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Abstract

ZfRtE CFG (ACFG) iX, 3UARE B30 (CFG) DOFEMIHEL S IZ alternation # AN 5 Z
Lty (8] CHAEINT. [9] TiX, CFG i (alternation 2&8%r) RBEZAND Z &iZ &
VIR CFG (sACFG) 2 ¥AL, ZEREFy v a2 ¥y F— < b (APDA) ©
MR ERNHTEZX . ¥, [10] TiX, R¥ v 7 HI alternation # A/ PDA &,
ACFG IZ (alternation D\ ) RIBE M A L7 EACFG iZ2WTER L, ACFG & sACFG
DT E X, &/ — FTiX, ACFG X sACFG DOILIEEZ¥AL, TDOERENIZ
DVWTERTS.

The first attempt to introduce ‘alternation’ into the CFG to define the ACFG was
proposed in [8]. Another alternating CFG called the state-alternating CFG (sACFG)
was introduced in [9], where characterizations of the alternating pushdown automaton
(APDA) by means of ACFGs were established. After that, further new variants of alter-
nating CFG and PDA was introduced to obtain characterizations of ACFG and sACFG.
In this note, we review the results obtained so far. Also, we introduce various extensions
of alternating grammars and investigate relationships among them, a partial results of
which has been announced elsewhere.

1 Introduction

ZARMEICAR B Fa3CE (ACFG) 13T v v a ¥ v A — b+ o (APDA) 2884175 BT
Bl iTBWTHAENT. ACFG (alternating contezt-free grammar) X584 G = (V,U, L, P, S)
TRbEINAM, 2T, VIIEREEETA 77y N, U CV 3LH8 (universal) FE#
WIEBDORE, V \U IXFEL (ezistential) FMIREZDES, T IEHMEZTT LT 7y b,
SeV IHRBES, PRX|EBI T 7L a VOFRESTHS.

G IZBIT 5 EHOBR TIX, FAEBRIIERIRIESIER O CFG (ZI17T 5 IFHIREES L FRIC
BEHMADBTRDONDD, EHUOHRERERICIT, FoRSEEQARR STy /v a vt
RTEFRRICEATS (EOKR, BEBROXHEADBFRBICAEREIND). 25 LT, XX
FRD 1 RIEBER Y TR, XHREFAL L THRITONEARL 2D, KKE w 28 G
KRWTERENLEARENDDIIX, EDOLIREROAR T CROFSEEME=T LOMBE
ET2HETHS

() T DRICITHBES S RS~ AT ERTNS.
(i) T DL DEIZH w BTN ENRTVS.

UFTCIX, XEDIFR% G LTHLE, § ODXBZE-TERINAEBDITAR
L(G) TRT. ¥/, &7/ ¥ 7 a8V G OXERI>TERINEIEREDNI T A
% L(c-free-G) THRT. X5IZ, BREMHIZBE LB LI TERENDIEBOZ SR %
Lim(G) BEDV Ly (e-free-G) THT.
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(8] Tix APDA D#68HT1TEB bR A2no s, F0O%, ACFG (ZBT 5 EIRRL R
W oMIERERTWS, FlxiE, [3] Tk, ACFGEBOY 7/ FRLHERY 5 ADMD
FRE2 %

P = LOG(L(linear-ACFG)), PSPACE = LOG(L),(e-free-ACFG))

NRENTVS., 22T, LOGL) REFENI TR L ORNEFERETOTCOBAEEEL,
linear-ACFG X 70 ¥ 7 v a v DA ERED ACFG 2 & T.

