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The articles([15],[[6],[[21],[[283],[[9],[14],[[8],[[5],[17], [[10],[[12],[[16],[[14],([20], [17], [18], [19],
[13], [3], 4], [2], [1], and [22] provide the notation and terminology for this paper.
The following propositions are true:

(1) For every state of SCMgsa holdsIC scm,, € doms.

(2) For every stats of SCMgsa and for every instruction-locatiohof SCMgsa holds| €
doms.

(3) For every macro instructionand for every state of SCMgsa such that is closed ors
holds inslo¢0) € doml.

(4) For every states of SCMgsa and for all instruction-location$;, Io of SCMgsa holds
s+ Start-Af(l1)+- Start-Atl») = s+- Start-Atl,).

(5) Forevery stateof SCMgsa and for every macro instructidrholds Initializgs) [ (Int-LocationsJ FinSeg-Locationk
(s+- Initialized(1)) [ (Int-LocationsJ FinSeq-Locations

(6) Lets, sp be states 0BCMgsa andl be a macro instruction. # [(Int-LocationsJ FinSeg-Locations=
s2[(Int-LocationsJFinSeq-Locationy then ifl is closed orsy, thenl is closed ors;.

(7) Let s, s be states of SCMgsp and I, J be macro instructions. Sup-
poses; [(Int-LocationsJ FinSeq-Locations= s, [(Int-LocationsJFinSeqg-Locations Then
s1+-(14- Start-Atinsloq0))) and s;+-(J+- Start-Af(inslo0))) are equal outside the in-
struction locations 08CMEgsa.

(8) Let s1, 5 be states of SCMgsa and | be a macro instruction. Suppose
s1[(Int-LocationgJ FinSeq-Locations= s, [(Int-LocationsJ FinSeq-Locations Supposel
is closed ors; and halting ors;. Thenl is closed ors, and halting ors;.

(9) For every states of SCMgsa and for all macro instructions, J holds | is closed on
Initialize(s) iff | is closed ors+- Initialized(J).

(10) Letsbe a state 06CMgsa, |, J be macro instructions, arldoe an instruction-location of
SCMgsa. Thenl is closed orsif and only if | is closed ors+- (I +- Start-Afl)).
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(11) Let s1, s be states of SCMgsa and | be a macro instruction. Sup-
pose |+-Start-Afinsloq0)) € s and | is closed on s. Let n be a nat-
ural number. Suppose ProgramPRelocated,n)) C s, and IC,) = insloqn)
and s;[(Int-LocationsJFinSeqg-Locations = s;[(Int-LocationsJFinSeq-Locations Let
i be a natural number. ThenC computationis;))(i) + N = 1C (computatiots,))i) and
IncAddr(Curlnst (Computatiofis;))(i)),n) = Curlnsti((Computatioris;))(i)) and(Computations; ) ) (i) [ (Int-Locatic
(Computationisp))(i) [ (Int-LocationsJ FinSeq-Locations

(12) Letsbe a state 05CMgsp, | be a keeping 0 parahalting instruction 8€EMgsa, J be
a parahalting macro instruction, aadbe an integer location. ThefiExedi; J,s))(a) =
(IExedJ, Exed, Initialize(s))))(a).

(13) Letsbe a state 06CMggp, | be a keeping 0 parahalting instruction ®€Mgsa, J be a
parahalting macro instruction, aricbe a finite sequence location. Th@kxed(i; J,s))(f) =
(IExedJ, Exedi, Initialize(s))))(f).

Letabe an integer location and IetJ be macro instructions. The functibra= 0 then | elseJ
yields a macro instruction and is defined by:

(Def. 1) if a=0then| elseJ = (if a=0 goto inslogcard] +3)); J; Gotq(inslog(card +1)); I; Stopscpeg,-
The functorif a > Othen | elseJ yielding a macro instruction is defined as follows:
(Def. 2) if a>0then| elseJ = (if a> 0 goto inslogcard] +3)); J; Gotq(inslog(cardl +1)); I; Stopscmeg,-

Letabe an integer location and IetJ be macro instructions. The functifra < O then | elseJ
yielding a macro instruction is defined by:

(Def. 3) if a<Othenl elsed =if a=0thenJ else(if a> 0thenJelsel).

