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Dynamic Programming: A Method for Taking Advantage of
Technical Terminology in Japanese Documents

Eiko YAMAMOTO,! MIKIO YAMAMOTO,!t Kyojl UMEMURA'
and KENNETH W.CHURCH!!

We introduce a new similarity measure based on dynamic programming, intended for tech-
nical terms such as machine translation system, which are quite common in technical writ-
ing. We compare our proposal with two baseline systems: baseline-dict and baseline-ngram.
Both baselines use standard tf/IDF cosine similarity, but on different vocabularies. Baseline-
dict uses an off-the-shelf dictionary-based program to segment the Japanese text into words,
whereas baseline-ngram uses all of the substrings of the query. For our test collection of tech-
nical Japanese abstracts, we find that the proposed dynamic programming solution works
better than baseline-dict which works better than baseline-ngram. The dynamic program-
ming method is relatively strong when the query contains a single long technical term, and
none of the words in the term are particularly good keywords.
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dynamo trap clamp bolt = dynamo clamp bolt = clamp bolt
gearbox end cover gasket = end cover gasket — gasket

exhaust valve lifter cable = exhaust lifter cable — cable
E1 ~==aTrdboRH

Fig. 1 Examples of Variations from a Manual
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development.

<TITLE>about machine translation system</TITLE>
<EXPLANATION>Documents that explain the features,
the functions and the performance of a machine
translation system either developed or under

It is not enough if the document
only describes the application of machine
translation systems, or related technology such as
iompilation of dictionary. </EXPLANATION>

B3 MR 24 & X OFGR
Fig. 3 Query #24 and Its Translation
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Fig. 4 Dotplot between Query and A Document
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%1 FTNFhAOYZAFAQEMC L @ 11 HFEMEOHEE

Table 1 11 point average precision, broken down by method and query.

HrES BB BD BN DP HEES BB BD BN DP
1 0.1359 | 0.2462 | 0.2216 | 0.3006 16 0.0093 | 0.0180 | 0.3275 | 0.8263
2 0.3130 | 0.2099 | 0.5022 | 0.6704 17 0.0000 [ 0.0471 | 0.0011 | 0.0407
3 0.0045 | 0.0257 | 0.0028 [ 0.0148 18 0.0142 | 0.0788 | 0.0051 | 0.0980
4 0.1227 | 0.1048 | 0.1815 | 0.3136 19 0.3028 | 0.2091 | 0.4901 | 0.6890
5 0.0046 | 0.1046 | 0.0008 [ 0.0013 20 0.4642 | 0.5660 | 0.5705 | 0.7775
6 0.0277 0.0580 0.0221 0.1890 21 0.0404 0.0881 0.0713 0.1583
L 4 0.0008 | 0.0005 | 0.0010 | 0.0024 22 0.0459 | 0.0516 | 0.0703 | 0.2493
8 0.0000 | 0.0836 | 0.0086 | 0.2119 23 0.1222 | 0.2003 | 0.1475 | 0.3431
9 0.0260 | 0.0157 | 0.0372 | 0.2402 24 0.2320 | 0.1915 | 0.2887 | 0.3234
10 0.2417 | 0.3751 | 0.2991 | 0.3613 25 0.0324 | 0.6076 | 0.2291 | 0.4877
1T 0.0553 | 0.2533 | 0.0303 | 0.2638 26 0.0732 | 0.1087 | 0.4665 | 0.5136
12 0.0498 | 0.1008 | 0.1687 | 0.1566 27 0.0348 | 0.0659 | 0.0696 | 0.2556
13 0.0103 | 0.0707 | 0.0150 | 0.0655 28 0.0395 | 0.0072 | 0.0435 | 0.0589
14 0.2081 0.4107 0.3051 0.4257 29 0.0536 0.1543 0.0832 0.1151
15 0.1401 0.1538 0.1436 0.2116 30 0.0033 0.0094 0.0142 0.0527

%2 DP R BD (BN EE BB L ) £RH) XV HROTH S,
Table 2 DP is better than BD, which is better than BN and BB

XvsY X win | Y win
DP vs BD 23 7
DP vs BN 29 1
DP vs BB 29 1
BD vs BN 15 15
BD vs BB 23 7
BN vs BB 25 5

®3 HMCHERAESE Y0, T OMML MRS 2 HERSIE Y IDF B 20 & ¥, DP AR ICH .

Table 3 DP works well when the query mentions a technical term, and each of

the words in the term have little IDF weight.

