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A Fast Algorithm and Its Implementation Method
for Semantic Associative Search by
a Mathematical Model of Meaning

TAKAYUKI MIYAHARA,! YASUSHI Kivokrtt and TAKASHI KITAGAWAT

The basic operation for extracting information from databases is associative search. In
this paper, we present a fast algorithm of semantic associative search which realizes informa-
tion extraction by the computation on semantic equivalence and similarity. This algorithm
is applied within the framework of the semantic associative search method which has been
proposed as a methematical model of meaning. The most important feature of this method
is that it provides a machinery for computing contexts and situations. This algorithm is used
to extract semantically related information by receiving a keyword and a sequence of the
context data items which explains the keyword. To clarify the feasibilty and effectiveness of
the algorithm, we have performed several experiments in which the fast algorithm is applied
to semantic associative search for the basic English word retrieval and the actual database
search. Those experimental results show that the fast algorithm is effectively used to extract
the potential ability of the semantic associative search method.
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BT 5.

PEHE p (x,yk; 80) 5, BHEEE Ap LY RETHI,

(5) 12474, BEEE p(x,yk;se) B, BUBAZH Ay &

DANSTFNIL, XMV y, 2BOERH 2z £ T5.

LT, (4)1247<.

5.2 HERANETINTY X LD L B BRREERR

SREMEDHI

EE7TAMTY) XL & LR R EERE D
BEFILRT. 22CE, BRAEEREOT VT
AL >T, REXF -7 —-F2oRLEVEEDR
FKreRKOTBEHRDRELEZS.

X3 i3, ys, ye DNEICEEBESHE 21TV, BT F—
T—=FOXRZ PV x ICRDEVIREMNRFE yo &K
DIEHDORETH 5.

(a) MEXF—T7-FOXRZ MV x 22 FHIEW
HEEARDLIZH2-T, LlIERD, BREF—
T—FIRLEVETHD yo v RENRERDLD
HyBL.

RO THEENT > TV ARENREONY

VB {ys} OHT, REF—T—-FoO~Xz ML

X DODOEEFFRLDAENRT P VIT ys THAHT

EWFRAH. TRICED, FHRNOERICIE, RE

F—T—FONRY I x HOOHEN ys LA

VHRENRFBIFELZVI LGS, TOMHEE

HNORBEXRFER {ys} 2RESESP LY B L.
(b) #hq, LITBVT, HEE p(x,ys;80) &0 DM

NTV BRI RER {y1,y2,¥3, Y8} ZREXTR

POBYBRL. RESF—T7-FIZBIEVEEOE

fixys £T5.

(c) BRZMAHBRTI2MOPTTRIEAOKE
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¥ L] L) 1 T 1 3l
WYy % Y% checked scope } Y Yy
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q,‘ . retrieval candidate words
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&

tside- Yy,
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B3 BEF—T-FIZ2HFHIGEVHGELET 7L T) XL08
T
Fig.3 An example of execution by the algorithm for ex-
tracting the secondary closest data item to the key-
word.

#q; LIZBVT, REF—-T—F z Of q; k
TOE (x;) KRLEVE (yy) 2B ORENER
i (ya) ZROB. EWRZEMTOEYE p(x,y4;5¢)
ZEHET L. p(x,ys;80) & p(x,y4;8¢) FHEL,
p(X,y4;580) DFDVEEIVNESNDT, WEF—7—
FICROEVWEEOBREL ya WEHT2. ya %
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checked scope
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N
R

outside-
scope

outside-
scope

q; $ /// @ retricval candidate words

: i Y, // %

ol ® % 5%
iR K q_
'- Y, “outside~ !

g g
S 7.
& a
¢
g

Y.
“H checked scope }

(b)

B4 BREF—7—FIZ2FHIGEVHERET 7L T X406
VEDR B &

Fig.4 An exceptional example of the algorithm for ex-

scope

tracting the secondary closest data item to the key-
word.

