th@nde,=—1. Let us look at the rumor transmitted along a
individual number of all propositions received by these ru-certain channel. The initial rumormong&y, proposes an

mormongers, we define the exaggeration ratimés. To be original propositionPy ; (or Py ), th??‘ the successi\_/e ru-
simpler, the individual number of the last proposition we mormongerO,, changes the proposition and sends it to the

obtain is just the rumor’'s exaggeration ratio if we supposenﬁXt ru?om;]onger aqcord}:ng to formuid). Th|s for".‘“'a
the individual number of the initial proposition to be one. SHhOWs that the operation of a rumormonger is to add iloro
subtract 1 from it in the propositioR; ; .

A spin chain can express the operations of rumormongers
step by step. For a chain witiN+1 spins S, (n
=0,1, .. .N), the subscriptiom of S, denotes thath site of

In our model, each rumormonger has his own opinion tathe spin chain. Each rumormong@y, ; corresponds to one
assert as a specific predicdtgx) when a message is trans- spin S, and takes the value, (I=1, and 2) due to the
mitted through various channels. This changes the propospredicate claimed.

A. Rumor expressed by a spin chain

Ill. OPERATION OF RUMORMONGERS
ON A PROPOSITION

046134-4



POTTS MODEL FOR EXAGGERATION OF A SIMPE . . . PHYSICAL REVIEW E 64 046134

Operation(4) should correspond to the addition of spins, system. In a physical system, macroscopic behaviors are de-
as shown in the following. Suppose that the original propotermined by the behaviors of subsystems. Obviously, being a
sition sent out by the initial rumormong@y, is P, ;; this  kind of macroscopic behavior of the rumor process, the ex-
can be described &,=e;=1 in the spin chain. If the sec- aggeration ratio of a rumor is determined by the microscopic
ond rumormonger i€y, and the rumor described &  behaviors of all subsystentthe spins.
=g, according td =1 or|=2, the proposition sent out by On the other hand, the macroscopic behavior of a physical
the second rumormonger should Bg; or P, ; after opera-  system restricts the microscopic behaviors of all its sub-
tion (4). Therefore, the number of proposition individué®s systems as well as determining the probability of micro-
or 0) sent out is given by the addition of spi§s+S, as  scopic configuration§22—24. Similarly, there are some

follows: macroscopic variables that determine the statistical proper-
ties of a rumor’s channels. One basic property of a rumor is

1+1=2 for =1 that most improbable and unreliable accounts of a rumor are

SotSi=ete= 1+(—1)=0 for I=2. 5 eliminated during transmission. This means that we should

consider the acceptability of a proposition to a group of ru-
By induction, the proposition received by the+1)th ru-  mormongers, and introduce an acceptability exponent to pre-
mormonger isP; ; with i=|23:oSq|, while that one received Scribe the probability of spin configurations. At the same
by the last rumdrmonger B, with m= |22'708q|- Inthese time, another factor affecting the configuration probability is

expressions, the sign of the absolute value shows that tH€ Social guide, which induces more rumormongers to be-
individual number of a proposition is a natural number. lieve a certain assertion. The guide exponent will also be

The system is a Potts-like spin chain model, with everyntroduced.

spin S, havingL components wheh >2 [7]. If the propo- An original rumor is always spread along. .aII possible
sition received by ther(+1)th rumormongeiO,, is P; channels among rumormongers. The propositiBps, re-

=i [ iti imi ived by the last rumormongers in different channels will
=iey, shown as in Eq4), the proposition sent out by him is ¢€V€d _
Pi 1k OF Pj_;,. Correspondingly, the addition of spins have different values ofm and k. Obviously,m and k are

should be defined as _de_ztermined by the opinions of _all rumormongers. Therefore,
it is only possible for us to predict average valuesndndk.

