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The articles[[22],[[29],[[12],[123],[119],.[30],.18], 191,171, 12],[1B3], [124], [11], [[27],[[10], [ 15], [111],
[20], [40, [e], [26], [28], [17], [18], [25], [21], [14], [13], [26], and[[15] provide the notation and
terminology for this paper.

For simplicity, we follow the rulesRis a good ringr is an element oR, a, b are Data-Locations
of R, i1, ip, i3 are instruction-locations @CM(R), | is an instruction oBCM(R), 51, s, are states
of SCM(R), T is an instruction type oBCM(R), andk is a natural number.

Let us mention thaZ is infinite.

Let us mention that INTRing is infinite and good.

Let us note that there exists a 1-sorted structure which is strict and infinite.

Let us observe that there exists a ring which is strict, infinite, and good.

Next we state the proposition

(1) ObjectKinda) = the carrier oRR.

Let R be a good ring, lety, I, be Data-Locations oR, and leta, b be elements oR. Then
[l1 — a,l2— b is a finite partial state BCM(R).
We now state a number of propositions:

(2) a¢ the instruction locations 3CM(R).
(3) a#ICscmpr)-
(4) Data-Logcm # the instruction locations 8CM(R).

(5) For every objecb of SCM(R) holdso = ICgcur) O 0 € the instruction locations of
SCM(R) or ois a Data-Location oR.

(6) Ifiz+#is, then Nextiz) # Next(is).
(7) If 31 ands; are equal outside the instruction locationsS&M(R), thens; (a) = (a).
(8) InsCod¢haltscyry) = 0.
(9) InsCodé¢a:=b) =1.
(10) InsCodéAddTo(a,b)) = 2.
(11) InsCodéSubFronfa,b)) = 3.
(12) InsCodéMultBy(a,b)) = 4.
(13) InsCodéa:=r) =5.
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THE PROPERTIES OF INSTRUCTIONS OF SCM OVER.

InsCodégotoiy) = 6.
InsCodéf a=0gotoiy) =7.
If InsCodél ) = 0, thenl = haltscu(g)-

If InsCodél) = 1, then there exis, b such that = a:=b.
If InsCodél) = 2, then there exis, b such that = AddTo(a, b).
If InsCodél) = 4, then there exisa, b such that = MultBy(a,b).

5, then there exisa, r such that = a:=r.

)=
)=
)=
If InsCodél) = 3, then there exis, b such thal = SubFronga, b).
)=
If InsCodél) =
)=

If InsCodgl 6, then there existig such thatl = gotois.
If InsCodél) = 7, then there exis4, i» such that = if a= 0gotois.
AddressPathaltscyr)) = 0.

AddressPafa:=b) = (a,b).

AddressPafAddTo(a,b)) = (a,b).
AddressPafSubFronfa, b)) = (a,b).
AddressPafMultBy (a,b)) = (a,b).

AddressPafa:=r) = (a,r).

AddressPafyotoiz) = (i2).

AddressPafif a= 0gotoiy) = (iz,a).

If T =0, then AddressParfs= {0}.

Let us consideR, T. One can check that AddressPdrts non empty.
The following propositions are true:

(33)
(34)
(39)
(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)
(45)

If T =1, then don]addresspars = 11,2}

If T =2, then donT]addresspars = {12}

If T =3, then donT]addresspars = {12}

If T = 4, then donT]addresspars = {12}

If T =5, then donT]addresspars = {12}

If T = 6, then donT]addresspars = {1}-

If T =7, then donT]addresspars = {12}
[AddressParts InsCote—b) (1) = Data-Logcw.
[AddressParts InsCote—b) (2) = Data-Logcw.
[NAddressParts InsCodddTo(a b)) (1) = Data-Logcw.
[NAddressParts InsCogddTo(a,b)) (2) = Data-Logcwm.

nAddressPartsInsCo(@ubFronﬁa b)) 1) Data-Logcwm.

(
nAddressPartsInsCo(ﬁubFronﬁa b)) (2) Data-Logcwm.



THE PROPERTIES OF INSTRUCTIONS OF SCM OVER. 3

(46)  [MaddressPartsInsCodidultBy (ab)) (1) = Data-LoGcwm.
(47)  [MAddressPartsInsCodidulty (a b)) (2) = Data-LoGcwm.
(48) [addressPartsinscote—r) (1) = Data-Logcwm.

(49) nAddressPartslnsCo(iE:r) (2) = the carrier ofR.

(50)  [MaddressPartsinsCodgotoi,) (1) = the instruction locations d8CM(R).

(51) [NaddressPartsinsCodé a0 goto i) (1) = the instruction locations CM(R).
(52)  [MaddressPartsinsCodie a0 goto i) (2) = Data-Logcwm.

(53) NIC(haltscmr),i1) = {i1}-

Let us consideR. Note that JUMBhaltscu(r)) is empty.
Next we state the proposition

(54) NIC(a=b,i1) = {Next(i1)}.

