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Summary. In the paper we investigate the dependence between the structure of cir-
cuits and sets of terms. Circuits in our terminology (seé [19]) are treated as locally-finite many
sorted algebras over special signatures. Such approach enables to formalize every real circuit.
The goal of this investigation is to specify circuits by terms and, enentualy, to have methods
of formal verification of real circuits. The following notation is introduced in this paper:

e structural equivalence of circuits, i.e. equivalence of many sorted signatures,
e embedding of a circuit into another one,

e similarity of circuits (a concept narrower than isomorphism of many sorted algebras
over equivalent signatures),

e calculation of terms by a circuit according to an algebra,
¢ specification of circuits by terms and an algebra.

MML Identifier: CIRCTRML.

WWW: http://mizar.org/JFM/Voll3/circtrml.html

The articles[[2B],[[15],[128],[[27],[]1],[129],[112], [13] [ [10] [ {17]  [14] [ [24] [16]. [3] [25] | [26],
[20], [21], [19], [22], [18], [11], [2], [4], [5], [6], [7], [8], and [9] provide the notation and terminol-
ogy for this paper.

1. CIRCUIT STRUCTURE GENERATED BY TERMS

One can prove the following proposition

(1) LetSbe a non empty non void many sorted signatérbe a non-empty algebra ovgrV
be a variables family oA\, t be a term oSoverV, andT be aterm ofA overV. If T =t, then
the sort ofT = the sort oft.

Let D be a non empty set and [Etbe a subset dD. Then id is a function fromX into D.

Let Sbe a non empty non void many sorted signatureVldéte a non-empty many sorted set
indexed by the carrier & and letX be a non empty subset8fTermgV). The functoiX-CircuitStr
yielding a non empty strict many sorted signature is defined by the condition (Def. 1).

(Def. 1) X-CircuitStr= (Subtree&X), [ the operation symbols & {the carrier ofS} ] -SubtreeéX), [ the
operation symbols d§, {the carrier OS} :] 'ImmediateSUbtreéx)v |d[ the operation symbols db, {the carrier ofS} ] -Subtree(sX)>'

Let Sbe a non empty non void many sorted signatureYldte a non-empty many sorted set
indexed by the carrier @, and letX be a non empty subset 8fTermgV). Note thatX-CircuitStr
is unsplit.
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In the sequeb denotes a non empty non void many sorted signaWirdenotes a non-empty
many sorted set indexed by the carrieiSpA denotes a non-empty algebra o&andX denotes a
non empty subset @-TermgV).

We now state two propositions:

(2) X-CircuitStr is void if and only if for every elementof X holdst is root andt(0) ¢ [.the
operation symbols d§, {the carrier ofS} .

(3) X s a set with a compound term 8foverV iff X-CircuitStr is non void.

Let She a non empty non void many sorted signatureYldte a non-empty many sorted set
indexed by the carrier 0§, and letX be a set with a compound term 8foverV. Observe that
X-CircuitStr is non void.

One can prove the following three propositions:

(4)(i)) Every vertex ofX-CircuitStr is a term oS overV, and

(i) for every sets such that € the operation symbols of-CircuitStr holdssis a compound
term of SoverV.

(5) Lett be a vertex ofX-CircuitStr. Thent € the operation symbols of-CircuitStr if and
only if t is a compound term ddoverV.

(6) LetX be a setwith acompound term®bverV andg be a gate oK-CircuitStr. Then (the
result sort ofX-CircuitStr)(g) = g and the result sort aj = g.

Let us consides, V, let X be a set with a compound term 8foverV, and letg be a gate of
X-CircuitStr. Note that Arityg) is decorated tree yielding.

Let Sbe a non empty non void many sorted signatureYldte a non-empty many sorted set
indexed by the carrier o, and letX be a non empty subset 8&TermgV). Observe that every
vertex of X-CircuitStr is finite, function-like, and relation-like.

Let She a non empty non void many sorted signatureyldte a non-empty many sorted set
indexed by the carrier o, and letX be a non empty subset &TermgV). Observe that every
vertex ofX-CircuitStr is decorated tree-like.