REXHFERE D LB B . BTSN v 7 ad
SER {y1,y2,¥3,ys} MR T, 8 q; EiZBw
T, BEBE p(x,y4;8) &0 BEERTHERFEARE
B {yr} e BRENZLOLBYBRL. 22T, MEN
FEEEN L ADT, vy kBT D,
R7VT)XALOEEICBIT 2HHREAEE 4 12
R, M4 (a) ETEIOEEETE TR - M H
LT, BHEOLED L VIRFDTREERN 2 HER L 72
T, BEHEEEIT ) RERBAREIFLEL L Lo
PEAORTH S, TOBAITIE, BB ys 12
®EDH. X4b) ERBIOERFGETRD/AFT, 2
BEICRES—7 — N 2% D050 & &k ARFTREN
HBELZVIEBETH S, ZOBEIE, ROIEADKE
Vi FCEF T~ F g OB ETOM o; (SRS IEVE
va; EEORBENSEEE y, xROTHL, #R e
DEHLTA.
RIPNVT)XLDBHEENETILICLD, BE
F—TJ—F250HEEITWVIEIL, EEOAKOBEY

F 2w CEE

July 1997
RDOBZENTREE R B.
6. EAEBEEWHRE LAER

BROBFEETNVIC L 2EBEMETIE, REF—
7= F EROHEFIZE Y, WIRIZEVSY -2 0
REXITIZEDVARETH L DT, BRIEERE
DEHETNT) AL OEHUERIET 512H72o T,
TRTCORFENY = 2R ITTHDRATETSH 5.
4 Z°C, Longman Dictionary of Contemporary En-
glish ' ICB1T 5 HAKHEE 2328 FEE MR E LT, £
NENOBEN; VBT OME 25 2 L 288 LEER
it o7z,

6.1 EBRIRE

EEBRTIR, MONTBOEREHEFEOAZFEHLT
HENERTITo TV AIERFRESH U/ BAMIC
l¥, Longman Dictionary of Contemporary English
BT B EARIEHEE 2328 3E%, The General Basic
English Dictionary 'Y OEH* W TEH L, HED
WHAREEARICET 7 1V % %@L T 2328 x 874
DR L, 1 XA VZEEEHR L7 RFEAR
HEEREE LT, LaRORAZEHGE 2328 R M7z, b
OITFNZBWT, FLRE LEL R OBEROZRT
BERLZAFNEZFERAL T REF -7 - ERHHE
HOEEEITo 2.

EERIHERH L /-5HE##E Sund/ELC. OS i SunOS
414 ThH5b.

6.2 EBFE

EEREZROFEILL > TiT o 72,

(1) BRFEARERESD, 1 HELROBL, 2%

d; £75%.

(2) d; DERIHEH SN TV EE0%, URERFL

5.

3) d; LRILERDOEFELZ, RRF—T-FLT5.
(4) BREWNGFEHOGD»L, G2 TRIZBNT, &

T =7 = FITEWIEIZ, 10 HFEERFET 5.

5 i3, EEBRO—HERLILODOTHA. ZOHIZE
W, “ring” (24 [ RG] OEBRD “ringl” &, [1B2 ]
DERD “ring2” VHEET 5. TORTIE, “ringl”
EFREEELTCVWS, Z0LE, REXF—TJ7—-FI
1, (488 ] OEWRO “wingl” &, [1B5] OE®ROD
“ring2” ONRZ FVEBR LR PV ES5 25, £
7z, TITIE, OIREEEE L LT, “ringl” OEFRIIM
HENTW2HEENY 52 5. RFTHEE 2328 HiE
OFpL, REF—T7— FISEWIEI 10 BEEEZ R
L, 20L& AT 2 HEEHEERIZ L > TT7 v T
2L OB FMT 5.
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R LAk AL

right (of act, feeling etc.) in agreement with what has approval of so ciety,

one’s better self

ringl band of material forming circle, one of gold etc. for finger

ring2 give out clear sound (as) of blow on metal

risk danger, chance of bad outcome

river body of moving water in naturally formed bed

fREMEL/HEE D ringl
BRFEF—7—-F
SCHREERE

ring (= ringl + ring2)
band of material forming circle, one of gold etc. for finger

5 HAREHEEGRE LERICBI S X —7—F & UREDAR Sk

Fig.5 Creation of a keyword and context words in the experiment for basic English words.

--------- all

HEEfTo
/

a

izt 3

(1) : The number of distance computations
in 1 word extraction

’ (2) : The number of distance computations

in 2 word extraction

1 () : The number of distance computations

in 3 word extraction

(10) : The number of distance computations

in 10 word extraction

failure : The number of failures

all : The number of distance computations
without using the fast algorithm

Fe6 FAKHEIZNT 2R

Fig.6 The experimental result for basic English words.

FEEAREHEE 9328 SEDKER ML THERELT
VW, ZRICE LEY SR REREE RO, £z,
BEREEOLEWE e, %, 0.020509FT0.1 5
ATEALER, FRICE LHBEFRN.

