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Abstract  The natural language processing of sign language is an important task in the field of
artificial intelligence and information processing. Currently, with the development of information
technology, the focus on the information processing of spoken language and written language, is
gradually shifting from the word coding and input method to the grammatical level, and then to
depth computing. However, sign language information processing is seriously lagging behind and

remains at the starting stage. The main reason for this situation is that no ready-made sign
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language corpus resources can be used for machine learning and deep learning. Sign language

machine translation, sign language question-answering system, information retrieval and
information processing cannot be applied because of the lack of research foundation. The essential
difference between sign language computing and traditional language computing is spatial modeling
and it leads to that the core task of sign language computing is to convert single-channel
representation to multi-channel representation, while the fundamental task of the traditional
language computing is the disambiguation of single-channel representation. From the lexical, syntactic,
semantic, pragmatic, and applied levels, sign language computing is reviewed., and the sign
language machine translation and classifier predicates in computing are emphatically introduced.
Classifier predicates are the key of sign language computing, and it is the breakthrough point of
sign language computing. New technologies, such as the emergence of somatosensory devices,
the rise of cognitive neuroscience and the progress of deep learning, have brought new opportunities
to sign language computing in the Internet age. From the perspective of outlook, sign language
computing is compared with spoken language computing. The trend of sign language computing
and the breakthrough points are analyzed. The cognitive computing of sign language has been
regarded as a mapping conversion process from the physical characteristics of gestures to semantic
representation. The trend of sign language computing is to fill these intermediate steps, such as
phonological features and semantic units. It avoids the semantic concepts obtained directly from
the underlying physical features, focuses on the machine learning on the relationship between sign
language behavior and language features, and establishes the statistical learning model of fusion
spatial features. These breakthrough points include resource construction, text-to-scene and
metaphor understanding. Among them, the text-to-scene in the sign language is helpful to realize
the spatial information extraction including spatial orientation, object position, and the ambiguity
of natural language can be eliminated by combining with the knowledge base, so as the three-
dimensional scene construction can be achieved and creates a breakthrough in understanding the
spatial relationship and generating the virtual scene. It is pointed out that the sign language computing is
from the embryonic period to the development period. Driven by the interdisciplinary, sign
language computing may make a substantial breakthrough. The astonishing progress of traditional
language computing has promoted artificial intelligence and human-computer interaction to develop
further. If a series of problems about sign language computing can be solved in fields of theory,
technology and engineering, it will greatly speed up the development of artificial intelligence and

natural language processing.

Keywords  sign language computing; classifier predicates; machine translation; spatial modeling;

multi-channel; spatial metaphor
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AN GRZE ). AT T 4 T 4oy 2 i Horba)
G532 v Mot Al o B 4G 00 0B L A ) LB B R0
TENL 3l 25 o 28 - #in. Z Far K AR ok A ICA
(Independent Component Analysis) X} 34 4 1) 4] 2%
FRRAIE 7] S 34T A 280 M 7 O B AE D I 2 S 40
i Z TEVE HR NG AR RS T AR 4F 1 &R Kadir
S NTHYTR TR LAE JF 5T Boosting (% 5k 55
I3 ) KT R R B IR ORIz 3 IR A Dy — 4
25 [0)) R A I Sk T8 AN T8 14 3 s A8 05 P 2%
Gy R G S A N F A R ] R,
ROy AL IR AT KA E A AT Viterbi J7 3k 48 B
iR I %, Cooper 5 Bowden™ ZE 42 | i Wi T
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VE s FERI G o3 A3 25 0 SEAlt b 3 A 00 7 DI 250 A Fl 4y
KRR FRAE 8 R BB S-S
R AT R ik o 0 UM 4% d5c (R 1) 435 L. 3 28 SR 3R I 3
T Stokoe i F FRHIE  H T iH U 84 6] T 5L T &
AR IE R . X BAR A 5 8 S AR AR
W9, HARAS JE A 72 T+ Stokoe #5 BI A 4045 T2 |
B SR FEENNE RSECRF B SN, BT T
PRI 2 IR R TEAR Gl S T A E R Ak
PR R TR W N SR SE F — A 2R R
FAE (sequential presentation). ¥ Z 45 ¥4 ¥ % 18
Ak F B, 41 Wendy Sandler 1A b 3 [ FiE
(American Sign Language, ASL) H A& W fp 3& 2R &%
B, BViz 2l AT X A 8 280 43 0 X A% G
=BT MY FEEA A Baus 5 AN,
TFiEWMA SEEIE S EMUMN &0 58 &
(CVO) 785 #y, HARGE R 7 B -1s g -f &7 451 . (1
RHIEXHXWEAMESE. 2T m . Fm w4
SR, 1R P RE 23 0T R & A s H R &
PLHAE R i Se e R UL 2 W T 18 B G A
1) i