Let us consideR, a, b. Note that JUMPa:=b) is empty.
Next we state the proposition

(55) NIC(AddTo(a,b),i1) = {Next(i1)}.

Let us consideR, a, b. Observe that JUM{AddTo(a, b)) is empty.
Next we state the proposition

(56) NIC(SubFronta,b),i1) = {Next(i1)}.

Let us consideR, a, b. Note that JUMPSubFronfa, b)) is empty.
The following proposition is true

(57) NIC(MultBy(a,b),i1) = {Next(i1)}.

Let us consideR, a, b. Note that JUMPMultBy (a, b)) is empty.
We now state the proposition

(58) NIC(a:=r,i1) = {Next(i1)}.

Let us consideR, a, r. One can verify that JUMR:=r) is empty.
Next we state two propositions:

(59) NIC(gotoiy,ii) =iz}
(60) JUMRGgotoiy) = {iz}.

Let us consideR, i». Observe that JUM@otoiz) is non empty and trivial.
Next we state three propositions:

(61) i2 € NIC(if a=0gotoiz,i1) and NIQif a= 0gotoiz,i1) C {iz,Next(i1)}.

(62) LetR be a non trivial good ringa be a Data-Location oR, andiy, i> be instruction-
locations ofSCM(R). Then NIQ(if a= 0gotoiy,i1) = {i2, Nex(i1)}.

(63) JUMRIf a=0gotoip) = {iz}.

Let us consideR, a, i>. One can check that JUMIP a= 0 gotoiy) is non empty and trivial.
We now state two propositions:

(64) SUCQi1) = {i1,Next(i1)}.



THE PROPERTIES OF INSTRUCTIONS OF SCM OVER. 4

(65) Letf be a function fromN into the instruction locations dBCM(R). Suppose that for
every natural numbecholds f (k) = ix. Then

(i) fis bijective, and

(i)  for every natural numbek holds f (k+1) € SUCQ f (k)) and for every natural numbgr
such thatf (j) € SUCCQf (k)) holdsk < j.

Let us consideR. One can check th&CM(R) is standard.
Next we state three propositions:

(66) ilscmr) (K) = ik.
(67) Nextilscmr)(K) =ilscmr) (K+1).
(68) Nex{i1) = NextLocij.

Let R be a good ring and lét be a natural number. The functoir¢k) yields a Data-Location
of Rand is defined by:

(Def. 1) dk(k) = dx.

Let us consideR. Observe that InsCodealtscyr)) is jump-only.

Let us consideR. Observe thabaltscyr) is jump-only.

Let us consideR, i>. Observe that InsCodgotoiy) is jump-only.

Let us consideR, i». Observe that got is jump-only.

Let us consideR, a, i». Note that InsCodéf a=0gotois) is jump-only.

Let us consideR, a, i>. Note thatf a= 0 gotois is jump-only.

In the sequeB denotes a non trivial good ring, q denote Data-Locations & andw denotes
an element o&.

Let us conside8, p, g. One can verify that InsCodp:=q) is non jump-only.

Let us consides, p, g. Observe thap:=q is non jump-only.

Let us consides, p, g. One can verify that InsCo@addTo(p,q)) is non jump-only.

Let us conside§, p, g. One can check that AddTp, g) is non jump-only.

Let us conside8, p, g. Note that InsCodé&ubFrontp,q)) is non jump-only.

Let us conside8, p, g. Note that SubFrofip,q) is non jump-only.

Let us conside§, p, g. Observe that InsCod®lultBy (p,q)) is non jump-only.

Let us consides, p, g. Note that MultBy(p, q) is non jump-only.

Let us consideS, p, w. One can verify that InsCodp:=w) is non jump-only.

Let us consides, p, w. One can check that=w is non jump-only.

Let us consideR, a, b. Note thata:=b is sequential.

Let us consideR, a, b. Note that AddT¢a, b) is sequential.

Let us consideR, a, b. One can verify that SubFraofa b) is sequential.

Let us consideR, a, b. One can check that MultBwg, b) is sequential.

Let us consideR, a, r. Note thata:=r is sequential.

Let us consideR, io. Note that gota, is non sequential.

Let us consideR, a, i>. One can check thét a= 0 gotoi, is non sequential.

Let us consideR, i». One can verify that got is non instruction location free.

Let us consideR, a, i>. One can verify thaif a= 0 gotoi, is non instruction location free.

Let us consideR. Note thatSCM(R) is homogeneous and has explicit jumps and no implicit
jumps.

Let us consideR. One can check th&CM(R) is regular.

The following two propositions are true:

(69) IncAddr(gotoiz, k) = goto ilscm(r) (locnum(iz) +k).
(70)  IncAddr(if a= 0gotoiz,k) = if a= 0goto il scm(r) (locnum(iz) + k).

Let us consideR. Note thatSCM(R) is IC-good and Exec-preserving.
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