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Summary. We implement two macroinstructionsop andTimes which iterate macroin-
structions ofSCMgsa. In a loop macroinstruction it jumps to the head when the original
macroinstruction stops, in& mes macroinstruction it behaves as if the original macroinstru-
cion repeat® times.

MML Identifier: SCMFSASC.
WWW: http://mizar.orqg/JFM/Vol9/scmfsa8c.html

The articles[[18],[[17],[7],[[11],[[24],[[10]/[12] . [9],[6] [[13], [19]/ [16]/[23] [ [20] I [21]. [8] L [15],
[22], [4], [5], [38], [1], [2], and [14] provide the notation and terminology for this paper.

1. PRELIMINARIES

One can check that there exists a macro instruction which is pseudo-paraclosed.
One can prove the following propositions:

(ZH Let s be a state oSCMgsp and P be an initial finite partial state 0BCMgsa. Sup-
poseP is pseudo-closed oa Let k be a natural number. Suppose that for every natu-
ral numbern such thatn < k holds IC computatioris+-(P+- StartAt(insloc(0)))))(n) € domP. Then
k < pseudo- LifeSpar(s,P).

(BH For every functionf and for every set such thak € domf holds f+-(x—— f(x)) = f.
(7) For every instruction-locationof SCMgsa holdsl +0=1.
(8) For every instructiomn of SCMgsa holds IncAdd(i, 0) =i.

(9) Forevery programmed finite partial st&ef SCMgsa holds ProgramPaiRelocatedP, 0)) =
P.

(10) For all finite partial state®, Q of SCMgsa such thatP C Q holds ProgramPai®) C
ProgramPatt).

(11) For all programmed finite partial statesQ of SCMgsa and for every natural numbér
such thaP C Q holds Shif{P, k) C Shift(Q, k).

(12) For all finite partial stateB, Q of SCMgsa and for every natural numbé&rsuch thaP C Q
holds ProgramPa(fRelocatedP. k)) C ProgramPa(RelocatedQ. k)).

1 The proposition (1) has been removed.
2 The propositions (3)—(5) have been removed.
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(13) Letl, J be macro instructions ankl be a natural number. Suppose dard k and
k < cardl + card). Leti be an instruction 08CMgsa. If i = J(inslodk —' cardl)), then
(I3 J)(inslodk)) = IncAddr(i, card! ).

(14) For every states of SCMgsa such thats(intloc(0)) = 1 and ICs = insloq0) holds
Initialize(s) = s.

(15) For every state of SCMgsa holds InitializgInitialize(s)) = Initialize(s).

(16) For every stateof SCMgsa and for every macro instructidrholdss+-(Initialized(l )+- Start-At(inslog0))) =
Initialize(s)+-(1+- Start-Atinslog0))).

(17) For every states of SCMgsa and for every macro instructioh holds IExe¢l,s) =
IExed, Initialize(s)).

(18) For every state of SCMgsa and for every macro instructidnsuch thats(intloc(0)) = 1
holdss+-(1+- Start-At(inslogq0))) = s+ Initialized(1).

(19) For every macro instructidnholdsl +- Start-At(inslog0)) C Initialized(1).

(20) For every instruction-locationof SCMgsa and for every macro instructionholds| €
doml iff | € domInitialized]).

(21) For every stateof SCMgsa and for every macro instructidrholds Initializedl ) is closed
onsiff | is closed on Initializés).

(22) For every stateof SCMgsa and for every macro instructidrholds Initializedl ) is halting
onsiff | is halting on Initializ¢s).

(23) For every macro instructidnsuch that for every stateof SCMgsa holdsl is halting on
Initialize(s) holds Initialized!) is halting.

(24) For every macro instructidnsuch that for every stateof SCMgsa holds Initialized| ) is
halting ons holds Initialized!) is halting.

(25) For every macro instructidnholds ProgramP4(tnitialized(l)) = 1.

(26) Lets be a state ofSCMgsa, | be a macro instruction, be an instruction-location of
SCMEsp, andx be a set. Ik € doml, thenl (x) = (s+- (I +- Start-A{l)))(x).