¥72, [4] TiL, L(APDA) = L(linear-erasing-ACFG) &\ Z L (FEFATH 2 Lick v, R
FRR2MN D L(APDA) OIEHIFEMITNEZ b, 22T, ACFG G BREEER (linear
erasing) THD LIL, HDIER c BFELT, G KBVWTARENDIRE n ODLYDOBHLEX
BEL c-on THEHAXRR LIV E LTEATHRWE S REHAREHESZETHS. Lk
L, [4] TAVWLR TS ACFG Ti, RIRFE w (ZKIEFF (endmarker) $ Z4117 7= w8 L\
SHOBLET2EXAZ LV MHDaY Fr—AE2fTR2o TS DOTHRIED ACFG Tl
720,

£ 513 9] IBWVT, [5]ic LY MAShRER & CFG (ECFG LBEFET B) OBE& L
alternation DS L 2FREUDITHZ LIt XV, WRIEM & ACFG (sACFG) Z ¥ AL, APDA @
SCOEAEATHTIZRTI L7

Lim(sACFG) = L(APDA).

727 L, L(ACFG) = L(APDA) TH2DH ¥ I NIIRIZIZKMBR TH S (L(ACFG) C L(sACFG)
B SR TN D).

sACFG (state-alternating context-free grammar) TiZ, ACFG % 5 Th5 & 5 IZ IERME S
PEHRRLOLEAEEO L OIS T HOTITRL, R 22FNR2 b0 LFENL2 OIS
IFTWVWB. LA l, REZLSHEDO L DL FEROLOTTIC, FRREFTEIT 258
DOHLOLHFEEHOLDIZAT THEREAREDLLRNZ &8 9] THEHEINTWS., TR
&, Fig.l ICHNT

L(EACFG) = L(sACFG), Lin(EACFG) = Lin(sACFG)
MBERY M- TWAB.

KRN (FMMIER)
EACFG +———— sACFG

ve. 3% (R1K)
%

ACFG FMMTE RS R
4 RAHEMA SERIEEA
FRMEFIT
SACEMA ECFG
HMAA
CFG

Figure 1: ACFG O DB

7=, FELHIX(10]I2BWVT, APDA ORER 28 L FEMIIXFRY, X& v 78F
3 2FE b FERICKRIT B EF /L stackAPDA 2 A L, 2D X 572 APDA OZEEEHIT
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A YT ND APDA OZBEHLEDLLRWI L AR L. FEHZ, stackAPDA DY 77 5
A stackAPDAg (IR#EZ 7= 72V stackAPDA) Z fV T L (ACFG) Z5ftiT7=. T742bb,
Fig.2 KB T

L(stackAPDA) = L(APDA), L;,(ACFG) = L(stackAPDAg)
BV Lo T3,

RAE (RMB) ve.
stackAPDA -—— APDA

{ SEiiE (PD 1E#)
A

stackAPDAg PD B8k
1} SIEUA
PD BE&iC
SERIEUA PDA
%
PDAg

Figure 2: APDA O %R

B&RIC, BREBBIZOWVWTIIRREETH A2V, HIRBELKH (leftish derivation) %K
DESICERTS. ShiL 5] KBOTHDTEASNEEETHS. (pA) — (g,0) KFH
HroarThh, BOVPRETIVIA4vIACHLREp OTFTCHEHATES uF sy
BENE &, EHENE (p, A7) = (¢,fay) ITHIBRETHI LS. TRbDL, B I3HEKNK
EBEEATHNTHLENVS, REp OFTTCIXZNEEERIDI TS v a UBRFERT, »
DTFTTRF 7 Vs BERATE DREDHERRIETS A THD L\ 5 OBHIRREEDLRME
Thd. ACFGR -7 u 73 22V ACFG & oTﬁJBEEE&Hi@'F’GEﬁEéi’L
BEWDYI 7R % Li(ACFG) 35 LT Ly(e-free-ACFG) T

