JOURNAL OF FORMALIZED MATHEMATICS
Volumell, Released 1999, Published 2003
Inst. of Computer Science, Univ. of Bialystok

The Construction and Computation of for-loop
Programs for SCMPDY]

Jing-Chao Chen Piotr Rudnicki
Shanghai Jiaotong University ~ University of Alberta

Summary. This article defines two for-loop statements for SCMPDS. One is called
for-up, which corresponds to “for (i=xi0; i+=n) S” in C language. Another is called for-
down, which corresponds to “for (i=x;>i0; i-=n) S”. Here, we do not present their uncon-
ditional halting (called parahalting) property, because we have not found that there exists a
useful for-loop statement with unconditional halting, and the proof of unconditional halting is
much simpler than that of conditional halting. It is hard to formalize all halting conditions,
but some cases can be formalized. We choose loop invariants as halting conditions to prove
halting problem of for-up/down statements. When some variables (except the loop control
variable) keep undestroyed on a set for the loop invariant, and the loop body is halting for this
condition, the corresponding for-up/down is halting and computable under this condition. The
computation of for-loop statements can be realized by evaluating its body. At the end of the
article, we verify for-down statements by two examples for summing.

MML Identifier: sScMPDS_ 7.

WWW: http://mizar.org/JEM/Volll/scmpds_7.html

The articles[[22],[[21],[[23],[[19],.[26],[7],[19],[125],.[2] [[8],[[17],[[18],[124] [|20] . [6]/[15] /[10],
[0, [@3], [5], [@1], [12], [14], [4], [3], and [16] provide the notation and terminology for this paper.

1. PRELIMINARIES

For simplicity, we adopt the following rulesdenotes a sety denotes a natural numberdenotes
an Int position,i, j, k denote instructions of SCMPDS, s, s, denote states of SCMPDS§,, |
denote instruction-locations of SCMPDS, dnd, K denote Program-blocks.

The following propositions are true:

(1) For every stats of SCMPDS and for all natural numbeng n such thaiCs = insposn
holds ICplusCongs,n—m) = inspo.

(2) For all finite partial state®, Q of SCMPDS such thaP C Q holds ProgramPai®) C
ProgramPafQ).

(3) For all programmed finite partial statesQ of SCMPDS and for every natural number
such thaP C Q holds ShiftP,k) C Shift(Q,k).

(4) IfICs=insposOQthen Initializeds) = s.

(5) If ICs=insposQthens+:Initialized(l) = s+-1.

1This research is partially supported by the National Natural Science Foundation of China Grant No.
69873033.
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(6) (Computatioifs))(n) the instruction locations of SCMPDS sthe instruction locations
of SCMPDS.

(7) Let s, s be states of SCMPDS. Suppot€ (5,) = IC s, and s;[Data-Logcm =
s[Data-Logcu ands; [the instruction locations of SCMPDS s, [the instruction locations
of SCMPDS. Thers; = s;.

(8) | edoml iff | € dominitializedl).
(9) If xedoml, thenl(x) = (s+-(1+- Start-Atl)))(x).
(10) Ifly € doml, then(s+- Initialized(1))(I1) = I (I1).
(11) (s+-(I+-Start-Atl)))(a) = s(a).
(12) (s+ Start-Atl1))(ICscmppg = 1.
@4f] (;i; j)(insposcard) =i.
(15) (@15 j)ik=i(1; k).
(16) Shif(J,card) C I; J; K.
(17) 1 Cstopl; J.
(18) Ifl1 € doml, then(Shift(stopl,n))(l1 +n) = (Shift(l,n)) (1 +n).
(19) |If cardl > 0, then(Shift(stopl, n))(inspos) = (Shift(l, n))(inspos).

(20) For every stateof SCMPDS and for every instructiolmf SCMPDS such that InsCoflg €
{0,4,5,6} holds Exe¢i,s) |Data-Logcu = s[Data-Logcw.

(21) For all states, s3 of SCMPDS holdgs+-s3 [the instruction locations of SCMPData-Logcm =
s/Data-Logcwm.

(22) For every instructionof SCMPDS holds rngLodd) = {i}.

(23) IfIC(s) =IC s, ands;[Data-Logcm = s2[Data-Logem, thenlCeyeqis)) = ICExediss,)
and Exe¢i,s;) |Data-Logcm = Exedli, sp) [Data-Logcm.

