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Chinese Translation and Review of Foreign
Place Names

Jason Wang Ming-Chih", Xu, Zhe-Ming , Tseng, Cheng-Hsiung

Abstract

There are two common complaints about the translation of names of foreign
geographical names in Taiwan. One is that the transliteration (name) is not allowed,
and the other is a multi-translator, which makes the public confused. Due to the
large number of ethnic groups in the world, complex language, intricate history,
and inconsistent writing, the translation of foreign geographical names is
undoubtedly a very detailed and tedious task involving extensive knowledge,
comprehensive synthesis and innovation.

The Department of Chinese Translation of Foreign Place Names translates
place names from foreign languages into Chinese place names. Its first job is to
analyze and understand the place name elements and word formation conditions. In
addition to avoiding distortion in translation, it can also achieve the concept of
"faith", "elegance" and "expression".

In September 2005, the National Compilation Museum (consolidated as the
National Institute of Education on March 30, 2011) hired Professor Deng
Guo-Xiong to preside over the new version (fourth version) of the additional task,
and began to hold a conference on translation of foreign geographical names, as of
August 2013 It has been opened 226 times, and has analyzed and discussed nearly
69,000 (except for the 84-year edition, there are more than 24,500 new ABCD
words), and finally approved more than 66,000.

This article mainly analyzes the results of the translation of these foreign
geographical names in the past eight years, first discusses the recognition of the

international standardization of geographical names, and then explores the general

Associate Professor, Department of History and Geography, Taipei City University.
Guang-Hui Project of GIS Special Center of Chinese Academy of Sciences Technical
consultant of historical map collection cooperation project.

™" Adjunct Associate Professor, Da-Hua University of Science and Technology.
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rules for the conversion of Chinese geographical names, and finally consolidates
and formulates standard operating procedures to determine the appropriate

translation of foreign geographical names.

Keywords:Foreign Place Names, Translation, Standard Operating Procedures
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A —A& o ANl o FTFEREAR 1 - B HREXEES - RANEBRRER
LMAIRELE > RNz ERIFEEE @ B2RPUE LM -

HEREFR MRS (Samse)

Wikipedia [ 5 777

Samse is a Danish island in the Kattegat 15 kilometers (9 miles) off the Jutland
Peninsula. Samso is located in Samse municipality. [ 8 &2 1 280y — (& B 1 >
i P FBTH - BEH R SRR 15 A8 (9%EH) - 1 (HE)

Samse

This entry is from Wikipedia,...... (HERIINES HEEEER A —E-)
Fuzzyg

Samsg Denmark, Arhus Amt (island) [Lat: 55°52'0" N; Long: 10°37'0" E] [ &7
5]

|GEOnet Names Server (GNS)|

BGN Standard : Samsg [55° 52' 00" N 010°37'00"E] [HErE])

Generic Name: ¢ (island)

BGN Standard : Samsg Kommune [55° 50' 00" N 010°35'00"E] [H&EmH]

Short Form:Samseg [ =% ]

Generic Name: Kommune ( municipality )

BGN Standard: Samse Bzlt Variant: Samseg Belt [55° 48' 00" N 010° 47' 00"

E] [HEEiK]

Generic Name: Belt (Belt) ( strait)
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FEAEEH - MO dReE (1998) - MR AGEERE SR (4.0 A ) - 51 E 2007.11.20
http://gis210.sinica.edu.tw/document/%ES5%9C%B0%ES5%90%8D%ES5%AD%
B8%E8%A1%93%E8%AA%IE%NESY%AI%IE%ES%BD%99.pdf

BEEFLEEH - HUE http://www.ichacha.net/Ohey.html

R E4m (1990) - FEAEREE (MEHE) - L5 - TEAER2EH R
e

ST~ BRER M ~ BT (2007 ) SMER 44 35 55 25 5 - B LSRR REEE T > 3(35) -
91-96 - 2Ll * BIL4mEEE °
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http://zh.wikipedia.org/wiki/List of names in English with counterintuitive
pronunciations

FHEEE (2005) - fEZ2fEF 0 S 40 2 I B B M AR LAY R RE » 55 —JE 4 22
flrbf et & amoc & - 1-15 - 2o« B -

2T (2006 ) - FHEZHVERAE - HUEEEH T - 4455 90 8 » 60-61 - L5« o B 3 [
ARt -

Collins Maps. Retrieved from: http://www.collinsmaps.com/ ( &Eif}HE[E @ 2020.7)

Glossary of Toponymic Terminology (Version 4.1). Retrieved from:
http://www.ngi.be/NL/glossary/glossang-inf.htm/ ( &if}HEE : 2020.7 )
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Merriam-Webster. (1997). Merriam-Webster's Geographical Dictionary (3rd ed.).
Springfield, MA: Merriam-Webster Inc.

NGA GEOnet Names Server (GNS). Retrieved from: http://geonames.nga.mil/
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How to measure? About the “tea” quantifier
in ancient Chinese

Chou, Pi-Hsiang™

Abstract
The rich quantifiers are the characteristics of Chinese grammar, and tea is a
unique element of Chinese culture. This paper selects the quantifiers and use cases

2

of the ancient Chinese counting “tea”, and examines the famous objects. It can
understand the characteristics of the Chinese system's choice of quantifiers.
Through analysis and induction, Chinese from the utensils, wine vessels,
storage devices, borrowed tea sets, and then tea sets, enabling the counting of tea
soup; the image, the weight, the packaging, and the number of tea; the Song
Dynasty from the wine Ceremony, dishes, and momentum words are called the
amount of tea, which was produced by the “Bd” of the Qing Dynasty; “H{5, & is

rich in the thinking and characteristics of the Buddhist temple.

Keywords: Ancient Chinese, tea, quantifiers, Buddhist temple, tea culture

" Department of Language and Literacy Education, National Taichung University of Education.



FEPESUER AN ITER B R R AR R E RN LR AR EE
sTEUBRRY TE 0 BEEAEER DAIEEERE T BENKRIE 0 B2 REE
B -

FREESN T B TR ECREE AR EY) - Wik
g HANE ~ N BRI R A A T2 BlE s AR Bl bRy R
FREEBHRE -

PRI AL R BEER T A ) > SRRy Tk, 2 RS E
ah e s AR B =FHHIEE - N TRIRAVEEEE o M ISR IR o (RS
FaFT ~ HIRE - BOE - SEEEIRSE > BBLICRAERE I  WRECRES > GHIER
FIOR ~ BiRFRA Z > Bk TA > REERZEAMER (78T 867 4£) Al > Bt
Tk Z g > JERAER - (JFEE » 2014 > 24-38)

B5H AT AR BN R R Z 85 A SCE S - [0 B E R TR R
R > BRRY) > HREERYI R BN RE KR -

A~ EESERET TR B

ASCH S ERERT B 2 RS IREFTREE Y M RS
HREE ~ Bk ~ HMLVUHE - fESIA0T -

— ~ BREENETEORGE
&K KIEES » NWBEVYA - RGEZE » B BB
B -
(—) B~ %~ &
TR M B, ZERERT BRARSH "B, FoRFH TR, T
W EA o AR o kv B o
Baai3gme o 23 o g astdne Xm0 PR x v oo peif

2 (e cm ) (RF - FHEF o - B2 4 2000 211)
BHAZRENREERE -

DEip e Ee HBE L4 (Rt (HFLS) 3#)
@7 KA i HEP T (BB EE - eV £p o )



FEAC TR T, ZEE A

DF B F B ~ Hap -~ FAR SN B L A4 L B R R
Gl B R~ F B CEFR SRR F R L 28 ((RY
BE - RY))

D& ZEH > AR ELE P B4 c((F L7~ E))

Eﬂ%?iift¥ T BT SRR RSV ES > DL TR EHEORS
P AR AL R, -

OFA K7 B_ppER = T3 Ak g+ o ((Lg))
®- P2 Tg4 FRIF? ) K 1T AMEZET o ((2F48))

“HEEFEEE " BIERE
DEFF# L@ F=x > &g R T@EF
((Aegd 2oy ) )

"W =B = EEE T ERAS ) BYEHEE o BRES c FIRERIRA - (HEE 0 2014 26)
WERITE "R BIEREK ngiam ca - "fig  ~" & |, B3 > AATRERE &S
THE TS 2 DUSIRE BB o (& - RNZER)) (B3R ~ 158
2011 > 13) > BRI BAYRIZGEAR[E -

®-whk-wE - WER- ZF c(CEF EEFFE))
Tt MUEEE - BE TR VEE -

@ F-pad c FIXHF FFT (X TWHE))

I

|
b
s
o
%
|
G
(=i
i
(=i
i

@*Zﬁﬁvwﬁﬁf’iﬁﬂﬁ’¥ﬁkﬁﬂ((ﬁﬂ%%%%%

AD7 17— #en> IR Bend o G E T EBARE S PREREOS B
LMK KX Brg e Ji *&1 ({2~ wzid))
@523 pp- B F T BBR HINREF LFERE SeF

FlE s MR kT o ((FR g )
DL EBlggaaFn a0 #E T AS ) ERE



(Z) &
T N USRS TR A
Bl i o G cpMAT AL Mg o H
—ﬂ@io%\;’!o/ﬁ{‘\]‘ﬁ{ Kif?;ﬁ\%ﬁf’éhgﬁﬁﬁiﬁ"}i*ﬂ
oo (e A)) (NF - 3 F i« & 24471 > 2000 > 638)
ARERE A F JEHEE - RIEEM/NIRT -
@“ﬁwﬁg’%Wﬁﬁ%°%w%ﬁﬁ’@%§?&%ﬁ%%<ﬁi
—r_J_\»E >)
@d - F3kF *deg o2 EREFRY o MR (T RE))
Of o ko F FRAFHE - (PFL (BHFAE) F)
DFF 2D > LEFR IR L P FRAT L FRUFFE AR (=7
Feplz LA TR I B R A aspl))
OfF a0 BERT R ER Y o e e o ((£511))

HENRSE "RE AR5 " RET -
@efh-HrE AckdWF -EFAPE 2o s (d kL (81)
#)
OF e F = T kg 2 = T8 fFa T P 8WF
({2 )
B T RVBEE o BE TR RATERR
®%iz > cWm 3 e T FER (5 FR5))

BEAn T BBER > BT EEEE o S HEFEE ISR S E TR
LU TEL, 5TEHY F*Enlifﬁj TR R YRR T -
(=)

DL Ry TR RVERET
%’%4°Mé°ﬁ%°ﬁ’%éM1°Nié-é%%<ié
- £ 3 #4930 2000 > 225)
ARy —TERKES -
DOipre ¢ FH* L R ATHRE B
# &)

Tﬂ»
okt

(B e gwE (2

)

v

)
4k
ok
i
o
\L




20 ¥ FA ARFHTTH

QUi HFER2 A B p LI fpdt F o B CF F 02 o ¥
FRo(RFAE (LT E&)
"E L e BERIRCIERAKZ S TIRFEKZH -

@z AHERHL Ak Mo R E R TR AT
((eg f -~ Efrw) )
@n BREF DI -AFF g7 A ((£HF))
HIAGE "I MRV E S > iREER TR AVESE - BAEEIA~ T 0 1
A =F i T e
QLDR
@'—]%%ﬁ Ffed T4 L BekitE > X Ex o AL ERTF S
%égﬁZQ ( (g & - Figfod ) )
"HRGET ) = ERRAEE -
QFF = (TE-3kx @22 %= TEMN28 > 2k ((i2FE -
i few )

TEE FER "W, ZREE RIET o EREKWT - (FEE 0 2014 30) 2
EMF RN > SESRH Ry -

-

B2l o 1 o Moo - WAt

M
s ARG T UERS i‘ﬁ ~ E

Bi —*ﬁ L rﬁﬁ"“ Z%'*‘ EF S
- é”y.;;z_,‘éyfﬂoz"—ﬂx%g%g&ﬁ c 2R E F AV :xa’xgvg i
1

ke Bee AEVRY igyx;j;—fpio((gié .
A+ B2 391 2000 0 688)

R Ry LUR TR ZETRESY) > B8 - BiR s VIR B 2 1% » DUERIREY) - A1
TR RARBERSGSHNERE T > AEfiIFEA - 808 " R 56T
BRI YRR ~ B pH e o T B BT B AYREET T Y PR
oo EREERE I EEtERmIEREE o b T oSBT FE IS BRI B
HYERES -
(A) =

E R T, MESEE -

N L &L cFeno R HH Be Eo AT oo

PR F - FEF

Bodhm o ({2 -

N9



PR ? e Imr"J £ Y %

B
[\9]
o

AR (R - FIEF - R - hER T 20135 29)

QfF Flp F 4 r g M- 3
45))

@ FE= o TR TS patEE? | e T e  fFw (TR
TRA P WA FTFF c((AER - Afrw))

@~ +F T PEFTLRF AN FEIEE 2T @A (KT
%3 ))

@il gAEAT AR P2 FEHET - ((BEXELT))

T RA N T Exerdre ((2

ok

HABIEAS~T » BRSHE THET o BA T EES, WRENE -

@'QVLE’ ,4‘ ’ - V%\tkk » 1 q.\E' o<<<%_+’I¢_ >>>
@*““*ékif,%wﬂ*ffm S YAF o u R (7 %))
D+ B2 1 - FFE> S Epdk o ((kFEm))

