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Abstract: This paper proposes an edge-based context-sensitive graph grammar formalism with a concentration on
solving the main graph grammar problem—embedding problem, and discusses the features of the proposed graph
grammar and its parsing algorithm. Some comparisons of the proposed graph grammars with other existing
grammars are given. Further researches on graph grammars are also reviewed.
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e 1R B 43 A T i N B 2 2 H T A P AR AT LT SO G [ S0 R L R A 3 0 A 7 AR ) 7R e 40 A
52— L E I G IR T e AT ) — okt B 96 2R AR i R FH 3K — X I8 56 3 00 S LRS84 40 R R N — SIS o
XN N ) 0 AR A PR AE A B R S A LGG 3k X B T 2 S ) I A7 AE T 7 AR 5 g ) — e 4
FL.RGG Ny LT ME 45 mi 546, 51N T B A FRIE (mark) ¥ 78 3%, B2 sk S0k v = A = o 0 %6 o6 35 2 B A AH
[ A A P T et 3 A o S92 8 R P ] o — 28 5 2 TR0 I DG B AR e T RN 1) L BE R AE A E — SR R 2 b LGG ¥
FT A 10 L S0 A N 7 A 3 A A 7 2R ) 4 R LR S Y 5 A TR T I AN TR ) LT S 4 A
AR A [ 077 A A e AT 238, D e S g 55— b T Ses ol B b s SC— 4 A 2 4 S 80 A4 R
HARK.LGG 5 AN B EC T AT 7E— @ PR R LAl e i) 38 (H AR AR 218 O B2 S A 7= A 2 2R IA IR S BT il
B (1) 30 T R 5 AR T A AR KT X AN B AR AR L A X — )L [R) I L GG s H I A A vk 0 &= 2k bk
AR A SE B ) P AR AN LAY L RGG 1 T 5 SCIRT 00 &5 5 1) 465 K0, 8] I 5 I AR 08, 5 6 2 £ 76 1 T
IR —3CVE N B AT AR 3 ) 75 B e — R SO I B L 3 il RGG 2 U I — S e sk R v B 2 7 el 152
KUJZ G5 55 DA QAT 55 328 3012 45 05 1 R0 3d 43 TIE 31 45 AN /N G5 05 55 ) R

ASCHEH T — Pk T30 i T8 XAk 5 2k e R SCHR 56 B Sk B8 EGG(edged graph grammar). 42 H
EGG TEAAAEL M H R 52— ik AN A AR B R 1 LT g GE R MR E 0w KA BT
SCHE SR R FRATTIA N IR 52 SR SCVA S SRR 8 v TR LB, oA A T B 2B 6 B Sk B R K T
51.EGG k22 T LGG Fll RGG 7 /= A= 2\ P iy 8 S — 28 [ (1) 70 22, 1R FH A 88 0 28 37 00 I 56 2 R il e fik N (1) 4
1) SRR X b oG 38 A FH 3 (45 40 i L) T e 25 7 3 1) — i 1) T S 45 A (O UM R ) WA R SCHR AT 40, 2 /T
A NAE B SO el a2k Kb B ) B, i HRGGER 122 724 1 S0 1) (AN Star Grammar™ 7 e 7 — S8 AL ) T4 AH X 5
b SCY8 AN A 20 P 4 0 2 ) 90T 0 5 2 K At ke ) S T i PR N 1] AL, g LB AT 1 = A X e i A o R 2
PL—AN R L2 i b rbCo 119, DRI AN 2 ML 280 () 17 SCAH G 8 30

