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The articles[[14],1[5], [[10],[[20],[[9],[[10],[[8],[[#], 1[6], [[12], [[15],[[18],[[19],[[16] [ [17]17],[[18],
[2], 3], and [1] provide the notation and terminology for this paper.
One can prove the following propositions:

(ZH For all functionsf, g and for every seb such that dorg misseD holds(f+-g)[D = f D,
whereD = Int-LocationsJFinSeg-Locations.

(3) For every states of SCMgsp holds donts[the instruction locations 08CMgsp) = the
instruction locations 08CMgsa.

(4) For every stats of SCMgsa such thasis halting and for every natural numbesuch that
LifeSpar(s) < k holds Curlnstf(Computatiofs))(k)) = haltscmeg,-

(5) For every stats of SCMgsa such thasis halting and for every natural numbesuch that
LifeSpar(s) <k h0|dS|C(Computatioms))(k) = |C(Computatioms))(LifeSpar(s))-
(6) Lets, s be states 06CMgsa. Thens; ands, are equal outside the instruction loca-

tions of SCMgsa if and only if IC ) = 1C s, ands; [ (Int-LocationsJFinSeg-Locations=
s [ (Int-LocationsJ FinSeq-Locations

(7) For every states of SCMgsa and for every macro instructioh holds IC gyeqis) =
IC Results+- Initialized(1 )) -

(8) Forevery stateof SCMgsa and for every macro instructidrholds Initializ s)+- Initialized(l) =
s+-Initialized(l).

(9) For every macro instructionand for every instruction-locationof SCMgsa holds| C
[+ Start-A{l).

(10) For every states of SCMrsa and for every instruction-locatioh of SCMgsa holds
s|(Int-LocationsJ FinSeq-Locations= (s+- Start-Af1)) [ (Int-LocationsJ FinSeg-Locations

(11) Letsbe a state o6CMgsp, | be a macro instruction, arlcdbe an instruction-location of
SCMEsa. Thens|(Int-LocationsJ FinSeq-Locations= (s+-(I+- Start-A{l))) [ (Int-LocationsJ FinSeq-Locations

(12) Letsbe a state 05CMgsa andl be an instruction-location 8CMgsa. Then donfs|the
instruction locations 08CMgsa) misses dom Start-Alt).

1 The proposition (1) has been removed.
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(13) For every state of SCMgsp and for every macro instructionholdss+- Initialized(l) =
Initialize(s)+-(1+- Start-At(inslog0))).

(14) Letsbe a state 06CMgghp, I1, 12 be macro instructions, aride an instruction-location of
SCMgsa. Thens+-(11+- Start-Af(l)) ands+-(l+- Start-Atl)) are equal outside the instruc-
tion locations ofSCMgsa.

(15) don(Stopscpg,) = {insloq0)}.
(16) inslo¢0) € dom(Stopscy,) and StoRc, (iNslod0)) = haltscmeg,-
(17) cardStopscyes,) =1

Let P be a programmed finite partial state ®EMgsa and letl be an instruction-location of
SCMgsa. The functor Directe(P 1) yields a programmed finite partial state 8€Mgsa and is
defined by:

(Def. 1) DireCte(ﬂP, |) = (idthe instructions oSCMF5A+'(haltSCMFSA"—’QOtC)l )) P

One can prove the following proposition

(18) For every programmed finite partial stale of SCMgsa holds Directedl) =
Directed],insloccard)).

Let P be a programmed finite partial state ®EMgsa and letl be an instruction-location of
SCMgsa. One can check that Direct@®|) is halt-free.

Let P be a programmed finite partial stateSEMrsa. Note that Directe(P) is halt-free.

One can prove the following propositions:

(19) For every programmed finite partial stét®@f SCMgsa and for every instruction-location
| of SCMEgsa holds domDirecte@,|) = domP.

(20) LetP be a programmed finite partial state ®EMgsa andl be an instruction-location of
SCMgsa. Then Directe@P, 1) = P+ (haltscues,——gotol) - P.

(21) LetP be a programmed finite partial state 8€Mpsa, | be an instruction-location of
SCMEgsa, andx be a set such thate domP. Then
(i) if P(x) = haltscmega, then(DirectedP,1))(x) = gotol, and
(i) if P(x) # haltscmes,, then(DirectedP1))(x) = P(x).

(22) Leti be an instruction 06CMEgsa, a be an integer location, amdbe a natural number. if
does not destrog, then IncAdd(i,n) does not destrog.

