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Evaluation of Unordered N-gram Representation
Based on Zero-suppressed BDDs

BH REARRT

Ryutaro Kurai

[XC®HIC
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BiNCX Y, ngram T—XETNEHVERRL Y
YRTFA FORBHHDAATON TS, BLldn-
gram 7— X EF)NVOEETH S, FIEF (Unordered)n-
gram ©T)VEZHWT n-gram D237 MrRBEICD
WTERET> TE . AR T, VLSI CAD O77%
TARBEREERT —2OFRAZEL UTELAVHH
TWAZ5H{ERE S5 7 (BDD : Binary Decision Dia-
grams) , TOHTE Yoy LU AR BDD (ZBDD :
Zero-suppressed BDD) , &PHEN 27— X #EEREHW
T, n-gram 7—XETFIVOEREEEICDWTERE
EREToI.

2. ZBDD IC& 5 n-gram &I
2.1 BDD

BDD (%, K 1R &2 LwmEBEABDO /I 7i1cEks
FHTHS. M, RHEEBDOZNAThOZERIC DOV
T, 0, 1D0MEERALESERE, —HE0k (0-F:/1-
) THEEDTLELNIRBEROEE, 2HOER
B (O-FmiEiR /1 AIRETIR) TEBTS L, K1ok
IRTHKRIKDT ST B. TOLE, BEFITS
EROEFEZEEL, TEEMEAZEIRE SHcmaD
HE LW 2 DOERRAIERTRELB D EHTS T Lic
X0, K EiEoh, REEEEI/8S FED
—HICEEB LN TVWS. EROREEREE
9 BDD ORICBWTH, BERIEFREZEET WL 57
EHETBILHABETHS.

BDD i, %< DEHWLGREABREE HEXDVEE
BETEBICEKBTHCLeNTES. &2, 2DDBDD
EAKhLL, ZhoD"EHREEEOKEREZXT BDD
EEBELERTA7NVI) XLDBEZRINTVWS. 2OT
WAV XLREINY Y aTF—T NV EHRCHNS I LT,
F— 2B EROTRICINE BRI, ZOELERIC
FIFHT RN CHREEE R IR K ETTE S,
2.2 ZBDD

BDD 374 3B ER R T 2 DICEREI N
EDEN, ThERAWTHAEDEERT—22ER -
BETHCLBHRS. HETEGLR, BT A7
LD LEBREEERSEHAELYE | BBRLITEIEETD
%. Th% BDD TEXHEI 3% L ¥, BUTIHEEHS
UhiE, BB T3EEEN ST ETHREZh
T, iBBPHERBNKIBICHIEINSBELNHS.
Thic, HERESICRLELE Ty LU AR BDD
(ZBDD) ] ZRHV3 &, KOERERENMELN, —B
RE LIS T EHHRS.
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ZBDD T, EAESEAIRRS 2 B LERNER
?D BDD & Rixh, 1-FH -RigHisrERELTWVS
HimZBmOERL, LV ANk > TS, Thickd
ZBDD TRE 1D &S, HATERI—BLREIN
BT DEWT AT LT AH S EEMICHIBRE h
52 &ickb, BDD KD BRI SHACESERSE
BETHT LAHKS.

2.3 n-gram @ ZBDD X}

n-gram &, SAONEXBICTENS, EEn DT
NTOFRXFINOHBEFEZHZ LFZEDTHS.
—} T ZBDD 37 A 7 LOMEEEEEERT 50K
WUl TF—2BiETHADT, ngram % ZBDDIC K-
TEREAT 371201, XFINET AT LOHSETERR
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DFEERBPRLTEY 2, TTTRXFOEHELED
XFEFRTOHBIRHZ 1 DOMIC LTT7A7LE LT
£B 9 55 LEEF (Unordered) n-gram ZFIH T %
FHiE#$PRT . Unordered n-gram &iX, n-gram &
EFNBWOXFHNOXLFOHBRMBEORRZHEL, &
DNEH R ZDEEL L DA B TR ETIVTHS.
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2: ZBDDD IZ & % ordered n-gram &3 () & Un-
ordered n-gram ZH (£)