X LTR ) bR SOA 55 B S0 LGG Rl RGG T 5, EGG 7o Ik T AT A7 48 1 — S84 2 JRBL I T — S8 471
FEPES LGG A bb, XM 5L 00 1) b SO O B S0k Ik = A 2 4 W B In fiaf B, 38 /4 25 T R0 TR S0 &S i AN
JH 308 P54 ] gk 2D = A S AR i L 2 s T 1 AR X AR B K (selection-free)” 4% 44 i 5t m LA AL FH AN 7
L4 (1139 () SFPA (sel ection-free parsing al gorithm) 3511 3 — 5032 (19 5 28 1k 2L 22 TR 24 1), LE LGG 45 i i 2
ek Fe SR M o TR 2 5 RGG ML, BT 4t (1 B 1 G5 M AT AR e — B U £ 1) A 3 —
SCFNT B HEAT A3 AT RS S B SN 7 A8 . DU, T AN W B EAT B K B e S 4, 5 LGG Rl RGG #8AN ] EGG
TEARAE T2 2 AT A 25 X — 1) 80 IR0 T 0 S = 20 302 2% 16 o 2 T2 s el 7= A =X 4 00 B ) B8 o o0 W A o
WA X —J5 A SCE B 5y T 3R, 55— D5 A A5 7 A K g T i o it — D Sk e vk F Bk FT R T &4

LRI SCWIERE g5 28 T3 1 B S0 TE A HESE B 46 EGG M X 5 EGG AR 3C
EEAE E X EGG 1B T IE A5 JF Bitie EGG MAFHE .28 2 W44 H EGG 1B F MIHL /i 28 3 W& &
HARSHIX EGG 5 T SCVEHAT LA, R ZE IR N G2 LGG Fl RGGAS 4 17 &4 3L A &5 I 48 A 5 IIF A
J7 1.

1 ETam ETXEXEERRLELR

11 BEXEX

TEXT P SCAEREAT TE A T8 SCIRE I8 35 2 R AR AR AT 5B .LGG 1 RGG ¥t 4% 30 th % I IX — 7 ikt
AT AR R () 8 AT AT IR A SCHE 1 1R b SR 50 1 303202 A5 2 1 D 7 A= X o R 6 B T 26 38 W B R 3OS
BT S — B 7R SCOEI I T e NE S BT 1 B R 48 — o WA % B 45 i B A S
FR R IR IR BN — R0 SO B ) BT e Aty A R R R R R LT T8 H AR DR I TR Ak e X

EX 11 G=(V,Elst)@in T4 L Lit— ALV 2B 045 4R, 285 4R Ve FIEZ 4 5T4E Vi 6
Iy GE 2 B AR Vo L2 B h 45 SR 5 B FR T AN 4 SR 5 S E-V I EE-V Al FEEE T I’
B — 4L I SR 28 05
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H 7RI, BATH S G.V,G.E,G.,G.s Al G.t 735l 7R — AN B HI AN 5B 40, T 58 SCER R A X —d k.
8 1L 4 R AN R SO 1 P A B R P v 1) & A AT b ﬂ?ﬁ?ﬁﬁﬁﬁ/ﬁfrﬁﬁﬁ T E SR
A LAE A BT .

EX 1.2 Q=(V,EM,Ist,m) FrfER S8 L ER— AL B 0V Rl g i 4E, 445 54 vy
FHRL 4 4 Vi PR G B R0 B 0 4E, & L o B L4 E AR RILME E E X4 Wil MR il % E fL
ﬁ%@% E W00, 1 5 43 AR s BT 45 58 AL AN 28 2 B R E I M e B i P v & bﬂﬁhiﬂ%;l:v—m

25 bR S BB S (E+E) 5V Mt (E+E) -V 2 I &5 s B & S B8, m:E o M2 — AN 08U FR1E
%@l’%lﬂﬁfmm;ﬂz.