H A AR 22 2% 3 2 T 8 A 1P O8 » DRI i 1 550
I LA 3 BT B B R R B R ) L R B
5001, LR T80 Gt @A LA B Beiff 17 T K
T HRA BI85 B T B R T 4 P e
AT RS 7 2L TR RN I8 R O 5
i S U ME AR AT AN BRAR. I H sk e FaE U Ak
TS AT B 2 T [ R E T A TR
B IESE AL R R S A e A AR K — B e, B 5
ATF B E I I #7800 C HAE 017,

3.2 | &

AN A FAR G 5 W de/ NE LA i (word)
FIBE B IR/ E XA R F# Gsign). H B X F1E
)R 5 4 T T TG gt T ) 4 LT s ) gt
B AE TAE I
3.2.1 FiEmIL

Yao % APV e T EFENGFERER NHAT
WA TIEBE RS StokoeP ™ | HamNoSys-! | Sign
Writing® 4§, I 48 X =4~ R G A7 16 %5 5 PR A Y
B I 2 A 0] Fe 45 14 ) 2. N TF-18 dn A 10 FR R
KERFEANFZIET THEAGWE L. &% ET I
E SR H PR E DU R 2% )T HamNoSys
ARG, B2 1E N T 5 &b RGORMTH L X 2510
F IPA(International Phonetic Alphabet) EPBRE 45,
ERSFE T TN BRAE, W1 TR, R g
Iz AT FE LS B AT E 0 R A .

_ .
S | & NNy
o ¢ ¢ n
e £ 82 5
£ 8 B g
HAMBURG £ & 3 <
T O

Bl 1 F#H“HAMBURG”# HamNoSys %if% ([ K % I T
HRC3LD) , b RS T T 7 1 B 2 3%
AEHSECH P TR S %R C TR UES A,
B&FRFIRM 1.2 S507 FIRMKX 5.7 5% 5
F o R L B A 16 22 By 7 1) LM 5 e T 1 A
(X 43 37 A5 e 3 % 37 8 480 L LA 15 g
378 037 A 3L A X 49 L 38 B A e )
FRHLIE ), W TR AT 0 TR (LME S5
Bl 42 By I AIE B 454 X 4. ik B A i o R
“HAMBURG” 1 & X