(i+1)g, for 1=k In a spin chain, each spi§, is the discrete variable and
iegte=1 . for i#0 (6) takes avalue in the see{,e,, ... e ). The set ofS; on a
(i=1)ec for I+k chain forms a stochastic serie§y( ....Sy, ...,Sy). De-
and noting the probability of the seriesSg, ... .Sy, ... ,Sy)
with the value &, .. .,) asp(Sy, ....S;, - .. .Sy), we can
O+e=g for i=0. 7) write the information entropy of the series as
Since all details of the operations of spins are given inS=— >, p(S,, ... Sqs - SINP(Sy, - Sy SN,
Appendix A, only some results are induced directly. We can 1Sq}
also define the absolute value mfg, as|mg|=m, and sup- ®

pose the addition of a polynomial to be carried out succes-

sively. So, it is quite easy to understand the rationality of thé’;’]here t_he S_T_Jrl?scrir{ISq}l_is the sum ((;\_/_er allfc%nfigurzti(k))qfs OT
addition. Similar to the case df=2, the propositiorP,, the series. The normalization condition of the probability is

received by the last rumormonger is expressed

=[Z8_oSul- > p(Sor - Sqr o SO=1 9)

{Sq}
B. Statistical models without social guide . . . . .
] ] ) ) ] In this section, we study a rumor without a social guide.

The view popularized in sociology asserts that collectiverhys there is no dominant opinion concerning the event of
behavior originates from the motivation and interaction ofpplic interest. All opinions asserting different predicates
individuals[1]. Collective behavior is a kind of whole social ;| appear with the same probability. According to this as-
behavior, and its corresponding microscopic behavior in sogymption, all components of spins at the chain will also ap-
ciety is the motivation and interaction of individuals. As we pear with the same probability. Thus the probability of the
already descnbeq above, social behaviors and physmal Sy§'um22':osq=mek has nothing to do with the subscriptién
tems have much in common. For example, collective behavy,§ the average value of is only limited by the social
ior is similar to the macroscopic property in a physical SYS-acceptability of the rumor, namely
tem, and the motivation and interaction of individuals are ' '
similar to the movement and interaction of physical sub-

systemgparticles. > Mp(Sp, -+ Sys - SY=M. (10)
For the process of a rumor’s transmission described by a 1Sq}
spin chain in Sec. lll, the group of rumormongers repre-

sented by a spin chain is a macroscopic System, and each We consider the most random case, in which the inﬁ)rma—
rumormongerQO,, |, represented by a spif,, is a sub- tion entropy[Eq. (8)] takes an extreme value with a givem
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and the normalization conditiofEg. (9)]. Introducing the V. RESULTS OF THE APPROXIMATE CALCULATION
Lagrangian multipliers B and A, we obtain the expression

of the probability as follows: WhenL>2 , the probability sum can be represented ap-

proximately agAppendix B
P(Sp, - .Sq - - SN =Q(0) Te ™7, (11 (L2 )MAL-1)(L-2)
m L

This result has a discrepancy €@f(1/N) according to the

standard statistical method in physi@-24. In Eq. (11), N

we haveQ(a)zE{Sq}e*m"’. This model is a Potts-like chain 0% [ L+ >, [(L—1)e aM+ebm]
m=1

of spins withL component$21]. Inserting Eq.(11) into Eq.
(10), we obtain the following equation; as N > m 1 L+l
X|:zm HEX[{—T—§|H<T)H, (16

m=m(o). (12)

. . . - L — in which
This equation determines the multiplier by a givenm.
Conve_rsely, the muItipIiero_aIso determines the average a=(1/2In(L-1)+1/o, b=ylo—(1/2)In(L-1).
valuem. The average valum determines the exaggeration 17
ratio of the rumor, and manifests the social effect on the —. ) . )
rumor process. For a fixed, Eq. (11) shows that, the larger The averageam is determined by the following factor in
o is, the larger the probability of a configuration. This meansformula (16):

that society may accept a larger exaggeration ratio of the m2 | L1
rumor if o is larger. Therefore, we can call the multiplier ex;{bm— — — —In| —— (18
the acceptability exponent of the rumor according to our 22 4
definition. Its exponent can be written as
C. Statistical models with the social guide L+1 m | L+1) |2
. o . . b—\/In| — | m—|—=—\/zIn|——] |, (19
In our model, a social guide “prefers” some predicate 4 J21 2 4
Fi(x) in the group{L}. With the effect of this guide, more
rumormongers will assert the same predicate as the guidingr
opinion. If the social guide prefers theth predicate, the
probability of the spin surﬂg=osq= me, will be larger than {bz— In ﬂ) (112)= (m=b1)%/2l. (20)
that of the other surE(T:OSq: me, (k#n). This case can be 4

