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A Deletion Method for Minimal Prefix Double-array
without Increasing Empty Elements

SUSUMU YATA,t MASAKI OONO,t KAZUHIRO MORITA,t
MASAO FUKETA," TOMOKO YOSHINARI' and JUN-ICHI AOEt

Minimal Prefix (MP) double-array represents a trie with two advantages — a fast retrieval
and a compact dictionary. However, a key deletion produces empty elements and degrades
the space efficiency of MP double-array. In addition, the deletion speed of MP double-array
is degraded by the key deletion because the deletion time depends on the number of empty
elements. This paper presents an efficient deletion method for MP double-array. The method
dynamically removes keys from MP double-array without increasing empty elements. From
experimental results for the key set which consists of 100,000 keys, it turned out that the
presented method is about 17460 times faster than the conventional method and maintains

high space efficiency.

1. Oo0o0oano

0000 000000000000000000
gobobooooooboooooboboooooobOoooo
ooooooouooboooooooboooOooooo
gobooooooboooooooobooooboooo
0000000000 00o0oooooooO o)
goooooobooboobooooboboooDo
gooooooooDbObODbOObOO000000000o
gooooooooooooooboobooooooo
000000000 B-Tree? 0000000000
00000000000 00O0O0ODOOODooooo®
goboooooboboooooooooo

goboobooooooooboobooooboooooo
OUooU0oO0oOooUooooooooo o(yooo

fO00ooooo
Faculty of Engineering, Tokushima University
++ 0000000000
Faculty of Science and Technology, Keio University

1894

gooooboobooooooooooooooooon
goobooooooooooobooooboooobon
obooobooooobooobocoooobooooooo
ooooobooooooboooboooooooooo
oooobooooooooooobooooooooo
ooooboooooooobooobooooonoooon
oobooooboooooooboooon
0000000000000000%000000
goooobooooooooobooooooooo
goooboooooooooooobooboooooo
goooboboooooooboobooooogoooon
goooooobooooooooooooooooon
ooooooooobooOoooooobooboooooo
odooooooooooooobooooooooo
ooooboooboooooboboooobooobooOooooo
gooooboooooooobooboooonoooo
oooooooooooboooooboooboooooon
goooboboooooooooobooooooooo
oobooooboooobooooooo



Vol. 47 No. 6

goboboooboooooooooboooooooo
0000000000000Y0000000000
gooobooooooooooooboooboonoooo
gooooboooooobooooooooooooon
goooooooooooooobooobooooooo
goooboooooooooobooooooboobo
gooobobooooooobooboooooboooo
gooooooodooooooobooobooooooon
000000000000®00000000000
gooobobooooooobooboooobooooon
goooooooooOobObOObOOO0o0o0o0o0ooooaa
uobooooboooooooooboooooo

gooooooboooooobooobooooooooo
goooboooooooobobooobooonoooo
gooooboooooobooooooooooooon
OO0OEDROOOOOOOOOOOI000D0DOO
gooobooooooboooooooooboooon 17—
46000 0000000000000 O00O0OCOCOO
gobood

2. 00000

2.1 00000000
00000000BASEOCHECKOOD 2000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000 O0BASEDCHECK 0O DO0O0O0ODO
000000 100000000000000000
s0000D000 s000D00000 sO00 s
00000000000000 s O BASEOCHECK
00000 BASE[s]OCHECK[s)]| 000000000
000000000O0BASE[s] O CHECK[s] 00O
000000000 s00000000000000
s00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000
000000000000000000000 E-
LINK 0000D0D000000000000000
000000000000000Y0E-LINKOO k
000000 0000000 reme D0000E-
LINKOD 1000000007000000000
0000000000000000000MAX O
00000000000000000000 E-LINK
00000000 7eme: =MAX +1 0000000
000000000 ELINKOODOOOOOOOO

oboooooooooooooooooooboooboooooo

1895

01 BASEOCHECK OOOOOOOOOOOO
Table 1 Node types corresponding to signs of BASE and

CHECK.
oo gooood
BASE CHECK
— ooooo
— + gooo
+ — oooo 100000
+ + poooooo
/\
ri k-1 rk Tk+1 Tremax
BASE —Temax —Th-2  —Th-1 —Tk —Temax-1
CHECK -T2 —rk —Tk+l  —Th+2 —T1

N AN AN A A A

01 E-LINKOOODOOOOOOO
Fig.1 A linkage with empty elements on E-LINK.
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Fig.2 A double-array for key set K.
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Fig.3 Minimal Prefix (MP) double-array for key set K.
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while ( BASE[SIZE] # —SIZE ) do
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(c-3) labels := GetLabel( prev );

(c-4) base := XCheck( prev, labels );

(c-5) if ( base > BASE[prev] ) then

return;

(c-6) Shelter( base, labels );
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end;

end;
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base := X POS — labelsy;
(x-4) XPOS := —CHECK[X POS];

(x-5) if ( 0 < base < old ) then
(x-6) for each c in labels do
(x-7) flag := IsTarget( base + ¢ );
(x-8) if ( lag = FALSE ) then
break;
end;
(x-9) if ( flag = TRUE ) then
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end;

(x-10) until ( XPOS # start );

(x-11) return old;

end;
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(s-2) index := base + ¢;
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end;
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(a) Immediately after deletion for key "add"