Let Sbe a non empty non void many sorted signatureVldéte a non-empty many sorted set
indexed by the carrier &, and letX be a set with a compound term$bverV. Observe that every
gate ofX-CircuitStr is finite, function-like, and relation-like.

Let Sbe a non empty non void many sorted signatureYldte a non-empty many sorted set
indexed by the carrier d§, and letX be a set with a compound term $foverV. Note that every
gate ofX-CircuitStr is decorated tree-like.

Next we state the proposition

(7) LetXs, X be non empty subsets 8tTermgV). Then the arity oiX;-CircuitStra: the arity
of Xo-CircuitStr and the result sort ¢ -CircuitStra the result sort oX,-CircuitStr.

Let X, Y be constituted of decorated trees sets. One can checkthat is constituted of
decorated trees.
We now state several propositions:

(8) For all constituted of decorated trees non empty XgfsX; holds Subtred3 U Xy) =
SubtreefX;) U SubtreefXy).

(9) For all constituted of decorated trees non empty XgtsX, and for every se€ holds
C-SubtreefX; UXy) = (C-SubtreefX;)) U (C-SubtreegXy)).

(10) LetX, X2 be constituted of decorated trees non empty sets. If every elem&niofinite
and every element of; is finite, then for every s&@ holdsC-ImmediateSubtreé¢X; UXz) =
(C-ImmediateSubtreéX;))+-(C-ImmediateSubtre¢Xy)).

(11) For all non empty subsetX;, Xy of S-TermgV) holds (X3 U Xp)-CircuitStr =
(X1-CircuitStr) - (Xo-CircuitStr).
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(12) Letxbe a set. Ther € InputVertice$X-CircuitStr) if and only if the following conditions
are satisfied:

(i) xe€ Subtree&X), and

(i) there exists a sort symbslof Sand there exists an elemandfV (s) such thak = the root
tree of(v, s).

(13) For every seX with a compound term o8 overV and for every gatg of X-CircuitStr
holdsg = g(0)-treeArity (g)).

2. CIRcUIT GENERATED BY TERMS

Let Sbe a non empty non void many sorted signaturey Ibe a non-empty many sorted set indexed
by the carrier ofS, let X be a non empty subset 8fTermgV), letv be a vertex oX-CircuitStr, and
let A be an algebra ove3. The sort ofv w.r.t. Ais defined as follows:

(Def. 2) For every termu of SoverV such thatu = v holds the sort of/ w.r.t. A = (the sorts of
A)(the sort ofu).

Let Sbe a non empty non void many sorted signatureYldte a non-empty many sorted set
indexed by the carrier 0§, let X be a non empty subset &TermgV), let v be a vertex of
X-CircuitStr, and letA be a non-empty algebra ov& Note that the sort of w.r.t. A is non
empty.

Let Sbe a non empty non void many sorted signatureYldte a non-empty many sorted set
indexed by the carrier &, and letX be a non empty subset 8fTermgV). Let us assume that
is a set with a compound term 8foverV. Leto be a gate oX-CircuitStr and letA be an algebra
overS. The action ob w.r.t Ais a function and is defined by the condition (Def. 3).

(Def. 3) LetX’ be a set with a compound term SfoverV. SupposeX’ = X. Let 0’ be a gate of
X'-CircuitStr. Suppose’ = o. Then the action of w.r.t A= (the characteristics @) (0'(0);).

The schem®SFuncExdeals with a non empty sgt, non-empty many sorted sefs C indexed

by 4, and a ternary predicat®, and states that:
There exists a many sorted functiérirom B into C such that for every elemenof
4 and for every elemera of B(i) holds?[i,a, f(i)(a)]
provided the following condition is met:
e For every elemeritof 4 and for every elemera of B(i) there exists an elemehbof
C(i) such thatP]i,a,b].

