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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 : CBE2}0|(Compact Binary Trie), HCBEZ}0|(Hierarchical Compact Binary Trie),
0|Zl E2lo|(Binary Trie), AFMZA(Dictionary Retrieval), A2l F=(index structure)
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2.3 Hierachical Compact Binary Trie

CBEglol9] ZAIHS A - A Al HE ~ER]e] 2
2 F5- o5l Ak ©lE sEsy] gla (12)elxe E
o 949 Zeol(depth) & Fol 1 o oWl = E

o] Zlo|& T3 Zolglu et TE|w o] AL EfE ¥
d Effgju FErt o] 2e ioR FEd Efe AISA o
7 Egjo] gla FEn|, o] EgjolE CB Edjel7zd 7Nk
i ®8e 71¥S HCB(Hierarchical Compact Binary) E:
A

|52 ozl Egfelell ivA) Eeld Eeldl <

(

B3 ofee 2 7y
183 B TBLAE &¥wsd dAsks €3 25 7]

2 AgEel vy Teld Efle] FaE It

(o3

2l 4 (T2 1)E 7[Eez st HCBEZo|
Fig. 4 The HCB Trie based on Fig. 1

H o] 258 /KK (a¥ 1) o]zl EglE 7|Wte
2 Aozl AIFA o)xl EglelE (a8 4ol HoiFa gl
3 HCBE | (ad 5HyelA Holt},

1) 2 <3= [d] ] =1 [4]

treemap; ‘D|D‘1|1|D|1|1|
€] 4 =5 [d] [4]
treemap, ‘ o | o ‘ 1 | 1 | 1 |
(3) [11 [
oo [ o o]
E_TEL, 1 -2
2 Bucket eddress for 3
3 Bucket eddress for 4
B_TBL, 1 ‘ 3
BE_TEL, 1 Eucket address for 1
2 Bucket address for 2

J2! 5 HCBERlo| #H
Fig. 5 Representation of HCB Trie

of FFE Pael gl ol 4 AdE SES ¥
9

Fgeh o 2 BelE Eele] Hi@ HOBERR]
29ag o] Aee] WFolth HCBEHelolA 7]
SAgA @ ol Aol ol Azt ool o)l A
2 Rrolilc,

Hk) = H1(k) H2(k) - Hj(k) - Hn(k)

=
=
Ea

g zlo]& L& HeoJghd Hl(k)olA Hn-1(k)<] 2
L bite]lx Hn(k)¢] Zele L bitE Hoh At o
Zo]7} 221 HCBEzZeloA "bag’s B8k #H4d&
ol Jt}. treemaplold positiono] 2€™ leafmapl
9] position 0% B TBL19 1° <3| treemap22
positions 02E HW1 treemap?l positiono] 2Luj
treemap39] 022 Hulth 1 % "bag"9 key sequence
7} 49w] B TBL39] M7 25 =3l 715 27 #uh,
olAH a9 Ejel] AT Zf EFSHAl HolA|wk (1
& 6)elld B AXHHE HCBEZe|AAM 7] 2008 &
A 73 fole 24 EEE Eg] 19| HCBEz=R] ARgol 9
o aeEs g4 ARHE2 CB

o]

]

H
s
A
=
=
el

T

!

i)
2
)
4
X0,



RCBE&o]Z o] &3 w2 A3} 288 Mol Fzo B3 AT 15
B i ea i R — Sk AT Al Bt =RE A4 vizle] vlelglE Ao
B 2 5le] Eflo] Frole d3Fe ?71 o 9| Re

AT FUE A2 U A 5% V) 95
- — T ol FHel® Esla E‘ré ocrE P
eV} BgolokE A FHE A A B8E oo
e [l ‘ — FER Qe B4 Al B pneEE F3jslojof b, At
] g A Al HeeER Q8 Frigk Shiftddte] WS
o [ gt olgjet #AIE dEs] $al AlkE HCBEgel=
i — | EZlE %2319 treemapd leafmap®] ZojA& A& W