(27) For every stateof SCMgsa such thas(intloc(0)) = 1 holds Initializés) | (Int-LocationsJ FinSeq-Locations=
s|(Int-LocationsJ FinSeq-Locations

(28) Letsbe a state 06CMgsp, | be a macro instructiora be an integer location, alde an
instruction-location 06CMgsa. Then(s+-(1+- Start-Af(l)))(a) = s(a).

(29) For every programmed finite partial sthtef SCMgsa and for every instruction-locatidn
of SCMEsa holdsIC scms, € dom(1+- Start-Afl)).

(30) For every programmed finite partial statef SCMgsa and for every instruction-locatidn
of SCMEgsa holds(1+- Start-Afl)) (IC scmes,) = I

(31) Letshe a state 08CMEsp, P be a finite partial state @CMgsa, andl be an instruction-
location of SCMgsa. ThenICs, . p,.startat()) = I-

(32) For every stateof SCMgsa and for every instructionof SCMgsa such that InsCodg) €
{0,6,7,8} holds Exe¢i, s) [ (Int-LocationsJ FinSeq-Locations= s (Int-LocationsJ FinSeg-Locations
(83) Lets;, s be states 08CMgsa. Suppose that
() si(intloc(0)) = sy(intloc(0)),
(i) for every read-write integer locatiomholdss; (a) = $;(a), and
(iii)  for every finite sequence locatiohholdss; (f) = ().
Thens [(Int-LocationsJ FinSeq-Locations= s [(Int-LocationsJ FinSeq-Locations
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(34) For every state of SCMgsa and for every programmed finite partial st®t@f SCMgsa
holds(s+-P) [ (Int-LocationsJ FinSeq-Locations= s|(Int-LocationsJFinSeq-Locations

(35) Forall states, s3 of SCMgsp holds(s+-s3[the instruction locations @CMgsa) [ (Int-LocationsJ FinSeq-Locatior
s[(Int-LocationsJ FinSeq-Locations

(36) For every stats of SCMgsa holds Initializes) [the instruction locations dBCMgsa =
s[the instruction locations BBCMgsa.

(37) Lets, s3 be states 086CMgsa andl be a macro instruction. Theéss+-s|the instruction lo-
cations ofSCMgsp) [ (Int-LocationsJ FinSeq-Locations= s3 [ (Int-LocationsJ FinSeg-Locations

(38) For every stateof SCMgsp holds IExe¢Stop;cy,, S) = Initialize(s) +- Start-Atinsloq0)).

(39) For every state of SCMgsa and for every macro instructionsuch that is closed ors
holds inslo¢0) € doml.

(40) For every stateof SCMgsa and for every paraclosed macro instructidiolds inslo¢0) €
doml.

(41) For every instructionof SCMgsa holds rngMacréi) = {i, haltscmeg, }-

(42) Let s, s be states of SCMgspa and | be a macro instruction. Sup-
pose | is closed ons and I+ Start-Afinslog0)) C s;. Let n be a natural
number. Suppose ProgramR&elocated,n)) C s, and IC(,) = inslogn) and
s [ (Int-LocationsJ FinSeq-Locations= s, [(Int-Locations) FinSeg-Locations Let i be a
natural number. ThelC (computations, )) (i) TN = 1C (computations,)) (i) @nd IncAdd(Curlnsti((Computatiofis; ) )(i)),n) =
Curlnsti((Computatiorisy)) (i)) and(Computatioris; ) ) (i) [ (Int-LocationsJ FinSeq-Locations=
(Computatioifsy)) (i) [ (Int-LocationsJ FinSeq-Locations

(43) Let s, s be states of SCMgsa and | be a macro instruction.  Suppode is
closed ons; and I+-Start-Afinsloq0)) C s; and |+ Start-Afinsloq0)) C s, and
s1 [ (Int-LocationsJ FinSeq-Locations= s, [(Int-Locations) FinSeg-Locations Let i be a
natural number. Thel€ (computations, ) (i) = |C (computationsy)) i) @nd Curinstf(Computatiorsy ) )(i)) =
Curlnsti((Computatiorisz)) (i)) and(Computatioris ) ) (i) [ (Int-LocationsJu FinSeq-Locations=
(Computationisy))(i) [(Int-LocationsJ FinSeq-Locations

(44) Letsy, s be states ofSCMgsa and | be a macro instruction. Supposeis closed
on s; and halting ons; and |+- Start-At(insloq0)) C s; and |+ Start-At(inslog0)) C s,
and s; [(Int-LocationsJFinSeq-Locations= s, [(Int-LocationsJFinSeq-Locations Then
LifeSpar(s;) = LifeSpar(s;).

