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The articles[[18],[[1/7],14],[123],[26], 18], [14],17],[6],[10], 1251/ T13] ) T16]/ 16] /3] /101 112], 191,
[15], [22], [20], [1], [21], [14], [2], and [24] provide the notation and terminology for this paper.
In this papemis a natural number.
We now state two propositions:

(1) For every finite sequencep of elements of the instructions 08CMgsa holds
domLoadp) = {inslodm) : m< lenp}.

(2) Forevery finite sequengeof elements of the instructions 8CMgsa holds rng Loadp) =
rngp.

Let p be a finite sequence of elements of the instructiorS@Mesa. Observe that Logg) is
initial and programmed.
Next we state several propositions:

(3) For every instruction of SCMgsa holds Load(i)) = insloq0)——i.

(4) For every instructiomn of SCMgsa holds domMacr@) = {insloq0),insloq(1)}.
(5) For every instruction of SCMgsa holds Macrdi) = Load((i, haltscmeg,) )-

(6) For every instruction of SCMgsa holds card Macr@) = 2.

(7) Forevery instructionof SCMgsa holds ifi = haltscmeg,, then(DirectedMacra(i)) ) (inslog0)) =
goto inslo¢2) and ifi # haltscmeg,, then(DirectedMacrq(i)))(inslog0)) = i.

(8) Foreveryinstructionof SCMgsa holds(DirectedMacrq(i)))(insloq1)) = goto inslo¢2).

Letabe an integer location and lkebe an integer. Observe that=k is initial and programmed.
Leta be an integer location and lktbe an integer. Observe tha=k is parahalting.

One can prove the following proposition

(9) Letsbe a state 08CMgsa, a be a read-write integer location, akdbe an integer. Then
() (IExeda:=k,s))(a) =Kk,

(i) for every read-write integer locatiolm such thab # a holds (IExeqa:=k,s))(b) = s(b),
and

(iiiy  for every finite sequence locatiohholds(IExeda:=k,s))(f) = s(f).
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Let f be a finite sequence location and febe a finite sequence of elementszf One can
verify that f:=p is initial and programmed.

Let f be a finite sequence location and febe a finite sequence of elementsZf One can
check thatf:=pis parahalting.

The following proposition is true

(10) Letsbe a state 06CMEgsp, f be a finite sequence location, apdbe a finite sequence of
elements oZ. Then

(i) (IExeqf:=p,s))(f)=np,
(i) for every read-write integer locatioa such thata # intloc(1) anda # intloc(2) holds
(IExed f:=p,s))(a) = s(a), and

(iiiy  for every finite sequence locatiagnsuch thag # f holds(IExed f:=p,s))(g) = s(g).

Leti be an instruction 08CMgsa and leta be an integer location. We say thatoes not refer
aif and only if the condition (Def. 1) is satisfied.

(Def. 1) Letb be an integer locationl, be an instruction-location c5CMgsa, and f be a fi-
nite sequence location. Thén=a # i and AddTdb,a) # i and SubFrorth,a) £ i and
MultBy(b,a) # i and Dividgb,a) # i and Divid€a,b) # i andif a = Ogotol # i and
if a>0gotol #iandb:=f; #iandfy:=a+#iandfs:=b#iandf:=(0,...,0) #1i.

a

Let| be a programmed finite partial state®€Mgsa and leta be an integer location. We say
thatl does not refea if and only if:

(Def. 2) For every instructionof SCMgsa such that € rngl holdsi does not refea.

Leti be an instruction c8CMgsa and leta be an integer location. We say thaoes not destroy
aif and only if the condition (Def. 3) is satisfied.

(Def. 3) Letb be an integer location anél be a finite sequence location. Than=b # i and
AddTo(a,b) # i and SubFrorte,b) # i and MultBy(a,b) # i and Dividda,b) # i and
Divide(b,a) # i anda:=f, # i anda:=lenf #i.

Let| be afinite partial state @CMgsp and leta be an integer location. We say tHadoes not
destroya if and only if:

(Def. 4) For every instructionof SCMgsa such that € rngl holdsi does not destrog.
Let | be a finite partial state @CMgsa. We say that is good if and only if:
(Def. 5) | does not destroy intld0).
Let| be afinite partial state @CMpsa. We say that is halt-free if and only if:
(Def. 6) haltscmesa & rngl.

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 locatiomholdshaltscm,, does not destrog.

(12) For all integer locationa, b, ¢ such that = b holdsh:=c does not destrog.

(13) For all integer locationa, b, ¢ such that # b holds AddTdb, ¢) does not destrog.
(14) For all integer locationa, b, c such that # b holds SubFrortb, c) does not destrog.
(15) For all integer locationa, b, ¢ such thag # b holds MultBy(b, c) does not destrog.

(16) For allinteger locationa, b, ¢ such that# b anda # ¢ holds Dividegb, c) does not destroy
a
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(17) For every integer locatioa and for every instruction-locationof SCMgsa holds gotd
does not destrog.

(18) For all integer locationa, b and for every instruction-locationof SCMgsa holdsif b =
0 gotol does not destrog.

(19) For all integer locationa, b and for every instruction-locationhof SCMgsa holdsif b >
0 gotol does not destrog.

(20) Leta, b, c be integer locations anfl be a finite sequence location. df#£ b, thenb:=f¢
does not destrog.

(21) For all integer locationa, b, c and for every finite sequence locatiérholds f.:=b does
not destroye.

(22) Leta, b be integer locations antl be a finite sequence location. df#£ b, thenb:=lenf
does not destrog.

(23) For all integer locationa, b and for every finite sequence locatiérholds f:=(0,...,0)
b
does not destrog.

Let| be afinite partial state @CMgsa and lets be a state 06CMgsa. We say that is closed
onsif and only if:

(Def. 7)  For every natural numb&holdsIC computatiors+ (1 + StartAt(inslo0))))) (k) € doml.
We say that is halting onsif and only if:
(Def. 8) s+-(I+- Start-Afinsloq(0))) is halting.
The following propositions are true:

(24) For every macro instructidnholdsl is paraclosed iff for every stateof SCMgsa holdsl
is closed ors.

(25) For every macro instructidrholdsl is parahalting iff for every stateof SCMgspa holdsl
is halting ons.

(26) Leti be an instruction 068CMgspa, a be an integer location, argbe a state 06CMgga. If
i does not destrog, then(Exedi,s))(a) = s(a).

(27) Lets be a state ofSCMgsa, | be a macro instruction, anad be an integer location.
Supposel does not destrow and| is closed ons. Let k be a natural number. Then
(Computatiois+-(I1+- Start-Af(insloq0))))) (k) (a) = s(a).

(28) Stopcp, does not destroy intl@0).

One can verify that there exists a macro instruction which is parahalting and good.

Let us note that Stag., is parahalting and good.

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

(29) For every integer locationa and for every integerk holds rngaSe@k) C
{a:=intloc(0), AddTo(a, intloc(0)), SubFronta, intloc(0))}.

(30) For every integer locaticmand for every integetholds rnda:=k) C {haltscwes,, &:=intloc(0), AddTo(a, intloc(0)

Let a be a read-write integer location and kdbe an integer. Observe thait=k is good.
Let a be a read-write integer location and kdbe an integer. Note that=k is keeping O.
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