BEREABERY - L& G EHOESE > B T,
@- > 5¥BFAF-_F L Xaw o ((F Hk))

—F 2 TEK WEERE -

"ML REBT -
#ﬁ;’%j o/\}\#\o@%o
Bl s T RRe e b AE °*‘r*7‘ s e AT HA o ET 2 o ((R
T e AP (KNF - FEF > F - K241 2000 260)
G 5 %5 1984 > 209)
BHEIAERS SRy - mECR T R%E, —& > 40

@_ﬁri¥:‘$*pé_%%—§yl,{plﬁm }P’:’ fﬂ';}ﬂ’ﬁ’»"ﬁ—}- A2 o(}%oz;_

= v (FRED)
QA E T EFOREBEL R A BI R 2 FROAF ((FL
2 45 )

@iz E 7 Fir o B TRk E R RATREAE . ((2RF))




22 B AREEYTY

@r 3 ¥~z mhE s sl o o 2wy
EEARM A BEAAEE -

®1 EFERBIBLED > Tk FF Fird
L FERE LRI L))
TRt T BRSO -
®* -3 R-FoGa M ZPEF (753
@& FR=E Ted o BA K &S
@k i+ K LA g K Kk o RS
@35 3 PikGE 0 B F - ((FHk L))
ST ARG > TRR ) E R -

(&) &

.A

H o PR oAk EHo
ﬁiii'—;—‘ﬁttggft,{?ru?,ﬁogt% T
pEg A w C3 RS LR SRR
Y (R - FEE o F - K241 20000 703)

T AREIEEE 0 R T BRI HYERES

L))
@F - Bl xi o £N- BE i 5 2 B
3w ))
@gf&jwf—#rrz a&rﬂ’%fgyjr&{fr“uaw,}k;
& ))
@r. ﬂ,ié&iié’il]\%%’— B RTRERF G
=3 ))
TEHE K THE ) EXREFEMEH BHEHEA -

(/) %=

B
; }éﬁ_%{°

FR Rkt )

7))

A J(((ﬁﬂif*)ﬂ
poom I e ((kEFl))

&R 2

N
N

=1

»

Es

;’y,_,v

EF AT (R =

SE

HEMPIRN G -
DOee i s> x &1 - Fp A3 atihged 28 8RWFEL-((£

‘f“v“ﬁ

FooAL

=

>
m*t

SRV

‘—\Hv

(e

(&

il
Pt
o



X ze A A E s A R ERE P E R (R e F:m)) (R
B SFIEF o F - B 41 0 2000 0 495)
REFE RV RILE S > Bk ~ Bl > 2 — 1S -

O#-FdBHparnzd 04 FFH (7 H@))

QAL FE > Fe @ ipr (TAGE) Frv)

@ - > 23 W RTRFER AT - ATFRL B EE

Barr - ((£5H%))

@ EpA Az F B FF R F - BHRLE AR EHT A EE

TEox i BRR - FR%A B BiEed o ((FHR )

TREE L R TR MOREFEER > BRIABS o REEWAEEECOr EH

HISS I -
(fL) &
BoES oA S o WHC((GRY A (N - FEF R - BB
2013 7 415)

A g Y e = s B R K & ~ A s e
OFAX R I2EFFHE BIFZ  TaahBMEsT gkt
((£¥1%))
i > 15 P B B B R AT B ROKECE Y E RS

@m%%m,%mw*mﬁ FHAIER 0 F R L T o i - RE
Ler i @iea o VML o LR o ((F BT ))

LS

DORHE L ke T WE L BOREFGER o B SR
(+) &BE

DR EpmE > z-po v- g EREFED - ((FH1 L))
QFrMmpr | FEABR T -_Fprk Fa2g® (T ))
FTRSERBHMAM - "ER, AFMERE > BRERABA A - a5k Ex
e 0 AUIEGE > B PERR ERE -
(+—) &

ég_’I}C,d o/\/{é,ol%o



Bl t A e oM o B oL o gy AR o8 R
AG G o pFFILo(GRY c )R - FHF F - £

2000 - 225)

RyJE/NCOURHY EIFfIR A 25

OfAFFT-APFR TR - Fdad %02F > ¢ SrhiBa pd o % 4

Fomo mEARE S ((2lF))

AEIERFEHE TG BEE > MEE~T > KT =86E "X+, F
i bE%Es " — 0 REEE T LEE ) EE ﬁ’ XEWE 0 HmAN
ZRMNUR R B Y B SR B R EE T 0% -

Fai+— R - B8R EITECRSGHINE -

SHEORER

SHRENEE BT TR BB B G
(=)

T BREENEF -

On@E A F =T - F- T ot- T F5Fs «(F - fm (23

FRAMHLHE))
@F FHEF R FRET - ((r B R F3e))
®é‘r£¢?4ﬁ%~foJ%2W@ﬁ>

DABE T - FRLF o LEE - THEF (T (L))
oo BERET AR SO S E R BS I -
(Z) R

F o+ ST B H BB -

O FlL G fth i kK » AR KR - PR FRA L FrE ko Ag .
(B« pr (BA&MLALL) FZF2-)
UL 3 LR SENCE R SR AT B A e

<

@ k
- F kG RR e (F - A (BYRRT))
@ F=Z LB 2 Frkdele o TS AL S RPER - (R« Fobd (B
sEFALLR) FZ2p LS
ko BARSTEOR 2 &5 -



G e RN TR L

R

25

(=) &
o RS EEHEY R E R
@ (H) %75 g a7
R E))

N

F-gme owm (T2 RK2ER - ((358 3

@5 Mz BE L FRE - AFEF T BE- 8 &S F 2 ((»
Bk iTiE))
£ ERANEXREZE -
() A
Op = s 2 REAFFTHBLE RBEIARFS 8 LF7 B Y
FoORItEP oA F o LEE (BT A E o REE))
fiy @ T HRETEERAVEAL -
(f) B
OFT e »m VHRERAITFFB - BATF T (&L - & 4%
%))

@2 B R AP HLEFZ G RHE (A - BARAD))
B EARABER (9) -

(7)) #
B SR TR AENREVEL -

@‘f\?%’)‘% s BRFTET 0 £-FHEEF ORI - FFTRE ES
RS Fa R o ((HiRkH L))

—E - ER—-TFHOE > RORYBAVER -
()

Ohpg:Tawpdg LE T s qFELELo 7 EEA? (1))
i A RITRECRER A S o ERE -

(/\)"@
BT R B A Y BT -

DpFe - FFZE KR T AR T W (A

ko &

)
I




26 B AREEE TY

%))
@F I AK T EPEEBEEL =2 F ¢ B FRL TS - ((FF )

e T, mE TE > BURREARESL BE - EEIE-

FHES > [EAFERAEETERE - TE R PSRBT T T
BHEHE T BUREE T8, 2EERNEN -TE > RA/GE - E
LEE T8, ZESTEM  GRE S EN SR -

= BHEECEE

BCREA G T R B [ N
(—) %

Ao R Ry EhE - Bl & MR EIEEEE - B A EEVEFEZNEA > 150
B 8] -

D- 8 Fh B EN S A T EHPRAL R QT d A 232

(94 % 2 foit 3 )

@frrd F v TP gEF-wE g  ((FFHxRzfcdT))

@F Rt BB - R o ((Hkh L))

@DF T 4% 2 g - FF o ((FHHht )

RAFLE TR [ - PIOMZ - fEcARENZ > HRATEER - 0]
@ - BRRETHIH > FHARBORE: - RanfVlE S - SIAERCIRAEZ > ©
AARR - FREE R R - HARS S O ECR VE LR TR R T TR T L
(Z) X

Ko GTHEEEEIEATEAL -

@Opird iizdp N1 Zxp B 3 EBET - ((FBE))

et R E R AL

)

M

Dre 1 AEF > TP RARAS  F TG A G ((£5H))

) (AT A F kAT G o xR Hd - F ke (G L))
7



QLD
D 2 EAFLH - ALT a2 AdLAfof iz > 35pR -
WZhE o FA o ((HiRd L) )
sTHEENMFERIE -
(L) F
Ok > wEF R E2 R F - R 2FA L A4 LALFHS T
EELIEF oZI-_BE - ((HHHT))
M — XK R —F -
(7%) H
Orr-w%F - ((=®F) )

"E P:r”rk”“% BERERA > HER "X

FatosgE - TE ) (EHRENRE T Eﬁ%ﬂ%tb?ﬁiﬁ BN EEEE KRR
ENE > TR B B B -fkAvEFES 0 TR EREEEENEE
"B BECRHIVERE -

*

HAthr
ESRHEEANLL TR, ~ TR ETER -

(—) f&
O C*) = TEFR-_pFkEgR -, ((ZFE))
@fFeg i o fra @ Tl P kiR o, ((R2ER) )

"R R AR REEFME EE T
(Z) %

K 9
%uﬁh = Mf Ko d Fe® ey ((278))
&3 TE 0 WA -



28 wEA A RERE T

ETMRERAILT R & 5TERE? TR, BT 5 Bt BorE 2
ff3 " A, P Rl T —AEgc, 7 TRESS ) (A DLAE B 2 B S A UE ?

— R~

"R HRERTECRE W T —RR TR S TR =R O
CER A HE T R TR SEEREZE Y

s el T 2 RIRS(ERRE « A HEE - EEEE - A
HAL -~ AERZY) - HEHEEZFHNY G - BHERELRE - (FR TR HZ8 - 8
AR EIRHCK - EECRIV SRS BT IRGE K5 BEHKCAH " K8t -
2 (OREL) sFEEE -

(Ro) = 5" FFRE (T4 :‘;i:f%'%‘ s s sk F iz (K. -

ZF)N(FRF ~ 22011 14)

R CGREE) T REMRG ) PEBRAOT ¢

BpooFarRogFF 2R 8 R ~F2 2 R F

23tz s F2gcs o ((FEz23) (PAF ~ A& 20110 7)
TR EH D BRI CETE o R TR > SSRE
Wi ERARIRERWACRE - OEE S - e - FE - E ¢

$id
N

1L.ER 2. 7R 3. 8%
Pick the tea leaves Steam the lea leaves Paund the tea leaves 5"
%y ; g! = e
M.‘
1
6.5 5 R
String cakes logether and store




WOEFE HEGE - RESRAE T4 - o 1 BB E S A > TR T A

sHZ T
M- o - v e a2 Sl A AT ((FEeZ2E))
(A7 ~H3HE2011:6)

EERME AR » DIFHBEE BT > RERIE 8RR » A6 8 -

HIDAERE > FIFMRTE > ARSIV E B - g 2> B M58 8JF ¢
Fo-vga7 odm A2 o ¥ FEL c((FE 2R (PAF
% 20115 6)

T REFLAIZS8E > DA T8 ) &2 WEEEZESEIE> TH -

2o ({FH 22N (FPLE

=

I

FoVniz o -7

A 2011 6)
—HEEIRE > REAEAW L& > B T F2 0 Bz B -E TR
g T EF o FTATEME "F ¢

'71;’ ’/lé\\/gé%l]%ﬁ ,;‘%_iou’ IIJ_,J’J_,, ;z,iﬁp‘\i\ojla;yj__ ,:r
L =1 v

gt

o ay

T =

ETESIE TS

T IA L T e - FoLTE T AL

LT AR o7 Birke 2 T F o RER TR o SRR A

"B n B M T F o T EL L Ed Bz o H g
Fg- 22 (L~ A 201106)

T L BURITR B BB o DL T HEOREE RO R E R £
RoBehe > HAHGTE - STEAIIE - BTN EEAFE 2 TF, &R
st ERVERAL - N T XXPBE Y RUEBYZ > HF > DTH, 22 - #0
W DLRRE - Bl DHR R TSR B T & RROREHIVE -
ROV EEA - BERE TR ZEE 8
—E
fg > EREFEERN (F0) "THRTETRE =T
LR P R - . )
BiLtEam BT v R 3w oﬂgtﬁ B S o 3ee o g AT .
((oe o p28) (g - 3 F > F - £2 432000 172)



30 REA O ABEFEY T
"W AR NI AL BOAMBRE THATE CTEEX=TE, 2 TE
KegFsmAH "B ZEEF "8, 0
CERZANFE2  FmE ) o BB R Bl EEER o
I A T o A jkﬁ’jq%o&éxw’ﬂﬂﬁﬂoﬁﬁmﬁii
Fo oo (R -HBE (Mens-Ex)) (FAFE ~ A 2011 131)
AR #IE5 - oA E LS YERMEE 2 i > BT - fEZIRS 2 B Ed
MR TEF T KEE - T/NEE ) BRARES -
%:7”’ AEZATEECE S RREL o REBGA > N RES (R T
BAFrFEEE) (FLF ~ A 2011 50)

RUEUGIH - 15 F pE U B BE

LIPS

Bt -

5::-:++4

LR > RENESGSE Tt DUESEZ -7 5 2 mEERR
(ERILAEE A8 ) GO

R R N T

Py

AL A R 4 hATEREER b o B T B o % BT e b =

Y R L

Fares (FR- E8)

