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Abstract

Helix-hyper-operations, are defined on any type of matrices via multi-valued operations.
Thus, a helix-product is defined on a set of non-square matrices and the results are sets of
matrices, of the same type, instead of a single matrix. The characteristic point is that the
helix-operations take into account all the entries of the factors. Einstein’s legacy imply
that quantum mechanics and chemistry are ‘incomplete’ theories for the description of
complex time-irreversible systems of extended constituents with internal non-potential
interactions. Due to the extremely large number of constituents and the extreme
complexity of the multi-valued internal communications, it is convenient to use a
representation via two hyper-operations, left and right, Lie-admissible H,-hyper-
structures. We achieve this by using the helix-product of non-square matrices on ordinary
real, imaginary infinite or finite fields. The type of used matrices must be as simple as
possible in order to reduce the cardinality of the results.
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1. Santilli’s new conception of living organisms

Einstein accepted the validity of quantum mechanics for the representation of the
atomic structure and other systems, but never accepted quantum mechanics as being a
final theory. For this reason, Einstein expressed the view in 1935, jointly with B. Podolsky
& N. Rosen, that ‘Quantum mechanics is not a complete theory’ (EPR argument) [7],[8],
in the sense that quantum mechanics could admit enlargements for the representations of
more complex systems. Moreover, Einstein did not accepted the uncertainties of quantum
mechanics being final, but there could exist conditions recovering classical determinism.
For this, Einstein made his famous quote: ‘God does not play dice with the universe.’

The most evident illustration if the validity of the lack of ‘completeness’ of quantum
mechanics (and of quantum chemistry) is given by the fact that quantum mechanics and
chemistry can only represent systems of point-like particles that are invariant under time-
reversal. This is due to the invariance under anti-Hermiticity of the quantum mechanical
Lie product between Hermitean operators

[A,B] = AB — BA = —[A,B]',
where AB is the classical associative product. In fact, the Lie product characterizes
Heisenberg’s time evolution of an observable A in terms of the Hamiltonian H,
idA/dt = [A,H] = AH — HA.

Physical, chemical and biological processes such as nuclear fusion and living
organisms, are irreversible over time. The verification of Einstein’s legacy via irreversible
processes was first identified by R. M. Santilli in the mid 1960s. In fact, Santilli’s Ph.D.
thesis, published in the 1967, provided the first known confirmation of the EPR argument
via the following Lie-admissible ‘completion’ of quantum mechanical Lie algebras for
the representation of irreversible processes

(A,B) = ARB-BSA = (ATB-BTA)+(AJB+BJA), R=T-J, S=T+J # 0,
where the new product (A,B) is Lie-admissible when the attached antisymmetric product
[A,B]*=(A,B) — (B,A) = ATB — BTA

verifies the Lie axioms whenever T is nowhere singular. Also, the product (A,B) is called
Jordan-admissible when the attached symmetric product

{A,B}*=(A,B) + (B,A)=AJB + BJA
verifies the axioms of Jordan algebras.

Santilli called hadronic mechanics and hadronic chemistry the ‘completion’ of
quantum mechanics and chemistry, respectively, with a Lie-admissible structure for the
representation of irreversible structures and processes.

The mathematics Lie-admissible formulations, known as geno-mathematics [4], [5],
[6],[7], [8], [10], [18] can be summarized as follows. A general assumption of classical,
numeric fields underlying Lie’s theory is that the multiplication of two numbers to the
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right n——>3 is equal to the multiplication to the left, 2<——3 = 2——>3. Consequently,
the indicated order of the multiplication is ignored in classical number theory, and we
write 2x3 = 6. In the transition from Lie theory to the covering Lie-admissible, the above
ordering of the multiplication is not ignorable since the one to the right 2>3 = 2S3 is not
equal to the multiplication to the left 2<3 = 2R3 # 2>3. This has permitted the
identification of two numeric fields for Lie-admissible formulations:

1) The forward genofields F~(n”,>,I") with forward genounit I"=1/S, forward geno-
numbers n”= nl”, and forward genoproduct n”>m~ = n”Sm”, where n, m represent
ordinary numbers; and

2) The backward genofields F~(n~,<,I") with backward genounit I-=1/R, backward geno-
numbers n~ = I"n, and backward genoproduct n~< m~ = n~Rm".