T2l 6 Zlor} 221 HCBEZI0 ol “zoo B
Fig. 6 Searching the word of “zoo” from the HCB Trie

o= HCBE®el= CBEEZe]S] A A1 Al vELS]
o5 iRl Erje] 2% X 7155 HMske
ARME ©EAF17] flel 1k daelselt) olEg oot
ot AlE EflE wao] Efld] e25s 9E A £
g Egle SA0A Al e FHsigitt K3k Zlo|7t
Aalxl 2715 9A ek § CBEZP|9 2 Wioa 419
=]7] whel] CBEZ}elolA] Wk 7Fssil €k, weby CB

Ty wzleleled EelE Egle] FaE TRkl
mzell F 1A AgETE wE S0 Al - 9
= @ AN B RA ) wzlEeleE A
w2ld EdlE F=2T ) vig ﬂéﬁ% Hoafolgith. 1
Zeole& F 7198A] N A A5 A vlolEe] F4
olglol HA FapA T ZV‘EJ“E 719 7A el QH]

=7} Waapl B, Jejma ojge] A9l 4% o HOB
Edjol A3aA) 9t

Il. RCB EZ2tole| T4

3.1 RCBEzZlo|9| i
CBEZolt: HrlE=g xgHow ol§e Hepial o
w2 Eels] ol ol ooEsl dge selsl

S 9% £2) #8512 Ayl s] Sl Ak ol
o) grlwel gRe Aggon Eelesg shse o
) AA SlelgA Felgrte AT A st 9
3 vmelel Weo] A3 9 A] Hrlwse] £2% 49
9% WEes FEsp] gnE 9 42 4= 6 5

Aottt 2y F 793Ad 22 FHe dHoHE &
7] el wiZlEleleS F 71gA e 74 @a B
Aol & 745 Bad Ef] 25 BA] A7 e 4E

How 938 o B Ak 27dH |t

Zo| 1. RCBEZ|0|2| HlolE Efl

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.btbl = new int(J{0}:
}

2 oA oulesg Wes Besh] A% 9ol 4
407 treemap?d Zo|E A dtu REI|AHAE BH
o] Hoog gAlgle] zte Qo w ol3l AJ7F =7
gujaly] 93 Wo2 RCB(Reduced CB) Eglolzt
e A2 EdTEE ARkl dn

T >

!

RCBDSE2|

HCBDSEzR| @
ro e
> O® @ J 00
AR

O O diko

02| 7 EBlEEe| H|w
Fig. 7 Comparison with tree structures



16 ﬁ?! 74 E:E1 ]:Eéﬁ‘!—‘ = uI'HI)CwL (2007 9)

RCBEge]d| tig dlole] Bl (g2 1)3 o] A2
gl CBEgldME Z71H7F  treemape] 011,
leafmape] '00°] ey RCBEZ|dME BF o2
%713} st} dukslwl CBEgo): tn|e=g &85k
A olRlER]Y 2E Ao} 7] Wil RCBE}o]

Ar= Eol/do] el Holof o|FERe] F2E o)&F F

71 WZeltho] Fx= (¥ DA £ 4 Sl%e] HCB
EdjolellA HEe Pej7} ofd CBEo|dA ¥3& A=
31 Y= 2] treemapd ZolE &A ©E7] 9
o W2 Aerel

32 RCBEzZ|0|2| EtA

RCBEzZlo|& Hr|x=tE 7K1 YA EE treemaps
x| widel tn|ie=e] delE EE3 leafmape Y
o’y I3 gt W UlFiro A vES 1Y
37 13t AES- Wale] wlo] Hggty o] wlo] oS

innermape°|2ta F-27]2 3t}

|
L2 S0 20K b=

aglx Rolxl HEES] JHE 73 )= skipmaps
A2 TEUCE ©] innermape v EgkEAo] B3
&5 7™ skipmape Eokdl HIEES U&S Ha
At
a3 A 719 EEA 9IS 7a 9dE B TBLE
3ot
’—l—’—ri\iiE
treemap I QQHQH |
THRE=1
0 , ! ! B
innermap [[1111110110110
a a skipmap |/0110000100000
0 1 0 1

| B78L [aaabbb |

T2l 8 EB| %
Fig. 8 Tree Structure

(ad 8)llX H%Eo] treemap® B TBLE gutz<l

CBEZ]9 255 £ & ok olu "a” & "01100001"
o]z b'E 01100010 o]t}
a28Y innermap® 7§ treemaps A3 o2

EZE £IlotA g 713k Hlasle] dojAled W
Fieso Ropl ¥EZ} olvp O JieikE TR Ede}
33 g 0% F7F ARtk agla REolxl wEZL ¢l

Yoy o 08 37A70g. a8ln skipmap

< innermap® "R EAV Hopzl H]EZ} al
2 g Fdstn g2d 0% 7 Al7la
< F7Mzit}. agla B TBLY
treemap?] 14 %7} B TBLY F4&7F |t} dvsid
RCBE&Zto]dAE JH sl HlEA] 7]3ke] Sol7b7] )
olot.

