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Speeding up the Pattern Matching Machine for Compressed Texts

MASAMICHI MI1YAZAKI,t SHUICHI FUKAMACHI,t MASAYUKI TAKEDA't
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In this paper, we consider the problem of speeding up the pattern matching by text com-
pression. In practice the text is large and is stored in secondary storage, hence most of the
time required for pattern matching is devoted to data transmission. Fukamachi, et al. (1992)
proposed a pattern matching algorithm for Huffman coded strings, which is based on the
Aho-Corasick algorithm and saves the data transmission time. If the algorithm makes bit by
bit state transitions, the state transition time is increased. Fukamachi, et al. used a special
code in which the lengths of code words are multiple of four bits and showed an algorithm for
constructing the pattern matching machine for texts compressed by this code. However when
the compression rate is not so good, we cannot accelerate the pattern matching very much.
In this paper we propose an efficient realization of the pattern matching machine for Huffman
coded text. The idea is quite simple: Substitute one state transition for consecutive ¢ state
transitions of the original machine. This technique enables us to fully exploit the effect of
the Huffman compression. The experiments using the Brown corpus showed that when ¢t = 4
(t = 8) the running time is reduced to 63 (69) percent of the uncompressed case.
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Fig. 1 Goto graph with Huffman tree.
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Fig. 2 pmm for Huffman code.
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Fig. 6 Replacement of Huffman tree with DFA.
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Table 4 Texts used in the experiment.
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o Huffman B CEMLATFFAMIGLTEY Y
% O TKEERE S % pmm ((C) t = 8).

51 FX%2Zb LERE

EBRTE, DTICRTABEOTF A 2 v,

7% XM 1 Brown I—/%A., K% ¥XiL6.8MB T,
I RE—3480 TH5.

FTEAb2 V-2 AYTOESRYE. KE X
71MBTC, T 0O¥—-i3448 TH5.
FX¥ X+ 3 EHEF)F — ¥ X— A GenBank D—#.

AKX ESI383MBT, TV hOE—13433Th5b.
TH¥Zb 4 EHEEFF— & N— R GenBank D—E
» 5 EEES) & LOCUS, ACCESSION 72 %
IWEBLZZDDT, a, ¢, g tD4LEFKES
2 E®DS. KEZWF17TIMBT, v ba¥—ik
2.60 TH 5. :
4207 FAMIHLT, HHFHEALE 1Y b,
4Yy b ETEHBICL D ERET > BOEHE
LIERERFEE R4 ORT. HETFFA MR-
BENEFNEL->TEY, Ty bul—LEEEFED
BRICOWVTHRARE I LN TESL, 7FAM4IZD0
T, Ty PO /NSSHFHEMAZ1IEY M EL
THELA4E Y ML LEBAOEMYROED, o
THFAMIHRKEVD, FHiEl L k2 TEER
BECRERENFHLZ EHPTFHEENS.
5.2 1BRRERE &SI EB O L
pmm DHRERIL, ¥F — Y EOBRIMICHEIT 5
LEZLNE. £IT, KRRz 5 20 pmm NDE
BREIHLT, "y —VEOBRMEELEETERE
NOBEFREREE L. 2OEREE IRT.
72, TNHOD pmm DY A X% 10 IRT. %8B,
REFEBLORSLVFEEFREFNANL P E L.
K9 tK10 225, (C)Dt=8 ® pmm, T4hb