Recall that Lie algebras can be constructed via the universal enveloping associative
algebras & with classical, associative, modular product AB. The indicated inequivalence
of the multiplications to the right and to the left implies the existence for Lie-admissible
theories of two universal, enveloping, geno-associative geno-algebars, that to the right &
(left £&°) with geno-associative geno-product to the right A>B (left A<B). The indicated
bimodular formulations characterize the time-irreversible, Lie-admissible, Heisenberg-
Santilli geno-equation [7], [8], [9], [17].

idA/dt=(A,H)=ARH-HSA=A<H-H>A.

The modular associative multiplication to the right of an operator H to a Hilbert stat,

Hy(t,r) = Ey(t,r) yields the same eigenvalues E for the one to the left y(t,r)H = y(t,r)E.
The Lie-admissible ‘completion’ of the above bimodular structure:

1) The geno-associative action to the right via the Schrodinger-Santilli geno-equation
H(r,p) > v (t",r") = H(r,p)S(v",...)y(t,r) = Ey (t,r)”, and
2) The geno-associative action to the left via Schrodinger-Santilli geno-equation

Y(t5,r7) < H(r,p) = y"R(y~,... )H(r,p) = y~(t"r")E"
where E” # E=.

Following the above mathematics, with experimental and industrial verifications of
hadronic mechanics and chemistry, Santilli proved Einstein’s legacy that ‘quantum
mechanics is not a complete theory’. The results were achieved via the representation of
the extended, overlapping character of the constituents of irreversible systems in terms
of the forward genotopic element with realizations of the type

.....

2 .2 2 - - - 2 1 = .
where nfy, njy, n3y, are the semi-axes of the k-particle normalized to nj, =1, p=1,2,3;

n’, is the density of the k-particle normalized to n3,=1; and I'(y,0y) is the non-linear,
non-local, non-potential interactions by mutual entanglement of the particles.
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Particles originally in conditions of mutual entanglement of their wave packets and
then separated, have been experimentally proved to instantly influence each other at a
distance. Santilli has achieved a quantitative representation via the extended character of
the wavepacket of particles resulting in their entanglement at a distance of their center of
mass. All studies [5], [7], [8], [9], [10], [17], [18], have established that the instantaneous
communication of entangle particles at a distance occurs without any use of energy.

2. Hyper-structues

We deal with the class of hyper-structures called H,-structures and introduced in 1990
[14]. These satisfy the weak axioms where the non-empty intersection replaces equality.
Basic definitions:

A set H equipped with at least one hyper-operation: -: HxH — P(H)-{J}, is called
hyper-structure and we write (H,-). The hyper-operation (-) is called weak associative, if
(xy)zrx(yz) # &, Vx,y,zeH and it is called the weak commutative if xynyx # O,
Vvx,yeH. The hyper-structure (H,-) is called H,-semigroup if it is weak associative, and
it is called H,-group if it is reproductive Hy-semigroup: xH=Hx=H, VxeH.

In a similar way more complicated hyperstructures can be defined:

(R,+,") is H,-ring if (+) and (-) are weak associative, the reproduction axiom is valid for
(+) and, finally, (-) is weak distributive with respect to (+):

x(ytz)N(xy+xz)2d, (xty)zn(xztyz)=d, Vx,y,zeR.

Let (R,+,-) be Hy-ring, (M,+) is a weak commutative Hy-group and there exists an external
hyper-operation - : RxM—P(M): (a,x)—>ax such that, Va,beR and Vx,yeM, we have
a(xt+y)n(axtay) # &, (atb)xn(ax+bx) =, (ab)xna(bx)# J,
then M is an H,-module over F. In the case that we have of an Hy-field F instead of the

H,-ring R, then the H,-vector space is defined.

