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Summary. A finite partial state is said to be autonomic if the computation results

in any two states containing it are same on its domain. On the basis of this definition, this
article presents some computation results about autonomic finite partial states of the SCMPDS
computer. Because the instructions of the SCMPDS computer are more complicated than
those of the SCMFSA computer, the results given by this article are weaker than those reported
previously by the article on the SCMFSA computer. The second task of this article is to define
the notion of program shift. The importance of this notion is that the computation of some
program blocks can be simplified by shifting a program block to the initial position.

MML Identifier: SCMPDS_ 3.

WWW: http://mizar.org/JEM/Volll/scmpds_3.html

The articles[[15],[[20],[[6],1[B],[[2], 4], 121L],([5], [[8], [[18], I[1], [[7], [10], [11],[[12],[[156],[[14],[[8],
[19], [13], and [17] provide the notation and terminology for this paper.

1. PRELIMINARIES

In this papek, m, n denote natural numbers.
The following propositions are true:

(1) Letnbe anatural number. Suppase 13. Thenn=0orn=1orn=2orn=30orn=4
orn=5o0rn=6orn=70rn=8o0orn=90orn=10orn=11orn=12 orn=13.

(2) For every integek; and for all states;, s, of SCMPDS such thaC ) = IC (s, holds
ICplusConstsy, ki) = ICplusConsts,, Ky ).

(8) Let k; be an integer,a be an Int position, and;, s, be states of SCMPDS. If
sp|Data-Logcm = sp[Data-Logcm, thens; (DataLods;(a),ki)) = s(DataLogs(a),ki)).

(4) For every Int positiora and for all states;, s, of SCMPDS such thad; [Data-Logcm =
sy [Data-Logcm holdss; (a) = sp(a).

(5) The carrier of SCMPDS= {ICscmppst U Data-Logcm U the instruction locations of
SCMPDS.

(6) ICscwmpps¢ Data-Logcwm.

(7) For all statess;, s, of SCMPDS such thats;[(Data-Logcm U {ICscmppst) =
sp[(Data-Logem U {ICscmpps}) and for every instructionl of SCMPDS holds
Exedl,s)[(Data-LogcmU {|C SCMPDS}) = Exeqdl,s)[(Data-LogcmU {|C SCMPDS})-

1This work was done while the author visited Shinshu University March—April 1999.
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(8) For every instructioni of SCMPDS and for every stats of SCMPDS holds
Exedi,s)[Instr-Locscm = s[Instr-Locscu.

2. FNITE PARTIAL STATES OFSCMPDS
The following propositions are true:

(9) For every finite partial state of SCMPDS holds DataPdg) = p|Data-Logcwm.
(10) For every finite partial state of SCMPDS holdg is data-only iff donp C Data-Logcwm.
(11) For every finite partial staeof SCMPDS holds dom DataPp) C Data-Logcwm.

(12) For every finite partial statp of SCMPDS holds domProgramP@s} C the instruction
locations of SCMPDS.

(13) Leti be an instruction of SCMPDSbe a state of SCMPDS, anbe a programmed finite
partial state of SCMPDS. Then EXes+-p) = Exedi,s)+-p.

(14) For every stats of SCMPDS and for every instruction-locatienof SCMPDS and for
every Int positiora holdss(a) = (s+- Start-Af(i1))(a).

(15) For all states, t of SCMPDS holds+-t[Data-Logcw is a state of SCMPDS.

3. AuUTONOMIC FINITE PARTIAL STATES OFSCMPDSAND ITS COMPUTATION

Letl; be an Int position and let be an integer. Theh——a s a finite partial state of SCMPDS.
We now state the proposition

(16) For every autonomic finite partial stapeof SCMPDS such that DataPgp) # 0 holds
IC scmpps € domp.

Let us note that there exists a finite partial state of SCMPDS which is autonomic and non pro-
grammed.
One can prove the following propositions:

(17) For every autonomic non programmed finite partial gpead€SCMPDS hold$C scmpps€
domp.

(18) Lets), s be states of SCMPDS arid, ko, m be integers. IﬂC(Sl) =1C s, andk; # ko
andm=IC ) and(m—2) +2-k > 0 and(m—2) +2-kz > 0, then ICplusCongty, ky ) #
ICplusConstsy, ko).