7552 X 1.2 W kA E AV A4 BRI 5 2 M DG AR IE A M AR 2 2 4 T b 10 bR R mAS A SR
B L HEIR B AT LA R 2 1.2 H I 00 B I — AR SO AR SRR S i B e 38 D PR AR AN
oI 1) PR 3 R T o Ak A P R AN A ek 3 1) TR TR A AN R S e AR N 3 ) T R AR I 2 AR R A
Xt T A ki P AR e ) R AR 2 JE 1 B R E e I AZ R AE K(Q). AT 5 B AT SR IR I 45 RURR A i
PR 1) DG I 45 05 6 AR AN PR 45 A 4 LA A A R 30 B A SRR A (R QIR 12 A droue(V), BT droue(V)=
{e| e E A s(@) =\}; 4 LU o £ s BRI 10 A KRR A 1 DGR BE, TR dhin(V), B0 (V) = (€ [€ € EAt(E) =
V. Ak T IR T A e B AT ORIBR IR & R DG IBE H BE R OGIBE N BE I O 0.7 b il SCI kAt b, R
oy HIEF 1 B Sk e A s s X

EX 1.3, AN EILE QR Qrillid fF5 =" E R 15 BB A Qui=Qr I — AN & — A=A, JL
QL-M=Qr.M.QL A1 Qg 73 IARAE = Az 3 ¥ A ity FH AT oy A5 ) B, 77 2 3190 20 ity A 0T DA STV 9 0 s TR e ] 7 4 X
P19 A7 Bty 0 200 AN i A i 1 )

Wk 1 s R — 41 A

@ A = [beginj—{ stat |—{ end |
@ —1Sdb2s = —io{asgn 2o
A st N
(@ —i1o ga 2 = —19fokK _ 4 join -2
@ —{sa 2> = —Iofsa -] dat -2
— 1 5 -2 —1 snd F2
©) =
—-¥ et |4 - =
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(6 —1staf—2—= = —1if endif -2
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Fig.1 A set of EGG productions
K1 —4 EGG =45

P AR F R R AT A e 3 T A 480 5 LT (9 4 At 3L b R e B RE AR I S 2 — IR A T
ST U, 7E P AN B () 45 R RN 2 B AR —— 0 W06 2R 60 Y 45 i LA AR TR R 5, I HLO6F I3 P A e Rty 48 2 2
X R 4 i B e R

EX 14, XA E G=(V,E | st)Fl G'= (V' EI'S,t") KUt WRAEE PR hv:V >V Fil he 1 E & E i 2
NP AT R G A G R, idE G =G

eVveV I'(hv(V)) =1(V);

e Vee E:S'(he(e)) = hv(s(e)) A Vee E:t'(he(e)) = hv(t(e)) .

7E B SCsE T, 7 B E SO BRSBTS R BB T Bk gl s L b 20 R B R R A BN T A —
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AN GAF U SR P AN G5 A B A 7 TP S v TR AR I A S R i A T R S

EX 1.5 G=(V,E | ,st)2&—"E WmRE G =V, E,l,s.t) i & &40 At G #AE G 11 E:

oV, cV AVve V(I (V) =1(V));

o E ={e|lee EAns(e)e V, ant(e)e V}} A Vee E (s(€) =s(e) At (e) =t(€)).

UEBS T Vo RS A VB MK S, U R M 4 S BRI I AR do(V), B
dou(V) =[{€]s(€) =V At(€) e V —Vi}|; LA\~ Pl S 1 4 i 3 432 1 122 4 0 (¥ 30 BB A & (RSB JEE A dlin(v), B
dn(v) =[{eft(@ =vas(e)eV -V}|. 3 G WA ML Vo A V-Vy EIIARRAE Gy & G IRbRIL, LN
E(G)\G).
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I H AR o IR A e o T TR RIS I AL E S i B IE G &t — 48 # ] LIRS G il /E G = G
W G 25t n B AR (n<0) FT LAA3 3 G AT G = *G. 0 T X 2304 5 R0 I £ ZEH#E 5 N X AN 4553848 >
s = HL X AT Sl VE o Rl —* 8 2 i A R B 1857 A SO0 4h AT 4 5 1) 2.

