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A Study on Small-sized Index Structure and Fast
Retrieval Method Using The RCB trie
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Abstract

This paper proposes RCB(Reduced Compact Binary) trie to correct faults of both CB(Compact
Binary) trie and HCB(Hierarchical Compact Binary) trie. First, in the case of CB trie, a compact
structure was tried for the first time, but as the amount of data was increasing, that of inputted data
gained and much difficulty was experienced in insertion due to the dummy nods used in balancing trees.
On the other hand, if the HCB trie realized hierarchically, given certain depth to prevent the map from
increasing on the right, reached the depth, the method for making new trees and connecting to them
was used. Eventually, fast progress could be made in the inputting and searching speed, but this had a
disadvantage of the storage space becoming bigger because of the use of dummy nods like CB trie and
of many tree links. In the case of RCB trie in this thesis, the tree-map could be reduced by about 35%
by completely cutting down dummy nods and the whole size by half, compared with the HCB trie.

» Keyword : CBE2l0|(Compact Binary Trie), HCBEZI0|(Hierarchical Compact Binary Trie),
0j%l Ealo[(Binary Trie), AIZAM(Dictionary Retrieval), 49! F=(index structure)
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Table. 1 Binary sequences of a key set K

K = lair, bag, eat. tea, 200}
s | uEEs ol B8
air 0/8/17 00000 01000 10001
bag 1/0/6 00001 00000 00110
eat 14/0/19 01110 00000 10011
tea 19/4/0 10011 00100 00000
700 25/14/14 11001 01110 01110
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2.3 Hierachical Compact Binary Trie

CBEzlolo] ZAIEE ARl - A4 A HE 2EFe Z
< 37 olFd At olE #Fslr] A (12)exe Eg
o 439 ZHol(depth) & Fol I o} HoVA =HE E
& EEske 7S A 88kt

o] Zo|Z F& Holg}x Fert TElum o] A ERlE ¥R
H Egjgly BErt o] 22 oz Fld Efle AEH o
7 Egjo] g Fam, o] Egle|E CB Eflole] 7hg
F F33% 7IHE& HCB(Hierarchical Compact Binary) £k
olgla -8} AEA okl Eglelofix v E2ld Eeld o
)&= HCBE&Zlo|E treemapi, leafmap-i®t B TBLAE F
gt a2y BEiE v Efle] ZUEL He gRere
B3t o2 e

a2l B TBLAiE d¥xtd dXske &2 &5 7]
32 AHEHo] v &eld Egle] F4AE T}

33 4 (T8 1DE 7lez § HCBEZI|
Fig. 4 The HCB Trie based on Fig. 1

) 2 a3 D9 o)W EglE Ve
2 dojzl AlZH olzl EEME (28 DM BeFa 9l
et HCBEzol& (¥ 5)fr] B,

treemap, : '0|U]1[1|0I1]1‘
treemap, : |ul0|1|1|1l
&) ) 2

N NS KA KN N
oty [T ]
B_TBL, : 1 -2

2 Bucket address for 3

3 Bucket address for 4
BTBL,: 1| 3 |
B_TBL,: 1 Bucket address for 1

2 Bucket address for 2

1% 5 HCBERo} F8l
Fig. 5 Representation of HCB Trie

of e Wwle AMEd) 3 F Ml = B2
g oo dusia 7 £e2]d Ezl] digk HCBE=e|Y
EDad g40] A=) wiiel|tt. HCBE=lAdA 715
gAastaat & of 79 o]zl A|FTt oy o7 AldA
2 ol

H(k) = Hik) H2(k) - Hj(k) -+ Hn(k)

el gdol& LE Aoguid H1(k)olA Hn-1(k)9] 2
ol L bito]: Hn(k)9l Zol= L bitE Hr} Ft} <&
E9 Z0]7} 291 HCBEE|A "bag’ & B4 IFH S
Holm 9t} treemapldA position®] 2¥™ leafmapl
9] position 0% B_TBL19 19 <3 treemap29]
position® 022 X1 treemap? positione] 2¢H
treemap39] 022 EWth 1 ¥ "bag™®] key sequence
7} 44w B_TBL39 ¥zl 2& Z=z3ld 7|8 34 o}

olAF 3l Ezld EAY A5 Bl BolAwt (o
d 69l Bxle AAMY HCBEo|A 7] 2008 B
A Aoz 22 £28 Egl 19 HCBE#] ARl 9
& gdsol 4 4 ot zER gde] Az &2 CB
Edloler} o Fr}