SCHR K E R 2 B K T35 18 R R AR T

AEEGGRIESIENEEIES. B VEHESES T

IREEART RS A A B T15 e i A B &%

B AT AR D0 AT TS A3 A A S A A e iE

TR B AR, K BT FIB#S 202 N T

B RGN G CELH5 T B 3 F04g T O A T 5 TR

BHEATEE S 27 R A AL Geis & 64T i i . 45 A+

Uk A BE I 55N B I ) FIORE ) BUAR. I A [ A%

Giih A E TR RS R TR — B XL

WE HILEARERIES NS REAE AR

FiEM g, U N B AE 2. B, R A H

B GiE S AT FiE gt St R R 2 5 B

A0 R H R BA B I AR IR B Y T 1 G

ES

PR e 05 g 0 H A PO RR O 58 — O A R

2R AS 7 5 L 45 25 BB RNE SRR L 2 958

AIFEHAL B, I HamNoSys 2 %55 7 — Fp 12 {fi

WA WA GG 1E 5 A% 07 5 T 5T % T il 347 ek

R AL AL B8 5 S O (. T ) A

1 A2 AR D s S 3 B R . 3K AL T U G 6

DUE i A AR Z B, Gk T 307 BB 19 a5 Ik T

FLH A G A 3R T S T R 55 B A G A A L IR A

DT 2 e gt BV 236 %5 87 8 T IE A7 LA )

FOL. S5 5 32 P0G f L o A S i T DR 0 o

A B AU A SR P ALY A B

HEAT R A A1) A5 A 1 SUE B A SR IR 4G

X I AT o I i 25 B 1 45 4 B A0 D Sy e 78

@ Sign Writing. http://www. signwriting. org/, 2016. 4. 23
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L
¥
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MR, X R AT SR R DL R A R s i
I AR AR T P AT T T TR DR I 393 AR 4
[N ARG S S BE R NA BT 1T
Gt , P — LE I R A2 TIB T M a3,
3.2.2 FiBEYSH

T8 ) 3 M4 52 B 3 20 W R 23 0l o T 0
PR A R A T 34 0) 03 TN 5% 5 SCAS i T3 U1 45

TIE B AL B T 200 0 AL G TR 5 Wi iR
ol e B S AR AE AL DU AT E ) N
R SCRRE B ol i B BE B P 9 B RN A5 U B S
Z AT IF AT RN W R ) A3 FE AT T B ER AL
PR 5 2 SCT IR & R AR, DU 4T T3
153 o B AT 0L F 0 o R T 1B B R AL B A
ANA[AF I 6 . 1986 4F Liddell 28 AP 2 H1 T &
i1z s -{R A 8 (Movement-Hold Model) , % #5 &l
N T Ho 8 5 0 AR R 4y S i 3 F AR R
A& & B (phonological segments) , BT F 5 4
. X B T S B 1 TR G RN RAE (T
B gl ALEMIT 1) X ST A E 5 W A EE T3
FRIE A5 B8 i B BT — R AR & Rk R I k.
AR XA 18,1999 4 Vogler % AW ffi i HMM
(Hidden Markov Model) X} 22 A~{f] #E 47 T F #4)
Gy UESE T 38 Zh- R R RS A v AT . Bb S AT DL
RO LRl 42 T ASL B R G HE S GiEH] T
IR AT RO S BRI RE 2 4k BE T 2215 18 1Y SR AE A
L. IS — S FIE A T 4 0R F T BeAR R

WA W B A T H 1y 12 3 5ot R 73 il
THTT T LB T H V53 A LSO TR
T 58 A AT A A A AL B 5 L AL
SRR AR ) 2 TR AT S S 43 e EE A . 2
BB AAE R A 25 M E R BRI W 1990 4F Wilbur
FE DAL A R R X 2y B R R AT A Ry i i
M 35 A BE At Kong % AFT Han 58 NP9 48 g
FH iz g HIT | 3h 7 H R T BT, Bs gh AT
B I 0 8 0 s R 2 o IR T R Y
ol 85 ) P B A RTINS B AN 3 e ok R B
FR T 46 A1 45 oL AR 5 A 3l 25 i ) B % (Dynamic
Time Warping, DTW) I 2§ il & 5 #¢ 1 & 75 4 4
(Principal Components Analysis, PCA) V5 il — 14>
A REAREAS B A2 (H X S8R IR AE BB & F AR iK
B A FAAE G AR 2 %7 # 1A Stokoe #5
R SERR R 2R G 3R SR/ IE D |
A /NI R CFF RO /D IS 5 R . X

