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An Efficient Algorithm for Determining
Hierarchical Concepts of Case Structures
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Case structure is a well-known approach for natural language analysis of Kana-Kanji trans-
formation, machine translation and so on. The case slot is generally restricted by hierarchi-
cal concepts, because they are simple knowledge representations. With growing hierarchical
structures, the number of concepts increases and the length of numerical codes representing
concepts becomes long. The frequency of determinations is very high for complex sentences.
Multiple concepts correspond to one word. From these reasons, it costs a lot to determine
whether a concept for a given word is a sub-concept for concepts of the case slot or not. This
paper presents a fast method for determining the sub-concept relationship by introducing trie
structures instead of a sequential storage of concept codes. The worst-case time complexity
of the determination process by the presented method remarkably improves the one of the
sequential storage, which depends on the number of concepts in the slot. The trie structures
can be compressed by merging common transitions into one trie. From the simulation results,
it is shown that the presented algorithm is 6 to 25 times faster than the sequential storage,
while keeping a smaller size of tries.
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Fig.1 Examples of hierarchical relationships among
concepts.
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Fig.2 Examples of distance among concept codes.
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Fig.3 Examples of trie representation for case structers.
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Twv, LA oT, IhonHKELHRE LIBREES
DREFELRET 5.
(667 VT X4 2)
[AS] BiEEEEOEHRES U
(7] AT 2MEDHAEE4E PILESET
[FH#]
FIE (2-1) : {#EHH)
HEEEEGORES T RN T 254 TEMP
PZEAIZEY NT B,
FIE (2-2) : {E% ) EEOBRINTY
TEMP 2’ ZEE&TRVEHE, U5 NUM(TEMP
NS) BEARL R BEES BRI L TRNEL. 2446
OBE, U ST_RTD2EAS, S LT, NUM(S
NSy PRI e 2 L, PILESET={S,
Y&y L, UrbS, SEkR<. #LTTEMP
ZSNS Zky P LTRICED. T, EXVES
PEELZWEE, FIE (2-4) &L,
FIE (2-3) : {E% ) SEROEH}
NUM(PILE_SET)<MAX % % &2 $ 5 %
51, PILESET i S #BIL, U»b S 2k<.
TEMP 2 TEMP NS %t v + LCFIR(2-2) 143 5.
FIE (2-4) {77}
PILESET 2 LT TT 5.
(7T X L)
BIWEH MAX 238 1LTC, R4z, #1904
DOMBEEOELSLHETIHEOF%ZRT. K4 D
S1~S4 IR 1 OERPLIEIL “HH” b &9
%, C1~Ci5 2 (K AR >, AGE) 5 (KKE>,
OBJ) %, JAKKEI W B{TTw3, FIE (2-2) T, B
EENEEMIBRICELEEE S, Sy FHRHIL,
PILESET={S;, S4} #+tv + L, TEMP % S; N
Se ity T3, KkiZ, TEMP 4485, S3 &0
BESZLY, ERVEROKREVS, 2 BRI 3.



556 BB 2R

NUM(PILE_SET)=2<MAX % ®» T, PILESET i<
S: &ML, TEMP I2S1 NS NSy kv b
T5. DT, BRLAIEASS; LOBEET LY, S
M T 575, NUM(PILE.SET)=MAX=3 % DT
PILESET={Si, S, S4} Z N L THET ¥+ 5. L7
HoT, VSET X {“E )7, “)7, “&H7} ITHE
EY (TR
BOBREVEMSINIMEGEEZROL2DI21E, &
HESUDEZEMn I LT, TTOMTES 2"
BOELR YEREFASRIIZ ST, REIENETH 5.
Lo T, K7 VITY XATIX, EXEHOSVES
EBETHZLICEY, Th%E O(nxMAX) i2ekE
L5, F7- MAX OEIZEBOREELESICE
225D, BRELT1I20HEHD CASESET
DEZEROFHEIZZON5.

4.3 HEEhAPNSFITORRTIVT) XL

) ZIHEEDBITTIE, BEX EHBEEK O
(X,K) LIRESHIHAS V OREEL OBETPLE
THAHNDT, ZTERET NI IL1REEL
FANT) XL BRET S,

[HE7LTY X4 3)

[ABI] BEV, } 54 TRIE(VSET), MEMK, %
@& X. 727L, VSET XV &,

[#7] TRIE(VSET) LT, CODE(X) DHE t
BEEL, PATHOm)=t 2%/ —F m LT,
ATTRSET(m) 25 (K,V) * EF &L LTEL L &, #
BHEEtORS LEN 2§56, ZOEEEHt PER
TE&RZVIE LEN=0 2 ¥ 5.