5, 8¥y MFLOFEA pmm &, OO pmm 2
HRTEBEOBEREBLUEEREZEL TS
D, HELKEVD, ¥ — Y EOBMIKEVE
BAREIAEHNTE W W D2 s. /2, ZZTEE
FTREWE, 4y M ELDFHEA pmm ((C) t = 4) 1T
R, EEHTFA T+ 28y FFORETH2HED
pmm ((A) t = 8) DFH 1'% { DB L HRE L E
LTWAHERETHA. (A) D t=8 @ pmm I, HEik
IZEAM7ZH, REBREKORDT 4 XHURER
256 L REW/D, BERELHEREISRE RS T
Wwa, —F, FLoFiApmm OERIZ, —RT5E
ZLOBMEERPETALIICEDLNSY, t =4
EL7SBE IR - SR e b T/ & K, R
RIS DOFE ((B) t =4) L HRTH 2 BEEICT
Exv, CORBEOHBERETHANIE, FFA MK
EVEAICIIEREBICHRERE TS, 20X,
4¥y M FLDFA pmm i, BEREME L CERR
OMEL»HERANTH S,
5.3 EERFEDE
pmm DFERREIL I/0 Rl & CPU KM OfITH
5. 4.1 8T, T CPUKM%Z, IREEBICETS
TAMEWNOFEOHEICETSIAOMELT
EReiTok. UL, EBICZ, BhRESh
BORBICEST X bEXEME LTERL R
NT%oLH, Thbh, EEEEEI Y — VRO
BEICKFLTEILT S, 22C, RTEHT ALY
FERIZL B EERROEL L.
| =
=35 — ¥ OREROAL/ T ¥ A M ORIFH
EERTIE, 7¥ AP ELTBrown 2—/82 (F% 2
F1) 2AV. ZoFERER 11 ORYT. ©11 »
5, 8¥v ¥ LOFHApmm ((C) t =8) X, ZDit
O pmm 2R, ¥ -2 Dy FERELEBICD
n, EEFEFPEABICHEART LI LA 005, Zhid,
4.2 BTl L ) ITHITBEBORITKE W2E, /8
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Fig. 9 Total length of patterns and construction time.
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Fig. 10 Total length of patterns and machine size.

y— R SN OER L SRT 52X
FASKEL R B72OTHLLEEZONS, 8E¥Y M &
LA pmm iE, v FERIFREET TTHNI,
2 pmm X W EHETH L. Thbb, by FEPFL
BR/RNSWE SR TH A, ERAMICIE, 7FX b
B~y — v oERAFKIEFRIZES L ZVDT
by FPRPIBEZEILILEIHTHS.

RiZ, L PRI LR DL~ VEEE R
U, #NFRO pmm % 42D 7 F A Mt LTESE
8¢, ROLICERT HEERE LT/,

ERHE = 7 ¥ A b ORIFH/EAE B

Sep. 1998
T T 1 (A) 1=4
/(C) =8
N(A) 1=8
/(B) t=4
NC) t=4
8
£
W 3r 1
=
[
My
LF J
0 L : .

0 5 10 15 20
Hit Rate (%)

11 kv bREEXNME (Brown 2—/3X)
Fig. 11  Hit rate and running time (Brown corpus).

R5ICFOEFEELRT. £5 L0, WwTFho7FF X}
L ThH, 8 bELYFRA pmm D EET
HHEZEDGHAH. LHL, 8 MELDOFHApmm
¥, 5.2 HiCHERZE I, pmm OBEREBEBB LT
FEBEIFTKEVD, 7 -V EOBRAFKENE &
IZiZ4 €y M F LOFEApmm BPHENTHS. 2
T, R51iCiE, 4 ¥y T LDFHEA pmm DELTEE
B1LLZLZ0EERFEOEDIRLTNAS. 4y
b ¥ LBFA pmm i, (A), (B) D pmm IZHX, W
THROFFAMFLTOIRIBETH S, FATSY
DHFETHS (B)Dt=4 O pmm iCHRBE, 7%
AP 1~3123f L TIEERRE L Q0% RBEEMTE T
BY, FEAM LI LT 65%ICEHTETNSE S
LG b.

5.4 EXHEHEERXRE

538 Tl, 7TX¥AMNDEMBICEL BN —-VYBED
HRLOEEZFMT A2, BEREE, Thbb
BB -DICBELLE (BEDTFFAITO) X
FEEEEE LTHW:, L2, ZofEE7TF AL
WEoTBIELTLES. 22T, 7FAMIKEL
TWRIELR 5.2 57000, BAEEHA-D ICLEL/
FEEOBREFRBETAIL2EL L), Thbb,
EHEEERELUTOLICERT S,

