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Summary. In this article, a program block without halting instructions is called No-
StopCode program block. If a program consists of two blocks, where the first block is para-
halting (i.e. halt for all states) and No-StopCode, and the second block is parahalting and
shiftable, it can be computed by combining the computation results of the two blocks. For a
program which consists of a instruction and a block, we obtain a similar conclusion. For a
large amount of programs, the computation method given in the article is useful, but it is not
suitable to recursive programs.

MML Identifier: SCMPDS_5.

WWW: http://mizar.orqg/JFM/Volll/scmpds_5.html

The articles[[1B],[[17],[15],[15],[[15],[12], [10], [[11],[114],[[12] [[4],[[9],[116],17],[11],[18], and 3]
provide the notation and terminology for this paper.

1. PRELIMINARIES

For simplicity, we adopt the following conventior:denotes a semm, n denote natural numbers,
b denote Int positiond,denotes an instruction of SCMPDS 51, S» denote states of SCMPDB,,
ko denote integerd; denotes an instruction-location of SCMPDS) denote Program-blocks, and
N denotes a set with non empty elements.
The following propositions are true:

)

Let Sbe a halting IC-Ins-separated definite non empty non void AMI &Wemds be a

state ofS. If s= Following(s), then for everyn holds(Computatiof(s))(n) = s.

)
3
4
®)
(6)
()
8

x € domLoadi) iff x=inspos0

If 1, € domstop and(stopl)(l1) # haltscmpps thenly € doml.
domLoadi) = {inspos@ and(Load(i))(insposQ =i.
inspos 0= domLoadi).

cardLoadi) = 1.

cardstop = cardl + 1.

cardstopLoad) = 2.
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(9) inspos(= domstopLoad) and inspos E domstopLoad).
(10) (stopLoadi))(insposQ =i and(stopLoadi))(inspos 1 = haltscmpps
(11) x e domstopLoad) iff x=inspos0 ox = inspos 1
(12) domstopLoa@d) = {insposQinspos 3.

(13) insposOc dominitializedstopLoadi)) and insposle domlnitializedstopLoadi))
and (Initialized(stopLoadi)))(insposQ = i and (Initialized(stopLoadi)))(insposl =
haltscmpps

(14) Forall Program-blocks J holds Initializedstopl; J) = (I; (J; SCMPDS- Stop))+- Start-Atinspos(.
(15) For all Program-blockk J holds Initializedl ) C Initialized(stopl ; J).

(16) domstop C domstog; J.

(17) Forall Program-blocks J holds Initializedstopl )+ Initialized(stopl ; J) = Initialized(stopl ; J).

(18) If Initialized(l) C s, thenlCs = inspos0

(19) (s+-Initialized(1))(a) = s(a).

(20) Let | be a parahalting Program-block. Suppose Initialisezpl) € s; and
Initialized(stopl ) C s, ands; ands; are equal outside the instruction locations of SCMPDS.
Let k be a natural number. ThefComputatiofs;))(k) and (Computatiofisy))(k) are
equal outside the instruction locations of SCMPDS and CuilfGamputatiors;))(k)) =
Curlnst((Computatiofisy))(k)).

(21) Let | be a parahalting Program-block. Suppose Initialisezpl) € s; and
Initialized(stopl ) C s, ands; ands, are equal outside the instruction locations of SCMPDS.
Then LifeSpaiis;) = LifeSpar(sy) and Resulfs;) and Results;) are equal outside the in-
struction locations of SCMPDS.

(22) For every Program-blodkholdsIC gxeq1.s) = IC Results+- Initialized(stopl ) -

(23) Let | be a parahalting Program-block andl be a Program-block. Suppose
Initialized(stopl ) C s. Let givenm. Supposem < LifeSpar(s). Then (Computatiof(s))(m)
and(Computatiotis+-(1; J)))(m) are equal outside the instruction locations of SCMPDS.

(24) Let | be a parahalting Program-block andl be a Program-block. Suppose
Initialized(stopl ) C s. Let givenm. Supposen < LifeSpar(s). Then (Computatioits))(m)
and (Computatiotis+- Initialized(stopl ; J)))(m) are equal outside the instruction locations
of SCMPDS.

2. NONHALTING INSTRUCTIONS ANDPARAHALTING INSTRUCTIONS
Leti be an instruction of SCMPDS. We say th& No-StopCode if and only if:
(Def. 1) i # haltscmpps
Leti be an instruction of SCMPDS. We say th& parahalting if and only if:
(Def. 2) Loadi) is parahalting.