[HiE]
FIE (3-1) 5 (3-3) XFME (1-1) 25 (1-3) KA L.
FIE (3-4) ; {REEFEOKZ)
ATTR.SET(NODE) 7% (K,V) %2 2 EZ*# &Lk b
¥, LENICPOS #t vy b ¥4, FIE (3:2) ~NF5.
FIE (3-5) : {7}
LEN 27§ 5.

5. RETFHLFHE

51 74 & ATTR.SET OF —%i%&

b I ABEEFILL O DRE LS 7 VEFERE
BT52ET, BET— FIIBSRIEKE L2\ (8
SA-FORSICHHIL:) —ERETHERTES.

F7VERETIE (B 5), 2 DDEY] BASE,
CHECK Th S5 AD7 — 27 %EHTA. ¥ 7 VERF|
EDA Ty s AFBBR Y IAD—F L 151K
IBLTHBY, DToOHMTIIEEN0, MENHEE
—HERTHHEATS. ¥ 7 VEHIZT — 7 g(s,a)=t

(7T X aHK)

Mar. 1998

BASE CHECK

e

s - a

5 ¥ VESIOFHN
Fig.5 A diagram of a double-array.
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SEIPN TS L ZRTIHEREEMT S, ¥ 7 IVEL
WL B /) —FD7 =273 LD 200X EHET S
FTHhB720, Dhiz O(1) TITbh, EbdTEHR
ThHab, 7-ez2E, H3nbIA, ¥ 7VEFIZH
WTE 6 DEHICRHATES. K6 ® (a)iE, 7—
7INVORRI-FERT. COBITIHMERE, &
T =2 TV L TH—ONEEBERE ) 4T T
WAEDS, EBIZ2/54 Fa—-F ik, 154 FEEO

T RE SN THEESNS,

K6 @ (b) ¥ 7T VEFITHY, /—FFE
FEE 3 O() NOFEFIIHIET S, 2Lz
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g(1(1),2)=11(8) (B3 2B 5 () AN/ —F &
b () FEOFFTERY) PRECTES. 72kL,
ATTRSET O#EMHED L, AGE % ‘A’, OBJ %



Vol. 39 No. 3

O DEICEDKELFRT —7INWELTHIA
FiARE, 2k 2, [3 O ATTRSET(5(10))
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7 —21% ATTRSET[3] T 5.

K6 o (c)ix “BH” & “@H” ¥y MIBISHE
S ATTRSETOE Y v RZ MVRETH S, 7
& %2iE, ATTRSET[3]1E “69” 2/R_L, &fk& L
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BIX), BE£A60 L BEEBRMAX PHIHTE S
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Table 2 Information about case structures and
hierarchical concepts.

[ &% EDR
A E T
HE#% 6,588 12,068
BT BB
T (&K) 23(96) | 3.2(55)
BT 2 K
T (B&K) 2.3(33) | 0(0)
BE AR RE 1R
B 1,843 402,028
WEOFES T (&K) 5.8(11) | 8.1(16)
HHICER SN TV LS
F¥ (BK) 2.2(6) 1.5(87)
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Fig.7 Comparison of retrieving time for trie and linear
storage methods.
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Table 3 Simulation results of storage.

6] & 3% EDR

b T A DIE#HR

kT4 DR 1,672 10,056

B -FH 31,498 | 292,607
FIADWRE FY (RK) | 4.5(9) 5.6(14)
HEREN®R T (RK) | 4.9(13) | 8.3(32)
B

b I A DFEE 269KB | 1.4MB
ATTR.SET Ol 23KB 161 KB
WML OTEE 233KB | 1.3MB

THh, LEEOREIHERLZNWI L G525. &
i, FIABEEFOHATIRE 428 TREL
FIADHEFHEILLELDOTH S,

BHETNTY) A LiE, FEEE EDROT— ¥ st
LT, ATTR.SET O & (K,V) DV O®RARE MAX
%16 £ 32 IZEREL, 2byte & 4byte DE v kX2
FUCRER LGS, TNENR0.3, 1.1 BHTEE:
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BT L7z, Lt T, AFFERETHRIZBNTD
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TH5b.
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