Syntactic Editing of Tabular Forms
by Attribute edNCE Graph Grammars

Abstract Tabular forms such as program specification
forms [8] are naturally formalized by the attribute graphs
[8], in which the attribute denotes locations of items and
while the edge labels denotes relations between items.
Documents of the tabular forms are represented by graph
grammars (e.g., see [8]). Accordingly, a syntactic formal-
ization of document editing provides the foundation for
mechanical documentation. In this paper, first, we for-
malize syntax directed editing methods by extension of
the notion of Cornell Program Synthesizer[2] to attribute
edNCE graph grammars (cf.[4]). Next, we show the valid-
ity of our definition for editing a process under HNGG [8]
using the confluence of HNGG.

Keywords Visual Programming, Software Develop-
ment, Graph Grammars, Syntax Directed Editors

1 Introduction

Mechanical editing of tabular forms is one of the important
issues in the software engineering methodology. The Cor-
nell Program Synthesizer (CPS) is well-known and is of-
ten referred to as a structured and text-based editor which
uses an attribute grammar successfully [2]. Tabular forms
are represented by several different models (e.g., Pane rep-
resents them by [7]).

In this paper, we consider a programming documenta-
tion Hiform as an example of the tabular forms. Hiform
document is a collection of 17 types of the tabular forms
and includes all items defined in the guideline in ISO6592
[3],[6]. Those tabular forms are represented by graphs.
Fig.1 illustrates a Hiform document and its correspond-
ing graph. This graph is decided as follows: (1) A node
label of graph shows an item of a tabular form. (2) An
edge label shows relations between items. A mechanical
processing of tabular forms supposed to be realized effec-
tively by syntactic manipulation of graphs. In [8], the
inner structure of each form in Hiform is defined by an
attribute edNCE graph grammar.

The purpose of this paper is to exetend CPS mechanism
to graph using results in [4][8] and to formalize a syntac-
tic editing mechanism for graphs. Definition is made as to
insertion and deletion in HNGG [8] so that two manipula-
tions are validly executed by the confluence[6] of HNGG.

In Section 2, preliminary definitions are given. In Sec-
tion 3, a formal definition for editing mechanisms are
given, using composite production instance [4]. And we
also show the validity of our definition using confluency
of HNGG. Section 4, we investigate editor commands on
HTGG. Section b5 is devoted for concluding remarks.
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Figure 1: Tabular form in Hiform document and its cor-
responding graph

2 Preliminaries

We review an attribute edNCE graph grammar [8]. Tt is to
be noted that the edNCE graph grammar allows for new
edges to be established only between neighbouring nodes
and embedded nodes as specified by connection instruc-
tions in the embedding process.

2.1 Attribute edNCE Graph Grammars

[8]

We review an attribute graph grammar for the mechanical
drawing. An attribute NCE graph grammar is as follows.

Definition [8] An attribute edNCE Graph Grammar is a
J-tuple AGG =< G, Att, F' > where

()G = (X,A,T,Q,P,S) is context-free edNCE graph
grammar[6], called an underlying graph grammar of AGG.
Each production p in P is denoted by p : X — (D, ().
Lab(D) denotes the set of all occurrences of the node sym-
bols labeling the nodes in the graph D.

(2) Each node symbol ¥ € ¥ of G has two disjoint fi-
nite sets Inh(Y) and Syn(Y) of inherited and synthe-
sized attributes, respectively. We denote the set of all
attributes of nonterminal node symbols Y by At (Y) =
Inh(Y) U Syn(Y). Att = Uy oy Att(Y) is called the set
of attributes of AGG. We assume that Inh(S) = ¢. An
attribute a of Y is denoted by a(Y'), and a set of possible
values for a is denoted by V(a).

(3) Associated with each production p : Xy = (D,C) € P,
there exists a set F), of semantic rules which define all
the attributes in Syn(Xg) U UYELab(D) Inh(Y). A se-
mantic rule defining an attribute ag(X;q) has the form



a0(Xio) = F(ar(Xer), -+ am(Xim)), 0 < iy < |Lab(D)],
Xi; € Lab(D), 0 < j < m. Here |Lab(D)| denotes the
cardinality of the set Lab(D), and f is a mapping from
V(a1 (Xs1) X -+ X am (X5,,)) into V(ag(X;p)). In this sit-
uation, we say that ag(X;y) depends on a;(X;;) for j,
0<j<minp. Theset FF = UpEP Iy, is called the set of
semantic rules of AGG.
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2.2 Compositions of Production Copies[4]

The composite representation of the production copies of
an edNCE graph grammar is a theoretical and practical
method for representing the graph-rewriting rules for em-
bedding sub-graphs of desired structures into a graph.

Definition[4] Let G = (X,A,T,Q,P,S) be an edNCE
graph grammar. Let p; X, = (D,Ch) (D1 =
(VDI,EDI,ADI)) and P Xy — (DQ,CQ) (Xz =
Ap, (u), D2 = (Vp,, Ep,,Ap,)) be production copies of .
If w C Vp,, then a composite production copy (with a con-
nection relation) p : X; — (D, C) is defined as follows:

D is a graph as Vp = {Vp, — {u}} U Vp, about nodes.