(45) Letsy, s be states 06CMgsa andl be a macro instruction. Suppose that

() si(intloc(0)) =1,
(i) I is closed ors; and halting orsy,

(i)  for every read-write integer locatioaholdss; (a) = s(a), and

(iv) for every finite sequence locatidnholdss; (f) = sp(f).

Then IExe¢l,s;) [(Int-LocationsJ FinSeg-Locations= IExedl,s,) [ (Int-LocationsJ FinSeq-Locations

(46) Lets), s» be states 06CMgsa and| be a macro instruction. Supposgintloc(0)) =
1 and| is closed ons; and halting ons; and s; [(Int-LocationsJFinSeq-Locations=

s [ (Int-LocationsJ FinSeqg-Locations Then IExe¢l, 1) [ (Int-LocationsJ FinSeq-Locations=
IExedl,sp)[(Int-LocationsJ FinSeq-Locations

Let| be a macro instruction. One can check that Initializgdb initial.
Next we state a number of propositions:

(47) Letsbe a state 0BCMgsa andl be a macro instruction. Then Initializdd is pseudo-
closed orsif and only if | is pseudo-closed on Initializs).
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(48) For every statsof SCMgsa and for every macro instructidnsuch that is pseudo-closed
on Initialize(s) holds pseude- LifeSpart(s, Initialized(l )) = pseudo- LifeSpar{Initialize(s), ).

(49) For every stats of SCMgsa and for every macro instructionsuch that Initialized ) is
pseudo-closed ogholds pseude- LifeSpar(s, Initialized(l )) = pseudo- LifeSpar(Initialize(s), I).

(50) Lets be a state ofSCMgsa and | be an initial finite partial state c5CMprsa. Sup-
posel is pseudo-closed os Thenl is pseudo-closed ost-(l+- Start-Atinsloq0))) and
pseudo- LifeSpar(s,|) = pseudo- LifeSpar(s+- (1 +- Start-Afinsloq0))), ).

(51) Let s, s, be states of SCMgsa and | be a macro instruction. Suppose
|+ Start-Afinslo0)) € s; and | is pseudo-closed ors;.  Let n be a natu-
ral number. Suppose ProgramRRelocated,n)) C s, and IC g, = inslogn) and
s1[(Int-LocationsJ FinSeq-Locations= s, [ (Int-LocationsJ FinSeg-Locations Then

(i) forevery natural numbersuch that < pseude- LifeSpar(ss, 1) holds IncAdd(Curlnst((Computatiofis; ) ) (i)),n) -

Curlnst((Computatiofisy))(i)), and

(if)  for every natural numbersuch that < pseudo- LifeSpar(sy, | ) holdsIC computations, )) (i) +
N = IC (computationsy))(i) and (Computatiortsy))(i)[(Int-LocationsJFinSeg-Locations =
(Computationisp))(i) [ (Int-LocationsJ FinSeq-Locations

(52) Let s1, s be states of SCMrsa and | be a macro instruction. Suppose
s [ (Int-LocationsJFinSeg-Locations = s;[(Int-LocationsJFinSeq-Locations If | is
pseudo-closed os, thenl is pseudo-closed as.

(53) Letsbe a state 08CMgsa andl be a macro instruction. Supposéntioc(0)) = 1. Thenl
is pseudo-closed asif and only if | is pseudo-closed on InitialiZs).

(54) Letabe an integer location arld J be macro instructions. Then insl@ € dom(if a =
Othen| elsed) and inslo¢l) € dom(if a = Othen| elseJ) and inslo¢0) € dom(if a >
Othen| elseJd) and inslo¢l) € dom(if a> Othen| elseJ).

(55) Let a be an integer location and, J be macro instructions. Therif a =
Othen | elsed)(insloq0)) =if a= 0 goto insloqcard)+3) and(if a=0then| elseJ)(insloq1)) =
goto inslo¢2) and(if a > Othen| elseJ)(inslogq0)) = if a > 0 goto inslo¢card] + 3) and
(if a> 0then| elseJd)(insloq1)) = goto inslog2).

