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The articles[[15],[[14],[[19],[[1],[[10],[11],[118],120] 131 141 171.[15],.12]1,18],[16],[19], 116], 112],
[13], and [17] provide the notation and terminology for this paper.

1. PRELIMINARIES

LetN be a set and Iesbe an AMI overN. Observe that every finite partial stateQi§ finite.

Let N be a set and Isbe an AMI overN. One can verify that there exists a finite partial state
of Swhich is programmed.

We now state the proposition

(1) LetN be a set with non empty elemeng&he a definite non empty non void AMI ové,
andp be a programmed finite partial state®fThen rngp C the instructions oS&.

Let N be a set, leSbe an AMI overN, and letl, J be programmed finite partial states &f
Thenl+-J is a programmed finite partial state &f
We now state the proposition

(2) LetN be a set with non empty elemeng&be a definite non empty non void AMI ovél,
f be a function from the instructions &into the instructions of, ands be a programmed
finite partial state o6 Then dongf - s) = doms.

2. INCREMENTING AND DECREMENTING THE INSTRUCTION LOCATIONS

In the sequek, |, m, n, p denote natural numbers.
Let I{ be an instruction-location 3CMgsa and letk be a natural number. The functiar+ k
yields an instruction-location @CMgsp and is defined as follows:

(Def. 1) There exists a natural numbeisuch that; = inslogqm) andl; + k = inslogm+ k).
The functor; —' k yields an instruction-location @CMgsa and is defined as follows:
(Def. 2) There exists a natural numbmaisuch that; = insloq/m) andl; -’ k = insloglm—'k).
One can prove the following propositions:
(3) For every instruction-locationof SCMgsa and for allm, nholds(l +m)+n=I-+ (m+n).

(4) For every instruction-locatioh of SCMgsa and for every natural numbérholds (13 +
k) —"k=1l.
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In the sequel is an instruction-location d6CM andl is an instruction o5CM.
We now state three propositions:

(5) For every instruction-locatiohof SCMgsa and for evenL such that. =1 holdsl +k =
L+k

(6) For all instruction-locations,, I3 of SCMgsa and for every natural numbek holds
Start-Af(l; + k) = Start-At(l3 + k) iff Start-At(l2) = Start-Atl3).

(7) For all instruction-locations,, I3 of SCMgsa and for every natural numbdersuch that
Start-Af(l,) = Start-Afl3) holds Start-Afl, —' k) = Start-At(lz —'k).

3. INCREMENTING ADDRESSES

Leti be an instruction 08CMgsa and letk be a natural number. The functor IncAddK) yielding
an instruction oSCMgsp is defined as follows:

(Def. 3)(i) There exists an instructidnof SCM such that =i and IncAdd(i, k) = IncAddr(l,k)
if InsCod€i) € {6,7,8},

(i)  IncAddr(i,k) =i, otherwise.
The following propositions are true:
(8) For every natural numbdrholds IncAddthaltscmeg,, K) = haltscmega-

(9) For every natural numbéer and for all integer locations, b holds IncAddfa:=b,k) =
a=h.
(10) For every natural numbkiand for all integer locations, b holds IncAddAddTo(a, b), k) =
AddTo(a,b).

(11) Forevery natural numbkiand for all integer locatiors, b holds IncAdd(SubFronta, b), k) =
SubFronta, b).

(12) For every natural numbkind for all integer locations, b holds IncAdd(MultBy (a, b), k) =
MultBy (a,b).

(13) Forevery natural numbkand for all integer locations, b holds IncAdd(Divide(a, b), k) =
Divide(a,b).

(14) For every natural numbek and for every instruction-locatioty of SCMgsa holds
IncAddr(gotol1,k) = goto (I3 +K).

(15) Letk be a natural numbel; be an instruction-location dCMgspa, anda be an integer
location. Then IncAddif a= 0 gotol;,k) =if a=0gotol; + k.

(16) Letk be a natural numbel; be an instruction-location dCMgsa, anda be an integer
location. Then IncAddif a> 0 gotol;,k) =if a> 0gotol; + k.

(17) Letk be a natural numbea, b be integer locations, anfl be a finite sequence location.
Then IncAddtb:=f4, k) = b:=fa.

(18) Letk be a natural numbes, b be integer locations, anfl be a finite sequence location.
Then IncAdd( fa:=b, k) = fa:=b.

(19) Letk be a natural numbeg be an integer location, anfibe a finite sequence location.
Then IncAdd(a:=lenf,k) = a:=lenf.