RCBEZIO|E o 8¢ wWE HA4H £8F A FZ9

iy
ok
2
-
—
(921

g ——
B S R i, et |

wemspy felelodlolel o] a1 T 1311 00 11 AP

et BTBL,
S n e S D
2 Bucket adiress for 3
_______________

3 @ o i £
sy [ e T e T

pliviperii]

33 6 Zlop} 221 HCBERIO[oM “zoo B
Fig. 6 Searching the word of “zoo” from the HCB Trie

o]¥% HCBE#lE CBEZR]Y 4Q] A4 A] HELY
o]5% Hisfstn Ex)e] 8% X7 N15E PMske
AREE @EAF7] E atE Eme)Eoln). o) olelt]
e AEE EZE E0] Efl9] 02%5 4T % &Y
g E2le gadA AeArle e Halgth 8 Zolrt
R 32718 G4 e 3 CBEER|9 28 ez 44l
=7} wj2el CRE=elolN Wgx shs3lA 2ok wakd CB
Edlolol] B3] FREA AR £3 ¢S A)a ok
I WREelEe EelE EdY F2E /ol
W7o F 719gA AgErhE wE &xo A9 - '
g AR BRIGAX o WAl el E-g AR
2¥ Edg 2% o vt dxag ARl 9
HolB-g F 7194 A 3¢ HA| tolge] F4
ool B3 FAZR] BFE AFHEZ 7|dARo] 2w
=7} 2 gt e gk Al B¢ o] HCB
Edlols Fgska ¥t

N gl

o]
=

Ill, RCB E2}ole| T+

31 RCBEzZlo|2l 7R

CBEZ|E Hu|==g HaxoR o83 FoH o
2 Egle] BHYoItt. o] Hulw=e] AL Ef)e] 7Y
< %33 B2 ¢31E Ad2A 3] A8 AdE Wiel
o Hrlese) e A9y es ERE3E Jheei &
F Al AF719%A00 71933E 7D A ot 9
F viR2le o] Au A A fulesd =298 ¢
o7 dues Pz gz B AdE fx Hd

A}, A Al d)iesd] Egd 734 Hzlo] Hjojgle Ao
2 s Efle] pRde 932 3] ¥n oyvEs
gt FE sl Aol 4A st=F TEY] Foh

Ty ol2fdt AHolE Eeln BEoRE tiEe o
o|E)7} ThRolobd ¢ T8 L 98] F=diA ARE viw
e Q] g A] B2 gr|esg wslseo} 1, 4}
Y -2 Al HezEg 8 FHekdt Shiftdste] WA
b o3 BAE s Fsrt 8l Ake HCBE=el:
E&g #2319 treemap® leafmape] Zolxle RS W
A}, 2 F 793R Re He dolEE &0
7] 918 WAl EE F 719K o $A) gkn BZxI|%
A & 2% #9328 Eg FA4E B A8 #e 92
goz o3y o B AztE a7dlA B

Zef 1. RCBEE(0|2| lolE| Efe

class MapSet implements Serializable{

boolean() treemap:

boolean(] innermap;

boolean() skipmap;

int() btbl:

MapSet(){
this.treemap =new boolean() {false};
this.innermap = new boolean() {false}:
this.skipmap = new boolean() {false};
this.btbi = new int(}{0};
}

B AelAe drieeg xR Besl] 43 9 A
$02 treemap? ZolE A du HRU|IAXE A
o Hoom sl 2 UEHoE AF AT e
stz 91 oz RCB(Reduced CB) Edtelztn
B} AZE Ee|F2E Aklust g,

Fie:n
: g

T OO0

O [=]v 3=y
HCBDSke) =
Ay #h)
9 ® & o 0 O oﬁko
5 ‘
o0 db
a8l 7 Egl=e| viw
Fig. 7 Comparison with tree structures



16 BE AFEHBEREE H3GE(2007. 9)

RCBEz=}e]d| tigt dlofe] BIY-& (He] 1)3 o] Ao
gt} CBEZlAME 271487l treemape] ‘011
leafmape] '00°¢|3lev} RCBEzleldiM e 2E 0oz
2713 sk, duksld CREZe|: Hnjxtg 48
A o|FEzle F2E RAFol 317] WERld] RCBEE}|
AME Eoldeo]l Aol Holof ojFER|S] F2F & &
A1 Woltt.o] F2E (1% THlM & + gl%o] HCB
Edlolox #Eg Felrt old CBEZNA ¥EE A%
3193 Hulx=E 29 treemap?] ZolE A W= 9
g S At}

