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Abstract

Evolutionary Probability Theory is showed evolution of probability. Evolutionary Probability
is based on Quaternion Algebra . Every experiment of probability provides to change our
system. Known probability is a mathematical entity and scalar entity. But evolutionary
probability will be a mathematical entity and vector entity that has both magnitude and
direction. We start our discussion of evolutionary probability vectors by presenting a couple
of different representations of vectors, magnitude and direction. We can apply on its for
Quantum Information Theory.

1 Introduction

Graphically, Evolutionary Probability is a quaternion and vector is represented by an arrow on
four dimensional space. The magnitude of the probability is represented by the length of the
arrow and the direction of the probability is represented by which way the arrow is pointing.

N
P probability variable is represented by a letter with an arrow over it as in the vector P .Once
we define a vector, we often need to write about the magnitude of that vector just how big it is
as opposed to both how big and which way it is. The magnitude of the probability P can be

5
written two ways, either |P

or |P| . The first way makes it more obvious that we are dealing

with the magnitude of a probability rather than some ordinary variable. The second method is
used when it is already clear from the context that we are dealing with the magnitude of a
probability [1,2,3,4,5,6,7,8,9,10,11,12,13,14].

2 Notations

2.1 Notations for Evolutionary Probability Theory

Given as set Q set and subsets A, B,Q then the following notation is used:

1- Intersection:

ANB={ve Q:ve Aandve B}

2- Union:

AUB={ve Q:ve Aor,orbothv € B}

3- Minus:

A\B={ve Q:ve Aandve B}

4- Complement:

A ={veQ:ve A}

5- Empty Set:

& set without any element.

2.2 Components of Probability Space

Any probability space (€, F,P) consists of three components.

1- The elementary events or states w which are collected in a non-empty  set .

2- Any oalgebra F, which is the system of observable subsets or events A < € .The

interpretation is that one can usually not decide whether a system is in the particular state
we  but one can decide whether we Aor wg A.
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3- Any measure P, which gives a probability to all Ae F .This probability is a number
P(A)e [0,1] that describes how likely it is that the event A occurs. We define the o algebras

F , here we do not need any measure.
2.3 o Algebras
Let be Q anon-empty set. A system F of subsets A < Q is called o algebra on Q if

1- 3,Q,F
2- A€ F implies that A°: Q\AeF
3- A, A,,...e Fimplies that UAl. eF
i=1
The pair (Q, F), where F is ac algebra on , is called measurable space. The elements A€ F

are called events. An event A occurs if we A and it does not occur if weg A.
4- A,Be Fimplies that AUBe F, then Fis called an algebra. Every o algebra is an

algebra. Sometimes, the terms o field and field are used instead of o algebra and algebra.
3. Space Definition

3.1 Probability space

Let (Q, F), be a measurable space.

1- Amap P:F —[0,1] is called probability measure if P(Q)=1and for all A, A,,...e F with
A, NA;, = for i # jone has P(UA[j = ZP(A[).
i=1 i=1

The triplet (Q, F, P)is called probability space.
2- Any map u:F — [0,oo]is called measure if (@)=0and for all A, A,,...e Fwith
A, NA; = for i # jone has ,U(UAJ = z,u(Ai).
i=1 i=1
The triplet (Q, F, i) is called measure space.
3- Any measure space(Q,F,u)or a measure 4 is called o finite provided that there are
Q, c Q,k=12,.., such that
a- Q, € Fforall k=1.2,...
b-Q,NQ, =0 fori#j

c- Q :ng
k=1
d- ;U(Qk)< 0

The measure space (Q, F, 1) or the measure  are called finite if £(Q)< oo,
3.2 Components of Evolutionary probability space
Any evolutionary probability space (Q,F,P) consists of three components .But probability

will have G theoretical and M,,M,,M ,experimental probability
components P(G, M WM, M 3)on evolutionary space. Because of an evolutionary probability
space (Q, F,G.M, M, .M 3) consists of six components.