63 EHRBER

EBREREIE6 IRT. 87 771, 1 HOREIC
BWTHETAF— BB LTEY, () EE1L
o7 — & 22 AT 2354, (2 BE1MBL
gofio, (10) 3E 12 LE 10MDT — & il
TAHEEERLTWS, T/, “ailure” 2T 57
574, BIEE LRIREUN DT — & HH
ENZHBERLTWAS, “ll” IRt 7 VT X
LR LEro2 EOFERKTHY, F—T—
FEERBRNFELOBEHELFE L/ L Z0EEEK
CHE LV, L e, OREITHB LTS,

BREF—T— N IIROEVRENRES T 2RO
BELKET AL, 27%FH, 3HFBIOEVRETREE,
Thbb, 2M, SEOHBERD-LEIE, L0E

COBEMAEIVNETH -2 D9 Hh 5. Lal,
FOHBEIIBNTE, TRNTORENRE L DR
BIILELRNI LS50S,

7o, SRR ERE LT, ERERO L X WE &,
DML b v, BHEETEEEPES LT, &
nix, BEREBOL Wl e, OBEIMCE b AV, B
B AT ) ERORTEI B L TCnb kit h,
RK7TNT) XLOFMED, L ENLZILIZE
L., Lo, e, OEIMzE b B, HELLBERS
HENEIR SN LB (“failure” IZHRT BT 5 7)
DEIMME IO BDT, e, LTI, 0.5 ATFIZEE
TEDHWLEFLWEEZONS, ¢, 05DEE, &
LT~ BT 2010, ERENREOH 1/4
DB ERBTHEITRD LN TVD, Thid, BE
L:BELO7 VT XL E ) 4505 R e E
HTELZIERERLTCWS, T/, 10T TO
F— & R T A0I21E, 1312 3/4 OEEEHERET
BHERDLNTWES, Zhid, REL-EHEILT VT
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rainfall _8_
rain Multl-Datal?a};se System
with Database System 1
the Mathematical Model
of Meaning ttle =
wheather
storm

User

Database System 2

R7 BROBFEEFNVDOYNVFF— 5 RXR= 2D
Fig.7 Semantic Associative search for multi databases.

YALZED 1.3 BOBRMAFERTELZ L L ER
LTwa, 72721, “ailure” 2L T, BRoOHF
ETFVICFBRBELMAARC I LT, PWETEHS
EREZONLY,

ATHIT) XL, KD BBOEEIIE U TH
BERTERIIL 2205, AT VT A L5 Bwikn
BEEOHBIZBWT, K7 VT X425 ) R
HRPEABRBTEAZEDPHL L E R o7,

7. YIFF—EN—=Z LT LADEAER

REWREEBRFEIRE, BROTF—F - -
AT ADFEBYVAT LIZHEATAI EIZLY, <ILF
Fe I NR— R VAT AN DRFERD EE R
RERT LI EDWEIC R B, REREERE R
FEALLIVFF—FR—R - VAT LTI, FIF
ZOBEERDF—T—F %, K£ALDF—FN—Ah
TS, BROEFEVWF -7 —FIIERT 2
TE&%. BEDF—FR—R - VAT LTI, FEE
BREAT LIREF -7 —F ERALREDOT — ¥ DR
LadhiE, MegidEBLTLE). AR+ EH
L, FIHZEOMAESHDF—T—F%, F—F =2
BT BERDEVEF — T — N ICERTE I LI
Ly, RETERTH L%, BROEWF -5 %
FlEHT ZEMERICAR S, 2F 0, FIHER, B
DRDDBT —FH, BADFT —FR—AhT, XDk
IHRBETHEELTVL L2 ERETIC, ERAYEE
REFITHIEDTREICES (B7). ZoAFRICL
D, BEeHoxF—T—FORBREEHNICITIZ L
WTEBDT, INFFT—FR=-R - VAFLY, B
BT — I R—ABOR LIS ERITTAZ LI
Ih, FEREFIEHTIENTRICRS.

RERTIE, $RF—FN—2 - YAFLLLT,
PR KRENIZH B UTOPIA 7 — ¥ R— A8 2B
L7:. UTOPIAF— ¥ R—R - Y AT 1lL, 4%k
F= I NR—=AEEAL VAT LTHY, IVFF—F
N—ZADRBEERTIHRE LTHELTVWS., 15

EhoTWAT —FN—ABIE, FIZKEIIDWTO
BDOTH5.