For more definitions and applications on Hy-structures one can see books and papers
as [1], [2], [4], [5], [14], [15], [16], [20], [21].

Definition 2.1 The fundamental relations f* y* and &*, are defined, in Hy-groups, Hy-
rings and Hy-vector spaces, respectively, as the smallest equivalences so that the quotient
would be group, ring and vector spaces, respectively [5], [14], [15].

The way to find the fundamental classes is given by Theorems as the following:

(1) Let (H,-) be an Hy-group and denote by U the set of finite products of elements of H.
We define the relation B in H by setting xPy if {x,y}cu, where ueU. Then B* is the
transitive closure of f3.
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(2) Let (R,+,) be an Hy-ring. Denote by U the set of finite polynomials of elements from
R. We define the relation y in R as follows: xyy if {x,y}cu where ueU. Then the relation
v* is the transitive closure of .

An element is called single if its fundamental class is singleton.

Fundamental relations are used for general definitions. Thus, an Hy-ring (R,+,) is
called H,-field if R/y* is a field. Hyper-numbers or H,-numbers are called the elements
of Hy-fields.

Let (H,-), (H,*) be Hy-semigroups on H. (-) is called smaller than (*), if there is an
fe Aut(H,*) such that xycf(x*y), Vx,yeH,
then we say that (H,*) contains (H,-).

Theorem 2.2 (The Little Theorem). Greater hyper-operations than the ones which are
weak associative or weak commutative, are also weak associative or weak commutative,
respectively.

This Theorem leads to a partial order on Hy-structures. The problem of enumeration
of hyper-structures, started from the beginning, it is complicate in Hy-structures because
we have great numbers. The Little Theorem, transfers and restrict the problem in finding
the minimal, up to isomorphisms, Hy-structures. The number of Hy-groups with three
elements, up to isomorphism, is 1.026.462. There are 7.926 abelian.

Some interesting large classes of Hy-structures, are the following [5], [14], [16]:

An Hy-structure is very-thin if all hyper-operations are operations except one, with all
hyper-products singletons except one, which is a set with more than one element.

Let (G,-) be groupoid, then for all PcG, P=J, we define the P-hyper-operations:
P: xPy= (xP)yux(Py), Vx,yeG,

and (G,P) are called P-hyper-structures. If (G,-) is semigroup, then xPy=xPy and (G,P)
is a semi-hypergroup.

A generalization of P-hyperoperation, need in Lie Santilli’s theory, is the following:
Let (G,-) be abelian group and P subset of G. We define the P.-hyper-operation xp by
xxpy = x-P-y= {x-h-y|heP} if xse and c=e
{ Xy if x=e or y=e
The hyper-structure (G,xp) is an abelian Hy-group.
The general definition of an Hy-Lie algebra was given as follows [3], [5], [19], [22]:

Definition 2.3 Let (L,+) be Hy-vector space on (F,+,"), 9:F—>F/y* the canonical map,
or={xeF:p(x)=0}, 0 is zero of F/y*. Let wL the core of ¢":L—>L/e*, 0 the zero of L/e*.
Consider the bracket hyper-operation:



R. M. Santilli, S. Vougioukli, T. Vougiouklis

[, ]: LxL—>P(L): (x,y)—[x,y]

then L is an H,-Lie algebra over F if the following axioms are satisfied:

(L1) The bracket hyper-operation is bilinear:
[AMixithoxo,y (M [x1,y [ A2[x2,y]) # D
[x,My1thay2 (A [xy1 A2 [xy2]) # D, VX X1,X2,y,V1,y2€L, VA,2€eF

(L2) [xx]noL#Y, VxelL

L3) ([x.[y.z]IHy.[zx]H{z[xy]DnoL =, VxyeL.