P28 AL T T-18 19 208 HA [ I 1R A0 90 1 2R AT

T G of 5 BEAR G b e e 3 A [1] 7L

2 S TR U I T 3400 o S B AR T U TR )
HARE WA TIESAAIES OE BT
FPAIEA I BAE T R A, TR T B
T30 2 REHR 53 A [RI 7 28 21, 1 HLAH B R . 52
PrA K R EER R TR BATEEERE .
TR BOEZE I T #0751 5 ol p) T E AR R
AN TE]. LA TE S ) H e A3 A A A
ARG, 4y 2 1s Bl 3% (movement epenthesis) |
PR EF B (hold deletion) | % {3 5% #t (metathesis) Fll
[f] fk (assimilation). H: A AR R Gk 2 1 6l 5 o] DL ] 1
I 2.

il 1

b FiE s

DUE : BT T ok

%N Ka
Bl 2 PUEAF LT R TIET A
SERE T FEINER 1 iR,

5 R Kb

%1 FEATAERTRMEENR
BATH IR TR

H M H H M H
sl H M H M H M H
RN H M M M H

Hrep M Fl H 43 5] % 78 i2 8 (Movement) Fl f# £f
(Hold) WA~ ¥ o7 i B ik & v [ F3F % W — 1
AF e AR H X T e A 4 AR A E g AR
1999 4 Vogler % N 3t ASL (i s34 &% #E 47 T
AR HMM X} 22 S a 47 7 F 48045 1k
TH G RN 2 F . 2007 4E Fang 28 A1 B
R E T R 0 2 TR R R G WU
1B B G E O B AR T 1 B SR (TMMs) | i
Fl K-means BRF M DTW 53] T 91. 9% (iR
AR LRV B T iz s — A E g, 1
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b B GOR BT 5 3. N ARG T B R S e
PG TE R AT B R RRRAE L A RE TR AT R T
TG A5 W TC A T 15 T H N T 08 B Ak B
thor B k. S Ah Tl S AR UM B T Tl
A ENEDE 2 B iR 2 A1, L AH T 151
FAFR S, I Wang 58 AN 4 4 22 TR IR
BT B L GE s 5 il E U Y 5T (bigram) 8§
=7t (trigram) A S5 F R SCH G R, O T3
IR T CHZ T TC T R 18 R X R R AR 7 2
FBIE S ¥R M. VoglerE N 45 1 T8 sh 1
PO T IR A B 00 85 TS E E I SR S T
B WS R CHEH HMM, | 5 7E T 18
RFHS M SR b g T A A8 B R R

B 5 ORI T ) 3 X TR TR B A HE
PR L) S & NN ' &1 RN =
Tl 2% [ T 15 18 R Y AT R — B AR [ 4% Gt i
HHE RGBT S AR ER, H B B
WA WAL G218 5 U o3 B ALK 52 T 00 4y 2 T AT
ML AL GG F W — A E 2 1 A A —
AF G RPIT LS. H P B R % 5
T E AR 230 20 HLE SO A J& HoAR B o aml
SCHYTRT B ZH A o BT ™ N R RIS R 2 87 3 1 1) 1Y
BSOS R T R G IR R A N R R 2 AT I
SCT R TR 2 AL A 2
LT [ FE L, an 2 i BR. BbAh AR s F W — i)
Xof R P LA B T3 15 D0 R A TE S PR O T P04y
R B TR 5 I T SR RS 5 N DU BE R I 26y
R T 30 5 8 — A DG A 1) 1 2 20 — A T A —
AT, i UL A GETE W A O R
SCZ B SCA T H % SR DU R AN A K 1) S i 2
(i) Bk 2D R AR 08 23 B AE T LA v SO AL B I 9 S 4%
PR E 22— L), RV s 3 (30 5. (H 2R 3
AT AN 3 AU 1 € A T HAH 7 b
B E 2 TG R AT X R O
W 3d T8 Z 2 mY 06 J7 i 5 55 SOAS O AL 46
DUTE RSB A N I AL SEi0 5 e 5 SOA B — 1] 1] g
Xf R 22 A T3, 243\ RE XS B — A T Yao &
NPT BEER T BEE TR WS TR OE A T HARE
(9] 43 1 1R I 45 4 B AL 3% (Conditional random
fields. CRE)#EAT T T4V 40 G T F A 77. 4%
U] 73 38 R SE T e SO T340 73 W AT
3.2.3 ks ) A

