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In this paper | present one model for information distribution (gossip maybe), where original information could be
(deliberately or not) changed. Idea is to define information and to describe its transport. Formulas are provided to
describe probability of correct information after certain number of steps. This paper ends by posting some interesting

research problems.

Introduction & Definitions

Definition: Information is an n-array

w=(wy,...,w,) € {0,1}".
We also need next:

Definition: Transport vector is
II=(pr,...,pa) € (0,17,
While

-QH = (QH1!"':QH-J1)

where 257, (wi) is a random variable
defined as

wil—wi

pi 1 —p;

then

Results

Let us define matrix Fi by which we describe
probabilities of statuses on i-th bit. We have

Pj: DPi 1_p1
l—p: m

where (P?]

read as i Similarly goes for other three
probabilities. To be more precise, if we assume

that Xim is a status of i-th bit after m
transfers, we have

P(Xl.n+1 = | Xi,n = ‘-‘"i) = Di;
PXinpi=1—w | Xipn=1—-w;)=p;,
P(Xi.n+1 = Wi |X1’.11 =1 _"-'-"i) =1 — Pi.

PXins1=1-w;i | X;p =w;) =1-p,.

Lemma: Let Xim be a status of i-th bit after m
steps. Then
PXim+t1 =a | Xim=1b)=pi|la—=b = 1] + (1 = p;}|a —b.

P‘m

Using linear algebra we can show that = = is

11 means probability that M1 was

" .l—l(pr—l)ml—l(zpf—l)m)
LR € 0 ot S Ot

On the other hand, we have another result.

Lemma: Let Xifm be a status of i-th bit after

m steps. Then probability of sending 'a' if 'a’

was received is

o pz'P(Xi,ﬂL - a)
P(X1.171+1 = a).

Proof: We use formula for conditional

P(XLm =a ‘ Xi.m+1 = (L)

probability.
v PANB)  PANB)PA) P(A)
PALB) = =5 o Py - T A EE
Using this, we get
PXip =0 | Xignpr =) = P(X; s =0 | Xipy = @) st

But, on the other hand, we have
P(Xi.?uzl =a X:’.m = (J,) = Paa = Pi;

hence our assertion is proved. ]

Using power of Pi we also proved that

1

- > 1 v
PXim =wi | Xig=w) = 3+ (2pi—1)™,

2
. . 1 1. m
PXim=1-wi| Xip=w;)= 5*5(27&*1) .

Next result tells us how to calculate probability
that information has been transferred as original
had been sent.

Theorem: Let Am be a state of information

after 7Tt steps, where = (pi,....pn)
is a transport vector. Then, after introducing the



RIThink, 2014, Vol. 4

notation )
P(X,, =w):=PX,, =w]| Xo =w),
we have

n

. 1 ,
PG, =w) = o [T A+ @ -1m).
i=1
Proof: It is clear that we have
PlXy ) P Xa=w| Xo=w)
PiX,
% P Xqm = w,

r\t " l'z"‘ 1 J (I, t 2 !:':] |'l’ s 1,"—'.".. "'":I
-_:1_-1-[" +(2m = 1™
This gives us the desired result.

There is interesting consequence of previous
result.

X
after 7Tt steps, where

Il = (pl’ Tt p”') is a transport vector.
Then, following statements hold:

Theorem: Let “* 1 be a state of information

1. P(Xom =w)> 0,
2. pi=0= P(Xopi1 = '-&‘) =0.

Proof: One can notice that .
(2Zm=17" 2 0= 14+(2x=1F" > 0= P{Xge = w) : Mo+ eEm-1>o

On the other hand, if pi = 0 for some
i€fl,2...,n}, then

(2p; — 1)‘3m+l — (_1)‘3m+1 - 1.
Therefore
L+ (2p; — 1)2m+1 = 0, which gives
USP( (omy1 = W) = 0.

This proves our assertion.

Previous result claims, that if one segment of
information or a story is always deliberately
changed, we should accept information after
event number of transports, otherwise we have
smaller probability of detecting true information.

