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Abstract

In article questions of compact representation of the formal languages in the
form of syntactic charts are considered. Such representation allows to build
translators, efficient on memory. The modified syntactic charts (MSC), and
also a way of transformation of Virt charts to MSC are offered. The relation of
strict equivalence on a set of the MSC hubs and algorithm of check of
accessory of cluster pairs to the relation of strict equivalence is defined. The
system of transformations keeping strict equivalence, and a way of obtaining
the strict equivalence of the syntactic chart given on the relation is offered.
The quantity of components in MSC given on the relation of strict equivalence
can be less, than in the equivalent it to Virt's chart, and components, unlike
components of Virt charts, can have more than one entrance. The extent of the
strict equivalence of MSC given on the relation in general, as a rule, is less
than a size of equivalent to it Virt's chart. The example of the chart of Virt, its
transformation to MSC and obtaining the strict equivalence of MSC given on
the relation is presented.

Keywords: The formal language, syntactic chart of Virt, the equivalent
transformations, compiler program.

1. INTRODUCTION

Syntactic Virt charts represent visual, intuitively a clear, graphic way of a task of
syntax of language, is used for documenting of programming languages [1, 2] and in
projection of translators [3 - 7]. For creation of translators of the linear complexity [8,
9] the determined syntactic charts are used, thus the size of the translator depends on
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the size of the syntactic chart. Therefore, for the purpose of decrease of the size of the
translator, it is expedient to use "compact” syntactic charts [10].

In article MSC, a way of transformation of the chart of Virt to MSC and its reductions
to a form, "compact™ in comparison with Virt's chart, are offered. The main difference
of MSC from Virt's charts is that the MSC components can have more than one
entrance.

2. MAIN PART

2.1 Definition of the syntactic chart of Virt

Let us determine the syntactic chart of Virt (SCV) by quintuple of D = (T, N, S, G, F),
where T — finite set of terminals; N — finite set of not terminals; ST N— the initial not
terminal; G = (V, E) —the focused count, where

V = V1 VN O Vy O Vent [ Vey, Where

Vent — an entrance point set, |Vend = |N|;

Vr —a set of terminal tops;

V\ — a set of non-terminal tops;

V, — finite set of clusters;

Vex — an exit point set, [Vex| = NJ;

E=E.0E,OEs0Es O E5,\Nhere

E; [0 {(a, b) | al1Ven, b1V} — a set of entrance arches;

E> [0 {(a, b) | al'Vy, bTIVe} — a set of entrance arches;

Es (1 {(a, b) | a1V, bIV1IVN} — a set of the arches leaving clusters;

Es 01 {(a, b) |allVsIVy, b1V} — a set of the arches entering clusters;

E5 (1 {(a, b) | al] Vu,bl] Vu}- a set of the g-arches, connecting clusters;

F: Vi [0 Vy — T I N —display of a set of tops to a set of terminals and not terminals.

To each not terminal there corresponds the coherent component of the count. The
component is called as the corresponding not terminal, has only one entry point and
one point of an exit and finite set of tops of other types. An entry point and an exit on
the chart of a component are not represented. The non-terminal top is represented by a
rectangle in which the non-terminal symbol according to display F is entered. The
terminal top is represented by a circle in which the terminal symbol according to
display F is entered. The hub is represented on the chart by an aliphatic point. Any
arch does not enter an entry point and there is a finite set of arches (entrance arches of
a component). Clusters which entrance arches enter, are called initial. The point of an
exit does not leave any arch and the finite set of arches (output arches of a
component) enters. Clusters which leave output arches, are called closing. Each arch,
except for entrance and output arches, can leave knot and enter terminal or non-
terminal top or other knot, or to leave terminal or non-terminal top and to enter knot.
Only one arch enters each terminal and non-terminal top and there is only one arch.
On quantity of the arches which are entering clusters and leaving them restrictions are
not present.
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In a great number of all SCV can be allocated a class of the pseudo-determined SCV
[8]. SCV belongs to a class of the pseudo-determined SCV (is pseudo-determined) if
for it the following conditions are true:

— each component has only one initial knot;

— in it is not present e-arches;

— any two arches leaving one knot enter the tops containing various symbols.

