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MML Identifier: SCMRING1.

The terminology and notation used in this paper have been introduced in the
following articles: [6], [11], [2], [3], [9], [4], [5], [7], [1], [10], and [8].

For simplicity, we follow the rules: ¢, k are natural numbers, [ is an element
of Zg, i1 is an element of Instr-Locgcn, di is an element of Data-Locgcnm, and
S is a non empty 1-sorted structure.

Let us observe that every non empty loop structure which is trivial is also
Abelian, add-associative, right zeroed, and right complementable and every non
empty double loop structure which is trivial is also right unital and right-
distributive.

Let us note that every element of Data-Locgcy is natural.

One can check the following observations:

* Data-Locgcn is non trivial,
* Instrgoy is non trivial, and
* Instr-Locgcon is non trivial.

Let S be a non empty 1-sorted structure. The functor Instrgcn(S) yields
a subset of [Zg, (|J{the carrier of S} UN)*] and is defined by the condition
(Def. 1).

(Def. 1) Instrscm(S) = {(0, ) }U{(I, (a,b)); I ranges over elements of Zg, a ran-
ges over elements of Data-Locgcn, b ranges over elements of Data-Locgom:
Ie{1,2,3,4}} U{(6, (i)) : i ranges over elements of Instr-Locgcn } U {(7,
(1,a)) : i ranges over elements of Instr-Locgcnm, a ranges over elements of
Data-Locscm } U {(5, (a,7)) : a ranges over elements of Data-Locgom,
ranges over elements of the carrier of S}.

Let S be a non empty 1-sorted structure. Note that Instrgcn(S) is non
trivial.
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Let S be a non empty 1-sorted structure. We say that .S is good if and only
if:

(Def. 2) The carrier of S # Instr-Locgcy and the carrier of S # Instrgen(S).

One can verify that every non empty 1-sorted structure which is trivial is
also good.

Let us observe that there exists a 1-sorted structure which is strict, trivial,
and non empty.

Let us observe that there exists a double loop structure which is strict,
trivial, and non empty.

One can check that there exists a ring which is strict and trivial.

In the sequel G denotes a good non empty 1-sorted structure.

Let S be a non empty 1-sorted structure. The functor OKgcn(S) yielding a
function from N into {the carrier of S} U {Instrgcam(S), Instr-Locgem} is defined
as follows:

(Def. 3) (OKgscm(5))(0) = Instr-Locgeom and for every natural number & holds
(OKsem(9))(2 - k + 1) = the carrier of S and (OKgom(95))(2 -k +2) =
Instrgom (.S).

Let S be a non empty 1-sorted structure. An SCM-state over S is an element
of [T OKscm(S).

Next we state several propositions:

oo

7dy |  OKsem(G) = the carrier of G.
iy | | OKsem(G) = Instrsem(G).

Let S be a non empty 1-sorted structure and let s be an SCM-state over S.
The functor IC; yielding an element of Instr-Locgcn is defined by:

(Def. 4) IC, = s(0).
Let R be a good non empty 1-sorted structure, let s be an SCM-state over

R, and let u be an element of Instr-Locgonm. The functor Chggen(s, u) yielding
an SCM-state over R is defined by:

(Def. 5)  Chggep(s, u) = s+-(0——u).

The following three propositions are true:

(1) Instr-Locgcm # Instrscm(S).

(2) (OKscm(G))(3) = Instr-Locgom iff ¢ =0

(3) (OKscm(G))(7) = the carrier of G iff there exists k such that i = 2-k+1
(4) (OKscm(G))(3) = Instrgem(G) iff there exists k such that i =2 - k + 2.
(5) (OKscm(G))(dy) = the carrier of G.

(6) (OKscm(G))(i1) = Instrsem(G).

(7) 7o [ OKscm(S) = Instr-Locgom

(8)

(9)

Ne)

(10) For every SCM-state s over G and for every element u of Instr-Locgom
holds (Chggon(s,u))(0) = u.
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(11) For every SCM-state s over G and for every element u of Instr-Locgom
and for every element m; of Data-Locgom holds (Chggen(s,u))(my) =
s(my).

(12) For every SCM-state s over G and for all elements u, v of Instr-Locgcy
holds (Chggcy (s, u))(v) = s(v).

Let R be a good non empty 1-sorted structure, let s be an SCM-state over
R, let t be an element of Data-Locscy, and let w be an element of the carrier
of R. The functor Chggcy(s,t,u) yielding an SCM-state over R is defined as
follows:

(Def. 6) Chggon(s, t,u) = s+ (t——u).

One can prove the following propositions:

(13) Let s be an SCM-state over GG, t be an element of Data-Locgcy, and u
be an element of the carrier of G. Then (Chggcn(s,t,u))(0) = s(0).

(14) Let s be an SCM-state over G, t be an element of Data-Locgcy, and u
be an element of the carrier of G. Then (Chggonm(s,t,u))(t) = u.

(15) Let s be an SCM-state over G, t be an element of Data-Locgcm, u be
an element of the carrier of G, and mq be an element of Data-Locgcn. If
my # t, then (Chggen(s,t,u))(my) = s(mq).

(16) Let s be an SCM-state over G, t be an element of Data-Locgcm, u be
an element of the carrier of G, and v be an element of Instr-Locgcy. Then
(Chggom(s, t,u))(v) = s(v).

Let R be a good non empty 1-sorted structure, let s be an SCM-state over
R, and let a be an element of Data-Locgon. Then s(a) is an element of R.