H i T it 52 il S A Rk Z A TE T

T PERR 17 2R AL LA B 5 SO T H LUk,
T B — A Bl B B F ok KA EAE BT
HAEVRG I 23 1 LR AR J 320 14 22 18] 350 38 o5 7 5 R 3%
A5 T8 B AR B 5 SRl il — R B S AR ok R0k
PR TR R A B L LU S B T 16) 22 5 3 Y %
e VAtse i WA 2] S ] b T Sl v K ) 3 0 0
VB AT 25 (8] 0K R AL X B Bl i) =5 ) & 1 5
2 eI IR ST o S U e L R R NG Ve R
RIS i) gl i) el T A S R IR
S5 AR T S R AR i Bl B A o R L H R S A
M 1 T RS Bl S ) ok R AR R B TR R
FAETOCHR BEAL BT R S5 55 R AR 3 b e
CJeti A7 ) 2 Tt 3 22 P i A 18 9 3] 2 D 1 BR E )
F14 1 ¥k T B8 100 4 0 1) 28 sl AR ) AR R T
I ]I A5 ) T A% GE T8 5 1 — sl i) ME siAE T
JE PRI Sl i S P 1 2l ] e P AR 35 2 1] T 2 18] 2
P b 25 [k e W L3 9 56 2. HL v 0 iz 2l ) o 22
578 AL B E 128 Bl AR 9 7 18] SRV RL S N PR R
FRATRIC. il 2 R 3 FR. B ATER R L A
S 1A B SR S BLAY i i Tl 5 R RS AN R Z Ak
TR GER 7 — MO ] R 1) 45 18 0k T BOR R 18 B 7
[ o 5 FUA T8 1 I 107 gl d w] AT 58 b 9 7 16] 4
AT T 1) R AR S

¥

T 1 2 G ) 565 = N0 | g (b [ -3
HAHAME R

DU« F Ut i fil

(a) # (b) Hifik
B3 BUE AT R BT L B TR T

@O Fbr R VT BT IE AR BB EAT S F A, AR
ZFH AR M AER ZIERAR I  MEA TR AR T 1 RTF
(Real-Time Factor) 2y 100, & $& 1 h i T 18 90 56 5 Bl 75 &
100 h ffbs . B AR N B A AS T B A6 K 3 1) 1) 1] O b i
SEAEIE F AN AR TR R TR A R
UL B AR E S AR N BURR 5 T 18 O B3 1 SCAR. BT e ]
BRI s B 3 N 53 AN K T BB Dk a4 B3 SCA TR I T B i
UL R A TF AL, FIEAE & F SRR BRSO, i 2 A
LRI T SR SCAS % T30 B0 4 2 SR 5 2% i 1) B
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Kb W 137 2 ia] i) PR A A0 AR R, BT P N Bl 1R AE AL F DA A 5 > BBk X B 2 38 Y i D I°F v 3l

