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Collocational Influences on the Chinese Translations of

English Verbs and Their Objects in Technical Documents

Abstract

In our investigation, we are interested in English Verb-Noun collocation
(V-N collocation) and the corresponding usage in Chinese. To discover
English-Chinese V-N collocation, a rich corpus is needed; therefore, we
obtained one million English-Chinese parallel patent sentence pairs and
seven years of bilingual Scientific American as two corpora to analyze.
We trained translation models to find the usage of V-N collocations in
English and Chinese. Given English V-N collocation and corresponding
Chinese information, our system can recommend the proper translations
of the English verb or object in collocation according to the translation

models.

We experimented ten formulas to train our models using two corpora,
and observed similar trends in the analyses. Preliminary comparisons of
the translation quality of human subjects and our system indicated that

our system could offer better recommendations for the translation tasks.
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[

"mH o - BRFEF R EaR] e, BFAG - BHINLE o

bk AR FHEHMNEPTE G T AL R AEE S IR
P L A R 2 o P g LR R SR IT 2 S el s BT A
AN kI THHFLE 0 a3 B S - B RASE - FY 0 FIRF ST

:E\;n%}%é » oip K- ?'J'@ =2 Fi‘%ﬁ'; 5 IFE‘-IE%"—T k& ﬁ*/i‘mﬁ: %E



ol B R Y - e VTR N PR LRSI A A2 L o
PP LR g o SFketc 2 g o B E Y o £ SR
R A IS FORIITE S HRAPRLFLSE L E LR IR o T
P R LR E A R H L s R I S EEF R AT
FEfRAT ™ % 0 57 BRI LA RET ) AP R R B 2 - BT LR TR
Foo MEFIFLPETR YT ek PR A H S QRS ¢ e L
AT e o NP A 33 KPP B B LRI R AL o do % BB U
e E 4% * Stanford Parser[15]:& 7 347 » Stanford Parser ¢ #-3% Hjie & 30 ¥
REBBFR AP REFITLFOES P A 2T DRt &
BA RGP X R LW MR 2 P F e PR LA § LMD
HHEL o BB F ALY DIl kAL P AT Fan? 2 Wk A22] 0
PRSI R TRA NG  ET P PR s A r B s 7

THEE R 23 FAF T NRBB R AL d kA Rl 6T o IR

~=

R LR R T E R T o b0 KT AL 3P 1 i E ok

o RT - A R A PR R B LA KRS LA iR
eSS

* 33-ﬂ1’?3}i,{ﬁr \;j,?“’}lj
R e R abbreviated address calling
I FE%7: | abbreviated address calling/NN

##¥77 | lbbreviated/NN _|address/NN _ calling/VBG

% 34 2 AL ETR B
Rieieoq | A NG
I FESTE | Sk 1 N4 5NN
% (FW) A (Nc) i (VG) ~ % (Na) &#(FW) 3 30 9 6
(Neu) ;
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Z 35 FMLFEPN F R

A ) A HREP < HF L
acceptable price range TR RER
accessory olfactory bulb i ¥ 3
accessibility heuristic P RERRE
accessibility heuristic P2 PR
anamnia » Anamniota FEgn ¥
densitometer; scanning 7 BRF
demodulator; product; product detector | £ /### &
demodulator; product; product detector | £# #4% &

32 HpT eS|

AT R RRTAFALRE LR FAR[DB]| R PR EELE S &
LA AN EE 138 B 2 R ARE BT i Excel RV E o ME SR
17TMB > £ 5ol & e £ 4 o B ie £ ¥ 0 & - B2 B L iR 2 4
e 2 JF a0 DR BT 2 rE- o AP RN LA e iR
Fla = $ - A58 o ek 35 o o 321 ¥ 322 &L wfifdoe i@

E-HowNet[6] 2 WordNet[17]:6h#iF %37 % » 323 & | &% -

235 e EE AL RN A - BE B LIHER A D - B 2
B Ll LR T o APk - 5 M A 5 - B R
;% » e Taccessibility heuristic | ¥R 3|5 B 7 v < Fpr 23 0 B B2
AY TS L o UAKE RAMET R e F] > HE S g L
FEMEBEEE S A Rl A LA SN e FERA B PR L ¥
(anamnia % F Anamniota); @ F|#c % = 7| A B4 T A BLiS G i R BT A
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B9 oo ez g 2o 5 (scanning densitometer B3t THd B AR ) R B Fga
%ir%%’zrjﬁ* -7 > % - BAE L7 Tproduct | &#3 T demodulator ;| z %
255 Tproduct demodulator ; ¥ &% ~ Hir @ T fkHBAE > 7 ¥ - B
/g% 51 Tproduct detector | B E "Rt A T o d Fikap 57 0B R
B PR LW AR BT A L RAFR S TR A ST F R FRLE PR
BOAPrEZHELEREEERUR2BEF AR AT BRI AHE Y H
HE LR EdTfE e AT L3047 B G A IR B HLahE v T LR kRS gt B> F]
POAFT T R A R E S P LR iR B B IR AT R T W2 HAR G - PN

LR e AU PN LR & R R AR AR K fedk 0 804068 B iR $ s ehik

AP, AR LA E Y B HIEE & {ﬂv,?,ﬁg,‘,ﬁjﬁ,ﬁ?g?
LHFAF - 7 F0q o A0 ¥ R0 4202 804068 Bt #-E ]2 & v ETE
FROF BT E - BRPRY F R L R G - PR it
Btk s R e B R R FRASR EF T AR T BTG 2
-~ PR 0 WREEFR AR E-HowNet 2 WordNet %

gl;}\:fﬁwquﬁg,ﬁ s T B LN LA 0 T S ] ﬁ-{ % o

321 #* E-HowNet &g &4

¢ BT Bt B g e E-HowNet €445 HowNet[9]:73F & & J roi ~ 48 % 4515

#4a & > E-HowNet p 7 88075 B ¥ 3P4 « ## 3325 » E-HowNet #ic
Brend 2RAT LR ANP D A EY - RF AR TR AT ER
BAFL A AT Fan N2 - o ek BAF LAY P v HE LS 3 oI

E-HowNet » 2% i 4p 3 2230 9 B & TTf FLZEEAT L 0 F (T PR R s R



%o Bk 4 st o E-HowNet ¥ dul Sk £ ¢ 71333 B L 4

TR REL R Y

3.22 #&* WordNet i§ijgiF &7 %

& * E-HowNet g Hitr &30 & RUEP 2 chd B3 8- Ve P BT
LAY A FEPN FE Y- PR o AAp e WordNet & 3 i 2 R F AR
Lo MpPFAETEY Y ZNLLT LL’Mf—i P & 4 ¥ E-HowNet 0% & 18 »
A PRk R 0 5% WordNet %k §T e i £ 37 & - WordNet

