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The articles([15],[[8],124], 2], 1], 1201, [[17],[113],[119],[125],.16],[17],[[18],[115],. 121] . 14],.[10],
[11], [22], [3], [14], [9], [23], [12], and[5] provide the notation and terminology for this paper.
In this papeix denotes a set arlddenotes a natural number.
The subset Data-Legwg, Of Z is defined by:

(Def. 1) Data-Logcmes, = Data-Logcm.
The subset Datal ocscwg, Of Z is defined as follows:
(Def. 2) Datad-Locscmesy = Z\N.
The subset Instr-Lagm., Of Z is defined as follows:
(Def. 3) Instr-Lo@&cmeg, = INStr-Locscm.
One can check the following observations:
* Data-LoCscmves, IS NON empty,
* Data-Logcwmes, IS Non empty, and
% Instr-LoGscmeg, IS NON empty.

For simplicity, we adopt the following conventiod; K denote elements &3, a denotes an
element of Instr-Logcme,, b, C, €1 denote elements of Data-Legv.s,, andf, f; denote elements
of Datﬁ-LocSCMFSA.

The subset Insgemes, Of [Z13, (U{Z,Z*} UZ)* ] is defined as follows:

(Def. 4) Instecmes, = InstrsemU{(J, (¢, f,b)) : 3 € {9,10} } U{(K, (c1, f1)) : K € {11,12}}.
We now state the proposition
(ZH Instrscm C INStrscpega -

Let us observe that Ingj¢m., IS non empty.
Let | be an element of Insiem.g,. The functor InsCodg) yields a natural number and is
defined by:

(Def.5) InsCodd) =1;.

1 The proposition (1) has been removed.
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We now state two propositions:

(8) For every elemeritof Instrscveg, Such that InsCodg) < 8 holdsl € Instrscm.

(4) (0, 0) € Instrscmegy-

The function Okscmeg, from Z into {Z, Z* } U {Instrscmeg,, INStr-LoGscme, | is defined by:
(Def. 6) OKscmpsp = (Z — Z*)+-OKscm+ (Instrscm——InStrscmes,) - (OKscemInstr-Locscm).

The following propositions are true:

(6E] If x € {9,10}, then(x, (c, f,b)) € Instrscyeg,-

(7) 1 xe{11,12}, then(x, (c, f)) € Instrscmega-

(8) 7 = {0} UData-Logcmeg, UData -LoCscmeg, U INStr-LoGscmega -

(9) OKscMesa(0) = Instr-LOGscvegy-
(10) OKscmesa(b) =Z.
(11) OKscmesa(@) = Instrscmega-
(12) OKscmesa(f) =72*.

(13) Instr-Logcmes, # Z and Instscmes, 7 Z and Instr-Logcmes, # INStiscmes, and
Instr-LoGscmes, # Z* and INStecmves, 7# Z*

(14) For every integeirsuch that OKceg, (i

Instr-LoGscmeg, holdsi = 0.

(15) For every integeirsuch that Ociega (i) = Z holdsi € Data-LoGcwmeg,-

(16) For every integeirsuch that Oceg, (i Instrscives, holdsi € Instr-LoGscveg,-

(i) =
(i) =
(i) =
(i) =

(17) For every integeirsuch that OKciega (i) = Z* holdsi € Data'-LoCscmeg,-

An SCMEsa-state is an element ¢ (OKscmes,)-
The following two propositions are true:

(18) ForevenSCMesa-statesand for every elemetitof Instrscy holdss[N+--(Instr-Logem —
I) is aSCM-state.

(19) For everySCMgsa-states and for everySCM-states' holdss+-S'+-s[Instr-LoGscives, 1S
anSCMEgga-state.

Letsbe anSCMgsa-state and leti be an element of Instr-Leewm.s,. The functor CthMFSA(s, u)
yields anSCMgsa-state and is defined by:

(Def. 7)  Chgcppg, (S U) = st+(0——u).

Let sbe anSCMgsa-state, let be an element of Data-Leéwm.,, and letu be an integer. The
functor Chgcy, (S:t, U) yielding anSCMgsa-state is defined by:

(Def. 8)  Chgcpg, (ST, U) = st (t——u).

Letsbe anSCMgsa-state, let be an element of Data_ocscme,, and letu be a finite sequence
of elements ofZ. The functor Chgcy,,(S,t,u) yields anSCMgsa-state and is defined as follows:

(Def. 9)  Chgcpe, (St U) = st (t——u).

2 The proposition (5) has been removed.
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Letsbe anSCMgsa-state and lea be an element of Data-Leéwes,. Thens(a) is an integer.

Let s be anSCMgsa-state and let be an element of Data ocscms,. Thens(a) is a finite
sequence of elements Bf

Letx be an element of IngEmes,. Let us assume that there exéstf, b, J such thak = (J, (c,
f,b)). The functorx int-addy, yielding an element of Data-L@gw, is defined as follows:

(Def. 10) There exist, f, b such thatc, f,b) = x, andx int-adds = c.

The functorx int-addp, yields an element of Data-Legwm.., and is defined by:
(Def. 11) There exist, f, b such thatc, f,b) = x; andx int-addp = b.

The functorx coll-addy; yields an element of Data_ocscmes, and is defined as follows:
(Def. 12) There exist, f, b such thatc, f,b) = x, andx coll-addg = f.

