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Summary. An attempt to use theimes macro, [2], was the origin of writing this arti-
cle. First, the semantics of the macro composition as developedin[[26],1[3], [4] is extended to
the case of macro instructions which are not always halting. Next, several functors extending
the memory handling foBCMgsa, [19], are defined; they are convenient when writing more
complicated programs. After this preparatory work, we define a macro instruction computing
the Fibonacci sequence (see the SCM program computing the same sequence in [9]) and prove
its correctness. The semantics of thenxes macro is given in[[2] only for the case when the
iterated instruction is parahalting; this is remedied_in [18].

MML Identifier: SFMASTRI.

WWW: http://mizar.org/JFM/Voll0/sfmastrl.html

The articles|[22],[[211],[18],[28]/123] [15][[5].[6],129]/111]/ [12]( [14].[10]. [16]. [8]. [17].[24],
[71, [20], [27], [25], [26], [3], [12], [4], [1], and [2] provide the notation and terminology for this
paper.

1. GOODINSTRUCTIONS ANDGOOD MACRO INSTRUCTION

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

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

x a=bis good,

+x AddTo(a,b) is good,

*x  SubFronga,b) is good, and
*  MultBy(a,b) is good.

Let us observe that there exists an instructio®6Mgsa which is good and parahalting.

Let a, b be read-write integer locations. Observe that Diyédb) is good.

Letl be an instruction-location @CMgsa. Observe that gotbis good.

Letabe an integer location and lebe an instruction-location @CMgsa. One can verify that
if a=0gotol is good andf a > 0 gotol is good.

Letabe an integer location, ldt be a finite sequence location, andiddie a read-write integer
location. Note thab:=f; is good.
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Let f be a finite sequence location andlidie a read-write integer location. One can check that
b:=lenf is good.

Let f be a finite sequence location and ébe an integer location. Note th&t=(0,...,0) is
N——
a

good. Letb be an integer location. Note tht:=b is good.

Let us observe that there exists an instructio®8Mgsa Which is good.

Leti be a good instruction d8CMgsa. Observe that Mac(o) is good.

Leti, j be good instructions dBCMgsa. One can verify that; j is good.

Leti be a good instruction dBCMgsa and letl be a good macro instruction. One can check
thati; | is good and; i is good.

Let a, b be read-write integer locations. Note that syap) is good.

Let| be a good macro instruction and &lbe a read-write integer location. Note that Tirfee$)
is good.

We now state the proposition

(1) For every integer locatioaand for every macro instructidnsuch thag ¢ UsedIntLog])
holds| does not destrog.

2. COMPOSITION OFNON-PARAHALTING MACRO INSTRUCTIONS

For simplicity, we adopt the following rules, Sare states 06CMgsap, |, J are macro instructions,
I1 is a good macro instruction,is a good parahalting instruction &CMgsp, | is a parahalting
instruction ofSCMEsa, @, b are integer locations, anfdis a finite sequence location.

One can prove the following propositions:

(2) (I+-start-Atinsloq0)))D = 0, whereD = Int-LocationsJ FinSeg-Locations.

(3) Iflishalting on Initializ¢S) and closed on InitializS) andJ is closed on IExed, S), then
I; Jis closed on Initializ€S).

(4) If lis halting on InitializéS) andJ is halting on IExe€,S) andl is closed on InitializéS)
andJ is closed on IExed, S), thenl; J is halting on Initializ€S).

(5) Supposel is closed ons and |+ Start-Afinslog0)) C s and s is halting. Let
m be a natural number. Suppose < LifeSpar(s). Then (Computatiois))(m) and
(Computatioris+-(I; J)))(m) are equal outside the instruction locationsSS&Mggsa.

(6) Supposd; is halting on Initializés) and J is halting on IExe€l1,s) and | is closed
on Initialize(s) and J is closed on IExed;,s). Then LifeSpafs+: Initialized(l1; J)) =
LifeSpar(s+- Initialized(l1)) + 1+ LifeSpar(Resul{s+- Initialized(l1) )+ Initialized(J)).

(7) Supposel; is halting on Initializés) and J is halting on IExe€¢l;,s) and |1
is closed on Initializés) and J is closed on IExed;,s). Then IExe€ls; J,s) =
IExedJ, IExeq(l1,S))+- Start-A1C igxeqa iExeqls,s) 1 cardly).

(8) Suppose that

(i) |y is parahalting, halting on InitialiZs), and closed on InitialiZe), and

(i)  Jis parahalting, halting on IEx€k,s), and closed on IExét;,s).

Then(IExeqly; J,s))(a) = (IExedJ, IExedl1,s)))(a).

(9) Suppose that

(i) 11is parahalting, halting on InitialiZe), and closed on Initializges), and

(i)  Jis parahalting, halting on IEx€lg, s), and closed on IEx€t;, s).
Then(lExeqly; J,9))(f) = (IExeqJ, IExedl1,s)))(f).
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(10) Suppose that
(i) 1y is parahalting, halting on InitialiZe), and closed on InitialiZe), and
(i) Jis parahalting, halting on IEx€lg, s), and closed on IEx€t;, s).
Then IExe¢l1; J,s)|D = IExedJ, IExeq(l1,s)) D, whereD = Int-LocationsJ FinSeq-Locations.