It is known [8, 10] that any SCV can be transformed in pseudo-determined therefore
we will consider further only the pseudo-determined charts. In figure 1 the example of
the pseudo-determined chart defining language is presented

L = {apbbBa | p = a*} [ {baaph | B = b*}.

Iy
A
2 fi 12 15
E B —
-
o o) o o o)
N N

Fig. (1). — The pseudo-determined syntactic chart of Virt

Let us define a way of receiving a line-up of the language set by the pseudo-
determined SCV.

Let us say that the line-up a, consisting of terminals and/or not terminals, connects a
hub u the SCV components A with the closing ux hub of this component if it can be
received, "moving" to SC from a hub u to the ux hub and writing out from the passing
tops terminals and not terminals in initially empty line-up. A set of all line-ups
connecting a hub u with closing clusters, we will designate L (u). Set of all line-ups
connecting the initial ug® hub components A of the pseudo-determined SCV with
closing, we will designate through L (And). It is apparent that L(4) = L(ug™).
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To receive a chain of the language set by the pseudo-determined SCV with the initial
not terminal S, we will take the line-up belonging to L (S). If it contains not terminal
A, we will replace it with a chain of a great number of L (And). If the received chain
contains not terminal, similar actions is repeated. The chain received thus, free of not
terminals, belongs to the language set by SCV.

Process of receiving one of line-ups of the language set by SCV in figure 1 can be
presented as follows:

S [] aAa [] aaAaa [ aaaAaaa [ aaaabbaaaa

2.2 Definition of the modified syntactic chart

We will determine the modified syntactic chart (MSC) by the eight R = (T, U, U', U",
Uo, G, Fr, Fu), where

T — finite set of terminals;

U — finite set of clusters;

U’ — finite set of initial clusters, U" [1 U;

U" —finite set of closing clusters, U" [ U;

Uo — starting knot, up [ U’;

G = (V, E) —the focused equasion, where

V=V:OVyOU, where

Vr —a set of terminal tops;

V\ — a set of non-terminal tops;

E =E; [1 Ep, where

E; O {(a, b) | allU, bIV1IVN} — a set of the arches leaving clusters and entering
terminal or non-terminal tops;

E, (1 {(a, b) | allVt[1Vy, b[1U} — a set of the arches leaving terminal or non-terminal
tops and entering clusters;

Fr: Vi — T —display of a set of terminal tops in a set of terminals.

Fu: Vny — U’ —display of a set of non-terminal tops in a set of initial clusters.

The terminal top is represented on the chart by a circle in which the terminal
according to the Fr display is entered. The non-terminal top is represented by a
rectangle in which the knot from a set of initial clusters according to the Fy display is
entered. The hub is represented by an aliphatic point which is noted by the
corresponding number. Initial clusters are noted by the entering arrow, starting knot —
the aliphatic entering vector, closing — the leaving arrow. The arch can leave terminal
or non-terminal top and enter knot, or to leave knot and to enter terminal or non-
terminal top. Only one arch enters each terminal and non-terminal top and there is
only one arch. On quantity of the arches which are entering clusters and leaving
clusters, restrictions are not present.

Let us define a way of receiving a line-up of the language set by MSC.

Let us say that the line-up a, consisting of terminals and/or initial clusters, knots the u
MSC hub with closing uy, if it can be received, "moving"” to SC from a hub u to the ugk
hub and writing out from the passing tops symbols (terminals or initial clusters) in
initially empty line-up. A set of all line-ups connecting a hub u with closing clusters,
we will designate L(u). To receive a chain of the language set by MSC with the
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starting uop, hub, we will take the line-up belonging to L(up). If it contains some initial
ui, hub, we will replace it with a chain of a set of L(u;). If the received chain contains
initial knot, similar actions is repeated. The chain received thus, free of initial clusters,
belongs to the language set by MSC.