AR TiE, ACFG DILRIZOWVWTERT S, EMIC25 XL LTCFG LY £REBHD
BIER, TRICRBE R &30 (ECFG DH5IR) 2% %, RIE2 258 L FERICY
113 2 LRHRIMES 2 2N URHFER T D Z LICK W AEREABRED L S ITED B H%,
B e W ROH R A MIBDOBIRIZHOWTERT D, FlE, BMSUEE LT—RO 0BRIES
Z2TH, BREEHICHRTIUL, REXHRLFERIIHT X5 &, RS2 2ma
RFEIZFT LD LARENRIEDLLRVWI EMNRENS (EH2.3). ZDIZ &Y, EMX
2 CFG OB BITITRMAOMBETHS. T2bb, [9112B\T L(ACFG) C L(sACFG) ®°
Lim(ACFG) C Lim(sACFG) IRIEFH &N TV B, BENRM Y LoMEINTDI> TV,

2 (s)ACFG ZUL\hzihikd Zh

ZAHE (alternation) D2 % Chomsky BB D ENENDOXLHEY 7 AICHMATEZ LIZTL B
Rz LThHDH. ZOETIE, Chomsky FBIZISITS i MOIEORRMNA—TVa v B2,
Chomsky FERE IZ BT ARDOIGEILF L TR Y LHERBRRME/A—T 5 YOIBETIRE D TH
DNEBETS.
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ACFG D3R L bE X AXRHIDO 0B INEDEBNIED X 5. 0 BSUEDRZRMEA—-D g
CUERERTAICEBLT, FOEELRAIELLTIuF 7 a v BROBTHD LI RLD.
BETEZOND !

aXpB - ayB (2.1)

T T X TR, o, IIFERIRIE SN 2B XFF, v THKIRTES L IR ENS
RAXFIITHD.

IaFrvarDF(21)IXCEFIud 7 varOo—Rb LTI BR2LOTHE 1D,
COEBBIRLERLRERBDIIIZRLSE. Q1) DOHEOCFFuF 7 va Kt CHEEDOR
EESERTEDLZ L VLHMONTNE LY THS.

XT, ACFG 2 EH L= & & LEMRIZ, RMD 0BT (Atyped THET) DIKRRTES 2
QHEBEICDEITS. Thbb, UCV 22FKWERRTESORELL, TR VU %
FERIERBREDEA LTS, 2L T, ZRMOBXERX STHME G = (V,U,X,P,S) TR
F. T, FaFriaryORREd (ER) LW ZEERITIE, G R TAIEERIZT
ACFGDENL EoLKALLOEET.

&T, Fu¥ 7y OR (HEMFEERD) 2 BB T IO, XFFI0REERICER
T35, KRR LIRBEEDR C > EXFFNIBNT, BLEMICEN S IERME S HLH
BThdLE, FOXFINILHEUTHILERTD. £5 TRVRE (BREDHERIERE SN
GERTHABRE) ZFAERTHDL LV). ThikESE&, In¥rva  ORE, T0EAD
XEFINSHENEERNTEDOTI S 7 a VOREPEHTS. 1) OFOTeFrayr
aXB = ayB BT, X BB THEINFERTHINIHE>TT S 7 a VORIEE
BTAHFELEILNDN, TOEETRIaF 7L a  BERETHIMEERTHBHHR
—BRICEE SR, FIT, 0BENO TS 70 a L LTRL) ZAVAZEIIET, K
DOFOTaF s a 2RO OXEREEXEL LTAVWSZ LIkt s !

a—n (2.2)

ZIT, o BHEMMEEREINLREXFIITHY, n IRBES L IFREBESSRETBX
FFITHB. (2.2) KBNT o € 1| BRI LoTOBHAE, = OXHIT1IHITETHS &,
YRR IETH B & 7o, BEIIETHS &, ZOXHEDY T 2% ACSG TRTZ & ic
+5.