(20) Letk be a natural numbeng be an integer location, anfl be a finite sequence location.
Then IncAdd(f:=(0,...,0),k) = f:=(0,...,0).
~—— ~——
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(21) For every instructiom of SCMgsa and for everyl such that = | holds IncAddfi, k) =
IncAddr(l, k).

(22) For every instructionl of SCMgsa and for every natural numbek holds
InsCodéIncAddr(l,k)) = InsCodél ).

Let 1, be a finite partial state @CMgsa. We say that; is initial if and only if:
(Def. 4) For allm, n such that inslo@) € doml; andm < n holds inslo¢m) € doml;.
The finite partial state Step,,.., of SCMesa is defined by:
(Def. 5)  Stopcpg, = inslog0)——haltscmegy-

Let us note that Stey,., is non empty, initial, and programmed.

Let us observe that there exists a finite partial statS8 @Mgsa which is initial, programmed,
and non empty.

Let f be a function and lgg be a finite function. Note that- g is finite.

Let N be a non empty set with non empty elementsSlbe a definite non empty non void AMI
overN, letsbe a programmed finite partial state®fand letf be a function from the instructions
of Sinto the instructions o6. Thenf - sis a programmed finite partial state &f

In the sequel is an instruction 06CMgsa.

One can prove the following proposition

(23) IncAddr(IncAddr(i,m),n) = IncAddr(i,m+n).

4. INCREMETING ADDRESSES IN A FINITE PARTIAL STATE

Let p be a programmed finite partial state ®EMgsa and letk be a natural number. The functor
IncAddr(p, k) yields a programmed finite partial stateR€Mgsa and is defined as follows:

(Def. 6) domIncAddfp,k) = domp and for everym such that inslogn) € domp holds
(IncAddr(p,k))(insloqm)) = IncAddr(Tinsioqm) P, K)-

One can prove the following propositions:

(24) Letp be a programmed finite partial stateSEMgsa, k be a natural number, aride an
instruction-location 06CMgsa. If | € domp, then(IncAddr(p,k))(l) = IncAddr(tg p, k).

(25) For all programmed finite partial statés J of SCMgsa holds IncAdd(l+-J,n) =
IncAddr(l,n)+-IncAddr(J,n).

(26) Let f be a function from the instructions &CMgga into the instructions oBCMEgsa.
Suppose = idie instructions o8CMesat - (Naltscmes,——1)- Letsbe a programmed finite partial
state ofSCMgsa. Then IncAdd(f -s,n) = (idine instructions o8CMgsa++(haltscmes,—— INCAddI(i, n))) -
IncAddr(s,n).

(27) For every programmed finite partial sthigf SCMgsa holds IncAddfIncAddr(l,m),n) =
IncAddr(l, m-+n).

(28) For every statsof SCMgsa holds Exe¢incAddr(Curlnstr(s), k), s+- Start-A{ICs+k)) =
Following(s)+- Start-A(1C rojiowing(s) + K)-

(29) Letl, be an instruction ofSCMgsa, S be a state ofSCMprsa, p be a finite par-
tial state of SCMgsa, andi, j, k be natural numbers. IfCs = inslodj + k), then
Exeqlz,s+- Start-AfICs —' k)) = ExeqIncAddr(I2,k),s)+- Start-A{1C gyeqincaddr(is k).s) =
k).
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5. SHIFTING THE FINITE PARTIAL STATE

Let p be afinite partial state @CMgsa and letk be a natural number. The functor Shftk) yields
a programmed finite partial state 8CMrsa and is defined by:

(Def. 7) domShiftp,k) = {inslogdm+ k) : inslodm) € domp} and for everym such that
inslodm) € domp holds(Shift(p,k))(inslodm+k)) = p(inslogm)).

One can prove the following propositions:

(30) Letl be an instruction-location @CMgsa, k be a natural number, amgbe a finite partial
state ofSCMgsa. If | € domp, then(Shift(p,k))(l +k) = p(l).

(31) Letpbe afinite partial state @CMgsa andk be a natural number. Then dom Shftk) =
{i1+k;i1 ranges over instruction-locations 8€Mgsa: i1 € domp}.

(32) For every finite partial staleof SCMgsa holds Shif{Shift(l, m), n) = Shift(l,m-+n).

(33) Letsbe a programmed finite partial state€Mgsa, f be a function from the instructions
of SCMgsa into the instructions 08CMgsa, and givem. Then Shiftf -s,n) = f - Shift(s n).

(34) For all finite partial statels J of SCMgsa holds Shiftl+-J,n) = Shift(l, n)+- Shift(J, n).

(35) For all natural numbers j and for every programmed finite partial stggef SCMgsa
holds ShifflIncAddr(p,i), j) = IncAddr(Shift(p, j),i).
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