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A Compact Array Structure with Reverse Traversal in a Trie
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Abstract: A double-array efficiently represents an ordered tree called “trie”, and provides fast retrieval in
the trie. Recently, many compact representations of the double-array have been proposed because a com-
pact data structure is important in big data. The double-array provides inorder (from a parent to a child)
and reverse (from a child to a parent) traversals, but the compact representations provide only the inorder
traversal. Therefore, the compact representations don’t have a dynamic update and a reverse lookup in
the double-array. This paper proposes a compact array structure with the reverse traversal. In addition,
experimental results show that the new structure represents the trie with 36% of the double-array size.

Keywords: Trie, Double-array, Compact representation, Information retrieval

1. FU®IC

HOWDBT—IBXFINE L TERIN T BRI E
T, XFNZWHI DD TN TY XL L F— oG EE
TH2., Z2OHTY, BITXTFZMHEL HFARTH S +
74 (Trie) [1] 1%, SXFFIND ¥ — (HEE) % AERNICE B
570, HRBERICEIT 2R 2HBORA 60T
W5, ZDFIAERRNCERET 27— EE LT,
BILIC k> TREZI N5 7V (Double-array, DA)
2 9% 5. ¥ 7AINE, MROEEEC TR 7 — S HE
BTHY, ZDOMEFEZIATLTFINDORES DRI
5. £, FIAICBI MG E (F—0EIn) PETE
b fRIERFR A B b iR Rt A 2 A

Department of Information Science and Intelligent Systems,

Tokushima University
) shnsk.knd@gmail.com

© 2015 Information Processing Society of Japan

B (F—BIMPHIER) ZEDKBELRLAEDLETED,
A%y AT DIZIBHTE %,

—5T, BmEEREaDERICHE) T — 8 DRELE
LIZBRL, PIADa v Ry FRREAVPEHINTET
W3, FT7AVEINI B W T HERA R EMEBIREI N
TEY, ZOHE L %2 DBEMSY 7 VA (Compact
double-array, CDA) [3] TH 5. HAfY 7VESIE, g
DEBMEZ MR L7 £ £, BYIORERINE L T 2 KB
FIZ AR L 72 7 — S G TH D, FHEOREEIZSY 7L
Bosl & bR 62.5%TH S, LL, FIAIBITBIES
HOEY (BoroT) oAZRML, ¥ 7)VESIHAEE &
LT moER (Frol) 2870, BReL
T, W EPEINTER e EOBBEEIEICLTnws, T
AN L, MBELRER AL ZMHEE LWy AT LTI,
S 7 VBT O G TH 503, 5tk W7 —5D



BIRNIBA AT RRE
IPSJ SIG Technical Report

1 ¥—HAKIEINTZEFI1,
Fig. 1 A trie for keyword set K.
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*2 http://dumps.wikimedia.org/enwiki/20150205/
enwiki-20150205-all-titles-in-ns0.gz
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2 M1DF7AITHNT 28 7 VESIFEL
Fig. 2 Double-array representation of the trie in Fig. 1.
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*4 Tx: Succinct Trie Data structure. https://code.google.
com/p/tx-trie/
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Fig. 3 New array representation of the double-array in Fig. 2.
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R 1 SBEICET 28 7V L RETHEONIE.

Table 1 Correspondences for each operation in the double-array and the new method.

57 VRS

PERT

BASE fHEDHU BASE[s]
CHECK fEDIfs CHECK([s]
¥ — DDA TERM[s] =1

%) — F ol
ZELR Dl

BASE[s] = NIL and CHECK][s] # NIL
BASE(s] = NIL and CHECK]|s| = NIL

if BBV([s| = 1 then LBASE;;,s[SBASE[s]]
else s @ SBASE[s]

if CBV|[s] = 1 then LCHECKjy;;,;[SCHECK[s]]
else s § SCHECK]s]

TERM][s] = 1

TERM][s] =1 and LE[s] =1

TERM][s] = 0 and LE[s] =1

3.2 FT—YEE

RETFIETIZEH 1 ZHT, out 12X > T rALSE 73
5415 BASE, CHECK fli% logz v M CTEIEL, TRUE
PREONBHEDAZ 2y PTEHTZ, #flEL T, K2
DY TNV R EFIREIC L DL LR %2 K 3(b) I
AT, KB % LBASE, LCHECK 7332 E v P £
SELFICH Y, SBASE, SCHECK #%logz B v PRI
LY TH S, 7, BBV, CBV BKERIZH L, out D3
TRUE %* FALSE 2% #3272y FEFITH D, LE
FBEBEDEPEPZHBNT 270D E Y FEIITH 5.
REFHETEINSORIIZH2 Z LT, BRHOs 7
LA 2 INERTHhOERICHEITT 5. 207D, BEER
BEOLLTR (1) ZHCE I ENTE, MELEETH 3.