(23) LetP be a programmed finite partial state®EMesa, N be a natural number, aradbe an
integer location. I° does not destrog, then ProgramPdRelocatedP, n)) does not destroy
a

(24) For every good programmed finite partial statef SCMgsa and for every natural number
n holds ProgramPg(fRelocatedP,n)) is good.

(25) Letl, J be programmed finite partial states®EMrsa anda be an integer location. Sup-
posel does not destrog andJ does not destrog. Thenl+-J does not destrog.

(26) For all good programmed finite partial stated of SCMgsa holdsl+-J is good.

(27) Letl be a programmed finite partial state 8CMgsa, | be an instruction-location of
SCMEsa, anda be an integer location. If does not destrog, then Directed,|) does not
destroya.
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Let| be a good programmed finite partial stateS@Mgsa and letl be an instruction-location
of SCMgsa. Observe that Directétl 1) is good.

Let| be a good macro instruction. One can verify that Dire@tes good.

Letl be a macro instruction and lebe an instruction-location 8CMesa. Note that Directed, 1)
is initial.

Letl, J be good macro instructions. Observe that is good.

Let| be an instruction-location 8CMgsa. The functor Gotd) yields a halt-free good macro
instruction and is defined as follows:

(Def. 2) Gotdl) = insloq0)——gotol.

Let sbe a state 0BCMgsa and letP be an initial finite partial state @CMgsa. We say thaP
is pseudo-closed ogif and only if the condition (Def. 3) is satisfied.

(Def. 3) There exists a natural numbkrsuch thatIC computatiorst-(P+- StartAt(inslog0))))) (k) =
inslogcard ProgramPai®)) and for every natural numben such thatn < k holds

IC (Computatiots-(P-+- StartAt(insloq(0)))))(n) € dOMP.
Let P be an initial finite partial state SCMgsa. We say thaP is pseudo-paraclosed if and only
if:
(Def. 4) For every stateof SCMgsa holdsP is pseudo-closed an

Let us note that there exists a macro instruction which is pseudo-paraclosed.

Letsbe a state 06CMgsa and letP be an initial finite partial state @CMgsa. Let us assume
thatP is pseudo-closed os The functor pseude LifeSpar(s,P) yields a natural number and is
defined by:

(Def- 5) IC (Computatiofis+-(P+- StartAt(insloq(0))))) (pseude-LifeSpar(s,P)) — inSIOqcard PrOQrade"?)) and
for every natural numben such thallC computatioris+ (P-+ StartAt(insloq0)))))(n) &€ domP holds

pseudc- LifeSpar(s,P) < n.

One can prove the following propositions:

(28) For all macro instructionk, J and for every sek such thatx € doml holds (I; J)(x) =
(Directed]1))(x).

(29) For every instruction-locatidnof SCMgsa holds card Gotl) = 1.
(30) LetP be a programmed finite partial state ®EMgsa andx be a set such thate domP.
Then
(i) if P(x) = haltscmes,, then(Directed P))(x) = goto inslog¢cardP), and
(i) if P(x) # haltscme,, then(DirectedP))(x) = P(x).
(31) Let s be a state of SCMgsa and P be an initial finite partial state of
SCMEgsa.  SupposeP is pseudo-closed ors. Let n be a natural number. If

n < pseudo- LifeSpar(s,P), then IC computatiots-(P+- StartAt(insloq0)))))(n) € domP and
Curlnsti((Computatiotis+-(P+- Start-At(insloq0))))) (n)) # haltscmeg,-

(32) Lets be a state ofSCMgsa and I, J be macro instructions. Supposeis pseudo-
closed ons. Let k be a natural number. Suppo&e< pseudo- LifeSpar(s,1). Then
(Computatiofis+-(I+- Start-Af(insloq(0))))) (k) and(Computatiois+-((1; J)+- Start-Af(inslo(0))))) (k)
are equal outside the instruction locationSS@Mggsa.

(33) For every programmed finite partial sthtef SCMgsa and for every instruction-locatidn
of SCMgsa holds card Directed, 1) = cardl .

(34) For every macro instructidnholds card Directed) = cardl.
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(35) Letsbe a state o6CMgsa andl be a macro instruction. Suppokés closed ors and
halting ons. Letk be a natural number. Suppds€ LifeSpar(s+-(I+- Start-Afinslog0)))).
Then(Computatioiis+- (14 Start-Afinsloq(0))))) (k) and(Computatioris+- (Directed| )+ Start-Afinsloq0))))) (k)
are equal outside the instruction location&a@Mgsa and Curlnstf(Computatioris+- (Directed|)+- Start-Atinsloq0
haItSCMFSA.