1- The elementary events or states w which are collected in a non-empty Q set .

2- Any oalgebra F, which is the system of observable subsets or events A < Q .The
interpretation is that one can usually not decide whether a system is in the particular state
we Q ,but one can decide whether we Aor we A.
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3- Any measure P, which gives a probability to all Ae F .This probability is a evolutionary
number P(A)e [O,l]+ e [O,l]+ e, [O,l]+ e, [O,l]and P(A)e H that describes how likely it is that

the event A occurs. We define the o algebras F , here we do not need any measure.
3.3 G Theoretical probability space
Let G is a theoretical probability space.

G={g°,g1, ......... ,g"}

Theoretical probability is G(A)e [0,1]

Theoretical probability is mathematical values of probability.
3.4 M Experimental probability space

Let M, is a first experimental probability space.

Experimental probability is M 1(A)e [0,1]

3.5M , Experimental probability space

Let M, is a second experimental probability space.
My =" b}

Experimental probability is M, (A)e [O,l]

3.6 M, Experimental probability space

Let M, is a third experimental probability space.

Experimental probability is M, (A)e [0,1]
3.7 P Evolutionary probability space

Let P is a evolutionary probability space.
The form of a evolutionary probability number is

¥Y=G+Me +M,e, +M,e,and¥(A)=G(A)+ M, (A)e, + M,(A)e, + M ,(A)e,
P={W=G+Me,+M,e, +M.e,e HG,M, M, M,e R}

2 2 2
P—{‘P—G+Mlel+M2.62+M3.e3eH‘e1 =e, =e, ——1,6162—63,6361—62,6263—61,616263——1}

P={¥(A)=G(A)+ M, (A)e, + M,(A)e, + M, (A)e, € H|G(A). M, (A),M,(A),M(A)e [0,1}
Let S is a evolutionary probability set.

S={¥=G+M,e, +M,e,+M,e,e PlG,M,,M,, M, R}

2 2 2
S—{‘P—G+Mlel+Mze'2+M3€3€P‘e1 =e, =e, ——1,6182—63,6361—82,6283—81,816283——1}

S ={®(4)= G(A)+ M (A)e, + M, (A)e, + M ,(A)e, € PIG(A), M, (A). M, (A),M,(A)e [0,11}
Let Aand B are events

(A) = G(A)+ M, (A)el +M, (A)ez +M, (A)e3

(B) = G(B)+ M, (B)e1 +M, (B)e2 +M, (B)e3 are evolutionary probabilities.

(B)): [G(A)"' G(B)]+ [M1(A)+M1(B)]€1 + [Mz(A)"'Mz(B)]ez + [M3(A)+M3(B)]€3
(B))=1+1e, +1e, +le,

4
4
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4 Probability definitions

4.1 G Theoretical probability

Let (Q, F ), be a measurable space.

G is mathematical probability space. We will get theoretical probability from mathematical
results.

1- Amap G: F — [0,1] is called probability measure if G(Q)=1and for all AL A,,...e Fwith

A, NA; =0 for i # jone has G(UAij:ZG(Ai)'
i=1 i=1

The triplet (Q, F,G)is called theoretical probability space.
2- Any map u:F — [O,w]is called measure if u(@)=0and for all AL A,,...e Fwith
A, NA;, =0 for i # jone has 'U(UAij = Z,u(Al.).
i=1 i=1
The triplet (Q, F, i) is called measure space.
3- Any measure space(Q, F,u)or a measure # is called o finite provided that there are
Q, c Q,k=12,..., such that
a- Q, € Fforall k=1.2,...
b-Q,NQ, =0 fori# j

c- Q :ng
k=1
d- ﬂ(gk)< *°

The measure space (Q, F, 1) or the measure g are called finite if £(Q) < oo.
If we flip a coin, then we have either” heads” or "tails” on top, that means. Probability of head

and probability of tail areE to each of the two possible outcomes. If the coin is fair, then

heads and tails should receive the same probability. The reason for this has to do with our
intuitive notion of what a probability means.