Let She a non empty non void many sorted signatureyldte a non-empty many sorted set
indexed by the carrier @, let X be a non empty subset 8fTermgV), and letA be an algebra over
S. The functorX-CircuitSortgA) yielding a many sorted set indexed by the carrieKe€ircuitStr
is defined as follows:

(Def. 4) For every vertex of X-CircuitStr holds(X-CircuitSortgA)) (v) = the sort ofv w.r.t. A.

Let Sbe a non empty non void many sorted signatureYldte a non-empty many sorted set
indexed by the carrier d, let X be a non empty subset 8fTermgV), and letA be a non-empty
algebra ovefs. One can check that-CircuitSortgA) is non-empty.

One can prove the following proposition

(14) LetX be a set with a compound term $bverV, g be a gate oK-CircuitStr, ando be an
operation symbol of. If g(0) = (o, the carrier ofS), then(X-CircuitSortgA)) - Arity (g) =
(the sorts ofA) - Arity (0).

Let S be a non empty non void many sorted signature Vidbe a non-empty many sorted
set indexed by the carrier @, let X be a non empty subset &TermgV), and letA be a
non-empty algebra ove® The functorX-CircuitCharactA) yielding a many sorted function
from (X-CircuitSortgA))# - the arity of X-CircuitStr into (X-CircuitSort§A)) - the result sort of
X-CircuitStr is defined as follows:
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(Def. 5) For every gatg of X-CircuitStr such thag € the operation symbols of-CircuitStr holds
(X-CircuitCharactA))(g) = the action ofg w.r.t A.
Let Sbe a non empty non void many sorted signatureYldte a non-empty many sorted set

indexed by the carrier d, let X be a non empty subset 8fTermgV), and letA be a non-empty
algebra oveS. The functorX-Circuit(A) yielding a non-empty strict algebra ovErCircuitStr is

defined by:
(Def. 6) X-Circuit(A) = (X-CircuitSortgA), X-CircuitCharactA)).
One can prove the following four propositions:

(15) For every vertex of X-CircuitStr holds (the sorts of-Circuit(A))(v) = the sort ofv w.r.t.
A

(16) LetA be a locally-finite non-empty algebra ovBrX be a set with a compound term of
SoverV, andg be an operation symbol &-CircuitStr. Then De(g, X-Circuit(A)) = the
action ofg w.r.t A.

(17) LetA be a locally-finite non-empty algebra ov8rX be a set with a compound term of
SoverV, g be an operation symbol of-CircuitStr, ando be an operation symbol & If
9(0) = {o, the carrier ofS), then Dertg, X-Circuit(A)) = Den(o, A).

(18) Let A be a locally-finite non-empty algebra ov€rand X be a non empty subset of
S-TermgV). ThenX-Circuit(A) is locally-finite.

Let Sbe a non empty non void many sorted signatureYldte a non-empty many sorted set
indexed by the carrier &, let X be a set with a compound term 8bverV, and letA be a locally-
finite non-empty algebra ov& Observe thaX-Circuit(A) is locally-finite.

Next we state two propositions:

(19) LetShe a non empty non void many sorted signatifrdae a non-empty many sorted set
indexed by the carrier 08, X;, X2 be sets with compound terms 8foverV, andA be a
non-empty algebra ove&d ThenX;-Circuit(A) az Xp-Circuit(A).

(20) LetSbe a non empty non void many sorted signat\rdése a non-empty many sorted set

indexed by the carrier 08, X;, X2 be sets with compound terms 8foverV, andA be a
non-empty algebra ove&® Then (X1 U Xz)-Circuit(A) = (Xi-Circuit(A))+-(Xz-Circuit(A)).

3. CORRECTNESS OF ATERM CIRCUIT

In the sequelSis a non empty non void many sorted signatukeis a non-empty locally-finite
algebra oveB, V is a variables family oA, andX is a set with a compound term SfoverV.

Let Sbhe a non empty non void many sorted signatureAlbe a non-empty algebra ovEr let
V be a variables family of\, and lett be a decorated tree. Let us assume thsa term ofS over
V. Let f be a many sorted function from into the sorts ofA. The functor|t]a(f) is defined as

follows:
(Def. 7) There exists a terthof A overV such that’ =t and[[t]a(f) =t' @ f.