(56) Let a be an integer location|, J be macro instructions, and be a natural num-
ber. If n < cardl + card] + 3, then inslo¢n) € dom(if a = Othen| elseJ) and (if a =
Othen| elseJ)(inslogn)) # haltscmeg,-

(57) Leta be an integer location|, J be macro instructions, and be a natural num-
ber. If n < cardl + card] + 3, then inslo¢n) € dom(if a > Othen| elsed) and (if a >
Othen| elseJ)(inslodn)) # haltscmegy-

(58) Letsbe a state 06CMgsa andl be a macro instruction. Suppose Dired¢teds pseudo-
closed ors. Then
(1) I; Stopsceg, is closed ors,
(i) I; Stopscpmeg, is halting ons,
(i) LifeSpan(s+-((I; Stopscmeg, )+ Start-Afinsloq(0)))) = pseudo- LifeSpar(s, Directed])),
(iv)  for every natural numben such thatn < pseudo- LifeSpar(s,Directedl)) holds

IC (Computatioffs+-(1+- StartAt(insloq0)))))(n) — IC (Computatiofis+-((1; StopSCMFSA)+-Start—At(insIoo(O)))))(n)»
and

(v) for every natural numben such thatn < pseudo- LifeSpar(s,Directedl)) holds

(Computatioris+-(1+- Start-Atinslog0))))) (n) D = (Computatioris+-((I; Stopscps,)+- Start-At(insloq0))))) (n)

whereD = Int-LocationsJFinSeq-Locations.
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(59) Let s be a state of SCMgsa and | be a macro instruction. If Directéd
is pseudo-closed ons, then Resulls+-((I; Stopscmeg,)+ Start-Afinslog0)))) D =
(Computatioris+- (I +- Start-Af(insloq0))))) (pseude- LifeSpar(s, Directedl))) [D, where
D = Int-LocationsJFinSeqg-Locations.

(60) Letsbe a state cBCMgsa andl be a macro instruction. Hintloc(0)) = 1 and Directed )
is pseudo-closed g then IExe€l; Stopscpg,,S) D = (Computatiofis+(1+- Start-Atinslog0)))) ) (pseudo- LifeS
whereD = Int-LocationsJFinSeq-Locations.

(61) For all macro instructiond, J and for every integer locatiora holds (if a =
Othen| elseJ)(inslogcard + card] + 3)) = haltscmeg,-

(62) For all macro instructiond, J and for every integer locatiora holds (if a >
Othen| elseJ)(insloq(cardl + card) + 3)) = haltscmeg,-

(63) For all macro instructiond, J and for every integer locatiora holds (if a
Othen| elseJ)(inslogcard] 4 2)) = goto inslog¢cardl + card] + 3).

(64) For all macro instructiond, J and for every integer locatiora holds (if a >
Othen| elseJ)(insloqcard] +2)) = goto inslog¢cardl 4 card] + 3).

(65) For every macro instructiold and for every integer locatiora holds (if a =
0then Gotaq(inslod2)) elsed)(insloqcard] + 3)) = goto inslo¢card] + 5).

(66) Let s be a state of SCMgsa, |, J be macro instructions, anda be a
read-write integer location. Suppos€a) = 0 and Directed) is pseudo-closed
on s Then if a = Othenl elseJ is halting on s and if a = Othenl elsed

is closed ons and LifeSpaist+:((if a = Othenl elsed)+- Start-Afinsloq0)))) =
LifeSpan(s+-((I; Stopscpeg, )+ Start-Atinsloq(0)))) + 1.

(67) Lets be a state ofSCMgsa, |, J be macro instructions, and be a read-write
integer location. Supposs(intloc(0)) = 1 and s(a) = 0 and Directed) is pseudo-
closed ons. Then IExe¢if a = Othen| elselJ,s)|(Int-LocationsJ FinSeq-Locations =
IExeq(l; Stopscpves, S) [ (Int-LocationsJ FinSeg-Locations

(68) Let s be a state of SCMgsa, |, J be macro instructions, anda be a
read-write integer location. Suppos&€a) > 0 and Directed) is pseudo-closed
on s Then if a > Othenl elseJ is halting on s and if a > Othenl elsed

is closed ons and LifeSpaist+-((if a > Othenl elsed)+- Start-Afinsloq0)))) =
LifeSpan(s+-((I; Stopscpeg, )+ Start-Afinsloq(0)))) + 1.