#BATEE (Fefrs #£33)

s (AERE) S - - A

#FATgE (HEAK) * -4 -2

BREE (SEHE) - 4=~

Froags (AEH) S - 4 A

LEEERE R E e ﬁ**@»ﬁu e f AL BT T 2T

TAT sl SR A AT B R F B RANEL Y 02 2

Bk W AIRTEE S M T o (R E(z et o g ) (PLF -

2 > 2011 > 107-109)

EE I EREa sl JEE S A1 i

H—»:l:.++~

RER

LI H#% 0 TREFE R



LA b 2
ws TERT
(R s o i Ei.z ~ ?i{'}]

%r]
[fe i) <RTED

B 2 REE (BERE - 5B > 2011 - 113)

"85, BERERRNEEST THENEFERE BER THE, ZBE - BAE

onERAH &5 -

T —AR o JEREEERIRE T, K
B AR S B A S R LE R
A

=1
?’I,gzﬁi’g‘%kzﬁikﬂ. 7 ’g} N ??*—ﬂfﬁ}’o

A Foe o AR F o pEVEAR BT R E B
PRERE KRB H Fpniaa ko4 B Apes A7
(<B4 F)) (B - 4% 19755 133)

R ERZHE TR AZRILT » NAATTR Z MR R o 85 2RO M
BESHET > REEE " AREEL o AEEAIE T A A0~ FE

=

\



32 R FE O AMERETH

AR B~ B ERIERIENR GO BAE LA - RRELREHVIIR - PG L REFEE
A VA S I TANINE - <= s B 4 i=ou L= DR R i B N (R 9 O A DA
Zihh e

AR R =18 AT > R R MRS > BEEE ) RRAE
REANHIMEA 2 88 - (T3> 1997 > 79) EHZRTAHY#)0 BfE - 5 B AT g -
AL PR

DL TRE (b)), 5F2 - FERAHE - smaaH TRy -

g~ &

AR TR B ) e RefT 2

FOR B M 2 1% - GO T ANEE > RSP msERE - BR G
s (PEL ~ FHFFIE L ~ EREOORMEHVEAT - ENAE LARE "R, AL
BHETA > JRME TR~ R, - ERNERIL THRE ) BRORE > JUE TR
BH e

1EFURF R BB ARG R R & B Ry R AU BB A s Ay SRR
FEAIHAR E B PTHY SR R > DU MRPIRE ~ SRAE R HIE » Bk
KNSR D S

WERESFHRER - SFhfE 5 E T EFR LA AE g% 0 (F
7 - FEfE > 2010 > 188) FREKE - BSFNMERILFEEK - XK > F—EZ
BEfr (TR ) RWER Z @30 FAERRR - 18 SUEXRR ~ 35k > 20l
FREB R TR B AL~ MR RZ 2 B AV REAL -

HE4AEOITHIZRSE - 4

TEFFFHL  FEF LRz R (GEFFR - wE

HEED))

FEBLEHFS FABR o fgpdl o e FHEABT Fi o WROFA -

R Fo e WEE o BHIEr o ARG o EA L E ot R A LY

BHFAR A RUEBEL F o WE- F- B ((RFR-EFHE))

Pz iz o MMAR c K FALGZERM o T F RIFRM - Pk - X

WCFBEF R AT DR c FREIEY 2 AL o WFHA

XFE TR XPR o AHFHE= o TF - P g o B4 o dogied

Fodp o apre g - e o fJAZTF o Bz Risd P

R FEE o ((HEFFR - W BES )



’

ETETE - THEOE S BETE B 1B AE B
a—HE
REZBENITR
BeP g S BB oA BET b2 A2 PR oL kALY Ao
SALF e (AL e WK R AT P ek o AR H BB o
%{ﬁﬁﬁgoﬂm&ogﬁ&g%»oﬁpﬁgwm:o ...... WK h
PRE o A EHF o A {Frtwd (FH B F R
X2 o UKL TEF LG RET 2 oG FHPERESE 3 FR

A
|
CHR N o R e 4 (e R o FET R o Bz e MEX KA o 4

2 3

3 IR de kY K o H

RLAEEGET - AHEAILA o LAMELA FHARKER - 2 F
AR A2 FBEr T A FER - KRR ((BFFR -
ALFE))

ZHENANGENSE - &R FIRAFRFXF iﬂﬂﬁ&}mﬁl s IESREG A AR~ R
AR R TIHER O SRERERE 0 RIEE A > DL 218 o REMEMI g E
R -

FE O DIRMEERMAN =8 > HFEE - R ASGRUEENER > &
W BB A Y 6 58 T[] 1 /Y 2 ﬁ/\?}lLi"r HIR o AR ERA S EN mARE
12 B SFREE A AR Al -

B TEHE R

SCIRREY T —mEAs ) () TEE RS (AR TEEEE A (R T B
WARSE ) (B ~TBE—3OGEZS ) OF) AR FIEEE TB25 ) 2 BAFELIR
FHEFEETZ ?

BEE Bk E B "B o (R F 0 19930 406)
BLE S rie Fe o ((p ) ¢ AR 20090 1629)

BREAIE ", ZF BERAREE TR R L
o 6F (B R FY R TR % e SR - DR SRR - P T &R L NDAERIS o pRBAK 0 A
RENITEFRA - R R R IAZREZ S  EADEK > HHF %{Eiﬁfﬂ : H
FRERUKYZREZ N 7w BLUORENBRITHR R  EZEEMR - ZF
REBEEARIRSE B EIRE > HARAEETH TR, N E -



34 R FE ARERETH

(R =2 2.5
Crush cake of tea

Grind tea info powder
"h‘\

8. BT

7. [REEE
Whisk the tea

<

3LER

Sift tea pawder

6. %3 (HBAR)
Add water

- A

5. BRRE

4. F5FEE
Place powder into container

~gmuni

Put tea powder inta a bowl

B 4 HEEEE "HRE, (2O BB 2003 72)



P RE? e HE T E

(i

4
@"’]'7

o

35

T E L BRECRHVEASRE > DIFEH ~ TR fBIEKHIE - ERX
RO TR R BURERERBRE L T BZEH o TR F
Bl B R ERES o 8 T EERIARS ) R o TR — 0 —3K > iR R AR — K
FRARME > JE T L BEEZ - Bt BOREIE— S AZE - MEATLT
TRAERAYIR ST -

B~ BRANREE
J 0 ot R SORRE PR B3R BB T ¢

i%%ﬁﬁﬁ%ﬁﬁ%%%ﬂﬁﬁ £F |l |5 (02 | | 24K 2 (2 | 4 | | | O |
T ] ] e e e e e e e e
] ] ] e ] e e e e e e

_I_
_I_
_I_
+
_I_
_I_
_I_
_I_

o [
ﬁ%%ﬁﬁ%ﬁ%%%%%%%%ﬁﬁ%%%%%%%%%ﬁﬁ

A

AR | BhOPRRBE| PR e

(B=RNEE - 5=t 80505 - E=atBORE - =8t BECK < A= A5 B
PV BUESRS T75)
CEHRIR - AEH )

EAMERAERSE L TR B o R E
aic i, P EEE ESHEBRE-FE TR BB B
JUE RS gEstBEcs - a0 T s I R B 18l NEEE TR '
JBEAREVRI R AL o et N8 o BR TR EREETEURE - K05 -

st E AL B AT B R T TR
BIRATE " oE - 2 - @ AR T ERE 6L, 5HZ o T —EEFES BRI
Dlgs g2 - (88 5 7 RIS E 2y el st 8 EIEERE L E RN 4
s H R - B Y BREREIREE Z & AR ZmAR - w R R F
oo~ A 8L JRBOEES 0 I0RE TR ¥ WMEOREAR > DERI &
ATes ~ lies - mEER T =L HEINEZS  AERATHE
i P B BB BERUN  RERDE > REE - BIFRSTEAE




36 A AMERE T

0T AR IR RS AWOK e TRl T BEEET
LISk 5 T HE, mTBE > BEJ SRR A B OK 2 & 5 T 2R ~ i L TR - BILIG
BUKEARBER RN ESS T &, TERETARE  BRERT - AR -
EfF—fE ARG > A THL - 25 - > EW 2 EIREAHIREIECR
ORBEZB R - MEHCE » DMIFeaBRS - EwmiEii sy - "46& M-
Fol T EL JCHEEEREMY > TEL - 52 BB, BEXS -

STECRE - BN EWILL T, BREZ T R A TR, T
HURE o BHAE TR B R REREEAER - BE A R &
EARE - RERARVEML  PREW T B, FERERTE (8, 2
BEORHYE A Tl AIDUrESmARM T, BXRENVHE T/, Y
BENSEAN - BERAEL "85, B REFFREW  RRBEFLREAER > &
FHBER -

FEETRECR R Z &5 RSV E GRS EHEF - XF
POlEEFSLR > M2 T BEEMAL - IR TE ) B2 R
FHECHEY TR > W28 TREZE ) A B RREEL T E ) At
MAE@EsES "R B [ EYPCRERNES TR, EL -

MRS E RG> REVATRREETT  BERAXFIHRZILE - Bz
Yy o TS [ EAMTEAZE BESEAYERE - PEPCERB A ST E UM AR > 18
SRAEER R PGB A - DL TG~ B 5H2 0 BERRARBE HER—% > hi#
AR AL N oE EATEM -

mSER SHETECS S BRI M o EA B w0 ME TS B
BUERG UBCRETT - i a3 BBt BREENES  SHEORE > £S5
s Ty m T B BREFEM  STEBECK TR E R, hE TR B
TEURTHE, BGTRE TR HERESR - REFRVEN - SRATERECR
AE ~ B - REEE - ORI E T AR AR

feEfeds ~ M AHNS B EANRE > R A EEH - T BURR
A5 > B T EBIRIEHEHIR K - REEEARELE —RYRES - B2
EFM ~ ERERER - BT R EFAE RN - B0 %EE B % RAYIRSS -



P RE? kT EES K, By R 37

R

SRR

BOE - FFEE R - IRERGE (2013) « BRAETE - AL - hEHF -

BOE - FFIEE 0 F - BEREEOE (2000) - BRIEEE (KERARD) - & - S
18 S8 = R -

- EE (1975) - HIRERE - £/ R AE - =18 HEER -

Ao REREREE (1984) c FOGEHIER - b - PEEF -

T3 (1997) < G " AAE R o BEE L 0 4 78-85 -

HEE TR B & (2016 ) CBETA BRIt R - =0 FEE g -

FATM - BT (2003) - BRECSEEE - 26 0 BIRHAREE -

AR (2014) o ZoH—bk——BX BRI oA sy 25, - BIBRT—BEMIR
XAbEET] > 6> 24-38 -

w=H (1993) - tESREH - pU%  OHIL AR HhH: -

THE - FEfE (2010) - R ARG o JU% © ROCEHE -
B ~ B (2011) - REEAZRESE - A FEIEATH RS MR -
FEEF (2002) - WABUBL—F e « KRB - F&FE - 2L B E#HEYE -
(H ) FRTEZE - MOCEHESE (2009) - BEERFRBGEARRM - =10 ZE
WAL -

LB FE BE EFE R T SCBAE R EE o http://hanchi.ihp.sinica.edu.tw/f5 2 H Hf ¢
2017/08/01-2017/08/30 -

o[ T B2 £ B LT & - http://ctext.org/zh - f52Z HHA : 2017/08/01-2017/08/30 -

au)

g

F OR3P RTAERFALFEAD (B TEW3F %
MR RAHENT) FROH -






HBEHEF TH 39

l
4

4 GEBELF) ZREER
Tk ERIEN

tkoE W

£ 2

A CGFREWSF ) PR EPIRET L (HEALE) BEFREULST -
S5 5 2 JEAH B PE 2AC TR 11 B8 SR T ik i S 09 > R BT DU HE B A 3255
BEE A CEEER  KRITHRFFHE ﬁﬁ%i@L%@ HIREL > BRI BRST I 2 I
AYRESEARE - e CE MM E » IS FOECE R > BHIRIAGEE
ARG - R T LR N BA - BRWES R EINSKHERRYIRC - R
MEHBRE TH o AUz ABUBER » RBERE —KEEE CHBUE
#hflr > SEIEBLO R o ARSCHRATE (UeF AN s i Al A2 (ST I - (B IR SF PARCRE
FESE > F A > JREEZEE - ME 2 E .

Blats @ AP 8] ~ FHLF R FHEH

ES R EPE 0L T R AN



Exploring the Contents Connotations and
Organization Structure of Huang Zhongze’s
"Fucha Mountain Temple"

Chen, Shiuan-Yu "~

Abstract

WHuang Zhongze’s "Fucha Mountain Temple"- this poem contemplative
investigated that the intention of patriarch Bodhidharma's came from the west by
the daughter of Emperor Wu of Liang (called as Princess Ming Lian) becoming
Chinese Buddhist nun in Fucha mountain temple. Then this poem also reflected
that Emperor Wu of Liang greatly worshiped Buddha, constructed many
monasteries, and became a monk in the Tungtai temple four times. In order to let
him to return the secularization, his courtiers ransomed him for 100 million dollars.
Emperor Wu of Liang always strongly supported Buddhism, but experienced the
Houjing’s rebellion in the end of the dynasty, and then was trapped and starved to
death in the Terrace Citadel(Taicheng). This poem had many ideas of Buddhist
sutras and employed sophisticated literary allusions. Despite a seeming lack of
organization, in actuality, the organization is meticulously and precisely structured,
clear, and smooth. It used "}, H N." organization structure and the last paragraph is
corresponding with the beginning paragraph to contemplative investigate that
Emperor Wu of Liang prayed for buddha, but in reality he lost himself in pursuit of
the materials. Emperor Wu of Liang worshiped of Buddha only "Have" - Have the
thought of merit, Have a political purpose. He adopted caesaropapism to
consolidate his political position. He couldn't see his own (true) nature. In this
paper, we discuss that when Huang Zhongze visited Fucha mountain temple, he
reviewed the history, blended into Zen Buddhism, entered the contemplation of

emptiness and thought the impermanence by this temple.