BERE = TFAMDOBIFHEx VB

EHAEEAE = REHRE/ELREH

=ERFEEXTY PO —

£6 12, 520 pmm IC2WVT, 4 DDFFA MK
LZEREEHENEERL. (C) DF LHFHA pmm
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®E Ly MR =00LEIOEEEE (XF/~vA 1)
Table 5 Running speed for hit rate = 0 (characters/pusec).
pmm OERE FFEAM1 FEAL 2 F¥AL 3 FE¥AM4
(A)t=4 | 1165 (0.63) 1.187  (0.60) 1.179  (0.59) 1.187  (0.36)
t=8 | 1.469 (0.80) 1.474  (0.74) 1.470  (0.73) 1.484  (0.45)
(B)t=4 | 1.640 (0.89) 1.762  (0.89) 1.761  (0.87) 2.141  (0.65)
(C)t=4 | 1.840 (1) 1.989 (1) 2.013 (1) 3.289 (1)
t=8 | 2.120 (1.15) 2.242  (1.13) 2.313  (1.15) 4.080 (1.24)
®e FEEEXHEE (Kvl/xAr7uf)
Table 6 Effective running speed for hit rate = 0 (bits/usec).
pmm OEHE | FXALL | FFAP2 | FXFAF3 | FFAM4
(A)t=4 5.597 5.310 5.108 3.089
t=8 7.057 6.598 6.372 3.862
B)t=4 7.879 7.883 7.630 5.572
) t=4 8.839 8.899 8.725 8.559
t=38 10.184 10.032 10.025 10.617

DEEEEEEIL, t =4, 8 DVTIhOBEED, 7
FAMIELTRBEFRACMETH L. TRIZHL, (A),
(B) @ pmm T, 7FAMCL o TEINES DT
W5a, FIZFF A 4TI, (A), (B) D pmm OEE
EERER, BOFFA L LERKEETLTWA.
Zhid, (C) DE L ®FHA pmm T, FEHIIEHD
RICBVLDICZDF XA IET RGN H®RF
FZRE L TWB0120 LT, Mok cidEms®
PRV ESIITEL BRI TOAEL T ERLT
HBH. Thbh, FETRELT LOFEA pmm O
F#EIX, Huffman FE5IZ L 2EMOPRL +5125]
ZHLTWAZ LB 05,

6. 58bH VI

ARTIE, 7TFANDOEMICL B89 -V BEDE
B HME L, Huffman FECTEMLIZFF AT
rESETICEET S pmm DEFELZEREL LT,
BEYY FOREERZ 1 OREERICE XL
¥ LoFiAspmm FRELL. CoFROAMEE
WEET %728, pmm OWEFRE, HEE, BIUE
EREIICOWT, i) pmm OEBEEE OLEERY
fFolz. ZOMRE, 4 ¥y FELOHHEA pmm 1, W
THOEP» LD TTERANTH LI LIRSS, F
7o, EEBRBEICELTTFFAMNKEL2WEERLS
Z 5701, BAKESZHICLAELERETH S
EEETRETEA LA, T LOHREADPmm X, o
ERBICHREEEERFEOEIE L, Z0HEII7*
A MEFETIZZ—ETH DI DT ol. Th
b, KETRELAZOHFRIE, Huffman FEIC L
LEMOMREE THIGEH L CHEEETE 5.

EERET S I8 T 570121, Markov 5
WEBWEFSICL Y, BXTFFA D OEHRLH
2B LPEZLND. Markov EF VDL H—
BRE R THLARREEFTVICE>TEMB LT F
A M T 5 pmm ORER 7 VT X LT TIER
LTHBY, ZOELEBOEED G2 TWEID, 7272
L, EFNVOREHIE %5 L pmm OY 4 X
KiZ%h B7:0, REBO/NSWHRIREEEF LV TEF
WAL AUELNH L. BEOEIZ A, 72k 2 1TREEK
16 DFRRBEET VICLDELTFF A 24 46%I2
EMTE, RABFTRELL4EY Y P T LOFELOFE
TEAT AL TEERBY 4T%ICERTE LI LS
Do THBEY, ZHIIOVWTIIEL O THER2S
ZEIZT 5.

2 £ X M|

1) Knuth, D.E., Morris, J.H. and Pratt, V.R.:
Fast pattern matching in strings, SIAM J.Com-
put, Vol.6, No.2, pp.323-350 (1977).

2) Boyer, R.S. and Moore, J.S.: A fast string
searching algorithm, Comm. ACM, Vol.20,
No.10, pp.62-72 (1977).

3) REE—, BE R, YHIES: TLRFSE
W7 — 5 DIDDXTHINY — VBE—5 ) 11
BOBERERE, 1992 F£EWREY VRY T A
B OCE, pp.95-103 (1992).

4) Manber, U.: A text compression scheme that
allows fast searching directly in the compressed
file, Proc. Combinatorial Pattern Matching,
Lecture Notes in Computer Science, Vol.807,
pp.113-124, Springer-Verlag (1994).

5) MANSE, MHEEE, BEBE  ER7 7 AN



2648 BRI 2RO

NOBEERELTURICTIHEEOESE, 1§
BB EXFERE, Vol.96, No.25, pp.41-48
(1996).