(24) Let s, s be states of SCMPDS and be a Program-block. Suppose
| is closed ons and Initializedstopl) € s; and |Initializedstopl) € s, and
s1[Data-Logcem = sz[Data-Logewm. Leti be a natural number. The€ computatiors,)) (i) =
IC (computatiotts,))(i) @nd Curlnstf(Computatioris;))(i)) = Curlnst((Computationisz))(i))
and(Computationis;))(i) [Data-Logem = (Computationis;) ) (i) [Data-LoGcm.

(25) Lets, s be states of SCMPDS and be a Program-block. Suppodeis closed
on 5 and s;[Data-Logcy = s|Data-Logcm. Let k be a natural number. Then
(Computationis; +- Initialized(stopl ))) (k) and (Computatiofisy+- Initialized(stopl )))(K)
are equal outside the instruction locations of SCMPDS and Cu(@simputatioris; +- Initialized(stopl ))) (k)) =
Curlnsti((Computatiofis,+- Initialized(stopl ) ) ) (k)).

(26) Letl be a Program-block. Supposes closed ons; and Initializedstopl) C s; and
Initialized(stopl ) C s, ands; ands; are equal outside the instruction locations of SCMPDS.
Let k be a natural number. ThefComputatioris;))(k) and (Computatiorisy))(k) are
equal outside the instruction locations of SCMPDS and CuilfGamputatiors;))(k)) =
Curlnsti((Computatiorisz)) (K)).

(27) Lets, s be states of SCMPDS andie a Program-block. Suppokés closed ors; and
halting ons; and Initializedstopl) C s, and Initializedstopl) C s, ands; [Data-Logcy =
s, [Data-Logcm. Then LifeSpafs; ) = LifeSpan(s,).

1 The proposition (13) has been removed.
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(28) Letl be a Program-block. Suppose that
(i) 1isclosed ors; and halting orsy,
(i) Initialized(stopl) C s1,
(iii)  Initialized(stopl) C s, and
(iv) s ands; are equal outside the instruction locations of SCMPDS.

Then LifeSpais;) = LifeSpar(sy) and Resulfs;) and Results;) are equal outside the in-
struction locations of SCMPDS.

(29) Let s, s bhe states of SCMPDS and be a Program-block. Supposk
is closed ons; and halting ons; and s;[Data-Logcy = s|Data-Logcm. Then
LifeSpar(s;+- Initialized(stopl )) = LifeSpar{s;+- Initialized(stopl )) and Results; +- Initialized(stopl ))
and Results;+- Initialized(stopl )) are equal outside the instruction locations of SCMPDS.

(30) Letsy, s, be states of SCMPDS aridbe a Program-block. Suppose that
(i) 1isclosed ors; and halting orsy,
(i) Initialized(stopl) C s1,

(iii) Initialized(stopl) C s, and

(iv) there exists a natural numbkrsuch thatComputatioris; ))(k) ands, are equal outside
the instruction locations of SCMPDS.

Then Resulfs;) and Results,;) are equal outside the instruction locations of SCMPDS.

Let| be a Program-block. One can check that Initializeds initial.
Next we state a number of propositions:

(31) Letsbe astate of SCMPD$pe a Program-block, arabe an Int position. If is halting on
s, then(IExed(, s))(a) = (Computatioris+- Initialized(stopl ) ) ) (LifeSpar(s+- Initialized(stopl ) ) ) (a).

(32) Letsbe a state of SCMPDS$,be a parahalting Program-block, aadbe an Int position.
Then(IExed!,s))(a) = (Computatiois+- Initialized(stopl )) ) (LifeSpar{s+- Initialized(stopl ) ) ) (a).

(33) Letl be a Program-block aridbe a natural number. If Initializédtopl ) C sandl is closed
onsand halting orsandi < LifeSpar(s), thenlC computatiors))(i) € doml.

(34) Let | be a shiftable Program-block. = Suppose Initialigdpl) C 53 and | is
closed ons; and halting ons;. Let n be a natural number. Suppose Shifh) C
s and card > 0 and ICs, = insposn and s;|Data-Logcy = Sp[Data-Logcw.
Let i be a natural number. Ifi < LifeSpar(s;), then IC computatiofs;))i) + N =
IC (computatiots,))(iy @nd Curlnstf(Computatioris;))(i)) = Curlnst((Computationsz))(i))
and(Computatiots; ) ) (i) [Data-Logcm = (Computatiotis,) ) (i) [Data-Logcw.