Keywords: Huang Zhongze, Fucha Mountain Temple, Zen, Contents Connotations,

Organization Structure

" Associate Professor, General Education Center, University of Taipei.
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An Analysis of the Editing Concepts of
"Concise Mandarin Chinese Dictionary''-
Concurrently Discuss the Grading of
Dictionaries in language Learning

Chen, Ji-Jing"

Abstract

The "Concised Mandarin Chinese Dictionary'

'

is a language reference book
compiled by the Ministry of Education for elementary and junior high school
students, as well as those who learn Chinese, following the "Revised Mandarin
Chinese Dictionary". Although the "Concised Edition" has the "Revised Edition" as
the basis for its compilation, its editing methods are different.The content of the
"Concised Edition" is more concise than the "Revised Edition", but it is not easy to
actually edit it, and it is even more difficult to deal with it in order to meet common
standards.In addition to scientific word selection using word frequency statistics,
the special features of this dictionary can be seen from the search of pictures, the
recording of sound files, and some appendices.Therefore, in the history of Chinese
character dictionary compilation, it really has its important contribution.

This article hopes to understand the theoretical knowledge and concepts of
modern Chinese dictionaries and online dictionaries through the discussion of the
content and editing style of the "Concised Edition", and to summarize the current
editing achievements.In addition, through the "Concised Mandarin Chinese
Dictionary", it is explained that in today's language learning, learners must have a
hierarchical concept in order to provide the most appropriate guidance for different

situations and to avoid teaching doubts.

Keywords:Lexicography, Language learning, Grading

" Adjunct Assistant Professor, General Education Center of University of Taipei.
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A Explore into the Concept of Culture
Landscape

Lee, Wan- Chung*, Chen, Chie-Peng**

Abstract

"Cultural landscape" is regarding as all human-made or human-related
landscapes. The formation and change of landscapes represent the cultural forms at
different times and geographical times, and the process of paradigm shift in the
interaction between people and space. As a result, the study of urban style can start
from the cultural landscape itself and the cultural forms presented in the landscape,
and can analyze the characteristics and meaning of the urban humanistic landscape.
Culture landscape is a combination of the two terms "culture" and "landscape". In
the research of natural environment landscape and space research, it represents a
new angle and research method of observation environmental changes, presenting
culture and environment assets of interactive relationships. This research
discusses and proposes the origin, basic definition, and the category of "cultural
landscape". This article first explains the meaning of "culture" and what is meant
by "landscape". The formation of cultural landscape is based on the natural
environment. The meaning and value of the representative naturally form a cultural
landscape. Then through the combination of these two terms, a new meaning

"cultural landscape" was created.

Keywords:culture, landscape, cultural landscape, natural environment

* Ph.D. Program in Design, Chung Yuan Christian University.
™ College of Design, Chung Yuan Christian University.
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Sauer, C. O. (1925) The Morphology of Landscape. University of California Publications in
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Wagner P. L and Mikesell M. W. eds. 1962 Readings in Cultural Geography University of
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* Duncan, J. 1990. The City as Text: The Politices of Landscape Interpretation in the Kandyan
Kingdom, Cambridge: Cambridge University Press. p:19.
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(=) =BV EUE J1&E (Ingerson 2000)
1990 FAFA A » STAL IS ML & A8 55 A8 L 1 3 S 2B (e B LABUA Y A E YA
LA S AB R FRER S Groth and Todd (1977) #2H3X b5 -
1. WFge 52 " HiE 4 515 (ordinary landscape ) | °
2. AL A ST RE ST B B T B ANAY - DA R A2 R AR EE UM %
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LHN I FRECAHEE —RE > FBERS —EH " b, i
ENR (> R ARt g =M - EERP R RE - CHEMED
EAfe R (VB e IR B ey B E 5 op ~ v g2 o AE S i (Henderson
2003 ) > [fr St e FiEF I B A RE e o — M S i B 2 B MRV R R > BT R o0
BGHIH PR (2850 > 1998) -

U~ B 2RR R B S Bt R AL E 2 RS

BERICSULEE R #E - B T ESFAVESE - 89l - RI2EE R LEE
REEEERVHIETE LS - [EE MR B ARBRE ZEH - Bk 5 8RR R
ZER/EEERFEZNES BEBEABRRE X LEEREROTZEZRM
B EEULEEREERE BEZ - fH > WEEANE - EBEERTE
M ANE] 77 Z B4

" b B~ H2R3EE ( Cultural Landscapes and Monuments of Nature ) ;
AL L ST ARG 2 B fE SR 35 B % E & ' (International Council of Monuments
and Sites > fijf ICOMOS ) FyMa i /3 R BrO 538 2 2 R R B 55 1 - 4218
HE B R NEZ b BEEMES ZBHE L EEH - % EENE#
HWEAXLEERTFREEZAE L P - HWE - B1EY - 560 - BEYE
BN\EAFABREHEE  BEATERL UV EERERFEEZEMNA -
18 RO AL & 2 Y R B PR Y E S - IR EE AR PR R R B R UL A %
BEMEHYEA -

i B AR =S bR B 2 AT g A& A - [RRAER U RE S " A
BIEHZRO 8, WS W HZEB AR 0 - 226 ~ BRIAVRARRME - H il AJE
EENH RS 2 170 (intervention) FriPpz S8 - b FFHZAT R > AIRELIATE
HEPz A\ Rz Bz FREEEER - SE UL %E > P+
AR RV EE R E R A EENATFE - A SN SO FE I F 2 it 5=
& BREDEARREENESN > BEBELEM SN RS - ARk
&G I P AR E R AW AT > o3 Al ERE B R R B a5 =0 0 (& 3L
6] 2 sth S e fE s SO 9t R B O PR— BB A SOt =AY 484% -

U 42T EB AL AR ¥ 3P & B € 4835 | https:/zh.wikipedia.org/wiki/%E5%9C%8B%
E9%9A%9B%E6%96%87%E5%8C%96%E7%B4%80%E 5%BF%B5%E7%89%A9%E8%88%
87%E6%AD%B7%ES5%8F%B2%ES5%A0%B4%E6%89%80%E5%A7%94%E5%93%A 1%E6
%9C%83



\;

92 ZpF o MmEE ABERYS TH

-
o

B e REEE U LRENER

MK S [E A B Ry N SR GEIR 2 N 3R BRI A=A 2 #@E - B
[F] 05 A2 1] |20 P AR A 2 B B AL (R 3 - s B PRERIR AN A N JH IR EE 2 2 L3, 0 2 1E
1972 4 THFR G RBERENLY ) "2 AN B iRE R FEE S
{818 (outstanding universal value) Z SZAGFIH ZRE ZE - A7 27 & B H o] AT
ZHEHIE > W AR PR 2 BB AE > ST IBE L EER TS
ZARE o N B BR R i i s 2 B -

TR 4SBT ZE 255 Raymond Williams % 30 > F#E5T T H 2R | ( Nature )
HYERG » IR AR et Biim 7 " Xk, (Culture)  HH H #8528 8 S [ 228 AR
B HABWMEPEE TS EENAEIEY  HEW X EFEEEERHH
o QSIS HEHEY 2 BE - BFRERE (process) 2 #ga » HARA ME(H 502
BAEZREIFRE - BRESUEFOE I 2 S > EREEEEES > 4t
EEREHEREE U5 gilfe >y SBEEREERME 5S> (#H15 A
B VEE)E DUEE B AR 2 650 > MR AT B % A ~ LB E AR
FIE -~ BB 08 - HNRBEREEULEERFRB N EEE 2 #E > H58
BE E AR N\ SR B R R A AR KR 2 8 1 B AR IR IR B S B E EE
By NJEAL[EEE' (common heritage of mankind ) » [ i T H 0 /E B B A K 1R
FHEFMAZEE  FHit > BERFE UV LEERGT HREZEG  CARS
IR -

ALFEL (Cultural landscapes ) 717 S AL & » B HEAVER EE LA E
iG> AR E B LR - SUERBIR T F R A2 B EH A —
REE > RRNE (REEFSUERBARBEAL) F—RATERMN " HA
BN EEM o EMRET RALDRNEEEARBE 2 BVIRIG - FHit
FefM v DL AL B S BT &

— ~ —FEREEY L FEEN K E L B -
Z o FHAIEHENRRENREREBER -

B R x A g Rk AR AN 0 4F TRk & 4k | https://zh.wikipedia.org/wiki/%E4%
B8%96%E7%95%8C%E9%81%97%E4%BA %A T#%E4%BF%9D%E6%8A%A4%E4%B8%9
6%E7%95%8C%E6%96%87%E5%8C%96%E5%92%8C%E8%87%AA%E7%84%B6%E9%8
1%97%E4%BA%AT%E5%85%AC%E7%BA%A6.

OB =% (2012) (G H U REEBHBGAT) > E ULH LT AR H 1611 -
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Fo 7 N\ JHELER E A S UK G Y 5% R DU A S SO BT IER i S A A SR AT RN
IR SALFER AL - BIHAT AL > A ZREMEGEERR " UEH
B, EE - - FBEL UERBZMIAZIUES THEeEE ) 2B Wk
AEREE - EUEMARE > LB E AFE B PR EREY) - AP~
o SRE R EEEEEYHEME -

EEMCRERKEZ > BR - 0B - PREE > SIBEXSHEERT »
ARG BT BEMRIRER S B G i W - FEAEPEIES ~ &5 ~ HA
FEER - HEDLER > BEERACROFUREENEE > HEEE
&R AR KT IURGIREE © 1987 R0 < R ~ S ZE B EEFA T - BUG H ZUHE
A A2 Ry IR B - A S DT I R BUG T LR BR B 28 T RAL &P -

AEREER - EEA LR A TR FE Y EE - RSt g EMIP R
AyEsE > B RE SR o AMIEERIEAY A8 > {8 FIE iR B 1 R
ZUHETTRAGPHE - WS R 2 HUEREN RS > HE S BRATFESEEL -
A BB E E PR A AV BUETT B 8% - (R R E S It - A FJIF R 7 RF 24t 5
HEAV G - SR EBUF R R E R EMmEL T EIFERF - NI X
S8 B E DERT 2 HIREE BB L KT 5T -

ALFREEEE - HYAE > MESUEENEL A~ SUEFRBEX
LEERFENVER L B—HARMBEAARREOE  EL - HAALEH
PRI SAEIR R » SUEFE A DU — [ sh S E A5 AT - B RAEGHHGEER
ARELERNTEM T > TRE0E — R UK @ A R AY K F 5% - SR
EXALEE > BRERERHEN > ERFREAEE -

— RN =g REEANYENSEUEREREZE UEEEN T - 24
T —RESUE R ERE T NBBEEANGESHEENUEERE - SUER
Bime T CHBEREER > RHSIMERNEZ FFERNTEE - LOFNSUETE >
FEETHEIREEAIRE] - STt 2 e 8T - NS & BB I MR Ay s -

MEER/RFEEAEEE  TEERBHANS - #5030t #E
TIALEERGEE - HPh HUE S B SR R - RS R B FE =R
#L T DUSRE B SUAL S - 2RI - thE SRR A1 (2003:73-74) » 2B L
=& R

Vg £4= (2003) s { XALHBRG - G E XL AN FHSER) (ERXILEAMAEE
M2001 6 XALE ARG R FEHXER) L2 E% 2 B XA EREHAR
PO EME B 7374
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TR ARFER T

— ~ BEhHF
TR T ZE A Rl B B HZE F AR R A 30 BHA
EHZ -

T~ AR
RN EEREE VIR G TFER UGB &R EHE R G&iH
EAEME - EERS MY &% (58 A i R AP 3 i S B IR By LA > =8

MANOFEE » BEG DR REOESBNEREE RiES -

= BFEMFR
FER SR AV S Bt G BUGE 2 - TFRIMR A E B ATEMEE -
TR EAREREERE  EEBUAERBHIER -

o ~ HERGHES

EHFURMSAE T E AR R R > BEHRENZERP R > A S sEH
REE - REWERREEEY) - EAXBEIREA AT - DU EEB 2
& - R T M ATE T E RO R G - A EJTREA TR -

T~ SIS

Gh=ZEREHY 3 S o S A T AR R SUE M R BT RE B RYE] 9
HER VIR A - FE o FEREBE SR - —(Eth R KEESEDE - %
JBHIE SR - MRAviE oy RIS BRE LlivRE > w0 T EEst R T AR
T EEMER ) FHEREE o MRS 2 A -