In this sample, the two possible outcomes form the set

Q ={head,tailor Q =1{h,t}

G(head) = Gltail) =%,G(h) ~Glr)= % \Glhead)+Gltail) = 1

4.2 M ,,M ,,M , Experimental probabilities
Let (Q,F), be a measurable space.

M, .M, ,M,are experimental probability spaces. We will get experimental or relative
probability from experimental results.

I- Amap M,:F —>[0,1],M , F —>[O,1],M ;0 F — [O,l]are called probability measure if
M, (Q)=1,M,(Q)=1and M,(Q)=1forall A,A,..e Fwith A NA, =@ for i # jone has
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The triplet (Q, F, M | ),(Q, F,.M ) )and (Q, F,M 3 )are called experimental probability spaces.
2- Any map u:F — [O,m]is called measure if u(@)=0and for all AL A,,...e Fwith
A, NA;, = for i # jone has ,u(UAl.j = Z,u(Al.).
i=1 i=1
The triplet (Q, F, i) is called measure space.
3- Any measure space(Q, F,u)or a measure # is called o finite provided that there are
Q, c Q,k=12,.., such that
a- Q, € Fforall k=1.2,...
b-Q,NQ, =0 fori#j

- Q=JQ,
k=1
d- ﬂ(gk ) <o
The measure space (Q, F, 1) or the measure g are called finite if (Q)<oo.
If we toss the coin Qtimes and the number of heads among these Q tosses is Q,, then

relative frequency of heads is equal to % .Now if Qis large, then we tend to think about

& as being close to probability of heads. The relative frequency of tails can be written as

Q

E,where Q, is the number of tails among the O tosses, and we again think of %as being

[

close to the probability tails. Since—+—-=1, we see that at least intuitively, the

probabilities of heads and tails should add up to one. If we make three experiments for
probability, we will see that first, second and third experimental group results.

In this sample, the two possible outcomes form the set

4.3 M | Experimental probability

Q ={head ,tail}or Q =1{h,t}
o

O , M (tail) = =2,
M1 M1
M (head)+ M (tail) =1
4.4 M , Experimental probability
Q ={head, tailtor Q =1{h,t}
0,

O M, (rait) = 22
M?2 M2

M, (head)+ M , (tail) =1

4.5 M , Experimental probability

Q ={head ,tail}or Q ={h,1}

Qh3

Ml(head)z

M, (head )=

, M3(tail)=—Q’3 :

M3 M3

M ,(head )+ M ,(tail) =1

M3(head)=
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5 ¥ Evolutionary probability
Let (Q, F ), be a measurable space.

Y is an evolutionary probability space. We will get evolutionary probability from theoretical
and experimental results.

I- A map Y:F—> [O,l] is called probability measure if W(Q)=1land for all
A A,,...e Fwith A, nA; = for i # jone has \P(UAiJ:z\P(Ai)'
i=1 i=l

The triplet (Q, F,¥)is called experimental probability space.
2- Any map u:F — [0,oo]is called measure if u(@)=0and for all AL A,,...e Fwith
A, NA; = for i # jone has ,u(UAij = Z,u(Ai).
i=1 i=1
The triplet (Q, F, i) is called measure space.
3- Any measure space(Q, F,u)or a measure # is called o finite provided that there are
Q, c Q,k=12,..., such that
a- Q, € Fforall k=1.2,...
b-Q,NQ, =0 fori#j

- Q=JQ,
k=1
d- ﬂ(gk ) <o
The measure space (Q, F, 1) or the measure g are called finite if (Q)<oo.
Let evolutionary probability is W(A)= G(A)+ M (A)e, + N(A)e, +V(A)e,
and Q = {head ,tail}or Q ={h,t}
5.1G Theoretical probability
Q ={head tailtor Q =1{h,t}

