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An Efficient Key Deletion Method for a Double-Array Structure
Masaki OONO, Kazuhiro MORITA, Masao FUKETA and Jun-ichi AOE

A trie is a well known method for various natural language dictionaries. A double-array structure is an efficient data structure
combining fast access of a matrix form with compactness of a list form. Morita presented a key deletion method of a dou-
ble-array by eliminating empty elements. However, the space efficiency of this method is low for high frequent deletion. Fur-
ther, the deletion takes a lot of time because the cost depends on the number of empty elements. In this paper, a fast and com-
pact deletion method is presented by using a property of nodes having no brothers. From simulation results for 100,000 keys, it
turned out that the presented method is faster 300 times than Morita’s method and keeps space efficiency ratio roughty 100%.
Keywords: Key search, Trie structure, Double-array structure, Deletion method
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1.2 3 4 5 6 7 8 9
BASE| 1 -1 -4 9 -2 1 1 4
CHECK| 1 7 15 1 8 11 &6

10 11 12 13 14 15

9 3.3 3 0 0 2

M .12 9 4 8 0 0 4
2 FEAKITHT D4 T M

Fig2 A double-array structure for key set K.

Function SEARCH (X) ;

begin
s:=1; h:=0;

repeat
h:=h+1;

(R1) t:=BASE[s]+ay;
(R2) :L_f (t>MAX) or (CHECK [t] #s)
(R3) then return(FALSE) else s:=t;
(R4) until BASE[s]<0;
(RS5) return (TRUE) ;
end;

3 FTIEBN L BMEET LY R
Fig3 Aretrieval algorithm by using double-array.
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procedure DELETE (s);

begi
do

(D1) if s=1 then return;
(D2) parent:=CHECK[s];
(D3) BASE [s] :=0; W _CHECK (s, 0);
(D4) s:=parent; d:=DEGREE (s);
(D5) while d=0;
(D6) COMPRESS;

end;

4 TFfex DELETE
Fig4 Procedure DELTE.

procedure COMPRESS;
begin

) m_index:=CHECK[MAX];
LABEL:=GET LABEL (m index) ;
new base:=X CHECK (m_index, LABEL) ;
if new_base#FALSE then

MODIFY (m index,new base, LABEL) ;
end;

(C1
(C2)
(C3)
(C4)
(C5)

5 Fc& COMPRESS
Fig5 Procedure COMPRESS.

procedure MODIFY (s,new base, LABEL) ;

begi
(M1) old base:=BASE([s]; BASE[s]:=new base;
(M2) for each c in LABEL do

begin

(M3) t:=old basetc; t’:=new basetc;
(M4) W_CHECK(t’,s); BASE[t’]:=BASE[t];
(M5) if BASE[t]>0 then
(M6) for each d such that CHECK[d]=t do
(M7) CHECK[d] :=t’;
(M8) BASE[t]=0; W CHECK(t,O0)
end;
end;

B6 Fhix MODIFY
Fig6 Procedure MODIFY.
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Fig7 Anillustration of element movement by method M.
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12 3 4 5 6 7 8 9 10 11 12 13 14 15

BASE|1 -1 -4 9 -2 1 1 4 9 -3 3 3 0 0 2
CHECK| 1 7 15 1 8 11 6 11 12 9 4 8 14 16 4
E_HEAD =13
8 E U7 &l LicZ 70
Fig8 Adouble-array that applied E-link.
1 2 3 4 5 6 7 8 9 10 11 12 13
BASE| 1 -1 -4 1 -2 1 1 4 38 0 0 0 2
CHECK| 1 7 13 1 8 9 6 9 4 11 12 14 4

9 F—"badge HISRHED S 7 7
Fig9 A double-array of after deletion for “badget”.
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Fig.10 Anillustraion of element movement by present method.
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Bl [X8ITx LEs 1 e S 747 L5
Fig.1l A double-array that applied definition 1 for fig. 8.
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procedure COMPRESS;
begin
(P1) e:=NUM EMPTY;
(P2) for i:=1 to e do
begi.

(P3) m_index:=|CHECK[MAX] | ;
(P4) if BASE[m index]=1 then return;
(P5) if CHECK[m index]>0 then
(P6) ret :=SINGLE (m_ index)
else
(P7) ret:=MULTI (m index);
(P8) if (ret=FALSE) or (E_HEAD=MAX+1)
(P9) then return;
end;
end;

12 L3R L7-T6e& COMPRESS
Fig.12 Extended procedure COMPRESS by present method.

function SINGLE (m_ index);
begin
(T1) LABEL:=GET LABEL (m index);
(T2) new base:=X CHECK (LABEL) ;
(T3) if new base=FALSE then return (FALSE);
(T4) MODIFY (m index,new base, LABEL) ;
(T5) return (TRUE) ;
end;

BE13 B SINGLE
Fig.13  Function SINGLE.
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function MULTI (m_index);
begin
(Ul) old max:=MAX;
(U2) LABEL:=GET LABEL(m index);
(U3) new base:=EX CHECK (LABEL) ;
(U4) if new base=FALSE then return (FALSE);
(U5) for each c in LABEL do

begin

(Ue) t:=new basetc;

(U7) if BASE[t]=0 then continue;

(U8) u:=t-BASE[ |CHECK[t]|];

(U9) b:=MAX+1-u;

(U10) MODIFY (|CHECK[t] |,b, {u});

(U11) if t=m index then m index:=b+u;
end;

(U12) MODIFY (m index,new base, LABEL) ;
(U13) while MAX>old max do
(U14) SINGLE ( | CHECK [MAX] |) ;
(U15) return(TRUE);
end;

