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The articles [16], [15], [7], [23], [11], [24], [5], [6], [14], [21], [20], [12], [2], [17], [19], [3], [1],
[4], [18], [22], [8], [9], [10], and [13] provide the notation and terminology for this paper.

For simplicity, we use the following convention:i, k are natural numbers,I is an element ofZ8,
i1 is an element of Instr-LocSCM, d1 is an element of Data-LocSCM, andS is a non empty 1-sorted
structure.

Let us observe that every set which is infinite is also non trivial and every 1-sorted structure
which is infinite is also non trivial.

Let us mention 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 mention that every element of Data-LocSCM is natural.
Let us observe that InstrSCM is non trivial and Instr-LocSCM is infinite.
Let S be a non empty 1-sorted structure. The functor InstrSCM(S) yielding a subset of[:Z8,

(
⋃
{the carrier ofS}∪N)∗ :] is defined by the condition (Def. 1).

(Def. 1) InstrSCM(S) = {〈〈0, /0〉〉} ∪ {〈〈I , 〈a,b〉〉〉; I ranges over elements ofZ8, a ranges over ele-
ments of Data-LocSCM, b ranges over elements of Data-LocSCM: I ∈ {1,2,3,4}} ∪ {〈〈6,
〈i〉〉〉 : i ranges over elements of Instr-LocSCM} ∪ {〈〈7, 〈i,a〉〉〉 : i ranges over elements of
Instr-LocSCM, a ranges over elements of Data-LocSCM}∪{〈〈5, 〈a, r〉〉〉 : a ranges over elements
of Data-LocSCM, r ranges over elements ofS}.

Let Sbe a non empty 1-sorted structure. One can check that InstrSCM(S) is non trivial.
Let Sbe a non empty 1-sorted structure. We say thatS is good if and only if:

(Def. 2) The carrier ofS 6= Instr-LocSCM and the carrier ofS 6= InstrSCM(S).

Let us note that every non empty 1-sorted structure which is trivial is also good.
One can check that there exists a 1-sorted structure which is strict, trivial, and non empty.
Let us note that there exists a double loop structure which is strict, trivial, and non empty.
Let us observe that there exists a ring which is strict and trivial.
In the sequelG is a good non empty 1-sorted structure.
Let Sbe a non empty 1-sorted structure. The functor OKSCM(S) yields a function fromN into

{the carrier ofS}∪{InstrSCM(S), Instr-LocSCM} and is defined as follows:

(Def. 3) (OKSCM(S))(0) = Instr-LocSCM and for every natural numberk holds(OKSCM(S))(2·k+
1) = the carrier ofSand(OKSCM(S))(2·k+2) = InstrSCM(S).

Let Sbe a non empty 1-sorted structure. AnSCM-state overS is an element of∏OKSCM(S).
Next we state several propositions:
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(1) Instr-LocSCM 6= InstrSCM(S).

(2) (OKSCM(G))(i) = Instr-LocSCM iff i = 0.

(3) (OKSCM(G))(i) = the carrier ofG iff there existsk such thati = 2·k+1.

(4) (OKSCM(G))(i) = InstrSCM(G) iff there existsk such thati = 2·k+2.

(5) (OKSCM(G))(d1) = the carrier ofG.

(6) (OKSCM(G))(i1) = InstrSCM(G).

(7) π0 ∏OKSCM(S) = Instr-LocSCM.

(8) πd1 ∏OKSCM(G) = the carrier ofG.

(9) πi1 ∏OKSCM(G) = InstrSCM(G).

Let S be a non empty 1-sorted structure and lets be anSCM-state overS. The functorICs

yielding an element of Instr-LocSCM is defined as follows:

(Def. 4) ICs = s(0).

Let R be a good non empty 1-sorted structure, lets be anSCM-state overR, and letu be an
element of Instr-LocSCM. The functor ChgSCM(s,u) yielding anSCM-state overR is defined by:

(Def. 5) ChgSCM(s,u) = s+·(07−→. u).

Next we state three propositions:

(10) For every SCM-state s over G and for every elementu of Instr-LocSCM holds
(ChgSCM(s,u))(0) = u.

(11) For everySCM-states over G and for every elementu of Instr-LocSCM and for every
elementm1 of Data-LocSCM holds(ChgSCM(s,u))(m1) = s(m1).

