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Fast Computation of Updating Method
of a Dictionary for Compression Digital Search Tree

YASUMASA NAKAMURA' and HISATOSHI MOCHIZUKI'

Digital search is a information retrieval application used widely, such as dictionary informa-
tion construction of natural language processing system. Digital search tree has compression
digital search tree stored only common prefix. As a fast and compact data structure for com-
pression digital search tree, a double-array is presented. However, the updating processing is
not faster than other dynamic retrieval methods. In this paper, we presents a faster method
of updates for double-array. In the proposed method, we make insertion algorithm fast by
managing a new node position on a compression digital search tree, and reduction algorithm
of deletion time. The simulation results for 200 thousands keys turned out that the presented
method for insertion processing is faster than original method, and deletion processing is
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equivalent to original method.
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Fig.1 Transition of digital search tree.

02 00 DsOOO

Fig.2 An example of compression digital search tree.
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Fig.3 An example of double-array structure.

Function:Search(key)
(S1) t=1;

(S2) pos = 0;

(S3) while:00 ¢t 0 SPOOOOOO

(S4) s =t

(85) t = Bls] + key[pos];

(S6) if:C[t] 0 s 000D

(87) return FALSE;

(S8) pos = pos + 1;

(89) return StrCmp (T + (—B[t])U key + pos);

0 4 0O0O0OSearch
Fig.4 Function: Search.
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Function:TransNode(s, label)

(TN1) oldBase = Bls];

(TN2) size =SearchTnode(s, S, Sgr);
(TN3) B[s] =NewBase(Sr U label, size + 1);
(TN4) i=0;

(TN5) while:: O size 00000

(TN6) t = Bls] + S [i];

(TNT) InsNode(t, s);

(TNS) Bl = Spli;

(TN9) if:00 t0 SPODOOODOO

(TN10 old = oldBase + S [i];

(TN11
(TN12
(TN13

)
) RenewalCheck(old, t);
) i=i+1;
) return TRUE;
0 5 0O00TransNode
Fig.5 Function: TransNode.

Function:DelNode(t)

(DN1) BJt] = 0;
(DN2) C[t] = 0;
(DN3) return t;

0 6 000DelNode
Fig.6 Function: DelNode.

Function:NewBase(Sy,, size)
(NB1)
(NB2) while:

(NB3) i=0;

(NB4) while:i 0 size D0000

(NB5) if:00 (base+ Sp[i]) 0000000000
(NB6) break;

(NB7) =i+ 1

(NB8) if:i 0 size 0000

(NB9) return base;

(NB10) base = base + 1;

(NB11) return FALSE;

0 7 0O00NewBase
Fig.7 Function: NewBase.
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Function:InsNode(t, s)
(IN1)  C[t] = s;
(IN2) return t;

0 8 O0O0OInsNode
Fig.8 Function: InsNode.
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Fig.9 Compression digital search tree after insertion

processing.
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Fig. 10 Double-array structure after insertion processing.

Function:Delete(SPnode)

(DE1) s = C[SPnode];

(DE2) DelNode(SPnode);

(DE3) t =IsSingleNode(s);

(DE4) if:00s000000000000DO¢0 SPOOOOO
(DE5) StrCpy (tail[KSIZE], T + (—Blt]));

(DES6) pos = 1;

(DET) while:IsSingleNode(s) #FALSE

(DESB) tail[KSIZE—pos] = t — Bl[s];

(DE9) DelNode(t);

(DE10) t=s;

(DE11) s = C[t];

(DE12) pos = pos + 1;

(DE13) Bt] = —maxTail;

(DE14) StrCpy (T [maxTail], tail +(KSIZE—pos+1));
(DE15) return TRUE;

0 11 000 Delete
Fig.11 Function: Delete.
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Fig.12 Compression digital search tree after deletion

processing.