(35) For every No-StopCode Program-bldckuch that Initialize@stopl ) C sandl is halting
onsand card > 0 holds LifeSpa¢s) > 0.

(36) Letl be a No-StopCode shiftable Program-block. Suppose Initiglited ) C s; and
| is closed ons; and halting ons;. Let n be a natural number. Suppose Shift) C
s and card > 0 and ICg,) = inspos1 and s;[Data-Logcm = Sz[Data-Logem. Then

IC (computatiots,)) (LifeSpar(s; ) = INSPOs cardl+n and(Computatioits; ) ) (LifeSpar(s, ) ) [Data-Logcm =
(Computatiolfs,) ) (LifeSpar(s)) [Data-Logcm.

(37) Lets be a state of SCMPDS, be a Program-block, and be a natural number. If
IC (computatios+ Initialized(1)))(n) = INSPOS Qthen(Computatioris+- Initialized(1)) ) (n)+- Initialized(l ) =
(Computatioris+- Initialized(1)))(n).

(38) Letl be a Program-block) be a Program-block, ank be a natural number. Sup-
posel is closed ons and halting ons and k < LifeSpar(s+: Initialized(stopl)). Then
(Computatioris+- Initialized(stopl ))) (k) and(Computatioiis+-((I; J)+- Start-Afinspos0))) (k)
are equal outside the instruction locations of SCMPDS.
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(39) Let I, J be Program-blocks and be a natural number. SuppodeC J and
| is closed ons and halting ons and k < LifeSpar(s+-Initialized(stopl)). Then
(Computatioiis+- Initialized(J))) (k) and(Computatiofis+- Initialized(stopl ) ) ) (k) are equal
outside the instruction locations of SCMPDS.

(40) Let I, J be Program-blocks andk be a natural number. Supposk <
LifeSpar(s+- Initialized(stopl)) and1 C J and | is closed ons and halting ons. Then

IC (Computatiots - Initialized(3)))(k) € domstog.

(41) Letl, J be Program-blocks. SuppodeC J and | is closed ons and halting on
s.  Then Curlnstf(Computatiofis+- Initialized(J)))(LifeSpar(s+- Initialized(stopl )))) =

haltscmppsOr IC (computatiortst- Initialized(d) ) (LifeSpar(s+- Initialized(stopl ))) = INSPOS card.

(42) Letl, Jbe Program-blocks. Suppokss halting onsandJ is closed on IExe(d,s) and halt-
ing on IExe¢l,s). ThenJis closed orfComputatioiis+- Initialized(stopl ) ) ) (LifeSpar(s+- Initialized(stopl )))
and halting on(Computatiofis+- Initialized(stopl ))) (LifeSpar(s+- Initialized(stopl ))).

(43) Letl be a Program-block antlbe a shiftable Program-block. Suppadss closed ors and
halting onsandJ is closed on IExed, s) and halting on IExe@d,s). Thenl; Jis closed ors
andl; Jis halting ons.

(44) Letl be a No-StopCode Program-block adcbe a Program-block. If C J andl is

closed ons and halting ons, thenIC computatioris+ - Initialized(J))) (LifeSpar(s+- Initialized(stopl))) =
inspos cardi.

(45) Let | be a Program-block,s be a state of SCMPDS, and be a natu-
ral number. If | is haltihng on s and k < LifeSpar(s+:Initialized(stopl)), then
Curlnsti((Computatioris+- Initialized(stopl ))) (k)) # haltscmpps

(46) Letl, J be Program-blockss be a state of SCMPDS, arkl be a natural nhumber.
Supposd is closed ons and halting ons andk < LifeSpar(s+- Initialized(stopl )). Then
Curlnsti((Computatioris+- Initialized(stopl ; J)))(K)) # haltscmpps

(47) Let| be a No-StopCode Program-block addbe a shiftable Program-block. Sup-
posel is closed ons and halting ons and J is closed on IExed,s) and halting on
IExedl,s). Then LifeSpafs+- Initialized(stopl; J)) = LifeSpar(s+- Initialized(stopl )) +
LifeSparn{Results+- Initialized(stopl ) )+ Initialized(stopJ)).