C = {(0,6/,0,d) € 1w € Vp, — {u}}
U{(e,8/6,y,d)| 3y €T, (0,3/7,u,d) € C1,(0,7/d,y,d) €
Ca}

The composite production copy p composed by p; and ps,
and denoted by p1 o pa.

O

The composite production copy p; o po is also called de-
finable in this case.

2.3 Confluence Property [6]

In general, the resulting graph of derivation based on an
edNCE graph grammar depends on the order by which the
production copies were applied.

The confluence property guarantees that the result of
a derivation shall not depend on the order of the left ap-
plications of the production copies. Confluence is a very
important property because it guarantees the validity of
the left application of the composite production copies.

Definition [6] An edNCE graph grammar G = (X, A, T,
Q, P,S) is dynamically confluent if the following holds for
every sentential form H of G:

if H =uy,p1 Hy S us,pa His and H = us,pa Hs =uq,p1 Hoq
(p1,p2 € P) are (creative) derivation of G with uy, us €
VH and U1 ;é Ua, thenH12 = H21.

|

2.4 HNGG [8][9]

In this section, we consider an attribute edNCE graph
grammar. The grammar is called Hiform Nested Graph
Grammar (HNGG). HNGG = < Gy, Ay, Fy > that
generates nested tabular forms called Hiform form. The

following Fig.2 illustrates productions of HNGG.
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Figure 2: Productions with semantic rules of HNGG

3 Editing of Nested Tabular Form

In this section, we deal with a formal definition for editing
manipulation using production instance of HNGG, and we
also show the validity of our definition using confluency of

HNGG.

3.1 Production Instance

We introduce editing manipulations in latter part. The
editing manipulations are exactly defined by production
instance as follows. In this part, we introduce production
instance.

A production instance (“instance” for short) is a 3-tuple
(w,pi, Hy,), where

1. w € Vp,_, 1s a node removed during the derivation
D;_4 =ps D;.

2. pi: Xp, — (Hp,, Cp,) € P is a production.

3. H,, is an embedded graph isomorphic to H,, during
D;_4 =ps D;.

We denote D;_; g;: D; if D;_q 1s directly derived D;
by applying the instance (w,p;, H},,).
If there is a production sequence p = (p1,---,pn) and
instance (w;,p;, H},) for each production p;, an instance
sequence is asequence of ((wy,p1, H},), -+, (wWn,Pn, H, ).

3.2 Syntactic Insertion

In this part, we define the syntactic insertion, and denote
the flow of insertion manipulation. This manipulation is
based on HNGG. Syntax directed editing is executed by
sequences of production instances.

7
lePl

Definition For an derivation sequence Dy =p,

wz—lH;,l_l wH'l wz+1H;;l+1 wnH'n
Zpon Dicn =y D =0 o =) Do (p
Xp, = (Hp,;,Gp,), 1 < j < n), we say that ¢ is in-

sertable (for p;) if there is an instance (w,q, ;) (g



wH!
X, — (Hy,Cy) € Py) such that D;_ 1:>;Q and if there

i

1s a derivation sequence such that D;_; :q Q :p’ D

’+1HP1+1 C‘)"Hpn
/ 1 1
pera o = Dl if a production

g Xq = (Hy,Cy) is msertable for p;, and any instance
sequence applicable to D; can be applied to D, then ¢ is
strictly insertable (for p;).

Furthermore,

|

Inserting some instances into an instance sequence bring
a new item into existence. That is, they correspond to a
manipulation to insert a new item into a permissible place
in a Hiform document.

Definition In the same manner as the editing by the in-
stance for a production, we can further define insertable
by composite production copy.

|

Definition A graph H' is obtained by syntactic insertion
of a graph A at an edge # in a graph H.

1. A composite production copy ¢ for the graph A and
the edge z exists.

2. There exists an instance sequence %, for ¢ and an in-
stance sequence iy for H. An instance sequence S is ob-
tained by insertion of ¢, into .

3. The graph H’ is derived by the S.

Proposition Let H be the graph obtained from G by thEe[
insertion of nodes a and b at an edge x and an edge y
respectively in this order, in HNGG. Let H’ be the graph
obtained from G by the insertion of nodes b and a at the
edge y and the edge x respectively in this order, in HNGG.
Then, H = H'.

|

3.3 Syntactic Addition

In this part, we define the syntactic addition, and denote
the addition manipulation. This manipulation is based on

HNGG.

o, . . le,
Definition For an derivation sequence Dy :>p1
wi—1 H, wH! wigr1 H), wa H!

i—1 Py Pit1 ndly

picn Dict =p) Di =py :>pn Dy (p;

Xp, = (Hyp,,Cyp,;),1 < j < n), wesay that q is addable (for
pi) if there is an instance (w,q, H}) (¢ : Xy = (Hy,Cy) €
Py, Hq = (VH;,EH;,/\H;)) which satisfies the follovving

1. There is an instance (w, ¢, ;) such that D; 4 :>qQ and

a derivation sequence such that D;_; :>q Q :>p11’++11 Diy

witeH, itz wnlly, D
Pit2 Pn n-
2. (a) Xg =X,

(b) Vi, = Vi, +{u}

(c) If f and g are isomorphic mappings such that
f:Va, —Vn,
95 Viry, +70) = Vit
then (0, 3/, y,d) = (0,8/%.9(y). d)
|

Adding some instances into an instance sequence bring a
new item into existence. That is, they correspond to a
manipulation to add a new item into a permissible place
in a Hiform document.