14 B MULTI
Fig.14 Function MULTL

function EX CHECK(m index, LABEL) ;

begi
(E1) if HEAD=BASE[m index] then HEAD:=1;
(E2) qg:=HEAD;

repeat
(E3) flag:=TRUE;
(E4) for each c in LABEL do
(ES) if (CHECK[|CHECK[g+c]|]<0)
(E6) or (BASE [g+c] #0) then flag:=FALSE;
(E7) if flag=TRUE then
(E8) begin HEAD:=g; return(q); end;

(E9) q:=qg+l;

(E10) until g=BASE[m index];
(E11) HEAD:=1;

(E12) return (FALSE) ;

end;
E15 B#%EX CHECK
Fig.15 Function EX CHECK.
1 2 3 4 5 6 7 8 9 10
BASE| 1 -1 3 1 -2 3 9 4 1 -4
CHECK| 1 9 -4 -1 8 8 4 3 6 1

16 FREIEC LD F—"badget ZHIFR LT= 47 5|
Fig.16 A double-array of after deletion for “badge#”
by present method.
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F1 FRER
Table 1 The simulation results.

HIBR—5k 10,000 30,000 50,000 70,000 90,000
RS n 372,069 305,708 233,830 153,982 60,509
A m

HIkREM 31481 97823 167,595 184229 168277

PERE 0 0 0 0 0
ZEfR R (%]

HIkREM 92 76 58 46 26

PERls 100 100 100 100 100
BRI [sec]

HIEREM 26 289 819 1,635 2,199

PERE 09 25 39 52 6.6
RATE:single %] 62 o4 67 70 75
AVG:ntm 5.8 5.6 54 54 55
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V0 B PR T DHM B L Om), X CHECK I E U
U ESEAN AR T HDT Om) & 72 5[3]. MODIFY OFf
HEY, 1TM2, M6 Te llBIT 20— ik 22-TRY,
1TM4, M8 TW_CHECK % %74 5 DT, O(e(mtetm)=O(m)
L% (e ITEROT-DENET D). LLEXY, HBREM @
AR, Bk —0F &%k & 95 & & DELETE O do-while
T k [B] W CHECK %5/7L, COMPRESS ™fT C3 C
X _CHECK %#3#7TL, 1T C5 T MODIFY #%E{T4 50T,
O(km+m+m)y=O(km+m) & 72 5.

WIZ, REEORHFHEREAS5 72012, EX_CHECK,
SINGLE, MULTI Ot %ERH 5. EX CHECK DOFHE
I%, repeat-until 3X% ntm [Blf# 0 IKF DT O@mtm) & 72 5.
SINGLE Da1##13, 47 T2 TX _CHECK, 1T T4 CMODIFY
ZFEATTHOT Om) & 72%. MULTI O 5HE T, 1TU3 T
EX CHECK %379 5D TOmtm)& 7225, LIELY, #E
1LOFFEIY, DELETE @ do-while X Ck [7] W CHECK %
FHTL, COMPRESS ®fTP7 ® MULTI % for 302k ->Tm
[AHEE D 34D T, Okmrrm(ntm)) & 72%.

TREFEORFFHREITHBREM LV R&E D, Zh
1% EX_CHECK |Z3\ T EMEER OB LA IRIET 7201
Rk ntm EMAX) [B], X7 NVEBIOESEZEETHZ LT
EXT 5. 72720, mm[EEET S Z &1, T AESIHO
U TN DI NGBS DI Z DRI r—ATH
5 WBIZIE T4 DR 1 DS~ VT /i L 725 KO 7 858) .
BIRSFED LT OWURE S DT 24 AMEDSE F—
EE TV INVEINSE TFHET HDTC, FEOERRRL
WErim LK IXD0NTDiR< 7D, Fi, HIEREM EHBRE
WHET 5 & m ABEIN UHIBREEEA MK 3223, #58k3 v
INAOFIACE Y m 207 ffDoZ LN TE DI 0ER

0ed

IZHITE 5. LU 2 SISOV TR ERRIC & v EEiE 5.

5. 2 SEERICK AT

FEEETFEORES AT A3 500 170 CHS7E Gk S
TkY, Apple PowerMacG4 (OS:MacOS9, CPU:733MHz) t
THE L Q5. FEBCHV V=7 —# 1% EDR B4
HHEEHEETH Y, BB CTORIE e 12256 Thb.

1 (ZHEHGEE 10 JTRbE 2 7 M8G5, e ICHIBR
L CW o I5A0OERER A/~ RPOZEMFERRT, &
TN DR nm (R D S OEIE TH 5.
AVGin+m XEX_CHECK T3V % & 7 VBSOS EAT L
Th 5. RATEssingle 13 n (T35 o o VNVEROEIG RS
7, HIBRIZ L 0BG — 3L LT Th 60~75%03
VIONERTHDHI LMD, TOZEMENIGESND.

1 OFERD D, HIBRE M ITHIRZ ST D12 E m A3
INUZEREREEME T 9223, $2530513 100% D% AR
EHEE L CWB Z ENbD. £z, RRETHIEM LY
#930~300 {EEHICH IR CE TS, ZIUHRERED m 23E
WIDRAET TS Z L, F72 AVGintm 2SEEEEH ntm
WZRHRZRL, 720372 S [BIfEEE T D 2 L ITHERI 5.

PLEX Y, BEERIA T NEBIORBRT LTY AL E LT
B ThHDHLENRD.

6. BHYIC
AGSLTIL, ST A DD 5 by I OElG %
DL, VU INEIDBBIIES AR TED LN )R
BUTER L, HlbRE B LA C b 22 AR & MR
T EWAR VR X — IR TEAIRE LTz, AFEC
X0, FTAEEREOWSHZTEDEIEN D 6D & s,
S%OTAY, HEETERT AT MCHEAL, AEE
MEBTHZ & THD.

SE Xk
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