One can prove the following propositions:

(14) For all macro instructiond, J and for every integer locatiom holds cardif a =
Othen| elsed) = cardl +card] + 4.

(15) For all macro instructions, J and for every integer locatiom holds cardif a >
Othen| elsed) = cardl +card] + 4.

(16) Lets be a state oSCMgsp, |, J be macro instructions, ana be a read-write integer
location. Suppose(a) = 0 andl is closed ors and halting ors. Thenif a= 0then| elseJ
is closed orsandif a= 0then| elsed is halting ons.

(17) Lets be a state oSCMggp, |, J be macro instructions, ana be a read-write integer
location. Supposs(a) =0 andl is closed on Initializés) and halting on Initializés). Then
IExeq(if a=0then| elseJ,s) = IExedl,s)+- Start-Atinsloqcardl + cardl + 3)).

(18) Lets be a state oSCMgsp, |, J be macro instructions, ana be a read-write integer
location. Suppose(a) # 0 andJ is closed ors and halting ors. Thenif a= 0then| elseJ
is closed orsandif a= 0then| elseJ is halting ons.

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

(20) Letsbe a state 06CMgsa, I, J be parahalting macro instructions, aathe a read-write
integer location. Theif a= 0then| elseJ is parahalting and i§(a) = O, then IExe¢if a=
Othen| elsed,s) = IExedl,s)+- Start-At(inslogcardl + card] 4+ 3)) and if s(a) # 0, then
IExedif a=0then| elsed,s) = IExedJ, s)+- Start-At(inslog cardl + card] + 3)).
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(21) Letsbe a state 06CMgsp, |, J be parahalting macro instructions, aathe a read-write
integer location. Then

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

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

(f)
(iiiy if s(a) # 0O, then for every integer locatioth holds (IExed(if a= 0then| elseJ,s))(d) =
(IExedJ,s))(d) and for every finite sequence locatibholds(IExedif a=0then| elsed,s))(f) =
(IExedJ,s))(f).

(22) Lets be a state oSCMgsp, |, J be macro instructions, ana be a read-write integer
location. Suppose(a) > 0 andl is closed ors and halting ors. Thenif a> 0then| elseJ
is closed orsandif a > Othen| elseJ is halting ons.

(23) Letl, J be macro instructionsa be a read-write integer location, aistbe a state of
SCMgsa. Supposes(a) > 0 andl is closed on Initializés) and halting on Initializés). Then
IExeq(if a> Othen| elseJ,s) = IExed!, s)+- Start-Atinsloqcardl + cardl + 3)).

(24) Lets be a state oSCMgsa, |, J be macro instructions, anal be a read-write integer
location. Suppose(a) < 0 andJ is closed ors and halting ors. Thenif a> 0then| elseJ
is closed orsandif a > Othen| elseJ is halting ons.

(25) Letl, J be macro instructionsa be a read-write integer location, aistbe a state of
SCMgsa. Supposes(a) < 0 andJ is closed on Initializés) and halting on Initializés). Then
IExedif a> Othen| elsed,s) = IExedJ, s)+- Start-At(inslog cardl + card] + 3)).

(26) Letsbe a state 06CMgsap, |, J be parahalting macro instructions, aatbe a read-write
integer location. Theif a > Othen| elseJ is parahalting and i§(a) > O, then IExe¢if a >
Othen| elsed,s) = IExedl,s)+- Start-Atlinslogcardl + card] + 3)) and if s(a) < 0, then
IExeq(if a> Othen| elsed,s) = IExedJ,s)+- Start-Atinslogcardl + card] + 3)).

(27) Letsbe a state 06CMEsp, |, J be parahalting macro instructions, aathe a read-write
integer location. Then

0] |CIExeo(if a>0then | elsel,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

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

(IExedd,s))(f).