T

W2 RCBEzZl]9] B2 innermaps AASHHA 2
PE}  treemapdllr HIE  gre] 0o A€gd AH$
innermap< 2Q18lo] TH|EQIRA] 0HIESQIAIE FALSCE

ﬁ

gkl ‘IH|Eold ‘OH|EZ} U wj7A] 4t 7)) HIES)
AL ZIA Uzt I 3 treemapold 1HE
7@71 3% 2 YA dgele 1Y AFE Agsi
1 %o #gshs B TBLE A Bl O F
2o 487] 3 2L 7)7F 2AE A GAL dasiu

a%A 22 A4S Ads BRI,

mlm

YS!
_I'—é\—e

33 RCBEzZ}0[2| Atel . Abw|
71¢] A9 CBEzle]s} B|S@h whiew
o, o Aol Ark SEse 7] &l
' AR U2 HEZ} UL o 74 gn
TEo] Whe AelAwt RCBEE 25
o ozt Aotk add CBEge]dlA
datgict. vkt 7zl Afdstaatehs
W onecd] Sgsks Wzl 712 Akl
S AflT ARE 712 EE Akl =7
atA%F RCBERfo|AME thadt 22 A
of 3k},
1. Bobd Wi <hellA 717} dofd ¢
2. 71F vl B 71gke] EAEte] MEERE A

— 32
rr filo
ox
o
Q
os}
ut

Lo
o}l
Ho
=
_[
rr
n

jinc)

Home

o] tiv]

13 Fi
(&

B2 T
o
(o]

°l
bl

>4,

l‘

£ &
;g,
tlo
_?h

H|EojlM £7]7} dojuhe 7%

= AsEE 719 2] %-1 HIEZL Qoluk Tolubel et
thA AAgalelof s u}« 71E WZle) bE Pkl &
Ak A¢ F 71E 719 @A 9w

AAMIES Hlusl] 3



RCBEZo|E ol &3 W& 43 283 49 72 #8 A7 17

011000 treemap 01011
\ innerma 11111100
0/ \ 1 P
|:| skipmap | 01100000
1 \0 BTBL |abec
b)) (o)
01100 [d) 01100100
0 1 treemap 0010111
l——Zl \@ innermap 11111000
kipmap 01100000
0 1 S
/ \ B_TBL abcd

¢
® o

21 9 “a,b,col ‘dE A
Fig. 9 Inserting the character of “d”
into “a,b,c”

RCBEZolol A AHAle AAstant she 718 gag &
A1) dom Alshl "ek e A A Akl
g2l A F 7Y BEE vE F 3

1. 37l x=o] NEEY} §le A+

2. GA x| HEEEZ]Z} 248k BF

R WA e F st BE 9Fwcg on|dit)
o8 A% A & Brywcel o ouvcyl sl

sl e wEd Ht o A% oAl Betan
% 1eto] mol wES] oy ulet th T 7

$2 ekt

= 5 e A% A wsd AuEe) St
L Re @A wEsh s oulabl Bl od A4S
9% S8 AASP] HE oy v shiw EAdEe
He st th U1Ee] 2 =] 49 e

=9 P PAsE Bu

w2 ke ﬁéEH—i— 40}741 gk a2e3 4 Al ol

W2 B4 A 78] AP EQES kel HEs T
OO

d A9 0Y Aol weh 2 el gty 4
1'd A$ollE= treemapolA @A X7} 7171 = HE T
o dgehe FREE(0 xxx 1)E 9% HMEEZE do

2 Avso] ol Wl AAjsiolo} sk 0L A9l
2 g e UHE(01)E Zo] Asd ) w3
innermap9fs A=E/F FEEEIE He AojRg &
&3] ‘002 Holgls MBS I'avt vy 3 "o},

