JOURNAL OF FORMALIZED MATHEMATICS
Volume10, Released 1998, Published 2003
Inst. of Computer Science, Univ. of Bialystok

Initialization Halting Concepts and Their Basic
Properties of SCMesa

Jing-Chao Chen Yatsuka Nakamura
Shanghai Jiaotong University ~ Shinshu University
Nagano

Summary. Up to now, many properties of macro instructionsSEMgsa are de-
scribed by the parahalting concepts. However, many practical programs are not always halting
while they are halting for initialization states. For this reason, we propose initialization halt-
ing concepts. That a program is initialization halting (called “InitHalting” for short) means
it is halting for initialization states. In order to make the halting proof of more complicated
programs easy, we present “InitHalting” basic properties of the compositions of the macro
instructions, if-Macro (conditional branch macro instructions) and Times-Macro (for-loop
macro instructions) etc.

MML Identifier: SCM_HALT.

WWW: http://mizar.org/JFM/Voll0/scm_halt.html

The articles([19],[[20],[[8],[27],[[9],[12] [[13] [[15], [11] [16]/ [21] [18]. [26]. [14]. [7]. [10]. [23],
[51, [24], [25], [17], [10, [2], [4], [3], [22], and [6] provide the notation and terminology for this
paper.

For simplicity, we use the following conventiomis a natural numbet,is a macro instruction,
S, s1, S are states 0BCMEsa, ais an integer location, anflis a finite sequence location.

Let| be a macro instruction. We say thas InitClosed if and only if:

(Def. 1) For every stats of SCMgsa and for every natural numbersuch that Initialized ) C s
h0|d5|c(Computatior(\s))(n) € doml.

We say that is InitHalting if and only if:
(Def. 2) Initialized]) is halting.
We say that is keepIntO 1 if and only if:

(Def. 3) For every state of SCMgsa such that Initialized ) C s and for every natural numbér
holds(Computatioris)) (k) (intloc(0)) = 1.

We now state two propositions:

(1) Forevery setand for all natural numbeism, n such thak € dom((intloc(i)——m)+- Start-Atinsloan)))
holdsx = intloc(i) or x = IC scmgsa-

(2) For every macro instructioh and for all natural numberg m, n holds dom misses
dom((intloc(i)=—m)-+- Start-Atinslocn))).

We now state two propositions:
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(3) Initialized(l) = I4-((intloc(0)——1)+- Start-At(inslog0))).
(4) Macrdhaltscwmes,) is InitHalting.

Let us note that there exists a macro instruction which is InitHalting.
Next we state three propositions:

(5) For every InitHalting macro instructidnsuch that Initialized ) C sholdssis halting.
(6) I+ Start-Atinsloq0)) C Initialized(l).

(7) For every macro instructionand for every stats of SCMgsa such that Initialized ) C s
holdss(intloc(0)) = 1.

Let us observe that every macro instruction which is paraclosed is also InitClosed.
Let us observe that every macro instruction which is parahalting is also InitHalting.
One can verify the following observations:

* every macro instruction which is InitHalting is also InitClosed,
x every macro instruction which is keepIntO 1 is also InitClosed, and
x every macro instruction which is keeping 0 is also keepint0O 1.

The following two propositions are true:

(8) Letl be an InitHalting macro instruction aralbe a read-write integer location. & ¢
UsedintLogl ), then(IExedl,s))(a) = s(a).

(9) Letl be an InitHalting macro instruction anfl be a finite sequence location. ff¢
Usedint Loc(l), then(IExeq(,s))(f) = s(f).

Let| be an InitHalting macro instruction. Observe that Initialideds halting.
Let us note that every macro instruction which is InitHalting is also non empty.
One can prove the following propositions:

(10) For every InitHalting macro instructidrholds dom = 0.
(11) For every InitHalting macro instructidrholds inslo¢0) € doml.