123 456 7 89101112
BASE [10-5-111-1800 0 0 0]
CHECK[106 1 15 6 000 0 0]
123456789 10111213 14 1516 17 18 19 20 21
TAIL|ode#ug#g#u 1 ¢t # # n e # i n e #|

013 0oOoooooooo
Fig.13 Double-array structure after deletion processing.
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Function:EX_NewBase(Sy, size)

0 12 3456789 1011 12 (ENB1) base = (maxNode + 1) — S[0];
BASE [8 1-10-5-11119 11 -15 12 0 | . -
CHECK[121 7 6 1 1560 8 7 -9 -11] (ENB2) if:1 < base <DA_SIZE—S[size — 1]
(ENB3) return base;

014 0O000O0O0O0O0OO0OO0OO0O0O0OOOOOOOOOO

i (ENB4) e = BJ0];
Fig.14 An example of double-array structure for the

(ENB5) whilet:e 1000000000

doubly list. (ENB6)  base = e — S[0];
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— (ENB11) break;
BB (ENB12) i=it 1
015 000000000D00000D (ENB13) if:i 0 sizeOODODO
Fig. 15 An illustration of node creation. (ENB14) return base:

(ENB15) e = Ble];
(ENB16) return FALSE;

0 16 0O00EX_NewBase
Fig.16 Function: EX_NewBase.
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goooooooo Function:EX_InsNode(t, s)

Clei] = —ei—1 1<i<m (6) (EIN1) B[-C[t]] = B[t];
Cleo] = —em (7) (EIN2) C[B[t]] = Clt];
(EIN3) CIt] = s;
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0140000000000D00D0O0D0O0DO00O0OO0 Fig.17 Function: EX_InsNode.
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Function:EX_DelNode(t)
(EDN1) prev = —CJ[0];
(EDN2) Blprev] =t;
(EDN3) BIt] = 0;

(EDN4) C[0] = —t;
(EDN5) Clt] = —prev;
(EDNG6) return t;

0 18 000EX_DelNode
Fig. 18 Function: EX_DelNode.
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012 3456789 10 11 12 13 14 15 16
BASE [8 1-10-5-1111911-1512 13 14 15 16 0 |
CHECK[-161 7 6 1 1560-8 7 -9 -11 -12 -13 -14 -15|
019 DASIZED 17000000000O000OO0OOOO
goooooo
Fig.19 An example of double-array structure for the
doubly list (DA_SIZE: 17).
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Fig.20 Compression digital search tree for the doubly list

(a)DA_SIZEH13MiBE

after insertion processing.
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Fig.21 A double-array structure for the doubly list after

insertion processing.
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01 0000
Table 1 The set of key in 200,000 words.

000000 URIOOOO 0000000

ooo 200,000 200,000 200,000

00000 (byte) 9.46 57.46 7.16
ooooo

0000 ADDDOO 2.13 1.26 2.63

0000 BOOOOO C 1.30 1.04 1.33

02 0000O0ODOODODODODOooOoooo
Table 2 The simulation results of a double-array in
200,000 words.

000000 URIOOOO OOOOOOO
ooo
0000 ADDDOODO 377,044 957,567 322,823
0000 BOoOoOooo © 856,468 4,457,606 812,801
ooooooo
0000 ADDDOODO 270,288 843,584 241,889
0000 BOOOOO © 749,712 4,343,623 731,867
oooooo
oooo A 529 47 27,218
oooo B 78 0 150
oooo C 127,133 33,370 269,328
oooo 132,713 92,208 277,146
00 byte O
oooo A 4,113,563 14,361,654 3,745,136
oooo B| 6,852,368 35,660,848 6,503,608
oooo C| 7,868,808 35,927,808 8,657,032
0000 D|10,457,535 58,457,630 8,156,750
oooo| 5,171,019 15,098,942 5,744,560
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01000000000000000000000
0000 DSOO00O0O0ODSOOODOOOOOOD
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O 2byte 0000
0200000000000000000000
000000000000000000000000
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0DOO0OOO0O0OCO00O0O0000O0 Suffix array
0000000000000 byteDOOOOOOOO
DASIZEOOO DSOOOOOO0OO0O0O0O0O0OO
000000000000
00000000000000000000000
000000000000 300000000000
000000000000 AOODODOO0O0O0O0O
00 BOOO COOOOODOOOOOOO 220
0oQ
030020000000 AD00OOOO DSO
000000000 BOCOOOOOOOOOOOO
01.100000000000000DOOOOOO
000000000000000000000000
000000000000000000000000
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Table 3 The simulation results of search time.