FHHE > BEBERE T NBAEREEIZINEL - FARSZERERE
ST > FERTICEE R S T BRI RE - B B R E R E - A
TS AR AR Y FT AU - (REF S B EA EEE RN EENE S FRMAT
G B FHEEIUEZ REREENE - ZFEK - EFZA AL - S
BVHRE T » HEEEAVESR — B —BRAVH R - A REER R (T TE AR
SUABMYEE - fARCE RS BAEEE 5y R R B WK (o] (Y B R -

HEERREEYNEE > BN R AR > HHERE REE L
AVBIRE > i YRR SLA AR &R Y - BFEIAESN RV ZIIRAE - 47 A —(E A
ME > EEE RNV RZE - (ERMEYATE PP T — e FE s ERA R

B g (2015) 0 (AP IRE & B AL B MBS £S5 b T-3 N B FI3 ) FA
ZPRRKEENRIARAALHRL B 340
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AR/ D TR ZI R RS E R AR o NIt > MIWERERHREERE > &
BENFALES  BEEHEHHEAEERN 2R - EEN S EETE
JERHIERI/NECEE > #OH RS AR IS T R Y A RE A HH 2R - i 2205 R
ERIEM  AGELEE - ABMFRERERIIERE(LE - H S S Ay
e TEERE b - SUEEER A EZ fUm T - X IRE T B e GRS
NG -

Bl T & — {8 F A [F] g RSB i S R R [ Y R RS AT - & (B 0L 2 4
HE R T S e R AS S HY RS > B — (5 A S SRRV A R i o F L AT EE DL
(b SR A BB E AR - SUALHth 5 2 it DU ple BiLER 35 888 8 5 Sk i s ER B A 0
ZE I LR » ALl > SO bt S8R i = B R SO(BAREE ~ ABYBUE ~ &%
HEEFRITE L ER % > 4 RE FIEE S RS R AR -

{h ~ 455w
Mg (A28 - 2L VB EIE R £ - OB B (ERERG B Ee FARIE

BIEE RN BAEFE -RERHEEZEIL - QP2 —FREERE - FFHEAVIE

TSR T 5T 2 EA i BRI ES - A E R R 2 B AV IS B A S BN RE A

E - BRHESWE T RE > RENE T EEUE > BEENHET A -

HEKBREFBRANEZE %R  AEFAFEATSF - AT > RE—

UEEEEN BT —mERBE - ENEWMZFYREYS  BENEEHE

WA ER > ERFIEREREREER > BN E RGN R 22 R

RIEE > ARFERE U B R el E R 2N & R 8 S 2 M

£ 1985~2020 U5 At U B R 2 S BAYIG AR iR

— - 2N E A EEEEHRES ZE > ERSHERIEREER - MZEH
Ko T 2 FEA A TR A ik 4 2% i A Jee HH B R 22 TR 35 P -

T R RRVEA > (EEILIA R EE B RES 2 ZERITE R By (ERe S
SRR A o A S B R S AR AL > B R ER B (T Y
B—REER Ry R I R — R

=~ ZEERRBE RS L BAREE S BN E 0 A e 2 B
2 R A R Ry R — 0 53 i DAZE Rl AR S b o 2 AR Y SRS
e R B BRI A 2= Y EAe

VO~ B B 2REE IR [E SR A T Y P E SR B o A ) 2 T SR R B~ A A

Al E e
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+ AT 8 AR G40 ERAIE - R SO BRI R 2
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Ty Bl B S S A SRR S0 o] A Y R 7

Sl I RO EE S A FEE R TR ~ T R RAEVE RV ENRD - A g B AT AHIP
Bl 0TI AE R R S R AR TR RC IR IR 0 FR I Bk - BEE AT ARy = ILED
o tEgEH&ET > SUbEE (CULF) (REED > Pk —EE R E
FE 3 T Y 5 L SR T S - e 2 = AL T AV ST I8 - TR e AR DA T S0
B FREN LG > RIEE e E - =+FRFES - [ERTEERER
R (T R R EE RS EER - HE > ST EE LG
GAHERESTTEE  URASEFEE TNERRKEEHFT - Wit > =
[ S JE 2% 72 FH Z e P RAR T Y £ - 1R GBI SE s DABIL HE I R R e K 5
ol A A G > EEILMA REEEEBES > (RSN E RS &
ErBEFEEBEE > BB NG Toa - PREZHEERRER MR R,
o] 1 B 5 2 P RO REL R R T~ B IR o 5 SRR L ZE > FE L BRSO B = -2 1R
e BE —EI T BRERIT  TEALIR T Y E B ARR

Sk IS R ORFEIL A R R R A R E M ERIE S - IR IR R Y

EREEERERAER > BT EBRRE - B ASCUENIRENET > DHEE
FERLBEATTEEEFEEN - EREN - E2EH - BRI REE %L
TR T T A% A1) ' Ry JEE S (BT > A T S0 3 T R 20 3% Jre &5 SR B A U8 E Y B8 AT
I Feff R E A E B E B FHERRKIRE D - WS BAERS  F—K
—H BRI R & ? MR IREI BB IRV E - 58S — S
BIRDUIE Ry - 5 L 3 R R0 5 I R I T Y Y 2 HE 25 Ak > & L B8 sk pt i 1T A P T
By o L - PRI T AY S B R H iy AT TR (EERES I B 2R 4 -t
% B RENRNRMLFERLE D ELE -
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& (1988) (P ) » 2L @ B HREBEARRAH -

FZE5L (Wang, C. H. ) 1998 » (i@ ~ 25 Bitt & ( Liu dong * kong jian yu she
hui J) > ZdE [ Taipei ) : HEH T ( Tian yuan cheng shi ] e

FEgAFEEE (2007)  ( ASCHL B ME SR ) > Paul Cloke, Philip Crang, Mark
Goodwinmm J#3 (1999) > 2L BEiEFRHGARAE -

EE5AFEE (2003)  ( SO ELER) - Mike Crang JR % (2003) > 210 ¢ BIlE
HRMARAFE -

FEAERE (2005) » (FRACHEE EAE) » Richard Peet 3% (2005) =]t : &F
BHRARAH -

FE5A ~ REFREE (2007) - (HJ7 : EOE - TBEBIEE) 0 Simon Parker [
# (2004) - =1L BHEEHRARAE -

JeaallEE (2007) 0 (o bEiggE © #EAIMEE S ) (Culture and Development: A
Critical Introduction ), Susannc Schech and Janc Haggis [ (2003 ) Z1f :
EREERGARAT » H 3941 -

FisE (2015)» (UG FlS (i 22 5 8 UL =B 2 s S sE DL & IL i -3 R Ry
SEEH ) AL RO B = N st 9 A i L G

BROEE (2005)  (CUEHFRIEGE) - 216 EREIEFROHARAE -

BREC= % (2012) (B SEAE D B EATT) - Bt L LR
H :6-11-

Bk HL052 (2013 ) > (/KRR BB S B R Ay 288 2 9% - DU SE KBk E RS R 31 )
BB EE 0 77-98 ¢

PREERSE (2018)  (FrémIRmELATE (5 [0)) > 246 ¢ BB 38 Bl
HRATF > H:24-

Blr - FRE - ERE (2011) (BB S A E(b-ZF LA S a2
fEEh ) - WELEE > 55 61 1 - H 147-166 » 21 -

FHUE (2011) - ( GEHIE ALE ZE RFERERE ZH58-DLA LR a8, ) -
TLEILRE N Mt E T AT

EHEEE (2005 ) ( LR EVE B - B REF T2 2002 /Y & ALt ) -
B L= IR S it EH T AT e

EBE(2015) (CBESCAN) =0 BRESHI R B ER G AR AF - H 1 18-20 -

[&k] C. B.RAHTETE (1997)  ( B AT A ) - 240 ¢ Mz AERG
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The Design of ‘Useless’: An Example of
‘Encounter, Tao Yuanming’

Hsu, Cheng-Kun', Chen, Yu-Horng

Abstract

‘Zhuangzi’ discussed the idea of ‘useless’ with an allegory. The answer may
change in different conditions and context which depends on individual’s wisdom.
This exhibition: ‘Encounter, Tao Yuanming’ borrowing artistic conception from
‘The Peach Colony Tao Yuanming’, the principle of ‘imaginary reality’ and the
aesthetics of Calligraphy: ‘Ji Bai Dang Hei (the unpainted is as important as the
painted)’ to shape the creation and exhibition space. Considering the brushstroke,
structure of individual characters, and compositional arrangement of Calligraphy,
the design and arrangement of individual brush, space, and structure can be useful
to form a unique surrounding with spiritual beauty and pleasure. By creating a
‘non-existent distance’ exhibition atmosphere, the works are presented in both flat
and three-dimensional ways. Moreover, visitors can visit and experience the works
as taking a theater-style landscape tour and are surrounded by the aesthetics of

Chinese characters.

Keywords:Zhuangzi, Tao Yuanming, The Peach Colony, Useless, Imaginary Reality

" Ph. D. student, Ph. D. Program in Design, Chung Yuan Christian University.
Assistant Professor, Department of Commercial Design, Vanung University.
" Associate Professor, Department of Learning and Materials Design, University of Taipei.
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= - AfFm R EAFES

— AfFE R

BIFE 1AM AT R E O PRYBE S - #5 i &l fn s fig T K Y=
W EFFELAEEEE - FEILSIHAEE B2 E TR R - Eifrdn
ST REVRIARE - BERENPA - BIRBEATERE > BRS L ER
SEERET R >l URE (4% - B - R T SR B B
BRI ) WY B bR RS A &M= A2 EREEeE
B HORE S A VR TR B T R Y 2 S AR S LR OR o RE HH = Afa 1T Ry RIE B AR
B~ REEG - EFEIOTHISE BTSSR 0 WSS M A F B i
B SR R E I R -

i ifa AIF AL 25 TR IE A (R = B (8 LB B R B a2 TR ESHY
AR FBRENEE > HEBESERETENEAERE - DUE B
AIE B4R ERAVAIERCR - M &R RV - B\ S A FH
AR E(EIEE > SFEEAAFRER - BLUEE MREmMAES > Btha
RE B Ry AR T B Y -l > BRAFFESCOBOKEZE - AIFEFEE) (2000) FrE > 2l
AIER A S S — E DR - thiREE — SRR TR - EafValFEiEa
BARZA ARV - (E(E N2 E R SR LA TR 5~ H P #Y IR 8122
XAk~ RGZERNREE ZZE > ST GERNHMERIFERIANHRE - &
CHNEEBREHESEERES  &HES - mE - BE - FRGHRIER
I EFLHERP R 2R SRR RS -

AREEANEIE S T I78 - Bk ) SR PO T R B AR A AR -
1117 58 B AR G Bl 7 LAY 58 B 1 o - 5 B AF hn R R Y Eh SRR B B 2 3 R LR
B M (BB E N E PR SIS 22 R > FR &S S ECE BRI B E#1T KAl
TEMES: » BISE DU 20 8 e 8 HH AR 7 SR ER R 2 LK LI - Bl 38 A8 2 W45 H g
FELM AR RRE A A > S IR AR R B AR 1% - S pl el
AIfERIEE -

Mk BE B R AERIIRARE T - B A AEAE - MR ERHER AR Z
Py o MRS B E A TG AT - REy B— ik - BEIREIUY) - BRIt
=RE > HopEIRE YR R ER AT RE[EIUSFEEH > SR B MR = o) [ Ey

D ®EREEZ (£BH) - #aF o By https:/pedia.cloud.edu.tw/Entry/Detail/?title=3£ 4
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YIVE ARG GR LI R 30-50% < *BEFEYI R T Y A A B 0 WY
FEN SR IE A B 22 ] B AR B o L ey BUEAE - LRk H 1838 A4 S A
Wi T S RO A > R AT R (FEEEE > 2013) - RPN
BRI ~ AL SRR A ER AR | WAL S HEMTENY) - EXTRERTHYEE
2 (aE 1) - ThaflfFry S EEHIEPT S22 12 (—4T7) a2 iy N
AR B AR T R B - KBS~ B G  ERE - BRLG ELR G USRS A
fé - FEH 3D EHGE E PG HAGER - WAET SRR B EEATE R
BUERCR (AfE 2) -

1
CEAARIR © FH MRS

B 2 BiENHEEER{LER
CHARIR - FHAME)

IS RE (RAM) - ARERANBREVWRERRNGA L - A
http://www.worldcitizens.org.tw/awc2010/ch/F/F_d page.php?pid=10327
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(—) ERHNEERFX

RIEE B AR 2 NBOEE 5 EHTE (Abraham Maslow ) H#YF5 >K g CE
s (need-hierarchy theory) * > W25 3K Jg & 5> B REBE 55 SR BLME R 255 » G135 ¢
1. 5K (Physiological needs ) ~ 2.2 2 F5°K (Safety Needs ) ~ 3.5 HiZfE T
3K (Needs for Love and Belonging ) ~ 4. E 855K ( Needs for Esteem ) ~ 53K 15
3k (Needs Know and Understand ) ~ 6.2 325K ( Aesthetic Needs ) ~ 7.5 HE IR
= 5k ( Needs for Self-Actualization ) ~ 8. H F &8 #k 5& >k ( Needs for
Self-Transcendence ) %5 - Hrft " # 2[R, BAEEN RN - B AHFH
K L 1 Y 55 RN A B ] DA & IR BLEE M Y A - 0 DAL R OR AE B 4
w14 - DOKIG B IREHRY S EIREE -

F R R RV IR A B EVE BE JTHVR AL - REmIE R B RS Ryak st iy
Gt A HE T AE S E SR - MENEEAEE  KE

( Repetition ) ~ & ( Gradation) -~ ¥ff# ( Symmetry ) -~ 37 ( Balance) ~ 5 f1
( Harmomy ) ~ ¥f[f ( Contrast) ~ E&f5] ( Proportion ) ~ §iZ= {£#) ( Rhythm ) »
— /4 (Unity) ML B4l (Simplicity) Z[RAT - 725 UK BIF 2
HEIE > &GRSR ER - EIMEST - 2 EEMHEERZ - FHVFE KIS A
KE=Z TR - #EHERGLUEET AL - IRETEE FRVBSRCFERL > I
MHENIMERZ EMNL - FERBNERRVEA - DUEREIEIITT B
ENREABEEESHER - EAFRYGMEE (2002) f5H - SiTaIFARERS
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Bernstein Polynomials Direct Method for
Solving Variational Problems

Hsiao Chun-Hui"

Abstract
This paper establishes a clear procedure for the variational problem solution
via Bernstein polynomials technique. The variational problems are solved by
means of the direct method using the Bernstein polynomials and reduced to the
solution of algebraic equations. The property of Bernstein polynomials is fully
applied to shorten the calculation process in the task. Three illustrative examples

are included.

