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The notation and terminology used in this paper have been introduced in the
following articles: [20], [28], [12], [4], [25], [29], [10], [11], [7], [5], [9], [27], [15],
[26], [18], [6], [3], [19], [8], [13], [14], [22], [17], [24], [21], [1], [23], [16], and [2].
In this paper m is a natural number.
Next we state two propositions:
(1)  For every finite sequence p of elements of the instructions of SCMpsa
holds dom Load(p) = {insloc(m) : m < lenp}.
(2)  For every finite sequence p of elements of the instructions of SCMpsa
holds rng Load(p) = rngp.
Let p be a finite sequence of elements of the instructions of SCMpga. Ob-
serve that Load(p) is initial and programmed.
We now state several propositions:
(3)  For every instruction i of SCMpga holds Load((i)) = insloc(0)——1.
(4) For every instruction ¢ of SCMpga holds domMacro(i) =
{insloc(0), insloc(1)}.
(5) For every instruction i of SCMpga holds Macro(i) = Load((,
haltscomyg, ))-
(6)  For every instruction i of SCMpga holds card Macro(i) = 2.
(7)  For every instruction i of SCMpsa holds if i = haltgcom,g,, then
(Directed (Macro(4)))(insloc(0)) = goto insloc(2) and if i # haltgcmy,, »
then (Directed(Macro(i)))(insloc(0)) = 1.
(8)  For every instruction i of SCMyga holds (Directed (Macro(i)))(insloc(1))
= goto insloc(2).
Let a be an integer location and let k& be an integer. Observe that a:=k is
initial and programmed.
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Let a be an integer location and let k be an integer. Observe that a:=k is
parahalting.
We now state the proposition

(9) Let s be a state of SCMFpga, and let a be a read-write integer location,
and let k be an integer. Then
(i) (IExec(a:=k,s))(a) =k,
(ii)  for every read-write integer location b such that b # a holds
(IExec(a:=k, s))(b) = s(b), and
(iii)  for every finite sequence location f holds (IExec(a:=k, s))(f) = s(f).
Let f be a finite sequence location and let p be a finite sequence of elements
of Z. One can check that f:=p is initial and programmed.
Let f be a finite sequence location and let p be a finite sequence of elements
of Z. Observe that f:=p is parahalting.
The following proposition is true

(10) Let s be a state of SCMpsa, and let f be a finite sequence location,
and let p be a finite sequence of elements of Z. Then
() (Exec(fi=p,s))(f) = p,
(ii)  for every read-write integer location a such that a # intloc(1) and
a # intloc(2) holds (IExec(f:=p, s))(a) = s(a), and
(iii) for every finite sequence location g such that g # f holds
(IExec(f:=p, s))(g) = s(g)-
Let ¢ be an instruction of SCMFpga and let a be an integer location. We say
that i does not refer a if and only if the condition (Def. 1) is satisfied.
(Def. 1)  Let b be an integer location, and let [ be an instruction-location of
SCMgrgsya, and let f be a finite sequence location. Then
b:=a # i,
AddTo(b,a) # i,
SubFrom(b, a) # i,
MultBy (b, a) # 1,
Divide(b, a) # 1,
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vi)  Divide(a,b) # 1,
(vii) if a =0 goto [ # 1,
(viii)  if a > 0 goto [ # i,

(iX b:=fa 7& i,

(x)  fer=a#1,

(xi)  fa:=b#1, and
(xii)  f:=(0,...,0) #i.