The Representations of Hy-groups can be, mainly, achieved by Hy-matrices and has
been created and studied in [5], [14], [15], [16], [20].

Definitions 2.4 H,-matrix is a matrix with entries from an Hy-ring or Hy-field . The hyper-
product of two Hy-matrices A=(ajj) and B=(bjj), of type mxn and nxr respectively, is
defined, in the usual manner, and it is a set of mxr H,-matrices:

A-B= (aij)-(b)={C= (ci) | cije@Zaicby}.
Let (H,-) be Hy-group, F be Hy-field, then it is called H,-matrix representation on a set
Mr={(ajj) ‘ ajeF} any map
T:H—>Mr:h T(h) such that T(hih2)"T(h1)T(h2)#d, Vhi,hoeH.
If T(hih2)cT(hi)T(h2), Vhi,hoeH, then T is called inclusion representation.

Theorem 2.5 A necessary condition to have an inclusion representation T of an Hy-group
(H,-) by nxn Hy-matrices over (F,+,-) is the following:

For all B*(x), xeH there must exist ajeH, i,je {1,...,n} such that

T(B*(a))c{A= (a'jj) | a'jey*(ai), 1,j€ {1,...,n} }

We can obtain a large number of very-thin hyper-structures from given structures, or
hyper-structures, by enlarging only one of the results. Therefore, we have very interesting
results, as the following [5], [20], [23]:

Theorem 2.6 In the ring (Zn,+, ), with n=ms we enlarge the product only 0-m by setting
0®m={0,m} and the rest results are the same. Then (Z,,+,®)/y*= (Zm,t,").

We can enlarge other products as well, as 2-m setting 2®@m={2,m+2}, then the result
remains the same. In this case 0 and 1 remain scalars.

Corollary. In (Z,,+,"), with n=ps, p prime, we enlarge only 0-p by 0®p={0,p} and the rest
remain the same. Then (Z,,+,®) is very-thin Hy-field.

The isofields needed in isotopies correspond to hyper-structures introduced by Santilli
& Vougiouklis in 1999 and they are called e-hyper-fields. The Hy-fields can give e-hyper-
fields which can be used in applications as in physics or biology [9], [17], [18] [19], [22].
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Definitions 2.7 A hyper-structure (H,-) containing a unique scalar unit e, is called e-
hyper-structure. In an e-hyper-structure, we assume that for every element x, there exists
an inverse x!: eexx'mx!-x. Remark that the inverses are not necessarily unique.

A hyperstructure (F,+,-), where (+) is operation and (-) is hyper-operation, is called e-
hyper-field if the following axioms are valid:

(F,+) is abelian group,

() is weak associative,

(+) is weak distributive to (+),

0, the additive unit, is absorbing: 0-x =x-0 =0, Vx€F,

there is a multiplicative scalar unit 1: 1-x=x-1=x, Vx€F,

6. for every xeF there is unique inverse x!, thatis 1ex-x'nx!x.

AN S

The elements of an e-hyper-field are called e-hyper-numbers. If 1=x-x"1=x"!

say that the e-hyper-field is strong.

X, then we

Definition 2.8 The Main e-Construction. In a given group (G,-), e the unit, we define, a
large number of hyper-operations (®) as follows:

X®y = {XY9glag29' . '}a VX,YEG'{G}, £1,82,... EG-{C}

g1,22,... are not the same for each pair (x,y). Then, (G,®) becomes an Hy-group, because
it contains the (G,-), so it is an e-hyper-group. Moreover, if for each x,y such that xy=e,
s0, X®y=xy, then (G,®) becomes a strong e-hypergroup.

3. Helix-hyper-operations
Hyper-operations on any type of ordinary matrices can be defined [4], [11], [21], [23].

Definition 3.1 Let A=(aij) € Mmxn be mxn matrix and s,teN, 1<s<m, 1<t<n. We define the
helix-st map, by
S_t: men—)Msxt: A—)As_t=(§u),

where Qij={ai+1<s,j+kt‘ 1<i<s, 1<t k,AeN, itks<m, j+At<n}.