P23 154754 BE PR 2 B2 e GE o 51 WordNet st H o K g

80220 Bi¥t o BEX'Ed T AN F B R AGF I WHOE Y FRALY
o R EILG B H A E S BE R WL 20861 B 2 R -

323 -}

3

&8 E-HowNet f= WordNet & g » 24 78 e jis &30 & ()% ",f—i 7 14% e ¥ o

M5} 690640 i 4L Ly Et o AN B S F BB LR H R R

A

e}

4

g WL RBFEOE FARE N F 0 MRS - B A A TR IR R O
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Fri BHOAE: GRWLEE

AARAPALEEMGRRILE AL TR L2 E S 4L ) &2
A2 &t pRdE= 29 2 B2 w2 43 ) &R R T RFE
BERER L ELHE Ay @ * chStanford Parser[15] & %% ~ 1.6.5> Stanford

Chinese Segmenter[14] 8] % %<  2008-05-21 -

411 = PEILFWFZ i

P LE 5 AAEWR Ft AR Y LRiRA o N AR LA L HE
T PR 0 - S MR RF I LP e @ * Stanford Parser =»
TaggedWord() &#cip Tt s £3 > ML AT o R e T T A AL AT

S R T T E LA R
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2 41 &> Rse O L3R S5 e b
&%ﬁé%ﬂé@ P LPETRE Y @

Such materials include, by way of | such material include , by way of example ,
example, inorganic materials such as | <***inorganic materials***> such as type
Type 1 glass (including amber glass). | 1 glass ( include <***amber glass***> ) .

% 42%=2 2 @ik R

Such materials include, by way of example, inorganic materials such as

e @ . .
Type 1 glass (including amber glass).

such material include , by way of example , <***inorganic

iz R : :
materials***> such as type 1 glass ( include <***amber glass***>) .

412 w=FPizER

o B L3 ¥TE 2 (8 > 12 5 Stanford Parser FAQ iz ik o S i@
englishPCFG.ser.gz &30 F &£ #3247 % ~ ]2 & > at fg - B (¥ s % 7 48

2478 % o AFF 7@ * Stanford Parser = Stemmer() & #icig (7 300%
R P SR NP R R P AR B T § B Lo
FIT A ean o3 Rl ¢ 2 F@irE R - ¥ £ Stanford Parser i 5

englishPCFG.ser.gz 5 & -3 %730 % et o B % 4rk 4.2 %77 > fefgiEr ©

413 &> M GRART

‘lﬂ

FERLR R H 2 o ARie b A2 18 0 AT g M i % Stanford Parser 347 % o ¢
TIB st A o Stanford Parser chff BRI K 33 27 fEv 2 M hehikse o

- BOFEEITTLE OO EF SEEM B TR & 43 T LM GH
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# 4.3 &~ M Ciftde bl
i ~ » | My dog also likes eating sausage.

nsubj

poss advmod | xcomp dobj

o] 1 | e |

My dog also likes eatihng sausage
PRP$ NN RB VBZ VBG NN

poss(dog-2, My-1)
nsubj(likes-4, dog-2)
advmod(likes-4, also-3)
xcomp(likes-4, eating-5)
dobj(eating-5, sausage-6)

g 0 27 fh~ 2 B TP "DIRECT OBJECT | # 1 {kzed) 2 &3¢ #5315 22 ede
Wa HirEs g o 02 Tdobj ; 523558 5 bl4r# 4.3 TMy dog also likes eating
sausage. | — ¢ - #3 Teat | eyt % &%z Psausage | b FlptiEs B gz B
B % ¢ 12 T dobj(eating-5, sausage-6) ; 77Nt A ERM % H ¥ #F 52 6

AR AT P BRPEE R

A3 24515 54 B~ H B f4Men TDIRECT OBJECT | 4 7 % » # v 17

HETEERE R F T L R

42 ¥ 2 4|2 9% gL

P MR A BAIEE L v N A G F o E R B N AR G
AR IR R s R L E RN S Iy I R O
PR BN - SRR FREGIRIL RSP RIFL AT ] T
= OB CRRIAT o A - AR R T U B AON Y 2 B LY o ML S

SRR L Lo T e AL S 5 - ¥ Ldo AT 1 * Stanford
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Chinese Segmenter[14]:& {7 %732 o 11T % 1&5 & 421 %2 422 kB it e

R LR - BWRETF 0 423 ) SRR 2 B AR .

VR P L TR R e o B Y BN LR T S VAR o R IR A G
BP 2 B g L & 0 3@+ Stanford Parser £ TaggedWord() & #ic#-
P 30 A L o Aok 44 90T o e da oy TRk ek | Ron o S

2 5 e 239 o

4.2.2 # * Stanford Chinese Segmenter ¥r3#

Lo B 2302 18 0 1T A¥rane 9304 > e g+ Stanford Chinese

Segmenter & {7 $73 o N P RETF PR U T 0 4B 0 B R Aok 45 47T o

30449 2 g LR G

s o | AR T ) G R A A F D 2 e i e
A7 42 e B
P LR | @ (2 PSR Fop EETOS R 2 g § T
e XS P A foiE i g .
# 457 v - LR AR B
B0 5 A (2 3 T ) ONRELE Fod EEOO> b P2k 2
FFE AR S o P4 o B o

20467 % B B O
R XfFp 40 B4l o
nsubj(z % -2, ¥ FF-1)
« asp(z 4-2, 1 -3)
Fﬁgl;ﬁi assmod(= % -6, & % -4)
M assm(% # -4, 1-5)
dobj(z % -2, % % -6)
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423 © < M AR

Y413 ] &4pk > 2@ * Stanford Parser 245~ ¢ 18 3| M Um0 - R
* 'DIRECT OBJECT | #$di~ ¢ P & 2@ &bl 5> 4ot T & 46 %77 [ X
et i Faodsg o - o i ah oA A RS S
Fltied B g2 B b 2 ¢ 0 Tdobj(2 4 -2, £ 5-6) ) &) N R hl ik o

