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The articles [18], [17], [4], [23], [26], [8], [11], [7], [5], [10], [25], [13], [16], [6], [3], [9], [12], [19],
[15], [22], [20], [1], [21], [14], [2], and [24] provide the notation and terminology for this paper.

In this paperm is a natural number.
We now state two propositions:

(1) For every finite sequencep of elements of the instructions ofSCMFSA holds
domLoad(p) = {insloc(m) : m< lenp}.

(2) For every finite sequencep of elements of the instructions ofSCMFSA holds rngLoad(p) =
rngp.

Let p be a finite sequence of elements of the instructions ofSCMFSA. Observe that Load(p) is
initial and programmed.

Next we state several propositions:

(3) For every instructioni of SCMFSA holds Load(〈i〉) = insloc(0)7−→. i.

(4) For every instructioni of SCMFSA holds domMacro(i) = {insloc(0), insloc(1)}.

(5) For every instructioni of SCMFSA holds Macro(i) = Load(〈i,haltSCMFSA〉).

(6) For every instructioni of SCMFSA holds cardMacro(i) = 2.

(7) For every instructioni of SCMFSA holds if i = haltSCMFSA, then(Directed(Macro(i)))(insloc(0))=
goto insloc(2) and if i 6= haltSCMFSA, then(Directed(Macro(i)))(insloc(0)) = i.

(8) For every instructioni of SCMFSA holds(Directed(Macro(i)))(insloc(1))= goto insloc(2).

Let a be an integer location and letk be an integer. Observe thata:=k is initial and programmed.
Let a be an integer location and letk be an integer. Observe thata:=k is parahalting.
One can prove the following proposition

(9) Lets be a state ofSCMFSA, a be a read-write integer location, andk be an integer. Then

(i) (IExec(a:=k,s))(a) = k,

(ii) for every read-write integer locationb such thatb 6= a holds(IExec(a:=k,s))(b) = s(b),
and

(iii) for every finite sequence locationf holds(IExec(a:=k,s))( f ) = s( f ).
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Let f be a finite sequence location and letp be a finite sequence of elements ofZ. One can
verify that f :=p is initial and programmed.

Let f be a finite sequence location and letp be a finite sequence of elements ofZ. One can
check thatf :=p is parahalting.

The following proposition is true

(10) Lets be a state ofSCMFSA, f be a finite sequence location, andp be a finite sequence of
elements ofZ. Then

(i) (IExec( f :=p,s))( f ) = p,

(ii) for every read-write integer locationa such thata 6= intloc(1) and a 6= intloc(2) holds
(IExec( f :=p,s))(a) = s(a), and

(iii) for every finite sequence locationg such thatg 6= f holds(IExec( f :=p,s))(g) = s(g).

Let i be an instruction ofSCMFSA and leta be an integer location. We say thati does not refer
a if and only if the condition (Def. 1) is satisfied.

(Def. 1) Let b be an integer location,l be an instruction-location ofSCMFSA, and f be a fi-
nite sequence location. Thenb:=a 6= i and AddTo(b,a) 6= i and SubFrom(b,a) 6= i and
MultBy(b,a) 6= i and Divide(b,a) 6= i and Divide(a,b) 6= i and if a = 0 goto l 6= i and
if a > 0 goto l 6= i andb:= fa 6= i and fb:=a 6= i and fa:=b 6= i and f :=〈0, . . . ,0︸ ︷︷ ︸

a

〉 6= i.

Let I be a programmed finite partial state ofSCMFSA and leta be an integer location. We say
thatI does not refera if and only if:

(Def. 2) For every instructioni of SCMFSA such thati ∈ rngI holdsi does not refera.

Let i be an instruction ofSCMFSA and leta be an integer location. We say thati does not destroy
a if and only if the condition (Def. 3) is satisfied.

(Def. 3) Let b be an integer location andf be a finite sequence location. Thena:=b 6= i and
AddTo(a,b) 6= i and SubFrom(a,b) 6= i and MultBy(a,b) 6= i and Divide(a,b) 6= i and
Divide(b,a) 6= i anda:= fb 6= i anda:=lenf 6= i.