2.3 Transformation of the pseudo-determined syntactic chart of Virt to the
modified syntactic chart

The pseudo-determined SCV can be transformed to MSC, having replaced not
terminal which is written down in each non-terminal top with its initial knot and
having defined initial knot of an initial component (corresponding to the initial not
terminal) starting. In figure 2 MSC received from the pseudo-determined SCV (figure
1) is presented.

Fig. 2. The modified syntactic chart

Comparing ways of receiving line-ups of the language set by SCV and MSC it is
possible to draw a conclusion that the language set by the pseudo-determined SCV is
equal to the language set by MSC received from the pseudo-determined SCV on the
way described above.

Process of receiving one of line-ups of the language set by MSC in figure 2 can be
presented as follows:

1] a2a [ aa2aa (| aaa2aaa [ | aaaabbaaaa
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2.4 Equivalence relations on a set of clusters of the modified syntactic chart

Let MSCR; = (T, U, U', U", u;, G, Fy, Fy) and R; = (T, U, U', U", u;, G, F, Fy) be

set. The charts R; and R; differ only with that in R; hub is starting with u;, and in R; —

with u;. Let us designate through L'(u;) the language determined by MSC R;, and
through L'(u;) the language determined by MSC R;. If L'(u;) = L'(u;), then hubs u; and

u; we call the equivalent (pair (ui, u;) belongs to an equivalence relation). Two MSC in

which starting clusters are equivalent, also we will call the equivalent. The languages

determined by the equivalent MSC — are equal.

Let us define more strong equivalence relation on a set of the MSC hubs and we will

call it strict equivalence. Let us designate through the L(uj) set of all chains

(consisting of terminals and initial clusters), connecting the ui hub with closing

clusters, and through L(u;) — a set of all line-ups connecting the u; hub with closing

clusters. cluster pairs (uj, u;) belongs to the relation of strict equivalence, if L(u;) =

L(Uj).

cluster pairs (u;, u;) belonging to the relation of strict equivalence belongs to an

equivalence relation (the strictly equivalent clusters are the equivalent). cluster pairs

(ui, uj) belonging to an equivalence relation can not belong to the relation of strict

equivalence, i.e. the equivalent clusters can not be the strictly equivalent.

For two strictly equivalent clusters (u;, u;) the following conditions are true:

1) ui and u;j hubs or both closing (u; [JU" u u; [1 U"), or both not closing (u; C/U"
uu; [ U").

2) the quantity of the arches leaving the u; hub is equal to quantity of the arches
leaving the u; hub.

3) the set of M(u;), consisting only of the symbols which are written down in tops
to which there are arches from the u; hub is equal to a set of M(u;), consisting
only of the symbols which are written down in tops to which there are arches
from the u; hub.

4) if from the u; (u;) hub the arch goes to top with a symbol x, and from it the
arch goes to the u;' (u;") hub, there is an arch which goes from the u; (u;) hub to
top with a symbol x, and from it the arch goes to the u;' (ui") hub, and hubs u;'
and uj' — are strictly equivalent.

The algorithm of definition of accessory of cluster pairs (uj, u;) to the relation of strict
equivalence is based on check of a truth of the listed above conditions. Process of
algorithm execution can be presented creation of a tree of check of strict equivalence
in which tops couples of clusters register (in a root — cluster pairs checked for strict
equivalence), and arches are noted by terminals or initial clusters. Tops of a tree under
construction are defined as internal, boundary, duplicating, terminating or
distinguishing. Boundary is the top which is a leaf and yet not processed by algorithm.
After processing this top will become or internal, having sons, or duplicating, either
terminating, or distinguishing. Duplicating is the top which is a leaf and containing
such couple of states which is at least in one of internal tops. Terminating is a top
which contains two identical knots. Distinguishing is a top which contains closing and
not closing knot.