Definitions 3.2 (a) Let A=(aij) € Mmxn, B=(bij) € Muxv, s=min(m,u), t=min(n,u). The hyper-
operation called helix-sum, is defined by

®: MmuanXMuv—P(Msxi): (A, B)—>A®@B=Ast+Bst=(aij)+(bij)C Msxi,
where  (aij)*( bi)= {(ci)= (aitby) | ajea; and bijeb;}.
(b) Let A=(aij) € Mmxn, B=(bij) € Muxy, s=min(n,u). The helix-product, is defied by
®: MmxnXMuxy >P(Mmxv): (A,B)—>A®B=Ams-Bsv=(aij)-(bij)= Mmxv,
where (ayj)-(bij)= {( cij)=(2aiby) | ajjea; and bijebi}.

The helix-sum is commutative and the helix-product is weak associative.
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The helix-Lie Algebra is defined as well [11], [12], [13], [21].

We study the matrices Mmxn where m<n. since we have analogous cases if m>n and
for m=n we have the classical theory.

Several classes appropriate in helix-operations are defined [12], [13], [23].

Definition 3.3 Let A=(ajj) €Mmxn and s,teN, 1<s<m, 1<t<n. We call S-helix matrix of type
sxt, a matrix A if the Ast has on the diagonal entries which are but elements. An S-helix
matrix A, is called S,-helix matrix if, moreover, the condition ai; ... amm #0, is valid.

Properties. The set of S-helix matrices A=(aij) € Mmxn with m<n, is closed under the helix-
product. It has a helix-st unit matrix Ic, which is left scalar. The So-helix matrices X have
inverses X'!. Thus, if I is the unit matrix, we have I.e X®@X'nX'®X.

In order to explain the way that helix-hyper-operation acts we claim that this replaces
some elements and shifts them together along with the corresponding elements, treating
them in the same way. This modulo-like procedure looks like the ‘repetition’ in teaching.

Example 3.4 Consider the set of 4x7 matrices on a field of real or complex numbers or
on any finite field. Take

X11 X12 X13 X14 X11 X16 X17 Vil Y12 Y13 Y14 Yi1 Yi6 Y17
X=[10 x2 x23 x40 x2 x|, Y=]0 y2 y23 yua 0 y2n yx
0 0 x33 x34 0 0 x33 0 0 'y ysa 0 0 vys3s
0 0 O x440 O O 0 0 0 yaua O O O
we have
X11 {X12,X16} {X13,X17} X14 yil Y12 Y13 Yi4 Y11 Yi6 Y17
XeY=| 0 X22 {x23,X27} X24 | - [ O y22 y23 y24 O y22 y27
0 0 X33 X34 0 0 y33 y34a 0 0 y33
0 0 0 xu 0 0 0 yuw O 0 0

Then, denoting C;; the ij entry of the result, we have

Ci={xuyn}, Co={xnynt{x,xiety2}, Ci={xiyn+{Xi2,Xie}ys+{xi13,x17}yss},
Cr={x11y1a+{x12,X16 } y24 {X13,X17} y3a4+X14ya4}, Cis5={x11y11}, Cr6={X11y16+{X12,X16} y22},
Crr={x11y17+{X12,X16 } y27+{X13,X17} Y33},

C21={0}, Co={x22y22}, Co3={X22y23+{X23,X27} 33}, Cos={X20y241{X23,X27} y34+X24Yya4},
C25={0}, Cas={x22y22}, Cor={x22y27+{X23,X27} y33}, C31={0}, C32={0}, C33={x33y33},
Cas={x33y34+x34y44}, C35={0}, E36={0}, C37={x33y33}, Ca1={0}, C2={0}, C43={0},
Caa={xaay4a}, C45={0}, Ca6={0}, C47={0}.

