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The articles|[20],[119],[120],(13],[116],[121],[115],.130],.17],.18],.[2],[[22],[127],11],L[9],[15],[110],
[311, [L7], [4], [6], [28], [13], [14], [23], [25], [24], (18], [26], and[[12] provide the notation and
terminology for this paper.

For simplicity, we adopt the following conventiom, b denote integer locationd, denotes a
finite sequence locatioin, i», i3 denote instruction-locations &CMgsa, T denotes an instruction
type of SCMgsa, andk denotes a natural number.

The following two propositions are true:

(1) For every functionf and for all setsa, A, b, B, ¢, C such thata # b anda # c holds
(f+(a=—A)+-(b——B)+-(c——C))(a) = A.

(2) For all sets, b holds(a) +- (1,b) = (b).

Letls, I be integer locations and lef b be integers. Thefl; — a,l, — b] is a finite partial
state 0fSCMgsa.
One can prove the following propositions:

(3) a¢ theinstruction locations BCMgsa.

(4) f ¢the instruction locations B8CMgsa.

(5) Data-Logcwmes, 7 the instruction locations dCMgsa.
(6) Datéa-Locscmeg, # the instruction locations dCMgsa.

(7) Letobe an object 06CMgsa. Then

(I) o=IC SCMEsa» or
(i) o€ theinstruction locations CMggp, or
(i)  ois aninteger location and a finite sequence location.

(8) Ifiz+#is, then Nexfiz) # Next(iz).
(9) a=b={(1, (ah)).

(10) AddTda,b) = (2, (a,b)).

(11) SubFronfa,b) = (3, (a,b)).

(12) MultBy(a,b) = (4, (a,b)).
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Divide(a,b) = (5, (a,b)).
gotoig = (6, (i1)).
if a=0gotoii = (7, (i1,a)).
if a>0gotoii = (8, (i1,a)).
AddressPafhaltscmg,) = 0.
AddressPafa:=b) = (a,b).
AddressPafAddTo(a,b)) = (a,b).
AddressPafSubFronga, b)) = (a,b).
AddressPafMultBy(a,b)) = (a,b).
AddressPafDivide(a, b)) = (a,b).
AddressPafgotoi,) = (iz).
AddressPafif a=0gotoiy) = (i, a).
AddressPafif a > 0 gotoiz) = (iz,a).
AddressPafb:=f,) = (b, f,a).
AddressPaff,:=b) = (b, f,a).
AddressPaft:=lenf) = (a, f).
AddressPaff:=(0,...,0)) = (a, ).
~——

a

If T =0, then AddressParfs= {0}.

Let us considel . Observe that AddressPaftss non empty.
Next we state a number of propositions:

(1)
(32)
(33)
(34)
(39)
(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)

If T =1, then donT]addresspars = {12}

If T = 2, then donT]agdresspars = {12}

If T =3, then donT]agdresspars = {12}

If T = 4, then donT]addresspars = 11,2}

If T =5, then donT]agdresspars = {12}

If T = 6, then donT]addresspars = {1}-

If T =7, then don]addresspars = {12}

If T = 8, then donT]addresspars = {12}

If T =9, then donT]agdresspars = {1,2,3}.
If T = 10, then donT]addresspars = {1,2,3}.
If T =11, then donTaddresspars = {1, 2}

If T =12, then donT]addresspars = 11,2}
[NAddressPartsinsCote—b) (1) = Data-LOGcimegs-

[TAddressParts InsCotz=b) (2) = Data-LoGcMmeg,-
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(45) [TAddressParts InsCogeddTo(a,b)) (1) = Data-LoGcmesn-

(46) [1addressParts InsCogeddTo(a,b)) (2) = Data-LoGcmega-

(47) nAddressPartsInsCo(JBubFronQab 1) Data'Lo(SCM,:SA~

(
(48) nAddressPartsInsCo(JBubFronQab (2) Data'Lo%CM,:SA-

))
(49) [NaddressPartsinsCoddultBy (ab)) (1) = Data-LoGcmeg,-
(50)  MaddressPartsinsCoddultBy (ab)) (2) = Data-LoGcmeg,-
(51) [NaddressPartsinsCotivide(a,b)) (1) = Data-LOGcmega-
(52) [NaddressPartsinsCotivide(a,b)) (2) = Data-LO&cmega-
(53) [MaddressPartsinsCodgotoi,) (1) = the instruction locations d8CMgsa.
(54) [MAddressPartsInsCotié a=0 goto i) (1) = the instruction locations BCMgsa.

(55) [TaddressParts InsCotié a=0 goto i) (2)= Data-LoGcMmesy-
(56) [1AddressPartsInsCogié a>0 goto i) (1) = the instruction locations 8CMgsa.
(57) nAddressPartslnsCOCié a>0 gotoip) (2) = Data-LoGcmegy-

(58) nAddressPartslnsCo(im:fa)(1) = Data'Lo%CM;:SA-

(59) [MAddressPartsinsCotle—t,) (2) = Datd -LOCsCMeg,-
(60) [addressPartsinsCote—r,) (3) = Data-LOGcmegy-
(61) [NaddressPartsinsCotit:=b) (1) = Data-LOGcmesy-
(62) [NaddressPartsinsCogi:=b) (2) = Datal-LOCscMega-
(63) [NaddressPartsinsCoit:=b) (3) = Data-LoGcmegy-

(64) nAddressPartsInsCocte:Ienf)(1) = Data-LoGcmegy-
(65) nAddressPartsInsCocte:Ienf)(2) = Data'-LoCscmegn-

(66) nAddressPartslnsCodf{:(O, e ,0>)(1) = Data-LoGcmesa-
——

(67) [NAddressPartsinsCoge=(0, . .. ,0})(2) = Data’-LoCscMega-
~——

(68) N|C(ha|t5CMFSA,i1) = {Il}

Let us note that JUMfaltscmes,) iS empty.
One can prove the following proposition

(69) NIC(a=b,i1) = {Next(i1)}.