EIFIEOFA S T, KEIIDFEL WK Z DL T I
AL, R LICKEILHEZ £ LORRZRT.

BBV, CBV O BASE/CHECK Bit Vector % &k
+%. BBV[s| € {0,1} £¥3 2 LT, BBV[s|=0Thh
1 out(BASE, s) = FALSE Tdh % Lkl 9 5. BBV[s] =1
THHUS out(BASE, s) = TRUE TH % Lkl 5. CBV
IOV ThH, CHECK IZH LIHBROMR TH 5.

LBASE, LCHECK DA Large-BASE/CHECK %
BT 25, F7 VS O% 70y 7125 U T LBASE
B4 % £ # L, out(BASE,s) = TRUE & % BASE fi#%
LBASEy () ICH&#IT 5, 2D & &, LBASEy; ) DEH
Bz AN TH%. LBASEfHIZ BASEfHEFILC 32 E Y
FTRIN, HEEIE 20 -p, EY FTH B, LCHECK
F1H CHECK (X L HEROREKTH b, FliEEIZ 32n - p,
Ey FTH 35,

SBASE, SCHECK D#A{ Small-BASE/CHECK %
EWT3, EH1 20T, £EEN logr Ey P TEZ
NBEFHITH Y, ¥ 7IVESI & FRRIC A ERIF A R0
Ji59 %, out(BASE,s) = FALSE & % BASE fHIZE W T,
s®BASE[s] Z SBASE[s] ICf#F L TE &, s@SBASE[s] =
BASE[s] IC &> THHILT 5. £72, out(BASE,s) = TRUE
% % SBASE[s] 1%, BASE[s] = LBASEy)li] % % i %
SBASE[s] Ic###iL T < 2 & T, LBASE D&
511%. LBASEys) DEFRLIF 2 LT DT, ildlogx
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¥%. LE[s] = 1% TERM[s] = 1 THiUZ, #&iiTdh 2
LGN s NETH LI EDbD S, LE[s] =120
TERM[s] = 0 THIUL, #HIHTIEHEVDEE s B%ET
HDIEDBbD B,

DLEDRERIZED, py & pe DS WIFEa 87 b
Y 7IVEG R KRBT 5 2 L TE S, £, LBASE,
LCHECK DO b JEE I ik 7z, BIVEHIC K 5%
FoEm, HIFRICHFHTICHIETE S,

% 3 3BT (b) DEIIEED S (a) DY 7 IVEL
Wetgnd 856 %5 2%, BASE[T) =8 2Hd 5L &,
BBV[7] =1 &V out(BASE,7) = TRUE TdH % Z L 23 H>
% 7%, LBASEy;(7)[SBASE[7]] = LBASE[0] =812 & D
HLTc&%. CHECK[5) =4 #8325 L &, CBV[5 =0
& D out(CHECK,5) = FALSE TH 5 Z &b 5720,
5@®SCHECK[5) = 5@ 1 =4k hEncEs. £/,
TERM[5] = 1 22 LE[5] =1 K D imi 5 ETH L Z &
23HH D, TERM[10] =0 %> LE[10] = 1 & D %5 10 23
HTHDBHIEDBDOD S,

3.3 BEFIE

Db, Pe \¥ LBASE, LCHECK DEEEICAE CIKHEL,
INSIINIWETH B IZER ., KEITIE, py, pe 2K
HEFEBREEFIEIZOWTHRR S,

— M7 & 7 VEIIOREETIE T, HifoERICE Y
T (1) T 2 RHERZH > SMICHHT 5, —H
T, K528 [3] TRL TV LREEFIHTIE, AE) Xvy
Yoo EHNL, HETOEEZEEZR XYy 2T
AV RICHiET 2 2 E2EETS, Thabb, RiFO2EE
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xR 2 HERAVBLIORER,
Table 2 Theoretical results.