32 RCBE=Z|o|e| &M

RCBE&el= Hrlx=g 7K1 A &8 treemape
5] dIol Hre=s JHE FHF leafmape U
ol a3k ort ¥ YRizso A vEE ¥Y
7] A A2 wle] o] "oy o] wie o|FE
innermape|gta £2712 g}

283 2ol HEES ARE /X1 Y skipmapd
N2 H2Aqct. ©] innermape Drht 2ghER|d) BE
Y48 71X skipmape Eold HEES &S d1
ek,

a3 A 719 £894 AXE 7K1 e B_TBL2
EFRIc

Av==

I treemap J QQ“Q“ ]

Tuse=]
=
innermap [1111110110110

skipmap [0110006100000
. :

A =

U=l S0 BIE
{bb )
~ [6_ieL [aaabbb ]

I3 8 ER| *x
Fig. 8 Tree Structure

(28 8)llx HE%o] treemap™ B TBLE U<l
CBEzlo|gt Z2&-& & F itk oW "a’ & "01100001"
o] b’E “01100010" ]t}

23 innermap® 7% treemaps ASiedoz
EE c3stdA 4¥ 71ake vimsle] dojred T
W xso Rolzl HEZ} 9tk 1 AewhE T2 X33
3 3 ool 0§ F7F A7tk aElm Bl HESL ¢
E uitrsgd o 08 7170tk a8]3 skipmap

2 innermap¥® "YU Rojzl vlET} 9lew 1 H|E
£ 242 3@ ol & 371 A7z Bkl wE
7t 9o’ 1% 0% F7M. aelx B TBLY Fae
treemap? ‘'1'¢) 7} B TBLS F47} ¥t gusiad
RCBE&l]oM & ¥tz wheA] F)3ke] Boi7i7] o
Folo},

A RCBEz|e] &2 innermapd ZAAMREA 2
P} treemapelAl WIE grol 0o Hed AL
innermap$ &8l 1H|ELIX] OHIEQIRNE HAleH)
Tkl 1H|EolH 'OHIEZ} Ve wj7ix] 4]] 719) HIESX)
g A% /A JRIY. 2 F treemapold THIEE
7 AS 1 A7 dgshe 19 A5 Al
1 o 98k B TBLY 45 2 AR ¥ o #
ad 9¥7) Y 2L 7t EAG A5 2S g8l
237 2% A¢ A4E Sz

33 RCBEZ|o]o| £ted - AtH|

719 Alge CBESlsh Hxd Wyoz Al
9, O Hol Yok F%sE 7] ol 9 A CBEH
o A2 B e U W 7 de) =28 Adei
g0] Whke ZolAe ROBEZolE B¢ 34 vre
o molErke Relth, I#ld] CBERlIN e %
desEn. e Fad ggsasee ol Hl
Zolg Hvlesl Ageke vl 718 st Wl
Al AT AZe 718 Eele AIs 9] Wl
o AT ROBEFelME e 2e Alate nas
oo e,

1. 2ol Y¥es Skl 2717} Lol A

2. 71& WAol The sgke] ZAse) AuERS 4y

sloke A

WA WHeso] 2ol HEGA 7 dojuke AS-
£ AlEE 718 7] 94 B} Dot Tolte] it
teA Ageeiol stz Oe 71E WA te Akl &
Aeke A4 HEENE AHE F 712 719 WA 97 ¥
Es RISk S 71ake) B4 SIAMES Hmald 3
g5e WEeS A4skE AuEeele] YRrsd RolEx

g vESY Z7le vmsl Vol 9% o o8
2oz ol AT,



RCBEZOIE o 88 BE A4% 283 49 724 BB A7 17

011000 treemap 01011
N\ i innermap § 11111100
] skipmap | 01100000
v >_0 BTBL |abc
(b) (o)

I 01100 [d) 01100100
0 1 treemap | 0010111
‘—:, I:f) innermap 11111000

0/ ! - skipmap | 01100000
N\ B TBL abed

a2 9 “a,b.coll ‘d'E AR
Fig. 9 Inserting the character of “d”
into “a,b.c”

RCBEzZlo|ol|M AAls AHAlskas sk 7]18 &8 &
A9 deee MEsiA Aot 2Eu AR e AlS
ge] 34 F 7Y A2 ve 4 o

1. 84 ro] MEER} ¢l S

2. @A x=x=d MEER} EAitke B¢

A WRY Afe F ==t BF oEEs=E ougitt
Hrwrcol ge oiwoyl s
Shiol gRw=g TEA He o] A% oA stz
WE s Rolxl HES] ol o) wi} oA FriAle] A
2 vepdc