(19) For all states;, s, of SCMPDS and for all natural numbeks kz such thalC ) = IC )
andk; # ko holds ICplusCongs:, k1) # ICplusConstsy, k).

(20) For every statsof SCMPDS holds NextCs) = ICplusConsts, 1).

(21) For every autonomic finite partial stgpeof SCMPDS such thdC scmpps< domp holds
ICp € domp.

(22) Let p be an autonomic non programmed finite partial state of SCMPDSsanel a
state of SCMPDS. Ifp C s, then for every natural numberholds IC computatiots))(i) €
dom ProgramPafp).

(23) Let p be an autonomic non programmed finite partial state of SCMPDS sand
s, be states of SCMPDS. SupposeC s; and p € 5. Let i be a natural num-

ber. ThenlC computatiorisy))(i) = !C (Computatiorisy))i) @nd Curlnstf(Computatiors )) (i) =
Curlnsti((Computatiorisz))(i)).
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(24) Let p be an autonomic non programmed finite partial state of SCMPDSsand,
be states of SCMPDS. SuppogeC 53 and p C $. Let i be a natural numberk;,
ko be integers, andy, b be Int positions. Suppose Curlng€omputatioits;))(i)) =
(a,k1) := (b,k2) anda € domp and DatalLo¢(Computatiofis;))(i)(a), ki) € domp. Then
(Computationis;))(i) (DatalLod (Computatioifs;)) (i) (b), kz)) = (Computations;) ) (i) (DataLod (Computatioits;) ) (i

(25) Let p be an autonomic non programmed finite partial state of SCMPDSsand,
be states of SCMPDS. SuppogeC 53 and p C s. Let i be a natural nhumberk;,
ko be integers, andy, b be Int positions. Suppose CurlngtEomputatiofis;))(i)) =
AddTo(a, ki, b, ko) anda € domp and DatalLo¢(Computatiofis;))(i)(a),ki) € domp. Then
(Computatioifs; ) ) (i) (DataLog (Computatioris;)) (i) (b), k) ) = (Computatiorisy)) (i) (DataLod (Computatiolisy) ) (i’

(26) Let p be an autonomic non programmed finite partial state of SCMPDSsand,
be states of SCMPDS. SuppogeC 53 and p C $. Let i be a natural numberk;,
ko be integers, andy, b be Int positions. Suppose Curlng€omputatiois;))(i)) =
SubFronta, kq, b, ko) and a € domp and Datalo¢(Computationis;))(i)(a), ki) € domp.
Then(Computatioifs;)) (i) (DataLod (Computatioifs;)) (i) (b), kz)) = (Computatioifs;) ) (i) (DataLod (Computatiof:

(27) Let p be an autonomic non programmed finite partial state of SCMPDSsang,
be states of SCMPDS. SuppogeC s and p C 5. Let i be a natural numberk;,
ko be integers, andy, b be Int positions. Suppose Curlngttomputatiofis;))(i)) =
MultBy (a, ki, b, kp) anda € domp and DataLo¢(Computatioiis; ) )(i)(a), ki) € domp. Then
(Computatioifs; ) ) (i) (DataLod (Computatioris;))(i)(a),ki)) - (Computatiors; ) ) (i) (DataLod (Computatiofisy ) ) (i) (
(Computatioifs;) ) (i) (DataLodg (Computationis;))(i)(a),ki)) - (Computatiofsy)) (i) (DataLog (Computatiofisy ) ) (i)

(28) Let p be an autonomic non programmed finite partial state of SCMPDSsand,
be states of SCMPDS. SuppogeC s1 and p C sp. Let i, m be natural numbersa
be an Int position, and;, ko be integers. Suppose CurlngtComputatiofis;))(i)) =
(a,ki) <> 0.gotok; and m = IC computatioris,))i) @and (M—2) +2-kz > 0 and k; #
1. Then (Computatiofis;))(i)(DataLog(Computatioris;))(i)(a),ki)) = O if and only if
(Computationsp))(i)(DataLod (Computationsy))(i)(a), k1)) = 0.

