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Recognizing Context Free Languages
via Recurrent Higher-Order Neural Network

KEN TANAKA! and ITSUO KUMAZAWA'

The recognition of context free languages and the determination of its belonging are the es-
sential problem in the symbol processing. In the recognition of any context free languages, the
acceptor must realize infinite stack memory. It is impossible to construct infinite stack mem-
ory with the elements of finite states. Moreover, the determination of its belongings requires
O (n8) time complexity. In this paper, we show that RHON (Recurrent Higher-Order Neural
Network) can avoid these problems. First of all, we show that RHON composed of finite
neurons with linear output function can recognize any deterministic context free languages.
Secondly, we show that any non-deterministic context free languages can be determined its
belonging using the combination of RHON with threshold output function. Our results show
the efficiency of our model for symbol processing.
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Nc

4.3 HECET3HEER

CYK 7NT) AL LDHEIE, EOEE n i
LT O(n®) ORMEER2ETS. P(i,j) 0itE
TITY X 0% TFISRT.

begin
1) for i :=1 to n do
2) P(,i))={AlA€ X, A >z €d}
3)forl=1ton—-1do
4) fori:=1ton—1{do

begin
5) ji=1+1
6) P(,5) =@
7) for k:=itoj—1do
8) P@,5) =P>,j) U{AlA € £,

A—BCe€é,Be P(i,k),
CeP(k+1,5)}
end
end

A7 v 7 3), 4) 3ENENLE D n FEEYES
N3, SLICAFYTT), 8) 12 0(n) BE2ETS
ZEDL, BETOW) OBBEEREL 5.

RHON 2 & ) Zh ZHFUIETT 2BEORME
BERERIXRDELIC%E. FTAFvT71), 2) it
THEER, XFHORSICILT L% 0(1)
BMEZ2s. A5 v73)ik, RHON l2BWTd72h
Zhn BBV RENE. —F, AFv T4k, XF
FIDRSICELT—EER) OQ1) Bt %5, 20
&b, AT Y7 3), 4) TELET O(n) BL

BREABREEG=2— VMR P — 2Lk AXREHSEOZS 977

k. ATvT )&, el n BERYESNRD.
DEXDh, RHON 2L ) CYK 7TV XA %5
KEITT 25 E0RMEERIE, O@®®) 45,
RHON % HVC#FL %47 2 & T, XFH0%
TIVT7 7Ry b EERTERELEOHREL, o
FI% BT B IR T DML E OWREICET 2 K
B, XFFORSIEST—EE%b. COBRELE
WhHZ LT, XIREBASEFEOWE BT ICE T 5 BRI

BEAHRT A LIEETES.
5. B

AL TIX, RHON % HW -k S E 0T a8®
FRELL. FEO=a—0rydbhboa—9 0
2V NT=0, ERORERREHEELRHRT
EHZLERLE. Fh, XREBBESEOHRHEE
THh5CYK 7NVTY) X L%, RHON THFNIESTT
HHELZRELL. TRITXY, $E% O (n®/log? n)
DEEREZVEL LIZFER n OXOHED O (n?) ®
HEEERBCTETTEAILERL.

RELHECINE, EBRBTIEORSITKREL
TEa—IVAy b 7= OBREEETLLEI
L, ZoZdid, MREHESEDEF 7 V) XA
PR TABICERLEBRETH S, ERBED =2 —
O EHEIIIER TE RV, EREEOETFEH
WTEEOBELEE L, F0RICHLELRIEELHEE
THILET, EEMNCSERPEETHE k#f%%
IOEEENPL, 4%, WREHSEDEDVESD
%RHON@E&%&ETé%ETWJUXA%%e
PITHBLENDS. ¥FIZH/zoTik, RHON ©
HEL L) EMILT 2LEFHY, CO-DICSHER
DRBTERMBE LTEETLIE, T v vasy
TUA—I b VOFERE 1BMETY I2AL—FT 5
FEERLPIZTHIE, ZEODVWTHRETALE
Bhb.

Lk, EEOFREMUREHSELZ AR TELE
BED = a—OrPhoBboa—S Wiy N T =20
73 AEHOPITHLENH L. T2, IRHZEIC
VEZZ2—u o, ARDEZSoKICHLTH
BEHCHARTEI L5, AB)DOELEBETE
B¥45ZL T, RHON OBEE KT 5 HERER
THLENDD.
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TFSM 2 & 5 CYK 7V T X 5 DOFEFTH

HR-9 VFREE, & = {S}, T = {+,.,a},
§={8 = +585,§ - .85,5 =+ a},, Sexy &Lk
L&, ATHM Grp =< ,1,4,S > TEH SN,

Grp DA HHI% Chomsky BB TEHEEET
L, 2 ={SABC},, T ={+,,a}, § ={S =
AB,S +CB,B - SS5,A— +,C - .,S —a}, &
%%, Pk, Grp i3 Chomsky B TEHEEERI N
RERB»L B30T 5.

BE LT, +-aaa % AENEZ b NIBEDE FSM
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Fig.6 Process of calculations from Step 1 to Step 6.
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Fig.7 Process of calculations from Step 7 to Step 12.
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Fig.9 Process of calculations from Step 19 to Step 20.

P(1,1)---P(5,5) 2B L P ST 5. FREIC
4BOE FSM ICBMEDBIGERIER 572010 3% 5.

=S WAy b —ZIZ X AXIREHTEOR S 979

Step2 T5EBNDEZ FSM I3 P D% 4 BEH DL FSM
IZ{EX 5. Step3 T 4 B:D% FSM id Step2 D AT
ICET% P(,2)---P(4,5) 2B L P ICHHT A
Stepd T4 B D% FSM X 3 BRH D& FSM I2E)fED
FIAEIRZ 57:012 « %5, Stepdh T4EREOE
FSM i3 3BRHDE FSM I L P DEE% 1 5%
5. FRIZ5 BB DK FSM 5 DA% BIZHMT
%. Step6 Tl 4 BEH D% FSM 12 3 R B D% FSM
WHLPOEELILIC1 DX YT, Step? Tid
1BHOZEFSM 3 BEHDK FSM I LY o P
DEFEEZL, Zhizkh, SBREDEFSM o P
DEDPESH P(1,3)--- P(3,5) p5tEEhz. &
DX REMERRYIEL, Step20 T P(1,5) AEE
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