FHE BRI B % 5 i a] SO0 ONFR BCSE i 3T b
0 TE B I A R Z Y IRME. B i LA f e
W 17 2l 1] (4 A B E 5 2004 4R ToroP i J T 6 />0
7 Blia] A © A 1Y SR R e M A T 42 B 3
H 5 — R R IX AN S Toro 76 K i
e T i B vk DU A i ASL Y — BRI 5
i) A AL G AR OC 18 R 15 A B Bl e s B B AR 1Y
ARG SR R T EEIES IR e S
SFRRAE U AE 2 A BRI AR st I 107 3 3] 1) T 3 3
1], AL R S 1) A AR 8055 S T bR il 2R 3k kDT
E At Y T A AT 5 2 ik 25 SR L Ry T AR AL
BHOIFE M ERARR R E I — ek L S HRIE 3
AR, R I B ML AR 27 ) J5 5. 2009 4 Segouat F
Braffort™* 7ERF 5% 1 [ T8 0, & PR 40 7 1 90400 L
FHER IR, IR T R T Z 0 1z 3 B
B R 3K B A R 2l 1) T4 B AR (HAB AT W5
S BT T R L 4E EGOR AR BGE sh Bl . S
HAE H 3 R A%, 2010 4F Huenerfauth 2 AP SR T
VE P AL e F R T TRz s s . Lt
BL Ml X 0 17 2y 1) AT T AR i Ny T AR s 3
B BOR WREA K EAT U 25 10 0 B FE U5 1 25
a3 2 WX R R/DZFAE RS TE
W 37 20 ) 1) T 34T b B 45 58 2302 B R 10 00 A T 1
AR B 2t T TR R R AR T R T LAY R 9
B 4 R VR R R AR U SR 5 B
N E R R A 2. 2011 4 Duarte % A 0 I 3h
VR P& % B e 0 1 TR AE 0 A (H H 8 e T &
HYEER TR IF B T T H g, 2012 4
Lu 88 NSV HEHT M SERE B B8 T3 T ) R 2
S HEERY N N B A B R TR AE A A Y B
Bl M EE T # A GO g B ST 138 Bl Jr) A
AU BT3B = A A Fr {8, IF K R AT RE % R AE &
SR G I 6 AR T 2 A BT 1 e M
RS - FRALE L R A AT B 2 A T R S 5
I8 25 R R WA NT: 3 5y 1] T3 AE i b BE T 1] 4 Y o )

—0.9 * 0.9
K —0.6 0.6 )
\ —0.3 03./

. 0

—e—o
—0.9 —0.6 —0.3

L 0
0.3 0.609

Bl 4 T3 W gl i T 3 He s

ORI o T S E Y U=

H5 Je — 28 gl i) /I 2 () 2y a] W] LA S A A2
P RAE Ty AN 1T AR R AE AR S & Q] 3 0
5 B nl WEE S AT AR Y 58 8 T H (]
T H WL 4 2638 T 47 R (] anAE 4 it 1) X
TICRER— X G CRIVBE My b 9 78 B A K Hp g K
A MYIT 25, 2 WE 5(b)). Al WL, 3% %5 (8] 5l 1A
T LA E L B4R B 0 Sl R BT Al 3 1Y s E iz
Bl LA A S B A i 40 . A5 8] Bl iE] A W ER ) is
iR M TR R, AWl ghin) L RAE T
A8 S X525 E g3l ke 8 T o 28060
TSR — A 72K T KRR R TR A
FR) R B L AT B P — 1 A 2 00 2R ) I T
AL

il 3.

Jt & F1E . T CP(Classifier Predicates) :
T 7% T K.

DU I8 TR T,

(a) M7
B 5 BUEATFU IR N OR T T TFIET I

(b) HBCP: 1Ty 3 TR

3.3 4 &

FIEA T HEGE S AR Z AT T HE M
FT AR T3 R AE ok 2 38 ) 19 5% S0 HLAR s g a2
o7 TR A L Sk A S A IR B 1 4 A B R Rk
O PNARRFEECI R N P EN R O RV 113 R N W
YRR R S SN (R R G R W R T =
H1 AN BAR GETE 5 A0 1 I3 WU B A I ] 119 4n
FARE ST R 7R 2 (5 B B N A AR 222 4 $E
T IR D5 58 TR M AT | 2 O E R
45 \NalVE3D " 4 , Hoh NalVE3D R (1 ] 1
JLIE 6. MMt T8 52 T 3 o 3 AR X L 1Y
ZERET Yao S NP E g T SR IR AE AN TR
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BB Z XL | TR A YRS B A T Ik L EAERE
FUA T 4 5 00 D000 DI R B5CH0 o # 5 0 0)  A
Ao T e MY R AR P N T B T R OB D 11 52
R BRI L 2 A B I T T A R 0 8
S AIE Ik,

