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The Context-Sensitive NCE Graph Grammar and Its Parsability

YOSHIHIRO ADACHI' and SUGURU KOBAYASHI'

Graph grammars provide a mechanism in which generation and transformation of visual
objects can be modeled in a mathematically precise way. In this paper we describe a context-
sensitive NCE graph grammar. This grammar is an extension of the well-known (context-free)
NCE graph grammar, and is flexible enough for use in formalizing the graph-syntax rules of a
wide range of visual languages. We then discuss the parsability of the context-sensitive NCE
graph grammar, that is, whether or not a derivation can be found for a given graph by the
reverse application of the grammar’s productions. Our work described in this paper is the first
attempt to formalize an NCE type of context-sensitive graph grammar, and to investigate its

parsability.
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DH'$p71HDDDDD GOoOooooooooom
003 G= XN, Y, INn,[r,S,P) 00000
00000 NCEOODODODODOGODOOODOO
0ooDoooOooooono u

Sy, = (SLIXD, Sq,= (@ .® )

Ty,= ¥} Tpp= (¥,

Pa={(pgl: [Sly; ==

@11y, |,

(P2 [Xly ®,, )}

yl

(a) WREKEN CE 7' 9 7 G,

Hg: [8] H: @ ®
p"IU Paz-IU'
@—>1X] @ X
paZU :&

Hy @ ®
(b) i © DT 5 VF

DA X D
011 0000 NCEODOOOO G,
Fig.11 Context-sensitive NCE graph grammar G, .
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Sy, = (SLIALB]. 3,,={@.®)

FNh ={o,B}, FTb= {v.8},

Py={(p,1: I8, ==

o B
@yﬁwy?{mﬂ

b

(P2 81y #= | @ AL, Bl |),

B ©xDg Yo 8
(py3: AR B, = @2-F y1 y2

@, @4 @x0))

~—

(py4: [Al, [Bl, ==

@ RN CE 75 730 Gy

B iy
pyl]) 3 ;
@ star-om) @%;%B]
3] X
Hy:
(b) Hith CIORFA AR

DA & DEF

Hy; Hs: (s)

P} 2l

H: AK%Q) B @%1a1 B
n2 ) nt{
3

Ao .t

BICO2NA P A
D) & DA
012 0000 NCEOOOOO Gy
Fig. 12 Context-sensitive NCE graph grammar Gy.

(d) EJT

O00O0H €S(G)00 Hs = Ho =, Hi =, -
=,, H,=HO0000000GOO00000000
O000H;=,+H;11<:<n0000000
oooo00ob0 H=H, =p-t Hn-1=,
:>m_1HO:HSDDDDDDDDDDDDDDDDD
00 Hs = Ho=p Hi=p, Ho= =, Ho = H
gooooo n

003000000000 0000NCEODOOO
0 000000000000D0D00000000
gboboo0oobO0oooooOo0oooooooboooooo