(1) If I is parahalting, closed on Initializgg, and halting on Initializés), then
Initialize(IExed(11,s)) [D = IExedl1, ) [D, whereD = Int-LocationsJFinSeqg-Locations.

(12) If 11 is parahalting, halting on InitialiZe), and closed on Initializs), then

(IExedls; j,9))(a) = (Exedj,IExedl1,s)))(a).

(13) If I is parahalting, halting on InitialiZe), and closed on Initializes), then

(IExedls; J,9))(f) = (Exedj,IExedl1,s)))(f).

(14) If 11 is parahalting, halting on InitialiZe), and closed on Initializes), then
IExedls; J,s)|D = Exedj,|IExedl1,s)) D, whereD = Int-LocationsJ FinSeq-Locations.

(15) IfJis parahalting, halting on Exéclnitialize(s)), and closed on Ex€c Initialize(s)), then
(IExed(i; J,s))(a) = (IExedJ,Exed], Initialize(s))))(a).

(16) If Jis parahalting, halting on Exéclnitialize(s)), and closed on Ex€c Initialize(s)), then
(IExed(i; J,s))(f) = (IExeqdJ, Exedi, Initialize(s))))(f).

(17) If Jis parahalting, halting on Exéclnitialize(s)), and closed on Exéc Initialize(s)), then
IExed(i; J,s)|D = 1ExeqJ, Exedi, Initialize(s)) ) [D, whereD = Int-LocationsJ FinSeq-Locations.

3. MEMORY ALLOCATION

In the sequel is a finite subset of Int-Locations amg n are natural numbers.

Letd be an integer location. Thel} is a subset of Int-Locations. Letbe an integer location.
Then{d, e} is a subset of Int-Locations. Ldtbe an integer location. Thefd, e, f} is a subset of
Int-Locations. Leig be an integer location. Thef, e, f, g} is a subset of Int-Locations.

Let L be a finite subset of Int-Locations. The functor RWNotInisgtglds a function fromN
into 2V and is defined by the conditions (Def. 2).

(Def. 2)(i) (RWNotlIn-sed.)(0) = {k; k ranges over natural numbers: intlat ¢ L A k£ O},

(i)  for every natural number and for every non empty subsej of N such that
(RWNotln-sed.)(i) = s; holds(RWNotIn-sed.)(i+ 1) = s, \ {mins; }, and

(iiiy  for every natural numberholds(RWNotIn-sed-)(i) is infinite.

LetL be afinite subset of Int-Locations andidie a natural number. Note th@WNotin-sed-)(n)
is non empty.
Next we state three propositions:

(18) 0¢ (RWNotln-sed-)(n) and for everym such thatm € (RWNotIn-sed-)(n) holds
intloc(m) ¢ L.

(19) min(RWNotIn-sed-)(n) < min(RWNotIn-sed-)(n+1).
(20) If n < m, then mifRWNotIn-sed-)(n) < min(RWNotlIn-sed-)(m).

Letn be a natural number and lebe a finite subset of Int-Locations. The funat$-RWNotIn(L)
yields an integer location and is defined by:

(Def. 3) n"-RWNotlIn(L) = intloc(min(RWNotln-sed.)(n)).

We introduce $-RWNotlIn(L), 2"%-RWNotln(L), 3'9-RWNotIn(L) as synonyms aif"-RWNotIn(L).
Letn be a natural number and lebe a finite subset of Int-Locations. Note théRWNotIn(L)
is read-write.
Next we state two propositions:
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(21) n"-RWNotIn(L) ¢ L.
(22) 1fn#m, thenn™-RWNotIn(L) # m"-RWNotIn(L).

Letnbe a natural number and lpbe a programmed finite partial statefMrsa. The functor
n"-NotUsed p) yields an integer location and is defined by:

(Def. 4) n"-NotUsed p) = n"-RWNotIn(UsedIntLogp)).

We introduce $-NotUsed p), 2"9-NotUsed p), 39-NotUsed p) as synonyms afi™-NotUsed p).
Let n be a natural number and Iptbe a programmed finite partial state ®EMgsa. Observe
thatn"-NotUsed p) is read-write.

4, A MACRO FOR THEFIBONACCI SEQUENCE
We now state the proposition
(23) ac UsedIntLog¢swaga,b)) andb € UsedIntLog¢swaga,b)).

Let N, r1 be integer locations. The functor EibacrdN,r;) yielding a macro instruction is
defined as follows:

(Def. 5) FibmacrdN,r1) = (Ni:=N); SubFronfry,rq1); (m:=intloc(0)); (a1:=N1); Timegas,AddTo(r1,n1); swagr,ny))
whereN; = Z”d-RWNotIn(UsedIntLoqﬁswa[:(rl, n))), ny = 1S%-RWNotIn({N,r1}), anda; =
15:-RWNotIn(UsedIntLogswagry, n))).

The following proposition is true

(24) LetN, rq be read-write integer locations. Suppdée r1. Letnbe a natural number. if=
s(N), then(IExedFib_macrdN,r1),s))(r1) = Fib(n) and(IExeq Fib_-macrqN,r1),s))(N) =
s(N).
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