Now let us introduce function that describes
probability of correct information transport.

g(pl'!" '1.1”1’1) = 108}3 P(Xm = '-d)

For the sake of simplicity let us introduce
another notation:

pi=2p—1, i=12...,n.

Then, we may write

RIThink

g(f’l‘---)f’n) =10g‘3P(Xm =f"‘) =

n
=Y log, (1+p™)—n=
=1

=G(,---, )

Now, our task is to check extreme values for
probability described by previously introduced
function.

We find derivatives by each variable. Then we
have

iy 1 a1 1

7 - TEEmE ™ A =0 =0 =0 =

But, one can notice following sequence of
conclusions:

wE L] =€ (—L1] = f" +1€ (0,2 = log, (5" + 1) € {—ox, 1]

Then, after substitution
logy (" + 1) = x; € (—o00,1],

we get

n
gPry-- ) = E zi—n <0,
i=1
On the other hand it is clear that

n
glp,... o) = Z‘“ - n > —00.
i=1
Natural question what is probability of correct
information transport after many transports.

Theorem: Let Ko be a state of information

after 7T steps, where
I = (plv . 1:{)1’1)
Let

is a transport vector.

k= |{i

pi =1}

3

then, after infinitely many steps probability of
correct information transport is given by

1
lim P(X,, =w)= —.
m—oa ( m w) an—k
Proof: We had
1 n
PXp=w)= 5 [T 0+ -1)m).
i=1
Therefore, we may write
PlXp=w)= : [[ (14 (2p — 1)) % H (14 {2p, — 1)™).

i=1, p=1

One can see that
pE 1) = (2p— 1" € (L1} = lim (2p,~ 1)" =10,

therefore

Jim P(Xy =)= fim [: II tr+izm-1r=

_(_2‘" I o= 10

=1, jl i=l, =1

1 1
. _ ok _
l|+1.‘) T Gk

This gives us our proof. 0

Next result claims that is better to accept
information after even number than after odd
number of transports.

Theorem: Let Am be a state of information

after Tt steps, II=(p,-... ’p”} isa
transport vector. Then

P(X‘Em:u) > P(X'gm_;_l = L.d)

Proof: First, notice that

P X = w) ,_‘I”]_Ill‘['..’r‘f 1))

__L_][cl L]

) .
@+ — 5ome I @+ 5™,

i=1, P:7#0 =1, Pi#0,1

where k - le pi = 1} * So, from
now on through the proof, we may assume that
Pi 7 U, 1. Thus we have

jﬁ‘fna _ 1?f;;:'r;r1+1 — ﬁfna(l _E) ~ '3._.

because

-1<p <L

Therefore, we have

(1+ﬁfn1)> (1_"_fj’;’lh‘?rl-l—l)>O1

hence, after multiplication we have

n n
H (1 _}_ﬁi!m) > H (1 +ﬁ|3m+l)’
i=1 i=1

thus, finally

P(X'Bﬂl:w) > P(X'jrn-}-l - I:.-(.f‘).

This proves our theorem. O

Finally, we present one lower bound for
probability of correct information.

Theorem: Let ~*m be a state of information
IT = (pl! R !pn.)

after 11 steps, where is a

transport vector and pi 2 p- Then
1+ ﬁm) "

PX,=w)>
=02 (25

2014
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Proof: One can see that following sequence of
conclusions work

pEpEU=2y—1>2p— 1= >p> 1= > p" > -1

Then we have

P(Xy =w)= _;" H. 1+p™) 2 _;" I[ (1+j") = (' 3’_2:’7")".

Further Research

Now we will say something about distribution of
information over complete graph

K,=(VE), V={L2....n}. E={{i.j}|i.i=L2....n},
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11 is a directed distribution of information}.

DDI(n) # DI(n).

Using Cayley’s formula we can prove that

2]

|DI(n)| =n""=

There are some topics that could be interesting
to cover, like, to describe probability for
returning information to someone that have
already heard it. Also, it would be of great
interest to offer some algebra to classify and
count direct distributions of information. All of
that probably could be used in determining, so
called, returning probability of an information.