IR
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goodbooob0oooboooooooboooo
godobooobbooboooooooboboooo
0o0o0ob0oo0ooobooooooooooooo
ooooooo
004 G = (Sx,5r, v, Ir,S,P) 00000
00000 NCEOOOODODODOooDoooooo
0ododooOoobboooboooobobooooa
000 p=(A,B,C) e POOOOOOOD (1)0
(2)0U00O0ooooGUoOooooooOoOooo
(1) Vo € Ynur, Yva € V4, VB € I'nur, Vd €
{in, out}, (o,va,3,v,vB,d ) € C.
(2)  (o,val,p1,v,vB,d) € CA(0,v42,32,7,vB,
d) e CO000val =va2A B =20 u
000000 (1)0 (2)0000000000000
000000000 H € GReyyrrvo, 0000
0000000 p € copy(P) D000 DOH=, H
ooad H':p,,lHDDDDDDDDDDDDDDD
|:|H:p/H’DDDDDDDDDDDDDDDDDD
gboogoboobbooooobobobobbooo
|:|H'ip,,IHDDD(I)DDDDDDDDDDDD
000 (2)0o0oooUoooUoUooUooooo
00000000000 (1)0 (2)0000000 G
000000000 3000000000000 W
gooobooooboooboooooooooono
Gsigna 000 4000 (1)000 (2)000000
0O00000000000000Gsigmme OO0OOO
oooooag
0000 NCEODOOODOOOOoooooooo
000o00doooooooOdonD PARSEOO 13
000000000 oo00oUooooOoo H e S
gooooodo H,OOODO 400000000
go00ooo0ooobooboobOoo 20000000
0o0Doo0oooo NCEOODOOoOoOoOoooooo
Oo0oooooboboOoooOoboooboooobooon
0 J000000000 HeSdUOUDOODOHLDO
0000000000000000 ¢ € copy(P) O
H:>p,,1H'DD[ID H'ﬁp,HDDDDDDDDD
gdodooobooboooobooobbobooo
000 Sd+1]00000000000O000DO0ODOO
0000o00ooooo NCEDOOOoOooooono
doooobooooooboOoooboooooog d
0 Hge SdOUOUOOOOOODOOOOOOOOO
oood Hﬁp,,lH/DDDDDDDDDDDDDD
goooooo Hlép,HDDDDDDDD HOO
Jdo0obo0d000o0DoOoobOoobooboboooa
Jgo0oo0oOO0obO0o0oOoo0obOoobDooboooooon
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PARSE{
input
G=(EN,%7,I'n,I7,S,P): 0000 NCEOOOOO
H,;,: 0000000
output
“valid” or “invalid” : 0000000000000
variable
S[]:000000000
d: 00000000000

Smap + 0 (pB,T‘hS(p/B)) DDDDP/B € copy(pB)
method
0ooo H;, 000 LOODOOODO ;
d—0;
Sld] — {Hn} ;
while {
if S[d] = ¢ then
output(“invalid”) and exit ;
Sld+1] — ¢ ;
for S[d] 0000000000 H do {
Smap — 3
< Ip’ = (A',B’,C’) € copy(P), )
while B’0 HOODOOOOOOO do {
(p,7hs(p")) & Smap
Hép,le';
H/:>p,H”;
if H” = H then {
H'0D p 000000 ;
HOODOOODOOOOOO H' 00oooooo
000oooooo
Sld+1] « S[d+1]uU{H'} ;
}
Smap <~ Smap U {(p, rhs(p/))} H
¥
¥
d—d+1;
if (0000000 HgD S[d 00000 ) then {
output(“valid”);
Hg O0OOOOODOOOOOOOOO0OOO LOoOoooooo
goooooo0oo0o0oOooooooooooooon
exit ;

013 000000 O00OooOoooOooOoDooOooooooDoo
PARSE

Fig.13 Parsing algorithm PARSE in a bottom-up and
breadth-first manner.

cooooooooobO0o0 H,,O0OOOOODOO
goooooobo 1000000

001 000000 PARSEQOOOOOOOO
O000000O0O00O0000000000 NCED
oooobooooboobobooobbbbbooogoo
OO0oooDooogooooo walid 00000
ooo0ooooooooooooooboooobooboooD
oooooboOooOooooooObO0ob0D0O ‘invalid’ O
goooooooo u

5. o o0ooOoan

ooobooooooooooooboooooan
0Do0oo0O0O0000000000 NCEDOOO
goooooooooooooboooooooboo
gooobobooooobooboooboobooboooooon
OO00o0ooooopoooooobo NCEODODOOO

gooOo NCEOOOOOOOOOOoOooooo 51

000000000000000000000000
000000000000000000000000
oooooootoo

0000000 NCEOOODODOOODODOOO0OO0O
000000000000000000000000
00000000000 D0O0D00000000000n
o0¥®oooooooD0O00O00 NCEDDODOO
000000000000000000000000
000 PARSEODOOOOOOOOOOOOODOO
011)000000000000000000000
000000000000000000000000
000000000000000000000

00 00000000000000000000

ooooboooooooooooooobooooooo
oboooooooooooooooOoboOooboooo

oobooooooobo 1200000000000
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