[c] 01100011
treemap 01011
Innermap 11111100
skipmap 01100000
B_TBL abc
e ——
treemap 011
innermap 1111110
o N skipmap | 0110000
() BIBL |ab

T2] 10 ‘2 AH|
Fig. 10 Deleting the character of “c”

Iv. 48 & "ot

ehal el 93] FeA 474 PAARA(13)d] =
15 ©olE o]gste] 7]ZHo|EE wHEo] CBEge|%
HCBEgl], Z8]x RCBEZo|S &4 A7l QA==
B 2718 AE stk T dole W8S nEs
Java 1.5% o] &3l

X 2280 kA A7} Eojoksls 74_3. CBE&}o]
HCBEzlo] R% #Hi A8E olgsl] Y Zzaas
2390 A8 gelEe Za AREo] A ]@ tlo|El7}
ohd RCBE&Z|E 48l THE dloHE ARSI
el A4 Fn AxEe] 4 Azt gE 4 3
g AR T g g AP we Z23s 98
waplgos A3 FHaA i vlad goA &) g
olge] 2718 AR,

L

*

41 B AIZH BT A
HmAge Ase] 271% 1000714 S9N 1%
2R 100719 Dol2 44T F w4 e S99
ZARE VAR Bel2o) el A

o aelw 2] 4
Holl we} e AT} U 4 gone Fud 24
o e oA 3ulel BALE Hale] WA AZHE

Arslgit}. (23 1194 Hio] HCBEZ]E Hx7]9]
20 WAl E-S F AoR wAH|E HE Agter
3 §AAZlo] o] Al Aoz dAdHY. CBE#C]
HglNE RCBEZ] &7t ¥ 60%4%= 3%t
o] Az fulesyt gloix|A Eele] A77} dAHe
2 FojE Ao me ada & 3l

2 0 o 2 o



18 ﬁ? 74 E1 ]}:#&d—a DH‘H)CWL (2007 9)

00
P ]
0.0% -
0.0
,.-/'./
0,025 -
- /l' —#+—RCB
:‘”] 0.02 = i —=—HcB
oo = — e =
00l e—r M
ey — —

1 2 3 4 5 3 7 8 9 n
SHH (1000}

O3 11 SREMAR |
Fig. 11 Comparison with the AVTs

42 Mol B2te| 8|m A

(Id 12)= CBEZeldA 433 vHE

7RI

9 @Z7|E AHE ZAFelt}h. treemap©] leafmape] 24l
A To 2718 AA3l= AL & 4 9vt. a8ln CBE
2lol9] leafmapdll ZAs= H L‘~«/] HE AvEg

(adg 13)s} 2t
guco] B]E&S leafmap?] 64%9 BT FrE %

& 8g A gk,

90000

50000 //‘

70000 =

50000 —=
2 50000 =
5 e = cainep
U 0000 e

30000 /, —
20000 — =
10000

0

1 2 3 4 5 6 7 8 9 10
01 (x1000)

J2! 12 CB E2o|2| map Z7]| gt
Fig. 12 Variation of the map size in the CB Trie

30000

256000

20000

LIxI 3=,
10000
o m

1 2 3 4 5 6 7 8 9 10
£H0{(x1000)

(bit)

E

L]

2! 13 CBEZ}0|9| leafmapt Ho|==2| 7|
Fig. 13 The Size of leafmap and dummy nodes in CB Trie

o] wjFo| gy} Alel AlA) Al We A|lxHlo] RokS %
giata Atk RCBE#|9] 729 &4E A= treemap
7} innermap®t B3| wiiel] F 7|9AA|d REH=
T Eglo @t ARt wkeF o719l skipmape] 71
£ Zo] F3ITITE innermapitEe] &7o| ©f 28
Rol7] el A AJE AT 919 CBEztels
RCBEg|e] A4 Z7|& vlusiew H 57%8 % A7
Addt, aglm Zelrt 1191 HCBEz=ele A 718
B9 CBEgoldt B Aole gle A& & & ok ol
© AARE CBEgldA FlEe 2L ts Efle] X9
H ARE 7 e F20} o F74E7] aEd AAlR
2o HEZ FMEAe gevh AN 7
treemap®} leafmape]&d] ®Zldo]Eo] A Szt
ks v EZlE ] fls) wAlHel e
ofokslr] wjzolt.