(69) Lets be a state ofSCMgsa, |, J be macro instructions, and be a read-write
integer location. Supposs(intloc(0)) = 1 and s(a) > 0 and Directed) is pseudo-
closed ons. Then IExe¢if a > Othen| elseJ,s)|(Int-LocationsJFinSeq-Locations =
IExeq(l; Stopscpves, S) [ (Int-Locations) FinSeg-Locations

(70) Let s be a state of SCMgsa, |, J be macro instructions, anda be a
read-write integer location.  Suppos€a) # 0 and Directef) is pseudo-closed
on s Then if a = Othenl elseJ is halting on s and if a = Othenl elsed

is closed ons and LifeSpafs+-((if a = Othenl elsed)+- Start-Afinsloq0)))) =
LifeSpan(s+-((J; Stopscp, )+ Start-Atinsloq0)))) + 3.

(71) Lets be a state ofSCMgsa, |, J be macro instructions, and be a read-write
integer location. Supposs(intloc(0)) = 1 and s(a) # 0 and Directed) is pseudo-
closed ons. Then IExe¢if a = Othen| elsel,s)|(Int-LocationsJFinSeq-Locations =
IExedJ; Stopscpe, S) [ (Int-Locations) FinSeqg-Locations

(72) Let s be a state of SCMgsa, |, J be macro instructions, anda be a
read-write integer location.  Supposg€a) < 0 and Directefl) is pseudo-closed
on s Then if a > Othenl elseJ is halting on s and if a > Othenl elsed

is closed ons and LifeSpafs+-((if a > Othenl elsed)+- Start-Afinsloq0)))) =
LifeSpan(s+-((J; Stopscp, )+ Start-Atinsloq0)))) + 3.
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(73) Lets be a state ofSCMgsa, |, J be macro instructions, and be a read-write
integer location. Supposs(intloc(0)) = 1 and s(a) < 0 and Directe) is pseudo-
closed ons. Then IExe¢if a > Othen| elseJ,s)|(Int-LocationsJ FinSeq-Locations =
IExedJ; Stopscpee, S) [ (Int-Locations) FinSeqg-Locations

(74) Lets be a state oSCMgsp, |, J be macro instructions, ana be a read-write integer
location. Suppose Directéld is pseudo-closed osand DirectedJ) is pseudo-closed
Thenif a=0then| elsed is closed ors andif a= 0then| elseJ is halting ons.

(75) Lets be a state oSCMgsp, |, J be macro instructions, ana be a read-write integer
location. Suppose Directéld is pseudo-closed omand Directed]) is pseudo-closed
Thenif a> 0then| elsel is closed ors andif a > O then | elsel is halting ons.

(76) Letl be a macro instruction ana be an integer location. If does not destrog, then
Directed|) does not destrog.

(77) Leti be an instruction cBCMgsa anda be an integer location. Ifdoes not destrog, then
Macra(i) does not destrog.

(78) For every integer locatiomholdshaltscm,, does not refea.
(79) For all integer locationa, b, ¢ such that # b holds AddTdc,b) does not refea.

(80) Leti be an instruction 08CMgsa anda be an integer location. fdoes not refea, then
Macra(i) does not refea.

(81) Letl, J be macro instructions aralbe an integer location. Suppokéoes not destrog
andJ does not destrog. Thenl; J does not destrog.

(82) LetJbe a macro instruction,be an instruction 06CMgsa, anda be an integer location.
Suppose does not destrog andJ does not destrog. Theni; J does not destrog.

(83) Letl be a macro instruction, be an instruction 086CMEgsa, anda be an integer location.
Supposé does not destrog and j does not destrog. Thenl; j does not destrog.

(84) Leti, j be instructions 06CMgsa anda be an integer location. Suppoisgoes not destroy
aandj does not destrog. Theni; j does not destrog.

(85) For every integer locatiomholds Stogcy,., does not destrog.

(86) For every integer locatiomand for every instruction-locatidnof SCMgsa holds Gotdl)
does not destrog.