(36) Letsbe a state 06CMgsa andl be a macro instruction. Suppolsis closed ors and halt-
ing ons. ThenlC computatios+-(Directed1 )+ StartAt(insloq(0))))) (LifeSpar(s+ (1 + StartAt(inslod(0)))) + 1) =
insloq cardl ) and(Computatiofis+- (I +- Start-Afinsloc(0))))) (LifeSpar{s+- (I +- Start-Afinslo(0)))))  (Int-Locatic
(Computatioris+-(Directed )+- Start-At(insloq(0))))) (LifeSparn(s+-(1+- Start-Atinslo(0)))) +
1) [(Int-LocationsJ FinSeq-Locations

(37) Letsbe a state 08CMgsp andl be a macro instruction. Ifis closed ors and halting on
s, then Directed ) is pseudo-closed an

(38) Letsbe a state 06CMgsa andl be a macro instruction. Ifis closed ors and halting on
s, then pseude- LifeSpar(s, Directed|)) = LifeSpar(s+-(l+- Start-Atinsloq0)))) + 1.

(39) Letl be a programmed finite partial state ®EMgsa andl be an instruction-location of
SCMgsa. If | is halt-free, then Directéd,l) = 1.

(40) For every macro instructidnsuch that is halt-free holds Directgdl) = I.
(41) For all macro instructionis J holds Directedl ); J=1; J.

(42) Letsbe a state 06CMgsa andl, J be macro instructions. Suppokés closed ors and
halting ons. Then

(i) for every natural numbek such thatk < LifeSpar(s+-(I+- Start-Af(insloc0)))) holds
IC(Computatior@s+-(Directedl)+-Start—At(insIoo(O)))))(k) = IC(Computatior(is—o—-((I; J)+- StartAt(insloq0))))) (k)
and Curlnstf(Computatioris+-(Directed| )+- Start-Atinsloq{0))))) (k)) = Curlnsti((Computatiofis+-((I; J)+- Star
(i)  (Computatioris+-(Directed|)+- Start-Af(insloq0)))))(LifeSpar(s+- (1 +- Start-Afinsloq0)))) +
1) [(Int-LocationsJ FinSeq-Locations= (Computatiofis+-((1; J)+- Start-Afinslog0)))) ) (LifeSpan({s+- (I +- Start-/
1) [(Int-LocationsJ FinSeg-Locations and

(iii) IC (Computatiotis+-(Directed|)+- StartAt(insloq(0))))) (LifeSpar(s+-(1+- StartAt(insloq0))))+1) = IC (Computatiofis+-((I; J)+- StartAt(inslo

(43) Lets be a state ofSCMgsa and 1, J be macro instructions. Supposes closed on
Initialize(s) and halting on Initializés). Then

(i) for every natural numberk such that k < LifeSpar(s+-Initialized(l)) holds
IC (computatiotts - Initialized(Directed1)))) (k) = |C (Computations+- Initialized(1; 3)))(k) @nd Curlnstf(Computatioris+- Initialized(C
Curlnst((Computatioris+- Initialized(l; J)))(k)),

(i)  (Computatiotis+- Initialized(Directed))))(LifeSpar(s+- Initialized(1)) +1) I (Int-LocationsJ FinSeq-Locations
(Computatioifs+- Initialized(l; J)))(LifeSpar(s+- Initialized(l )) + 1) | (Int-LocationsJ FinSeq-Locations
and

(iii)  IC (computatiots+- Initialized(Directed! )))) (LifeSpar(s+- Initialized(1))+1) = |C (Computatiotis - Initialized(1; J)))(LifeSpar(s+- Initialized(1 ))-

(44) Let s be a state ofSCMrsp and | be a macro instruction. Supposk is
closed on Initializés) and halting on Initializés). Let k be a natural number.
Supposek < LifeSpar(s+- Initialized(l)). Then (Computatiofis+- Initialized(l)))(k) and
(Computatioifs+- Initialized(Directed|)))) (k) are equal outside the instruction locations of
SCMgsa and Curlnstf(Computatioris+- Initialized(Directed]1))))(k)) # haltscmega-