Therefore, this helix product is a set with cardinality up to 2'!.

In Santilli’s isotheory, we focus on small non-degenerate H,-fields on (Z,,+,"), which
satisfy the conditions:
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(1) very-thin minimal, (2) weak commutative, (3) 0,1 scalars, (4) unique inverses

Thus, we enlarge the ring product by putting one more element. We cannot enlarge the
result if it is 1 and we cannot put 1 in the enlargement, [10], [12], [13].

Example 3.5 Take above, n=10 and only hyper-result 2®4={3,8}. Fundamental classes:
[0]={095}7 [1]={196}7 [2]={297}7 [3]={398}7 [4]={499} and (Z10,+9®)/’Y*E(Z55+9')'

Consider the 4x7 S-helix matrices on the above Hy-field and take the

7226774 4 935467
A=]101 3 801 4], B=(01040T1 2
0032003 008 400 8
0002000 0003000
then, we have
7 {2,7} {2,4} 6 4 935467
A®B= [0 1 {3,4} 8 010401 2|-=
0 0 3 2 008400 8
0 0 0o 2 0003000
8 3+{2,7} 1+8{2,4} 5+{2,7}4+{2,4}4+8 8 2+{2,7} 9+{2,7}2+{2,4}8
0 1 8{3,4} 4+{3,4}14+4 0 1 2+{3,4}8 =
0 o0 4 2+6 0O o0 4
0 o0 0 6 0 0 0

8 {05} {3,7} {24,779} 8 {49} {59}
0 1 {24 {04 0 1 {46
0 0 4 8 0 0 4
0 0 0 6 0 0 0

Therefore, this helix product is a set with cardinality up to 2°.

4. Aplications of helix-hyper-operations

Hyperstructures have applications in mathematics and other sciences. They range from
bio-mathematics -conchology, inheritance- and hadronic physics or leptons, Santilli’s iso-
theory, to mention but a few. The hyper-structure theory is related to fuzzy theory; thus,
can be applicable in linguistic, sociology, industry and production, too. The fundamental
relations connect, by quotients, the Hy-structures with the corresponding classical ones,
and they are used to define hyperstructures as Hy-fields, Hy-Lie algebras [3], [18], [19].

A new field in hyper-mathematics comes from Santilli’s Admissibility. We transfer
Santilli’s theory in admissibility for representations either by using ordinary matrices and
a hyper-operation on them, or using hypermatrices and ordinary operations on them. The
Lie-Santilli admissibility in Hy-structures is defined as follows [3], [6], [10], [12], [22]:
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Definition 4.1 Let L be Hy-vector space on F, ¢:F—F/y*, canonical, or={xeF:p(x)=0},
0 is zero of F/y*, oL core of ¢":L—>L/e*, 0 zero of L/e*. Take R,ScL then a Lie-Santilli
admissible hyperalgebra is obtained by taking the hyper-operation Lie-bracket

[, Jrs: LxL—P(L): [x,y]rs = (XR)y—(yS)x= {xry—ysx | reR, seS}
Special cases are:
(a) When only S is considered, then [x,y]s= xy—ySx
(b) When only R is considered, then [x,y]r = XRy—yx

According to Santilli’s iso-theory, on a field F=(F,+,"), an isofield F=F(3,+,X) is
defined to be a field with elements 4=ax1, isonumbers, where acF, and 1 is a positive-
defined element outside F, equipped with operations + and X where F is the sum with
the additive unit 0, and X is a new product

4% b: =axTxb, with 1=T", va,befF (i)
called iso-product, for which 1 is the left and right unit of F,
i1xa=ax1=4a,vaeF (i)
called iso-unit. The rest properties of a field are reformulated analogously.