Let x be an element of Insiem.g,. Let us assume that there exéstf, J such thax = (J, (c,
f)). The functorx int-addg yields an element of Data-Legw.s, and is defined by:

(Def. 13) There exist, f such that'c, f) = x, andx int-addg = c.
The functorx coll-addp yields an element of Data_ocscmes, and is defined as follows:
(Def. 14) There exist, f such thatc, f) = x, andx coll-addp = f.

Letl be an element of Instr-Leews,. The functor Nextl) yielding an element of Instr-Le@ s,
is defined as follows:

(Def. 15) There exists an elemdnbf Instr-Locscm such thal = | and Nextl) = Next(L).

Let sbe anSCMgsa-state. The functolC s yields an element of Instr-L@ewms, and is defined
by:

(Def. 16) ICs=5(0).

Letx be an element of Insieme, and letsbe anSCMgga-state. The functor Exec-R@Sves, (X, S)
yields anSCMEggsa-state and is defined as follows:

(Def. 17)())  There exists an element of Instrscy and there exists aSCM-state s
such thatx = X' and s = s|N+-(Instr-Locscm — X) and Exec-Resemesa(X,S) =
s+-Exec-Regcm(X,8)+-s[Instr-Lotscmeg, If INSCodgx) < 8,

(i) there exists an integer and there existk such thatk = |s(x int-addp)| and i =
s(x coll-add )k and Exec-Resemeg, (X, S) = Chseme, (Chsomeg, (S, X Int-addi, i), Next(ICs))
if InsCodéx) =9,

(i) there exists a finite sequence of elements ofZ and there existk such thatk =
|s(x int-addp)| and f = s(x coll-addr) +- (k,s(x int-addr)) and Exec-Rescmes,(X,S) =
Chscmeg, (Chsomeg, (S, X coll-adde, f),Next(ICs)) if InsCodex) = 10,

(iv)  Exec-Rescmesa (X, S) = Chgsopee, (ChGsemeg, (S, X iNt-adde, lens(x coll-addp) ), Next(ICs))
if InsCodex) =11,

(v) there exists a finite sequendeof elements ofZ and there existk such thatk =
|s(xint-addg)| andf = k— 0 and Exec-Regmes, (X, S) = Chgscpee , (ChGseme, (S, X COll-addp, ), Next(ICs))
if InsCodéx) = 12,

(vi) Exec-Rescmesa(X,S) =S, otherwise.
The function Exescies, from INstiscieg, into ([1(OKscmess))1CKSCMesa) is defined by:

(Def. 18) For every elememtof Instrscmes, and for everylSCMesa-statey holds(ExeGcmes, (X) qua
element of(r](OKSCMFSA))WOKSCMFSA))(y) = Exec-Regcmpgs (X, Y)-

The following propositions are true:
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(20) For every SCMgsa-state s and for every elementu of Instr-Locscmeg, holds
(Ch%CMFSA(S7 u))(o) =u

(21) For everySCMgsa-states and for every element of Instr-Locscmeg, and for every ele-
mentmy of Data-Logcmeg, holds(Chgscopg, (S, U)) (M) = s(my).

(22) For everySCMgsa-states and for every element of Instr-LoGscmeg, and for every ele-
mentp of Datd -LoCscmeg, N0lds(Chgsemee, (S,U))(P) = S(p).

(23) For every SCMgsa-state s and for all elementsu, v of Instr-Locscme, holds
(Chgscmeg, (S,U)) (V) = S(V).

(24) For evenl5CMgsa-statesand for every elemertof Data-Logcm:g, and for every integer
u holds(Chgscpes, (S, 1)) (0) = S(0).

(25) For evenSCMgsa-statesand for every elemerttof Data-Logcmeg, and for every integer
u holds(Chgscpeg, (ST, W) (1) = u.

(26) Letsbe anSCMgsa-statet be an element of Data-Legwm.,, U be an integer, andy be
an element of Data-L@ewmes,- If M #t, then(Chgscyg, (St 1)) (M) = s(my).

(27) Letsbe anSCMgsa-statet be an element of Data-Legwm.,, U be an integer, anél be an
element of DataLocscimeg,- Then(Chggemee, (St W) (F) = s(f).

(28) Letsbe anSCMgsa-statef be an element of Data-Legwmes,, U be an integer, andbe an
element of Instr-Logcmeg,- Then(Chgsepq, (S,t,U)) (V) = S(v).

(29) Letsbe anSCMgsa-statet be an element of DataLocscmes,, andu be a finite sequence
of elements ofZ. Then(Chgscp,,(S,t,u))(t) = u.

(30) Lets be anSCMgsa-state,t be an element of Data ocscmeg,, U be a finite se-
guence of elements df, andm; be an element of Datad oCscmes,. If My # t, then

(Chscpegs (St U)) (M) = s(ma).
(31) Letsbe anSCMgsa-statet be an element of Data ocscme,, U be a finite sequence of
elements o, anda be an element of Data-Leeme,. Then(Chgsey, (S:t;U))(a) = s(a).

(32) Letsbe anSCMgsa-statet be an element of Datelocscmeg,, U be a finite sequence of
elements ofZ, andv be an element of Instr-L@emgg,- Then(Chgscyq,(S,t,U)) (V) = S(v).
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