(12) For every SCM-state s over G and for all elementsu, v of Instr-LocSCM holds
(ChgSCM(s,u))(v) = s(v).

Let R be a good non empty 1-sorted structure, lets be anSCM-state overR, let t be an element
of Data-LocSCM, and letu be an element ofR. The functor ChgSCM(s, t,u) yields anSCM-state
overRand is defined by:

(Def. 6) ChgSCM(s, t,u) = s+·(t 7−→. u).

Next we state four propositions:

(13) For everySCM-states overG and for every elementt of Data-LocSCM and for every ele-
mentu of G holds(ChgSCM(s, t,u))(0) = s(0).

(14) For everySCM-states overG and for every elementt of Data-LocSCM and for every ele-
mentu of G holds(ChgSCM(s, t,u))(t) = u.

(15) Letsbe anSCM-state overG, t be an element of Data-LocSCM, u be an element ofG, and
m1 be an element of Data-LocSCM. If m1 6= t, then(ChgSCM(s, t,u))(m1) = s(m1).

(16) Letsbe anSCM-state overG, t be an element of Data-LocSCM, u be an element ofG, and
v be an element of Instr-LocSCM. Then(ChgSCM(s, t,u))(v) = s(v).

Let R be a good non empty 1-sorted structure, lets be anSCM-state overR, and leta be an
element of Data-LocSCM. Thens(a) is an element ofR.

Let Sbe a non empty 1-sorted structure and letx be an element of InstrSCM(S). Let us assume
that there exist elementsm1, m2 of Data-LocSCM and I such thatx = 〈〈I , 〈m1,m2〉〉〉. The functor
xaddress1 yields an element of Data-LocSCM and is defined by:
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(Def. 7) There exists a finite sequencef of elements of Data-LocSCM such that f = x2 and
xaddress1 = f1.

The functorxaddress2 yields an element of Data-LocSCM and is defined as follows:

(Def. 8) There exists a finite sequencef of elements of Data-LocSCM such that f = x2 and
xaddress2 = f2.

Next we state the proposition

(17) For every elementx of InstrSCM(S) and for all elementsm1, m2 of Data-LocSCM such that
x = 〈〈I , 〈m1,m2〉〉〉 holdsxaddress1 = m1 andxaddress2 = m2.

Let R be a non empty 1-sorted structure and letx be an element of InstrSCM(R). Let us assume
that there exist an elementm1 of Instr-LocSCM andI such thatx = 〈〈I , 〈m1〉〉〉. The functorxaddressj
yields an element of Instr-LocSCM and is defined as follows:

(Def. 9) There exists a finite sequencef of elements of Instr-LocSCM such that f = x2 and
xaddressj = f1.

Next we state the proposition

(18) For every elementx of InstrSCM(S) and for every elementm1 of Instr-LocSCM such that
x = 〈〈I , 〈m1〉〉〉 holdsxaddressj = m1.

Let Sbe a non empty 1-sorted structure and letx be an element of InstrSCM(S). Let us assume
that there exist an elementm1 of Instr-LocSCM, an elementm2 of Data-LocSCM, and I such that
x = 〈〈I , 〈m1,m2〉〉〉. The functorxaddressj yields an element of Instr-LocSCM and is defined by:

(Def. 10) There exists an elementm1 of Instr-LocSCM and there exists an elementm2 of Data-LocSCM

such that〈m1,m2〉= x2 andxaddressj = 〈m1,m2〉1.

The functorxaddressc yields an element of Data-LocSCM and is defined as follows:

(Def. 11) There exists an elementm1 of Instr-LocSCM and there exists an elementm2 of Data-LocSCM

such that〈m1,m2〉= x2 andxaddressc = 〈m1,m2〉2.

We now state the proposition

(19) Let x be an element of InstrSCM(S), m1 be an element of Instr-LocSCM, and m2 be an
element of Data-LocSCM. If x = 〈〈I , 〈m1,m2〉〉〉, thenxaddressj = m1 andxaddressc = m2.

Let S be a non empty 1-sorted structure, letd be an element of Data-LocSCM, and lets be an
element ofS. Then〈d,s〉 is a finite sequence of elements of Data-LocSCM∪ the carrier ofS.