Keywords: Bernstein polynomials, variational problem, direct method
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I. Introduction

Bernstein polynomials have been applied recently to solve some linear and
nonlinear differential equations by Bhatta and Bhatti (Bhatta & Bhatti (20006)),
Bhatti and Bracken (Bhatti & Bracken (2007)). The useful mathematical tool
Bernstein polynomials are extensively used on signal processing in
communications (Caglar & Akansu (1993)) and physics research. To the authors’
knowledge, however, this powerful tool has not been used for solving variational
problems.

In literature, the well-known direct method of Ritz and Galerkin has been
applied to the variational problem by Schecher (Schechter (1967)), and the gradient
method has been taken successfully to complete some similar research (Miele,
Tietze, & Levy (1972), Miele (1975)). Many authors (Chang & Wang (1983),
Hwang & Shih (1983), Horng & Chou (1985), Razzaghi & Marzban (2000),
Razzaghi & Yousefi (2000), Razzaghi & Ordokhani (2001), Babolian, Mokhtari, &
Salmani (2007), Ordokhani (2011), Razzaghi, Ordokhani, & Haddadi (2012),
Jarczewska, Glabisz, & Zielichowski-Haber (2015), Rahman Jaber (2015),
Zarebnia & Barandak Imcheh (2016), Hassan Ouda (2018)) have tried various
transform methods to overcome these difficulties in the problem of extremization
of a functional systems. The fundamental idea of a direct method for solving
variational problems is to convert the problem of extremization of a functional into
one which involves a finite number of variables.

This paper focuses on the solution of variational problems via Bernstein
transform by taking advantage of the nice properties of Bernstein polynomials.
First, it introduces Bernstein polynomials, which is tutorial in nature; then presents
a direct method for solving variational problems via Bernstein polynomials. The
procedure involves (i) assuming the admissible functions by Bernstein polynomials
with coefficients to be determined; (ii) establishing an operational matrix for
performing integration; (iii) finding the necessary condition for extremization; and
(iv) solving for the algebraic equation obtained from the previous steps to evaluate
Bernstein coefficients. Because of the local property of the powerful Bernstein
polynomials, the new direct method is simpler in reasoning as well as in

calculation.



As for Laguerre polynomials (Hwang & Shih (1983)), Legendre polynomials
(Chang & Wang (1983)), and Chebyshev polynomials (Horng & Chou (1985)), the
calculation procedures are usually too tedious, and some recursive formulae are
still waiting for developments. These polynomials are unable to compare with
Bernstein expansion with respect to computation time and data storage
requirements. However, Bernstein’s method does achieve higher accuracy than

these polynomials in the most of variational problems.

I1. Some properties of Bernstein polynomials

A. Polynomial basis
The B-polynomial of n-th degree are defined on the interval [0,1] as (Bhatti
et al. (2007)).

ny ; (R="" .
Bi,n(t)z(i)tlT,OSlSn, (1)
for i =0,1,...,n, where the binomial coefficients are the combinations given by
n n!
(i)_i!(n—i)!’ 2)

and R is the maximum such that the polynomials are defined to form a complete
basis over the interval [0,R]. These polynomials are written down handily. As i
increases by 1, the exponent on the t-term increases by 1 while the exponent on
the (R —t)-term decreases by 1. The recursive definition of the B-polynomials

over this interval is generated below:

R-1)
R

t
Bi,n(t) = Bi,n—l(t) + EBi—l,n—l(t)- (3)
B. Function approximation
Any function y(t) which is square integrable in the interval [0,1] can be

expanded in Bernstein polynomials with an infinite number of terms

[oe]

y(© =) e bie), te o], (4)

i=0
Usually, the polynomial expansion (4) contains an infinite number of terms for a

smooth y(t). If y(t) is a continuous function, then the sum in (4) may be
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terminated after m terms, that is

m-1
YO = ) ehi®) = by ® 2y* (), t€[0,1], (5)
=0
C(m)é[co ¢ 1]’ (6)
b(m)(t)é[bo(t) bi(t) -+ b1 (D], (7

where “T” indicates transposition, the subscript m in the parentheses denotes their
dimensions, y*(t) denotes the truncated sum. Let us define the m-square

Bernstein matrix as

A 1 3 2m —1 g
B(mxm):[b(m)(%) b(m)(ﬁ) b(m)(T)]- (8)
o 1 3 2m-1 . .
Substituting t—ﬂ’ T o into (6) yields
., A 1 .. 3 . 2m—1
Y(m):[y (ﬁ) y (ﬁ) = y( m )] :sz)B(mxm)- )
It is obvious that
Clm) = ¥ myBimsam)- (10)

Equation (10) is called the forward transform, which transforms the time function
yz‘m) into the coefficient vector c{m), and (9) is called the inverse transform, which

TECOVETS Y(pyy from C(Tm).

C. Integration of Bernstein polynomials

In Bernstein polynomials analysis for a dynamic system, all functions need to
be transformed into Bernstein polynomials. The integration of Bernstein
polynomials can be expanded into Bernstein polynomials with Bernstein

coefficient matrix P.

t
fo bomy (AT * Pomsemybom (), ¢ € [0,1], (11)

where the m-square matrix P defined below is called the operational matrix of

the Bernstein integral.



D. Multiplication of Bernstein polynomials
In the study of time-varying system via Bernstein polynomials, it is usually
necessary to evaluate b(m)(t)bfm)(t). Let b(m)(t)bfm)(t) =4 Memxm)y (£) which is

called the product matrix of Bernstein polynomials. That is,

[ boby bob, bob; bobz - boby—q 1
I b1bg b1b, b,b, bibs - bibpm_4 I
Al babg b,y by b, b, bybs -+ babpq
Mowam)O=| p bbb, bsby  bshy - by | (12
bm-1bg  bm-1b1  by-1by bm_1b3 - bm—lbm—lJ
The matrix M(pxm)(t) satisfies
M mxm) () €any = Comxm)b ) (1), (13)
where €@y, is defined as (6).
1 1 A
[ B @by dr = [ Mm@ de 2 Koy (14)
Eq. (14) is very important for solving variational problems.
III. Direct method for simple variational problem
The regular method for solving the extremization problem of a functional:
1
J= [ Pl a (15)
0
is through the Euler equation
F,— (d/dt)F; = 0. (16)

However, the differential equation so obtained can be integrated easily only in
exceptional cases. Therefore, many direct methods have been developed. Ritz’s and
Galerkin’s methods are well known (Gelfand & Fomin (1963), Brewster (1958)).
This paper mainly uses Bernstein polynomials to establish the direct method for
variational problems.

Unlike other direct methods, beginning with the assumption of the variable itself,

the method we have developed starts with the rate variable. In other words, we
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assume the rate variable x(t) as Bernstein polynomials whose coefficients are to

be determined,

[oe]

x(0) = ) e bi(t). (17)

=0

Taking finite terms as an approximation, we have
X(t) = Clmybmy (0). (18)

Integrating Eq. (18) from 0 to t and using Eq. (11), the variable x(t) can be

expressed as

t t
x@) = [ %@ e+ x©) =l [ (@ dr+x(0)
0 0
% €(m)Pamxmybany () + x(0).

(19)

The other terms in the functional of Eq. (15) are known functions of the
independent variable t and can be expanded into Bernstein polynomials through

substitution, we finally have

J =J(co, €1 wves Cm—1)- (20)

The original extremization of a functional problem shown in Eq. (15) becomes the
extremization of a function of a finite set of variables in Eq. (20).
Taking partial derivatives of | with respect to c;, and setting them equal to

zero, we obtain
dJ/dc; =0 (i=0,1,..,m—1). 2n

Solving for c;, and substituting into Eq. (19), we have the result.

We note that the above proposed method implies Euler’s direct method of
finite difference and is similar to Ritz’s method using power series and Fourier
series; but considering (i) the property of Bernstein polynomials and (ii) the
product property of P shown in Eq. (11) and the operational property of P itself,
we can claim that the new direct method via Bernstein polynomials is much simpler
and more powerful than any previous direct methods.

Let us establish the detailed procedure via several classical problems.



IV. Illustrative examples

A. First-order functional extremal with two fixed boundary conditions

Find the extremal of the following functional:

1
J= f X2 (t) + tx(t) dt (22)
0
The boundary conditions are the initial condition and the final condition,
x(0) =0, (23)
x(1) = 1/4. (24)

For solving this problem by the Bernstein direct method, we assume that x(t) can
be expanded in terms of Bernstein polynomials as Eq. (18). Here we let m =8 for
clarity in presentation; more accurate results can be obtained by using a larger m.

There is a variable t involved in Eq. (22) explicitly; it can be expanded into

Bernstein polynomials over the time interval [0,1],
Substituting Egs. (18) and (35) into Eq. (22), we have
1
1% | Lelmomy©by e

However, the vector function bgy,)(t) has a particular property as Eq. (14) due to

(26)

the orthogonality of Bernstein polynomials. Using Eq. (14), Eq. (26) simply

becomes
J = €lmyKamsan) €my + €om) Kamscm) & m)- (27)
For the initial boundary condition, substituting Eq. (23) into Eq. (19), yields

t
X = chy [ Bmy(®) T +0 = oy Pomemy by (O (28)
0

For the final boundary condition, substituting Eq. (24) into Eq. (28), yields
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1
x(1) = c(my jo b(m (1) dt = 1/4. (29)

It is interesting to note that the definite integral of b; from 0 to 1 is equal to
1/8 for m = 8; or

1
f bi(r)dr=1/8,i=0,2,..,7. (30)
0
Substituting Eq. (30) into Eq. (29) simply gives

C{m)[l,l, ot ,1]T = Co + C1 + Cy + C3 + Cy + Cs + Ce + Cy

S (31)

Cog=2—C —Cy—C3—C4—C5—Cg—Cg. (32)

co is found with little effort. This information should be substituted into Eq. (27)

also; we then have
J =~ (7¢?)/195 + (28¢2)/429 + (1043¢2)/12870 + (574c2)/6435 + (203c2)/2145
+(658¢2)/6435 + (7c1c3)/78 + (371c1¢3) /4290 + (56¢,¢,)/715

+(14c,¢5)/195 + (1757¢,c4) /25740

33
+ (1723¢,¢,)/25740 + - + 53/180. (33)

For extremization, we take the partical derivatives of | with respect to c;,
i=12,..7 for m=8 and set it equal to zero
d//dc; =0, dJ/dc, =0, ... ,0]/dc; = 0. (34)
Therefore,
x(t) =~ [0.5000,0.4286,0.3571, ---, —0.0000] b (1 (1). (35)
And x(t) is obtained from Eq. (28),
x(t) ~ [0.0000,0.0714,0.1310, --,0.2500]b () (£)- (36)

If the Euler equation is used for the analytic solution, the answer should be

x(t) = (1/2)1 -0, (37)

x(t) = (t/2)(1 - t/2), (38)
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respectively. The comparison of the solutions via Euler’s analytic method and via
Bernstein’s direct method is shown in Figure 1 and Table 2. It is seen that even

when m = 8, the Bernstein direct method is quite satisfactory.

0.25} <

B-polynomials solution:+

0.2+ analytic solution:- / .
/JF

0.1+ —

0.05} .

0 ! I I ! [ I I I !
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

time

Figure 1. Functional extremal with two fixed boundary conditions.