6) Ziv, J. and Lempel, A.: A Universal Algorithm
for Sequential Data Compression, IEEE Trans.
Inform. Theory, Vol.IT-23, No.3, pp.337-349
(1977).

7) Welch, T.A.: A Technique for High Per-
formance Data Compression, IEEE Comput.,
Vol.17, pp.8-19 (1984).

8) Amir, A., Benson, G. and Farach, M.: Let
Sleeping Files Lie: Pattern Matching in Z-
Compressed Files, Journal of Computer and
System Sciences, Vol.52, pp.299-307 (1996).

9) Gasieniec, L., Karpinski, M., Plandowski,
W. and Rytter, W.: Efficient algorithms for
Lempel-Ziv Encoding, Proc. 4th Scandinavian
Workshop on Algorithm Theory, Lecture Notes
in Computer Science, Vol.1097, pp.392-403,
Springer-Verlag (1996).

10) Gasieniec, L., Karpinski, M., Plandowski, W.
and Rytter, W.: Randomized Efficient Algo-
rithms for Compressed Strings: the Finger-
Print Approach, Proc. Combinatorial Pattern
Matching, Lecture Notes in Computer Science,
Vol.1075, pp.39-49, Springer-Verlag (1996).

11) Farach, M. and Thorup, M.: String-matching
in Lempel-Ziv compressed strings, 27th ACM
STOC, pp.703-713 (1995).

12) Kida, T., Takeda, M., Shinohara, A.,
Miyazaki, M. and Arikawa, S.: Multiple Pat-
tern Matching in LZW Compressed Texts,
Proc. 8th Data Compression Conference,
pp-103-112, IEEE Computer Society (1998).

13) Aho, A.V. and Corasick, M.: Efficient string
matching: An Aid to Bibliographic Search,
Comm. ACM, Vol.18, No.6, pp.333-340 (1975).

14) Knuth, D.E.: The Art of Computer Program-
ing, Sorting and Searching, Vol.3, Addison-
Wesley (1973).

15) Arikawa, S. and Shinohara, T.: A run-time
efficient realization of Aho-Corasick pattern
matching machines, New Generation Comput-
ing, Vol.2, pp.171-186 (1984).

16) FHEH 8y — VREBBOIODNT Y
ARO#ER, M IERFEFR LA HHRLS
FE R (1995).

17) Takeda, M.: Pattern matching machine for
text compressed using finite state model, Tech-
nical Report DOI-TR-CS-142, Department of
Informatics, Kyushu University (1997).

18) BUSEE : ERERETFNVICEICT — 5 B
2 & BFF 88— EORELICET 5%,

Sep. 1998
B, UNIERFRERER LA E
HAHEE I (1996).

(PR 9 411 A 5 HZM)
(CERL104E 7 A 3 HIRER)

=l ERE (EXE)

1973 F£HE. 1996 FELMTEK
FRHEBLFMARERLARERE.
1998 EHMKRERER Y AT A1
BRI FERE R EBE R IUE RE
BT, FEERER () ICAH.
P, Ny —VBRAET VI X LDOFFRICHE.

#E &— (E&R)

1967 fE4. 1991 £ TE K
FERTETMERRIENRE.
1993 FE R KFRZRERLEME
AHEHR R EEE T, 1995
L FERBELELRERE, FEL
) FIRFEEHR LM R LR TE, BEICES.
RN —VBET NV TY XL, FHRRER EICERE R
o, NILHEFESS

TH Ef (E/E)

1964 4. 1987 £ KFEHZ
HBCFR R, 1989 ERAZEAE
FEARAETEMARMER S AT 2%
HRBLEREET, RELVERE
ITEFERLERBTF. 1996 4 &
D RIRFERER Y A7 A EHREAIERHEREEER
B, BECES. B (I%). ¥y -VBET
NWTYZXh, FEAMNF—FI AT, BRSEL
B, EWREL SICEKR D, ATHgEES, BHE
V7 My TRERERE.

#r ® (E4B)

1955 44, 1980 £ FARKEE S
B, 1982 EMKEK
ZERAE TEMERMERS AT A
FEABTHERET, FAELIFK
AR EE L ¥ —BF. 1987 4
I ) N TERSERTH MG R T F R B8R,
1994 4 X ) FISRE%E, BECESL. BEEL. R
WiHEsm, PAC %%, BMEA, BHRRE, XFFIN
g — AR CICEKRERED. ATHBREEKE.



