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Abstract

We present the method to infer Context-Free Grammars by applying genetic algorithm to the
Binary  Third-order ~ Recurrent  Neural — Networks(BTRNN).  BTRNN is a  multiple-layered
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architecture of recurrent neural networks, each of which is corresponding to an input symbol, and
is combined with external stack. All parameters of BTRNN are represented as binary numbers and

each state transition

is performed with any stack operation simultaneously.

We apply Genetic

Algorithm to BTRNN chromosomes and obtain the optimal BTRNN inferring context-free grammar
of positive and negative input patterns. This proposed method infers BTRNN, which includes the

number of its states equal to or less than those of existing methods of Discrete Recurrent Neural

Networks,

method of chromosomes

performing deterministic state transitions and stack operations at parsing process.

with less examples and less learning trials.

representing  grammars

Also BTRNN is superior to the recent
at  recognition complexity  because of

If the number

time

of non-terminals is p, the number of terminals q, the length of an input string k, and the max
number of BTRNN states m, the parallel processing time is O(k) and the sequential processing

time is O(km).

P Keyword Binary  Third-order

Genetic Algorithm
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Fig. 1. Discrete Recurrent Neural Network (DRNN)
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Fig. 2 Binary Second-order Recurrent Neural
Network(BSRNN)
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Aol BAE a=xyz, - x;_, 9 AE RE A}
71 Si3le] o] AAWel 27z =00 Z7VdE
(88, 8(1]7..-’3271,3%71&»: (1,0,-+-,0,0) & 28lo] 1}&

& Zog 2o)gkoR AAEle] 4G ABES M
Al QSN @olaish 2ol the elsh 2ule) g%
o] Agslo] £Ae] o] Iw2e] WAE AXE HAIA
o BIRNN®] 914 231 Q). vzt gl 412 $olA
ARt st =1olm 289 Wee] ZolW 1 249
L R R EIEREE R s DI
2§29 o e 2d] hgo] 47k ohl ARk

o] ele] nkek o] A ATAAHS) FE ofh 17
33 2tk

o

213 02 AR} R AAETS
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accept
or
reject

stack
| operation

stack

input symbols

02! 4 BTRNNZ 7[RICFGEE AlAE! Mz
Fig. 4. Diagram of CFG Inference System with BTRNN

‘ HA73% net a W¥
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TRUE

A9 ampty 7
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Fig. 5. Fowchart of BTRNN operations

V. 2M-X7 282 FE2 (Inference of

Conext-Free Grammars)

ol4w} o] 71EIBTRNNS PDAY] 715¢ 38 +
A oA Fe(binary valued) TALAZ FAE o
28 Fol-z14 Ao(context-free geammars) & & T

BTRNN«] gk WL 718 AT delta ruledhs &
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P&< 28317 918ke] BTRNNS] 7HA| 2415k} 22} A
£ $ES JHP7] A% AMAEY] AH¥:T Frfitness
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Az daEEs Avlgith

1. M A (Chromosomes) 2| 3
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Fig. 6. Representation of a BTRNN Chromosome
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ZIBTRNN 7iAof] 18] EAEER Foi7 TG £
o Elexamples)S S143e HAS Tated 3k FAA
A 12ﬂ-01

el Fa3k of2] 2459 FES FE3 24 A A
TE ALt A4 BIRNN G4A1E 5 o A G214

= e ot 2ol Alten

o ot
ot

|,

FeE] N7t Al &

. o AHEEEF—d
2= [e] — 2
A TS AR ME2A U ey

JALFHEE A s AN T Foll ARshe A
2o et df T4 Az GE A HIEEA]

PMHEAARTE—d |, . o
~ s agaz) € TR oM o A 4

& AElSo)a de g9 Ha AFAE ol Fre] 4749
AFeL Z+ o FeAd ugt NEE AAEE
a> =>4 guE 273k AFsta Aol BE

).
N
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—
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3. ®MAL 2112 &(Genetic Algorithm)
w1 (m =32071) 9] BTRNN AAE A= 8}
o A ¥ FAFe e Atele] Hlme$el RS

(7)) 2 Agste] the Ade) RRSs Agsa A=

2

+ AEL FE JUAIEY ), EAH0lE E3lo] A

| 12=3 H Jd=
k Q(accept) F) L Al|th
F7} Ak S5(=600)0)de] 2 W7kx] Ao Hd=r) <
AE olstolAY BE oE0] 145X FoH Ad(reject)
ok olygt Ayt 2 7] o AlthE sl A=
7h A9, o, Edde] HgE WSt o8 FeskE &

