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Summary. This article defines the concept of relocating the program part of a finite
partial state oSCM (data part stays intact). The relocated program differs from the original
program in that all jump instructions are adjusted by the relocation factor and other instructions
remain unchanged. The main theorem states that if a program computes a function then the
relocated program computes the same function, and vice versa.

MML Identifier: RELOC.

WWW: http://mizar.org/JFM/Vol6/reloc.html

The articles|[1P],[[15],12],[14],[1],[[16],13],.141,[06],15], 171, 8], 19], [13],[10], and [11] provide
the notation and terminology for this paper.

1. RELOCATABILITY

In this paperj, k, mare natural numbers.
Let I; be an instruction-location d6CM and letk be a natural number. The functbr+ k
yielding an instruction-location &8CM is defined by:

(Def. 1) There exists a natural numbmaisuch that; =i andly + k = ik
The functor; —' k yielding an instruction-location d8CM is defined by:
(Def. 2) There exists a natural numbaisuch that; =i andly —' k=i .

Next we state three propositions:

(1) For every instruction-location of SCM and for every natural numbérholds(l; + k) —’
k=1j.

(2) For all instruction-locationd,, I3 of SCM and for every natural numbek holds
Start-Af(l> 4 k) = Start-Af(lz + k) iff Start-At(l2) = Start-Af(l3).

(3) For all instruction-locations,, I3 of SCM and for every natural numbeés such that
Start-Afl,) = Start-Afl3) holds Start-Afl, —' k) = Start-Aflz —'k).

Let!| be aninstruction c8CM and letk be a natural number. The functor IncAddK) yielding
an instruction oSCM is defined by:

1This work was done under guidance and supervision of A. Trybulec and P. Rudnicki.
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goto ((@l)addres5+k), if InsCodgl) =6,

if (@1)address = 0goto (@I)address+k, if InsCodgl) =7,
if (@l)addres$ > Ogoto(@l)addres§+k, if InsCod€l) =8,
I, otherwise.

(Def. 3) IncAdd(l,k) =

One can prove the following propositions:

(4) For every natural numbérholds IncAddfhaltscy, k) = haltscy.
(5) For every natural numbérand for all data-locationa, b holds IncAddfa:=b,k) = a:=b.

(6) Forevery natural numbdérand for all data-locationa, b holds IncAddfAddTo(a, b),k) =
AddTo(a,b).

(7) Forevery natural numbé&mand for all data-locations, b holds IncAddfSubFronfa, b), k) =
SubFronta, b).

(8) Forevery natural numbé&rand for all data-locationa, b holds IncAdd(MultBy (a, b),k) =
MultBy (a,b).

(9) For every natural numbérand for all data-locationa, b holds IncAdd(Divide(a, b),k) =
Divide(a, b).

(10) For every natural numbek and for every instruction-location; of SCM holds
IncAddr(gotolq, k) = goto(l; +Kk).

(11) Letk be a natural numbel; be an instruction-location 3CM, anda be a data-location.
Then IncAdd(if a=0gotol;,k) =if a=0gotol; + k.

(12) Letk be a natural numbel; be an instruction-location #CM, anda be a data-location.
Then IncAdd(if a > 0 gotoly,k) =if a> 0gotols + k.

(13) Foreveryinstructiohof SCM and for every natural numbkiholds InsCodéncAddr(l,k)) =
InsCodé€l ).

(14) Letlq, | be instructions 06CM andk be a natural number. Suppose InsCaddle- 0 or
InsCodél) = 1 or InsCodél ) = 2 or InsCodél) = 3 or InsCodél ) = 4 or InsCodél) =5
but IncAddi(l1,k) =1. Thenly =1.

Let p be a programmed finite partial state ®EM and letk be a natural number. The functor
Shift(p, k) yielding a programmed finite partial state®€M is defined as follows:

(Def. 4) domShiftp,k) = {imik : im € domp} and for everym such thati,, € domp holds
(Shift(p, K)) (imk) = P(im)-

Next we state three propositions:

(15) Letl be an instruction-location ddCM, k be a natural number, arglbe a programmed
finite partial state oSCM. If | € domp, then(Shift(p,k))(l +k) = p(l).

(16) Letp be a programmed finite partial state 8€CM and k be a natural number. Then
dom Shif{p,k) = {i1 +Kk; i1 ranges over instruction-locations 8EM: i; € domp}.

(17) Let p be a programmed finite partial state 8CM andk be a natural number. Then
dom Shifi{ p,k) C the instruction locations dCM.

Let p be a programmed finite partial state®EM and letk be a natural number. The functor
IncAddr(p, k) yielding a programmed finite partial state®EM is defined by:

(Def. 5) domIncAddep, k) =domp and for everymsuch that,, € domp holds(IncAddr(p,k))(im) =
IncAddr(Tg,, p,K).
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Next we state two propositions:

(18) Letp be a programmed finite partial state ®EM, k be a natural number, aridbe an
instruction-location o5CM. If | € domp, then(IncAddr(p,k))(l) = IncAddr(tg p,K).

(19) For every natural numbémand for every programmed finite partial stgt@f SCM holds
Shift(IncAddr(p,i),i) = IncAddr(Shift(p,i),i).