Let Sbe a non empty 1-sorted structure and letx be an element of InstrSCM(S). Let us assume
that there exist an elementm1 of Data-LocSCM, an elementr of S, andI such thatx = 〈〈I , 〈m1, r〉〉〉.
The functorxconstaddress yielding an element of Data-LocSCM is defined as follows:

(Def. 12) There exists a finite sequencef of elements of Data-LocSCM∪ the carrier ofS such that
f = x2 andxconstaddress= f1.

The functorxconstvalue yielding an element ofS is defined by:

(Def. 13) There exists a finite sequencef of elements of Data-LocSCM∪ the carrier ofS such that
f = x2 andxconstvalue= f2.

Next we state the proposition

(20) Letx be an element of InstrSCM(S), m1 be an element of Data-LocSCM, andr be an element
of S. If x = 〈〈I , 〈m1, r〉〉〉, thenxconstaddress= m1 andxconstvalue= r.

Let Rbe a good ring, letx be an element of InstrSCM(R), and letsbe anSCM-state overR. The
functor Exec-ResSCM(x,s) yielding anSCM-state overR is defined as follows:
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(Def. 14) Exec-ResSCM(x,s)=



ChgSCM(ChgSCM(s,xaddress1,s(xaddress2)),Next(IC s)), if thereexistelementsm1, m2 of Data-LocSCM such thatx = 〈〈1, 〈m1,m2〉〉〉,
ChgSCM(ChgSCM(s,xaddress1,s(xaddress1)+s(xaddress2)),Next(ICs)), if thereexistelementsm1, m2 of Data-LocSCM such thatx = 〈〈2, 〈m1,m2〉〉〉,
ChgSCM(ChgSCM(s,xaddress1,s(xaddress1)−s(xaddress2)),Next(ICs)), if thereexistelementsm1, m2 of Data-LocSCM such thatx = 〈〈3, 〈m1,m2〉〉〉,
ChgSCM(ChgSCM(s,xaddress1,s(xaddress1) ·s(xaddress2)),Next(IC s)), if thereexistelementsm1, m2 of Data-LocSCM such thatx = 〈〈4, 〈m1,m2〉〉〉,
ChgSCM(s,xaddressj), if thereexists an elementm1 of Instr-LocSCM such thatx = 〈〈6, 〈m1〉〉〉,
ChgSCM(s,(s(xaddressc) = 0R→ xaddressj ,Next(ICs))), if thereexists an elementm1 of Instr-LocSCM and thereexists an elementm2 of Data-LocSCM such thatx = 〈〈7, 〈m1,m2〉〉〉,
ChgSCM(ChgSCM(s,xconstaddress,xconstvalue),Next(ICs)), if thereexists an elementm1 of Data-LocSCM and thereexists an elementr of Rsuch thatx = 〈〈5, 〈m1, r〉〉〉,
s, otherwise.

LetSbe a non empty 1-sorted structure, letf be a function from InstrSCM(S) into (∏OKSCM(S))∏OKSCM(S),
and letx be an element of InstrSCM(S). One can verify thatf (x) is function-like and relation-like.

Let R be a good ring. The functor ExecSCM(R) yielding a function from InstrSCM(R) into
(∏OKSCM(R))∏OKSCM(R) is defined as follows:

(Def. 15) For every elementx of InstrSCM(R) and for every SCM-state y over R holds
(ExecSCM(R))(x)(y) = Exec-ResSCM(x,y).
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[10] Czesław Bylínski. Subcategories and products of categories.Journal of Formalized Mathematics, 2, 1990.http://mizar.org/JFM/
Vol2/cat_2.html.

[11] Agata Darmochwał. Finite sets.Journal of Formalized Mathematics, 1, 1989.http://mizar.org/JFM/Vol1/finset_1.html.

[12] Eugeniusz Kusak, Wojciech Leończuk, and Michał Muzalewski. Abelian groups, fields and vector spaces.Journal of Formalized
Mathematics, 1, 1989.http://mizar.org/JFM/Vol1/vectsp_1.html.

[13] Yatsuka Nakamura and Andrzej Trybulec. On a mathematical model of programs.Journal of Formalized Mathematics, 4, 1992.
http://mizar.org/JFM/Vol4/ami_2.html.

[14] Dariusz Surowik. Cyclic groups and some of their properties — part I.Journal of Formalized Mathematics, 3, 1991.http://mizar.
org/JFM/Vol3/gr_cy_1.html.