The algorithm of check of strict equivalence of two clusters contains three stages.
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1. To construct top — a tree root, to write down in it couple of checked clusters. If
for cluster pairs which are written down in a root one of the first three
conditions of strict equivalence is false at least (see above), couple of checked
clusters is not the strictly equivalent, the end of algorithm. If the clusters
which are written down in a tree root closing and do not leave them an arch,
couple of checked clusters is the strictly equivalent, the end of algorithm.
Otherwise to consider a root boundary top and to execute clause 2.

2. So far there are boundary tops, to process them as construction as follows. Let
in the processed top cluster pairs be written down (u;, uj). For each arch
leaving the u; hub to execute the following action. If the arch goes to top with
a symbol x, and from it the arch goes to the u;' hub, to find the arch leaving the
uj, hub which goes to top with a symbol x, and the uj' hub, to which there is an
arch from this top; to create top to which to carry out the arch noted by a
symbol x, from the processed top; in the created top to write down cluster
pairs (ui', ;).

If for cluster pairs which are written down in the created top one of the first three
conditions of strict equivalence is false at least, to make this top distinguishing;
couple of checked clusters is not the strictly equivalent, the end of algorithm.

If the created top contains such cluster pairs which is at least in one of internal tops, to
make this top duplicating.

If the created top contains couple consisting of identical clusters, or steam of closing
clusters which do not leave arches, to make this top terminating.

In other cases to consider the created top boundary.

To consider the processed boundary tops internal.

3. If in a set of tops of a tree is not present distinguishing, couple of checked
clusters is the strictly equivalent, the end of algorithm.

If as a result of algorithm execution the tree in which there is no the distinguishing top
is constructed, all couples of clusters which are written down in tree tops are the
strictly equivalent. If as a result of algorithm execution the tree in which there is a
distinguishing top is constructed, all couples of clusters which are written down in
tops on the way from a root to the distinguishing top will not be the strictly
equivalent.

Let us review examples of determination of the strict equivalence of some couples of
MSC hubs represented in figure 2. In figure 3, and the tree of check of strict
equivalence of hubs 1 and 2 is presented. In it there is a distinguishing top containing
couple of hubs (5, 7) (for these clusters the third condition of strict equivalence is
false) therefore hubs 1 and 2 are not the strictly equivalent.

In fig. 3, the tree of check of strict equivalence of hubs 4 and 6 is presented. The top
containing hubs 14 and 15 — terminating (hubs 14 and 15 closing and do not leave
them an arch). In this tree there is no the distinguishing top therefore hubs 4 and 6 are
the strictly equivalent.
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Fig. 3. Check of strict equivalence of clusters

2.5 The transformations keeping strict equivalence of the modified syntactic
charts

The MSC transformation which for each initial knot does not change a set of the
chains (consisting of terminals and initial clusters), connecting initial knot with
closing, we will call the transformation keeping strict equivalence. It is natural that as
a result of realization of the MSC transformation keeping strict equivalence MSC
which defines the same language, as initial MSC will be received.

Let us consider three MSC transformations keeping strict equivalence.

First transformation.

Let in MSC R = (T, U, U', U", up, G, Fy, Fy) ui and u; hubs — initial and the strictly
equivalent. Transformation is that the u; hub is excluded from a set initial, and in all
non-terminal tops containing the u; hub, we replace it with the u; hub. If one of the u;
or uj hubs is starting, the u; hub is considered starting. It is apparent that this
transformation keeps strict equivalence.

Second transformation.

Letin MSCR = (T, U, U', U", uo, G, Fr, Fy)

U' = {uo, U,... Us,...,un} —a set of initial clusters;

the u; and u; hubs — the strictly equivalent, the u; hub — not initial;

any two initial knots are not the strictly equivalent.

Transformation is that the arches entering the ui hub will be redirected in the u; hub.
Let us prove that this transformation keeps strict equivalence.