G(head )= % ,G(tail) = % ,

G(head )+ G(tail) =1,
5.2 M, Experimental probability
Q ={head,tailtor Q =1{h,t}

o

O M, (rait) = 21
M1 M1

M (head )+ M |(tail) =1

5.3 M , Experimental probability

Q ={head tailtor Q =1{h,t}

Ml(head)z

Mz(head)zﬁ, Mz(tail)zﬁ,

M?2 M2
M, (head)+ M , (tail) =1
5.4 M , Experimental probability
Q ={head,tailtor Q ={h,t}
0

O ,
. M, (tail) = =2,
(tail) 0

M3 M3

M3(head)=

ISSN: 0975 - 67791 NOV 12 TO OCT 13 | VOLUME - 02, ISSUE - 02 Page 832



JOURNAL OF INFORMATION, KNOWLEDGE AND RESEARCH IN
ELECTRONICS AND COMMUNICATION ENGINEERING

M ,(head )+ M ,(tail) =1

6 ¥ Quantum Evolutionary Probability

Q ={head,tailtor Q ={h,t}

¥(A)=G(A)+ M, (A)e, + M, (A)e, + M, (A)e,

lP(B): G(B)+M1(B)e1 +M2(B)62 +M3(B)e3
¥(head) = G(head )+ M ,(head )e, + M , (head )e, + M ,(head )e,
¥(tail) = G(tail)+ M ,(tail Je, + M , (tail Je, + M ,(tail )e,
‘P(head)z n Ou e, Qi e, + O e,
2 QMl QMZ QM3
W(tail) = — + 2 L+ Q0 e, + 2 e,
M1 QM2 QM3

W(head )+ (tail) =1+ le, +1e, +1e,

7 Propositions

7.1 Propositions

Definition. 13

Let (Q,F,P)be an evolutionary probability space. Then the following assertions are

L If A,A,,...€e F suchthatA, N A, = for i # jone has P(UAJzZP(AJ
i=1 i=1

2.1f A,Be Fthen P(A\B)=P(A)+ P(AnB)

3.1f Be Fthen P(B°)=1-P(B),

4.Tf A, A,,...€ Fthen P([]Aij < iP(A,.)

i=1 i=1
5. Continuity from below:

IfA,A,,.€ Fsuchthat A, C A, C A, C...,then Lim P(A,)= P(UA,J

n—o0

6. Continuity from above :

n—oo

IfA,A,,..€ Fsuchthat A, DA, DA, D...then LimP(A,)= P(ﬂAnj
n=l
7. P(AUB)=P(A)+ P(B)- P(ANnB)
8.P(AuBUC)=P(A)+P(B)+P(C)-P(AnB)-P(AnC)-P(BNC)+P(ANBNC)
9. For pair wise events A, A,,..., A, it is case that
P(UA,} =3 P(4)-3 P4, A )+ S P4 NA NA )+ (1) P4, nA, N..N4A,)
i=1 i i<j i<j<k
7.2. Independence events
Definition. 14
Let (Q,F,P)be an evolutionary probability space. The events A, c F,ie K is an arbitrary
non-empty index set, are called independent, provide that for all distinct i,,...,i, € K one has
that P(A, nA_ .4 )=P(4, )P(4, )P4, )
Given A, A,,...€ F, one can easily see that only demanding
P(A, A, N.A)=P(A)P(4,)..P(A,)
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7.3. Conditional probability

Definition. 15

Let (Q,F,P)be an evolutionary probability space. Suppose Aand Bare events in sample

space Q ,and suppose that P(B) > 0 .The conditional probability of A given B is defined as

P(ANB)
P(B)

8 Operators
8.1. Product
Let

Y=aqa,+ae +a,e,+ase,

P(A|B)= and A,Be F

Pz{a0 +a,e +a,e, +ase; H|a0,al,a2,a3 € R}

2

2 2
P= {ao +ae +a,e, tae;e Hle,” =e,” =e,” =—lee, =e;,e,e, =e,,e,e; =¢,,e,e,6; = —1}