Definition In the same manner as the editing by the in-
stance for a production, we can further define addable by
composite production copies.

|

Definition A graph H' is obtained by syntactic addition
of a graph A in a graph H.

1. A composite production copy ¢ for the graph A exists.
2. There exists an instance ¢, for ¢ and an instance se-
quence iy for H. An instance sequence S is obtained by
addition of 4, into an instance sequence iz .

3. The graph H’ is derived by the S.

3.4 Syntactic Deletion of Item

We define here the deletion of inner most item in the form,
that is a leaf node of the marked tree.

le wkH
Definition For a derivation sequence Dy =, - -- :>pk
wH' wzH Wy I')n
F =, D, :>pl - =p " Dy, let a graph D, be the first

graph of the instance sequence in which a node u € Vp,
is brought into existence and the node u is not rewritten
by any production after that.

A production p : X, — (H,,C,) € Py such that H,
(Va,, En,, Am, ) is deletable if one of the following Assump-
tions 1 — 3 is met.

<Assumption 1>: For p € Py, there exists a produc-

tion p/ : X0 — (Hp,Cp) € Py such that H, =
(VH o Eu Al ,) which satisfies the followings.

1. X =X,

2. Vg, = VH;’: — {u}

3. If f and ¢ are isomorphic mappings such that

f: VH;’: — VHp , g VH,,—{f(u)} — VHp”

then (o, 8/v,y,d) = (o,8/7,9(y), d)
<Assumption 2>: Vg, = {u,v}, X, = /\H;(v)
<Assumption 3>: w; & H)l < j<n

|

The deletion of an instance (w, p, p) from an instance se-
quence ((wi,p1, H,,) -, (Wn,pn, H, )) matches pruning
or replacement of a derivation tree.

Definition A graph H' is obtained by syntactic deletion
of a node A from a graph H.

def

1. A production ¢ having a node A on the right hand side
exists.

2. Let ¢y is an instance sequence for H. Let i, is an
instance for ¢ The ¢, is deletable in i7. An instance se-



quence S is obtained by deletion of ¢, from 7.

3. The graph H’ is derived by the S.

Proposition Let H be the graph obtaind from G by thEe[
deletion of nodes a and b in this ouder, in HNGG. Let H’
be the graph obtaind from G by the deletion of nodes b
and a in this order, in HNGG. Then, H = H'.

|

4 Editing of Tessellation Tabular

Forms
4.1 Tessellation Tabular Forms [§]
We introduce tessellation tabular forms based on

a context-sensitive attribute edNCE graph grammar
HTGG = < Gp,Ar, Fr >. Underlying graph gram-
mar Gr = (7, Ap,T'r,Qp, Pr,Sr) is context-sensitive
edNCE graph grammar. Tessellation tabular forms have
relations in every direction between the items. The fol-
lowing Fig.4 illustrates productions of tessellation tabular
form.
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Fig.4 Productions of HTGG

4.2 Editor Commands of Tessellation
Tabular Form

7 7
wi H Py w1 H

.. Pi—1 wH'y,
Definition Let Dy =, =p, Dicn =) Dy
Wz+1HIP,+1 wnH'p

Zpiqr pn Dn (pj = Xp; — (Dpj’cpj)’l <

J < n) be a derivation sequence such that « € D, is a
head node of a selected line and D; is a graph in which
x appears for the first time. ¢ is insertable for p; if (1)
there is a production sequence ¢ = (g1 - ¢m) such that

7
wH'y

Di_1 =4 @ and a derivation sequence such that D;_;
wH'y  wiH', wit1H' p W H’

i i it1 nH'py L.
=q¢ Q =p," D'i =pp - =" D', and (2) it is

possible to apply any derivation sequences for D;, then it is
also possible to apply them for D’;. Insertion is similarly
defined as in HNGG.

O

Definition It prepares ¢ = (p17a Pis, (p19a pzo)k,
P21, P22, P14, Pls, Pis) as the insertion command.

|

5 Conclusion

We proposed editing method for tabular forms, based on
attribute edNCE graph grammar of tabular forms with a
homogenous cell size. Our editing method also includes at-
tribute rules for mechanical drawing. By using this editing
method, we can exactly edit valid tabular forms defined
by NCE graph grammar.

Furthermore we are now developing a tabular form ed-
itor system by using this approach.
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