Table 2. Bernstein and analytic solutions of the state variable x(t)

t Bernstein solution analytic solution

0 0 0
0.125 0.0586 0.0586
0.250 0.1094 0.1094
0.375 0.1523 0.1523
0.500 0.1875 0.1875
0.625 0.2148 0.2148
0.750 0.2344 0.2344
0.875 0.2461 0.2461

1 0.2500 0.2500
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B.First-order functional extremal with a fixed boundary condition and a moving
boundary condition
Let us consider the same functional extremal of Eq. (22) but with unspecified

x(1), namely,

x(0) =0, (39)

x(1) unspecified. (40)
The another condition in addition to Eq. (40) may be found from F[t, x(t), x(t)],
Filemy =0, (1) = —1/2. (41)
Substituting t =1 into Eq. (18) for m = 8, we have
x(1) = clmybany(1) = ¢; = —1/2. (42)

Of course, the ramp function t in the functional F can still be expressed as Eq.
(25). Substituting Egs. (18), (25), and (42) into Eq. (22), we have

J= sz)K(mxm)c(m) + C’(rm)K(mxm)d(m)
=c2/15+ (7¢?)/195 + (21c¢2)/715 + (35¢3)/1287 + (35¢2)/1287 + (21c2)/715
+(7¢2)/195 + -+ — 7/180. (43)

J is extremized by setting its partial derivatives as Eq. (34). Namely,

c{m) = [-0.0000,—-0.0714, -0.1429, ---,—0.5000]. (44)

Therefore,
x(t) =~ [-0.0000,—-0.0714, —0.1429, :--, —0.5000]b () (t). (45)
x(t) ~ [—0.0000,0.0000,—-0.0119, -++, —0.2500]b () (). (46)

Analytic solution via Euler’s equation is

x(t) =—t/2, 47)

x(t) = —t?/4. (48)



The following tabulated values in Table 2 and Figure 2 are set up for comparison.

0 —E—_L_',\I—" T T T T T
\+
-0.05 \ B-polynomials solution:+ -
+
\ analytic solution:-
0.1+ +\ i
JF
-0.15} N\ .
AN
AN
\\+
-0.2+ \_ .
-0.25¢+ -
| | | | | | | | |
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
time

Figure 2. Functional extremal with a fixed boundary condition and a moving

boundary condition.

Table 2. Bernstein and analytic solutions of the state variable x(t)

t

Bernstein solution

analytic solution

0
0.125
0.250
0.375
0.500
0.625
0.750
0.875

0
-0.0039
-0.0156
-0.0352
-0.0625
-0.0977
-0.1406
-0.1914
-0.2500

0
-0.0039
-0.0156
-0.0352
-0.0625
-0.0977
-0.1406
-0.1914
-0.2500
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C.Second-order functional extremal with two fixed boundary conditions and two
moving boundary conditions

Suppose we want to find the following functional extremal

J= JO 1 [¥2(t)/2 + (4 — 4D)x(D)] dt, (49)
x(0) =0, (50)

x(0) =0, (51)

x(1), %(1) unspecified. (52)

The natural boundary conditions are found from follows.

Fy = d/dt(Fg)le=1 =0, (4 —4t) =X |z =0, X(1) =0, (53)

File=1 =0, X(1) = 0. (54)

Let us expand X(t) into Bernstein polynomials with m terms,

m

X(6) ~ ) cibi(®) = huybmy (0. (55)
i=0
Integrating x(t) and applying Eq. (11) for m =8, t € [0,1] yield X(t) and x(t).

t
%) ~ T j b(7) dt + ¥(0) ~ cTPb(t) + ¥(0)

o (56)
={c"P + x(0)[1,1,...,1]B~1}b(1),
t
x(t) = {c"P + x(0)[1,1, ...,1]B‘1}f b(z) dt + x(0), (x(0) =0)
0
~ [cTP + fTB~1%(0)]Pb(¢), (57)
where vector f is defined as
f=1[111111,1,1]". (58)

The natural conditions of Eq. (52), Eq. (54) require

X(1) = c"™h(1) = 0, ¢, = 0, (59)
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1
#(1) ~ T f b(t) dr + ¥(0) = 1/8¢T f + ¥(0) ~ 0, (60)
0

%(0) ~ —1/8c"f = —1/8cT fB~1b(t) = cTQb(2), (61)
where matrix @ is defined as
02 -1/8fB 1. (62)
For convenience of operation in vectors, Eqgs. (56) and (57) may be rewritten as

() =c"(P + Q)b(), (63)

x(t) = c"(P + Q)Pb(t). (64)

The explicit time function in the functional may be expanded into Bernstein

polynomials
4 — 4t = gTh(t), (65)
where the vector g is defined as
g = [4.0000,3.4286,2.8571,2.2857,1.7143,1.1429,0.5714,0]. (66)
The integrand of /| may be put into quadratic form
F(t,x,x,%) = X2(t)/2 + (4 — 4t)x(t)

~ (1/2)c"(P + Q)b(t)bT (t)(PT + Q)c + cT(P

67
+ Q)Pb(t)bT (t)g. (67)

After integration, J becomes a function of ¢
J = (1/2)c"(P + QK(PT + Q)c + [c" (P + Q)P]Kg. (68)

We wish to minimize J with respect to ¢ subject to the constraint Eq. (59).
Langrange multiplier 1 may be applied here to take care of the constraint. Let
J =]+ Ac"h(1)

~ (1/2)cT(P+ QQK(PT + Q)c+ c"(P + Q)PKg

+ AcTh(1). (69)

Taking partial derivatives of J* with respect to ¢, we have
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aJ*/ocT =0~ (P+ Q)K(PT +Q)c+ (P+ Q)PKg

70
+ Ab(1). (70)
Egs. (59) and (70) may be combined
[(P(mxm) + Q(mxm))K(mxm) (P(mxm) + Q(mxm)) b(m)(l)] [C(m)
(m)(l)
—(Pamxm) + Q(mxm))P(mxm)K(mxm)g(m)] 71)
0 .

After c¢ is solved from the linear algebraic equation of Eq. (71), X(t), and x(t)
may be evaluated with Egs. (63) and (64). Then,

x(t) ~ [-0.0000,0.0005, —0.0533, -+, —0.5007] b(t) (72)

The analytic solution via Euler equation is

X(t) = —-2t*+4t-2. (73)
x(t) = —(2/3)t3 + 2t% — 2t, (74)
x(t) = —t*/6 + (2/3)t3 — t2. (75)

The comparison between the Bernstein solution and the analytic solution is shown
in Figure 3 and Table 3 for m = 8, which confirms that with respect to numerical
solutions, the Bernstein approach gives almost the same as the analytic method.

Better approximation is expected by choosing a larger value of m.
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+ B-polynomials solution:+ |
' analytic solution:-

_07 1 | | | | 1 | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

time
Figure 3. Functional extremal with two fixed boundary conditions and two

moving boundary conditions.

Table 3. Bernstein and analytic solutions of the state variable x(t)

t Bernstein solution analytic solution

0 0 0
0.125 -0.0138 -0.0144
0.250 -0.0518 -0.0527
0.375 -0.1075 -0.1088
0.500 -0.1758 -0.1771
0.625 -0.2521 -0.2533
0.750 -0.3330 -0.3340
0.875 -0.4161 -0.4167

1 -0.4999 -0.5000
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V. Conclusions

After briefly reviewing the Bernstein polynomials techniques, we form an
operational matrix for performing integrations in Bernstein polynomials analysis. A
direct method of variation is established by using Bernstein polynomials. A simple
extremization problem and a variational problem are completely solved step by
step by the new proposed procedure. It is believed that the approach is more
powerful either than Ritz’s or Euler’s direct methods for solving variational
problems.

The method of using the Bernstein polynomials to solve variational problems
reduces variational problems to the solution of algebraic equations, and so the
calculation is straightforward and digital computer oriented.

Some fundamental properties on Bernstein polynomials such as Egs. (11) and
(14) have been derived, and some effective algorithms have been applied to solve
the rather difficult variational problems successfully. The main contributions
should be ascribed to the Bernstein polynomials. We are fully confident of the
future development for the Bernstein transform method, since the sound base has

been established.
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Numerical solutions of high-order linear
ordinary differential equations via

wavelet transform

Hsiao Chun-Hui"

Abstract

This paper presents the wavelet operational method for solving the inverse Laplace
transform problem. The approach is thus straightforward, rather simple and suitable for
computer programming. We define that P is the operational matrix for integration of
the wavelet. Simultaneously, simplify the formulae of listing table (Wu et al. (2001))
to a minimum expression and obtain the optimal operation speed. The local property of
wavelet is fully applied to shorten the calculation process in the task. Four numerical
examples are in this paper to illustrate the preciseness and effectiveness of the proposed

method.

Keywords: wavelet; inverse Laplace transform; operational matrix of

integration; Haar product matrix
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I. Introduction

Fractional functions or transcendental functions of s are formed when we evaluat-
ing some engineering systems described by differential equations via Laplace transfor-
mation. For example, mathematical models involving /s, Vs2 41, e V¥ ete. often
appear in the research on thermal processes, hole diffusion of transistors, electromag-
netic devices, transmission lines and percolation processes. Related developments in
this field can be seen in Pade’s approximation (Stewart (1960)); Carlson and Hali-
jak’s approach (Carlson & Halijak (1964)) using regular Newton’s process; Lerner’s
work on partial analogue approximation (Lerner (1963)); Kilomeitseva and Netushil’s
technique (Kilomeitseva & Netushil (1965)) developing special functions; Chen and
Chiu’s use the Fast Fourier transform (Chen & Chiu (1973)).

The wavelet operational method for solving the inverse Laplace transform prob-
lem is presented in the task. Simultaneously, the formulae of listing table (Wu et al.
(2001)) are simplified to a minimum expression and the optimal operation speed is
obtained. The local property of wavelet is fully applied to shorten the calculation
process in this task. Four numerical examples are in this paper to illustrate the pre-

ciseness and effectiveness of the proposed method.

II. Some properties of wavelets

The orthonormal set of wavelets h;(t) is a group of square waves with magnitude
of +(27)Y/2 in certain intervals and zeros elsewhere (Daubechies (1990)). The first
curve is ho(t). The second curve hy(t) is the fundamental square wave.

(1)

1, 0<t<1/2

ho(t) = V2 hi(2t—k), n=2"+k, j>0 0<k<2, jjke{0}JUN. (2

Any square integrable function y(¢) in the interval [0,1) can be expanded by a Haar

series of infinite terms

y(t) = ici hi(t), i € {0} UN, (3)



154 #H@4E WBEET T

where the Haar coefficient ¢; are determined as,
1 .ol . )
co= [y ho(t)dt, =2 [ y(t) h(t)dt, i =27 +k, 20, 0< k<, (4)
0 0
such that the following integral square error € is minimized:
1 m—1
e= [ bt = X cm) a. (5)
i=0

Usually, the series expansion of (3) contains infinite terms for smooth y(¢). If y(¢)
is piecewise constant by itself, or may be approximated as piecewise constant during

each subinterval, then (3) will be terminated at finite m terms, that is

y(t) ~ mz e hi(t) = € hn (8), (6)
C(m) 2 [co,c1y- s Cmo1]t, (7)
By (£) 2 [ho(), 7 (1), -, B2 (D)7, (8)

where “T” means transpose and the subscript m in the parentheses denotes their
dimensions.
A. Local basis

As defined in (3), each Haar wavelet contains just one wavelet during some inter-
val, and remains to be zero elsewhere in the interval [0, 1). Therefore, Haar set forms
a local basis. These zeros make Haar transform (HT) much easier and faster than
others, such as fast Fourier transform (FFT) and Walsh transform (WT). The num-
bers of additions and multiplications for these three transforms are shown in Table
1. The fast capability of HT should be impressive.
B. Piecewise constant approximation

As mentioned above, a piecewise constant function can be expanded into Haar
series with finite terms. Same situations exist for Walsh transform and block pulse
transform (BPT). Therefore, each Walsh function can be expanded into Haar se-
ries with m terms exactly with zero truncation error, and wvice versa (from now on,

subscript m is omitted when no confusions are likely to arise).
w(t) = Twgm h(t), b(t) = Tpr h(t), (9)

h(t) = Tyw w(t), h(t) = Tupb(t), (10)
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where h(t), w(t), and b(¢) are Haar, Walsh, and block pulse vectors respectively. If
any smooth function y(¢) is expanded into Haar series with m terms, the truncation
error €y is given by (5).

y(t) ~ cp” h(t), (11)
e = /0 () — enT (D)2 d. (12)

If y(t) is expanded into Walsh series, the truncation error is ey .

y(t) = cw? w(t) = co” Twr h(t), (13)
1 1
cw= [0~ e WPt = [ [y) — eu” Twnh®Par. (1)
0 0
The series expansion must be unique. Equating the right-hand sides of (11) and (13),
we have
CWT TWH = ChT, (15)
€Ew — €H. (16)

Similarly, we can prove eg = eg. Therefore HT, WT, and BPT have the same
truncation errors, the same accuracy, the same scale resolution, if the same m = 27
is used, since they are all piecewise approximation.
C. Integration of orthonormal wavelets

In the wavelet analysis for a dynamic system, all functions need to be transformed
into Haar series. Since the differentiation of Haar orthonormal wavelets always results
in impulse functions which should be avoided, the integration of Haar orthonormal
wavelets is preferred, which should be expandable into Haar series with Haar coeffi-
cient matrix P (Chen & Hsiao (1997), Chen & Hsiao (1999), Hsiao & Wang (2000),
Hsiao & Wu (2007)).

t
/O h(nz) (7—) dr =~ P(mxm)h(m)(t)a te [07 1)a (17)

where the m-square matrix P is called the operational matriz of integration which

satisfies the following recursive formula.