(28) Lets be a state oSCMgsa, |, J be macro instructions, anal be a read-write integer
location. Supposs(a) < 0 andl is closed ors and halting ors. Thenif a < Othen| elseJ
is closed orsandif a < Othen| elseJ is halting ons.

(29) Lets be a state oSCMgsp, |, J be macro instructions, ana be a read-write integer
location. Suppose(a) < 0 andl is closed on Initializés) and halting on Initializés). Then
IExed(if a < Othen| elsed,s) = IExed],s)+- Start-Af(inslo(cardl + card) + card] + 7)).

(30) Lets be a state o5CMgsgp, |, J be macro instructions, ana be a read-write integer
location. Supposs(a) = 0 andJ is closed ors and halting ors. Thenif a < Othen| elseJ
is closed ors andif a < Othen| elsed is halting ons.

(81) Letsbe a state oSCMgsa, |, J be macro instructions, anal be a read-write integer
location. Supposs(a) = 0 andJ is closed on Initializés) and halting on Initializés). Then
IExedif a< Othen| elsed,s) = IExedJ,s)+- Start-Atinslogcardl 4 card] + card] +7)).
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(32) Lets be a state o5CMgsgp, |, J be macro instructions, ana be a read-write integer
location. Supposs(a) > 0 andJ is closed ors and halting ors. Thenif a < Othen| elseJ
is closed orsandif a < Othen| elsed is halting ons.

(33) Lets be a state o5CMgsgp, |, J be macro instructions, ana be a read-write integer
location. Suppose(a) > 0 andJ is closed on Initializés) and halting on Initializés). Then
IExeq(if a < Othen| elseJ,s) = IExedJ,s)+- Start-Atinslogcardl + card] + card] +7)).

(34) Letsbe a state 06CMgsp, |, J be parahalting macro instructions, aathe a read-write
integer location. Then
(i) if a<Othenl elsedis parahalting,

(i) if s(a) <O, then IExe¢if a < Othen| elsed,s) = IExe(l,s)+- Start-At(inslogcardl +
card)+card)+7)), and

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

Let |, J be parahalting macro instructions and dgbe a read-write integer location. One can
verify thatif a= 0then| elseJ is parahalting and a > Othen | elseJ is parahalting.

Leta, b be integer locations and letJ be macro instructions. The functiéra= b then | elseJ
yields a macro instruction and is defined by:

(Def. 4) if a=Dbthenl elseJ = SubFronta,b); (if a=0then| elseJ).
The functorif a > b then| elseJ yielding a macro instruction is defined by:
(Def. 5) if a> bthenl elseJ = SubFronta,b); (if a> 0then| elseJ).

We introducef b < athen| elseJ as a synonym af a > bthen| elseJ.

Letl, J be parahalting macro instructions anddeb be read-write integer locations. One can
check thaif a=bthen| elsed is parahalting andf a > bthen | elseJ is parahalting.

We now state several propositions:

(35) Forevery stateof SCMgsa and for every macro instructidrholds Results+- Initialized(1)) [ (Int-LocationsJ FinS
IExed,s) [ (Int-LocationsJ FinSeg-Locations

(36) Lets be a state ofSCMgsa, | be a macro instruction, and be an integer location.
Then Resulis+- Initialized(1)) and IExe¢l ,s) are equal outside the instruction locations of
SCMesa.

(37) Letsy, 5, be states 08CMEsa, | be an instruction 06CMgsa, anda be an integer location.
Suppose that
(i) for every integer locatiot such that # b holdss; (b) = s;(b),
(i) for every finite sequence locatiohholdss; (f) = s(f),
(i) i does not refea, and
(iv) IC () =ICs,-
Then
(v) for every integer locatiob such that # b holds(Exed(i,s1))(b) = (Exedi,sp))(b),
(vi) for every finite sequence locatidnholds(Exedi,s1))(f) = (Exedi,s))(f), and
(viiy I1C Exedi,s;) — IC Exedi,sp)*
(838) Letsi, s, be states 06CMgsa, | be a macro instruction, aral be an integer location.
Suppose that
(i) I does not refea,
(i) for every integer locatiom such that # b holdss; (b) = s(b),
(iiiy  for every finite sequence locatiohholdss; (f) = s,(f), and
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(iv) I is closed ors; and halting ors;.
Letk be a natural number. Then