(12) LetJ be an InitHalting macro instruction. Suppose Initialig8dC s;. Let n be
a natural number. Suppose ProgramfRetocatedl,n)) C s, and IC g, = inslogn)
and s;[(Int-LocationsJFinSeq-Locations = s;[(Int-LocationsJFinSeq-Locations Let
i be a natural number. ThenC(COmputatiorQSl))(i) +n = IC(Computatiorﬁsz))(i) and
IncAddr(Curlnsti (Computatiofis;))(i)),n) = Curlnsti((Computatioris;))(i)) and(Computations; ) ) (i) [ (Int-Locatic
(Computationisp))(i) [ (Int-LocationsJ FinSeq-Locations

(13) If Initialized(l) C s, thenl Cs.

(14) Letl be an InitHalting macro instruction. Suppose Initialidgd= s; and Initialized|) C
s and s and s, are equal outside the instruction locations $CMrsa.  Let k
be a natural number. ThefComputatioris;))(k) and (Computatiofs;))(k) are equal
outside the instruction locations 08CMgsa and Curlnstf(Computatiofis))(k)) =
Curlnsti((Computatiorisz)) (K)).

(15) Letl be an InitHalting macro instruction. Suppose Initialided— s; and Initialized|) C
s, ands; ands; are equal outside the instruction locationS@&Mgsa. Then LifeSpafs;) =
LifeSpan(s;) and Results;) and Results;) are equal outside the instruction locations of
SCMEsa.

(16) Macrdhaltscmes,) is keeping O.
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Let us mention that there exists a macro instruction which is keeping 0 and InitHalting.
One can verify that there exists a macro instruction which is keepIntO 1 and InitHalting.
One can prove the following propositions:

(17) For every keepIntO 1 InitHalting macro instructibholds (IExed, s))(intloc(0)) = 1.

(18) Letl be an InitClosed macro instruction and be a macro instruction. Suppose
Initialized(l) € s and s is halting. Let givenm. Supposem < LifeSpar(s). Then
(Computationfs))(m) and (Computatioiis+-(I; J)))(m) are equal outside the instruction lo-
cations ofSCMgsa.

(19) For all natural numbers m, n holds s+-1+-((intloc(i)—~—m)+- Start-Afinslogn))) =
(s+-((intloc(i)——m)+- Start-Af(inslogn))))+-1.

(20) If (intloc(0)——1)+- Start-Af(insloq0)) C s, then Initializedl ) C s+-(1+-((intloc(0)——1)+- Start-Afinsloq0))))
ands+-(I+4-((intloc(0)——1)+- Start-At(inslog0)))) = s+-1 ands+- (I +-((intloc(0)——1)+- Start-Atinslog0))) )+
s+ Directed]l).

(21) For every InitClosed macro instructidnsuch thats+:1 is halting and Directed) C
s and (intloc(0)~—1)+- Start-Af(insloq0)) € s holds IC computatiofs))(LifeSpars+-)+1) =
insloq(cardl ).

(22) Letl be an InitClosed macro instruction. Suppasel is halting and Directed) C sand
(intloc(0)——1)+- Start-Atinslod0) ) C s. Then(Computations) ) (LifeSpar{s+-1)) [ (Int-LocationsJ FinSeq-Locatic
(Computationis) ) (LifeSpar(s+-1) + 1) [ (Int-LocationsJ FinSeq-Locations

(23) Let| be an InitHalting macro instruction. Suppose InitialidgdC s. Let k be a
natural number. Ik < LifeSpar(s), then Curlnstf(Computatiofis+- Directedl)))(k)) #

haltscmegy-

(24) Letl be an InitClosed macro instruction. Suppaselnitialized(l) is halting. Let] be a
macro instruction ankl be a natural number. Suppdsg LifeSpar(s+- Initialized(1)). Then
(Computatioiis+- Initialized(l))) (k) and (Computatioris+- Initialized(l; J)))(k) are equal
outside the instruction locations 8CMgsa.