2m? Pinjoxmya)  —V2m Hipjoxm)2)
P(mxm) = 1/(2 m2) R P(1><1) = 1/2,
v2m H(j;n/me/Z) O(m/2xm/2)
(18)
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where H(mxm) 2 [h(m)<t0),h(m)(t1), .. .,h(m)(tm_l)], z/m < t < <Z + 1)/m, and
D. Multiplication of orthonormal wavelets
Two basic multiplication properties of orthonormal wavelets are as follows:

(i) For any two Haar orthonormal wavelets h,,(t) and hy(t) with n <.

W () (L) = pha(t) (19)
V2i o 2k < g < 29(k+1/2),
p=h,27(q+1/2)) =3 =27 | 29k +1/2) < q <27 (k+1), (20)
0 , otherwise,

where

— 97 ;> < J
{n W4k, j>0, 0<k<?2 (21)

[l =2+q, i>0, 0< g<2.

(ii) The square of any Haar orthonormal wavelet is a block pulse with magnitude of
V27 during both positive and negative half waves.

In the study of time-varying problem via Haar orthonormal wavelets, it usually

needs to evaluate the integration of hy,, (t)hgn)(t). Let us define
A
) ()0 (1) = M) (1), (22)
ha é [h07 h17 ... 7hnL/2—1]T - h(m/2)7 hb é [hm/2> hm/2+17 cee 7hm71]T~ (23)
M (t) is the Haar product matriz, which satisfies the following recursive formula (24)

and the integration relation (25),

M /2xmy2)(t) H 1 j2xm)2)diag[hy]

M () (1) = . . _ . ; Maxny(t) = ho(t), (24)
dlag[hb]H(m/QXm/Q) dlag[H(m/2><m/2)ha]
Mmxm) () €m) = Clnxmyhm (1), (25)
where

C(('m/2><7n/2) H(m/2><m/2)diag[cb]

Clmxm) = . . , Caxiy = co, (26)
dlag[cb}H(m/QXm/Q) dlag[H(m/ZXm/Z)Ca}

Cq = [Co (S Cm/271]T = c(%), Cy = [Cm/2 Cmj24+1 " Cm—l]T- (27)

Equation (26) is very important for solving linear time-varying, bilinear, and nonlin-

ear problems.
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ITI. Numerical inversion of Laplace transform via
wavelet operational method

The aim of this section is to establish the procedure of inverse Laplace transform
via the operational matrix P of integration of wavelets for solving the differential
equation. First, we consider a time-invariant differential equation with the initial
condition as follows.

y(t)+ay(t)=0,y(0)=> (28)
Let Y (s) = L[y (t)] be the Laplace transform of the unknown solution y (¢).
Lly ()] = sY (s) =y (0) = sY (s) — b. (29)
Substituting (29) into the Laplace transform of (28) yields
sY (s) +aY (s) =b, (30)

and we get the transfer function

Y(s) = ——. (31)

Y (s) = A 2y (1) . (32)

The integration in the time domain is corresponding to multiplication of % in the s
domain. From the definition of the operational matrix P of integration, the integra-
tion in the time domain is equivalent to replacing % by the operation matrix P in the

equivalent matrix. Integration of (28) yields

y(t)+a/0ty(7)d7:b. (33)

The discrete form of (33) is given by

"t
yT (O +a [ yT () dr =0T (1), (34)
0
where y (t) = [vo »1 ++ Ym)  andi(t) =[1 1 --- 1 ]7 are column vectors.

m—1 elements
Assuming y” = ¢’ H and replacing the integral sign by the matrix of integration P in
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(34), we obtain ¢[I +aP|H =b[ 1 1 --- 1 ] where [ is the identity matrix with
—_—

m—1 elements
the dimension m x m. Therefore, ¢’ is given by

' = [11 --- 1L]JH'BI +aP]™!
m—1 elements
= [11 --- 1L]JH P 'BP]I+aP]™"
m—1 elements
= [11 --- 1L]H'P'Y(P). (35)
S
m—1 elements
However, from P = HPgH™' we obtain P~! = HPg'H™ !, where Pp is the oper-
ational matrix for integration of the block pulse function. Substituting it into (35)

yields

F=[11 - LIP'HTY(P)=[00 .- 0 2V2m 2v2m --- 2vV2m)Y (P).

m—1 elements = elements = elements

(36)

y”, the inversion of the Laplace transform Y (s), is given by

y"=c"H=[00 --- 0 22m 2v2m --- 2v2m]Y (P)H 2 k"Y (P) H. (37)

= elements = elements

The solution given by (37) is superior to a proposition of Wu et al. (Wu et al. (2001))
and much simpler compared with those from previous literature (Gardner & Barnes
(1942)) and (Bellman & kalaha (1966)). Numerical inversions of Laplace transform

in terms of operational matrix are shown in Table 2.

IV. Numerical results

We apply the method presented in this paper to solve the following example.

Example 1. Consider the following Laguerre differential equation:
ty'®)+ 1 —t)y(t)+2y() =0 (38)

with initial condition y(0) = 1, ¥/(0) = —2 and the exact solution y(t) = t*/2 —2¢+1,
and the result for m = 1024 and ¢ € [0, 1) is shown in Table 3 and Figure 1. The aver-
age relative errors of our method and the single-term method are 1.366400113240301 -
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10~ and 1.672020469455819 - 1075, respectively.

Ezxample 2. Consider the following linear ordinary differential equation of order 2:
ty"()+ 2t =1)y' () + (t—1) y(t) =0 (39)

with initial conditions y(0) = 0 and y”(0) = 8, and the exact solution y(t) =
4t* exp(—t), the result for m = 1024 and ¢ € [0,1) is shown in Table 4 and Fig-
ure 2. The average relative errors of our method and the single-term method are

3.140526337520555 - 1076 and 2.421767785422584 - 10~4, respectively.

Ezxample 3. Consider the following linear ordinary differential equation of order 3:
y"(t) = 3 sin(t), (40)

with initial conditions y(0) = 1, ¥/(0) = 0 and y”(0) = —2, and the exact solution
y(t) = t?/2 + 3 cos(t) — 2, the result for m = 1024 and ¢ € [0, 1) is shown in Table 5
and Figure 3. The average relative errors of our method and the single-term method

are 2.093452787722343 - 1077 and 2.160648605560587 - 107, respectively.

FEzxample 4. Consider the following linear ordinary differential equation of order 4:
y@(t) — 16y(t) = 3 sint), (41)

with initial conditions y(0) = 0, ¥'(0) = 0, y”"(0) = 0 and y"”(0) = 0, and the exact
solution y(t) = 3/80 sinh(2¢) + 1/16 sin(2t) — 1/5 sin(t), the result for m = 1024
and ¢t € [0,1) is shown in Table 6 and Figure 4. The average relative errors of our
method and the single-term method are 0.009543457907681 and 0.010588761802083,
respectively

The differences between these two approaches are indiscernible, since they have
nearly the same accuracy. The final state variables and partial computation time of
these methods have been put together in Tables 3—6 for comparison. As shown above,
our method is superior to the single-term method in accuracy for some numerical so-
lutions. This impressive achievement should be attributed to the local orthogonal

properties of Haar wavelets.
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Table 1. Numbers of operations in various transforms.

series The numbers of additions The numbers of multiplications

HT 2m — 2 m
WT mlogy, m m
FFT mlog, m m (logym + 1)

Table 2. Numerical inversion of Laplace transform in terms of operational matrix where [ is the

identity matrix and & = [0 0 --- 0 2v2m 2V2m --- 2V2m]|.
m elements = elements

No. | s-domain X (s) | t-domain x (¢) | The discrete form of x (¢)

1 SL (Zl:ll)! kTPt H

2 L eft kKT-P-[I—aP|™ - H

3 = e kTPl —aP]" - H

4 o sin(a?) KT P2 [[+a®P ' H
5 o cos (at) KT-P-[I+a*PY " H
6 i sinh(at) kTPl —a2P? 7 H
7 pe cosh (at) KPP [I—a*P? " H

8 ( 32:_2(;2(1—;) aan (at) kT . Plfn . (([ + a2P2)1/2 o [> . [I + a2P2]*1/2 H
g | Loy _’) @I (at) | KT P (T— (1 —a?P)?) 1= a?Py V2 1

0] SE | L et [P (- Py

n!™ dtn
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Table 3. Wavelet, exact and single-term solutions of differential equation Example 1.

t

wavelet solution

exact solution

single-term solution

0

0.125000000000000
0.250000000000000
0.375000000000000
0.500000000000000
0.625000000000000
0.750000000000000
0.875000000000000
1.000000000000000

1.000000000000000
0.757812499999999
0.531250000000000
0.320312500000001
0.125000000000001
-0.054687499999999
-0.218749999999999
-0.367187499999999
-0.499999999999999

1.000000000000000
0.757812500000000
0.531250000000000
0.320312500000000
0.125000000000000
-0.054687500000000
-0.218750000000000
-0.367187500000000
-0.500000000000000

1.000000000000000
0.757812471218105
0.531249944183287
0.320312419012873
0.124999895706901
-0.054687625734616
-0.218750145311673
-0.367187663024261
-0.500000178872384

Table 4. Wavelet, exact and single-term solutions of differential equation in Example 2.

wavelet solution

exact solution

single-term solution

0.125
0.250
0.375
0.500
0.625
0.750
0.875
1.000

0
0.055155871760321
0.194699913378503
0.386599900555927
0.606530346394751
0.836345701238509
1.062824511386409
1.276639759525170
1.471517647739947

0
0.055156056411537
0.194700195767851
0.386600219319922
0.606530659712633
0.836345982060922
1.062824743667283
1.276639935265432
1.471517764685769

0
0.055142665513542
0.194652954124060
0.386506448184836
0.606383578865236
0.836143207970605
1.062567094697214
1.276330487507538
1.471161112149186

Table 5.

Wavelet, exact and single-term solutions of differential equation in Example 3.

wavelet solution

exact solution

single-term solution

0.125
0.250
0.375
0.500
0.625
0.750
0.875
1.000

1.000000000000000
0.984405505403581
0.937987279878356
0.861835398484252
0.757747742823086
0.628201945701927
0.476316728507950
0.305803234612002
0.120907118226704

1.000000000000000
0.984405501687987
0.937987265131934
0.861835365736943
0.757747685671118
0.628201858515654
0.476316606621463
0.305803074489976
0.120906917604419

1.000000000000000
0.984405505406005
0.937987279916921
0.861835398677955
0.757747743428566
0.628201947159230
0.476316731477301
0.305803239999404
0.120907127196522
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Table 6. Wavelet, exact and single-term solutions of differential equation in Example 4.

t

wavelet solution

exact solution

single-term solution

0

0.125000000000000
0.250000000000000
0.375000000000000
0.500000000000000
0.625000000000000
0.750000000000000
0.875000000000000
1.000000000000000

0
0.000000762889203
0.000024380121169
0.000184800350469
0.000776888225823
0.002364077997720
0.005863712902808
0.012631036917980
0.024544272331145

0
0.000000762656668
0.000024378267874
0.000184794131842
0.000776873591295
0.002364049632913
0.005863664224142
0.012630959967827
0.024544157509289

0
0.000000762888337
0.000024379650012
0.000184782197024
0.000776646579769
0.002362279565046
0.005854446132779
0.012593988660563
0.024421259196746
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0.8] wavelet solution:-
exact solution:--
0.6[ single-term solution:-.

0471 I

0.2] I

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time

Figure 1. The comparison of wavelet, exact, and single-term solutions in Example 1.

1.5
wavelet solution:-
exact solution:--
single-term solution:-.
1F i
0.5] b
0 | | | | | | | | |

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
time

Figure 2. The comparison of wavelet, exact, and single-term solutions in Example 2.
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0.9 wavelet solution:-

exact solution:--
single-term solution:-.

0.8]
0.7[
0.6
0.57

0.4[

0.2

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
time

0.1
0

Figure 3. The comparison of wavelet, exact, and single-term solutions in Example 3.

0.025
0.02[ wavelet solution:- 7
exact solution:--
single-term solution:-.
0.015] 7
0.01[ 7
0.005] 7
0 | | | | | L | 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time

Figure 4. The comparison of wavelet, exact, and single-term solutions in Example 4.
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V. Conclusions

The main contributions should be ascribed to the nice local wavelets. In this paper,
the wavelet operational method for solving the inverse Laplace transform problem is
presented. The approach is thus straightforward, rather simple and suitable for com-
puter programming. A new method for calculating the inverse Laplace transform is
derived, based on the derived operational matrix of the wavelets. Simultaneously,
simplify the formulae of listing table (Wu et al. (2001)) to a minimun expression and
obtain the optimal operation speed. The local property of wavelet is fully applied to
shorten the calculation process in the task. The proposed method in this paper is ob-
viously superior to the single-term method in accuracy for some numerical solutions

as viewed from the results of the above four examples.
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