Y =a,+ae +a,e, +a,e,
Y, =b, +be, +b,e, +bse,
Multiplication is generally noncommutative ¥, x¥, # ¥, x¥,

Y XY, | e e, e
e, -1 e, —e,
e, —e, -1 e
e, e, —e, -1

8.2. Conjugate

The conjugate of ¥ =a, +a,e, +a,e, +ase, is = a,—a,e, —a,e, —a,e,
Y= {ao +a,e +a,e, +a,e; H|a0,a1,a2,a3 € R}

Y= {ao —ae, —a,e, —a,e; € H|a0 ;—a,,—0,,—0y € R}

8.3. Magnitude

The magnitude of W =aqa, +a,e, +a,e, +a,e; is |‘P| = \/ao2 +a’+a, +a,
8.4. Multiplicative Inverse
The multiplicative inverse of ¥ =a, +a,e, +a,e, +a,e; is

v =L wooad ¥ =
W Py

ay — a6, —a,e, —d;e,

|
(Clo + alel + azez + a3e3 )(Clo — alel — azez - a3e31 )
Wy = ay — a6, —a,e, —d;e;
- 2 2 2 2
(lo +(l1 +(l2 +(l3
8.5 Division
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Let

Y=aqa,+ae +a,e,+ase,

Y= {ao +ae +a,e, +ase, € H|a0,al,a2,a3 € R}
WY =a,+ae +a,e, +a,e,

Y, =b, +be, +b,e, +b,e;and ¥, #0

Y

—L=d,+de +d,e, +d,e,

lPZ

W =1{d, +de, +d,e, +d.e, € H|d,,d,,d,.d, € R}

The conjugates of ¥, =a, +a,e, +a,e, +ae, and ¥, =b, +b,e, +b,e, +b,e, are

?1 =a,—a,e, —a,e, —a,e, and?2 =b, —b,e, —b,e, —b,e,
¥ _ (ao tae t+ae +ase )(bo —be, —b,e, _b3e3)

¥, (b, +be, +b,e, +byeb, +be, )b, —be, —b,e, —bse,)
¥ _ (ao +ae +a,e, +a,e, )(b0 —be, —b,e, —b3e3)

¥, b; +b +b; +b;

8.6 Polar notation
Let

Y=aqa,+ae +a,e,+ase,

b4 :{ao +a,e +a,e, +ase; € H|a0,a1,a2,a3 € R}

The magnitude of W =aqa, +a,e, +a,e, +a,e; is |‘I’| = \/ao2 +a’+a,’ +a,
Arg(T)=16, + 27,0, + 27k, 0, + 27k } and
6=10<6,<360°,0<6, <360°,0<6, <360°186,.6,,0, € R}

. N 2 2N Y 2 2 2 2
The radius set is r—{”l—\/ao ta,; ,r,=4a, ta, ,r;=40a, t+a, |”1,”2,”3€R}

The polar notation is ¥ = r,(cos 8, + ¢, sin 8, )r, (cos 8, + e, sin 8, )r,(cos 8, + e, sin 6, )
I developed these polar forms.

a a a
cos @ =1cos , =—=——,c080, =————,c08 0, =——>——Icos ,,cos ,,cos &, € R
2 2 2 2 2 2
Va,” +a, Va, +a, a,” +a,
: : a . a . a : . :
sin@ = {sin §, = ————sinf, = ——=——,sinf, =————1sinf,,sinb,,sin G, € R
2 2 2 2 2 2
Va,” +a, Ja, +a, a,” +a,

The polar notation is

¥ = (cos @, +e, sin B, )r,(cos 8, + e, sin 8, )r,(cos , + e, sin ;)
Its conjugate is

Y= r,(cos@, —e, sinB,)r,(cos@, —e, sin 6, )r,(cos b, —e, sin b,)

8.7 Exponential form
Let

Arg(¥P)=16, + 27,0, + 27,0, + 27k} and
6=10<6,<360°,0<6, <360°,0<6, <360°16,.6,.6, € R},