Let S be a non empty l-sorted structure and let = be an element of
Instrgom(S). Let us assume that there exist elements mq, mo of Data-Locgom
and I such that x = (I, (m1, ma)). The functor z address; yielding an element
of Data-Locgc is defined by:

(Def. 7) There exists a finite sequence f of elements of Data-Locgonm such that
f =2 and x address; = 7 f.
The functor z addresss yields an element of Data-Locgcoym and is defined by:

(Def. 8) There exists a finite sequence f of elements of Data-Locgonm such that
f = x2 and z addressy = mo f.
One can prove the following proposition
(17) For every element z of Instrgonm(S) and for all elements my, mo of
Data-Locgom such that @ = (I, (m1, mg)) holds zaddress; = m; and
x addressy = my.

Let R be a non empty 1-sorted structure and let x be an element of
Instrgom(R). Let us assume that there exist an element m; of Instr-Locgom
and I such that « = (I, (m1)). The functor x address; yielding an element of
Instr-Locgcn is defined as follows:
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(Def. 9) There exists a finite sequence f of elements of Instr-Locgom such that
[ = x2 and x address; = 7 f.
Next we state the proposition
(18) For every element x of Instrscm(S) and for every element mg of
Instr-Locgcenm such that « = (I, (m1)) holds = address; = m;.

Let S be a non empty 1l-sorted structure and let z be an element of
Instrgem(S). Let us assume that there exist an element m; of Instr-Locsc,
an element my of Data-Locgom, and I such that = (I, (m1, mg)). The functor
x address; yields an element of Instr-Locscy and is defined as follows:

(Def. 10) There exists an element m; of Instr-Locgcy and there exists an element
mgo of Data-Locgcm such that (mi,mo) = x2 and xaddress; = 7 (my,
m2>.

The functor z address. yields an element of Data-Locgcy and is defined as
follows:

(Def. 11) There exists an element m; of Instr-Locgonm and there exists an element
mgy of Data-Locgonm such that (mg,mo) = x2 and zaddress, = ma(myq,
m2>.

We now state the proposition

(19) Let z be an element of Instrgon(.S), mi1 be an element of Instr-Locgc,
and mg be an element of Data-Locgcy. If * = (I, (m1,ms)), then
x address; = m; and x address, = mo.

Let S be a non empty 1-sorted structure, let d be an element of Data-Locgcwm,
and let s be an element of the carrier of S. Then (d, s) is a finite sequence of
elements of Data-Locgcy U the carrier of S.

Let S be a non empty l-sorted structure and let x be an element of
Instrgom(S). Let us assume that there exist an element m; of Data-Locgow,
an element r of the carrier of S, and I such that x = (I, (m1,r)). The functor
x const_address yields an element of Data-Locgcy and is defined as follows:

(Def. 12) There exists a finite sequence f of elements of Data-Locgcn Uthe carrier
of S such that f = x2 and z const_address = m f.
The functor x const_value yields an element of the carrier of S and is defined
by:
(Def. 13) There exists a finite sequence f of elements of Data-Locgcy Uthe carrier
of S such that f = x2 and z const_value = ma f.
We now state the proposition
(20) Let = be an element of Instrgcn(S), m1 be an element of Data-Locsc,
and 7 be an element of the carrier of S. If © = (I, (my,r)), then
x const_address = my and z const_value = r.

Let R be a good ring, let  be an element of Instrgonm(R), and let s be an
SCM-state over R. The functor Exec-Resgom(z, s) yields an SCM-state over



THE CONSTRUCTION OF SCM OVER RING 299

R and is defined by:

(Def. 14) Exec-Resscm(z, s) =

Chggom (Chggonm (s, z addressy, s(x addressg)), Next(ICy)), if there

exist elements mq, mg of Data-Locgcy such that = (1, (mq1,ma)),
Chggcon(Chggen (s,  addressy, s(x addressy ) + s(z addressg)), Next(ICy)),

if there exist elements mj, mg of Data-Locgonm such that x = (2, (m1, ma)),
Chggon(Chggen (s, v addressy, s(x address; ) — s(z addressg)), Next(ICsy)),

if there exist elements mj, mo of Data-Locgonm such that x = (3, (m1, ma)),
Chggonm (Chggen (s, v addressy, s(x address; ) - s(z addressg)), Next(ICs)),

if there exist elements my, mg of Data-Locgcy such that x = (4, (my, ma)),
Chggcn (s, z address;), if there exists an element my of Instr-Locgom

such that = (6, (m1)),
Chggcm(s, (s(x address.) = Op — x address;j, Next(ICy))), if there exists

an element m; of Instr-Locgcon and there exists an element mo

of Data-Locgcm such that z = (7, (m1, ma)),
Chggon (Chggen (s, « const_address, o const_value), Next(ICy)), if there

exists an element mj of Data-Locgoy and there exists an element r

of the carrier of R such that z = (5, (mq,7)),
s, otherwise.

\
Let S be a non empty 1-sorted structure, let f be a function from

Instrgom(S) into (J] OKSCM(S))HOKSCM(S), and let x be an element of
Instrgom(S). One can check that f(x) is function-like and relation-like.

Let R be a good ring. The functor Execgonm(R) yielding a function from
Instrgcy(R) into (JT OKscm(R))HOKsom(B) s defined as follows:

(Def. 15) For every element x of Instrgonm(R) and for every SCM-state y over R

holds (Execscm(R))(z)(y) = Exec-Ressem(z, y)-
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