We choose from a set of initial hubs U' randomly the us hub. For descriptive reasons
we will enter the following designations:

1) L1(us, u;) — a set of the line-ups connecting the initial us hub with the u; hub in
initial MSC.

2) L1(u;, U™) — a set of the line-ups connecting the u; hub with closing hubs U™ in
initial MSC.

3) La(us, uj, U™) — a set of the line-ups connecting the initial us hub with closing

U", corresponding to the paths passing through the u; hub in initial MSC.
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La(us, u;, U") = Li(us, ui) La(u;, U") — a set of Li(ur, u;, U") is equal to
concatenation of sets L (u, u;) Li(u;, U").

4) La(uf,, U") —a set of the line-ups connecting the initial uf hub with closing U",
corresponding to the paths which are not passing through the u; hub in initial

MSC.
5) L1(us, U") — a set of the line-ups connecting the initial uf hub with closing U"
in initial MSC.

La(uf, U™) = La(ug, ui, U™) O La(ug,, U™) = La(ug, ui) La(ui, U™) 0T Ly(ug, U™)

6) L1(us, u;) — a set of the line-ups connecting the initial us hub with the u; hub in
initial MSC.

7) Lo(us, u;) — a set of the line-ups connecting the initial us hub with the u; hub in
MSC received from initial as a result of realization of the considered
transformation (in the transformed MSC).

L2(Uf, Uj) = L1(Uf, Uj) U] L1(Uf, Ui)

8) Li(uj, U") — a set of the line-ups connecting the u; hub with closing U" in
initial MSC.

9) Lo(us, u;, U™) — a set of the line-ups connecting the initial us hub with closing
U", corresponding to the paths passing through the uj hub in the transformed
MSC.

Lo(us, uj, U™) = La(ur, uj) La(u;, U™) = (La(us, uy) O Laus, i) Li(ug, U™) =
= La(us, Uj) Ll(Uj, U™ [ La(ur, bi) |_1(Uj, u"

10)  Li(us, U™) —a set of the line-ups connecting the initial us hub with closing U™,
corresponding to the paths which are not passing through the u; hub in initial
MSC.

11)  Lo(ur, U™) — a set of the line-ups connecting the initial us hub with closing U"
in the transformed MSC.

Lao(us, U™) = La(us, uj, U™ 1 Li(ug, U™) =
= La(us, Uj) Ll(Uj, U™ 0 La(us, by) |_1(Uj, U™ 0 La(ug, U™).

For the proof of that the considered transformation keeps strict equivalence, it is
necessary to prove identity:

La(us, U™) = La(us, U™), thus

La(us, ui) La(ui, U™) O Ly(ug,, U™) =

= La(us, Uj) L1(Uj, U™ O La(us, by) L1(Uj, U™ 0 La(ug, U™).

We will carry out the proof by method of two inclusions.

1. Let us prove that Ly(us, U™) [J Lo(us, U™). This inclusion is true, if
1. La(us, ui) La(ui, U™) O Lo(ug, U™)

2. L1 (us,, U™ O Lo(us, U™).

Truth of the first condition follows from this that Li(us, ui) Li(u;, U") is included in
Lo(ur, U™) by definition of L,(us, U") and equalities of Li(u;, U") and Li(u; U") owing
to strict equivalence of the u; and u; hubs.
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Truth of the second condition follows from this that any chain of a set of L;(us,, U") is
included either in Li(us, u;) Li(uj, U™), or in Ly(us,, U™), i.e. it corresponds or to the
way passing through the uj, hub, or to the way which is not passing through the hub u;.
2. Let us prove that Lo(us, U™) [7 Li(us, U™). This inclusion is true, if

1. L1(us, u;) La(u, U™) O La(ur, U™)

2. L1(us, ui) La(uj, U™) 00 La(ug, U™)

3. L1 (us,, U™) [0 Ly(ug, U™)

Truth of the first condition follows from this that any chain of a set of Li(us, u;) La(u;,
U") included either in Li(us, u;) La(u;, U™), or in Li(us,, U™), i.e. it corresponds or to the
way passing through the u; hub, or to the way which is not passing through the u; hub.
Truth of the second condition follows from this that Lj(us, u;) La(u;, U™) is included in
L1(us, U") by definition Li(ur, U™) and equality Li(u;, U™) and L (u;, U") owing to strict
equivalence of the u; and u;.