FEECIX, UTOPIA A2 SR T % ENVI9 L
POLL!® (LLFPOL &$5) L) 2007 — ¥ ~—
A% E L, ENV IZBERHECSWTDF— ¥
N—=ZTHY, POL FEEHFRICOVTDT — & N~
ATH5.

TNFT = I NR=R - VAT LANOBHEICIL, B
BEPORMEICET 2 LMAOBEH &, MEEHhD
BHEICET 2ERA~OBEANEL Db, RER
T, BE~OBEHAZIT 7.

71 ERBIE

AEERTIE, Longman Dictionary of Contempo-
rary English I BWTEAREL STV A EHEE
2328 &3 %, The General Basic English Dictio-
nary "WEBWTERL, 2328 x 874 DIFH & VERK
L, A X=VZEEEBR LA F, 6 130.210%E
L7,

FEERICHA L -5HE i Sund/ELC. OS i SunOS
414 TH 5.

7.2 EBRAE

ZZ T, ENV & POL ®F =¥ X—AHT, &K
D& A b “TSUKUBA” % 7:13 “KASUMI-
GAURA” &, LWIEHDDL & TiTo/. 20
R, ENVF— 9 _—2AHh51345 OBME (F]R1),
POL 7 — ¥ N— A9 53 49 DBMAE (R2) P HE
L, ShooBUEL RIS — s EERLE L.

RFXRT— ¥ HE 12DV, The General Basic
English Dictionary D #BEEEZ AWV TREHRL, <7+
NVEBB L. 72, FIAEMERTER S -7 —F
{22 Tid, Longman Dictionary of Contemporary
English 12317 2 BAILHZE 2328 HFED K £ 12DW0n
T, The General Basic English Dictionary O 3PHzE
EHOWTEHL, X7 MVEEELL. 2LTC, A%
BRPHEORHBLEICOVWTIE, #0OKHBEY SR
LT, BELZ, Zhicky, FHTES—7-FIE
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#1 ENV (ENVIRONMENT) 7 — & X~ R 2B BRFX R — 5 KH
Table 1 Retrieval candidate data items used in the ENV database.
academic area basin bedrock bloom building
case chemical chemistry composition concentrations concept
construction crystalline discharge dissolved distributions drainage
dynamic dynamics effect element events influence
lake model new oxygen particles quality
rainfall resources seasonal selected size streams
studies succession temporal town trace tunnel
urban variations water
#£2 POL (POLLUSION) 7~ ¥ R— R I BIF SMENRT— & BH
Table 2 Retrieval candidate data items used in the POL database.
accessory alga application aquatic atmospheric bay
behaviour bloom bog carbon case chemical
city community composition cost damage debris
different distributions dynamic effect estimating impact
indicated lake load losses model models
musty nutrient organic particles plant population
rapid ratio role seasonal secondary size
species storm succession treatment uptake variations
welfare
£33 YANFT I R—RIHT HERER
Table 3 Experimental results for multi databases.
FERHER 1 (keyword: rain, context: weather)
ENV database POL database
JEfZ | Selected Data Item | Distance R IEfE | Selected Data Item | Distance R
1 rainfall 0.521618 3/45 1 storm 0.494476 1/49
2 streams 0.566394 0/45 2 atmospheric 0.695877 3/49
3 oxygen 0.595867 0/45 3 plant 0.761912 2/49
R = BMEERE / SHREMRT - YHERK
BRI R 2 (keyword: water, context: weather)
ENV database POL database
JERZ | Selected Data Item | Distance R JEHL | Selected Data Item | Distance R
1 water 0.733407 1/45 1 storm 0.074418 1/49
2 oxygen 1.218185 3/45 2 atmospheric 1.443099 3/49
3 rainfall 1.277171 0/45 3 plant 1.512229 1/49
R = WM EREK /| SREGRT -y HEHEK
FER#EH 3 (keyword: water, context: pool)
ENV database POL database
JEfZ | Selected Data Item | Distance R WAL | Selected Data Item | Distance R
1 water 1.438020 45/45 1 lake 1.971830 49/49
2 streams 1.887675 0/45 2 aquatic 2.112745 0/49
3 lake 1.971830 0/45 3 alga 2.136467 0/49
R = PEBGIEEY / ERFHET— ¥ TEHK
2115 HEE L ko7, 73 EBRER