Let p be a finite partial state SCM and letk be a natural number. The functor Relocdiz)
yields a finite partial state 8CM and is defined by:

(Def. 6) Relocatep, k) = Start-At(IC , +k)+- IncAddr(Shift(ProgramPafp), k), k)+- DataPartp).

Next we state a number of propositions:

(20) For every finite partial state of SCM holds dom IncAdd{Shift(ProgramParip), k), k) C
Instr-LoGscm.

(21) For every finite partial statp of SCM and for every natural numbek holds
DataPartRelocatedp, k)) = DataPartp).

(22) For every finite partial statp of SCM and for every natural numbek holds
ProgramPatRelocatedp, k)) = IncAddr(Shift(ProgramPaftp), k), k).

(23) For every finite partial state of SCM holds dom ProgramPé#Relocatedp, k)) = {ij«:
ij € domProgramPa(p)}.

(24) Letpbe afinite partial state @CM, k be a natural number, ahdbe an instruction-location
of SCM. Thenl € dompif and only if| + k € dom Relocate), k).

(25) For every finite partial statp of SCM and for every natural numbérholdsICgscy €
dom Relocatefp, k).

(26) For every finite partial statgp of SCM and for every natural numbek holds
IC Relocatedp,k) = IC p+ k.

(27) Letp be afinite partial state 3CM, k be a natural numbel; be an instruction-location
of SCM, andl be an instruction oSCM. If |1 € domProgramPafp) andl = p(l1), then
IncAddr(l, k) = (Relocatedp,k))(l1 + k).

(28) For every finite partial staggof SCM and for every natural numbkiolds Start-AtIC , +
k) C Relocatedp, k).

(29) Letsbe a data-only finite partial state 8CM, p be a finite partial state SCM, andk be
a natural number. IfC scy € domp, then Relocate+-s, k) = Relocatedp, k) +-s.

(30) Letk be a natural numbep be an autonomic finite partial state 8CM, ands;, s, be
states oSCM. If p C s; and Relocate, k) C s, thenp C s1+-sp[Data-Logcwm.

(31) For every stats of SCM holds Exe¢IncAddr(Curlnsti(s),k),s+- Start-A{ICs + k)) =
Following(s)+- Start-A{1C rojiowing(s) +K)-

(32) Letl, be an instruction ofSCM, s be a state ofSCM, p be a finite partial state of
SCM, andi, j, k be natural numbers. ICs=ij,k, then Exe¢ly,s+- Start-A{ICs—'k)) =
Exec(lncAddr(Iz, k),S)—F' Start-At(IC ExeqIncAddr(15,k),s) ! k)
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2. MAIN THEOREMS OFRELOCATABILITY
Next we state several propositions:

(83) Let k be a natural number and be an autonomic finite partial state of
SCM. SupposeICscy € domp. Let s be a state of SCM. Suppose p C
s. Let i be a natural number. Ther(Computatiois+- Relocatedp,k)))(i) =
(Computatiors)) (i)+- Start-A{1C (computatiors)) i) + K)+- ProgramPatRelocatedp, k) ).

(34) Letk be a natural numberp be an autonomic finite partial state &CM, and s,
S, s3 be states oSCM. SupposdCscy € domp and p C s and Relocatep, k) C s,
andsz = s;+-s[Data-Logew. Leti be a natural number. Thd@ computatios;)) (i) + K =
IC (computatiots,)) (i) @nd IncAdd(Curlnsti((Computatiottsy ) ) (i) ), k) = Curinst((Computationsz) ) (i))
and(Computatioits; ) ) (i) | dom DataPafip) = (Computationis,) ) (i) | dom DataPafRelocatedp, k))
and(Computatiofiss)) (i) [Data-Logcem = (Computationis;) ) (i) [Data-LoGcm.

(35) Letp be an autonomic finite partial state 8€M andk be a natural number. ICscy €
domp, thenp is halting iff Relocatedp, k) is halting.

(836) Letk be a natural number angl be an autonomic finite partial state 8CM. Suppose
IC scm € domp. Letsbe a state 06CM. Suppose Relocatép, k) C s. Leti be a natural num-
ber. ThenComputatiotts))(i) = (Computatiofis+-p)) (i) +- Start-A{IC (computations+-p)) (i) +
k)-+-s] dom ProgramPa(p)+- ProgramPatRelocatedp, k)).

(37) Letkbe a natural number arlbe a finite partial state SCM. SupposéC scy € domp.
Let sbe a state 0SCM. Suppose C sand Relocate(p, k) is autonomic. Let be a natural
number. TheriComputatiors))(i) = (Computatiotis+ Relocatedp, k)) ) i)+ Start-A{1C (computatiots+ Relocatedp.k)))
k)-+-s] dom ProgramPa(iRelocatedp, k))+- ProgramPaftp).

(38) Letpbe afinite partial state CM. SupposéC scu € domp. Letk be a natural number.
Thenp is autonomic if and only if Relocatég, k) is autonomic.

(39) Letpbe a halting autonomic finite partial stateEM. If IC scm € domp, then for every
natural numbek holds DataPa(Resultp)) = DataPartResultRelocatedp,k))).

(40) LetF be a partial function from FinPart&CM) to FinPartStSCM) and p be a finite
partial state 05CM. SupposeC scm € domp andF is data-only. Lek be a natural number.
Thenp computed- if and only if Relocatep, k) computed-.
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