Let I be a finite partial state ofSCMFSA and leta be an integer location. We say thatI does not
destroya if and only if:

(Def. 4) For every instructioni of SCMFSA such thati ∈ rngI holdsi does not destroya.

Let I be a finite partial state ofSCMFSA. We say thatI is good if and only if:

(Def. 5) I does not destroy intloc(0).

Let I be a finite partial state ofSCMFSA. We say thatI is halt-free if and only if:

(Def. 6) haltSCMFSA /∈ rngI .

One can verify that there exists a macro instruction which is halt-free and good.
Next we state a number of propositions:

(11) For every integer locationa holdshaltSCMFSA does not destroya.

(12) For all integer locationsa, b, c such thata 6= b holdsb:=c does not destroya.

(13) For all integer locationsa, b, c such thata 6= b holds AddTo(b,c) does not destroya.

(14) For all integer locationsa, b, c such thata 6= b holds SubFrom(b,c) does not destroya.

(15) For all integer locationsa, b, c such thata 6= b holds MultBy(b,c) does not destroya.

(16) For all integer locationsa, b, c such thata 6= b anda 6= c holds Divide(b,c) does not destroy
a.
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(17) For every integer locationa and for every instruction-locationl of SCMFSA holds gotol
does not destroya.

(18) For all integer locationsa, b and for every instruction-locationl of SCMFSA holds if b =
0 goto l does not destroya.

(19) For all integer locationsa, b and for every instruction-locationl of SCMFSA holds if b >
0 goto l does not destroya.

(20) Let a, b, c be integer locations andf be a finite sequence location. Ifa 6= b, thenb:= fc
does not destroya.

(21) For all integer locationsa, b, c and for every finite sequence locationf holds fc:=b does
not destroya.

(22) Let a, b be integer locations andf be a finite sequence location. Ifa 6= b, thenb:=lenf
does not destroya.

(23) For all integer locationsa, b and for every finite sequence locationf holds f :=〈0, . . . ,0︸ ︷︷ ︸
b

〉

does not destroya.

Let I be a finite partial state ofSCMFSA and lets be a state ofSCMFSA. We say thatI is closed
ons if and only if:

(Def. 7) For every natural numberk holdsIC (Computation(s+·(I+·Start-At(insloc(0)))))(k) ∈ domI .

We say thatI is halting ons if and only if:

(Def. 8) s+·(I+·Start-At(insloc(0))) is halting.

The following propositions are true:

(24) For every macro instructionI holdsI is paraclosed iff for every states of SCMFSA holdsI
is closed ons.

(25) For every macro instructionI holdsI is parahalting iff for every statesof SCMFSA holdsI
is halting ons.

(26) Leti be an instruction ofSCMFSA, a be an integer location, andsbe a state ofSCMFSA. If
i does not destroya, then(Exec(i,s))(a) = s(a).

(27) Let s be a state ofSCMFSA, I be a macro instruction, anda be an integer location.
SupposeI does not destroya and I is closed ons. Let k be a natural number. Then
(Computation(s+·(I+·Start-At(insloc(0)))))(k)(a) = s(a).

(28) StopSCMFSA
does not destroy intloc(0).

One can verify that there exists a macro instruction which is parahalting and good.
Let us note that StopSCMFSA

is parahalting and good.
Let us mention that every macro instruction which is paraclosed and good is also keeping 0.
We now state two propositions:

(29) For every integer locationa and for every integerk holds rngaSeq(a,k) ⊆
{a:= intloc(0),AddTo(a, intloc(0)),SubFrom(a, intloc(0))}.

(30) For every integer locationaand for every integerk holds rng(a:=k)⊆{haltSCMFSA,a:= intloc(0),AddTo(a, intloc(0)),SubFrom(a, intloc(0))}.

Let a be a read-write integer location and letk be an integer. Observe thata:=k is good.
Let a be a read-write integer location and letk be an integer. Note thata:=k is keeping 0.
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[8] Czesław Bylínski. Functions and their basic properties.Journal of Formalized Mathematics, 1, 1989.http://mizar.org/JFM/Vol1/
funct_1.html.
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