JOURNAL OF FORMALIZED MATHEMATICS Volume 8, Released 1996, Published 2003 Inst. of Computer Science, Univ. of Białystok

An Extension of SCM

Andrzej Trybulec Warsaw University

Białystok

Yatsuka Nakamura Shinshu University Nagano

Piotr Rudnicki University of Alberta Edmonton

MML Identifier: SCMFSA_1.

WWW: http://mizar.org/JFM/Vol8/scmfsa_1.html

The articles [16], [8], [24], [2], [1], [20], [17], [13], [19], [25], [6], [7], [18], [15], [21], [4], [10], [11], [22], [3], [14], [9], [23], [12], and [5] provide the notation and terminology for this paper.

In this paper x denotes a set and k denotes a natural number. The subset Data-Loc_{SCMFSA} of Z is defined by:

(Def. 1) Data-Loc_{SCMFSA} = Data-Loc_{SCM}.

The subset Data^∗-Loc_{SCMFSA} of Z is defined as follows:

(Def. 2) Data^∗-Loc_{SCMFSA} = Z \ N.

The subset Instr-Loc_{SCMFSA} of Z is defined as follows:

(Def. 3) Instr-Loc_{SCMFSA} = Instr-Loc_{SCM}.

One can check the following observations:

∗ Data^∗-Loc_{SCMFSA} is non empty,

∗ Data-Loc_{SCMFSA} is non empty, and

∗ Instr-Loc_{SCMFSA} is non empty.

For simplicity, we adopt the following convention: J, K denote elements of Z_{13}, a denotes an element of Instr-Loc_{SCMFSA} , b, c, c_1 denote elements of Data-Loc_{SCMFSA} , and f , f_1 denote elements of Data^∗-Loc_{SCMFSA} .

The subset Instr_{SCMFSA} of [:Z_{13}, ( ⋃ {Z,Z^∗} ∪ Z)^∗ :] is defined as follows:

(Def. 4) Instr_{SCMFSA} = Instr_{SCM} ∪ {⟨J, ⟨c, f ,b⟩⟩ : J ∈ {9,10}} ∪ {⟨K, ⟨c_1, f_1⟩⟩ : K ∈ {11,12}}.

We now state the proposition

(2)^1 Instr_{SCM} ⊆ Instr_{SCMFSA} .

Let us observe that Instr_{SCMFSA} is non empty.

Let I be an element of Instr_{SCMFSA} . The functor InsCode(I) yields a natural number and is defined by:

(Def. 5) InsCode(I) = I_1.

1 The proposition (1) has been removed.

1 © Association of Mizar Users

We now state two propositions:

(3) For every element I of Instr_{SCMFSA} such that InsCode(I) ≤ 8 holds I ∈ Instr_{SCM}. (4) ⟨0, /0⟩ ∈ Instr_{SCMFSA} .

The function OK_{SCMFSA} from Z into {Z,Z^∗} ∪ {Instr_{SCMFSA} ,Instr-Loc_{SCMFSA} } is defined by: (Def. 6) OK_{SCMFSA} = (Z −→ Z^∗)+·OK_{SCM}+·(Instr_{SCM}−→. Instr_{SCMFSA} ) · (OK_{SCM}↾Instr-Loc_{SCM}).

The following propositions are true:

(6)^2 If x ∈ {9,10}, then ⟨x, ⟨c, f ,b⟩⟩ ∈ Instr_{SCMFSA} . (7) If x ∈ {11,12}, then ⟨x, ⟨c, f ⟩⟩ ∈ Instr_{SCMFSA} .

(8) Z = {0} ∪ Data-Loc_{SCMFSA} ∪ Data^∗-Loc_{SCMFSA} ∪ Instr-Loc_{SCMFSA} . (9) OK_{SCMFSA} (0) = Instr-Loc_{SCMFSA} . (10) OK_{SCMFSA} (b) = Z.

(11) OK_{SCMFSA} (a) = Instr_{SCMFSA} . (12) OK_{SCMFSA} ( f ) = Z^∗.

(13) Instr-Loc_{SCMFSA} ≠ Z and Instr_{SCMFSA} ≠ Z and Instr-Loc_{SCMFSA} ≠ Instr_{SCMFSA} and Instr-Loc_{SCMFSA} ≠ Z^∗ and Instr_{SCMFSA} ≠ Z^∗.