-

4)3 BB g L g,.»L,Fa—vu,g?ﬁ‘zg&ﬁ_m—»‘\,;;z__,qu..,t;aQm

B LR E SR R AP aEER LR EETHE o

1
%
C
4
—=\
H
«:
W
™
q
"3

Lpeds Ll BT X)IHQ#“ B PR e L
BEHEIIALPFSE NP RA 03 2 A AL Tl R T
(dictionary-based machine translation) > £ * & jF gl 5 38 4 B L 2 2R

#i§ BfA 4 [4]% Dreye s st 3 4 [5] - ik R 7 ik L#F s T3

THEL

i<

g e B G EE L ] B E e PR MRS 2 e R U
SEE R RAHRGY 2 g AP T b 3 - @23 2112 E-HowNet
[6]2 2T &% - At PhmE PR T wFEd e s 35 - 431

JTE G EEBEERRL > 432 WP TR i AR

431 EEPL LW
AL R A INGEL > AW G2 RR A E G EEFL (T L AR ) &
Dr.eye FHrh M zE (0T ﬁ%ﬁ_;ﬁ-_;&zﬁ%ﬂ.) vﬁr%?,%ﬁq:ﬂ_m x » B2
foe?  WRAGT UL LA R - S 2 F S R % B 2
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FROTLR-RBABDEFEIRF T RERRE T HER bldeTegg 2
R EHEM ) SRR AP T THREF R ¥ BRI LY 2R

FRBUEPROLE A EF L IR EEE > b4 Teffusion | &2 T( %

&%
E-D
7‘6\-

I

) R RICR B S RN BN o AP R i iken

PRV ¥ - BAPEFREEM G % M Gop AN FELGE
AREE G S AR FIE A ) AR R AR T el BieE S 2 o

43.1.1 e R S el A

Ay Y o XAR PR PRIG P HEF R v s TRRE

BRI PR P b e e - B AR P 2 e > A PG P AP

TERPNEF RO AR TR o S BB A PRE Y PR
PR R B B L A BE o A SIS P 2 EF R o AR T
ik iEEse LRI REL BFOAPRIZIE LLY 2 HRFRD

WeEWA > A NET Aok FEFE PR RBE A PARTETE BT D

(m\ﬂr

ERE LR LS T R E R

AT 2 2F PN F O
#® < @4 tconfusion
2 R FRE P ATE R RS 6O
gazing in confusion at the strange sight

EFRE e e R &

5 s Her unexpected arrival threw us into total confusion.
#AERRR S RAPR 2T Ivorl o

T There has been some confusion of names.

FHLFARTD o

There is some confusion about what the right procedure should
F s | be.
HRZHP B e - 2R PR
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35
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P}

26896 BEXFRZF P IHEFR LR A AT NERFR I confusion |
Lot s i B r_%;i:g‘b SR S LY~ R BAERE | TR AP oY
?W;¥FP§% » Bfs — B ?3:2“3-3 FZFEII—L'WE:J ﬂé%fii’ésﬁm [ = Flgt F 7]~

A E ¥ Tl TNE

4312 Dr.eyei#Fer izt 3L

Fr A FL 7 106276 BE 2@ 0 @ T d XMLV 4B & = 5 Fgt ¥ 1y
B Re T B R v e 2 g BEPTIG e e 2 ALY v o
BN ARG R end A F A2 Gk o @ BB L A
BE k73 e od WFL A F L end ~ @ne 7 7 G bler o FE AR

RAOE R B ALET BROBEF ML 2 HEPRE RNT B

hF BRI EFELAER 2 A A F oA - R ¥ &2 @4 [ confusion | (T
Bl A 48 ¢ TG s HE RIS R TR R TEARAAPRG
P P BEFPR o FLE YN FBREIFROAY § 8807 BECFREF P 2

SE g X

* A8 FL L F LN F 0
# < 4 : confusion
¢ R R FEL ¥ b @
#pt 5 &E 5 | The room was in a state of confusion.
o0 A ER R A

You can avoid confusion by speaking clearly.
R SR LSRR
The old woman looked at him in confusion.
EIFAH gk Eenp kI EEFR o
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449 EHFL o

2z

# % @4 confusion

jr FRL 0 ch 2 g

:i-,‘_%_g;g_" iﬁl‘“@_%‘ﬂﬁ" gg‘ﬁ'u\;ggfg \;,Egp;.
;ﬁ‘-@--‘ii-@- /ggb\lﬁﬁq\/gﬁw%/m\/gﬁ ‘fﬂ%"}?ﬁb
/E‘gb\/ﬂgb%/m\'ﬁﬁv\/aj% \fﬂ%\l}??b \i?b\tl&__%\

Sy
ae
-y
c

ra
34
:ﬁ

4313 E£@22FL 2 FJFL AT

dPF 4 48 P A RBLMTEY FRAMEESY cHEPRI T 24
oo I A B L el T L g P HBFR A UK E Y R
v 2 P RECD  drd 49T c BAEHZ I AFET I EFELEFL

#E 53 99805 B E < 4 o

432 GFaFLER

FORBEHFL OAPELZRERHA G - B T HERR AT TRE e
FUEFEEFL DY CHEWRAA O BEFEY 2 HEFR I BT
o~ i*uzw BLEFREGEIFRAOLE Y TN AP ERLES B R
HaAPad? >HEFPR Y AT RRAEE - WLH[21] 2

E-HowNet[6] % 45 & & & AT eiT £ 4 > o *ipats

pas

=\

{

%;@“i{m@%: ﬂ}ﬁ}'%

Framrg o AL AP L A BATE

24



& R H I IE BTEREAM

&/ ACADEMIA SINICA Institute of Linguistics

BICER 2 B0 R (S —ERILERE R ) -

Enter one or more Chinese words separated by space:

sreBl:
£ E 5 Home
fziN
JEREL(VED: fRAST B 18 aE. S Word frequency: 134
JEELNV)Y: £3554: FIFE Word frequency: 39 ——— =

L‘ﬁ B A% Read from simple to complex] [ RIE-FEHHEET Read randomly ] i Near Synonyms ]

}euﬁL

i N— [
‘o2 LT 157 O, O TR R EVOT 1R I o G B LR R R AR ta%
Vigs, ¥ =g @eaa o8l BE_ _ _ _ _ _ _ _ _ _ _ _

B 4.1- @23 s lg

4321 - @53

B 41 5 MAEFE- AR «u('kﬁp-p~‘:v ZE ) im0 3T TiT £ Near
Synonyms  hdde ¥ g FIE 79 F TR AR T R o AP KE R
EETRELAE ) ol SR SR E S SIS MR S T
(B R R AR R ) o ek se® TR PR | e WY~ - 3P
R kA - WA AR RPAAPER ARSI - BIPR Ry BRS