1 2 3 4 5 6 7 8 9 10 11 12 13
BASE|1 2 9 -1 2 24 4 5 -6 9 20 7 8
CHECK| 0 -1 1 7 -2 -9 -5 13 -23 3 -10-10 10

14 15 16 17 18 19 20 21 22 23 24 25 26
BASE[22 15 -3 26 19 -4 21 -6 -7 -9 _17 16 —23
CHECK | -3 -13 15 24 -12 18 —15 20 14 -26 -6 —11 -1

1 2 3 4 5 6
E-LINK|17 24 6 9 23 26

(b) After the first loop of procedure Compress

1 2 3 4 5 6 7 8 9 10 11 12 13
BASE[1 2 9 -1 2 6 4 516 9 4 7 8
CHECK| 0 -1 1 7 -2 20 -5 13 -11 3 -10-10 10

14 15 16 17 18 19 20 21
BASE|17 15 -3 -7 19 -4 6 -21
CHECK| -3 -13 9 14 -12 18 -15-21

1

E-LINK
(c) The end of procedure Compress
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Fig.4 Deletion for key “add” by using single elements.
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Fig.5 MP double-array after deletion for key “badge”.
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(t-1) prev := |CHECK[index]|;
(t’-2) if ( CHECK]|prev] < 0 ) then
return TRUE;
(¢-3) else if ( num = 2 ) then
return FALSE;
(t’-4) labels := GetLabel( prev );
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end;
O0¢-10¢-2000000000000 éndex 00O
0000o0oOo0obOoOoooOono TRUEOOOOO
t-30000000000000000000000
0000000 FALSEOOOOD v-4000 prev
00000000000 labels O00O0O!labels OO
goooboooboobooboooooboooboo
O¢-50 TRUEODOOOOODODOOOODODO ¢-60
OO0 FALSEOOOO
00000 IsTarget DOOODOOOOODOOOO
0000 num O0000O00O0DOOO XCheck OO
x-rd0odo0ooooooooo
000 XCheck( index, labels ) 0000
(x-7) flag := IsTarget( base + ¢, |labels| );
ob0sg0200000000D00DDODOOOO
goooooD “edd” DO00OCO0OODOOOCOO
googobooboobooboobooboobooo
gooo2000b000b0000boooboooboo
obobooobooooooo
og3fobooboobooobooboboooboo
000000 “adge” OODODOOOOOOOOO
O00000000UOoUOoOoooO {5 123000
00000 5/MO00 Compress0O000O0OOOO
gooobobooooboooboooobobooog
ooo {9,10,11} 0000000000 10000
00 {2~8}0000000000DOOOOOYY,
10, 11} 0 {5, 6, 7} 0O {12, 13} 0 {9, 10} 0O O
gooobooboobooobbooboooooboo
000000 CompressD OO OO0
06000000 {9,10,11} 000000 (a) 0
000 Compress 000000 (b)OOOOOO0OO
000000 6 000O0O0OBASEODCHECKOOOO
00o0oo000b00bO0oU0boE-LINKOOODOO
0 XpoSOOOOOOOOOOO {9,10,11} 00
gboboboobooooooooo
000 Compress000 c-200000 MAX =11

June 2006

1 2 3 4 5 6 7 8 9 10 11 12 13 14
BASE| 1 9 3 3 -5 -7-12-11-14 -9 -10 -1 -3-11
CHECK| 0 1 1 38 4 4 4 3 -10-11-14 2 2 9

1 2 3 4
E-LINK| 9 10 11 14

(a) After the first loop of procedure Compress
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(b) The end of procedure Compress

06 U0O0O0O0OO0OODOOOO “badge” OO0
Fig.6 Deletion for key “badge” by the new method.
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Table 2 MP double-arrays before deletion.

oo oo ooo
ooo 100,000 100,000
00000 (bytes) 8.86 7.64
0oooo (bytes) 28 54
000 192,430 160,819
oooooo 141 689
ooooooo 38,439 (20%) 20,324 (13%)
00000 (bytes) 1,861,722 1,672,859

03 0O0OaO

Table 3 The simulation results.

ooooo 10,000 30,000 50,000 70,000 90,000
oo
oooooo
ooo 18,916 51,505 61,054 32,832 12,453
ooo 60 47 53 66 63
ooooo (%)
ooo 90.16 72.31 61.30 63.11 58.45
ooo 99.97 99.96 99.94 99.98 99.54
00000 (kb)
ooo 1,877 1,865 1,667 1,169 745
ooo 1,726 1,454 1,179 907 646
0000 (ms)
ooo 0.762 3.261 5.544 3.171 0.887
ooo 0.012 0.012 0.012 0.012 0.012
ooo
oooooo
ooo 17,182 49,608 80,513 40,403 18,450
ooo 94 79 7 95 101
ooooo (%)
ooo 89.31 69.07 49.27 53.44 45.53
ooo 99.95 99.92 99.87 99.78 99.40
00000 (kb)
ooo 1,600 1,721 1,743 1,202 814
ooo 1,553 1,325 1,100 880 667
0000 (ms)
ooo 0.536 2.521 6.228 6.680 1.387
ooo 0.031 0.026 0.024 0.023 0.023
6. 0D O0OUO
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