——

a
Let I be a programmed finite partial state of SCMFpga and let a be an integer
location. We say that I does not refer a if and only if:

(Def. 2)  For every instruction ¢ of SCMyga such that ¢ € rng I holds i does not
refer a.
Let ¢ be an instruction of SCMpga and let a be an integer location. We say
that i does not destroy a if and only if the condition (Def. 3) is satisfied.
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(Def. 3)  Let b be an integer location and let f be a finite sequence location. Then
a:=b # ¢ and AddTo(a, b) # i and SubFrom(a,b) # i and MultBy(a, b) # i
and Divide(a, b) # ¢ and Divide(b,a) # i and a:=f, # i and a:=lenf # i.
Let I be a finite partial state of SCMpga and let a be an integer location.
We say that I does not destroy a if and only if:
(Def. 4)  For every instruction ¢ of SCMpsa such that ¢ € rng I holds ¢ does not
destroy a.
Let I be a finite partial state of SCMpga. We say that I is good if and only
if:
(Def. 5) I does not destroy intloc(0).
Let I be a finite partial state of SCMpga. We say that I is halt-free if and
only if:
(Def. 6)  haltgcm,s, ¢ gl
Let us observe that there exists a macro instruction which is halt-free and
good.
The following propositions are true:
(11)  For every integer location a holds haltgcm,, does not destroy a.
(12)  For all integer locations a, b, ¢ such that a # b holds b:=c does not
destroy a.
(13)  For all integer locations a, b, ¢ such that a # b holds AddTo(b, c) does
not destroy a.
(14)  For all integer locations a, b, ¢ such that a # b holds SubFrom(b, ¢) does
not destroy a.
(15)  For all integer locations a, b, ¢ such that a # b holds MultBy (b, ¢) does
not destroy a.
(16) For all integer locations a, b, ¢ such that a # b and a # ¢ holds
Divide(b, ¢) does not destroy a.
(17)  For every integer location a and for every instruction-location [ of
SCMFpga holds goto I does not destroy a.
(18)  For all integer locations a, b and for every instruction-location [ of
SCMpga holds if b =0 goto [ does not destroy a.
(19)  For all integer locations a, b and for every instruction-location [ of
SCMygga holds if b > 0 goto [ does not destroy a.
(20) Let a, b, ¢ be integer locations and let f be a finite sequence location.
If a # b, then b:=f. does not destroy a.
(21)  For all integer locations a, b, ¢ and for every finite sequence location f
holds f.:=b does not destroy a.
(22) Let a, b be integer locations and let f be a finite sequence location. If
a # b, then b:=lenf does not destroy a.
(23)  For all integer locations a, b and for every finite sequence location f
holds f:=(0,...,0) does not destroy a.
——

b
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Let I be a finite partial state of SCMpga and let s be a state of SCMpgga.
We say that I is closed on s if and only if:

(Def. 7)  For every natural number k holds

IC(Computation(s+~(I+~ Start-At(insloc(0))))) (k) € dom /.
We say that I is halting on s if and only if:

(Def. 8)  s+-(I+- Start-At(insloc(0))) is halting.
We now state several propositions:

(24)  For every macro instruction I holds I is paraclosed iff for every state s
of SCMFpga holds I is closed on s.

(25)  For every macro instruction I holds I is parahalting iff for every state
s of SCMFgsa holds [ is halting on s.

(26)  Let i be an instruction of SCMFpgy, and let a be an integer location, and
let s be a state of SCMpga. If i does not destroy a then (Exec(i,s))(a) =
s(a).

(27) Let s be a state of SCMpga, and let I be a macro instruc-
tion, and let a be an integer location. Suppose I does not de-
stroy @ and I is closed on s. Let k£ be a natural number. Then
(Computation(s+-(I+- Start-At(insloc(0)))))(k)(a) = s(a).

(28)  Stopgcmyg, does not destroy intloc(0).

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

One can check that Stopgcy,g, 18 parahalting and good.

One can check that every macro instruction which is paraclosed and good is
also keeping 0.

One can prove the following two propositions:

(29) For every integer location a and for every integer k& holds
rng aSeq(a, k) C {a:=intloc(0), AddTo(a, intloc(0)), SubFrom(a, intloc(0))}.

(30)  For every integer location a and for every integer k holds rng(a:=k) C
{haltgcmy,  @:= intloc(0), AddTo(a, intloc(0)), SubFrom(a, intloc(0)) }.

Let a be a read-write integer location and let k£ be an integer. One can check
that a:=k is good.

Let a be a read-write integer location and let k& be an integer. Observe that
a:=k is keeping 0.
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