(45) Letsbe a state 0BCMgsa andl be a macro instruction. Suppdsis closed on Initializés)
and halting on |nitia|i2(5)- Thenlc(Computatioms+-Initialized(Directec{I))))(LifeSpar(s+-Initialized(l))+l) =
inslog(cardl ) and(Computatiofis+- Initialized(l ) ) ) (LifeSpar(s+- Initialized(l ) ) ) [ (Int-LocationsJ FinSeq-Location)
(Computatioiis+- Initialized(Directed|))))(LifeSpar(s+- Initialized( )) + 1) [ (Int-LocationsJ FinSeg-Locations

(46) Letl be a macro instruction arglbe a state 06CMgsa. Supposd is closed ons and
halting ons. Thenl; Stopscy, is closed orsandl; Stopscy, IS halting ons.
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(47) For every instruction-locatiol of SCMgsa holds inslo¢0) € domGotdl) and
(Gota(l))(insloq0)) = gotol.

(48) LetN be a set with non empty elemen&pe a definite non empty non void AMI over
N, | be a programmed finite partial state &fandx be a set. Ifx € doml, thenl(x) is an
instruction ofS.

(49) Letl be a programmed finite partial state 8CMgsa, X be a set, and be a natural
number. Ifx € dom ProgramPafRelocatedl ,k)), then(ProgramPa(Relocatedl ,k)))(x) =
(Relocatedl ,k))(x).

(50) For every programmed finite partial statef SCMgsa and for every natural numbkholds
ProgramPatRelocate@Directed]), k)) = Directed ProgramPafRelocatedl ,k)), insloq cardl +

K)).

(51) Letl, J be programmed finite partial states®EMrsa andl be an instruction-location of
SCMgsa. Then Directed +-J,1) = Directed|,|)+- DirectedJ, ).

(52) For all macro instructionis J holds Directedl; J) = |; DirectedJ).

(53) Letl be a macro instruction argbe a state 06CMgsa. If | is closed on Initializés) and
halting on Initializ&s), thenlC computatiotis+ Initialized(; Stopscyg,)))(LifeSparfs+Initialized(1))+1) =
insloq(cardl).

(54) Letl be amacro instruction arbe a state 0BCMgsa. Supposé is closed on Initializés)
and halting on Initializés). Then(Computatiotis+- Initialized(1))) (LifeSpar(s+- Initialized(1 ) ) ) [ (Int-LocationsJ Fir
(Computatiofis+- Initialized(l; Stopscy.,))) (LifeSpar(s+-Initialized(l)) + 1) [(Int-LocationsJ FinSeg-Locations

(55) Letl be a macro instruction argbe a state 08CMgsa. If | is closed on Initializés) and
halting on Initializés), thens+- Initialized(l; Stopscp.,) is halting.

(56) Let | be a macro instruction and be a state ofSCMgsa. If | is closed on
Initialize(s) and halting on Initializés), then LifeSpags+Initialized(l; Stopscp,)) =
LifeSpar{s+- Initialized(l)) + 1.

(57) Letsbe a state 08CMgsa andl be a macro instruction. Ifis closed on Initializés) and
halting on Initializés), then IExe¢l; Stopscy,.,,S) = IExed, s)+- Start-Afinslog(card )).

(58) Letl, J be macro instructions anslbe a state ofSCMgsa. Supposd is closed on
s and halting ons. Thenl; Gota(insloqcard) + 1)); J; Stopscy, iS closed ons and
I; Goto(inslog(card] +1)); J; Stopsc, IS halting ons.

(59) Letl, J be macro instructions arglbe a state 06CMgsa. If | is closed ors and halting
ons, thens+-((1; Gota(insloqcard) + 1)); J; Stopscpg,)+ Start-Atinslog0))) is halting.

(60) Letl, J be macro instructions arslbe a state 0BCMgsa. If | is closed on Initializés)
and halting on Initializés), thens+- Initialized(l; Goto(inslogcard] + 1)); J; Stopscg,)
is halting.

(61) Letl, J be macro instructions arglbe a state 06CMgsa. If | is closed on Initializés)
and halting on Initializ¢s), thenlC \gxeqi; Gotainslodcardi+1)); J; StopscupgsS) = insloq(cardl +
card]+1).

(62) Let I, J be macro instructions and be a state of SCMrsa.  Supposel is
closed on Initializés) and halting on Initializés). Then IExe€l; Gota(insloqcard] +
1)); J; StoRscmes,r S) = IEXed, s)+- Start-Atinsloqcard + card) + 1)).
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