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Summary. This article is a continuation df[15] anld|[2]. First, we recast the semantics
of the macro composition in more convenient terms. Then, we introduce terminology and
basic properties of macros constructed out of single instructiol®Cdflrsa. We give the
complete semantics of composing a macro instruction with an instruction and for composing
two machine instructions (this is also done in terms of macros). The introduced terminology
is tested on the simple example of a macro for swapping two integer locations.

MML Identifier: SCMFSA6C.

WWW: http://mizar.org/JFM/Vol8/scmfsabc.html

The articles[[12],[[1[7],[[18],.16],14],[[8],13],17],[19], [10], 113],[15], [16],[114],[[15],[[11], and ]1]
provide the notation and terminology for this paper.

1. PRELIMINARIES

For simplicity, we follow the rulesi is an instruction oSCMesap, a, b are integer locationd, is a
finite sequence locatiohjs an instruction-location d8CMgsa, ands, s, s, are states 0BCMEsa.
The following two propositions are true:

(1) Letl be akeeping 0 parahalting macro instruction ahé a parahalting macro instruction.
Then(IExedl; J,9))(a) = (IExedJ, IExed],9)))(a).

(2) Letl be akeeping 0 parahalting macro instruction amhe a parahalting macro instruction.
Then(lExeql; J,s))(f) = (IExeqJ,IExeq(,s)))(f).

2. PARAHALTING AND KEEPING O MACRO INSTRUCTIONS

Leti be an instruction 08CMgsa. We say that is parahalting if and only if:
(Def. 1) Macrdi) is parahalting.

We say that is keeping 0 if and only if:
(Def. 2) Macrdi) is keeping 0.
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Let us observe thdtaltscwm,, is keeping 0 and parahalting.

Let us observe that there exists an instructio®G@Mgsa which is keeping 0 and parahalting.
Leti be a parahalting instruction & CMesa. Observe that Macko) is parahalting.

Leti be a keeping 0 instruction &CMgsa. Note that Macr@) is keeping O.

Leta, b be integer locations. One can check the following observations:

x a=bis parahalting,

x AddTo(a,b) is parahalting,

*x SubFronga, b) is parahalting,

x  MultBy(a,b) is parahalting, and
* Divide(a,b) is parahalting.

Let f be a finite sequence location. Observe thatf, is parahalting and,;:=b is parahalting and
keeping O.

Leta be an integer location and létbe a finite sequence location. One can checkahalkenf
is parahalting and:=(0, .. .,0) is parahalting and keeping O.

a
Let a be a read-write integer location and letbe an integer location. One can check the
following observations:

x a=Dbis keeping 0,

x AddTo(a,b) is keeping 0,

*  SubFronga,b) is keeping 0, and
*  MultBy(a,b) is keeping 0.

Let a, b be read-write integer locations. Observe that Diyadb) is keeping 0.

Let a be an integer location, ldt be a finite sequence location, andbdie a read-write integer
location. One can check thbt=f, is keeping 0.

Let f be a finite sequence location andidie a read-write integer location. Note thatlenf
is keeping 0.

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

Let | be a parahalting macro instruction and jebe a parahalting instruction GCMgga.
Observe thatl; j is parahalting.

Leti be a parahalting instruction &CMgsa and letj be a parahalting instruction &CMgsa.
Note thati; j is parahalting.

Leti be a keeping 0 instruction &CMgsa and letd be a keeping 0 macro instruction. One can
check that; J is keeping 0.

Let| be a keeping 0 macro instruction and jéte a keeping 0 instruction &CMgsa. Observe
thatl; j is keeping O.

Leti, j be keeping 0 instructions &§CMgsa. One can verify thait, j is keeping O.

3. SEMANTICS OF COMPOSITIONS

Let sbe a state 0BCMgsa. The functor Initializés) yields a state 056CMgsa and is defined as
follows:

(Def. 3) Initialize(s) = s+-(intloc(0)——1)+- Start-Af(insloq0)).

The following propositions are true:
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()0  ICnitialize(s) = inslog(0),

(i) (Initialize(s))(intloc(0)) =1,

(iii)  for every read-write integer locatioa holds(Initialize(s))(a) = s(a),
(iv) foreveryf holds(Initialize(s))(f) = s(f), and

(v) for everyl holds(Initialize(s))(I) = s(1).

(4) sy ands; are equal outside the instruction locationSGMrsa iff s; [ (Int-LocationsJ FinSeq-Locations{IC scmeg,
S [(Int-LocationsJ FinSeqg-Locationsi{IC scmgg, })-

(5) If sif(Int-LocationsJFinSeq-Locations= s [(Int-LocationsJFinSeg-Locations then
Exedi,s;)[(Int-LocationsJFinSeq-Locations= Exedi,s,) [ (Int-LocationsJ FinSeq-Locations

(6) Forevery parahalting instructionf SCMgsa holds Exei, Initialize(s)) = IExeqMacrq(i), s).

(7) Letl be a keeping 0 parahalting macro instruction grite a parahalting instruction of
SCMgesa. Then(IExedl; j,s))(a) = (Exedj,IExedl,s)))(a).

(8) Letl be a keeping 0 parahalting macro instruction grite a parahalting instruction of
SCMgsa. Then(IExedl; j,s))(f) = (Exedj,IExeql,s)))(f).

(9) Leti be a keeping 0 parahalting instruction®€Mgsa and j be a parahalting instruction
of SCMgsa. Then(IExed(; j,s))(a) = (Exed j, Exedi, Initialize(s))))(a).

(10) Leti be a keeping 0 parahalting instruction®EMgsa and j be a parahalting instruction
of SCMgsa. Then(IExed(i; j,s))(f) = (Exed j,Exedi, Initialize(s))))(f).

4. AN EXAMPLE: SWAP

Let a, b be integer locations. The functor swapb) yields a macro instruction and is defined as
follows:

(Def. 4) swaya, b) = (FirstNotUsedMacro(a:=b)):=a); (a:=b); (b:=FirstNotUsedMacro(a:=b))).

Leta, b be integer locations. Observe that swap) is parahalting.
Let a, b be read-write integer locations. Observe that siadyp is keeping 0.
We now state two propositions:

(11) For all read-write integer locations, b holds (IExeqswagda,b),s))(a) = s(b) and
(IExeqswaf{a,b),s))(b) = s(a).

(12) UsedIntLoc(swaga,b)) =0.
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