Let Sbe a non empty non void many sorted signatureYldte a non-empty many sorted set
indexed by the carrier d§, let X be a set with a compound term &bverV, let A be a non-empty
locally-finite algebra oveB, and lets be a state oK-Circuit(A). A many sorted function fronv
into the sorts ofA is said to be a valuation compatible wilif it satisfies the condition (Def. 8).

(Def. 8) Letx be a vertex oBandv be an element of (x). If the root tree of{v, X) € SubtreegX),
then it(x)(v) = s(the root tree ofv, X)).

We now state the proposition
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(21) Letsbe a state oK-Circuit(A), f be a valuation compatible witg andn be a natural
number. Therf is a valuation compatible with Followirig n).

Let x be a set, leEbe a non empty non void many sorted signaturéylbe a non-empty many
sorted set indexed by the carrier 8fand letp be a finite sequence of elements®fTermgV).

Observe thax-treg(p) is finite.
Next we state two propositions:

(22) Letsbe a state oX-Circuit(A), f be a valuation compatible with andt be a term oSover
V. If t € SubtreegX), then Followings, 1+ heightdont) is stable at and(Following(s, 1+
heightdont))(t) = [t]a(f).

(23) Suppose that it is not true that there exists a terofi S over V and there exists an
operation symbob of S such thatt € SubtreegX) andt(0) = (o, the carrier ofS) and
Arity (0) = 0. Let s be a state oX-Circuit(A), f be a valuation compatible with andt
be a term ofSoverV. If t € SubtreeéX), then Followingds, heightdon) is stable at and
(Following(s, heightdont))(t) = [[t]a(f).

4. CIRCUIT SIMILARITY

Let X be a set. Note that jdis one-to-one.
Let f be an one-to-one function. One can check that is one-to-one. Leg) be an one-to-one

function. Observe thaj- f is one-to-one.
Let S, S be non empty many sorted signatures and Jgtbe functions. We say th& andS,
are equivalent w.r.tf andg if and only if the conditions (Def. 9) are satisfied.

(Def. 9)(i) f is one-to-one,
(i) gis one-to-one,
(i) f andg form morphism betwee§; andS;, and
(iv) f~1tandg~! form morphism betwees, andS;.

Next we state several propositions:

(24) LetS, S be non empty many sorted signatures dind be functions. Suppos® and$,
are equivalent w.r.tf andg. Then the carrier 08, = f°(the carrier ofS;) and the operation
symbols ofS, = g°(the operation symbols &).

(25) LetS, S be non empty many sorted signatures dnd be functions. Suppos®& and$S,
are equivalent w.r.tf andg. Then rngf = the carrier ofS; and rngy = the operation symbols
of .

(26) LetSbe anon empty many sorted signature. TBandSare equivalent w.r.t. ig carrier ofs
and idhe operation symbols db-

(27) LetS, S be non empty many sorted signatures dnd be functions. Suppos® and$,
are equivalent w.r.tf andg. ThenS, andS; are equivalent w.r.tf ~* andg=?.

(28) LetS, S, S3 be non empty many sorted signatures &ndy:, f2, g2 be functions. Suppose
S and$; are equivalent w.r.tf; andg; andS, andSs are equivalent w.r.tf; andgp. Then
S andSs are equivalent w.r.tf, - f1 andgy - g1.

(29) LetS, S be non empty many sorted signatures andg be functions. Supposg;
and S are equivalent w.r.t.f andg. Then f°InputVertice$S;) = InputVerticesS,) and
f° InnerVertice$S;) = InnerVertice$S,).

Let S, S be non empty many sorted signatures. We say $hand S, are equivalent if and
only if:

(Def. 10) There exist one-to-one functiohsg such thatS; andS; are equivalent w.r.tf andg.
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Let us notice that the predicaf andS, are equivalent is reflexive and symmetric.
The following proposition is true

(30) LetS, S, S3 be non empty many sorted signatures. Sup@sndS, are equivalent and
S andS; are equivalent. The$; andS; are equivalent.

