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An Efficient Key Deletion Method for a Double-array

MASAKI OONO,t KAZUHIRO MORITA,t MASAO FUKETA'
and JUN-ICHI AOEf

A trie is a well known method for various dictionaries, such as spelling check and morpho-
logical analysis. A double-array structure is an efficient data structure combining fast access
of a matrix form with compactness of a list form. The drawback of the double-array is that
the space efficiency becomes worse by empty elements produced in key deletion. Therefore,
Morita presented a key deletion method eliminating empty elements. However, the space
efficiency of this method is low for high frequent deletion. Further, the deletion takes a lot of
time because the cost depends on the number of empty elements. In this paper, a fast and
compact deletion method is presented by using a property of nodes having no brothers. From
simulation results for 50,000 keys, it turned out that the presented method is faster 50 to 200

times than Morita’s method and keeps high space efficiency.
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Fig.1 A trie structure for key set K.
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Fig.2 A double-array structure for key set K.

1
BASE[ 1
CHECK| 1

Retrieval Algorithm
input: Double-array D(K) for key set K,
and retrieving key X=a,a,...a,a,,,, a,,,=#.

output: If XeK, then output is TRUE, otherwise FALSE.
method:
begin
s:=1; h:=0;
regeat

h:=h+1;
) t:=BASE[s]+N(a,) ;
) if (t>MAX)or (CHECK[t]#s)
) then return(FALSE) else s:=t;
) until BASE[s]<0;
) return (TRUE) ;

03 00000000oo0oooonDo
Fig.3 A retrieval algorithm by using double-array.
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procedure DELETE (s);

begin
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;

04 OO0 DELETE
Fig.4 Procedure DELETE.

procedure COMPRESS;

begin

(C1l) cmp:=CHECK [MAX] ;

(C2) LABEL:=GET_LABEL (cmp) ;

(C3) new_base:=X CHECK(cmp, LABEL) ;
(C4) if new base#FALSE then

(C5) MODIFY (cmp,new_base, LABEL) ;
end;
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Fig.5 Procedure COMPRESS.

3. Joo0booooooobd

3.1 00000000

000D0000000000000000000
0000 AD0O0O0O0O00O00O00DOO0O000000
00000000000 RS00000000000
0000 000000 s000000 BASE[s] <0
0000 sO BASE[s] = CHECK[s] =0 0000
000000000 s00000000000000
000D000000000000000000 sO0
0000000°0000000000000000
000000000000000000000000
000000000000000

00000000000 MOOOO0O00O0O000
000000000000000000000000
0000000000000000MOOO0000
000000 R5000 40000 DELETE(s) O
0000000000000

000 DELETEODOOOOODDOOOO 50
6070000000000 MO0O00O0O00000
000080000

040000 DELETEOOOODDOOOOOO

oooooooooooboooboooooo 1313

function X CHECK (cmp, LABEL) ;
begin

(X1) 1i:=E HEAD;

(X2) while i<MAX do

begin
(X3) j:=1-N(c,);
{ ¢, is the smallest character in LABEL. }
(x4) if j<O then
begin
(X5) 1:=CHECK[1] ; continue;
end;
(X6) if j>BASE[cmp] then
(X7) return (FALSE) ;
(X8) flag:=TRUE;
(X9) for each ¢ in LABEL do
(X10) if BASE[]j+N(c)]#0 then
(X11) flag:=FALSE;
(X12) if flag=TRUE then return(j);
(X13) i:=CHECKI[i] ;
end;
(X14) return (FALSE) ;
end;

06 00 X_.CHECK
Fig.6 Function X_CHECK.

procedure MODIFY (s,new base,LABEL) ;
begin

(M1) old base:=BASE[s];
(M2) BASE [s] :=new _base;
(M3) for each ¢ in LABEL do
begin
(M4) t:=o0ld base+N(c) ;
(M5) t’ :=new base+N (c) ;
(M6)  W_CHECK(t’,s); BASE[t’]:=BASE[t];
(M7) if BASE[t]>0 then
(M8) for each d such that CHECKI[d]=
(M9) do CHECK[d]:=t';
(M10) BASE[t]=0; W _CHECK(t,O);
end;

0O 7 OO0 MODIFY
Fig.7 Procedure MODIFY.
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Fig.8 An illustration of element movement by method M.
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Fig.9 A double-array which E-linkage was applied.
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Fig.10 A double-array after deletion for “badge#” by

method M.
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Fig.11 An illustration of element movement by new
method.
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procedure COMPRESS;

begin

(P1) e:=NUM_EMPTY;

(P2) for i:=1 to e do
begin

(P3) cmp: = | CHECK [MAX] | ;

(P4) if BASE[cmp]=1 then return;

(P5) if CHECK [cmp]>0 then

(P6) ret : =SINGLE (cmp)

(P7)

(P8)

(P9)

else ret:=MULTI (cmp) ;
if (ret=FALSE)or (E_HEAD:MAX+1 )

then return;

013 0000000 COMPRESS
Fig. 13 Extended procedure COMPRESS by new method.

function SINGLE (cmp) ;

begin

) LABEL: =GET_LABEL (cmp) ;

) new base:=X CHECK (cmp, LABEL) ;
) if new base=FALSE then

) return (FALSE) ;

) MODIFY (cmp,new base, LABEL) ;

) return (TRUE) ;
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(

end;

0 14 00O SINGLE
Fig.14 Function SINGLE.
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function MULTI (cmp) ;

begin

(U1) old max:=MAX;

(U2) LABEL:=GET LABEL (cmp) ;

(U3) new base:=EX CHECK (cmp, LABEL) ;
(U4) if new base=FALSE then

(U5) return (FALSE) ;

(U6) for each c in LABEL do

begin

(U7) t:=new base+N(c) ;

(U8) if BASE[t]=0 then continue;
(U9) u:=t-BASE[|CHECK[t] |];
(U10) b:=MAX+1-u;

(U11) MODIFY (|CHECKI[t] |, b, {u’'});

{u’ is a character such that N(u’)=u.}

(U12) if t=cmp then cmp:=b+u;
end;

(U13) MODIFY (cmp,new_ base, LABEL) ;

(Ul4) while MAX>old max do

(U1s) SINGLE ( | CHECK [MAX] |)

(Ul6) return(TRUE) ;

end;

0 15 00 MULTI
Fig.15 Function MULTI.

function EX CHECK (cmp,LABEL) ;

begin

(E1) 4if HEAD>BASE [cmp] then HEAD:=1;
(E2) (g:=HEAD;

repeat
(E3) flag:=TRUE;
(E4) for each ¢ in LABEL do
(E5) if (CHECKI[|CHECK[g+N(c)]]|1<0)
or (BASE [g+N (c) ]#0)
(E6) then flag:=FALSE;
(E7) if flag=TRUE then
(E8) begin HEAD:=q; return(q); end;
(E9) g:=g+1l;
(E10) until g=BASE [cmp];
(E11) HEAD:=1;
(E12) return (FALSE) ;
end;

0 16 00 EX_CHECK
Fig.16 Function EX_CHECK.
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Fig.17 A double-array after deletion for “badge#” by
new method.
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Table 1 The simulation results for deletion time.
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Table 2 The simulation results for space efficiency.
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