£ F Ao AdE IA ==d HERERZL o
12 B4 x=0 R =S ofujsiAl "ot old A%
== AR HE E == i EAsies

e Folxl HEd A4 o) Whaks Jeh)
HEE FAA FAwse} Bl Aess BE
XEB Ak ¥UE HabA doh a8l A} Ale vl
7R = g4 A 719 AR FQIETL stelgle ¥ESL T
°é A% 09 Aol wel AA o] 2ebdth $4

1Y 99l treemapls BA 97} 7lelzle wE T
o #Fehe 2Ex=(0 xx 1)E 9% MBEZE 9o
2 Augo] o} A AAEdok 3t '0Y Afole )
2 g ¥ WRE==(01)E8 Zo] 2AEhE "o w3t
innermapolMe FAx=rt ERvTrt HE Aol t
&3 022 Holle FUHE 1ET ulgsH €,

.
i

r\o —{rz N

rlruLjS
=

ol Ic} 01100011
7 treemap 010t1
11111100
skipmap 01100000
\, B_TBL abc

Innermap

)

-t

treemap 011

1111110

skipmap 0110000
B8.TBL ab

innermap

32110 ‘e A
Fig. 10 Deleting the character of “¢”

Iv. &g

ek
a
08!

7}

g A8 93 Feld EAV18 HARR(13)4] £5
H 1% dolE o] 83lo] 7|20 E 7ol CBEEe]9
HCBEge|, 18]a RCBEZe|E 84 A A4sHE
el F715 A ¥t AL dole HEAE uRidld
Java 1.5% o]&3idh.

4 A2%el oA AA7L Hojokle Ae CBEFe|9
HCBEz] 2% Zn AgE o83l AY Zzaids
slda AE delHe Fa HapEe] AR dlofe st
old RCBE#eo|E F48HA = dloJElE AN
Wil dA Fa AAEe] 4E9% At bdE & dvhe
A& AAZ TR o = Jd¥e w2 479E 98
ruldgoz Y FEA da vla3 BolH =9 H|
olBe] ANE At
41 EHH AIZHd|D A

AR Alude HAE 1000704 s=1EA 2F
A2 100709 dolg AR 3 24 Az S35
o, zElu EG7) Mg Dejzo) Hol AlxEle] A
gl me} thE At v S glonz HEg 2L 9
8 Zre zolA 3We] 24E fole HEYA A7HE A
Aslsich (3 1D B5eo] HCBEE|: B9
Aol MRl g £ Aoz wRlHold FZ Agtez 9
3 Azl Bo) dile Aoz Addd. CBE&W]
Hlgie RCBEgl] &=rt HF 60%3= =AU
o] A3 vve=rt fejAEA Egle] 2771 MAH o
2 ZoE A wg fden B 4 Yok




18 BE AFEHEREE HE(2007. 9.)

BIEMARY

—+—RCB

~&—HCB
—*—CBb

Al2Hsec)
o
2
@

0.01

£40{(x1000)

O3 11 HEeAR R
Fig. 11 Comparison with the AVTs

42 Mol ggfeo| vl AY

(2% 12)= CBEZe|dd 48% HioleE 7k %
o] 3718 Au¥ Aot} treemape] leafmap?] 2M|
A= e L AFske Ae & 4 vk 281 CBE
Zo]9] Jeafmapel] EAEhe tvlso H|FE AwEH
(29 13)9} 2.

om0l Hl &L leafmapd] 64%°) AT Ax= B

< e ARsa o

£H01(x1000)

12 12 CB E2o|2| map 7] Wt
Fig. 12 Variation of the map size in the CB Trie

E40§(x1000)

28| 13 CBE2I0|9] leafmap Clol==2] 37|
Fig. 13 The Size of leafmap and dummy nodes in CB Trie

o] W&o g A A Al B Alxle] BEE 2
Zista girh. RCBEZeld] Z¢ 24 HsiM = treemap
% innermap?t B83sP] W F 7|9FX] ZEEHE
T Egle] I AXeiglct. gk of7]o] skipmape] 27
& 7o) IITEE innermapihEe £ o Y8
Hol7) wEo] AR A& A, Ao CBEdo|g}
RCBEZ]e] A4 =718 wasled 37 57%3% A7
Agdct. zelm o7k 1191 HCBE:=R|Y 84 7%
H@ CBEZPlS} B Aol gle AL & 4 Uk ol
© AAZ CBEgZldA F7isle A2 o Efl9 ¥
B AEE 71 gle 371 o 3717 i A=
2o HE FEAE g R AggAdE
treemap®} leafmapellell HZlEolEe] A Leliict.
uEtd g E8E S48l 8l HAHES #
ojofsly] wjgol},