(25) Let | be a keepInt0 1 InitHalting macro instructiod be an InitHalting macro
instruction, ands be a state of SCMgsa. Suppose Initialized; J) € s. Then
IC (computatiots))(LifeSpars+1)+1) = insloc(cardl) and (Computatioits))(LifeSpar(s+-1) +
1) [(Int-LocationsJ FinSeq-Locations= ((Computatiofis+-1)) (LifeSpar(s+:1))+- Initialized(J) ) [ (Int-LocationsJ F
and ProgramPg(fRelocatedJ, cardl)) C (Computations))(LifeSpar(s+:1) -+ 1) and(Computatioifs) ) (LifeSpar(s+-I
1)(intloc(0)) = 1 andsis halting and LifeSpa(s) = LifeSpar(s+-1)+ 1+ LifeSparn(Resul{s+-1)+- Initialized(J))
and ifJ is keeping 0, theifResults))(intloc(0)) = 1.

Let| be a keepInt0 1 InitHalting macro instruction andJédte an InitHalting macro instruction.
Observe that; J is InitHalting.
Next we state four propositions:

(26) Letl be a keepInt0 1 macro instruction. Suppasel is halting. LetJ be an Init-
Closed macro instruction. Suppose Initialized) C s. Let k be a natural number. Then
(ComputatioiResults+1)+- Initialized(J))) (k)+- Start-A{IC (computatiofResuits+1)+Initialized(3))) (k) +
cardl) and(Computatiotis+-(I; J)))(LifeSpar(s+-1) + 1+ k) are equal outside the instruc-
tion locations ofSCMgsa.

(27) Letl be a keepInt0 1 macro instruction. Suppsselnitialized(l) is not halting. Let) be
a macro instruction anll be a natural number. Thei€omputatiorfis+- Initialized(1))) (k)
and (Computatiofis+- Initialized(l; J)))(k) are equal outside the instruction locations of
SCMgsa.

(28) Let| be a keepInt0 1 InitHalting macro instruction addbe an InitHalting macro
instruction.  Then LifeSpdis+- Initialized(l; J)) = LifeSpar(s+- Initialized(l)) + 1 +
LifeSpar{Resul{s+- Initialized(l ))+- Initialized(J)).
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(29) Letl be a keepInt0 1 InitHalting macro instruction ahtde an InitHalting macro instruc-
tion. Then IExedl; J,s) = IExed(J, IExed(,s))+- Start-A(IC |gxeq 3 iExeq 5)) + cardl).

Leti be a parahalting instruction &CMgsa. One can verify that Macio) is InitHalting.

Leti be a parahalting instruction &CMgsa and letd be a parahalting macro instruction. Ob-
serve that; J is InitHalting.

Leti be a keeping 0 parahalting instruction ®CMgsa and letd be an InitHalting macro in-
struction. Observe thatJ is InitHalting.

Letl, J be keepInt0 1 macro instructions. Note thal is keepintO 1.

Let j be a keeping 0 parahalting instruction ®EMgsa and letl be a keepIntO 1 InitHalting
macro instruction. Observe thigtj is InitHalting and keepintO 1.

Leti be a keeping 0 parahalting instruction ®EMgsa and letd be a keeplIntO 1 InitHalting
macro instruction. Note thatJ is InitHalting and keepintO 1.

Let j be a parahalting instruction SCMgsa and letl be a parahalting macro instruction.
Observe that; j is InitHalting.

Leti, j be parahalting instructions & CMgsa. Note that; j is InitHalting.

The following propositions are true:

(30) Letl be a keeplIntO 1 InitHalting macro instruction ahtde an InitHalting macro instruc-
tion. Then(IExedl; J,s))(a) = (IExedJ, IExed],s)))(a).

(81) Letl be a keeplIntO 1 InitHalting macro instruction ahtde an InitHalting macro instruc-
tion. Then(IExed(l; J,s))(f) = (IExedJ,|IExedl,s)))(f).

(832) Forevery keeplInt0 1 InitHalting macro instructioand for every stateof SCMgsa holds
Initialize(IExed,s)) [ (Int-LocationsJ FinSeq-Locations= IExedl, s) [ (Int-LocationsJ FinSeg-Locations

(833) Letl be a keepInt0 1 InitHalting macro instruction apdbe a parahalting instruction of
SCMesa. Then(IExedl; j,s))(a) = (Exedj,IExedl,s)))(a).