EEBTIE, FIAEOMEGETDF—T—-F %, &4
DF—FR—APIZHFEETHAF T FIIEHBT L L
EXIIBIT S, BELERNEERZET VITY XLDOHF

TR

ERERLRS IORY. ERER 11T, ABEEMR
BEF—-—J—F L LT “rain” 252, FOL EZOXIR
& LT “weather” 252 7: L 20ERTH 5. ENV
T & N ZAHZE “rain” &\ ) KEROTF — ¥ IIFAE
LTWEWOT, BEDTF— ¥ X—ZARETIE, 20
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MeETidRBELTLEY. Lo L, BROBFET L
2k oT, ENVF— ¥ R—Ah|IFEETAF—T—F
DI BT, “rain” IR DEROEWT — Y IEHE (B%
WHET~FEHE LTBRHEENTWS) 1T “rainfall”
THHENWIERPHE SN TWA, 22T, “rain”
EWVIF—T—F % “rainfall” V) F—7— N 2%
WLCHAEERITTAILICEY, BT 5158R%
FlEHT AL %L S, POLF— 9 X— 28
WTh, MO L %ITHI L TESL. POLF —
FNR—=ZAHZH “rain” E W) ERILDF— Y IIEEL
TWizw, LaL, BROBEEFVIZE->T, POL
T = R—ZAHFET AT —YHEHEOFT, “rain”
KEDBEROEVF — 4 HE I “storm” TH 5 & W

RSB SN TS, F2C, “rain” £\ F—
7 —F % “storm” (AL CTHAEERITTAIL
&, ZoOBEERYBIEHTIENTE S,

REERY AT LIBWT, HIREGEIRTRICEL /-
FMEIEEMIEE TS, R OSSR ERSET —
FHeRLTBY, BEFLVI)ALEEH L o
ol EOBEEEERKYRL TN, T, ROST
BEEET VT XL 2@ H LR IHBERD LD
WELHEEEME R L T b, ENVF— 7 ~—
ATk 45 FORERNBEOF — FHBIZO>WT, HT
23 EDEHEET, 3ODBERDL I LAHEET
HolzlExRLTWS, POL F— % RX—AlZBW\
TH, 49HORENEOTF— ¥ EEIL DWW, 6 @D
TS T, 3ODBEROLIENTRETH 722
EERLTWA, #RFR, 154, 8EOERILAE
HTETWAILZRLTWS,

EEER 2 & 3, BWRAZBEBRISTRICIE L TE
T 26ICThHS. EBRER2, ERFERLI LD, F—
7 — K it “water” TH BH, POL 7 — ¥ X— AT,
SCHARAY “weather” @ & &121E “storm” ABIN 21,
SCHRAS “pool” D & X121 “Dake” BRI EN TV 5.
ENV 7~ % X—22i%, “water” &5 7 — ¥ 2Yf
ETHDT, ZRUFRIREINTVWE, b L, ENVF—
FR—A%RE LT, “water” SO F—7—F %
R 56121, 3EBORFHERTH S “rainfall”
% “Yake” FHRHETS.

EBRER2I2BWT, 3OO ERODLDIZNELR
IR E OREEE, ENVF— 4% ~X—Z2T4[H, POL
T N=ATH AOEHFEFVLETHo7. Ih
Lk, FREN, 1118, 10BOEREPIERTEC
WAHIZLERLTWA,

EEER 313, BERMEERTROEELLT VT Y X
LBEIE oA, $hbb, ENVF—%

July 1997

N— AT 45 BOMRFEIFHRT — ¥ HE X LT 45 [
POL 7 — % R— AT 49 HOBRENR T — 7 HE 25
LT 49 HMOEESEITbNIEETH L. 08
BZBWTY, HEMEFEREL, REET7 LT X4
EHHLRWEAREBZ LI Lidnw.

8. #& e

AL T, WRPRRICICLT, REF—-T—F
RS EVEROHEEOEHERE L WEEL § 5RO
BFEETNVIIBWT, BRINIGEWVEENEROHEE

EEIZRODTNT) AL EREL. 72, Eo
TOv Y R0 @ L7 s ERAGE R Y AT
LNZEY, BEARBEHEEWR L LERYITY, #F
TNT) XLOFMEEHR L. 8512, EETS
T R—ABEEWRE LV FFT— I R=Z - 3
AT LUNDOEAERZ T, B EREEBRED
TNVT)ALHBENTHDL I L 2R L.

AT, KL TRELASETLVI) XL, BL
\, BRRIGEHRBED O OFERBOERIT-C
WS TFETH S,

2 £ X M

1) Bright, M.W., Hurson, A.R. and Pakzad,
S.H.: A Taxonomy and Current Issues in Mul-
tidatabase System, IEEE Computer, Vol.25,
No.3, pp.50-59 (1992).