12 BTy ETCHEKESGEHE X FER

TEA T WRT TR 1A 8 L 5 i vl DA T3 6 007 EGG B Ho 7 AR 138 5 AT 5 X

EX 1.8, —4 EGG & —MUITH (A TN,P). I A SCVEIIHILA BT A1 N 43 5l 2 4 4 bn 5 SR RN AR & 4 o
GEWNEMIETON B SE LP EOENHERXE M E IS4 p=Qu:=Qg, & 5 T & &
X 1.3 (T B SR, A 2 00 R T 41

(1) QU Qribr5 AL IZE Q BT 4,

(2) QL<Qg. I <" & SUI R P /N1 B2 (R DG &R Bk 58 nF:

Q<Q & (QVKIQVDVAIQVHQV [AIQV; KIQV; DV (IQV HQV [AIQV; FIQV, [A|QEKQ.E.

EX 1.9. WHRATN,P)E—D EGGINIHK {G| A *GA |GV, = 0 Fr1E EGG & X ik 5.



RS F—A A T8 BT XA A B SR XALAER 1897

Fig.2 A graph derivation process using EGG
K2 —AH EGG 3B 1yl 7

B SCE AN AT LU R 8 SCIE I 35, 1 EL3 2 X B 1R AT 23 B R A i, = B2 8 — AN DR B T 45 8 B
VR BT 8 US55 gl 2 AR A5 Sk 1 77 A 2l 1o o) i & TR AT U 24 S 80 5 . an R — AN TR T LA 2 B0 4 Pl it
XA P T B S0y SCRIRE 5 IR 2 3 e N & B S v SUIIE S X — A EGG & B K. N TH
X REATIE W,

3| 1.1 X T EGCGUARGHG 4G —-G.

AR EE G AR =4 Qu=Qr I THE S E1H 3] G X MM B A X A% T G ki, i Qrig#t
NIRRTl — 8 5 Qg MR IR HL), LA R &5 i AE G/ IR T8 B GRSl N JE) 576 Qr I OCIE H &
(ORIBEN B2 ) 2 AH S5 1K) Al 2 0, 2 B G AR T Q19— AN B, BB e vl DL A2 50 Qui=Qr X G'#EATIH 4.
B RN 7 VR AL S AR S8 i R AR B — e 2 B G E GT— G fRHIE. O

13 1.2. X T EGGUIRG -G, BAGH G

TERY 5 5] 2.1 KIIE A 2R

FHE 1.1 HATNP)ZE D EGGHIE A *G, B4 G >*A.

Wl A *G W AIMFEE — MESHEEUN T AL G - G, G .G, G H5HE 1 w4, g
U ERIK G>G,,>.>G—>G, > G —G. T, Go>*ATRE. O

FE 1.2, HATNP)E D EGGHIRE G -*A 4 A *G.

TER S H 1.1 I B 2L

RTUE BT — A B R B SRR A T R % B AT DL YA 2 B SO I A TR R A BRI TR I W %
TR —AE LA E L ERE T EGG & LINiES.

EE 1.3, 48 — MR EGGRHEE — /MR vT LU HOE 5 8 T ¥ SOERE 5.

TIE A3 6 P S v U S R A 0 T o B DAIE A 5 G 4 AT R LA R SOV M 4 Lk G REAT A
25,/ A3 W N4 G H H,, o H L H G - H H 5 H L (A<i<n=1), H H, OARREGRSHTIH L)
EGG X 7= A= 2 1 BRI 4% 11 2 W] 401,357 81 AR 2 — T0UAS 23 T UL 240 15 2810 6 10 0 e — ot gt A2 e, A o tH AT A6
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RO B [ I H T2 90 AT T R <" 223 B, T ) G &5 B, 8 i B AL A B AR D e I 2y ik
FEA W AEA B A 58 R i TR — 2 A9 BRI A BRI, mT RE A Pl A the 2 A7 B A, DR b — 2 BE 8 57 2% Hh P A7
AP H1. BT L i RAE XS e S B i 25 B R B8 T RIS G s Tz B S0 AR i & A 0,
VO AR T B S0k AR AR O