000 oo 000000 URIODOOOD 0000000
000D AopDoDoo 0.03 0.11 0.03
10 oooo BOC 0.04 0.16 0.04
oooo D 0.01 0.02 0.01
000D ADOOOO 0.12 0.34 0.09
w0d oooo BOC 0.13 0.38 0.12
0oooo D 0.24 0.39 0.20
0000 ADOOOO 0.15 0.40 0.13
200 oooo BOC 0.17 0.45 0.14
0oooo D 0.58 0.93 0.49
0.70
oo LI HBFEA ERFL
T | [ HRF B, HRFHC WQ/Q
50 o WEFED
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g &

.20

S T - S N R S
BRy—H(PE

022 0000000000000 0OO0O00ODOOOOO
Fig.22 The simulation results of search time.

04 O00OO0OOOOODOOOOOODOOOOO
Table 4 The simulation results of insertion time and
number of comparison in 200,000 words.

000000 URIDOOO O0O0000O

oooo (0)
0oooo A 271.66 2,750.26 167.50
oooo B 1.01 1.32 2.78
gooo C 0.90 1.28 2.30
0oo0o00 D 4.19 34.72 4.04
oooo 0.50 0.70 1.59
NewBase 00000 (O0O)
0oooo A|38,831,625 192,207,672 22,937,940
oooo B 1,739 4,638 8,195
oooo C 1,090 4,544 2,423
oooo 7,984 2,652 16,325

obO0OOOO00DOOOOO00O0OOO0O0000
00oobDSOO00000 DSOO0O0OOoooooo
gooooooooooooobooo

gooboooooooooooooooooooo
goobooooo4000000000000000
000 NewBaseOUOOOOOOOOOO DOOOO
goboodoooboooboooooboooooobooo
00 BOCOOOOOOOOOOOOO NewBase O
obooooo 230000

0400 23 0000000000000O000O0
0000000000o0Oo0O ADOO 539.80000
OO0 BOOO 20000000 CDOO0O 18000
000 bOoOogog400000DOOOOOODO ADO
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Fig. 23 The simulation results of insertion time and
number of comparison.
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05 DASIZEOOOOOOODOOODUOOODODODODODOOO
oooad
Table 5 The simulation results of insertion time and

number of comparison.

000000 URIODOO0 0000000
DA SIZE(DO D) 50 105 60
0oo oooo (0) 0.50 0.70 1.59
Dooo (0o) 7,084 2,552 16,325
DA SIZE(DOO) 230 160 370
0oo oooo (a) 0.34 0.65 0.62
oooo (0o) 4,990 2,027 3,707
DA SIZE(DOO) 200 210 6380
ooo 0ooo (0) 0.28 0.63 0.30
Dooo (oo) 403 810 134
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Fig.24 The simulation results of insertion time and

number of comparison.
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Table 6 The simulation results of deletion time in
200,000 words.

000000 URIOOOD ODOOOOOO
oooo A 0.63 1.47 0.59
0ooo B| 1,554.70  50,078.55 1,431.17
oooo ¢ 1.00 4.68 0.96
0000 D| 1,281.67  6,593.45 1,061.17
oooo 0.64 1.50 0.61
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Fig.25 The simulation results of deletion time.
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Table 7 The simulation results of dynamic updation time
in 200,000 words.

000000 URIOOOO 0000000
ooooo 118,708 101,193 100,354
ooooo 81,292 98,807 99,646
oooooo (0)
0oooo A 133.057 849.891 46.010
0oooo B 2.053 5.575 39.411
oooo C 1.480 3.318 1.804
0ooo D 643.475  3,355.107 543.754
oooo 1.129 1.707 1.301

OO0 1e6000000DOODO 20026000000
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OooooobOOOOCOOO0O00O00OD0 1000
goooboooooooooooboooooooo
gooobobboOoooboobooooboooon
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Fig.26 The simulation results of dynamic updation time.
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