2) David, R. and Lenat, D.B.: Knowledge-based
Systems in Artificial Intelligence, MaGraw-Hill
(1982).

3) Gallant, S.I.: A Practical Approach for Pre-
senting Context and for Performing Word
Sense Disambiguation Using Neural Networks,
Neural Computation, Vol.3, pp.293-309 (1991).

4) Guttman, A.: R-trees: A Dynamic Index
Structure for Spatial Searching, Proc. ACM
SIGMOD, pp.47-57 (June 1984).

5) FHHEIER (Bfs), MBRRE (F) @ stEsmes
&OHPREIRALEE, 552 bR, SRR (1993).

6) Kitagawa, T. and Kiyoki, Y.: The Mathemat-
ical Model of Meaning and Its Application to
Multidatabase Systems, Proc. 8rd IEEE Inter-
national Workshop on Research Issues on Data
Engineering: Interoperability in Multidatabase
Systems, pp.130-135 (April 1993).

7) Kiyoki, Y., Kitagawa, T. and Hitomi, Y.:
A Fundamental Framework for Realizing Se-
mantic Interoperability in a Multidatabase En-
vironment, Journal of Integrated Computer-
Aided Engineering, Vol.2, No.1, pp.3-20, John
Wiley & Sons (1995).



Vol. 38 No. 7

8) A B, du)iiEm, EEEAT, AHEMEET
BROBFET VI L 2 BIRAGERLIEE AR & &
BHE, 5583k DE95-8, pp.57-64 (1995).

9) Kolodner, J.L.: Retrieval and Organizational
Strategies in Conceptual Memory: A Computer
Model, Lawrence Erlbaum Associates (1984).

10) Krikelis, A. and Weems, C.C.: Associative
Processing and Processors, IEEE Computer,
Vol.27, No.11, pp.12-17 (1994).

11) Longman Dictionary of Contemporary En-
glish, Longman (1987).

12) Natural Language Processing, Comm. ACM,
Vol.39, No.1 (1996).

13) Nick, R., Stephen, K. and Frederic, V.: Near-
est Neighbor Queries, Proc. ACM SIGMOD,
pp.71-75 (1995).

14) Ogden, C.K.: The General Basic English Dic-
tionary, Evans Brothers Limited (1940).

15) Potter, J.L.: Associative Computing, Frontiers
of Computer Science Series, Plenumn (1992).

16) Deerwester, S., Dumais, S.T., Landauer, T.K.,
Furnas, G.W. and Harshman, R.A.: Index-
ing by Latent Semantic Analysis, Journal of
the American Society for Information Science,
Vol.41, No.6, pp.391-407 (1990).

17) Sheth, A. and Larson, J.A.: Federated Data-
base Systems for Managing Distributed, Het-
erogeneous, and Autonomous Databases, ACM
Computing Surveys, Vol.22, No.3, pp.183-236
(1990).

18) LERFH, REAZ | 5 — VR LFEOT
VI Xh, AR (1990).

19) UTOPIA FIHOF5|, HEKFZERNBHROLE L
¥ % — (July 1992).

(FRK 8 4 8 B 28 HxA)
(FR 9% 5 B 8 HiRE)

HROBFET VL L 2 BHREGEERZEOE ST VT X4 L 2DEFRFN; 1411

2R BT ($4£48)

1970 fE4:. 1994 NG KRFE=
ERIEHEERTE. BERKERE
TIRR TP RET - B LEH
BUIHEER, F— I N—A T AF 4
DOFFEIZHETE.

BR E (E&EB)

1978 FREZRKETZRER
THRZZE. 1983 € RSB IE
PR ERRE T, ¥t [
F, HABEEFE AHREST EL M
' {EHFFERT ABT. 1984~1995 £k
REETF - WHRLFEREM, BEIFEET, 1996 4
3 ) BERERARFREERERYEIZ, WEICES.
Fe N AV AT L, R — AT AT LN, S
EFIE S R 7 L ORFEIHEE. ACM, IEEE, BF
TEHEESE, HAV 7 My 2 THEAK4AE.

i =

1978 FH TR RFELEMEE.
1983 fEF KR TEMERHE 438
BIET. IL¥Et Xy 74—F
REFTERBFREEMER, 18
REBEIRBRFFHER % 42T 1990
FELDFERRFET - BRIF2CHH. BERFER
Bi#d%. BAEWAT, SR, <V F AT 1 7B A
7 AOBFEICHE. ARICHEEYE4E.