(48) Letl be a No-StopCode Program-block ahtle a shiftable Program-block. Suppdse
closed ons and halting ors andJ is closed on IExe,s) and halting on IExe@,s). Then
IExedl; J,s) = IExedJ, IExeq(,s))+- Start-A(IC |exeqJ iExeqis) + cardl).

(49) Letl be a No-StopCode Program-block ahtie a shiftable Program-block. Suppdse
closed ons and halting ors andJ is closed on IExed,s) and halting on IExed,s). Then

(IExedl; J,9))(a) = (IExedJ, IExed],s)))(a).

(50) Let | be a No-StopCode Program-block andbe a parahalting shiftable instruc-
tion of SCMPDS. Ifl is closed ons and halting ons, then (IExed]l; j,s))(a) =

(Exedj,IExedl,9)))(a).

2. THE CONSTRUCTION OF FORUP LOOPPROGRAM

Letabe an Int position, let be an integer, let be a natural number, and lebe a Program-block.
The functor for-ugfa, i,n, 1) yields a Program-block and is defined by:

(Def. 1) for-uga,i,n,l) = ((a,i) >= 0_goto card + 3); |; AddTo(a,i,n); goto(—(cardl +2)).
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3. THE COMPUTATION OF FORUP LOOPPROGRAM

Next we state several propositions:

(51) Letabe an Int positioni be an integem be a natural number, ande a Program-block.
Then cardfor-upa,i,n,l) = cardl + 3.

(52) Letabe an Int positioni be an integem, mbe natural numbers, ande a Program-block.
Thenm < cardl 4 3 if and only if insposn € domfor-uga,i,n,!).

(53) Let a be an Int position,i be an integer,n be a natural number, and be
a Program-block.  Ther(for-up(a,i,n,l))(insposQ = (a,i) >= 0_goto card + 3 and
(for-up(a,i,n,l))(insposcardl + 1) = AddTo(a,i,n) and (for-up(a,i,n,1))(insposcard +
2) = goto(—(cardl +2)).

(54) Letsbe a state of SCMPDS$,be a Program-blocla be an Int positionj be an integer,

andn be a natural number. HDatalods(a),i)) > 0, then for-uga,i,n,l) is closed ors and
for-up(a,i,n,l) is halting ons.

(55) Lets be a state of SCMPDS, be a Program-blocka, ¢ be Int positionsj be an inte-
ger, andn be a natural number. HDataLo¢s(a),i)) > 0, then IExe¢for-up(a,i,n,l),s) =
s+ Start-Af(inspos cardl+ 3).

(56) Letsbe astate of SCMPDS$be a Program-bloclg be an Int positioni, be an integer, and
be a natural number. §Datalods(a),i)) > 0, thenIC gyeqor-up(ain),s) = iNSpos cardi+ 3.

(57) Letsbhe a state of SCMPD$ be a Program-bloclg, b be Int positionsi be an integer, and
n be a natural number. §DatalLods(a),i)) > 0, then(IExedfor-up(a,i,n,l),s))(b) = s(b).

(58) Letsbe a state of SCMPDS, be a No-StopCode shiftable Program-bloakhe an Int
position,i be an integem be a natural number, antbe a set. Suppose that
(i) s(DatalLods(a),i)) <O,
(i) DataLods(a),i) ¢ X,
(i) n>o0,
(iv) cardl >0,
(v) a+# DataLods(a),i), and
(vi) for every statet of SCMPDS such that for every Int positionsuch thatx € X holds
t(x) =s(x) andt(a) = s(a) holds(IExed,t))(a) =t(a) and(IExeq(,t))(DatalLods(a),i)) =

t(DataLods(a),i)) andl is closed ort and halting ort and for every Int positioly such that
y € X holds(IExed],t))(y) =t(y).

Then for-uga,i,n, ) is closed ors and for-uga,i,n, ) is halting ons.
(59) Letsbe a state of SCMPDS, be a No-StopCode shiftable Program-bloakhe an Int
position,i be an integem be a natural number, antibe a set. Suppose that
(i) s(DataLods(a),i)) <O,
(i) DataLods(a),i) ¢ X,
(i) n>0,
(iv) cardl >0,
(v) a##DataLods(a),i), and
(vi) for every statet of SCMPDS such that for every Int positionsuch thatx € X holds
t(x) = s(x) andt(a) = s(a) holds(IExed,t))(a) =t(a) and(IExedl,t))(DataLo¢s(a),i)) =

t(DataLods(a),i)) andl is closed ort and halting ort and for every Int positiory such that
y € X holds(IExed,t))(y) =t(y).