TR GOA d 15 BRI R
AL B9 R0 DR AT AL 3 W B 2 P AS ] 9
TETE T 9 4% f 25 R 1) T8 3 R T 340k 3k Rl A 19 3
BLBR TR S ESEE S AR AT A 2
FEH AT Y AP Sk AR IR L T RE 2
W 25 AR GRS R T I R U0 4% T T T
HEREE. AT TS b ihg SR 5 7 %
T R 23 ) A S A S BB Sk S e i IR 1 5 R 1
X XA B Al A JE T SRR o E 2 RO
TIXA SR, TE A A5 A R DX A ) AL

N

N

/N W 1] S
| 5 E -k |

6 3Dk

AN PP T B A B Y Jon i L A P X
FE— A D B3 35 A2 AL A T R RS 2. A
PO AT I AR B TR R T R B SR AT RIE AR
iEE B — LR W] T T E M4 AT H T IE AR L
Bt E 2 7 2 AR XA UR A BR8], Bt
TS E S E S WES 2, 20 Al
BB T HEARAE 53 LA T 15 R R0 5 R 23 B
e B R G5 S W e &3S T Tl &8
PR
3.3.1 FiBiBEkRE

Yao 55 NV F B BHE AT T 458, BRI K

o PR TERE TR 5 A i AR T PL A
2O TR AN RER T LR ) W TR R . S
P GEil F iR — HE L 75 2R MU AL B A S AR
RO HPRIERE 5 R 500 & AR Z 4k e
T A A FEAESE 1 )5 O TR S — A
THH =R,

FAT iR iR R AAEERE ST RS
AGURARIC TE - AR AR B LAt E R JGE LB TR
(9 25 (] 35 b 20 — BB RURE SR F 3 iy
LIPS e Stk RN S o A 2 I R e e R
1 2 2ORF A S 2 B 0 I AR ) 55 A B DU SOAR
X AP J7 A RE S BLAE B OB s b E T A4 2
W B A BRI L I DUE RS TR R R IR AR
48 B B R AR A TR A I R B BOR IR
ANE T FE I R T3 L T 4 2 () oF
T 2o AT LA e A B G R T R AN
A GEARK MW FE IR (H I B2 5 (8 3t 5 1) H 3R A 4
A6 T+ Bl RF AR AL - 158 58 3t 550 5 20 8 A8 A AL H D
RA Sy i 55 2l A T LASCE L ax A ae B T i
TR RS, T HE SR A S T T RE =
YERLTY L TERLPE A A AT REAT B T A 25 s 8 A T
SR AL AN S5 AE F AL R E TR AN T
P i 45 T8 25 1A 5 8. 2002 4R Cox 45 Al
SRS BRI S 1 T Sl Y i 5 R EAB AT Y
TAERRENEATFHIL R A5 B I BA A
RS0 T B TR AR TE TR RL . 2004 4R A7 2 4 f
FFF AL BE £ AR U T35 15 B o T vz gh i
P AE A2 RTINS JE & SRR BB A = SRR R A
APHES. 2009 AR Segouat S ANl TS 1 HLH A
(Rl JH Ofe 728 i F) 38 B L 52 38 3l ) 8l 1 5 A il Dy e
ST R E TR R R G = R, T Lo [ S il
ST A L) TR A L 2010 4 Lu 48 A5 fil
S A B ACRE T 38 AR Sk LRI Y 41 & AT
B BRI i AT E T E AR ASL i RHE. HiX 4t
T 2P AR T B ] R AL I
IR B HEAT R i i 4R - i R A7 AR SE B DR e O T
P S — A AT RE R SE A T3 = 4EBRDRE R H Al
M E LS 2 —.