One can check that there exists an instruction of SCMPDS which is No-StopCode, shiftable,
and parahalting.
One can prove the following proposition

(25) Ifkq # 0, then gotdk; is No-StopCode.
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Let us considea. One can verify that retuiais No-StopCode.
Let us considea, k;. Note thata:=k; is No-StopCode and savel&k; ) is No-StopCode.
Let us consideag, k3, ko. One can check the following observations:

x (aki) <> 0_gotoky is No-StopCode,

x (a,ki) <= 0_gotok; is No-StopCode,

x (a,ki) >= 0_gotok; is No-StopCode, and
*  ay,:=ky is No-StopCode.

Let us considea, ki, ko. Observe that AddT@, ki, k2) is No-StopCode.
Let us considea, b, ki, k. One can verify the following observations:

x AddTo(a, ki, b, ko) is No-StopCode,

*x  SubFronga, ki, b, ky) is No-StopCode,

x  MultBy (a,ki, b, k) is No-StopCode,

« Divide(a,kq, b, k2) is No-StopCode, and
x (a,ky) := (b, k) is No-StopCode.

Let us note thahaltscuppsis parahalting.

Leti be a parahalting instruction of SCMPDS. Note that L@ats parahalting.

Let us considea, k;. Observe thaa:=k; is parahalting.

Let us consides, ki, ko. Note thatay, :=k> is parahalting and AddTe, ki, k») is parahalting.
Let us considea, b, ki, k. One can verify the following observations:

x AddTo(a, ki, b, ko) is parahalting,
*x  SubFronta, ki, b, ko) is parahalting,
x  MultBy (a,ki, b, ky) is parahalting,
x  Divide(a ki, b, k) is parahalting, and
*  (a,k1) := (b,kp) is parahalting.
One can prove the following proposition
(26) If InsCodéi) = 1, theni is not parahalting.

Let 1, be a finite partial state of SCMPDS. We say thas No-StopCode if and only if:
(Def. 3) Forevery instruction-locationof SCMPDS such thate doml4 holdsly(x) # haltscmpps

One can check that there exists a Program-block which is parahalting, shiftable, and No-StopCode.
Letl, J be No-StopCode Program-blocks. Note that is No-StopCode.
Leti be a No-StopCode instruction of SCMPDS. Observe that [ipé&iNo-StopCode.
Leti be a No-StopCode instruction of SCMPDS andJdie a No-StopCode Program-block.
One can verify that; J is No-StopCode.
Let| be a No-StopCode Program-block and jdie a No-StopCode instruction of SCMPDS.
Note thatl; j is No-StopCode.
Leti, j be No-StopCode instructions of SCMPDS. One can checliithas No-StopCode.
The following propositions are true:

(27) For every parahalting No-StopCode Program-blosiich that Initialize¢stopl ) C sholds
IC (Computatiots)) (LifeSpar(s+- Initialized(stopl))) = INSPOS card.

(28) For every parahalting Program-blotkand for every natural numbéde such thatk <
LifeSpar(s+- Initialized(stopl )) holdsIC computatiots+ Initialized(stop!))) (k) € doml.
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(29) Let | be a parahalting Program-block arkd be a natural number.  Suppose
Initialized(l) C s andk < LifeSpar(s+- Initialized(stopl )). Then (Computatioifs))(k) and
(Computatioris+- Initialized(stopl ))) (k) are equal outside the instruction locations of
SCMPDS.

(30) For every parahalting No-StopCode Program-blbcduch that Initialized ) C s holds
IC (Computatiots))(LifeSpar(s+- Initialized(stopl))) = INSPOS card.

(31) Forevery parahalting Program-bldckuch that Initialized ) C sholds Curlnstf(Computatioris))(LifeSpar{s+- Ini
haltscmppsOr IC (computations)) (LifeSpar(s+- Initialized(stopi ))) = INSPOS card.

(32) Letl be a parahalting No-StopCode Program-block &nte a natural number. If
Initialized(l) C sandk < LifeSpar(s+- Initialized(stopl ) ), then Curlnstf(Computations)) (k)) #

haltscmpps

(33) Letl be a parahalting Program-blockbe a Program-block, arkibe a natural number.
Supposé < LifeSpar(s+- Initialized(stopl )). Then(Computatioris+- Initialized(stopl ) ) ) (k)
and (Computatiofis+-((1; J)+- Start-Ainspos0))) (k) are equal outside the instruction lo-
cations of SCMPDS.