BT ERPL S TR AFFEHEF LY AP RO EFREF T2 A

~=\

Ik B = PEUEE R R E S L E T
ES L S RE- SRR SR R ST S

DEON B R G B T

¥

Mg w2 @4 Tconfusion | 2 6 » 40T B % 4.10 #757 - [ confusion ; %A
APOEFEHTLY BEF LB HREPR AR BRRARBERTE

(Rp O~z (BF) e GRAD» ()~ (BB) fo¥ 4 B (2
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B ) A - i AW w

"confusion | 17 < ¥ i3

@ﬂ’h‘ﬁ';}; FIF o AN Fapnuﬁﬁgﬁ%?‘;?%‘iéf

fi R & AT R BRAEILL & T confusion | éhE, A AR T

Flt e :—Lﬁ%;;%ﬂ:r L H VPSR - AR A Tl S °

30410 - PG v s

¥~ 74 : confusion

(#6321 ]

[- w753 ]) 1

&gb N f,;gb N ;3% N ?Lﬂl%ﬂl% N "L N "L:;:_
“ff > %ﬁ—i‘ AR~ B s S HE BB
%~@\@ﬂﬁﬁ\£%\ﬁﬁ

[- 53] 3.

B B BB ER B

[- w753 ]) 4

R R R - B SR

'/El'/)’g ,%E’ > 33 "H:ﬁ;\'q-\ j”%/»a

[- 53] 6.

B3R 2 3 R ATerd S B B S LR

B8 R B R S B F R
%#F"‘&‘%‘& ‘iﬁlfgi@-‘;“;ﬁ’%‘%"‘;’: :
PRAH o ApEG R R

w&

[- i3] 8.

-:}é‘j\lé‘}\ IE JT[‘}J‘\I{L"FE}W‘%'IE“E‘:‘::L'}@‘

SRS RE R IR X RS R
HRE RS A ?*5‘}%ﬁ%~$ﬁ‘ﬂ@@ﬁ‘i
m,é[’-};}\géifﬁlgl%%: %:ré\.ﬂg?%\‘iﬁg‘&ﬁ \i{’r_ﬁi%\
S AEE A RA oS PEEA S FERE A R 4
SR S s R s G Aot d s R R R
\ggag,r;m\ggdg%;,@\@&@gp@_\,}ﬁ\}gﬁ\
BRI

f
R R R gk
=4
1=
g

RN AN
AT Y R~ R M Bo e

RN
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<Word item = "ferg">
<WordFreg>0</WordFreq>
<WordSense id="1">
<English>harmonious</English>
<Phone>y~& » 11—L4 7 </Phone>
<PinYin>he2 ming2</PinYin>
<SyntacticFunction>
<POS>VA4</POS>
<Freq>0</Freq>
</SyntacticFunction>
<TopLevelDefinition>{f=3# :theme={ %+ }}</TopLevelDefinition>
<BottomLevelExpansion>
{harmonious|f=#|:theme={sound| #J}}

</BottomLevelExpansion>

</WordSense>
</Word>

B 4.2 Terg | - 39218 E-HowNet 3+ 4 7

4.3.2.2 E-HowNet

Ko F B xH L A+ K E-HowNet » HFiT&£3F 5 24 &
Budanitsky[1]4p 7 » BB XF LA FRFLNFRFHTRF - g 214 8
E-HowNet cig 4§ » 4Bl 4.2 #77n & Tforg ) - 3@ ehp 38L& - <WordFreg># %
PR LAY T B RFEREE Y g st Bk - <WordSense> B £

WELR AR AEFL T, - P ASEE G - AL Ttk
Sledm - BHELZT T fog 7 R I)®E 2 0 harmonious | - 3 > <Phone>
2 <PinYin> Rl P 7 F g B 5 > 3N o <POS> ot R i M oo
<TopLevelDefinition> %2 <BottomLevelExpansion> B|E_& 7 7 & 51T K@ s i1

£end BifieR o 15 e F RAPROTER 0T AR ) LA
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% 4.11 E-HowNet 2_ & R % & Fiw-
<Word item = "/& g-">

<Top LevelDefinition>\{chaotic|.3;: B }‘</Top LevelDefinition>

<BottomLevelExpansion>
{chaotic| 4 g}

</BottomLevelExpansion>

</WordSense>

2 e o E-HowNet ¥ T = |¢ 2 o) & 57 Gilde b T B 4.2
® ¢l harmonious[fe3# | 2 "sound|#- " frvg | — 3¢ <TopLevelDefinition> #_
% Tqorg 2T fosd dph @ ¥ 24287 #5 «hfris; <BottomLevelExpansion>
Rl 8 Mok | ek & T harmonious|fesd | 2 T #-5 | i & Tsound| &, Fa
v ¥ &7+ <BottomLevelExpansion> £_4*%¥f <TopLevelDefinition> p % iF { ‘w

R RIEE -

7 f% E-HowNet h28 $£.% & R Aj50 18 23R 5 2R E-HowNet «h-% - i 37

RPFRILRERARIAFRLEFEFAALDLL RIS P 37

et

PITNE RE S A PT PR PR RAERIG R FH TR 4 Tfuﬂun}
wE s HF L HE E-HowNet (BRI LiF e o AP #F IR A E-HowNet ¥ h
<TopLevelDefinition> % <BottomLevelExpansion> =+ vt & & & 8 % B % o
¥ - s A 4cd 411 257 o 0 TR ) - 3 5 &) o <TopLevelDefinition> =
& R 0 ¥2 <BottomLevelExpansion> 1% - H— t% 5 % = AupARlE S A
300 BT FE 4 412 0 TESH | - 3@ 5 6] 0 <TopLevelDefinition> hscit %
"B e THE  a @R om Th & Mg | & E-HowNet # * § & f 2%
gk A PFIR o PR [ M | o <BottomLevelExpansion> i T AR
2 TE | & B3 4 <BottomLevelExpansion> p % B & > » £ & R g i o
Flpoo A w u i e <ToplLevelDefinition> % <BottomlLevelExpansion> 3

PEFRIEF R AT 5L RAPTTRF
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4 412 E-HowNet 2. & B % B % =
<Word item ="K &= ">
<WordSense id="1">

<TopLevelDefinition>
{¥A4x :qualification={ &}}

</TopLevelDefinition>

<BottomLevelExpansion>
{paper| 33| :telic={wrap| ¢ #|:material={~}},
attribute=(hard|# },qualification={thick| &}}