Let S, S be non empty many sorted signatures and leé a function. We say thdtpreserves
inputs of§; in S if and only if:

(Def. 11) f°InputVertice$S:) C InputVerticesS).

Next we state four propositions:

(31) LetS), S be non empty many sorted signatures dngd be functions. Supposgandg
form morphism betwee§; andS;. Letv be a vertex of5;. Thenf (v) is a vertex ofS;.

(32) LetS, S be non empty non void many sorted signatures rglbe functions. Suppose
andg form morphism betwee8; andS,. Letv be a gate 0f;. Theng(v) is a gate 0fS.

(33) LetS, S be non empty many sorted signatures dndj be functions. Iff andg form
morphism betweef§; andS,, thenf® InnerVertice$S;) C InnerVertice$S,).

(34) LetS, S be circuit-like non void non empty many sorted signaturesfgrpbe functions.
Supposef andg form morphism betwees; and$S,. Letv; be a vertex ofS;,. Suppose
vi € InnerVertice$S; ). Let v, be a vertex 0. If vo = f(vy), then the action at, = g(the
action atvy).

Let S;, S be non empty many sorted signatures, fleg be functions, leC; be a non-empty
algebra ovef, and letC;, be a non-empty algebra ovgs. We say thaf andg form embedding of
C; into C; if and only if the conditions (Def. 12) are satisfied.

(Def. 12)(i) f is one-to-one,
(i) gis one-to-one,
(i) f andg form morphism betwee§, andS,,
(iv) the sorts ofC; = (the sorts of2,) - f, and
(v) the characteristics @, = (the characteristics @) - g.

One can prove the following two propositions:

(35) LetShe a non empty many sorted signature @ndle a non-empty algebra ov8r Then
idthe carrier ofs @Nd ithe operation symbols & form embedding o€ into C.

(36) LetS, S, S3 be non empty many sorted signaturésgi, f2, gz be functionsC; be a non-
empty algebra oveg;, C, be a non-empty algebra ov€s, andCz be a non-empty algebra
overS3. Supposef; andg; form embedding o€, into C, and f, andg, form embedding of
C, into C3. Thenf, - f; andg, - g; form embedding o€; into Cs.

Let S, S be non empty many sorted signatures, flety be functions, leC; be a non-empty
algebra ovefs;, and letC;, be a non-empty algebra ov8s. We say thaC; andC, are similar w.r.t.
f andg if and only if:

(Def. 13) f andg form embedding o€; into C, and f 1 andg~! form embedding o€ into C;.

One can prove the following propositions:

(37) LetS, S be non empty many sorted signaturés,g be functions,C; be a non-empty
algebra ovefs;, andC; be a non-empty algebra ov8s. Suppose€; andC; are similar w.r.t.
f andg. ThenS; andS; are equivalent w.r.tf andg.
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(38) LetS, S be non empty many sorted signaturés,g be functions,C; be a non-empty
algebra ovef5;, andC; be a non-empty algebra ov8s. ThenC; andC; are similar w.r.t.f
andg if and only if the following conditions are satisfied:

(i) S andS are equivalent w.r.tf andg,
(i) the sorts ofC; = (the sorts of2,) - f, and
(i)  the characteristics of; = (the characteristics @) - g.

(39) LetSbe a non empty many sorted signature @rok a non-empty algebra ovBr ThenC
andC are similar W.r.t. ighe carrier ofs @Nd ithe operation symbols &-

(40) LetS, S be non empty many sorted signaturés,g be functions,C; be a non-empty
algebra ovefs;, andC; be a non-empty algebra ov8s. Suppose&; andC; are similar w.r.t.
f andg. ThenC, andC; are similar w.r.t.f 1 andg 2.