(34) Letl be a keepIntO 1 InitHalting macro instruction apdbe a parahalting instruction of
SCMgsa. Then(IExedl; j,s))(f) = (Exed j,IExeql,s)))(f).

Let| be a macro instruction and Isbe a state 06CMgsa. We say that is closed onlnits if
and only if:

(Def. 4)  For every natural numb&holdsIC computatiors+ Initialized(1)))(k) € doml.
We say that is halting onlinitsif and only if:
(Def. 5) s+-Initialized(l) is halting.
The following propositions are true:

(85) Letl be a macro instruction. Thérns InitClosed if and only if for every stateof SCMgsa
holdsl is closed oninis.

(386) Letl be a macro instruction. Théns InitHalting if and only if for every state of SCMgsa
holdsl is halting onlnits.

(87) Letsbe a state 06CMgsa, | be a macro instruction, arabe an integer location. Suppose
| does not destrog andl is closed onlnis and Initializedl) C s. Let k be a natural number.
Then(Computatiofs)) (k)(a) = s(a).

Let us observe that there exists a macro instruction which is InitHalting and good.

Let us mention that every macro instruction which is InitClosed and good is also keepintO 1.
Let us note that Sta,, is InitHalting and good.

One can prove the following propositions:

(38) Letsbe a state 0S5CMgsp, | be a keeping 0 parahalting instruction 8€EMgsa, J be
an InitHalting macro instruction, and be an integer location. ThefiExed(i; J,s))(a) =
(IExedJ, Exedi, Initialize(s))))(a).
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(39) Letsbe a state 06CMgsa, | be a keeping 0 parahalting instruction®EMesa, J be an
InitHalting macro instruction, and be a finite sequence location. Th@&xed(i; J,s))(f) =
(IExedJ, Exed, Initialize(s))))(f).

(40) Letsbe a state 06CMgsa andl be a macro instruction. Thdnis closed onlnits if and
only if | is closed on Initializés).

(41) Letsbe a state 06CMgsa andl be a macro instruction. Thdnis halting onlnits if and
only if | is halting on Initializ¢s).

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

(43) Lets be a state o65CMgsp, |, J be macro instructions, ana be a read-write integer
location. Suppose(a) = 0 andl is closed onlnits and| is halting onlnits. Thenif a =
Othen| elsel is closed onlnis andif a= 0then| elseJ is halting onlnits.

(44) Lets be a state o5CMggp, |, J be macro instructions, ana be a read-write integer
location. Supposs(a) = 0 andl is closed onlnisandl is halting onlnits. Then IExe¢if a=
Othenl elsed,s) = IExedl,s)+- Start-Atinslogcardl + card] + 3)).

(45) Lets be a state oSCMgsp, |, J be macro instructions, ana be a read-write integer
location. Suppose(a) # 0 andJ is closed onlnits andJ is halting onlnits. Thenif a=
Othen| elsedis closed onlnis andif a= 0then| elseJ is halting onlnits.

(46) Letl, J be macro instructionsa be a read-write integer location, amsdoe a state of
SCMgsa.  Supposes(a) # 0 andJ is closed onlnits and J is halting onlnits. Then
IExedif a=0then| elseJ,s) = IExedJ, s)+- Start-At(inslog cardl + card] + 3)).

(47) Letsbe a state 06CMgga, |, J be InitHalting macro instructions, aradbe a read-write
integer location. Theif a= 0then| elsed is InitHalting and ifs(a) = O, then IExe¢if a=
Othen| elsed,s) = IExedl,s)+- Start-At(inslogcardl + card] + 3)) and if s(a) # 0, then
IExedif a=0then| elsed,s) = IExedJ, s)+- Start-At(inslog cardl + card] + 3)).