In order to transfer this theory into the hyper-structure case we generalize only the new
product X from (i), by replacing with a hyper-operation including the old one. There is a
general construction on this direction:

Construction 4.2 General enlargement. On a field F and its isofield F=F(3,+,X) replace
in the results of the iso-product

4R b= axTxb, with 1=T"
of the element T by a set of elements Ha= {T,)A(l,f(z,. ..} where X1,%,... eF, containing T,

forall 2 X b for which 4,b¢{0,1} and R1,%,...€F-{0,1}. If one of 3, b, or both, is equal
to 0 or 1, then Hyp={T}. Thus, the new iso-hope is

4 X b =axHaxb=ax{T.,&1,%,...}xb, VA beF  (iii)
F=F(a,+ %) becomes very-thin isoH,~field. The elements of F are called isoH,-numbers

or isonumbers.

Remarks. More important hyper-operations, are the ones where only for few pairs (3,b)
the result is enlarged, even more, the extra elements X;, are only few. Thus, if there exists
only one pair (3,b) for which

AX b=2ax{T.8'xb, va,beF
and the rest are ordinary, then we have a hyper-structure called very-thin isoH,-field.

The assumption ﬁab={T,f<1,§(2,. ..},aor B, is equal to Oor1,andg;,arenot0or1, give
that the isoH,-field has a scalar absorbing 0, a scalar 1, and Vae F, has one inverse.
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Construction 4.3 The Living Organism Construction. In a set G equipped with several
operations we take a product (), where (G,-) is group. Suppose that e is the unit, then we
define in G, a large number of hopes (®) as follows:

e®x = X®e = X, VxeQ@,
X®Y = {XY,Zxy1,&xy2,--- }, VX,YEG-{e}, where gyy1,8xy1,...€G-{e}

2xy1,E€xy2,... depend on (x,y). Then (G,®) becomes an Hy-group, because it contains (G,-),
which is an e-hypergroup. Moreover, if for each x,y such that xy=e, so we have x®y=xy,
then (G,®) is a strong e-hypergroup.

Example 4.4 We fix the real 3x8 So-helix matrices

1021101 2 12011210
R=(05105505|, S=|01001101

00100100 00500500
then, for the So-helix matrices

11211112 53355350
A=(01101301(,B=]101301101

00500500 00100100
we have

[A,Blrs = (A®R)®B — (B&S)®A =

1 {12} {120(10211012
(Jo 1 {13 |[l05105505]|)®B -
0010010

0 0 5 0

5035 3 )(12011210
- (lo 1 {13}01001101)®A=
0 0 00500500
1 {5,6,7,10,11,12} {4,5,6,7,11,12}) (53 3 5 )
0 5 {2468} 0130
0 0 0010

5 {0,3,5,8,10,13,15} {15,2528,30)(1 1211 1
~1lo 1 {561516} 011013
005005

S =

—_—

S O

S = O
|

SO =
S = N
Il

0 0

From which we obtain the final result.

We remark that we can simplify the results in the finite cases. Thus, let us see the above
example on the finite ring Zs. Then, we have
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[A,Blrs = (A®R)®B — (B&S)®A =

1 {0,1,4,5} {0,1,450(53355350
0 5 024 [lo1301101] -
00100100

0 O 5

[5 (1234} Zs 5 {0345 Zo 5 {0,1,4,5}]
() _

S O

Zo {0,134 (1121111
1 {0345} |0110130
0 5 0050050

S =N

5
- 10
0

5 (1350 5 {135 0 5
0 0 5.0 0 5.0 0

r

5 Zs Zo 5 Ze {12455 Zs
~ o 1 {03450 1 {01230 1 | =
oo 5 0 o0 500

(0 Zs Zs 0 Zs Zs 0 Zs
=10 4 Zs 0 4 Z¢ 0 4
00 0 0 0 000

We remark that in helix-hyper-operations have results with big cardinality if for mxn
matrices the difference n-m is big.

5 Conclusions

The mathematical model called ‘helix’, which defines a hyper-product on non-square
matrices, as well, might give solutions in cases where the ordinary product is not defined.
In the helix-hyper-product, every element is present and every element maintains its
independence. The helix-hyper-operations on minimal Hy-fields are used in order to
shorten the results. The Lie-Santilli’s theory can be represented in a new way, to give
solutions on problems on living organisms, which are irreversible over time.



