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Summary. The semantics of theimes macro is given in[[2] only for the case when
the body of the macro is parahalting. We remedy this by defining atiews macro in-
struction in terms ofihile (seel[11],[14]). The semantics of the newnes macro is given
in a way analogous to the semanticswafile macros. The newimes uses an anonymous
variable to control the number of its executions. We present two examples: a trivial one and a
remake of the macro for the Fibonacci sequence [see [13]).

MML Identifier: SFMASTR2.

WWW: http://mizar.org/JEM/Voll0/sfmastr2.html

The articles[[16],[[21],[[17]/16],[[5],[122] [[8],[[9],[[10],[7],[12],[[18],[[20], [19]/[3] [115] [T4]  [1],
[11]], and [13] provide the notation and terminology for this paper.

1. SCMEgsa PRELIMINARIES

For simplicity, we follow the ruless, s, s, denote states @CMgsa, &, b denote integer locations,
d denotes a read-write integer locatiohdenotes a finite sequence locatidnjenotes a macro
instruction,J denotes a good macro instruction, dndenotes a natural number.

One can prove the following propositions:

(1) If I is closed on Initializés) and halting on Initializés) and b ¢ UsedintLogl), then
(IExedl,s))(b) = (Initialize(s))(b).

(2) If I is closed on Initializés) and halting on Initializés) and f ¢ Usedint Loc(l), then
(IExedl,s))(f) = (Initialize(s))(f).

(3) Supposel is closed on Initializés), halting on Initializés), and parahalting but
s(intloc(0)) = 1 ora s read-write butt ¢ UsedIntLogl). Then(IExeql,s))(a) = s(a).

(4) If s(intloc(0)) = 1, thenl is closed orsiff | is closed on Initializés).

(5) If s(intloc(0)) = 1, thenl is closed ors and halting orsiff | is closed on Initializés) and
halting on Initializ€s).

(6) Letls be a subset of Int-Locations affd be a subset of FinSeqg-Locations. Thep(l1 U
F1) = s[(l1 UFy) if and only if the following conditions are satisfied:
(i) for every integer location such thai € 15 holdss; (X) = sp(x), and

(i) for every finite sequence locationsuch thak € F; holdss; (x) = sp(X).
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(7) Let I; be a subset of Int-Locations. Thes |(l; U FinSeqg-Locations= s,[(l; U
FinSeg-Locationksif and only if the following conditions are satisfied:

(i) for every integer location such thai € 15 holdss; (X) = sp(x), and
(i) for every finite sequence locatiotholdss; (x) = sz(X).

2. ANOTHERtimes MACRO INSTRUCTION

Let a be an integer location and Iétbe a macro instruction. The functor tinfad ) yielding a
macro instruction is defined as follows:

(Def. 1) timesa,l) = (a;:=a); (while a; > 0 do (I; SubFrontay,intloc(0)))), wherea; = 15t-RWNotin({a} U
UsedintLogl)).

We introduceatimesl as a synonym of timga, | ).
We now state two propositions:

(8) {b}uUsedintLo¢l) C UsedIntLogtimegb,1)).
(9) UsedintLoc(timeghb,1)) = UsedInt Loc(1).

Let | be a good macro instruction and kbe an integer location. Observe that tirfees) is
good.

Let s be a state 06CMgsa, let| be a macro instruction, and latbe an integer location. The
functor StepTime&, |, ) yielding a function fronN into [ (the object kind 0SCMgs,) is defined
as follows:

(Def. 2) StepTime&, |,s) = StepWhile-0(as, 1; SubFrontay,intloc(0)), Exeda; :=a, Initialize(s))),
wherea; = 15:-RWNotin({a} UUsedIntLogl)).

Next we state several propositions:
(10) (StepTimes$a,J,s))(0)(intloc(0)) = 1.

(11) If s(intloc(0)) = 1 or a is read-write, thenStepTimega, J, s))(0)(1-RWNotIn({a} U
UsedintLogJ))) = s(a).

(12) Supposé€StepTimesa,J,s))(k)(intloc(0)) = 1 andJ is closed onStepTimes$a, J,s))(K)
and halting or{StepTimeéa, J, s)) (k). Then(StepTimega, J,s))(k+ 1)(intloc(0)) = 1 and if
(StepTimesa, J,s)) (k) (13'-RWNotIn({a} UUsedIntLo¢J))) > 0, then(StepTimega, J,s)) (k+
1)(1%-RWNotlIn({a} UUsedIntLodJ))) = (StepTimesa, J, s)) (k) (15-RWNotin({a} UUsedIntLo¢J))) —
1

(13) If s(intloc(0)) = 1 orais read-write, therfStepTimesga, 1,s))(0)(a) = s(a).
(14) (StepTimeéa,l,s))(0)(f) = s(f).