(48) Letsbe a state 06CMgsp, |, J be InitHalting macro instructions, aralbe a read-write
integer location. Then

0} ICIExeo(if a=0then | elsed,s) = inSIOdcardl +cardJ + 3)7

(i) if s(a) =0, then for every integer locatiodh holds (IExedif a= 0then| elseJ,s))(d) =
(IExeql,s))(d )andfor every finite sequence locatibholds(IExedif a=0then| elseJ,s))(f) =
(IExed(l,s))(f

(i) if s(a) #0,
(IExedd,s))(d
(IExeq(J,s))(f

(49) Lets be a state oSCMgsp, |, J be macro instructions, ana be a read-write integer

location. Suppose(a) > 0 andl is closed onlnits and| is halting onlnits. Thenif a >
Othen| elsedis closed onlnis andif a > 0then | elseJ is halting onlnits.

)

) a
then for every integer locatioth holds (IExedif a= Othen| elseJ,s))(d) =

) and for every finite sequence locatibholds(IExeq(if a=0then| elseJ,s))(f) =
)-

(50) Lets be a state oSCMgsp, |, J be macro instructions, ana be a read-write integer
location. Supposs(a) > 0 andl is closed onlnisandl is halting onlnits. Then IExe¢if a >
Othen| elsed,s) = IExed,s)+- Start-At(inslog cardl + cardJ + 3)).

(51) Lets be a state o5CMggp, |, J be macro instructions, ana be a read-write integer
location. Supposs(a) < 0 andJ is closed onlnits andJ is halting onlnits. Thenif a >
Othen| elsedis closed onlnis andif a > 0then| elsed is halting onlnits.

(52) Letl, J be macro instructionsa be a read-write integer location, amsdbe a state of
SCMgsa.  Supposes(a) < 0 andJ is closed onlnits and J is halting onlnits. Then
IExedif a> Othen| elsed,s) = IExedJ, s)+- Start-At(inslog cardl + card] + 3)).
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(53) Letsbe a state 06CMgsp, |, J be InitHalting macro instructions, aralbe a read-write
integer location. Theif a> Othen| elsed is InitHalting and ifs(a) > O, then IExe¢if a >
Othen| elsed,s) = IExed],s)+- Start-Atinslogcardl + card] + 3)) and if s(a) < 0, then
IExeq(if a> Othenl elsed,s) = IExedJ,s)+- Start-Atfinslogcardl + card] + 3)).

(54) Letsbe a state 06CMgsp, |, J be InitHalting macro instructions, arabe a read-write
integer location. Then
@ IC IExedif a>0then | elsed,s) — insloc(cardl +card) +3)7

(i) if s(a) > 0O, then for every integer locatiodi holds (IExed(if a > Othen| elseJ,s))(d) =
(IExedl,s))(d) and for every finite sequence locatibholds(IExedif a> 0then| elseJ,s))(f) =
(IExedl,s))(f), and

(iiiy if s(a) <0, then for every integer locatiodi holds (IExed(if a > Othen| elseJ,s))(d) =
(IExedJ, s))(d) and for every finite sequence locatibholds(IExedif a> 0then| elsel,s))(f) =

(IExedd,s))(f).

(55) Lets be a state oS5CMggp, |, J be macro instructions, ana be a read-write integer
location. Supposs(a) < 0 andl is closed onlnisandl is halting onlnits. Then IExe¢if a <
Othenl elsed,s) = IExedl,s)+- Start-Atinslod cardl + cardJ + cardJ + 7)).

(56) Lets be a state oSCMgsp, |, J be macro instructions, ana be a read-write integer
location. Supposs(a) = 0 andJ is closed onlnisandJ is halting onlnits. Then IExe¢if a <
Othenl elsed,s) = IExedJ,s)+- Start-Af(insloqcardl + card] 4 card) + 7)).

(57) Lets be a state o65CMgsp, |, J be macro instructions, ana be a read-write integer
location. Supposs(a) > 0 andJ is closed onlnisandJ is halting onlnits. Then IExe¢if a <
Othen| elseJ,s) = IExedJ, s)+- Start-Atinslogcardl + card] + card] +7)).

