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Abstract. Due to the rapid growth of Information Technologies, electronic data which have no
rigid structure but have tree structures have been rapidly increasing and each of them has become
larger. Such data is called tree structured data. In general, analyzing large tree structured data
is a time-consuming process in data mining. If we reduce the size of input data without loss of
information including structural features, we can speed up such a heavy process. The purpose of
this paper is to present an efficient lossless compression algorithm for sequential tree structured
data. Tree structured data are represented by rooted trees each of whose internal node has ordered
children. Such a tree is called an ordered tree. Firstly, we give a concept of lossless compression for an
ordered tree. Secondly, based on a LZSS method which is one of lossless compression methods over
strings, we present sequential algorithm for sequentially compressing a large ordered tree without
loss. Moreover, we also present an efficient decompression algorithm for compressed ordered tree.
Finally, in order to evaluate the performance of our algorithms, we report some experimental results.
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Algorithm: Tree_Compression

AB: JEFEAL, BANVERE Min, BREAE Max
Hh: N A =) — g, HEREEE exDic
Fik:
1. g« t, exDic=¢, tmpDic=¢
2. g DEESA v, BIFDDITETHEAAS, UTFOUBEITS.
3. S = Make_SubTree(g, vi, Min, Maz)
tmpDic,ex Dic WL HIZTR S, tmpDic - S &L, 2R3,
S ADBIEFA fIZR L, HREPSVIEIZLLTOMERITS.
f LEFREDIEFARD exDic ICHFEETNIEHET S, 212K 5.
f EEFEDIERARD tmpDic IZHFETHIIENET S, TDH%, f 2 exDiclIBBRL, 2ICRE3.
NANR—T 9P g, SNBEEE exDic EHHT 5.
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THo. #EZ A BEOWMEFK L, = (Va,, Ea,), idET, BB W = {(vs,v4,v6,v7)} 5,
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Algorithm: HyperTree_Decompression
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(1) Min < §V; < Max
(2) Yo e Vi,Vu eV, — i 23U, &L {v,u} € B, %5130 ikt DRDPBIVEETH 3.

8 Min, Max IZ& b, BB Make SubTree IZ & DRI N ZEBHEFROEHEFIR TS, Y1 TOKRER
EBANEFEARIIA ST & 2 ZMEFA T T 2 otV B, FRMEICET 2RMOEMLTLES. &
W2, HESDDRWEBMNMEFAREEMEREE LTS, EfEoR LZEDRN. KoT, AAF—FICL
D Min, Mar ZEYMEICRET 2 0EDH 5.

Bl UTIEFRARL &, t DIAZR vy, Min D34, Maxr D37 & LT EH5Z oz & EIZBIE Make_Subtree 1
5RENDESNEFALZERDES S EX41TRT.

7N X L Tree_Compression @D 6, 7{TEHDEHET 2 W5 85 TIXLUTOUEETTS, S hDEEH
JEEAR L B, HEFOHNEFARORE ELE MBI EE., DL &, SHOMBAMEFROETH DIEA
ST 2, ALRBMEFROEACFPONVRNWES, TOEAZERT S, 512 S FOMAIEFA
D, MTHETHRVIEADHBRL, FHEE2ITS. £, HRTE3ESD 1 DHEE LRWESIIEE2
iz,

73 1) X L\ Tree_compression i 2 I OHEZ LD, exDic IANEEE T, EHONRE R o7=H
SEFARZFERELTE Y, EHRTRIINA =Y )= It AIEN D, tmpDic iZ—IFRR KOS
THh, [FEEROBMEAREFRFTD. IO OAIIEFKIL, EMERTRIZERFONREZR>THER
Wizs, HEXNS.

2, ANFT—=2ICLD, ERERMOSBSNEFTARDEEPERICRZ2BEND D, ZOBES, ERHE
IZET2EESMMLTLES. 20128, EMHEERHDBMNEFAEZFEE TS tmpDic DF—4EiE2H 5
PUDRELEREIOF2—TERTZ. ZhITXD, EMHERBOBSIEFROMBHEHRBRTE, —H8
7 o7z tmpDic IZH UWEBAIBER AP ERIND &, tmpDic FOBROHWEHMEFASEERENZ Z 212
w5,

7)1 X 2 Tree_Compression TIXNEFARDIESR &2 ES BHICERGARATITL., FLTH LWIE
REHAAL T L IZBI Make_Subtree MU UEMHRGBOIMERF R EERL L, FOENAIS—Tw D
COBEMRZETS>ILICLD, BRNREBEERLTWS.

3.2 BEFINIYIL

NAR—Y Y= BEREZ oL E, BEUEBRTHZIEFAREE T2 7)TY X2 Hyper-
Tree_Decompression &[] 5 IZ7R7.