%M%¥S | BD | BN | DP | B& P

1 ©) O O RSB e Ry b (124) | SEMEH

12 X O [ O [ F-2~4=vr(74) | RRRRITCESDIH

24 X X (@) BRERER S 2 7 4 (244) | BENESSMEIS & 2 260

29 [@) X X friEatR (176) *HinT 3 b Do HEETEWH

Hbhd Fxa v iofEERLTWS. A1 & H
i FHRER R T 2 BEEDZ K 2 b @ IDF EAic
XoTRENBLSAIWF—Y - FTHIHBEYED
HETHh, TRTCOYRF AR E > CREHAERMTD
2T EERLTVS. B2 Tl ERO A HERS
UHEMBIE BN g5Td DP ETHRRNICRET 5 C &
BTEBCZEERLTWS. Hi 24 Tk, DP g0 &
BEEITE 3. chid, FiEE DR R T 5 MG
I hARDBAFEELD LAZERBTHB. HH 29
T, BD o BT & 3. T oBa, frEd e
W BPLUEEDERBE FXa A v bickkl, C
DHEMZETICEbN B EEEFATH 7.

T oDOMUO>OEROFERLR M 5-81KRT. H6T
i, HRECER D 2 L &, 2DER 7 VAR TH - &

WaAEI SO 5200
T URTT L 20001

bAEWT EMbHB. Eik, Mitra et al??) 3 F5 X
51, by 7RBPEDED FF2 Ay bCDOWTERAIK
Lo TRWBEbRAWT L iibhoTk.

ZaT DEHET, BAD—HKTEARAERKDEC L
HH L7z, RRCHROD 2 XFHE, H3EHRTD
HEEFRATHE. LedioT,DP EERED Y
DAL & FERIC, RIRICHHE U 7 BARE & 7c RA) D HliHE B
fihoTwn3 eELDLTLERTES. Thid, HiEOK
P10 BT 21 ABOERIC X > TH 2 bhve BD
HEX Db, $RNCXT>Tn3 LERTE 5.

BN, BB, BDEE dIK, "I A =2 %04
TFa—=vZLT, HBERXF X 3T LHTE B,
EDF2—=v 7@ DPEC T e nBTES. 14
HOGHAROHE E W BA»LLTR, 7T, HE
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LIEHRBEE AT A—2 R LTEHLTEDY, EROD B
K hoTnd LHNTE 3.

5. EITEE

TRTCOXFHIOERFRBER KDL L iE, 2 X + DB
DEUHETHE. LU A, RfFTEhWlE Tk
v LA S DAL 5T, BEDI Y E2—FTE
B2 Tds. BEMKE suffix array #HwT,
FTRTCOBILFH AR CHBAZ — v 2RO 7 —7
LML, 2D 77— 7 L CHEOHHRE* KD 3
&S MU % £T 7k o 7. WA SLFFI ORI n(n — 1)/2
THE0, 7r—T7ORBIZLTH 2nTHB T &3¢
AATEZDT, BohLOEDIA—7 LIFREDE
EEoTHEL T ERTE .

KW RTEHRTR S 27 L %R T3k, EbicT
KBBETH 25, ETTERAEHE TR AR . BEH
ic ik, PentiumIl 400Mhz, 2 €9 512M 2 v € 2 —
2o ET,30 fEOEMECEI LT 10 R ¥ mE % 17
HoTwn3. ThiE, B4 ) THE L ERTH 3.

6. HFbH Y I

BAxGAXFHE»REHTELAFIv 7T wr 53
VIERBR L. LT, £OHES, IO T
BEIRY 2741 25 X5 h—D20K il HE» LI
BEh, FFBOFRDOBGEIMEW IDF EA %O MEETH
5LE BRNTHBECLERRLE SBOBEE: LT,
Tx TRE L HERE D X 5 ZREMIcs LTghR2aic
B HEART I LBTERZOT, HILWEAF Iy
77ar7 v 7k VRN R AER LS DY,
MHEOFREREC LB TEBRA VAT LREBC L
*¥ELTNS.

Wi APRRELEL & ORI S % FiIf x
HCHEE L. BLOE#H2LET.
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Fig. 5 Query #1, autonomous mobile robot: easy for all three systems.
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Fig. 6 Query #12, data mining: hard for baseline-dict, because the word

segmentator split data inappropriately.
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Fig. 7 Query #24, machine translation system: ideal for dynamic programming (DP)
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Fig. 8 Query #29, position + measurement: hard for dynamic programming
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(DP) because there is no technical term.
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