(58) Letshe a state 06CMgsa, |, J be InitHalting macro instructions, aradbe a read-write
integer location. Then
(i) if a<Othenl elsedis InitHalting,

(i) if s(a) <0, then IExe¢if a < Othen| elsed,s) = IExedl,s)+- Start-Afinslogcardl +
card)+cardl+7)), and

(i) if s(a) > 0, then IExe¢if a < Othen| elsed,s) = IExedJ, s)+- Start-Atinslogcardl +
card)+cardl +7)).

Let I, J be InitHalting macro instructions and latbe a read-write integer location. One can
verify the following observations:

x if a=0then| elsedis InitHalting,
x if a> 0then| elsel is InitHalting, and
x if a< 0thenl elsel is InitHalting.

Next we state four propositions:

(59) For every macro instructidnholdsl is InitHalting iff for every states of SCMgsa holdsl
is halting on Initializ€s).

(60) For every macro instructidnholdsl is InitClosed iff for every state of SCMgsa holdsl
is closed on Initializés).

(61) Letsbe a state 0BCMgsa, | be an InitHalting macro instruction, aade a read-write inte-
ger location. TheiflExedl, s))(a) = (Computatiofiinitialize(s)+- (14 Start-Afinsloq0)))) ) (LifeSpar{Initialize(s)+

(62) Lets be a state ofSCMgsa, | be an InitHalting macro instructiora be an integer
location, andk be a natural number. If does not destroy, then (IExeql,s))(a) =
(Computatiofiinitialize(s)+- (14 Start-Afinsloq0))))) (k) (a).
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The following propositions are true:

(63) Letsbe a state 06CMgsp, | be an InitHalting macro instruction, aradbe an integer
location. Ifl does not destrog, then(IExed(1,s))(a) = (Initialize(s))(a).

(64) Let s be a state of SCMgsa, | be a keepInt0 1 InitHalting macro instruction,
and a be a read-write integer location. Supposedoes not destroya. Then
(Computatiofiinitialize(s)+-((I; SubFronfa, intloc(0)))+- Start-Atinsloq0))))) (LifeSpar(Initialize(s)+-((I; SubFi
s(a)— 1.

(65) Lets be a state ofSCMgsa and | be an InitClosed macro instruction. Suppose
Initialized(l) C s ands is halting. Letm be a natural number. Suppose< LifeSpar(s).
Then(Computatioffs)) (m) and (Computatioris+-loopl ))(m) are equal outside the instruc-
tion locations ofSCMgsa.

(66) Let s be a state ofSCMgsa and | be an InitHalting macro instruction.  Sup-
pose Initializedl) C s. Let k be a natural number. Ik < LifeSpar(s), then
Curlnst((Computatioris+-loopl ))(k)) # haltscmega-

(67) | C s+-Initialized(l).

(68) Letsbe a state 08CMgsa andl be a macro instruction. Suppolsis closed onlnis andl
is halting onlnits. Let m be a natural number. Suppose< LifeSpar(s+- Initialized(l)).
Then (Computatioris+- Initialized(l)))(m) and (Computatioris+- Initialized(loopl)))(m)
are equal outside the instruction locationSS&Mgsa.

(69) Let s be a state ofSCMgsp and | be a macro instruction. Supposk is
closed onlnits and | is halting oninit s. Let m be a natural number. If
m < LifeSpar(s+- Initialized(l)), then Curlnstf(Computatioiis+- Initialized(l)))(m)) =
Curlnst((Computatioris+- Initialized(loopl ) ) ) (m)).

(70) For every instruction-locatidrof SCMgsa holdsl ¢ dom((intloc(0)——1)+- Start-Afinsloq(0))).

(71) Letsbe a state 0cBCMgsa andl be a macro instruction. Suppdsis closed onlnisandl is
halting onlnits. Then Curlnstf(Computatioifs+- Initialized(loopl ))) (LifeSpar(s+- Initialized(l )))) =
goto inslo¢0) and for every natural numben such thatm < LifeSpar(s+: Initialized(l))
holds Curlnstf(Computatioris+- Initialized(loopl)))(m)) # haltscmeg,-

(72) Letsbe a state 08CMgsa andl be a macro instruction. Suppdsis closed onlnisandl is
halting onlnits. Then Curlnstf(Computatioris+- Initialized(loopl)))(LifeSpar(s+- Initialized(l)))) =
goto inslog0).