Then IExe¢for-up(a,i,n,l),s) = IExedqfor-up(a,i,n,1),IExedl; AddTo(a,i,n),s)).
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Let| be a shiftable Program-block, latbe an Int position, let be an integer, and let be a
natural number. One can check that forap, n, 1) is shiftable.

Let| be a No-StopCode Program-block, ¢ebe an Int position, let be an integer, and letbe
a natural number. Observe that forfagd,n,|) is No-StopCode.

4, THE CONSTRUCTION OF FORDOWN LOOPPROGRAM

Letabe an Int position, letbe an integer, let be a natural number, and lebe a Program-block.
The functor for-dowfa, i,n, 1) yielding a Program-block is defined as follows:

(Def. 2) for-dowr(a,i,n,l)=((a,i) <=0_goto card +3); I; AddTo(a,i,—n); goto(—(cardl +2)).

5. THE COMPUTATION OF FORDOWN LOOP PROGRAM

The following propositions are true:

(60) Letabe an Int positioni be an integem be a natural number, aricbe a Program-block.
Then cardfor-dowfws,i,n,l) = cardl + 3.

(61) Letabe an Int positioni be an integem, mbe natural numbers, ade a Program-block.
Thenm < cardl + 3 if and only if insposn € domfor-dowr{a,i,n, ).

(62) Let a be an Int position,i be an integer,n be a natural number, and be a
Program-block.  Then(for-down(a,i,n,1))(insposQ = (a,i) <= 0_goto card + 3 and
(for-down(a,i,n,l))(insposcardl+ 1) = AddTo(a, i, —n) and(for-down(a, i, n, 1)) (inspos cardl+
2) = goto(—(cardl +2)).

(63) Letsbe a state of SCMPD$ be a Program-blocla be an Int positioni be an integer, and

n be a natural number. HDatalLods(a),i)) < 0, then for-dowra,i,n, ) is closed ors and
for-down(a,i,n,1) is halting ons.

(64) Letsbe a state of SCMPD$,be a Program-bloclg, ¢ be Int positionsj be an integer,

andn be a natural number. B(DataLods(a),i)) < 0, then |IExe¢for-down(a,i,n,1),s) =
s+- Start-Afinspos cardl+ 3).

(65) Letsbe a state of SCMPD$be a Program-bloclg be an Int positioni be an integer, anal

be a natural number. §Datalogs(a),i)) <0, thenIC gyeqfor-downa,in).s) = iNSPOs cardi+
3.

(66) Letsbe a state of SCMPD$ pe a Program-bloclg, b be Int positionsi be an integer, and

n be a natural number. K(DataLods(a),i)) < 0, then (IExeqfor-down(a,i,n,1),s))(b) =
s(b).

(67) Letsbe a state of SCMPDS, be a No-StopCode shiftable Program-bloakhe an Int
position,i be an integem be a natural number, antibe a set. Suppose that
(i) s(DataLogs(a),i)) >0,
(i) DataLods(a),i) ¢ X,
(i) n>0,
(iv) cardl >0,
(v) a# DataLods(a),i), and
(vi) for every statet of SCMPDS such that for every Int positionsuch thatx € X holds
t(x) =s(x) andt(a) = s(a) holds(IExed,t))(a) =t(a) and(IExeq(,t))(DatalLods(a),i)) =

t(DataLods(a),i)) andl is closed ort and halting ort and for every Int positioly such that
y € X holds(IExed,t))(y) =t(y).

Then for-dowita, i, n, 1) is closed ors and for-dowrta,i,n, 1) is halting ons.