Wiz, 5z btk 0RIHICNT 5 MRS ACFG KR+ 5 Eh L MRICERTS. 20
rwiz, FOFI e L RLHEICEREND LIZY 5\ ) 2 L Roh (FFENICER SN S
FabFR) FRARLED. n 2HBIBHAD L DD — K& L, £IITEXHR fay KT~
HIFSRTWEELES. bL, 08 a THBETaF s v a U REHT

QPN cony XN

Thol L &xiTiZ, ThbDTvF 7Y s U TRTUNRFEAREFIMICIHER oy DFD o T
BRESKhARTIRLT, TORER, /— FniiX k f@OFRERSH, EhbIZIXT~V
By, ..., By BT SRA. b LEDLIZ, B BRIREES TRITITR L2V &5 HIRREATT
B/, ZOAER(EH)RRETHH LV, bL, BREOBIXFFIL LT, usfriasrn
ElLTHD L2 bOBREEH-THEITIE, FORMD 1 OHBFERER (nondeterministically)
CBITRAbDETS. HlIXE, o 9, ..., d o bELPOTRFI VI THY
(EXR o THETRF IV arDFRT), o d B oy OBIXFFTHY, a#o T
HoT-BEEEXLD. ad o DELLMIRLHVTHIBEL, YLL LB THIH
BERHB. WTROBEY o ThiZ o OELLLMERENCRIIND. b L2 o

1z 2GR A2V, Zo k) RERUSMITL BRE Bbh 5 BEAEVL O?)\#i‘?;n. ENLGR—ETHZ
EHIEATES.
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(BBHWNZ o) BBIENTBE, B a (HdW0iF o) DTy s va TR FERIEFIN
CEAShBLEVWIOBREETHS. BITNE o (HDWIX ) BEENTH-HE, £
Ba(BdWNId)DTaFryarOh0l ORFFERENICRITNTERENS.

9] & FARIZ, XBDOXEIZL > TREEBE TERSNDIEED I T R% Lin(X) THETZ
Lz 5.

BANZ, Atyped SUEDBREBMICEET S AERENCONTEETS. UTORENIEHT
5.

Lemma 2.1. £, (Atype0) C L,(sACFG).
Lemma 2.2. Lin(sAtype0) C Lin(Atype0).
BE2.1 L 22, BEIY Lin(SACFG) C Lim(sAtype0d) 235 Y r::o&u\ 58 Wxi%; D, &
DEBEBRF/OLNID .
Theorem 2.3. £|m(Atype0) L (sAtype0) = L (sACFG).
B & M Lin(ACSG) C Lim(Atype0) B3R Y 225, ROFZRLABLND
Corollary 2.4. £,,(ACSG) C Lim(sACFG) = L(APDA).

fRE 2.2 DIERAICEKET B Z arbéﬁ,boﬁﬁfm¥24®ﬁmaﬁ&ﬁm&9ﬂo
MEI DTN L 2.

T, £ LBA (alternating linear bounded automaton) P2 5 2% ALBA TR Z LiZ
T5. Lim(SACFG) & L(ACSG) DMIDEZBERAENY 72u . LD DI, L(APDA) = L(ALBA)
[2] 3 &R L(APDA) = Ln(sACFG) [9] 2SRV 2 Z L BHLNTVBENLTHB.

B DM, REBHCHERLZVEH (KT, ERERHEFES) Db L TACSG Z2W\WT
ZE2L5. ROBENLETHS.

Lemma 2.5. {8 ® ALBA (Zxf L, TOZIREBRITRTHEENTH S L 5 2%/ ALBA
BEFEET 5.

Lemma 2.6. M % ALBA &35 L%, 3EREMMOTT L(M)#1#ats BERT S ACSG
G BFEETSD. ZIT, #1,#3,#3 X M DODAIWTALT7 7Ry MIIBERVWESTH 5.

BT, WORRLF V= ANRBERLETHS.

Lemma 2.7. LC Xt 2BFELL, # 12T OXTRALVES LTS, b L L# HACSG G
IC &> THRERHO T TERIND 20T, L 2HREXHOTTERT 5 ACSG G’ T
ET%

2.6 L 2750, ROBEBR/OND !
Lemma 2.8. £L(ALBA) C L(ACSG).

¥, R28DHEABAATIENTES :
Lemma 2.9. L(ACSG) C L(ALBA).