(87) Lets be a state ofSCMgsa and | be a macro instruction. Supposeis halting on
Initialize(s). Then

(i) forevery read-write integer locatiaholds(IExed,s))(a) = (Computatiofinitialize(s)+-(1 +- Start-Atinslog 0)
and

(i) forevery finite sequence locatidnholds(IExed], s))(f) = (Computatiofiinitialize(s)+- (1 +- Start-Atinsloq0))))

(88) Letsbe a state 0BCMEsp, | be a parahalting macro instruction, sade a read-write inte-
ger location. TheiflExedl, s))(a) = (Computatiofiinitialize(s)+- (14 Start-Afinsloq0)))) ) (LifeSpar{Initialize(s) +

(89) Let s be a state of SCMgsa, | be a macro instruction,a be an inte-
ger location, andk be a natural number. Suppodeis closed on Initializés)
and halting on Initializés) and | does not destroya.  Then (IExedl,s))(a) =
(Computatiofiinitialize(s)+- (14 Start-Afinsloq0))))) (k) (a).

(90) Lets be a state ofSCMgsa, | be a parahalting macro instructiom, be an integer
location, andk be a natural number. If does not destrow, then (IExedl,s))(a) =
(Computatiofiinitialize(s)+- (1 +- Start-At(inslog0))))) (k) (a).
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(91) Letsbe a state oSCMgsa, | be a parahalting macro instruction, aade an integer
location. Ifl does not destrog, then(IExed1,s))(a) = (Initialize(s))(a).

(92) Letsbe a state o6CMgsa andl be a keeping 0 macro instruction. Suppdsge halt-
ing on Initializgs). Then(IExedl,s))(intloc(0)) = 1 and for every natural numbé&rholds
(Computatioffinitialize(s)+- (14 Start-Atinsloq0))))) (k) (intloc(0) ) = 1.

(93) Letsbe a state 06CMgsa, | be a macro instruction, arabe an integer location. Suppose
| does not destrog. Letk be a natural number. I computatioris+- (1 +- StartAt(insloc(0))))) (k) €
doml, then(Computatiofis+-(1+- Start-At(insloq0))))) (k+ 1) (a) = (Computatioiis+- (I +- Start-At(insloq0)))) ) (K

(94) Letsbe a state 06CMgsa, | be a macro instruction, arabe an integer location. Suppose
| does not destrog. Letmbe a natural number. Suppose that for every natural numéech
thatn < mholdsIC computations+ (1 + StartAt(inslo0)))))(n) € doml. Let n be a natural number.
If n < m, then(Computatiofis+-(1+- Start-At(inslog0)))))(n)(a) = s(a).

(95) Let s be a state ofSCMgsa, | be a good macro instruction, anth be a nat-
ural number.  Suppose that for every natural numbersuch thatn < m holds
IC (Computatiofis+(1-+- StartAt(insloq0)))))(n) € doml. Let n be a natural number. H < m, then
(Computationis+-(I1+- Start-Af(insloq0)))))(n) (intloc(0)) = s(intloc(0)).

(96) Letsbe a state 06CMgsa andl be a good macro instruction. Suppdsis halting on
Initialize(s) and closed on Initializes). Then(IExed!,s))(intloc(0)) = 1 and for every natu-
ral numberk holds (Computatiofiinitialize(s)+- (I +- Start-Ainsloq0))))) (k) (intloc(0)) =
1

(97) Letsbe a state 6c5CMgsa andl be a good macro instruction. Suppass closed ors. Let
k be a natural number. Thei€omputatios+-(1+- Start-At(insloq0)))))(k)(intloc(0)) =
s(intloc(0)).

(98) Let s be a state ofSCMgsa, | be a keeping O parahalting macro instruction,
and a be a read-write integer location. Supposedoes not destroya. Then
(Computatiofiinitialize(s)+-((I; SubFronfa, intloc(0)))+- Start-Atinslod0))))) (LifeSpar(Initialize(s)+-((I; SubFi
s(a)— 1.

(99) For every instructionof SCMgsa such thai does not destroy intld®) holds Macrdi) is
good.