(73) Letsbe a state 065CMEgsp, | be a good InitHalting macro instruction, aade 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

(74) Letsbe a state 06CMEgsp, | be a good InitHalting macro instruction, aade 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

(75) Letsbe a state 06CMgsa, | be a good InitHalting macro instruction, aade 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.

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

Let a be a read-write integer location and lebe a good macro instruction. Observe that
Timega, ) is good.
The following propositions are true:
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(77) Letsbe a state 05CMgsa, | be a good InitHalting macro instruction, aathe a read-write
integer location. Suppodedoes not destrog ands(a) > 0. Then there exists a stase of
SCMEgsa and there exists a natural numikesuch that

s = s+-Initialized(loopif a = 0then Goto(insloq2)) else(l; SubFronta,intloc(0)))) and

k = LifeSpar(s+- Initialized(if a= 0 then Gota(insloq(2)) else(l; SubFronfa,intloc(0))))) -+

1 and (Computatiofisz))(k)(a) = s(a) — 1 and (Computatiofs;))(k)(intloc(0)) = 1 and

for every read-write integer locatiol such thatb # a holds (Computatiofsy))(K)(b) =
(IExedl,s))(b) and for every finite sequence locatidrholds (Computatiofsy))(k)(f) =
(IExed(,s))(f) andIC computatiots,))(k) = iNsloq0) and for every natural numbersuch that

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

(78) Let s be a state ofSCMgsa, | be a good InitHalting 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

(79) Let s be a state ofSCMgsa, | be a good InitHalting macro instruction, aral
be a read-write integer location. Suppokedoes not destroya and s(a) > 0. Then
(IExedl; SubFronfa, intloc(0)),s))(a) =s(a) — 1 and IExe€Timega, 1), s) [(Int-LocationsJ FinSeq-Locations=
IExeqTimega, 1), |IExeql; SubFronfa, intloc(0)),s)) [ (Int-LocationsJ FinSeq-Locations

(80) Letsbe a state 0cBCMEsa, | be a good InitHalting macro instructioh pe a finite sequence
location, anda be a read-write integer location.dfa) < 0, then(IExed Timega, 1),s))(f) =

s(f).

(81) Letsbe a state 06CMgsp, | be a good InitHalting macro instructiob, be an integer
location, anda be a read-write integer location.dfa) < 0, then(IExeqTimega,1),s))(b) =
(Initialize(s))(b).

(82) Letsbe astate 0BCMEsa, | be a good InitHalting macro instructiof be a finite sequence
location, anda be a read-write integer location. lfdoes not destrog ands(a) > 0, then
(IExeqTimega,1),s))(f) = (IExeq Timega,l), |IExedl; SubFronfa,intloc(0)),s)))(f).

(83) Letsbe a state 065CMgsp, | be a good InitHalting macro instructiob,be an integer
location, anda be a read-write integer location. lfdoes not destrog ands(a) > 0, then
(IExeqTimega,1),s))(b) = (IExeqTimega, 1), |IExedl; SubFronfa, intloc(0)),s)))(b).

Leti be an instruction 06CMgsa. We say that is good if and only if:
(Def. 6) i does not destroy intld0).

One can check that there exists an instructioBGMgsa Which is parahalting and good.

Leti be a good instruction ddCMgsa and letd be a good macro instruction. Observe thalkt
is good andJ; i is good.

Leti, j be good instructions 8CMgsa. Observe thait, j is good.

Leta be a read-write integer location and kebe an integer location. One can verify tlzatb
is good and SubFro(a, b) is good.

Let a be a read-write integer location, lebe an integer location, and |étbe a finite sequence
location. One can check that=fy is good.

Leta, b be integer locations and Iétbe a finite sequence location. Note thigt=b is good.

Letabe a read-write integer location and febe a finite sequence location. One can verify that
a:=lenf is good.

Let n be a natural number. Note that intloct- 1) is read-write.
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