2 BT ETXHEXEXERIAN

b= PR B B, T DL Y 28 B U 2 B A ok ) AN R B T4 e B SOVE T PR AR R
7E AR ERAE I AT DL R I8 20 IR

1 VAP o B A R AN Wt e 2 i 1] o R B G 3EAT V2, — T 30 AN 20 2 5 B 0 B R L i) A 1

B 1) STV A B0 i 1 e T B S0 AR S A e SE R R ), N D IR 2,

2. %20 B ) AR 20 AR5 SR O A ) B, D SR RS 20 1 T A D 4k 45 1 i (el B B0 T AR E) 5y
AR AR R 1 A 228 Bl B0 i 1R, L JIG Y T B T 0 A, DU g B A A 8 T I S AR R L )
SE S A N FE R R I B 2 Ja e N DR 3.

3. DI 2 A8 £ 3 i B 2 P R AT AR 4, 1 USRI 15 3] 1 R A AT P I L iR R R R
WrBE AT 15 29, B F-AS 2 B 1k b i 25 15 3 SR IR 46 B 3 B i T B Sk = AR s S A e
SEHE AT N D IR 2,

R X —5EmT LA e — AN R S B T4 2 B S0k B — Sk i R s e v AR R i DL T i o R
FTA T RE A RE 58 KA E AE RGG SCiET 51N T SFPA 91 3 — U 249 5309 AN 75 0 47 [0 ), - A o Ay >4 i
Pl TR AR AT 5 e, B BN RE 4K 42 T 22 o4 1R B AT A g e U, U AT LR 3D IR AR 10 Rk £
BT B Ud B 45 e W T B S0 = AR T 5 A ) e B &5 o B AN JE T B ST 7 AR IS S R 2 ) e AR AE
LANEET

SFPA S0 (48 47 4R 10, SCER[12] R 45 1 T RGG S0 iEAf I — S0k 0 4 F AT 15T 5 EGG S0k
KX — & MAT TS,

TE X 2.1. P jt—A EGG 7= A4 N4, W SR H TR AN 7= A2 5K py B po, X EATT A i Qq FH Qq AT — A
B QM LB QA Qu R Q IR, A Je T py i I po X Q HEAT AR AN SE F py J5 FH po X Q HEAT AR M,
B R AR LB 9Q,,Q,, Q4. Qe (Q =™ Q, 52 Qu AQ =2 Q, =™ Qu AQ,, = Q). SEl FrsCid iy 7= A4 U &
SEIRBETC L.

ke Rl A S T2 W CHR[12]. LB — A EGG ik i 7= AR aC ARl 2 e - T0 0% 451 3t T LA A
SFPA 803 T K K BRAR T IHA I R 24 M AR FRATE B )X — &0 EGG Sk vl FR il o, HL 3= 2 iR AE T,
EGG 3y ml B4y H I 3 B b 1 — AN B R A D JUASAS () B A ) 4 . — D BAT 1K 10 EGG SUIER R [
VALY SE A 22 M J7 705, B AT 22 5501 0 T i SR FH s [0 1 05 4 B

3 SEANEMILR

2 B P SRR T 253U A R LA A #3225 S 2L N R U R A e bk N i) R, 1T A1 0 8 A R )
2 sl B R BT SR R R DA AR IE SO B, 55 5 I N JE A T VA IR 00 2 A A2 1R . EGG AR —
Fobt BT SO O B S0, P TR AR 320 SR s b STAR I A Ay 7 S 16 i N DU SR At e 32 1D 24 o T 7 7
IR ) AL G 1A B 2 v SO AR FE A IR IR R