(100) Lets, s, be states 08CMgsa andl be a macro instruction. Suppolses closed ors; and
halting ons; ands; [D = s, [D. Let k be a natural number. Then

(i) (Computatiotts;+-(I+- Start-Afinslog0))))) (k) and(Computatioris;+- (1 +- Start-Atinslo(0))))) (k)
are equal outside the instruction locationsSS@Mgsa, and

(i)  Curlnstr((Computatiofis; +- (1 +- Start-Af(insloq0)))))(k)) = Curlnsti (Computatiotis,+- (1 +- Start-At(inslog0)
whereD = Int-LocationsJFinSeqg-Locations.
(101) Lets;, s be states ofSCMgsa and | be a macro instruction. Supposeis closed
on s; and halting ons; ands; [D = s,D. Then LifeSpafs; +- (1 +- Start-Afinsloq0)))) =
LifeSpan(s;+-(1+- Start-Atinsloq0)))) and Results; +- (1 +- Start-Afinsloq0) ) )) and Results;+- (1 +- Start-Atinsle
are equal outside the instruction locationS&fMgsa, whereD = Int-LocationsJ FinSeg-Locations.
(103@ Letsi, s be states 06CMgsa andl be a macro instruction. Suppose that
(i) Iisclosed ors; and halting ors,
(i) I+ Start-Afinsloq0)) C s1,
(i) 1+ Start-Afinsloq0)) C s, and

(iv) there exists a natural numbkrsuch thatComputatioris; ))(k) ands, are equal outside
the instruction locations dCMgsa.

Then Resulfs;) and Results;) are equal outside the instruction locationsSS&Mesa.

3 The proposition (102) has been removed.
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2. THE loop MACROINSTRUCTION

Let| be a macro instruction and lebe a natural number. One can check that IncAdd) is initial
and programmed.
Let| be a macro instruction. The functor lobpielding a halt-free macro instruction is defined

by:
(Def. 4] 10opl = (idie instructions oSCMpsa T (NAltscmpsa—— 9010 inslog0))) - 1.

One can prove the following two propositions:

(104) For every macro instructidrholds lood = Directed|,insloq0)).

(105) Letl be a macro instruction arabe an integer location. Ifdoes not destrog, then loogd
does not destrog.

Let| be a good macro instruction. Note that ldap good.
We now state several propositions:

(106) For every macro instructidrholds domloop = doml.
(107) For every macro instructidrholdshaltscmeg, ¢ rngloopl.

(108) For every macro instructioh and for every sek such thatl(x) # haltscmes, holds
(loopl)(x) = I(x).

(109) Letsbe a state 06CMgsa andl be a macro instruction. Suppolses closed ors and halt-
ing ons. Letmbe a natural number. Suppose< LifeSpar(s+-(I+- Start-Afinsloq0)))).
Then(Computatioifs+- (I +- Start-Afinsloq0)))) ) (m) and(Computatioris+-(loopl +- Start-At(inslog0)))) ) (m)
are equal outside the instruction locationSS&Mgsa.

(110) Letsbe a state 065CMgsa andl be a macro instruction. Suppokés closed ors and
halting ons. Letmbe a natural number. th < LifeSpar(s+-(I+- Start-Afinsloq0)))), then
Curlnstr (Computatioris+-(1+- Start-Atinslog0)))))(m)) = Curlnst( (Computatioris+- (loopl +- Start-Af(insloq0)

(111) Letsbe a state 06CMgsa andl be a macro instruction. Suppokés closed ors and
halting ons. Letmbe a natural number. th < LifeSpar(s+- (I +- Start-Afinslog0)))), then
Curlnsti((Computatiotis+-(loopl +- Start-Atinslod0)))))(m)) # haltscmeg,-

(112) Letsbe a state c5CMgsa andl be a macro instruction. Ifis closed orsand halting ors,
then Curlnstf(Computatioris+-(loopl +- Start-Af(inslog0))))) (LifeSpar(s+-(1 +- Start-At(inslog0)))))) =
goto inslog0).

(113) Lets be a state ofSCMgsp and | be a paraclosed macro instruction. Suppose
I+ Start-Afinslo0)) C s and s is halting. Letm be a natural number. Suppose<
LifeSpar(s). Then(Computatiof(s))(m) and(Computatiotis+-loopl ))(m) are equal outside
the instruction locations dCMgsa.