(14) For every integer i such that OK_{SCMFSA} (i) = Instr-Loc_{SCMFSA} holds i = 0. (15) For every integer i such that OK_{SCMFSA} (i) = Z holds i ∈ Data-Loc_{SCMFSA} . (16) For every integer i such that OK_{SCMFSA} (i) = Instr_{SCMFSA} holds i ∈ Instr-Loc_{SCMFSA} . (17) For every integer i such that OK_{SCMFSA} (i) = Z^∗ holds i ∈ Data^∗-Loc_{SCMFSA} . An SCM_{FSA}-state is an element of ∏(OK_{SCMFSA} ). The following two propositions are true:

(18) For every SCM_{FSA}-state s and for every element I of Instr_{SCM} holds s↾N+·(Instr-Loc_{SCM} −→ I) is a SCM-state.

(19) For every SCM_{FSA}-state s and for every SCM-state s^′ holds s+·s^′+·s↾Instr-Loc_{SCMFSA} is an SCM_{FSA}-state.

Let s be an SCM_{FSA}-state and let u be an element of Instr-Loc_{SCMFSA} . The functor Chg_{SCMFSA} (s,u) yields an SCM_{FSA}-state and is defined by: (Def. 7) Chg_{SCMFSA} (s,u) = s+·(0−→. u).

Let s be an SCM_{FSA}-state, let t be an element of Data-Loc_{SCMFSA} , and let u be an integer. The functor Chg_{SCMFSA} (s,t,u) yielding an SCM_{FSA}-state is defined by: (Def. 8) Chg_{SCMFSA} (s,t,u) = s+·(t−→. u).

Let s be an SCM_{FSA}-state, let t be an element of Data^∗-Loc_{SCMFSA} , and let u be a finite sequence of elements of Z. The functor Chg_{SCMFSA} (s,t,u) yields an SCM_{FSA}-state and is defined as follows: (Def. 9) Chg_{SCMFSA} (s,t,u) = s+·(t−→. u).

2 The proposition (5) has been removed.

Let s be an SCM_{FSA}-state and let a be an element of Data-Loc_{SCMFSA} . Then s(a) is an integer. Let s be an SCM_{FSA}-state and let a be an element of Data^∗-Loc_{SCMFSA} . Then s(a) is a finite sequence of elements of Z.

Let x be an element of Instr_{SCMFSA} . Let us assume that there exist c, f , b, J such that x = ⟨J, ⟨c, f ,b⟩⟩. The functor x int-addr_1 yielding an element of Data-Loc_{SCMFSA} is defined as follows:

(Def. 10) There exist c, f , b such that ⟨c, f ,b⟩ = x_2 and x int-addr_1 = c.

The functor x int-addr_2 yields an element of Data-Loc_{SCMFSA} and is defined by: (Def. 11) There exist c, f , b such that ⟨c, f ,b⟩ = x_2 and x int-addr_2 = b.

The functor x coll-addr_1 yields an element of Data^∗-Loc_{SCMFSA} and is defined as follows: (Def. 12) There exist c, f , b such that ⟨c, f ,b⟩ = x_2 and x coll-addr_1 = f .

Let x be an element of Instr_{SCMFSA} . Let us assume that there exist c, f , J such that x = ⟨J, ⟨c, f ⟩⟩. The functor x int-addr_3 yields an element of Data-Loc_{SCMFSA} and is defined by:

(Def. 13) There exist c, f such that ⟨c, f ⟩ = x_2 and x int-addr_3 = c.

The functor x coll-addr_2 yields an element of Data^∗-Loc_{SCMFSA} and is defined as follows: (Def. 14) There exist c, f such that ⟨c, f ⟩ = x_2 and x coll-addr_2 = f .

Let l be an element of Instr-Loc_{SCMFSA} . The functor Next(l) yielding an element of Instr-Loc_{SCMFSA} is defined as follows:

(Def. 15) There exists an element L of Instr-Loc_{SCM} such that L = l and Next(l) = Next(L).

Let s be an SCM_{FSA}-state. The functor IC_s yields an element of Instr-Loc_{SCMFSA} and is defined by: (Def. 16) IC_s = s(0).