Letsbe a state 08CMgsa, leta be an integer location, and lebe a macro instruction. We say
that ProperTimesBodg, |, sif and only if:

(Def. 3) For every natural numbé&rsuch thak < s(a) holdsl is closed on(StepTimesa, I, s))(K)
and halting on(StepTimes$a, 1, ) )(K).

One can prove the following propositions:
(15) If I is parahalting, then ProperTimesBoaly, s.

(16) If ProperTimesBodya, J, s, then for every k such that k < s(a) holds
(StepTimesga, J,s)) (k) (intloc(0)) = 1.

(17) Suppose(intloc(0)) = 1 or a is read-write but ProperTimesBoay J, s. Let givenk. If
k < s(a), then(StepTime$a, J, s)) (k) (13'-RWNotIn({a} U UsedIntLo¢J))) + k = s(a).
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(18) Suppose ProperTimesBodyJ, sbut 0< s(a) buts(intloc(0)) = 1 ora is read-write. Let
givenk. If k > s(a), then(StepTimesga, J, s)) (k) (15-RWNotIn({a} U UsedIntLo¢J))) = 0
and(StepTimesa,J,s))(k)(intloc(0)) = 1.

(19) |If s(intloc(0)) = 1, then (StepTimesga,l,s))(0)[(UsedIntLogl ) U FinSeqg-Locations=
s[(UsedIntLogl ) UFinSeq-Locations

(20) Supposé¢StepTimesa, J,s))(k)(intloc(0)) = 1 andJ is halting on Initializé(StepTimega, J,s)) (k))
and closed on Initializg StepTimes$a, J, s)) (k)) and(StepTime$a, J, s)) (k) (15-RWNotIn({a} U
UsedIntLogJ))) > 0. Then(StepTimesa, J,s))(k+ 1) [(UsedIntLo¢J) UFinSeq-Locations=
IExedJ, (StepTimesa, J,s))(k)) [ (UsedIntLo¢J) U FinSeg-Locations

(21) Suppose ProperTimesBody J, s or J is parahalting buk < s(a) but s(intloc(0)) = 1
or ais read-write. Ther{StepTimes$a,J,s))(k+ 1)[(UsedIntLo¢J) U FinSeq-Locations=
IExedJ, (StepTimesa, J,s))(k)) [ (UsedIntLogJ) U FinSeg-Locations

(22) Ifs(a) <0ands(intloc(0)) =1, then IExe¢timega,1),s)[(UsedIntLogl ) UFinSeq-Locations=
s|(UsedIntLo¢! ) UFinSeqg-Locations

(23) Supposes(a) = k but ProperTimesBodyg, J, s or J is parahalting bus(intloc(0)) = 1
or a is read-write. Then IExdtimega,J),s)[D = (StepTimega, J,s))(k)[D, whereD =
Int-LocationsJFinSeqg-Locations.

(24) If s(intloc(0)) = 1 and if ProperTimesBodg, J, s or J is parahalting, then timéa, J) is
closed ors and timesa, J) is halting ons.

3. A TRIVIAL EXAMPLE

Let d be a read-write integer location. The functor triv-tirf@syields a macro instruction and is
defined by:

(Def. 4) triv-timegd) = timeg(d, (while d = 0 do Macro(d:=d)); SubFrontd, intloc(0))).
We now state two propositions:

(25) If s(d) <0, then(IExedtriv-times(d), s))(d)

(26) If 0< g(d), then(IExed(triv-times(d), s))(d)

I
%)

(d).
0.

4. A MACRO FOR THEFIBONACCI SEQUENCE

Let N, r; be integer locations. The functor Fib-ma@xor) yielding a macro instruction is defined
as follows:

(Def. 5) Fib-macroN,r1) = (N1:=N); SubFronfry,r1); (ni:=intloc(0)); timegN, AddTo(r1,ny); swagri,ni)); (N:=Nj),
whereN; = 15-NotUsedtimesN, AddTo(r1,n;); swagri,n;))) andng = 15:-RWNotIn({N,r}).

Next we state the proposition

(27) LetN, rq1 be read-write integer locations. Suppdéé r1. Letn be a natural number. if=
s(N), then(IExedq Fib-macrdN,r1),s))(r1) = Fib(n) and(IExeq Fib-macrgN,r1),s))(N) =
s(N).
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