THE CONSTRUCTION AND COMPUTATION OF FORLOOP. .. 7

(68) Letsbe a state of SCMPDS, be a No-StopCode shiftable Program-bloakhe an Int
position,i be an integem be a natural number, antibe a set. Suppose that
() s(DataLods(a),i)) >0,
(i) DataLods(a),i) ¢ X,
(i) n>0,
(iv) cardl >0,
(v) a+# DatalLods(a),i), and

(vi) for every statet of SCMPDS such that for every Int positionsuch thatx € X holds
t(x) = s(x) andt(a) = s(a) holds(IExed,t))(a) =t(a) and(IExeq(,t))(DatalLods(a),i)) =

t(DataLods(a),i)) andl is closed ort and halting ort and for every Int positioly such that
y € X holds(IExed,t))(y) =t(y).

Then IExe¢for-down(a,i,n,1),s) = IExeqfor-down(a,i,n,l),IExeql; AddTo(a,i,—n),s)).

Let | be a shiftable Program-block, latbe an Int position, let be an integer, and let be a
natural number. One can verify that for-dofari, n, 1) is shiftable.

Let| be a No-StopCode Program-block, #&be an Int position, leit be an integer, and letbe
a natural number. Note that for-dogai, n,l) is No-StopCode.

6. TwoO EXAMPLES FORSUMMING

Let n be a natural number. The functor saryields a Program-block and is defined as follows:

(Def. 3) sum= (GBP =0); ((GBP),:=n); ((GBP)3:=0); for-down(GBP, 2,1, Load AddTo(GBP,3,1))).

We now state three propositions:

(69) For every stateof SCMPDS such thaGBP) = 0 holds for-dowriGBP, 2, 1, Load AddTo(GBP, 3,1)))
is closed ors and for-dowr{GBP, 2,1, Load AddTo(GBP, 3,1))) is halting ons.

(70) Letsbe a state of SCMPDS amdbe a natural number. §GBP) = 0 ands(intpos2 =n

ands(intpos 3 = 0, then(IExe(for-down(GBP, 2,1, Load AddTo(GBP, 3,1))), s))(intpos 3 =
n.

(71) For every stateof SCMPDS and for every natural numlyenolds(IExeq sumn, s))(intpos 3 =
n.

Let s4, C1, 1, P1, P2 be natural numbers. The functor s(ancy,ry, p1, p2) yields a Program-
block and is defined as follows:

(Def. 4) suniss,c1,r1, p1, P2) = ((intposssa)r, :=0); (intposp1:=py); for-down(intposss, c1, 1, AddTo(intpossy, r1, intpospy,
One can prove the following propositions:

(72) Lets be a state of SCMPDS ansl, ¢y, r1, p1, ps be natural humbers. Suppose
s(intpossy) > 4 andc; < rp ands(intposp:) = ps ands(intpossy) +r1 < p1 andp; < ps and
p3 < s(intposps). Then for-dowrintposss, ¢z, 1, AddTo(intposss, r1, intposps, 0); AddTo(intposps,0,1))

is closed orsand for-dowrintposss, ¢z, 1, AddTo(intposss, r1, intpospz, 0); AddTo(intposps,0,1))
is halting ons.

(73) Lets be a state of SCMPDSs, C, r1, p1, p3 be natural numbers, and be
a finite sequence of elements ®f. Suppose thas(intposy) > &4 and ¢; < r; and
s(intposp:) = ps and s(intpossy) +r1 < p1 and p1 < ps and ps < s(intpospz) and
s(Datalods(intposs),r1)) = 0 and lenf = s(DataLods(intposss),c,)) and for every nat-
ural numberk such thatk < lenf holds f(k+ 1) = s(DataLods(intposps),k)). Then
(IExedfor-down(intposss, ¢z, 1, AddTo(intposss, r1, intposps, 0); AddTo(intposps,0,1)),s))(DataLogs(intposss), 1
y f.



THE CONSTRUCTION AND COMPUTATION OF FORLOOP. .. 8

(74) Lets be a state of SCMPDSy, cp, r1, p1, p3 be natural numbers, anfl be a finite

(1]
2]

(3]

(4]

[5]

6l

[7]

8l

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[29]

[20]

[21]

[22]

[23]

[24]

[25]

sequence of elements 8. Suppose thas(intposss) > s4 andc, < rp and s(intposss) +
ri < p1 andp; < psz andpz < s(intpospz) and lenf = s(DataLods(intposss),c2)) and for
every natural numbéesuch thak < lenf holds f (k+ 1) = s(DataLods(intposps),k)). Then
(IExedsum(s4,C2,r1, P1, P3),S)) (DataLogs(intposs4),r1)) = 5 f.
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