(114) Lets be a state ofSCMrsa and | be a parahalting macro instruction.  Sup-
pose Initializedl) C s. Let k be a natural number. Ik < LifeSpar(s), then
Curlnst((Computatioris+-loopl )) (K)) # haltscmeg,-

3. THE Times MACROINSTRUCTION

Leta be an integer location and Iebe a macro instruction. The functor Tinjad ) yields a macro
instruction and is defined as follows:

(Def. 5) Timega, 1) =if a> 0then loopif a=0then Gota(insloq2)) else(l; SubFronta,intloc(0))) else(Stopscpg,)-

4 The definitions (Def. 1)—(Def. 3) have been removed.
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Next we state a number of propositions:

(115) For every good macro instructibmand for every read-write integer locatiarholdsif a=
0then Gota(insloq2)) else(l; SubFronga, intloc(0))) is good.

(116) For all macro instructiond, J and for every integer locatiora holds (if a =
0then Gota(inslod2)) else(l; SubFronga, intloc(0))))(insloqcardl; SubFronta, intloc(0))) +
3)) = goto inslog¢card|; SubFronta,intloc(0))) + 5).

(117) Letsbe a state 06CMgsa, | be a good parahalting macro instruction, ane a read-
write integer location. Supposedoes not destrog ands(intloc(0)) = 1 ands(a) > 0. Then
loopif a= 0then Gota(insloq2)) else(l; SubFronga,intloc(0))) is pseudo-closed o

(118) Letsbe a state 06CMgsa, | be a good parahalting macro instruction, anlde a read-
write integer location. Supposeloes not destrog ands(a) > 0. Then Initializedloopif a=
0 then Gota(insloq2)) else(l; SubFronga, intloc(0)))) is pseudo-closed o

(119) Letsbe a state 06CMgsa, | be a good parahalting macro instruction, anlde a read-
write integer location. Supposeloes not destrog ands(intloc(0)) = 1. Then Times$a, 1) is
closed orsand Times$a, 1) is halting ons.

(120) Letl be a good parahalting macro instruction anlde a read-write integer location. IIf
does not destrog, then InitializedTimega, 1)) is halting.

(121) Letl, Jbe macroinstructions araj c be integer locations. Suppolsdoes not destrogand
J does not destrog. Thenif a= 0then| elsed does not destrog andif a > 0then | elseJd
does not destrog.

(122) Letsbe a state 05CMgsa, | be a good parahalting macro instruction, arimk a read-write
integer location. Suppodedoes not destrog ands(intloc(0)) = 1 ands(a) > 0. Then there
exists a stats, of SCMgsa and there exists a natural numikesuch that

sp = s+ (loopif a=0then Gota(insloq2)) else(l; SubFronfa,intloc(0)))+- Start-Atinsloq0)))

andk = LifeSpar(s+-((if a=0then Gota(inslo(2)) else(l; SubFronfa,intloc(0))))+- Start-Afinsloc(0)))) +
1 and (Computatiofisy))(k)(a) = s(a) — 1 and (Computatiofs;))(k)(intloc(0)) = 1 and

for every read-write integer locatiol such thatb # a holds (Computatiois,)) (k) (b) =

(IExedl,s))(b) and for every finite sequence locatidnholds (Computatioltsy)) (K)(f) =

(IExed(,s))(f) andIC computatiofs,))(k) = iNsloq0) and for every natural numbersuch that

n <kholdsIC computatiors,))(n) € domloopif a= 0 then Gotq(insloc(2)) else(l; SubFronga,intloc(0))).

(123) Let s be a state ofSCMgsa, | be a good parahalting macro instruction, and
a be a read-write integer location. I8(intloc(0)) = 1 and s(a) < 0, then
IExeqTimega,l),s)[(Int-LocationsJ FinSeq-Locations= s[(Int-LocationsJ FinSeq-Locations

(124) Lets be a state ofSCMgsa, | be a good parahalting macro instruction, aad
be a read-write integer location. Suppokeloes not destroya and s(a) > 0. Then
(IExedl; SubFronfa, intloc(0)),s))(a) =s(a) — 1 and IExe€Timeqa, 1), s) [(Int-LocationsJ FinSeq-Locations=
IExeqTimega,1),|IExeql; SubFronfa, intloc(0)),s)) [ (Int-LocationsJ FinSeqg-Locations

4. AN EXAMPLE
We now state the proposition

(125) Letsbe a state 0c8CMpgsp anda, b, c be read-write integer locations.dt~ b anda # cand
b # cands(a) > 0, then(IExeq Timega, Macro/AddTo(b, ¢))),s))(b) = s(b) + s(c) - s(a).
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