Let x be an element of Instr_{SCMFSA} and let s be an SCM_{FSA}-state. The functor Exec-Res_{SCMFSA} (x,s) yields an SCM_{FSA}-state and is defined as follows:

(Def. 17)(i) There exists an element x^′ of Instr_{SCM} and there exists a SCM-state s^′ such that x = x^′ and s^′ = s↾N+·(Instr-Loc_{SCM} −→ x^′) and Exec-Res_{SCMFSA} (x,s) = s+·Exec-Res_{SCM}(x^′,s^′)+·s↾Instr-Loc_{SCMFSA} if InsCode(x) ≤ 8, (ii) there exists an integer i and there exists k such that k = |s(x int-addr_2)| and i = s(x coll-addr_1)_k and Exec-Res_{SCMFSA} (x,s) = Chg_{SCMFSA} (Chg_{SCMFSA} (s,x int-addr_1,i),Next(IC_s)) if InsCode(x) = 9, (iii) there exists a finite sequence f of elements of Z and there exists k such that k = |s(x int-addr_2)| and f = s(x coll-addr_1) +· (k,s(x int-addr_1)) and Exec-Res_{SCMFSA} (x,s) = Chg_{SCMFSA} (Chg_{SCMFSA} (s,x coll-addr_1, f ),Next(IC_s)) if InsCode(x) = 10, (iv) Exec-Res_{SCMFSA} (x,s) = Chg_{SCMFSA} (Chg_{SCMFSA} (s,x int-addr_3,lens(x coll-addr_2)),Next(IC_s)) if InsCode(x) = 11, (v) there exists a finite sequence f of elements of Z and there exists k such that k = |s(x int-addr_3)| and f = k → 0 and Exec-Res_{SCMFSA} (x,s) = Chg_{SCMFSA} (Chg_{SCMFSA} (s,x coll-addr_2, f ),Next(IC_s)) if InsCode(x) = 12, (vi) Exec-Res_{SCMFSA} (x,s) = s, otherwise.

The function Exec_{SCMFSA} from Instr_{SCMFSA} into (∏(OK_{SCMFSA} ))^{∏(OKSCMFSA )} is defined by: (Def. 18) For every element x of Instr_{SCMFSA} and for every SCM_{FSA}-state y holds (Exec_{SCMFSA} (x) qua element of (∏(OK_{SCMFSA} ))^{∏(OKSCMFSA )})(y) = Exec-Res_{SCMFSA} (x,y).

The following propositions are true:

(20) For every SCM_{FSA}-state s and for every element u of Instr-Loc_{SCMFSA} holds (Chg_{SCMFSA} (s,u))(0) = u.

(21) For every SCM_{FSA}-state s and for every element u of Instr-Loc_{SCMFSA} and for every element m_1 of Data-Loc_{SCMFSA} holds (Chg_{SCMFSA} (s,u))(m_1) = s(m_1).

(22) For every SCM_{FSA}-state s and for every element u of Instr-Loc_{SCMFSA} and for every element p of Data^∗-Loc_{SCMFSA} holds (Chg_{SCMFSA} (s,u))(p) = s(p).

(23) For every SCM_{FSA}-state s and for all elements u, v of Instr-Loc_{SCMFSA} holds (Chg_{SCMFSA} (s,u))(v) = s(v).

(24) For every SCM_{FSA}-state s and for every element t of Data-Loc_{SCMFSA} and for every integer u holds (Chg_{SCMFSA} (s,t,u))(0) = s(0).

(25) For every SCM_{FSA}-state s and for every element t of Data-Loc_{SCMFSA} and for every integer u holds (Chg_{SCMFSA} (s,t,u))(t) = u.

(26) Let s be an SCM_{FSA}-state, t be an element of Data-Loc_{SCMFSA} , u be an integer, and m_1 be an element of Data-Loc_{SCMFSA} . If m_1 ≠ t, then (Chg_{SCMFSA} (s,t,u))(m_1) = s(m_1).

(27) Let s be an SCM_{FSA}-state, t be an element of Data-Loc_{SCMFSA} , u be an integer, and f be an element of Data^∗-Loc_{SCMFSA} . Then (Chg_{SCMFSA} (s,t,u))( f ) = s( f ).

(28) Let s be an SCM_{FSA}-state, t be an element of Data-Loc_{SCMFSA} , u be an integer, and v be an element of Instr-Loc_{SCMFSA} . Then (Chg_{SCMFSA} (s,t,u))(v) = s(v).

(29) Let s be an SCM_{FSA}-state, t be an element of Data^∗-Loc_{SCMFSA} , and u be a finite sequence of elements of Z. Then (Chg_{SCMFSA} (s,t,u))(t) = u.