(v) foreveryinteger locatiob such thag # b holds(Computatioris; +- (1 +- Start-At(inslod0))))) (k) (b) =
(Computationis;+- (1 +- Start-Atinsloq0))))) (k) (b),
(vi) forevery finite sequence locatidrholds(Computatiofis; +- (1 +- Start-At(inslod0)))) ) (k) (f) =
(Computatioiis,+- (1 +- Start-Atinsloq0))))) (k) (),
(Vi) 1C (computatiotis; +(1+ StartAt(inslog0))))) (k) = 1C (Computatiorisy+-(1 + StartAt(insloc(0))))) (k)» &nd
(viii)  Curlnstr((Computatioris; +-(1+- Start-Atinslo(0))))) (k) ) = Curlnst( (Computatioris,+- (1 +- Start-At inslo{0)
(39) Letsbe a state 06CMgsa, |, J be macro instructions, arldbe an instruction-location
of SCMgsa. Thenl is closed ons and halting ons if and only if | is closed on
s+-(I+- Start-Afl)) and halting ors+-(1+- Start-Afl)).

(40) Letsy, s be states o6CMgsa, | be a macro instruction, arabe an integer location.
Suppose that
(i) 1 does not refes,
(i) for every integer locatioto such that # b holdss; (b) = sy(b),
(iii)  for every finite sequence locatiohholdss; (f) = s;(f), and
(iv) 1 is closed ors; and halting ors;.
Thenl is closed ors, and halting ors;.
(41) Lets;, s be states o65CMgga, | be a macro instruction, ara be an integer location.
Suppose that
(i) for every read-write integer locatiahsuch thag + d holdss; (d) = s,(d),
(i) for every finite sequence locatiohholdss; (f) = s;(f),
(i) 1 does not refeq, and
(iv) 1isclosed on Initializés;) and halting on Initializés; ).
Then
(v) for every integer locatiod such that # d holds(IExedl,s;))(d) = (IExedl,s;))(d),
(vi) for every finite sequence locatidnholds(IExed(l,s1))(f) = (IExedl,sp))(f), and
(Vi) 1C Exedt sy) = ICIExed )
(42) Letsbe a state 06CMgsa, |, J be parahalting macro instructions, amd be read-write
integer locations. Supposealoes not refea andJ does not refea. Then
(1) 1CiExeq(if a=b then I elsed,s) = iNsloq(card + cardJ +5),

(i) if s(a) = s(b), then for every integer locatiod such thata # d holds (IExedif a =
bthenl elsed,s))(d) = (IExedl,s))(d) and for every finite sequence locatidn holds
(IExeqif a=bthen| elsed,s))(f) = (IExedl,s))(f), and

(iiiy if s(a) # s(b), then for every integer locatiod such thata # d holds (IExedif a =
bthen| elsed,s))(d) = (IExeqJ,s))(d) and for every finite sequence locatidn holds
(IExedif a=bthenl elsed,s))(f) = (IExeqJ,s))(f).

(43) Letsbe a state 06CMEsa, |, J be parahalting macro instructions, amd be read-write
integer locations. Supposealoes not refea andJ does not refea. Then

@ 1C IExed(if a>b then | elsed,s) — inslog(cardl + card) +5),

(i) if s(a) > s(b), then for every integer locatiod such thata # d holds (IExeq(if a >
bthenl elseJ,s))(d) = (IExedl,s))(d) and for every finite sequence locatidn holds
(IExedif a> bthenl elseJ,s))(f) = (IExedl,s))(f), and

(i) if s(a) < s(b), then for every integer locatiod such thata # d holds (IExeq(if a >
bthenl elsed,s))(d) = (IExeqJ,s))(d) and for every finite sequence locatidn holds
(IExedif a> bthenl elseJ,s))(f) = (IExedJ,s))(f).
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