(41) LetS, S, S3 be non empty many sorted signaturgsgi, f2, gz be functionsC; be a non-
empty algebra oveg;, C, be a non-empty algebra ov€s, andCz be a non-empty algebra
overS. Suppos€; andC; are similar w.r.t.f; andg; andC, andCs are similar w.r.t.f, and
02. ThenC; andCg are similar w.r.t.f- f; andgy - g1.

Let S, S be non empty many sorted signaturesdebe a non-empty algebra ov8y, and let
C, be a non-empty algebra ov8s. We say tha€; andC; are similar if and only if:

(Def. 14) There exist functions, g such thatC; andC; are similar w.r.t.f andg.

For simplicity, we follow the rulesG;, G, are circuit-like non void non empty many sorted
signaturesf, g are functionsC; is a non-empty circuit o651, andC; is a non-empty circuit 06,.
Next we state a number of propositions:

(42) Supposd andg form embedding o€, into C,. Then
(i) domf =the carrier 0fGy,

(i) rngf Cthe carrier oiG,,

(i) domg = the operation symbols @;, and

(iv) rngg C the operation symbols @,.

(43) Supposd andg form embedding o€; into C,. Leto; be a gate of5; ando, be a gate of
Gy. If 0, =g(01), then Derfoy,C,) = Den(01,Cy).

(44) Supposd andg form embedding o€; into C,. Leto; be a gate of5; ando, be a gate
of G,. Suppose, = g(01). Let s, be a state of; ands, be a state o€,. If s = f, then
02 depends-on-ig, = 01 depends-on-ig; .

(45) If f andgform embedding o€; into Cy, then for every stateof C, holdss- f is a state of
Ci.

(46) Supposd andg form embedding o€; into C,. Lets; be a state o€, ands; be a state of
Ci. Supposes; = s, - f and for every vertex of G; such thaw € InputVerticeg$G;) holdss;
is stable aff (v). Then Followings;) = Following(s) - f.

(47) Supposd andg form embedding o€; into C, and f preserves inputs db; in Gy. Lets,
be a state o€, ands; be a state of;. If s; =% f, then Followings; ) = Following(s;) - f.

(48) Supposd andg form embedding o€; into C;, and f preserves inputs @&, in Gy. Lets,
be a state o€, ands; be a state o€;. If 53 = s, - f, then for every natural numberholds
Following(sy, n) = Following(s,, n) - f.

(49) Supposd andg form embedding o€; into C; and f preserves inputs d@; in Gy. Lets,
be a state o€, ands; be a state o€;. If 5, =5, - f, then ifs; is stable, thers; is stable.
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(50) Supposd andg form embedding o€; into C, and f preserves inputs d@; in Gy. Lets,
be a state o€, ands; be a state of;. Supposes; = s, - f. Let vy be a vertex of51. Thens,
is stable av; if and only if s, is stable aff (v1).

(51) IfCyandC; are similar w.r.t.f andg, then for every stateof C, holdss- f is a state o€;.

(52) Suppos€; andC; are similar w.r.t.f andg. Lets; be a state o€; ands; be a state of,.
Thens; =s,- fifandonlyifs, =s; - f 1.

(53) If C; andC; are similar w.r.t.f andg, thenf® InputVertice$G;) = InputVertice$G,) and
f°lnnerVertice$G: ) = InnerVertice$G,).

(54) If Cy andC; are similar w.r.t.f andg, thenf preserves inputs db; in G,.

(55) Suppos€; andC, are similar w.r.t.f andg. Lets; be a state of; ands, be a state of;.
If s =5 f, then Followinds;) = Following(sp) - f.

(56) Suppos€; andC; are similar w.r.t.f andg. Lets; be a state o€; ands, be a state ofs.
If s =< f, then for every natural numberholds Followings;, n) = Following(s;,n) - f.

(57) Suppos€; andC; are similar w.r.t.f andg. Lets; be a state o€; ands; be a state of,.
If s1 =5 f, thens, is stable iffs; is stable.

(58) Suppos€; andC, are similar w.r.t.f andg. Lets; be a state of; ands, be a state of;.
Supposes; = - f. Let vy, be a vertex of51. Thens; is stable at/; if and only if s, is stable
at f(vy).