</BottomLevelExpansion>

</WordSense>
</Word>
<Word item = "4 ">
S <TopLevelDefinition>

{Atelic={# % :material={~}},attribute={# }}
</TopLevelDefinition>
<BottomLevelExpansion>
(paperis ] elio=(iwrapi #]
material={~}} attribute={hard|# [}

</BottomLevelExpansion>

</Word>

<Word item = "B.">
<TopLevelDefinition>{thick| 5 }</TopLevelDefinition>
<Bottom LeveIExpansion>{}</Bottom LevelExpansion>

</Word>

TE B 43 3 #E @4 [indignation | B¢ 2 R R T E-HowNet 35

s

R iz e A e & B 52 ¢ o Tindignation  #7% = B ¢ ¥ HRE
RoAES TR IS B o AR B CWRBITEN T - EFL 0 &

B - BERGHLT 0 ¢ AR B EF - # TR 2 T

&

SERTF TAF - BERR VAR, DERFERY THR 2 T25 3B
HREx o APFIR > E-HowNet ch&k A ¥ ppre - B> @ 24 F &K

pehi R o AT A EHwNet &R > APfiz 3 To&R - BB
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EER || HERR &R = x &R HRwt
45 4 &
C e 2§ ] ~’
' ! R RS R
o 45 4 5
indignation i £ —E: =7 =7
EE AN NS I AN Y
- &M ﬁr—'@ cA b R R -2 F
| E 45 e~ 2 F
A i WRZF 2P A
indignation :
EYPR AP, bR,
indignation S ERACE,
T, R, &
L, kB, BE,
7;?}1}\) gﬂ, ‘@
CE N T
R, WhEDP,
IR @’,}ﬁ-, ......

AL £33 Tk AR TAF R R EHFRT G A EE
RAFAHARFE  F-FDERFETG - BwR (L F 02 AP TR
e R HAREND A BRRES TAE 2 Tiks o4 ghebi
AR R TAE D HEARFEIABRRES > ZRTHRE  Lpe &&p e

A B RRMHArZ R HESd A ERRFES A TEE, -7 2
ZERFE - BIP RHRFRDERTEL S X BRFL S OAPRERUE L

A3 A RBTFOERELE > TLEEY 2 HEFRD

xR EL o

Hae btk A @Y hx R EL ;#E“,fja‘_iﬁﬁﬂ%&ﬁ_ﬁlg ’ ??“E'J

)

3] g%&f@ 23 2

z
PR RN

(m

>
(&Y

a
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ot TR 44 7w 0 F @4 Tindignation ; 10 KR L FEZ (S AT
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2 Bl e @ o NN R IE LB ER LR ELHAET A

o5 P LREEHETR
AR () take, [action: {7 ##] . | take, [action: # st ]: | take, [action: =% i¥]:
U [ {xm=9) {# =1} {#3=1, #7722}

A 5(2) take, action : {(#. 17, # i )=1; (KB, = (F)=1; (} 7, = (F)=2;
(KB, {7#)=9}

2 39(3) | take, action : {# 7=3, RKB=10}

take : {# # =1, f¥=1,..., }{7=5, JR* =5, JF#=5, .., ®* =42,

£B=71}

2 538(5) | take, 7# :{RB=0}

2 5%(4)

drd 5.1 e N(1)- e 0 A& IR > 4 [take action ; & Maction | 4§
W Tias ) proTtake ) g AR s TR~ o 7 Mi=cde s 9= ; @ § Maction
Mg Tra ) o Ttake ) PIAmads THE (MRAHKS 1 5) 0 2540
PRILL ek g LB bR s LR B2 LEad 2 gl P ESE
SHE - AR I ER Y v B CV 5w B BV i sty " take
action ; ¢ Taction | g T (% | pro 2551 ¢ BA4E IR B § on
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pills | i85 % %+ e Lo £ A Cpills, 7 R E TH L0 B (D)
TS EEE B RN F A R Ttake 52 Mpills) - A2 % 2 Tpills
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argmax Pr(CVi,CN; |EV,EN) )
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SRE@)EE RIS ek LB TF B e s EVAEN Bl 430
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g s o 114 517 Ttakeaction | 2 6] » 20 Q)- WaETZ Y ¥R

Flehd 2 s ToRP (MME B 10 %)

argmax Pr(CVi|EV,EN) 3)
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Ttake | 56> AP EARE? ¢ B s TRB (ORads 715,

argmax Pr(CV;|EV) (4)
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2 52% e~ Lo NB IR R L EHET
a5 FEd Lt HETR
£(6) [induce: % % ], response : [induce' 5142], response :
{F =2, R §=12} {F ©=2}
AR () induce, response : {(:%4, £ &)=1, (%4 %, F ¥)=1,
(3142, F 2)=2, (5%, F 2)=2, (5%, K ¥)=12}

2 3%(8) | induce, response : {* r-=4, - F :14}
239(9) | response : {re r=41, & =43, R ¥ =68}
2379(10) | 5142, response : {#- ¥ =10, ¥ f-=11}

g 2 BN/ AR NI AN YRR Lo
R () R AL 2 R (6) 4 BT Ak § e 2 N(6) RS ¢ B
ok PG L E Y s LR Y% b gl iF 2T 0 IR S AR
19 % 23 CN T 55+ 43 EN e = fif Bisdid o 404 52 2 34(6)
- #rF > % Tinduce | #fse¥ i 4% | ® 2 Tresponse ; #fepr > 54 i ¢ B

LieE T E (Mm=c#,ki 12 ), 5 [response | =¥tk &3
argmax Pr(CN;|EV,EN,CV) (6)
CN;i

PR QPR REAL ) SANPRE L ek F ARFE B LS
EV ~ EN » 2 chfssBiia] € 6558 e & fH i an? 2 6 e 8¢ o Bl
N FEF Y v L FA P g a o kB #2 Tinduce response |

Al LA 52 A7) ALY RV AR TS 2 ¥ (DRt

12"\>J’|}4]LL]§;{'#&E?‘|—E/§J r-rr'FF ‘é]ii_
argmax Pr(CV;, CNi|EV,EN) )
CV,CNi
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CN iR Pode ffidiaa o 4ot F & 52 #r7 » 2 234(8)- # 7 [induce
response | 5 b FERY BRF RGP 2 8@ E TEE (Mgl 145)0
argmax Pr(CNi|EV,EN) (8)

CN;