Let us considea, b. Observe that JUM:=b) is empty.
The following proposition is true

(70) NIC(AddTo(a,b),i1) = {Next(i1)}.

Let us considea, b. Observe that JUMEAddTo(a, b)) is empty.
Next we state the proposition

(71) NIC(SubFronfa,b),i1) = {Next(i1)}.
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Let us considea, b. Note that JUMPSubFronta, b)) is empty.
Next we state the proposition

(72) NIC(MultBy(a,b), i) = {Next(i1)}.

Let us considea, b. One can check that JUMRIUItBy (a,b)) is empty.
Next we state the proposition

(73) NIC(Divide(a,b),i1) = {Next(i1)}.

Let us considea, b. One can check that JUMBivide(a, b)) is empty.
We now state two propositions:

(74) NIC(gotoip,ii) =iz}
(75) JUMRgotoiz) = {iz}.

Let us consider,. Note that JUMRgotoiy) is non empty and trivial.
The following two propositions are true:

(76) NIC(if a=0gotoiy,i1) = {ip, Next(i1)}.
(77) JUMRif a=0gotoip) = {i>}.

Let us considea, io. One can check that JUMP a= 0 gotoi,) is non empty and trivial.
Next we state two propositions:

(78) NIC(if a> 0gotoiy,i1) = {ip, Next(i1)}.
(79) JUMRif a> 0gotoiy) = {iz}.

Let us considea, i;. Observe that JUME a > 0 gotoiy) is hon empty and trivial.
One can prove the following proposition

(80) NIC(a:="fp,i1) = {Next(i1)}.

Let us considea, b, f. Observe that JUMR:=f}) is empty.
The following proposition is true

(81) NIC(fp:=a,i1) = {Next(i1)}.

Let us considea, b, f. One can check that JUMR,:=a) is empty.
Next we state the proposition

(82) NIC(a:=lenf,i1) = {Next(i1)}.

Let us considea, f. One can verify that JUMR:=lenf) is empty.
One can prove the following proposition
(83) NIC(f:=(0,...,0),i1) = {Next(i1)}.
——
a

Let us considea, f. Observe that JUME:=(0,...,0)) is empty.
N——

a
One can prove the following two propositions:

(84) SUCQGi1) ={i1,Next(i1)}.
(85) Letf be a function fronN into the instruction locations d8CMgsa. Suppose that for
every natural numbécholds f (k) = inslogk). Then
(i) fis bijective, and

(if) for every natural numbek holds f (k+ 1) € SUCC(f(k)) and for every natural numbgr
such thatf (j) € SUCQ f(k)) holdsk < j.
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Let us mention thaBCMEga is standard.
The following three propositions are true:

(86) ilscupes (k) = inslog(k).
(87) Nex‘(iIgCMFSA(k)) = iISCMFSA(k+ 1)
(88) Nex{ii) = NextLocis.

Let us note that InsCodealtscig,) is jump-only.

One can check thdtaltscm,, is jump-only.

Let us consider,. Observe that InsCodgotoiy) is jump-only.

Let us consider,. Observe that gotp is jump-only, non sequential, and non instruction loca-
tion free.

Let us considea, ip. Observe that InsCodié a = 0 gotoi,) is jump-only and InsCodé a >
0 gotoiy) is jump-only.

Let us considea, i>. Observe thaf a= 0 gotois is jump-only, non sequential, and non instruc-
tion location free and a > 0 gotoi; is jump-only, non sequential, and non instruction location free.

Let us consideg, b. One can check the following observations:

x InsCodéa:=b) is non jump-only,
* InsCod€AddTo(a, b)) is non jump-only,
x InsCodé€SubFronga, b)) is non jump-only,
x InsCodéMultBy (a,b)) is non jump-only, and
* InsCodéDivide(a, b)) is non jump-only.
Let us considea, b. One can verify the following observations:
x a=Dbis non jump-only and sequential,
x AddTo(a,b) is non jump-only and sequential,
*x  SubFronga, b) is non jump-only and sequential,
*x  MultBy(a,b) is non jump-only and sequential, and
x Divide(a,b) is non jump-only and sequential.

Let us consideg, b, f. Observe that InsCodle=f;) is non jump-only and InsCodé&;:=b) is
non jump-only.

Let us considea, b, f. One can check th&it=f, is non jump-only and sequential arfigl=b is
non jump-only and sequential.

Letus considea, f. Observe that InsCoda =lenf) is non jump-only and InsCodé&:=(0,....,0))

——
a

is non jump-only.

Let us considen, f. Note thata:=lenf is non jump-only and sequential arffid=(0,...,0) is
N——
a

non jump-only and sequential.
One can check th&CMgspa is homogeneous and has explicit jumps and no implicit jumps.
One can verify thaBCMgsa is regular.
The following propositions are true:

(89) IncAddi(gotoir, k) = goto ilscmeg, (locnun(iz) + k).
(90) IncAddr(if a=0gotoip, k) = if a= 0goto il scmes, (locnum(iz) +k).
(91) IncAdd(if a> 0gotoiz, k) =if a> 0goto ilscmeg, (locnum(iz) + k).

One can verify thaBCMgga is IC-good and Exec-preserving.
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