ZOTIWVITY ZLE, N8V ) —%, BEETHRAAATHL, RAAENEZTHED, NA/)3—Tv
CHOEETH D L&, 2ONA IS~y VHOFES N IZHIET 2EMMEFROIE—EER L, &
BENHAMMEFAROIE -G T E2NA)S—Z v VHDTEAICE SR THF LN =Y ) —21{E
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4.1 FRIRE

AR U 72 7)Y X 2\ Tree_Compression & HyperTree_Decompression #22 Fa—4 FIZEEL, A
IF—92HWEHEERET o/, &EE, FEHAORENALT, ATV 2EEOART, THSH
ﬁ‘%n%n 20,000, 40,000, 60,000, 80,000, 100,000 {HDZ ¥ AZER L =REAFIT—F & LTHN

. BESHTOENE, THERE, AMEFICERIhE nﬁﬁﬂﬁr*@%ﬂtﬁ?(ﬁﬂﬂﬂeﬁkohf zhzh
@fﬁ’%ﬁiﬁ SARERNT 10 B O L.
EERTEUTORBEE LAV,

+ OS : Red Hat Linux
- EHE% : Intel XEON(TM)2.40GHz, EitE4E 1.00GB

X 7 TR RN DBfR 2, (X 8 ICTHMRM L EMER OBIfR 2, BRI 9 & [X 10 IZTH A & ARG
H, REFECHEB L OBFREZNZATY. Th2hOT—Fid, FESBITN LT 10 E$O5HILT
FONEOFEHIETH 5.

4.2 SRERER

B 6 ICBNT, EMRRRDTEAEDIEZ I ONBRICHER L T2 2L Bah 2. ThidEy 27 4
EMIRME DI NFAZ — I ARE L THB K ROFHEOEREZHIR U278, EHET 2MANFARDR
%@%ﬁ@ﬁtibi—~ib:{%f:ntb‘5 ReBEZOND. Ei, EMERMEOMIMTFARDS B, EHENRLZ>

BANEEARIL, FHEES T — 7 PREIN DASFEEERER I TN L, KU R 7 L TIEEARREHE &
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IDZEIHLT, BV AT LTOROHEEIZBIRT E ZHAMNEFARDEEZ 10,000 {HE, NAEFHED
RELODHGEDIMIIKRELLSELAIIIRELE. COEDIIABHEORERZERLTY, THET L5
ROMBOEEMEI—EIFEEN, BRE L UEERESERCHB LRSI NS,

I HITEERDIZNBE T, I FLALLTORBEOEMNROHDEFTAPRDOEEIZEHFHIND.
2%, (ROWEOEENEM LR LR, [THETBHNEFROMBROBAS—~EIFEEZND. TOL
IRBE T, EHEREISRECHBET AL 3R EI5NS.

X 7ICBNWT, EMFRIESEOBNE EZBERRUIKIE—ETH DI L Hah 3. K X7 ASEHER
WOWMNEFAETHET M8, ZOEMNRE B> EBPEFARDT —F 2EMRTEOBERTS., 20
=%, BIEHMMEFAD—HUIPEHFILRINE, & UAEHRBROY A IHHNT 2580H 5. i
B CE BB ARDIEH T 2 AMEES — & PR T 2858, THBEOV A XBLDNEL R0 55
B 5. EBRTIE, FARAAFESEHIDRWEE, TTI2, HI2EEBERTIHBIRNBRINTNS.
L L, RAGAALFTEREDNE <252 oh, EHTA3HMEFAEEHIN TV, HFE hEH LR
HaEFEARSEEXNEHEENS. =, X8 TIXTEAED 20,000 HD & &, EMENE L RoEAHREE
HWOEAERFADS T TIZH 230 AEE LTS, LU, TEAED 5 50 100,000 HOMTY, HEBHE
D ESMEFEARDELIZA 410 HE T UL TWRWL. 20780, HHT28IEFAROTEHEICLD
B LA XH, HEDEE LUEWEMNEFROEMEIZL DY A XomizL b, MfahiE=-0reE
Zoh3d. LL, BabUL=@b, RARAAFEABDSESIIKRELRD Y, FLLRRIhIHEIEFA
DIFLACHHEDHELELTWRVWEDEELEZ SRS, Z20%, ROBEEICH L BRI N IEHIEF
APIFFRLRD728, BLZEHBENIRBEINTWEEILNS.

K925k, THEASD 100,000 HOMRTE X, ETHENIKMISHRERETHZ Z LA, Jhid,
FREFED LISS FEOHBEALTWD I EERLTNAS.

5 &

AR T, LZSS Fik [6] 2B, JEFAROAIMHRZERERE 7 VT ) XL EFRT VT Y XL ERE
Uk, SUEMRURERT VT ) X LEHEMIIERL, AT - 2AVWEIHEEREZTo 2. AFE
i, ANDEFARIIENT, AROSSIEFAIEL T 2B EMEENE LY. BEDFRFDOTTT v
FIZEBRSWEZEFRER W0, BReEMHESFONRP o=, L L, EF—F T, Z054
FHEUART=Z IO DBIBENEL, TV BLIERTHZ. OICET—FEANDIIL
T, BHEEFALT 2L EZ5ND. AFERE, EHEREDTHRBICHN LRISICHR U, MERs ERIC
ERTHDI DS, REEERERTFELRBEAFETHDILERS.
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