[15] Andrzej Trybulec. Enumerated sets.Journal of Formalized Mathematics, 1, 1989.http://mizar.org/JFM/Vol1/enumset1.html.

[16] Andrzej Trybulec. Tarski Grothendieck set theory.Journal of Formalized Mathematics, Axiomatics, 1989.http://mizar.org/JFM/
Axiomatics/tarski.html.

[17] Andrzej Trybulec. Tuples, projections and Cartesian products.Journal of Formalized Mathematics, 1, 1989.http://mizar.org/JFM/
Vol1/mcart_1.html.

[18] Andrzej Trybulec. Function domains and Frænkel operator.Journal of Formalized Mathematics, 2, 1990.http://mizar.org/JFM/
Vol2/fraenkel.html.

[19] Andrzej Trybulec. Subsets of real numbers.Journal of Formalized Mathematics, Addenda, 2003.http://mizar.org/JFM/Addenda/
numbers.html.

[20] Wojciech A. Trybulec. Vectors in real linear space.Journal of Formalized Mathematics, 1, 1989. http://mizar.org/JFM/Vol1/
rlvect_1.html.

http://mizar.org/JFM/Vol1/nat_1.html
http://mizar.org/JFM/Vol1/nat_1.html
http://mizar.org/JFM/Vol1/ordinal2.html
http://mizar.org/JFM/Vol1/ordinal2.html
http://mizar.org/JFM/Vol2/card_3.html
http://mizar.org/JFM/Vol1/finseq_1.html
http://mizar.org/JFM/Vol1/funct_1.html
http://mizar.org/JFM/Vol1/funct_1.html
http://mizar.org/JFM/Vol1/funct_2.html
http://mizar.org/JFM/Vol1/funct_2.html
http://mizar.org/JFM/Vol1/zfmisc_1.html
http://mizar.org/JFM/Vol1/zfmisc_1.html
http://mizar.org/JFM/Vol2/cqc_lang.html
http://mizar.org/JFM/Vol2/cqc_lang.html
http://mizar.org/JFM/Vol2/funct_4.html
http://mizar.org/JFM/Vol2/cat_2.html
http://mizar.org/JFM/Vol2/cat_2.html
http://mizar.org/JFM/Vol1/finset_1.html
http://mizar.org/JFM/Vol1/vectsp_1.html
http://mizar.org/JFM/Vol4/ami_2.html
http://mizar.org/JFM/Vol3/gr_cy_1.html
http://mizar.org/JFM/Vol3/gr_cy_1.html
http://mizar.org/JFM/Vol1/enumset1.html
http://mizar.org/JFM/Axiomatics/tarski.html
http://mizar.org/JFM/Axiomatics/tarski.html
http://mizar.org/JFM/Vol1/mcart_1.html
http://mizar.org/JFM/Vol1/mcart_1.html
http://mizar.org/JFM/Vol2/fraenkel.html
http://mizar.org/JFM/Vol2/fraenkel.html
http://mizar.org/JFM/Addenda/numbers.html
http://mizar.org/JFM/Addenda/numbers.html
http://mizar.org/JFM/Vol1/rlvect_1.html
http://mizar.org/JFM/Vol1/rlvect_1.html


THE CONSTRUCTION OFscmOVER RING 5

[21] Wojciech A. Trybulec. Groups.Journal of Formalized Mathematics, 2, 1990.http://mizar.org/JFM/Vol2/group_1.html.

[22] Wojciech A. Trybulec. Pigeon hole principle.Journal of Formalized Mathematics, 2, 1990.http://mizar.org/JFM/Vol2/finseq_
4.html.

[23] Zinaida Trybulec. Properties of subsets.Journal of Formalized Mathematics, 1, 1989.http://mizar.org/JFM/Vol1/subset_1.html.

[24] Edmund Woronowicz. Relations and their basic properties.Journal of Formalized Mathematics, 1, 1989. http://mizar.org/JFM/
Vol1/relat_1.html.

Received November 29, 1998

Published January 2, 2004

http://mizar.org/JFM/Vol2/group_1.html
http://mizar.org/JFM/Vol2/finseq_4.html
http://mizar.org/JFM/Vol2/finseq_4.html
http://mizar.org/JFM/Vol1/subset_1.html
http://mizar.org/JFM/Vol1/relat_1.html
http://mizar.org/JFM/Vol1/relat_1.html

	the construction of SCM over ring By artur kornilowicz