expressed as follows:
P Apparently, there are two special valueg and b,, which

P(Pmn)/p(Pm)=exd(y+1)m/o], y>-1. (13)  are shown, respectively, as

L+1

4

In this equation, the factor ekfy+1)nm/o] shows the ratios

of the probability with and without social guides. The larger
the factor, the larger the probability of the rumormongers
asserting thexth predicate. Thereby, the factgr+ 1 can be  and
considered the guide exponent.

b,=/In (21)

- - o - L+1
In the case of a sqmal guide, the probability of the series b,=|1+In " ”/2 (22)
(Sor v oSy - SN) Is
P(So, - Sq» -+ SV There exist three cases. .
Whenb<b,, only the lowest and m provide the effec-
N tive contribution toQ,,. So we can obtain
=Q(m) texpl —|1- 8| X Sq.n|(y+1)|mia.
q=0
~1. 23
(14 &, P (23
Moreover, we have also defined This result means that the rumor has not been aggrandized if
N N vlo<(1/2)InL—21)++/In(1+L)/4.
S |1 for k=n S 5o Whenb>b, the maximum term irQ,, is thatl =m=N.
g & Sa:N =0 fork=n, & Se=m&. (19 50 we can obtain
Naturally, the model of a rumor with a social guide should Z mp(m)~N. (24)
turn into one without a social guide if the guide disappears. {Sqt
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This result means that the rumor is aggrandized dramatically e, t+e,+e;=(e,+e,)+e;=0+e;=e;. (A3)
if y/o>{1+In[(L2—1)/4]}/2.
Whenb;<b<b,, we can obtain If we combinee, ande; at first, the addition will become
e+ (e,+ez)=e,+0=e;. A4
1<{2mp(m)<N. (25) 1+ (extesz)=e; 1 (A4)
Sq

EquationgA3) and(A4) show that the addition defined here

This result means that the rumor is aggrandized normally ifl0€S not satisfy the associative law. Another polynomial is
(14 In[(L2—1)/4]}/2> yl o> (1/2) In(L— 1)+ In(1+ L)/4. e;+egtey, in which the order ok, andej is gommutated
From the discussion above, we find that the exaggeratioRPmPared with the former one. We can obtain

is greater if the rumor has a larger social guide and a lower e eyt e,=(e;+es)+e,=0+e,=e,. (A5)

ambiguity.
This equation shows that addition also does not satisfy the

VI. SUMMARY commutative law. So the calculation of spin sum will be
especially difficult due to the property described above.

We consider a rumor’s transmission quantitatively. We . . .
q y }é/hen L>3, we'll arrive at the same conclusion.

propose algebraic and geometrical representations of simp
propositions with a universal quantifier, and define the

proposition space simultaneously. Then we figure out all op- APPENDIX B: PROOF OF EQ. (16)

erations by which rumormongers change the transmitted \y\hat we are interested in is the caselof 2. Its prob-
proposition; eventually we set up an abstract model of rUMOLpility sum is

process. We introduce the acceptability exponenof a

proposition and the guide exponeptto describe the effect

on the rumor process by society. We represent a rumor chan- Qm= ; P(Sy, - Sy, -+ S\)
nel with the help of a spin chain, and point out that only the Sq)
chain with maximum information entropy is a Potts-like =A[(L—1)e ™oy grmo], (B1)

model. The spin sum will give the rumor’s exaggeration ra-

tio. The approximate calculation of the spin sum is given.where A, is a configuration number corresponding to the
The result shows the different exaggerations as follows. Thepin sum|22=lsq| =m. The coefficientL—1 of the factor
rumor will not be exaggerated ify/oc<(1/2)InL—1) e ™7 s introduced because af—1 predicates in the predi-
+vIn(1+L)/4, while it will be aggrandized dramatically if cate se{L}, which are different from the predicates asserted
vl o>{1+In[(L?—1)/4]}/2. However, the rumor is exagger- by the social guide.