5. TERM SPECIFICATION

Let Sbe a non empty non void many sorted signatureile¢ a non-empty algebra ov8rletV be a
non-empty many sorted set indexed by the carrie3, ¢t X be a non empty subset 8fTermgV),
let G be a circuit-like non void non empty many sorted signature, and ket a non-empty circuit
of G. We say tha€ calculatesX in Aif and only if:

(Def. 15) There exisf, g such thatf andg form embedding oK-Circuit(A) intoC and f preserves

inputs ofX-CircuitStr inG.
We say thaX andA specifyC if and only if:

(Def. 16) C andX-Circuit(A) are similar.

Let Sbhe a non empty non void many sorted signatureYldte a non-empty many sorted set
indexed by the carrier d§, let A be a non-empty algebra ov8y let X be a non empty subset of
S-TermgV), let G be a circuit-like non void non empty many sorted signature, and ke a non-
empty circuit ofG. Let us assume th&l calculatesX in A. An one-to-one function is said to be a
sort map fromX andA into C if:

(Def. 17) It preserves inputs of-CircuitStr inG and there existg such that it and form embedding
of X-Circuit(A) into C.

Let She a non empty non void many sorted signatureYldte a non-empty many sorted set
indexed by the carrier d§, let A be a non-empty algebra ov&y let X be a nhon empty subset of
S-TermgV), let G be a circuit-like non void non empty many sorted signature, and ket a non-
empty circuit ofG. Let us assume th&t calculatesX in A. Let f be a sort map fronX andA into
C. An one-to-one function is said to be an operation map f¥oendA into C obeyingf if:

(Def. 18) f and it form embedding ok-Circuit(A) into C.
Next we state several propositions:

(59) LetG be a circuit-like non void non empty many sorted signature @t a non-empty
circuit of G. If X andA specifyC, thenC calculatesX in A.
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(60) LetG be a circuit-like non void non empty many sorted signature @t a non-empty
circuit of G. Suppose€ calculatesX in A. Let f be a sort map fronX andA into C andt be
aterm ofSoverV. Supposé € SubtreeéX). Let sbe a state o€. Then

(i) Following(s,1+ heightdom) is stable aff (t), and
(i) for every states’ of X-Circuit(A) such thats' = s- f and for every valuatioh compatible
with s" holds(Following(s, 1+ heightdont))(f(t)) = [t]a(h).

(61) LetG be a circuit-like non void non empty many sorted signature@hd a non-empty cir-
cuit of G. Suppose€ calculatesX in A. Lett be a term oSoverV. Supposé € SubtreeéX).
Then there exists a vertenof G such that for every stateof C holds

(i) Following(s,1+ heightdont) is stable av, and

(i) there exists a sort map from X andA into C such that for every stat of X-Circuit(A)
such thats = s- f and for every valuatiorh compatible withs' holds (Following(s,1 +
heightdont))(v) = [t]a(h).

(62) LetG be a circuit-like non void non empty many sorted signature @ie a non-empty
circuit of G. SupposeX andA specifyC. Let f be a sort map fronX andA into C, she a
state ofC, andt be a term ofSoverV. Supposé € SubtreegX). Then

(i) Following(s, 1+ heightdont) is stable aff (t), and
(i) for every states' of X-Circuit(A) such thats' = s- f and for every valuatioh compatible
with s holds(Following(s, 1+ heightdont))(f (t)) = [t]a(h).

(63) LetG be a circuit-like non void non empty many sorted signature @ié a non-empty
circuit of G. Suppos& andA specifyC. Lett be aterm oBoverV. Supposé € SubtreegX).
Then there exists a vertepof G such that for every stateof C holds

(i) Following(s,1+ heightdom) is stable at, and

(i) there exists a sort map from X andA into C such that for every stat of X-Circuit(A)
such thats = s- f and for every valuatiorh compatible withs' holds (Following(s, 1 +
heightdont))(v) = [t]a(h).
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