T BRI R [y b
&7 VLS O(k) 64n
JEfE S 7 OVELHT  O(k) 40n,

REFIE O(k) 20n + 32n(pp + pc)
LOUDS O(ko) 11.75n + 1.375

FZoIEICHAT 2D TIEERL, BEA—-DFrviad
AV FOBERE2EEL RT3, £/, 3] TlE, &
(1) DEH)ICTFOREZPHMLVGRIEAIC I DB I RI 2 &
T, 74 VOMRERBITL TV,

COFHEZFAL, BleFoERXEA—7uy 7 ki
BliEd 5 2 & 2ELETNE, out 12X > T FALSE DMF o
% BASE, CHECK fliz kX W% EHTE S, ¥/, 1O
KR iIC Pl 2 w2 L &, 7L 7 7y MEA
25{0,1,---,0 — 1} THIUF, 7vvy 7E ¢ = 2Mesl(c
T3 EMELR L, ¥, EEONIBHN s DTFES
{to,t1, s tmeo} ICXFL, bIK(BASE[s]) = blk(s) DMEERT
UL, HRRE blk(s) = blk(to) = blk(ty) = - - = blk(t,,)
&7, blk(CHECK][to]) = blk(to), blk(CHECK[t,]) =
blk(ty), ---, blk(CHECK][t,,]) = blk(t,,) D37 SN 5 7
ODTHD, FHEITIE o =256 THD7%D, x=2560Hd
MK, SBASE, SCHECK DEEEY logz =8 E v
FERNI W,

4. T

KEiZ 7V, TS 7 VECHI, LOUDS & Fhif L
Hilid 5 2 & T, METHROAMMEZRT, £, A
Tldz =256 & L7,

4.1 IEFRAYRETE

fili 2 THRAZERICB VLT, K7 — G0 I
LR 2 iHiiZ 5-2 5. fHL, LOUDS ICBHIL Ti&, £
HEN 7RI TH D tx-trie™ 2BEIC L., R 2 ICKETFE
RS 2 FEERIVEII O RS R 2 R 3. BRRRHICE T 2 kX
ANLFHETHY, old b 74 DRRKREELRT. Af
FTIE, XFIIFS8EY PTRINS I LEZHHRELTW
270, 0 <256 TH5, REFIHEICEITS20nE Y b
'¥, SBASE, SCHECK, BBV, CBV, TERM, LE Dt
HROGIHEZRLTED, 32n(p, +p.) E v & LBASE
¢ LCHECK DiERE &2 R L TW» 3,

BRI D WL, WTNOFIED 7 — FEUTKEEY
TEMTH S, L L, LOUDS ICBHL TIREMiHICE
T, ANILFHNE 3T 5 T NN ZBIRRT 2 LB H
D, F7IVEGNE AREHETH B,

RIS OWT, 7, 7V ERETFIEE KT 5.
FxD, F7EIID 64n 2> S IRETED 20n 2722 L 5[0
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Fig. 4 Experimental results of retrieval times.

Space usage [MB]
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Rate of keyword set [%]
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Fig. 5 Experimental results of space usages.

7o 44n EHR, 32n(pp+pe) < 44n DS py+p. < 1.375
THIUE, REFHEOHNY TIVESIIL D a7 b
BHIEDOD D, FARRIC, 32n(py +p.) <20n ThbbH
P + pe < 0.625 THIUL, IREFIEDI0EMES 7 VELT
EDav Ry ksl dbrsb, —7, LOUDS Lk
756G, 20n Ey F3Z3H 2 LOUDS OFEEEL D b
REWD, LOUDS khav 87 Mick s Z Lidiw,

4.2 FEMHERIC L 2

FEREICRB I 2 REFIEOMREZFHMT 22012, »
FTNDFES C++AVTFHEL, Quad-Core Intel Xeon
2 x 2.4 GHz(L2 cache: 256 KB) Z## L 75158 L TH
BB % B o7, LOUDS DF3I21F tx-trie* 2 H\»
7o, FEBRTIE, JEFERR Wikipedia o R LEE *2 (¥ —%:
11,519,354, ¥R 119.68) ISk > TSI N b 4 25K
WL L E0FEREL, 1 ¥ 44D ORRHZRD 7,

MR B 3 2 B R 2 X 4, FlRERICEId 2558,
2R 5 IR T. ERIT ERLL 72 % — A DOE T EAIC
NLTHE IR, KOEIIERESIINT 2HES
DEGZRL TV 5, REFHEE, fili 3.3 THRANZFIHIC
Lo THEEL T3,
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6 HEERTM L FIPRBUTNT 2 py & po KOFEREBEDZAL.

Fig. 6 Variations of py, p. and space usage for construction

methods and average degrees.