. N 2 2 2 2 2 2
The radius set is r—{”l—\/ao ta, ,r, =4a, ta, ,r;=4/a, +a, |”1,”2,”3€R}

I developed these exponential forms.
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The polar form is ¥ = 7,(cos 8, +e, sin 6, )r,(cos 8, +e, sin @, )r,(cos &, + e, sin ;)
The exponential form is

9, 0. [ : 1 1
el — (cog 6, + e, sin b, )cos 0, +e,sinb, )cos 0, + e, sin 6, )

Its conjugate is

6—6191—6292—6393 — (COS 91 — € sin 91 )(COS 92 —é€, sin 62 )(COS 83 — €, sin 93)

8.8 Power form
Let
Arg(¥P) =16, + 27,0, + 27,0, + 27k } and

6=10<6,<360°,0<6, <360°,0<6, <360°16,.6,.6, € R},

. N 2 2 2 2 2 2
The radius set is r—{”l—\/ao ta, ,r, =4a, ta, ,r;=4/a, +a, |”1,”2,”3€R}

I developed these power forms.

The polar form is ¥ = r,(cos 6, + e, sin 8, )r, (cos 8, + e, sin 8, )r,(cos &, + e, sin 6,)
The power form is from degree nth power and ne Z

¥" =" (cosnb, +e sinnb, )r) (cosnb, +e,sinnb, )r;' (cosnb, +e, sinné,)

8.9 Root form
Let
Arg(¥) =16, + 27,0, + 27k, 0, + 27k} and

0={0<6,<360°.0<6, <360°,0< 6, <360°186,.6,.6, € R},

. NS S B 2 _ [ 2 2 _ [ 2 2
The radius set is r—{rl— a, +a, ,r,=4a, +a, ,r;,=4/a, +a, |r1,r2,r3€R}

I developed these root forms.
The root form is from degree nth root,k =0,1,2,...,n—1 and k,ne Z

w - %(COS 0+ 2k e sin 6, + Zkﬂj ,{/Z(COS 0, +2kz e,sin 0, + Zkﬂ'j %(COS O,+2kx | e,sin 0, + 2k7:}
n n

n n n n
Its roots are ¥, ={¥,.¥,,.... ¥, }
8.10 Addition
WY =a,+ae +a,e, +ase,
Y, =b, +be, +b,e, +b,e,
Y +¥, = (ao +b0)+ (a1 +b, )el +(a2 +bz)e2 +(a3 + b, )e3
Y +¥, =c,+ce +c,e, +ce,

Y +Y¥, = {co +ce +c, e, +cie; € H|c0,c1,c2,c3 € R}

9 Quantum Evolutionary Probability
9.1 The physical state postulate
The state, at time ¢, of an isolated physical system that consists N of point particles whose

- -

positions are given by point particles,7;,.............. ,Iy ,1s given by a well-behaved, square-

- -
integrable and normalized wave function ¥(7,.,.............. , 1y 1) for physical states.
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The Quantum Mechanical characterization of the system’s physical state is completely

different from its classical counterpart, where the state is described by the actual values of and

- - - -

Fyeeevenneennes Jry and ppaeeenee. ,Dy attimet.

9.2 The time evolution of Schrodinger equation for physical state postulate

The time evolution of the wave function, W(7,.............. ,Iy,t) 1s governed by the time

dependent Schrodinger’s equation for physical state.

where

W(r e ,Ty»1)1s probability function of the system for physical state.

V(H i , Iy ,1)1s the potential energy of the system

in S e, no= -3 v v root) ¥ re) (1)
PR AU Ty s 2 om ; Lyeereenneneens Ty Lseeeeneeenens s

b4 ={a0 +a,e +a,e, +ase, € H|a0,al,a2,a3 € R}

Y= {ao —a,e, —a,e, —a,e; € H|a0 ,—a,,~0,,—0; € R}

|‘P| = \/ao2 +a12 +a22 +a32
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