20 (@) R SR ()RS Aok T - B RE L
# ENO RISV oords e v il T L 2 EN B Y - A2 diend v 239 CN e
114 52 2N(9)- #Feh Tresponse | LB AP RAEY 2 2@ TEE (MR
¥ 68K ) e

argmax Pr(CNi|EN) 9
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gARG) R EEA 2NA0)PREL BRI - BE L LR
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S TE R (MmE#s 115), o
ar%r;ilax Pr(CN;|CV,EN) (10)
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RENEEAGEH - Br R 2 03 QRES BERY B E2ERAN)
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AF7 3 K- F-measure f iFRA; 0 * UEE R e a0 ek o Rode D
F-measure % #f7& 3 (precision) ez = F (recall) ehix & =8 - B v ik
AP E R A F oo AR L w O NP F E il S v F
PaEcE P % AP A LIPS T KA RF T F el AR Ak B
@ Tl ¥ 5 A Tt B R o XY PR RS AR § X
LATeER Sl AR s Tf-measure ;) & 87518 R S 5 do 2 (1) 47
oo AN EA £ f-measure (h Bk EIEE Rk - BRI B F 2
A ek o Tfl score | #H-FRI AT oA w ¥ F gL Gk T AL L 05

"f-measure, @=0.7 , PIX T FHLFESF 7 B L 0.7 -
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DURE PREFH  VRTHE T

Bl 6.1 @Al atirit g2 FEREFFP OIS BY hKkES

WA AREDE FRE Pr kX TF S5 A 7RI TURET B

=

BEOTGT BREFEM ] FRREETE R

6l flF-F LE BEHPEE NRI K

have=4530 cause=273 add=138 define=90 promote=60
provide=3345 | require=266 limit=135 express=88 suppress=59
use=1993 control=265 employ=135 | constitute=84 | release=58
include=1954 | inhibit=256 retain=131 overcome=82 | extend=58
comprise=1588 | carry=241 cover=127 supply=81 exert=58
contain=1080 | prevent=237 affect=123 modify=81 stimulate=56
form=914 treat=233 enter=122 disclose=81 | transmit=54
receive=863 generate=231 reach=119 satisfy=78 explain=54
reduce=774 utilize=212 eliminate=118 | induce=77 exceed=54
perform=616 take=210 offer=114 depict=76 replace=53
increase=465 | create=201 make=114 calculate=76 | update=51
produce=453 support=193 meet=113 reflect=71 connect=51
maintain=397 | select=190 identify=112 | give=70 permit=50
determine=382 | illustrate=185 | decrease=112 | alter=70 ensure=50
represent=373 | implement=180 | establish=105 | execute=69 | encode=50
show=352 enhance=178 exhibit=103 adjust=69 apply=50
obtain=329 avoid=163 complete=100 | accept=65 facilitate=49
achieve=329 describe=159 process=96 hold=64 vary=48
improve=322 | change=156 p0ssess=96 leave=61 keep=48
allow=287 display=147 find=90 yield=60 lack=47

P

5 n A
3 | N ERR
b o e D k=
R RIS =
v ™ 15 ) ™ o) ™ o) ) ™ ™ ™ ™ ) ™ ™ 0 k=5
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N

N
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TFW® 63 5i* f-measure
R BRI ALY S - F LB AR ARk e S 1
FRF A T k- BEEE (kSl)) 2 8N (Q)frorntt & 2 N () e cha ¢
‘& & flscore i 3| gag oha B0 L & A F 0 S oh f-measure, =07 #
BT B g B aN(4) 4 (Fente £ 2 p 2 iE (T N A A EiEA
#IRlRAR 2 Ags T 2R FL 251 () (B)2 (B)31§ Fl s BRI
FLP DRDVRFTAATIRG ks BE TS 0w X PR AL A 4o T T 6.4
PERMIERF AT ANA) T U FE P R EHE EHBaTRR R B
PIRGEAL NRAE I 2 B RA R S il Fla RS S LR B
23 ~@2)~@)2(B)eWm 63 R nE- BEIFEHARG L L L AA T
A IR - R AR S daR T AN (A) AR RS AT VR

FAEER D N(A)F A niEEad > B AL FHFRE S XS RL o

WA AR S i ET BE X (k=) hFA, T & BN e s A flscore %

f-measure, «=0.7 s ety Lt - FhHoguEB N RN e s s

Beptipd d LA FEA R @B Mok v § A Ak 2 5 (4)
T EE AR HRa e Fend o R E AR Tk E %
AEEFARET LRSS L F B LFERE o AP F Y F AR
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Lo el 6.5 1T e
Wt 2 5 ()T
2 @ 2 3

LAEE R AT LR (v

100%
95%
90%
85%
80%
75%

Eflm-F L8 FAEH
k=1, f-measure =% ‘' &

==0==f-measure, a=0.7

=e==f] score

100%
95%
90%
85%
80%
75%

=e==f] score

B - F 2E 2 AR
k=5, f-measure =§ +* &

=== f-measure, a=0.7

B 6.3%F A % flw 100 ¢ #:P4E & - B2 I B % %2 f-measure = 2%
Eflw-F EE RHHE2 BflH-F LE 2 RUEHR
LR F k=5, it j3 T30+ §
138‘? 1.315
°: 1.31
o 1305 1\
0% 13 AVHW
40% 1.295
30% 1= 1.29
o HHHHE -1 — 1.285
0%-HNQONmﬁmmﬁ‘m#meQﬂ'ﬂMWQ‘ V ,b‘ .b‘ .b‘ .V .b( .v .b‘ .V -b‘
GAALAAd e ddmannnn R T S T T TR I
[ - R S Y 2 g
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e d 2@z g ERLESE
B 6.4 & 4% 100 &6 % 28404 Bl 65 =gt aV(4)e s v ik
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P - B R B S T AR R
HRF - BY 2l qon? DR IRERF A LiE A LG L4