£ HRGU AT StarGrammart™ e (5 [ 12 S fif o B S o 0 — 48 30 AH 38 00 7 A A 3 2 e — () — A3
284 N L35 4 TR 5 LAt 45 R 2 (1 i Ay 2 3 S g 3K 2 A4 X 2 ) 5 5 e T AN 3, 1 AR AS
PR AE 7 A A S (4 — A 45 R IR 22 25T K IR i o I A a2 i U5 DA — A 46 0 R B A
AR 2 R TR I iy N 0 A e DRI G S A AR Jd R, i L S B RN IR R 60 ) A1 A s 3 0 R 2R

EGG 55 LGG M RGG 17 1# 2 AR Z Ak e AT A A ™ A 3R 1A s JCE 17— S5 12 14 P ) oo 38 i e X 24
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B 2 I RS O G R R A AR AR N 1) . 5 7 e SR AN [ (902 EGG 3B I 1T AN S 45 i KA R X P ot 28 X A 43
EGG 2 LGG A ¥}y R R 1E T 1, R 2 RGG 1 fal i iR ML .5 LGG ML, EGG 1= AL A &5 5
fAT B LW, G T PO T D R I SRR B T T A 7 A s T K R B > i B 3 TR,
3(a)F1 & 3(b) 2> il & EGG 177 £ A LGG =4 .8 3(@) R IE M 30— stat 45 i (F — & HiafM—4%& A
00 e A i P G5 4 TRV I 38 B T IR A IE R AE stat b IR R 2 S R B Ak I A A SOk U R B
HYE ) bR SCES R 2 U, TG 8 0K P 4R A 7 3 1 v B 1R A A RE R &5 s, B8R AR AT A A R ey SR B
H LGG SCiFoe 3£, ) 0525 5% 55 28 BT AT T BE 1A 1 SC45 A5, 48 J5 T8 s SOl Ae A8 Bk b 7= A s8R o
&l 3(b) 7, B2 T2ul /& W AN T8 BL 745 4% B23E X b {begin,fork,if stat} % T2 X 4 {end,assign,join,send,receive},
AN GE bR TR A AR S B G E I BT DL LU IX R T vk EAR T T R e AR SR 2 T
SKoF 3 TCL A 114) Ak B T 9 A A R 1) 7 2R 20T 78 2 I b SO R T — AN 0 R AN R B B AN A 1 G A DR
TECTFF B T RS IR K, T 8O0k =k A B i 52 24 WA A B i, th T EGG =B &5/ Ik LGG
SR S, DR T PR B T A T B 2 — D T eh AR R S TR B, 3K T R AR Y B A L s b el g
MR LG LGG B £ % 1X 2 S BRI S 38 22 (8 i TS0k e 7= A s e JE B 0 5 £ 1R i, T U G
ZRIRLI SFRA ik I I 3X AN ) 3 AN 25 56 i B AN F 29 1 B b Bk R, 2] LU SFPA VA EGG
ME 25 A4 ME L LGG BRARAR 22 38 B T 22 WU 2 1M 46 AN A2 ] SFPA SV 15 B0 R STV 19 1 24 42
PEHRZFRE ).

stat

1 2 1 A ~ 2
= ffork) (oin =
o stat

(@) An EGG production

@ —AEGG =4
o st

= [B2} ffork}- +join

*{ stat

(b) AnLGG production
(b) —ALGG 4R

Fig.3 A production comparison between EGG and LGG
3 EGG 1 LGG /=AU b i

5 RGG Al bk, EGG M w5 = BARTILAE B 1 25 44 L 40wy BT iR , RGG 52 X T WUZ 45 55 45 1) 48 SE B 3
FH IS A 7 3K ol PR — 2 SO ) el 2 e i 6T T — o PRSP 38 ke 1, ZE S I IR M e ¥ 0 AN 25 ) Tl EGG
B SCHA P A — AR SO B A e i R R — AP A I AN ) AELATS AR A — R SO T — 38y 7042 2
P 40 72 o e v (T Bk, RS B 8 N RO T AR 2 5 b i N 38 32 P 2 R An P 4 BT SRR R SO [ e o A 7 A
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