BRI DT, & 7IVELY & ki 57 VELS D3[R
FTlibOEBTHo T, RETFEICOVTUL, Bl RIEF
SERED, BEICEBURHESML 72720, ¥ 7IVELIE
RT3 f51F S & 2o 7. —JF, REFEE LOUDS
Z ARG E, RETFERIZY 7 VETI ORI Z A L Twv
570, SHRESICBTHNI6HEEETH -7, £, b
7 4 ORI RIS BT 2 P RBDNE < % 512 L LOUDS
BRI REHEPIZ 5720, BREHRIEIIZoN
TEABLAS R S N tehs, & 7IVEHI L OHRE T IR D
WEEZZI RO, ~EOEEZMEHT 2. EEIC
DWW, RBEFIEZ S 7NVETION 36%, EiES 7 VEL
DK 8% T 74 ZRHTELZ L3bdro7, HL,
LOUDS 23 b/NE L, REFEDON 3% ko 7z,

AT, fEEDTIE & i 3.3 TN L - FIH TR L 7285
HBD pp & pe DEIZO VT OERFEREZR 6 1ITR-7. (a)
23, fEROTFME (OLD) &ffi 3.3 THI/ L= FIH (NEW)
THERLGED py+p. L, (b) 232D L ZDilERE
ZRLTWS, (c) &, b 7AICBT2HEEROFEEX
BERLTWS, BfzX 4, 5 LELCEOEAOEHE
ZRERLTNVD,

Kb, AC7vy 7 2@l CTHinzERTHILT
pp & pe DIEA L, BBEEVSDV LB L E2bh 5,
HL, fEROMETFIETS, fi4.1 THRRZEES 7 IVEL
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Tk D a7 Tk 558 py + pe < 0.625 % F57 1 i
7LTw3, F, L LHIFHREDIEMT 513
Epy & pe BEEINT 2 Z &b 5, Znid, REDHEM
T2I138, D7y 7OEEZZMHLICS S 25k
DTHY, REFHEEI 70y 7RIS LFEERED/NE v
BEETH D Z EbhroTz.

DL EofESicmz, #7aER S TRECH ) BIE#T 4
EOBREERLADLETVRE I L6, REFHEITNITA
DERBUCBOTHATH L LA D,

5. HHOHIC

AT, 77 VESNC BT 3k EiERE O RE
R, W IEERARED D 2 v R 7 b e L »ilidslE
WERREL 2. £, REFLEOTLEBIRLHEICHED 2
FEFMEIZO>WTHEN LA, 2L T, EhiCkD, ko
FTNVEIED b a7 b THD, LOUDS £ b EE
THD R,

SHOPEE LT, BLxax—HEEE2HWTERE B
W, pp & p. DELZERT D2 ENFETF oD, %
7o, BINEERTZ @A L ZEEIS, py & ope PSHIML Zvadp
BREEDOLTHRGET 2 TFETH 5.

SEHR

[1]  Fredkin, E.: Trie Memory, Commun. ACM, Vol. 3,
No. 9, pp. 490-499 (1960).

[2]  Aoe, J.: An efficient digital search algorithm by using a
double-array structure, IEEE Transactions on Software
Engineering, Vol. 15, No. 9, pp. 1066-1077 (1989).

8] RHE &, HREMZE, BAHIEH, VA OB, SIE— 8
TNVEINZ BT 2 F v v > 2 O%F, 5 BIEFHRE
et 7 4 — 7 LB (F1T2006), pp. 71-72 (2006).

4] AIAUE, SRR, WL, SO -4 s
A7 ILREROZIRRE 7L T X L, RIS
£FSCEE, Vol. 39, No. 9, pp. 2563-2571 (1998).

[5] Fuketa, M., Kitagawa, H., Ogawa, T., Morita, K. and
Aoe, J.: Compression of double array structures for fixed
length keywords, Information Processing & Manage-
ment, Vol. 50, No. 5, pp. 796-806 (2014).

(6]  FREHIRSY, BAHIEHE, AREAZE, HLH— @ RG22 A
Wi ¥ 7 OVELII DM, B E R R
X, No. 1, pp. 693-694 (2015).

[7]  Delpratt, O., Rahman, N. and Raman, R.: Engineering
the LOUDS succinct tree representation, Proceedings of
WEA 2006, pp. 134-145 (2006).

[8] Sadakane, K. and Navarro, G.: Fully-functional suc-
cinct trees, Proceedings of the Twenty-First Annual
ACM-SIAM Symposium on Discrete Algorithms, Soci-
ety for Industrial and Applied Mathematics, pp. 134-149
(2010).

[9] Munro, J. I. and Raman, V.: Succinct Representation
of Balanced Parentheses and Static Trees, Siam Journal
on Computing, Vol. 31, pp. 762-776 (2001).

[10] Arroyuelo, D., Cédnovas, R., Navarro, G. and Sadakane,
K.: Succinct Trees in Practice, Algorithm Engineering
and Ezperimentation, pp. 84-97 (2010).