A7 darglEe a9 79 2o

{

}

BTRNN_Genetic_Algorithm()

initializeChroms();
epoch=0;
evaluateChroms();
while(ltermination_condition(epoch)) {
selectChroms ();
crossoverChroms();
mutateChroms();
evaluateChroms();

epoch++

determine_accept_or_reject();

}

initializeChroms(){

gt
HMH S| FHAL 4SS =715} sich

selectChroms(){

2= BTRNN YAAollM tounament EHAe=z

H& BTRNNS| 125 MEdSICE
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crossoverChroms(){

MEHE 271o| R HMAERE 2olo| 2|x|of

_—

HEoE Qlolo| fixIER R2Eslo 2gst 77t
2 M2 Wijist el XA HMHES MM i)
1
mutateChroms(){

elole| EMH o

o olo|o]
= =

elolol 9Ixlol Lh8S BEHE 2olel BS S

2 Hdsio| M22 72 Yoot

}

termination_condition(n){
® no| 3= Mool =Z=Z=H™ true
@ 21 Mgzt sSx ol&d M true

® z1 Matzeol Hst glo] X|HE T} 3
® LI X| B = false
1

determine_accept_or_reject()

O BEA MY v HE w2l accept

AL LTRIE
. Genetic Algorithm

o] FAzt daElEY T2 EE BTRNN F4AE(m
Ml WE&S & HAU A9
(initializeChroms) A5 UERiE W5 epochS 02
2 %7|3}8lal 2E BTRNN G459 AF=S ALk
(evaluateChroms). ™9 37H4 71558
(termination_condition)©] 2 uj7}x] ¥kE Agsicy mE
BTRNNGAMAIES] H3T gEs vluste ¢34 BV
E "oz Hue-ge JAaAES Adsie m27)e] o
Ao GaAEe] AEIT} (selectChroms). AEH F4

:

A5 F 209 GAASe] Frrt Ho] 1 AMAES] R
Ao FE Y49 AFEAAM JoY F4hgs ddeta
awfEte] A2 2709 A2 AP GUAE AAet
A m27R9] AAFE A2 st BFgT
(crossoverChroms). 92]9] 2Ae] Qoje] EARe] 3
FHES 9909 Aol ARG F3e U gho= W
et JiAe] FREPS 8T (mutateChroms).
termination_condition(n) & Mt epochollA] EE 9
Sl st Q1Ae] AFsia s8E AFE ol sfdsin
548 AA347 A TRUES 2elsia o 9]9] 4%
Y 79 FALSEES ggit). olofge] e wmj, &
o], A WHEH o] Eipd AFE HA o JUAE
7} BIRNNe| gt AHEE  AZspAY EHitt

(determine_accept_or_reject).

=)

V. M

T2 T FEAA AREE AIEHQ] dolES A
Fatod Aelahd o] THA dolse] Aol ARSE I
[8I[14-17116].

* Balanced Parenthesis Problem (L1)

¢ (0"1" Problem (L2)

*0"1*" Problem (L3)

¢ (01)" Problem (I4)

¢ 09] Jlg= Aglola 19 HFe 47N BAEE
15

o™ "b"c" Problem (L6)

e a"b"ch™a™ Problem (L7)

o] =RoMeE EH-2HH EHY F29 A3 HFS
913t} 9] 7HA QlolE BT AMgSith Agel ALS-E
M B AF e 400 39 23S B3l 5A 2 BY
Hog ARE ZAox HEBTRNNE| e
(fitness)®] ko] 095019 s D& F e A @l
AR FHA S FGA HEH wisEge] 8
& 19 2k

A=
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Table 1. GA Parameters L1
IR 320 —tates  creees Fittness
221 A= % 20 i = "
Alzgalo] A A i6 o i :
SRle] SRRt 5 2 == 8 + % ' =
e 00710 : : i
SIch ) meIRIE 8 g4 A
%O'ju'jolg 00’\‘10 s * 1 101 201 301 401 501 .Eﬂl €
S|t | SoIHo I 16 A
25 ofle] I 10759
24 oflof JH= 207
a 04 L2
ftnessaito] A B 03 Statas  +seees Fittness
¥ 02 1 . ’ 102
5 01 :ﬁ i : -
_,;_ .‘sg . - 0.96
§ 5 T 0.4
Aol AE F ANGAANFE 2005 AR ¢ 3t ; HHHHHHE L 292
3 1 T T .l l. N
YAES v AES A9sa LI'LsdXE 2 olx =15 ot ma sy ax sy sas
L6 L79M= 370°lct. BTRNNS] AE] 4= 1670]=2& Hich
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