Tg
E
o
rr

100000
90000

80000 A
70000 /
60000 ==
50000

40000 A

30000 /-/-
20000 - =
10000 =

0

—*—HCB
—w —®-RcB
—&CB

H E(bity

CHol(x1000)

J% 14 M E2ole| map=7| H|w
Fig. 14 Comparison with the three Tries

o] W&ol treemap¥ leafmape] F7|vtozE only}
itk 12]a CBEgol= o]l a1dEolx] Hxe] 83,000

BE 2 10KbyteW EZE t} £33 4 913, RCBEZ
o] 47,0008 E =, HKbyteW EZE A Xdo| 7}&
3},

a2y HCBEzgel&= CBEzge]¢} H|S:dt 10Kbyteo] €]
o HIlHEL AN 2= A|AoK}. CBE#e|9}
HCBEzlo|, RCBE#®]2] mapEe A4 =Z7wke 3
3k o] (a9 14>°h T-leA o] RCBE&|7}
e e 9 e AL 2 $ ok < 50%
&9 Tk %—i%L &Lf—_ B e




ROBEZe|2 ol 43 WE A4 283 49

2!
ok
ic|
|

V.2 EH &

oy =
CBEg}o|s} CBEZO|E A4 o 33 HCBEZ ]9
THS Hekste] ¢ WMo Rx|ogR|e] HEoR wEA
gAag £ 9lu Ef] Zold Bgg = Hux=sg flof
aAEle] B E=RoMEe RCBEZ|ES Aldkelit). o]
RCBE#ele HuEs A3 fxte I
Fresd ®¥ske WA sl 7129 Eflde
2] leafmape] °Pd innermape ARESH] UFi-tof
grisd dehe SEEe HES B8 A4S 12 4
aln WHesE 0oz A3t oA W Hujexs
= WERA] g3 Egle] Zolk 3] EdEe & F
otk 3 treemapd} innermape] AAE 74$- CBE#
olHT} 50%7AdE Ade B3 FHAIn B A=
CBEzZolol| Hl3] 60% 3 3=As= & F AU &F A
&o] mutd $PdeA] w2 g W ofde} WE map]
7Y4le] TVsslesE At g

B =idMe olXEZe|E HU4H g 722 333

J

S i

ot

oN

P& 2, A mutd Za o, g9, 2002

SAl, "HEkd Tlute] oA il ofFe]Aold 5
3}71", Microsoft Press, 2003

(3) A, o, A%, W71%, "CBDS EZE o4
ok muld 7)718 AL AR 3] B AT,
TAFEF RS, A107 #A55, 2005

(4) <HJ=, “C#.NET Mobile Programming’, 9%t
7, 2005

(5) A= dH, FHIAE S TR 2] FHF 21
A7l 2, 2003

(6) A "HHAE A dste WA 727, G5
HIsks] A9-CH, A1, 2003

(7] Aho A. V., Hopcroft 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

(1)
)

Hd

e

"A Trie Compaction Algorithm for

Knowledge and Data Engineering, Vol.8,
No.3, pp.476-491.

(9) Masami, S. Aoe,J. "An Order Searching Algorithm

of Extensible Hashing” Inter. j. Computer
Math., Vol. 63, pp.179-201, 1997.
(10) Ace,J, Park K(1996), A trie compaction

algorithm for a large set of keys, IEEE Trans.
on Knowledge and Data Engineering, 8(3)
Jonge, W. D(1987), Two access methods using

—
—

—
—

compact binary tree, IEEE Trans. on Software
Engineering, 13(7), 7999-809

Jung. M, Shishibori. M, Tanaka. A, J. Aoe:
"A Dynamic Construction Algorithm for the

(12]

Compact Patricia Trie Using the Hierarchical
Structure”,  Information  Processing &
Management, Vol.38, No.2, pp.221-236.

Dot Al AT:

2002

(13) nlp.korea.ac.kr,

IR ]|

M
1995 ket ZAFFEIek (e
1999 ket ZAFEIek (A
2006 Zkeist AFEI T ()
st} : AjlolAfe), Pugal,

FrHIFE 2, g