R - LiEEA NI B 1§ SR D L iFE

ETR

AL G TR
AL HEnS R o REUE B EV e 2 il A ek B A &

AR ged 22 S5 CVi CV 2 CVa o R CVaendi =t e {7
528 CVoena o BV A A PHED & - PR B PR SR T AP
B BEPLG SRR oD BERRL A 4101 L EEH L
A PIRFALG 3280 X RIBEFTAHAIG 821 L o £ 62 Fw s Lo p AL

i EAFRAAE AR 2 ek

2 B62ElH Lo L E LA GEA LB

carry={-#¥=1, # ~=1, L =1, i==1, ==1, F=2, #iz=2, £E=2, X {7=3, # 735, =*=7, ¥ 3
=8, %L IM=30, &% =33, L% =37, & {7=38, # 7=69}

create={2 =1, #]1F=2, #]¢=2 3l4¢=2, § =2, #|5 =4, ¢l:¢=8, i|#=72 > 2 =108}

obtain={7% %=1, # 11=1, 3 =1, B~#=2, =18, #3=111, j #¥=195}

retain={ 2 4¥=3, %% =58, F#=70}

explain={ji p =1, % @ =2, sX.p =17, f2$=34}

give={r=1, ¥ 2=1, #=1, # %=1, skd=l, R E=1, & »=1, H=2, %=6, § =11, B3 =11, % =13,
# 4220}

leave={& =1, & 2=27, ¥ * =33}

adjust={>* =1, » ﬁr—25 i 5 =43}

employ={iz * =1, f-* =3, {|* =6, * =7, @& * =49, X * =69}

represent={ % 11, = 1, —i. =1, A% =1, £=2, £ =2, =2, & £=165 % 7=199}

exhibit={# =1, B 7=8, %3I1=45 § 7 =49}

replace={ % #=4, § ~=6, B =16, * §=27}

apply={& =1, §1* =1, % * =1, iz=1, #=2, L*%=2, %*=7, @& * =13, &* =22}

lack={ix $ =15, 4 £ =15, 4 > =17}

reduce={i# i1=1, #;g=1, & %=1, 451 =7, "#=9, ¥ =13, # | =124, i > =273, *i 11=345}
make={3|=1, ¥ iT=1, ==1, ;yle, B’nﬂ—Z, FE=2, #3=3, x4 =3 Ex=3 #2=6, =6 §i¥=8,
#1§ =8, i¥=9, #{¥=9, ¥=9, o=+=9, wad=11, #]i¢=11, 3;==11}

achieve={ t =1, % =1, %&_1, ¢q\_1, =2, B~(9=3, = +=3 @ 3=20, & =77, j #=92, %I
=128}

improve={ % =1, ¢ * =1, 4cib=1, H=1, 32 =1, R* =1, B 4=2, T =2, H =6, x2=52, %3
=109, % § =145}

add={3# Zp=l, At =2, 4c » =43, 7y fe=44, 3 40 =48}

enhance={3 £ =2, +4v % =10, 3 =13, t’irs =68, i‘asej =85}

reach={F|=1, #%ik=1, =1, ik +=1, £=3, x F|=46, |i5=66}

take={# 2 =1, i¥=1, = 3|=1, ¥ =1, ;«FR 1, -’:“’:1, @a=1, o w=l, £4=1 B2 HE=l, =l
& f=1, F=1, $=2, $4=2 7u=2, FB=2, #=3, BE=3, &% =4, =4, 455 ¥ =5 Hi7
=5, JR* =5, j {#=5, B~11=6, F £=6, {|* =7, =7, {© {1 =10, &k * =42, RP=71}
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retain={8#¥=3, ¥ =58, *i¥=70}

leave={3 =1, 3 ==27, ¥ ~ =33}

employ={iz * =1, . * =3, 4| % =6, * =7, i * =49, % * =69}

represent={ i+ MM =1, 3 =1, L+ =1, £=2, £\ =2, =2, * £=165 # -7=199}

exhibit={# =1, & 7+=8, % 1M =45, ¥ =49}

lack={ % # =15, 4 £ =15, 4 > =17}

reduce={i# %=1, ¥A=1, & =1, % =7, =9, F$=13, 2| =124, i > =273,
‘4§ 15=345}

make:{‘f]:l, Y iE=], =1, =1, B{F=2, 3’4;’15':2, F3]=3, =% =3 =3
7 24=6, 3 =6, #11¥=8, #15 =8, 1¥=9, & #=9, ®=9, {7==9, fN=11, 4l
=11, 24 =11}

achieve={ + =1, % =1, jiB~=l, & *=1, =2, P~#=3, = +=3, #3=20, it 7|
=77, 319=92, % 3=128}

improve={i¢ =1, & * =1, 4vip=1, #=1, Hi2=1 R* =1 R4=2 x2=2 ¥}
=6, :xi2=52, # =109, <L =145}

add={3% % =1, 4e b =2, 4 » =43, 7 =44, 3 +:=48}

enhance={3§ 2 =2, 4c =10, #{ 4:=13, & % =68, } 5=85}

% 6452 LEFRA A FE A2 HP

retain={ A3 =3, %% =58, %4=70}

represent={+ ;M =1, 4 =1, L+ =1, £=2, £IL=2, i¥=2, * £=165, % -7=199}

exhibit={# =1, & 7+=8, % 1M =45, ¥ =49}

lack={ % # =15, 4 £ =15, 4 > =17}

make={F|=1, ¥ {r=1, &=1, $=1, B~{#=2, jF¥=2, #5=3, & 4=3 =&=3
7 4=6, 3 =6, #]1¥=8, #15=8, i¥=9, # #=9, ©¥=9, t7==9, =11, 4l
=11, 2 =11}

add={3§ 7 =1, 4c } =2, e » =43, i =44, ¥ +:=48}
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# 659 - F pwe g L2 H IRk

method=982 position=222 state=140 instruction=106
atom=777 condition=212 image=139 capacity=106
datum=503 invention=211 location=138 program=103
effect=501 result=203 power=137 procedure=103
function=493 problem=198 polymer=136 amount=101
signal=476 user=197 functionality=133 mode=100
portion=434 service=193 layer=131 solution=99
system=404 form=192 unit=130 pressure=99
step=400 ability=192 component=129 command=99
activity=394 advantage=188 communication=129 | water=97
operation=370 technique=186 interface=127 size=97
structure=362 shape=185 gene=125 section=97
material=344 performance=185 | element=124 particle=96
product=335 use=182 cost=123 moiety=94
surface=315 combination=175 | cell=120 temperature=92
message=311 thickness=173 efficiency=118 movement=90
device=304 apparatus=169 column=114 growth=90
content=299 area=167 time=113 application=90
property=284 requirement=160 request=113 support=89
mixture=270 molecule=153 protocol=113 meaning=89
process=262 response=152 pattern=113 modification=87
part=260 capability=152 disease=113 energy=86
level=253 address=149 action=111 strength=85
number=248 stability=146 type=108 range=85
sequence=244 need=141 parameter=108 quality=83
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movement={x f*=1, & w=1, §7==1, £E=1, # =40, & =46}

apparatus={ N B=2 %% =80, % & =87}

support={4x=1, & % =2, & k=13, & $¥=35, % =38}

number={ < & =1, 5 %=1, # %=1, K=l A=1, %A=L, ® A=, =1, $ 521, B
=1, k=1, R E =l Tﬁ‘fé =1, £€=1, "ME=1, {#=2, ~F=2, B7I=2, & A4=2, HAR=2,
B3 =2, =2, kA =2, #ii=8, §=3, 45588, A%=3, =3, K4, hE=4, K F