ated normally if{1+ In[(L?—1)/4]}/2> ylo>(1/2)InL—1) The calculations of the spin suE{;‘: 1Sy and the configu-
+yIn(1+L)/4. All the results accord with our empirical ration numberA,, are the key to giveQ,,. The addition of
knowledge about a rumor’s transmission in society. spins[Eq. (Al1)] can be rewritten as follows:
n+1
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nology Laboratory(00-7). sponds to the poirkke, on the axisF,(x) in the proposition

space. The above law means that the addition of spins cor-
responds to the movement of the point expressing the propo-
sition fromke, to (k+1)e, or (k—1)e,. Therefore, the ad-
According to the laws of operations which change propo-dition of N spins corresponds to thé-step walk of a point
sitions by rumormongerEEq. (4)], the addition ofS, is de-  representing a proposition in proposition space. The configu-

APPENDIX A: ADDITION OF SPINS

fined as follows: ration number, is just the number of different paths of the
. N-step walk.
_ (i+1)g for I=k _ The proposition space is a skeleton with branches
iegt+e= for i#0, (A1)

(axes. EachN-step walk in the space proceeds as follows: A
point representing a proposition is initially at a positign
O+e=g for i=0. (A2)  Wwhich means that the proposition has only one individual.
The point jumps forward or backward one unit each step.
The addition of a polynomial is supposed to be carried outAfter some instances of random backward and forward steps
successively. from original pointO along the branches, it arrives at a po-
In the example wheh =3, the addition of, has neither sition me . Let the numbeA,, be the total path number of
an associative law nor a commutative lay; e,, ande; are  an N-step walk from the original poin® to the pointme, ,
involved in it. One polynomial i®;+ e,+ ez, and the ad- (r=1,2,...L) on the axisF,(x). The numberA,, can be
dition should be carried out successively as follows: counted as follows. Thil-step walk is divided into two sec-

(i—1)e, for I#k
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tions. One of them is ar®step transition fronO pointtoO  The lastl-step transition is just one-dimensional random

point with a number of different path,,. Another is the ~Walk, SO
lastI-step walk on two axeB,(x) andF ,(x) with the num- [

ber of different paths\, . Therefore, we have A= (L—1)(t=m72, (B5)
e [+m
[(N=m)/2] > ! >
Am= 2 AzA, (B3)

where the factor I(—1)!'"™”2 means that there arel (
—m)/2 in | steps pointing in thed point direction. Using
Sterling’s formula under the assumption of smalter we

can rewrite the above formula as

wherel=N-2n, and[(N—m)/2] is the maximum integer
less than or equal td\(—m)/2. The numbers.,, andA, will
be calculated below.

In the sefL}, only one predicate is the same as that of the 2 )
propositionme, , butL—1 predicates are different. Thus, if A= \f—le‘m Rl —1)=m722! for 1£0 and m#0,
we use the walk to describe the addition of spins, the prob- .

ability is 1L for the translatiorke,— (k+1)e,, but is (L (B6)

—1)/L for the translatiorkerﬂ(k_—_l)er. o A=1 forl=0 and m=0. (B7)
Each T-step walk can be divided again intosmaller _ _

sections=1, ... n. Each smaller section is a translation on Inserting the formulagB4) and (B6) into formula(B1), we

one axis in the proposition space. It starts from @eoint, ~ obtain the probability sum
arrives at some point on the axis different from tBegoint, 12 AN B
and then returns to the poi@ again. Thus there are three Qm= (L= DAL =1)(L=2)

factors for determiningA,,. One factor is the number of N
different methods cutting 12 steps intot smaller sections > [(L—1)e am+ebm)
containing even steps, and trﬁ$=n!/t!(n—t)!. x| 1+ m=1
The translation of the firdt—1 smaller sections can be on L
all L axes, which gives the factois' 1. If the last|-step (N—m)/2
walk is on the axe&,(x) andF ,(x), thetth section can be % 2 2
on all L—2 axes except the axds,(x) and F,(x). Here n=0 m(N—2n)

F,(x) may possibly belong to the—1 axis, but not~,(x).