Lie-Santilli admissibility with helix-hyper-product

References

[1] P.Corsini, V. Leoreanu, Application of Hyperstructure Theory, Klower, 2003.

[2] B. Davvaz, V. Leoreanu-Fotea, Hyperring Theory and Applications, Int. Acad.
Press, USA, 2007.

[3] B. Davvaz, R.M. Santilli, T. Vougiouklis Algebra, Hyperalgebra and Lie-Santilli
Theory, J. Generalized Lie Theory Appl., 2015, 9:2, 1-5.

[4] B. Davvaz, S. Vougioukli, T. Vougiouklis, On the multiplicative Hy-rings derived
from helix hyperoperations, Util. Math., 84, 2011, 53-63.

[5] B.Davvaz, T. Vougiouklis, A Walk Through Weak Hyperstructures, H,-Structures,
World Scientific, 2018.

[6] R.M. Santilli, Embedding of Lie-algebras into Lie-admissible algebras, Nuovo
Cimento 51, 570, 1967.

[7] R.M. Santilli, Hadronic Mathematics, Mechanics and Chemistry, Volumes I, 11, III,
IV and V, International Academic Press, USA, 2007.

[8] R.M. Santilli, Studies on the classical determinism predicted by A. Einstein, B.
Podolsky and N. Rosen, Ratio Mathematica, V.37, 2019, 5-23.

[9] R.M. Santilli, T. Vougiouklis, Isotopies, Genotopies, Hyperstructures and their
Applications, New frontiers Hyperstr., Hadronic, 1996, 1-48.

[10] R.M. Santilli, T. Vougiouklis, Lie-admissible hyperalgebras, Italian J. Pure Appl.
Math., N.31, 2013, 239-254.

[11] S. Vougioukli, Hy-vector spaces from helix hyperoperations, Intern. J. Mathematics
and Analysis, V.1, N.2, 2009, 109-120.

[12] S. Vougioukli, Helix-hyperoperations on Lie-Santilli admissibility, AGG, V.39,
N.1, 2023, 77-936.

[13] S. Vougioukli, T. Vougiouklis, Helix-Hopes on S-Helix Matrices, Ratio
Mathematica V.33, 2017, 167-179.

[14] T. Vougiouklis, Hyperstructures and their Representations, Monographs in Math.,
Hadronic, 1994.

[15] T. Vougiouklis, Some remarks on hyperstructures, Contemporary Math., Amer.
Math. Society, 184, 1995, 427-431.

[16] T. Vougiouklis, On Hy-rings and Hy-representations, Discrete Mathematics,
Elsevier, 208/209, 1999, 615-620.

[17] T. Vougiouklis, Hyperstructures in isotopies and genotopies, Advances in equations

and Inequalities, Hadronic Press, 1999, 275-291.



R. M. Santilli, S. Vougioukli, T. Vougiouklis

[18] T. Vougiouklis, The Santilli’s theory ‘invasion’ in hyperstructures, Algebras,
Groups and Geometries 28(1), 2011, 83-103.

[19] T. Vougiouklis, On the isoH,-numbers, Hadronic J., Dec.5, 2014, 1-18.
[20] T. Vougiouklis, Minimal H,-fields, RatioMathematica V38, 2020, 313-328

[21] T. Vougiouklis, S. Vougiouklis, The helix hyperoperations, Italian J. Pure Appl.
Math., N.18, 2005, 197-206.

[22] T. Vougiouklis, S. Vougioukli, Hyper Lie-Santilli Admissibility, AGG, V.33, N.4,
2016, 427-442.

[23] T. Vougiouklis, S. Vougiouklis, Helix-Hopes on Finite Hyperfields, Ratio
Mathematica, V.31, 2016, 65-78.