=5, #c@=h, #3=8, £=11, #=12, ¥ 51=31, #p =50, # & =72}

content={# #x=1, A;;'=1, & =1, & JZ=1, %%|=1, p #=117, 5 £=177}

use= {, B=1, #ae=l, reF=l, % =] =% =1, (% =2, —Nar =2, HK=2, p % =33 &%
=56, * =82}

modification={zc #/=3, :zi2=8, X =10, X it =17, B+47=21, :2=28}

capacity={® € =1, & 4 =39, % & =66}

procedure={ %=1, 4 i2=1, ¥ %L=2, # =18, & 5 =27, = ;> =54}

meaning={z =1, % £=2, & ¥ =29, % v =57}

process={z° f* =1, ;2 =1, 4c 1 =2, # =2, 1 K =3, #25 =5, & £=12, =27, i4&=95 -
i =114}

amount={ 5 =1, »x =1, %=1, 4P =1, 3F=1, #=1, # #£=1, k%=1, §=1, 2 %=2
B=2, A)5=4, % 4=4, 48229, £=51}

action:{;é i =1, j—é:fﬁ_—_:l, ;‘é—EJ;:Z, 7 4 :6, f—?-EJ::lB, ks :39’ 4 i'r:44}

property={»z % =1, =2, J§ {4=14, F{+=79, |+ =86, 1+ =102}

program={# & =1, :+%|=1, #r *=1, p 42=2, > ;2=3, ¥ P =33, &/ =62}

response={ra p-=41, ¥ p.=43, £ % =68}

area={= = =1, " ==1, #=6, %o &=7, ¥ =10, 45 =10, = 4#=45, ~ =87}

effect={# =1, k%=1, F =1, & ¥ =1, »c4 =1, > =1, %=1, FR=1, »ci=2, % =5,
3z fe=40, Bee=96, i®* =175, »x% =175}

device={%®] %=1, =1, & =1 k=1, %§=1 B=2, BR=2, L£E=2 £5F=2, $#&=2,
=17, 5% § =106, % % =166}

S
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e=t==f] score ==0==f-measure, a=0.7 e=t=={] score ==0==f-measure, a=0.7
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’T?‘g] 6.23 % B] 6.24 /a\"'vIJ;:;-g}J;L Jfg:'jtl]f‘l'ffml'l‘?i 7 é’iﬁi’lﬁié

“’l

A ?gﬁmiﬁl'ﬁu o A\ lj)’?ﬁ‘uféﬂi‘ﬁt JETJ%\I;L;‘L\%’L E,?%F]_:; '/5'_"—‘1-{ ?

AT fdFehEA R o

F 6.7+ LB G A 4 FiE AL LW

movement={x it =1, & = =1, §Fx=1, ¥ =1, # =40, iz =46}
apparatus={ ¥ ®=2, % % =80, *x § =87}
support={4:=1, & %=2, & k=13, & #=35, * #=38}
number={" & =1, # F=1, # 4=1, =1, =1, x5B=1, KAE=], $ F=1,
Pp=l, #Fd=1 %=l 4 E=l 5E=1 £8=1 MA=l [ #%=2 ~%
=2, B7|=2, = Aa=2, HAR=2, pE =2, FH=2, k=2, ¢ =3, §=3, 7

=3, 54 =3, 7 =3, E4=4, w5 =4, 5 F=5 4iE=5 #£F=8, &=11,
25::12, F51=31, #cp =50, #& =72}
use={#% & =1, # s =1, »xc3=1, * =1 i=* =1 (8% =2 J|* =2 FHAK=2
E.* =33, & * =56, * i£=82}
modification={zz #»=3, :zi2=8, =10, X i*t=17, B +7=21, i} :2=28}
process={ % iv =1, ;3 =1, 41 =2, #M=2, 1 5E=3, 425=5 & m=12, »IZ
=27, it #2=95, = ;2=114}
action={ sc =1, E=1, F==2, {74 =6, {7=+=18, i¥* =39, = i¥=44}
property={»c% =1, {4=2, Jg {#=14, ¥+=79, |+ 7 =86, |+ =102}
effect={# st =1, R F]=1, F =1, g ¥ =1, »c4 =1, = ;2=1 %=1 FAi-=l,
e =2, %% =5, »x =40, §:re=96, iT* =175, »x% =175}

3 68T LEF L BEAL LW
movement={x* i*=1, % ¥ =1, H==l, %1 =1, #4=40, i %=46}
apparatus={ ¥ ¥=2, % % =80, % £ =87}
support={+r=1, # % =2, #-k=13, * $=35 3+ #=38}
action={# it =1, i& =1, ;F#=2, (7% =6, (7 #=18, ir* =39, = r=44}

effect={# i =1, R F|=1, ¥ =1, 3 ¢ =1, »+4 =1, = ;2=1 %=1 ;FR=1, »%
wi=2, % =5 »cp=40, Bee=06, i¥¥ =175, »c% =175}
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have=379 reduce=65 improve=50 build=40
use=143 offer=65 form=49 explain=37
make=126 create=65 increase=42 give=34
provide=119 produce=60 change=42 study=33
find=105 require=59 understand=40 solve=33
take=86 cause=59 develop=40 generate=31
play=83
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k=1, f-measure =% ' & k=5, f-measure ;=& ‘* &
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give={ k=1, =1, ##1=1, p&= =2, 1=3, =4, %3 =4, %=8, % =10}

use={i} F2=1, ¥ =2, ¢ * =2, W * =4, * =7, {* =60, @& * =67}

improve={{| * =1, #{4c=1, ex 2 =1 F* =1, =2, 4c5p=3, &8 =4, Ti&=4, W&
=11, =% =22}

build={#{ £=1, # % =1, = =1, =1, ®:2=3, 2 {§=6, = = =9, > 3=18}

develop={%& B =1, /& i* =1, =2, +=2, J13}=5 f&=5 m#=11, ¥ E=13}
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Investigators are, of course, also exploring additional avenues for
&~ 3P | improving efficiency; as far as we know, though, those other

approaches generally extend existing methods.
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