(30) Let s be an SCM_{FSA}-state, t be an element of Data^∗-Loc_{SCMFSA} , u be a finite sequence of elements of Z, and m_1 be an element of Data^∗-Loc_{SCMFSA} . If m_1 ≠ t, then (Chg_{SCMFSA} (s,t,u))(m_1) = s(m_1).

(31) Let s be an SCM_{FSA}-state, t be an element of Data^∗-Loc_{SCMFSA} , u be a finite sequence of elements of Z, and a be an element of Data-Loc_{SCMFSA} . Then (Chg_{SCMFSA} (s,t,u))(a) = s(a).

(32) Let s be an SCM_{FSA}-state, t be an element of Data^∗-Loc_{SCMFSA} , u be a finite sequence of elements of Z, and v be an element of Instr-Loc_{SCMFSA} . Then (Chg_{SCMFSA} (s,t,u))(v) = s(v).

REFERENCES

[1] Grzegorz Bancerek. The ordinal numbers. Journal of Formalized Mathematics, 1, 1989. http://mizar.org/JFM/Vol1/ordinal1.

html.

[2] Grzegorz Bancerek. Sequences of ordinal numbers. Journal of Formalized Mathematics, 1, 1989. http://mizar.org/JFM/Vol1/

ordinal2.html.

[3] Grzegorz Bancerek. König’s theorem. Journal of Formalized Mathematics, 2, 1990. http://mizar.org/JFM/Vol2/card_3.html.

[4] Grzegorz Bancerek and Krzysztof Hryniewiecki. Segments of natural numbers and finite sequences. Journal of Formalized Mathematics, 1, 1989. http://mizar.org/JFM/Vol1/finseq_1.html.

[5] Grzegorz Bancerek and Andrzej Trybulec. Miscellaneous facts about functions. Journal of Formalized Mathematics, 8, 1996. http:

//mizar.org/JFM/Vol8/funct_7.html.

[6] Czesław Byliński. Functions and their basic properties. Journal of Formalized Mathematics, 1, 1989. http://mizar.org/JFM/Vol1/

funct_1.html.

[7] Czesław Byliński. Functions from a set to a set. Journal of Formalized Mathematics, 1, 1989. http://mizar.org/JFM/Vol1/funct_

2.html.

[8] Czesław Byliński. Some basic properties of sets. Journal of Formalized Mathematics, 1, 1989. http://mizar.org/JFM/Vol1/

zfmisc_1.html.

[9] Czesław Byliński. A classical first order language. Journal of Formalized Mathematics, 2, 1990. http://mizar.org/JFM/Vol2/cqc_

lang.html.

AN EXTENSION OF scm 5

[10] Czesław Byliński. The modification of a function by a function and the iteration of the composition of a function. Journal of Formalized Mathematics, 2, 1990. http://mizar.org/JFM/Vol2/funct_4.html.

[11] Czesław Byliński. Subcategories and products of categories. Journal of Formalized Mathematics, 2, 1990. http://mizar.org/JFM/

Vol2/cat_2.html.

[12] 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.

[13] Jan Popiołek. Some properties of functions modul and signum. Journal of Formalized Mathematics, 1, 1989. http://mizar.org/

JFM/Vol1/absvalue.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. Binary operations applied to functions. Journal of Formalized Mathematics, 1, 1989. http://mizar.org/JFM/

Vol1/funcop_1.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. Many-sorted sets. Journal of Formalized Mathematics, 5, 1993. http://mizar.org/JFM/Vol5/pboole.html. [20] Andrzej Trybulec. Subsets of real numbers. Journal of Formalized Mathematics, Addenda, 2003. http://mizar.org/JFM/Addenda/

numbers.html.

[21] Michał J. Trybulec. Integers. Journal of Formalized Mathematics, 2, 1990. http://mizar.org/JFM/Vol2/int_1.html. [22] Wojciech A. Trybulec. Binary operations on finite sequences. Journal of Formalized Mathematics, 2, 1990. http://mizar.org/JFM/

Vol2/finsop_1.html.

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

4.html.

[24] Zinaida Trybulec. Properties of subsets. Journal of Formalized Mathematics, 1, 1989. http://mizar.org/JFM/Vol1/subset_1.html. [25] Edmund Woronowicz. Relations and their basic properties. Journal of Formalized Mathematics, 1, 1989. http://mizar.org/JFM/

Vol1/relat_1.html.

Received February 3, 1996 Published January 2, 2004