2.4 HEHERICLHXFHRR

H1IDPNE T AT LD Lo TXRDEE L ZFDH
RMNBERTAETHD. BIZETAT Lo 32 &
WIS XCENERFHND 1 BHICHENS T L&KL, FH
BICT AT I ag, b3, cs BENFH, 2BHDXFEa”, 3
EHD b, 4BHD ¢ Z2RY. TLTID4DDT
AT LOBERTH S arazbscy DG XEY | aabe” %
ZHLTW3. RARCCOT7 AT LEGEIRE 2(K) D
&5 7% ZBDD THIHTE 3. % 2 DHliZ Unordered n-
gram ZF|H LT BEDEBE TH . Unordered n-gram
TREIXFINE, XFOEEL L THRVXFOHE
MBI DOV TIRERET 5 D TXFEH” aabe” IZBHHIC T
AT LOHEY abe TEBHINS. $REET A7 L
DEZ EFRITLEVDT, 747 L ald 2BMEHEL
B, e, HREZEHTI L, HHeEs
H"bea”, "cabb”, “ccab” HMETH->TELINLDXE
FiXE, 74T LDOHER abe TEHEINS. TOFHE
TR XFH aabe” B 2() D& 5 %% ZBDD I x
9B,

T ® Unordered n-gram X UHESED X ZOH RN E
TEHZFRF LS 5 n-gram % Ordered n-gram &FES.
Unordered n-gram X 7F AN IS5 T 4 r—a D
NBHETEBVERE LTV 3655 3 [1).
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Ordered n-gram Unordered n-gam

n ZBDD n-gram ZBDD n-gram
J—FE| EZ=VE| /- FE | 2 —8

2 1,886 518 982 306
4 23,607 19,004 6,653 5,241
6 66,420 57,510 19,263 20,941
8 | 115,634 82,891 30,920 36,803
10 181,158 95,366 39,200 46,000

R O MAESED 2 bIc, NP RRBOEDT

YA OHEFERE % FAVT Unordered n-gram 57— X %
ZBDD LicHEp Uz, BIEOEDI/EFFOT IV T 7y
b 26 XFLUNDF L BAXZRHIR T 3 il %175
fz. AEBRTIE Pentium 4, 3GHz, FiCH& 1Gbyte #&
#HLPCE2MAL. OSIZ SUSE Linux 10.2, ZBDD
DEAEIC ZBDD IR D—DTH % VSOP ZF|H L I~.

3.1 Ordered n-gram & Unordered n-gram DLt
®

Ordered n-gram & Unordered n-gram Tl3&E 3 D X
27, MREEDH o, ZBDD /— F#UE n-gram T—&
ZHNT BDICKHETH o7z, ZBDD DESE, n-gram
INZ—VBUIE D XFHNOBEN ENTZT Ho b ER
LT3, #£icH3 K5I, Unordered n-gram DA,
2, 35/ —FERDELTEZLICRHILTNS. £
c—#%M)7x Hash Table i Unordered n-gram Z#&# L
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# 3: Ordered n-gram & Unordered n-gram

n | ZBDD | Ruby Hash
3| 443 1.29
4| 624 1.94
6| 7.02 2.80
8| 7.64 3.61
10| 851 4.81

% 4: Unordered n-gram “4ERREFRE D L (7))

a1, ARONERZTT 5307
BSaa”Ruby” @ Hash class ZFIVWTERE L. R4D&K
SixkER LD, EELORELFEEDORARIEFED
FRETRBVDOTHELLE LIEE XXV, ZBDD
ZRACEFETLIOCRFE L RAFREENETNE T L
MR T E L.

%7z, ZBDD kicER LTz n-gram D5 —Xi%, ZBDD
DEDTATLEBIIHLTO, FEESHEEWELNE
HIATABDT, ZTORTAFERIIRWHEDH 2
EEILNS.
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A TIE, n-gram 7—X% ZBDD ZHWVWTEHRT
BRELCDVTERRT> T, BREACERINS
Ordered n-gram OAIC, Unordered n-gram %Az
BEOUHICONT L BRI 21T Tz, Bakbh bt
HERE T, EEFELERNTERELIZD 5N h o1
H451%, ZBDD D& DEATHENIRZBURANC - 7215
BOMBCONWTHBBRF 2 ED B FETH 5.
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