LEd>T, ROEBENIEAShTE
Theorem 2.10. L(ACSG) = L(ALBA).
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Corollary 2.11. £L(ACSG) = L(APDA) = Li(sACFG).
F24 L 211005, ROZLELND
Corollary 2.12. £,,,(ACSG) C L(ACSG).

BENT-BEIZ, R212O0FDEEERBRY L2 INE WS LTHD. % 2.11
XV, ZTHIXEEEMR Lim(sACFG) C Lim(ACSG) BV M2 E I ML S Th D, e-free
sACFGs IZHIRR T2 2 LiZ - 0EEBRITRY L2 :

Lemma 2.13. Ljn(e-free sSACFG) C £ (ACSG).

Bigic, ¥OBEERICONTHILELXATHLS. k2 EEKLTS. £RO we L(G) i©
L, G BT w AERTIRESHABFEL, ZOBHAREDLOEIZBNTY 7
n¥ sy a OBAREN - |jw| BLATTHS & &, sACFG G i k-c-bounded Th 5 L E#H
3 5. G » k-e-bounded TH 5 & 5 RIEEERK k BEET DL X, G iT c-bounded THB L\
5., FPROBHELY, ROZEBRYIDEFHREND

Conjecture. Lin(e-bounded sACFG) C L;n(ACSG).
INETRREERELUTCERTS.

RE
I
Ly(EACFG) = Ly(sACFG)

ETIME = L(APDA)
I
L(ACSG) = ALINSPACE = L(ALBA)
I
L(sACFG) Lim(SACFG) = Lin(sAtyped) = L, (AtypeO)

I
ACFG

I
Lim(ACSG)

L(e-free ACFG) L)y, (e-free sACFG)

AN

Lim(ACFG)

|
Lim(e-free ACFG)

Lim(e-free ECFG)

Figure 3: Inclusion relations among classes of alternating languages

‘Acknowledgement SEEEET, = OBFEO—IERCS U RARE RSN BT 7542006 B-
073 DB BRI L2 BBT 5.



15

References

[1]
[2]
(31
[4]
(5]
[6]
[7]
(8]

(9

G. Buntrock and F. Otto. Growing context-sensitive languages and Church-Rosser lan-
guages. Information and Computation, 141:1-36, 1998.

A. K. Chandra, D. C. Kozen and L. J. Stockmeyer, Alternation, J. ACM 28, 114-133,
1981.

Z. Z. Chen and S. Toda. Grammatical characterizations of P and PSPACE. The Trans-
actions of the IEICE, E 73:1540-1548, 1990.

O. H. Ibarra, T. Jiang, and H. Wang. A characterization of exponential-time languages
by alternating context-free grammars. Theoretical Computer Science, 99:301-313, 1992.

T. Kasai. An infinite hierarchy between context-free and context-sensitive languages.
Journal of Computer and System Sciences, 4:492-508, 1970.

R. E. Ladner, R. J. Lipton, and L.J. Stockmeyer. Alternating pushdown automata. In
Proceedings of the 19th FOCS, pages 92-106. IEEE Computer Society Press, 1978.

M. Lange, Alternating contex-free languages and linear time u-calculus with sequential
composition, Electric Notes in Theor. Comput. Sci., 2002.

E. Moriya, A grammatical characterization of alternating pushdown automata, Theor.
Comput. Sci. 67, 75-85, 1989.

E. Moriya, D. Hofbauer, M. Huber and F. Otto, On state-alternating context-free gram-
mars, Theor. Comput. Sci. 337, No.1-3, pp.183-216, June, 2005.

[10]. E. Moriya and F. Otto, Two ways of introducing alternation into context-free grammars

and pushdown automata, Oct., 2006, to appear in IEICE Trsns. on Inform. Systems.