AT FHE N LS A 0T R T A2
9 15 B ARE R ALA 2 ) R GE A7 U ks DY G 2R
P TR R B Sh AR i BoR 1 SEBL AL & An
HFHFAETIE AL /NI R 27 2 — PR
NG AT S A ) 25 [ AL XA A [ 2
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Bl

1R’ 2019 4

S

BRY s /N L B SRR SN i, T34 U A
R E R A W L B S B S T d B SP T S
B EIE RN T A A T IR e S Sk
ot sk 1) 5 A 1) O AR R B E SRR & E
S U SR AR T R G A RN OE R R W R
Sl A Sl AL B SR RS AR TCIE A B b T
TS [ . s 0 2 B AT R B O TR E
B A SR AR HGE A T 1518 B A 1 A
N LARVE B Bt
3.3.2 RiiBEITE
SrRIEIEREFERERE WNIEEASE, — K
1 iz 21 2R R4 28 30 -8 18 2 R 88 40 4 » 93 2]
FIE 48 RAE 20 19 FIE , an il 3 otk FIB R 1
FIE W] LAAR Z% Bl b 9 48 B R K i K R 45 BT A A )
M2 X R R B T 4 250 B T RED L I
P E AT 0 2SI LT A ok B —
IR SR i LS A B 17 (k2 2.
A TR ) A AR ks TH EhE LR
ANA B H L /2 ) s B Y/ ok R 0 JE AR R
5 1) 5 T 2 e AR 19 2 3k O 5K (H 43 28R TR AN RE
FEG0E 5 F FIE R M. M 1960 4EFF IR 1R 5 22 K
IT—20A R FiE M IE T F LS AT DML S5
B R BTG 0 43 2 1R 1 A — AR
E A FaRiilEEREF IR AT RE
F T B G GEF 5 25 I A ) B = T
LS FB LG E L X ARG G IR
B T A D1, 1 ) R ] R AE 43 2 16 IE
1T IR S S 20, WSt 30 0 SO AE B fa] 5 46 7
T3 A ey FE 3 25 (8] T S5 R0 AN X AR = A
FEAR R PR, Sy 1 52 040 2K ) E I 1T 5 5 2
G3HETR) I T U5 SO G S A B S 310 B 45 (] R0 4 B
23 [ B G A Hsf 5 22 4 43 2% 1) 1 2% 35 1) B — &5 [
GRS —NERGEETEESNERA R
IR SRR 43 SR O W X SEBR b 4 2 RS 1 P
BRI S AE BT LA R IR 2 R R R R
G JE TR 1B U5 T i 6 G S5 R 22 [R] 7S ) OG &R I T
Bf L 23 (Al {5 B H 2 80 &2 4%, Liddell X ) B4 A9 43 25 4
HIE— N NGE M T — DN BT Gt b 85 R &
T 28 MBERA R B M A A (B f5 B, X s
)15 S8 AL 5 - 33 6 S T 1T L A Z IR — AR
FRES H LB ARE 3 ERTE [/ — 2K P Ti E PO ST
CEoE oy [ T 8 2 O s R T R B2 | R
] 2215 R A5 MRS, TR 43 20 I 16 O T RE 8 8

M TR A R A RE B 23 A5 B B ls SR R AR T
fE 2 e I 2 TR Ry

o1 T 23 S8 1R T 1 R B R AR L i A S
AT G 1 A AR TN = 4 37 5 %) 9 28 PR i B2l —
FAVHFI AL — A AGE ] 55— A 7
NI B RRT W ERE LR R EER,
I T R AR R, G5 — A N7 Ve B TT iy T 45 TR0
B R HA IS gk 2 28 3 . 8 3 B 2O U 1 6
Je FE AR AR 1Y X RE T S A RE AL 1 M K ks Bl
. WWAME R IBIZ 4 25108 15 I L 18 % L b T 2
FB Wk Sy T Ik BT H P T B B R R
PR R B, — Sl B AR 3 LA B U
AT B TN — Rt 7 P B A TR R ] D
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