The calculation of the number of different paths of each
smaller section on a certain axis is very complicated. Here )
we will apply an approximation in which only one of the x g [mT2N=2m]={(N=2n)/2lin[(L+1/4] | = (Bg)
different paths is taken into account.

Half of the 2n steps must point in th® point direction;  \yhere a=1/0+ (1/2)In(L—1) and b= y/o—(1/2)In(L—1).
the n steps that remain point in the opposite direction. So arne ahove formula can be rewritten as
factor (L—1)" should be involved in the configuration num-

ber. Thus we can express, as follows: Qm=(L>=D)NHL-1)(L-2)
n 1 % )
- tpt-1 X41+— L—1)e @M+e’™
Azn=(L—1) ZCL (L-1)(L—2) 2 [(L-1) ]
2_a\np _ _ N
_ (L=D)"(L=1)(L—=2) . (B4) xS /ief(m2/2I)7(I/2)In[(L+l)/4] . B9
L n=m Tl'l
[1] Britannica, 15th ed.(Encyclopedia Britannica, Inc., London, vised edition(University of Chicago Press, Chicago, 1959
1988, Vol. 16, p. 556. [9] A. Rapoport, Bull. Math. Biophysl5, 523(1953.
[2] A. Thio, Sociology 2nd ed(Harper & Row, New York, 1989 [10] S.J. Prais, J. R. Stat. Soc.148 56 (1955.
Chap. 2, p. 23. [11] D.J. BartholomewsSocial Processe®nd ed.(Wiley, London,
[3] J.M. Henslin,Sociology(Allyn and Bacon, Boston, 1993 1963.
[4] G.W. Allport and L. PostmariThe Psychology of Rumo2nd  [12] M.S. Chwe, Am. J. Socioll05 128(1999.
ed. (Russell and Russell, New York, 1975 [13] D. Challet and Y.C. Zhang, Physica 246, 407 (1997); 256,
[5] A.B. Sorensen, Ann. Rev. Social, 345(1978. 514 (1998.
[6] S.C. Dodd, Ann. Sociol. Re\20, 392 (1955. [14] S. Solomon, G. Weisbuch, L. Arcangelis, N. Jan, and D.
[7] J.S. Coleman|ntroduction to Mathematical SociologiFree Stauffer, Physica 277, 239 (2000.
Press, New York, 1964 [15] S.M. de Oliveira, P.M.C. de Oliveira, and D. Stauff&nolu-
[8] N. RashevskyMathematical Biology of Social Behaviore- tion, Money, War and Compute($eubner, Stuttgart, 1999

046134-8



POTTS MODEL FOR EXAGGERATION OF A SIMPE . . . PHYSICAL REVIEW E 64 046134

[16] M. Cassandro, P. Collet, A. Galves, and C. Galves, Physica A20] J. Barwise, inHandbook of Mathematical Logiedited by J.
263 427(1999. Barwise(North-Holland, Amsterdam, 197,7p. 6, Al.

[17] The Economy as an Evolving Complex Sysiedited by P.W.  [21] F.Y. Wu, Rev. Mod. Phys54, 235(1982.
Anderson, K.J. Arrow, and D. PinegAddison-Wesley, [22] K. Huang, Statistical Mechanigs2nd ed.(Wiley, New York,

Redwood City, CA, 1988 1987).
[18] J. Goldenberg, D. Mazursky, and A. Solomon, Scie@88  [23] L.E. Reichl, A Modern Course in Statistical Physi¢sniver-
1495(1999. sity of Texas Press, Austin, TX, 1980

[19] S.C. Kleene Introduction to Metamathematicdst ed.(Van [24] H.H. Rugh, Phys. Rev. Leti8, 772 (1997).
Nostrand, Princeton, NJ, 195Zhap. 31.

046134-9