100000
80000

80000 F—“ =
70000

60000 o

50000 - o oy

~%-HCB
—#-RCH
—a—Cg

40000
30000
20000

10000 15:-4-&

0

BIE (bit)

t 2 3 4 5 6 7 8 9 10
EH01(x1000)

238 14 M| E2jole| map=7| H|E
Fig. 14 Comparison with the three Tries

o] W&dl| treemap® leafmaps| Z7|WrezE 2u|7}
ot 28l3 CBEelE o) 2”80 BEXo| 83,000
HE Z 10Kbyte® E&lE t} X9& 4 $l2, RCBE:Z
o] 47,00081E &, 5Kbyte® E=|E 7¥ Hdo| 715
=8

a2y HCBEzlelE CBEzZtel B3 10Kbyteo]9]
o B ES A 2= AlAHKIT} CBEZe]s}
HCBE®2l], RCBEzZ}e|9] mapE2 AA =7I5Hs FF
g ago] (1Y 14)olm I¥olA BEo| RCBE=e|7}
253 AL L U8E 3= AL B F Yok & 50%
Aol & S e Jeiith




RCBEZO|E o] §¢ we HAZ £8F 4 724 ¢ 47 19

,0

V.Z B ¥ &% 1A

£ =FdAe oFEe|E 947 Hg F2E 3
CBEg#}o|9} CBE&|E A% oz FHE HCBE=]Y
@S Besle] g jlo BRU|qARe) HToR MEA
gag 4 oln Ed] Zold ¥ T Huix=g gl
aAse] B =RdrMe RCBE#IE Atsidtt. o
RCBEZ|E dH=EE Y ¥wsd RdA 41
Wiiecd Bdske WAL Adegnt. 7129 el
2] leafmape] °Fd innermapg ARSI YRt
tuliesd) FEshe FEHEE HEE Rag A 1R A
ZF3lm WRese (o2 AR o)A ¥ gres
t TEolXR] gu Egle] Aok P3| 5 & T
A}t %3 treemap® innermape] AAE ¥ CBEZ
o|Br} 50%744RE 4 B FHAL 7Y A=
CBE"e]ol] Hl3] 60%33=3S & & It &5 A
o] ¥uled oM W2 gy By olel wE mape]
73%10] 7FsdteE AFstuAt vt

il

r

aF

(1) Z8&9] 2, A 2ol 22", i, 2002

(2) 54, "ot dulozdlA Tyl ofEIAC|E P&

317]", Microsoft Press, 2003

AE, R, A&, 9r1F, "CBDS EYE o|&

gzl 71718 AL AR P3| B A7, @

SAFEFESS], A0 A5Z, 2005

o3t “C# NET Mobile Programming, 93%

., 2005

(5) gH= €, “FuHAe s T 2y FIF 21
A71 J2, 2003

(6) AL HAAAY S Adske A2 F2 7, 53
B3)gts), A|9-CH, A1ZE, 2003

(7) Aho A. V., Hoperoft J.E., & Ullman J. A. (1983).
"Data Structures and Algorithms.” Reading,
MA: Addison - Wesley

(8) Aoe J., Morimoto K., Shishibori M., & Park
K. (1996).
a Large Set of Keys.” IEEE Transactions on

{3

Pster)

4

L

"A Trie Compaction Algorithm for

Knowledge and Data Engineering, Vol.§,
No.3, pp.476-491.

(9) Masami, S. Aoe,J. “An Order Searching Algorithm
of Extensible Hashing” Inter. j.
Math., Vol. 63, pp.179-201, 1997.

{10) Aoce,J, Park K(1996),

algorithm for a large set of keys, IEEE Trans.

Computer

A trie compaction

on Knowledge and Data Engineering, 8(3)

(11) Jonge, W. D(1987), Two access methods using
compact binary tree, IEEE Trans. on Software
Engineering, 13(7), 7999-809

{12} Jung. M, Shishibori. M, Tanaka. A, J. Aoe:
"A Dynamic Construction Algorithm for the
Compact Patricia Trie Using the Hierarchical
Structure’,  Information  Processing &
Management, Vol.38, No.2, pp.221-236.

(13) g AdoAXz] A7
2002

nlp korea.ac kr,

SR
PSR

1995 AN ZFE R e
1999 wAtchshe ZAFFE Rt AT
2006 TAMNE HFE ISR
Bl 1 Ado)Ae], ARAM
FHIFE 2, deflugl s