Truth of the third condition follows from this that any chain of a set of L;(u;,, U")
included either in Li(us, uj) Li(ui, U™), or in Li(us,, U™), i.e. it corresponds or to the
way passing through the u; hub, or to the way which is not passing through the u; hub.
Both inclusions are proved, therefore the considered transformation keeps strict
equivalence.

Third transformation.

This transformation is bound to an exception of tops of MSC (clusters, terminal and
non-terminal tops), unattainable of initial clusters, i.e. tops to which there is no way
from any initial knot. Removal of such tops together with the leaving arches does not
change the language determined by MSC.

As a result of realization of the first two transformations keeping strict equivalence of
MSC new MSC in which any arch does not enter some clusters turns out. Such
clusters are unattainable from initial and therefore they can be removed. Let u — knot
which any arch does not enter; e;j — an arch which leaves a hub u and enters terminal
or non-terminal top of v; ej — an arch which leaves v top. Together with a hub u arches
of e; and ej and top of v are removed.

If as a result of realization of the actions described above MSC with clusters which
arches do not enter again turns out, to repeat operation.

2.6 The modified syntactic charts provided on the relation of strict equivalence
Let us consider that in initial MSC there are no the clusters unattainable from initial,
and there are no clusters from which closing clusters are unattainable.

Carrying out the transformations described in the section 5 over initial MSC while it
is possible, MSC in which there is no couple of the strictly equivalent clusters, the
clusters unattainable from initial, and clusters from which the closing are unattainable
will be received. We will call such MSC the strict equivalence given on the relation,
and process of receiving the given MSC — reduction of MSC. If initial MSC is not
brought, the given MSC will contain less (in comparison with initial) number of
knots, arches, terminal and non-terminal tops, and, perhaps, and smaller quantity of
coherent components. The quantity of components decreases in case in initial MSC
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there is such couple of the strictly equivalent u; and u; hubs that the u; hub belongs to
one coherent component, and the u; hub — another. Then components which possess
the u; and u; hubs, as a result of realization of transformations, "communicate” in one
in which the set of initial clusters will be equal to union of sets of initial clusters of
these components.

Process of receiving the given MSC of MSC represented in figure 2 is presented in
figure 4. Initial MSC has rather prime structure allowing to define with little effort
couples of the strictly equivalent clusters. Hubs 4 and 6 the strictly equivalent.
Carrying out transformations, we will receive MSC presented in figure 4, and. In this
MSC hubs 5 and 8 the strictly equivalent. Carrying out transformations, we will
receive MSC presented in figure 4. In the received MSC hubs 9 and 12 the strictly
equivalent. Carrying out transformations, we will receive MSC presented in figure 4,
century. In it hubs 13 and 7 are the strictly equivalent. Carrying out transformations,
we will receive MSC presented in figure 4. In this MSC there is no couple of the
strictly equivalent clusters and clusters unattainable from initial therefore it is brought.
In more visual form the given MSC is presented in figure 5. In comparison with
initial, it contains twice less clusters, one coherent component and three initial knots.
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Fig. 4. Process of receiving the given MSC
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Fig. 5. The given MSC

3. SUMMARY

The modified syntactic charts provided on the relation of strict equivalence is a
compact way of representation of the formal language and can be used for creation of
translators, efficient on memory. Application of other types of equivalence for
reduction of the size of the modified syntactic charts can be development of this work.

4. CONCLUSION

On the basis of the above it is possible to draw a conclusion that representation of the
formal language the modified syntactic chart provided on the relation of strict
equivalence is more compact, than its representation by the pseudo-determined
syntactic chart of Virt.
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