(34) Letl be a parahalting Program-blockbe a Program-block, arkibe a natural number.
Supposé < LifeSpar(s+- Initialized(stopl )). Then(Computatioris+- Initialized(stopl ) ) ) (k)
and(Computatioiis+- Initialized(stopl ; J))) (k) are equal outside the instruction locations of
SCMPDS.

Let | be a parahalting Program-block and Jebe a parahalting shiftable Program-block. One
can verify thatl; J is parahalting.

Leti be a parahalting instruction of SCMPDS andlée a parahalting shiftable Program-block.
Note thati; J is parahalting.

Letl be a parahalting Program-block and jéte a parahalting shiftable instruction of SCMPDS.
Note thatl; j is parahalting.

Leti be a parahalting instruction of SCMPDS andjléte a parahalting shiftable instruction of
SCMPDS. Observe that j is parahalting.

One can prove the following proposition

(35) Lets, 51 be states of SCMPDS antibe a parahalting shiftable Program-block. sk
(Computatioris; +- Initialized(stopd) ) ) (m), then Exe¢Curlnst(s), s+- Start-A{ICs+n)) =
Following(s)+- Start-AtIC rojiowing(s) + N)-

3. COMPUTATION OF TWO CONSECUTIVEPROGRAM BLOCKS
One can prove the following propositions:

(36) Let | be a parahalting No-StopCode Program-block,be a parahalting shiftable
Program-block, andk be a natural number. Suppose Initializetpl; J) C s. Then
(ComputatioriResults+- Initialized(stopl ) )+ Initialized(stopJ)) ) (k) +- Start-A{IC (computatiotiResults+- Initialized(stop!))
cardl) and (Computatiotis+- Initialized(stopl; J)))(LifeSpar(s+- Initialized(stopl )) + k)
are equal outside the instruction locations of SCMPDS.

(87) Letl be a parahalting No-StopCode Program-block dnte a parahalting shiftable
Program-block. Then LifeSpéasi-- Initialized(stopl ; J)) = LifeSpar{s+- Initialized(stopl )) +
LifeSpar{Resul{s+- Initialized(stopl ))+- Initialized(stopJ)).

(838) Letl be a parahalting No-StopCode Program-block dnte a parahalting shiftable
Program-block. Then IExgL; J,s) = IExeqJ,IExeql,s))+- Start-A{IC igyeq s, iExeq( s)) +
cardl).

(39) Letl be a parahalting No-StopCode Program-block dnbe a parahalting shiftable
Program-block. TheflExedl; J,s))(a) = (IExedJ,IExed],s)))(a).



COMPUTATION OF TWO CONSECUTIVE PROGRAM. . 5

4., COMPUTATION OF THEPROGRAM CONSISTING OF AINSTRUCTION AND ABLOCK

Let sbe a state of SCMPDS. The functor InitialiZeflyielding a state of SCMPDS is defined by:

(Def. 4) Initializeds) = s+- Start-Afinspos0.

Next we state several propositions:

(40) ICpitialized(s) = iNspos 0 and|nitialized(s))(a) = s(a) and(Initialized(s))(l1) = s(11).

(41) s ands; are equal outside the instruction locations of SCMPDS;iff Data-Logcm U

{ICscwmpps}) = s2[(Data-LogcmU {IC scmpps})-

(43@ If 51 [Data-Logcm = s2|Data-Logcm and InsCod@) # 3, then Exeéi, s1) [Data-Logem =

Exedi,sy) [Data-Logcm.

(44) For every shiftable instructiarof SCMPDS such tha; [Data-Logcym = s [Data-Logem

holds Exe¢i,s;) |Data-Logcm = Exedi, ;) [Data-Logcm.

(45) For every parahalting instructiom of SCMPDS holds Exég,Initialized(s)) =

IExeqLoad(i),s).

(46) Letl be a parahalting No-StopCode Program-block phd a parahalting shiftable instruc-

tion of SCMPDS. TherlExedl; j,s))(a) = (Exedj,|Exedl,s)))(a).

(47) Leti be a No-StopCode parahalting instruction of SCMPDS fdoela shiftable parahalting

(1
(2]

(3]

(4

(5]

6]

(7]

8l

[0

[10]

[11]

[12]

[13]

[14]

[15]

instruction of SCMPDS. TheflExed; j,s))(a) = (Exed j,Exedi, Initialized(s))))(a).
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