(29) Let p be an autonomic non programmed finite partial state of SCMPDSsand,
be states of SCMPDS. SuppogeC s; and p C sp. Let i, m be natural numbersa
be an Int position, and;, ko be integers. Suppose CurlrgtComputatiofis;))(i)) =
(a,k1) <= 0.gotoky and m = IC computatiofsy))i) @and (M—2) +2-ky > 0 and ky #
1. Then (Computatiofis;))(i)(DataLog(Computatioris;))(i)(a),k1)) > O if and only if
(Computationis)) (i) (DataLod (Computatiofis,)) (i) (a),ki)) > O.

(30) Let p be an autonomic non programmed finite partial state of SCMPDSsane,
be states of SCMPDS. SuppogeC s; and p C . Let i, m be natural nhumbersa
be an Int position, and;, k» be integers. Suppose Curlngomputatioris;))(i)) =
(a, k]_) >= O,gotokz and m = IC(Computatior(]sl))(i) and (m— 2) +2-ko >0 and ky 75
1. Then (Computatiofis;))(i)(DataLoc (Computatioiis; ))(i)(a),k1)) < O if and only if
(Computationsp))(i)(DataLod (Computationsy))(i)(a), k1)) < O.

4. PROGRAM SHIFT IN THE SCMPDS MPUTER
Let us considek. The functor inspoksyields an instruction-location of SCMPDS and is defined by:
(Def. 2ff] insposk = ii.
One can prove the following propositions:
(31) For all natural numbetg, ko such thak; # ke holds inspo&; # insposk.

(32) For every instruction-locatiorp of SCMPDS there exists a natural numbesuch that
i2 = inspos.

1 The definition (Def. 1) has been removed.
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Letl, be an instruction-location of SCMPDS and kelbe a natural number. The functior+ k
yielding an instruction-location of SCMPDS is defined by:

(Def. 3) There exists a natural numbrisuch that, = insposnandl; + k = insposn+ k.
The functor; —' k yields an instruction-location of SCMPDS and is defined as follows:
(Def. 4) There exists a natural numbmeisuch that, = insposmandl, —"k = insposn—'k.

The following propositions are true:

(33) Forevery instruction-locatidrof SCMPDS and for alin, n holds(l +m)+n=14(m+n).

(34) For every instruction-location of SCMPDS and for every natural numbeholds (I> +
k) —"k=l,.

(35) For all instruction-locationss, 14 of SCMPDS and for every natural nhumblkrholds
Start-Af(l3 + k) = Start-Atl, + k) iff Start-At(l3) = Start-Atl,).

(36) For all instruction-locationk;, |4, of SCMPDS and for every natural numbesuch that
Start-Af(l3) = Start-Af(l4) holds Start-Afls —' k) = Start-Afl4 —' k).

Let 1y be a finite partial state of SCMPDS. We say thds initial if and only if:
(Def. 5) For allm, nsuch that inspase doml; andm < n holds inspos € doml;.

The finite partial state SCMPDSStop of SCMPDS is defined as follows:
(Def. 6) SCMPDS- Stop= inspos 6-—haltscmpps

Let us mention that SCMPDS Stop is hon empty, initial, and programmed.

One can check that there exists a finite partial state of SCMPDS which is initial, programmed,
and non empty.

Let p be a programmed finite partial state of SCMPDS andklee a natural number. The
functor Shif{ p, k) yields a programmed finite partial state of SCMPDS and is defined by:

(Def. 7) dom Shiftp,k) = {insposn+ k : insposn € domp} and for everym such that inspas €
domp holds(Shift(p,k))(insposn+ k) = p(insposm).

The following propositions are true:

(37) Letl be an instruction-location of SCMPDISbe a natural number, ambe a programmed
finite partial state of SCMPDS. Ife domp, then(Shift(p,k)) (I +k) = p(1).

(38) Letp be a programmed finite partial state of SCMPDS &imk a natural number. Then
dom Shif{p,k) = {i2+Kk; iz ranges over instruction-locations of SCMPDge domp}.

(39) For every programmed finite partial stdteof SCMPDS holds ShifShift(l,m),n) =
Shift(l,m+n).

(40) Letsbe a programmed finite partial state of SCMPD3)e a function from the instruc-
tions of SCMPDS into the instructions of SCMPDS, and givenThen Shiftf - s,n) =
f - Shift(s,n).

(41) For all programmed finite partial statds J of SCMPDS holds Shift+-J,n) =
Shift(l, n)+- Shift(J, n).
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