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Table 2. Calculated Values -of PLS Discriminent Function
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Novel Kalman Filtering Techniques in Chemometrics

‘Zhiliang LT* Department of Knowledge-based,_lnfonnalion Engineering,Toyohashi University
of Technology, Tempaku-cho, Toyohashi 441, JAPAN / *On leave from Department of Chemistry
and Chemical Engineering, Hunan University, Changsha 410082, P.R.CHINA,

This lecture will describe the Kalman ﬁlter(KF) in chemomtncs and cover the following contents;
introduction, algorithms and appllcatlons It will mamly focus on some novel KF: fading(FF),
parallel/networked(PF,NF) and parallel fading KF(PFF).

Intruduction . . . _

At first, I would like to give a brief history of KF, more than 30 years. In 1960, a recursive
optimal filtering algorithm was developed based on the least-squares by Kalman[1] and then called
the Kalman filter. In 1976, Seelig[2] used extented KF(EF) to voltammetery, which can be regarded
as the beginning of applications of KF into chemisry. After 3 years, Poulisse[3] applied the
convetional KF (CF) to spectroscopy, 1n 1984, Rutan and Brown[4] employed the adaptive KF(AF)
to multicomponent analysis, They and other chemists wrote several reviews in 1986-1988[5-7]. In
China, we investi gated on the performance and applications of KF in analytical chemistry[8-12], for

k instance, to resolve overlapped spectroscopic[8], fluorescent[9] and chromatographic responses, to
interpret chemical equilibria[10], to correct titration errors[11], to perform valence speciation[12]. In
Japan, Hayashi's group used KF to chromatography[13]. In the early of 1990s, Wentzell's team
proposed the parallel Kalman filters network(PKFN) to peak purity analysis[14]. Recently, we have
developed several novel filters: FF[15], PF or NF[16,17] , PFF[18] and used them to
multicompohent analysis, impurity detection, elimination of nonlinear effects, multivariate QSAR
studies, kinetic and pharmacokinetic data analysis. v

In order to solve multivariate chemical problems, we use various data processing techniques.
Those can be divided into two ways: one is the batch way, such as multiple linear regression (MLR),
pricincipal component regression (PCR), and paritial least squares(PLS); another is recursive way:
this means to process data step by step. The most useful technique is KF. KF as a new alternative
method is widely used and paid more and more attentions. There are various algorithms covering
CF, AF, EF, and plus three novel ﬁlters FF, PF or NF and PFF. |

KF needs no martrix inversion, uses very . small memory and estimates whlle measurement. [t can
estimate both state and parameter, give rapid calculatlons and accurate results and perform the
real-time or on-line data processing. Of course, there are some limits: convergence may not be
obtained if the system is collinear or not observable; proper innitial guesses are required.

There are three types of estimation i in the time domain:(a)prediction, (b)filtering and (c)smoothing.
The symbol x(k/j) means the state estimation at time k based on the measurement at time J- They are
called prediction, filtering and smoothing When j<k, j=k and j>k, respectively. KF includes those
three estimation stages. But usually, it consists of the first two steps: prediction and filtering.

Model and algorithm
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What is KF? The system under consideration and the al gonthm equations are given in Table 1.
Here x(k) is the state/parameter vector z(k) is the measurement, F(k k-1) is tranfonnatlon matrix,
h'(k) is the functional vector; y(k) is the innovation which is very important to reflect whether the
convergence is obtained or not and the model i is correct or not; w(k) and v(k) are the dyna:nlc and
measurement noises. The noises are assumed to be random with*zero-meén, white guassian
distibutions. KF gives the recursive optimal estimation.

Table 1. The Conventional and Fading Kalman Filtering Algorithms

Dynamic (state-space) model: x(k)=F(k,k-D)x(k- )+w(k), x(k) € R™

Measurement (process) model: 2K)=h"(K)x(K)+v(k), z(k) € R®

Initial guesses: E[x(0)]=x(0/0)=x, or 0, E[(x(0)-x;)(x(0)-x,)'1=P(0/0)=P,=p, |

State estimate. extrapolation(prediction):x(k/k-1)=F(k k-1)x(k-1/k-1) - '

Error covariance estimation extrapolation: P(k/k-1)=F(k k- 1)P(k-1/k-1)F(k k-1)+Q(k-1)
with fading factor:  P(k/k-1)=AK)F(k k- )P(k/k-1)F'(k.k-1)+Q(k-1), f(k)>1

Innovation (scalar): y(k)=z(k) - h'(k) x(K’k-1)
Kalmangain (vector): ' g(k)=P(k’k-1)h(k) [h' (KP(k/k-Dh(k)+rk-1)]
- State estimate update(filtering): - x(kk)=x(k/k-1) + g(k)y(k)

Error covariance estimation update:  P(k/k)=[I-g(k)h'(k)]P(k/k- 1) [I-g(h'(k)]'+g(k)r(k)g'(k)

Now let us take a very simple example of KF for linear calibration, a(k)=b*c(k)+v(k), in order to
explain how to use KF. Here a(k) is absorbance, c(k) the standard concentration, v(k) the noise with
variance r=0.01, x(k)=b the calibration slope; the parameter to be estimated. The model information
and initial guess are given as r(k) = 0.01, Q(k) = 0, x(0/0)=0, P(0/0)= 1.00. At first (k=1), we obtain
the extrapolation x(1/0), and p(1/0), the innovation y(1), the gain g(1), and the filtering estimates
x(1/1) and p(1/1). This process is repeated until the end. Finally we estimates the slope
b=x(4/4)=0.19994 and the error covariance p(4/4)=0.0003332(see Table 2 for details).

Table 2. An example calculated by CKF algorithm '

~k z(k) hk) éxtrapélation innov. gain update estimation

a) o) x(dkl) PRkD) yk gh)  x(kk) PRK)
1 0212 1.0 00000 1.000E00 02120 0.9901 0.2099 0.0099099
2 039 20 0209 9901E-3 -0.0238 03992 0.2004 0.0019960
3 0620 30 02004 1996E3 00176 02141 02044 0.0007138
4 0784 40 02044 7.I38E4  -0.0336 0.1333  0.1999 0.0003332

KF has been w1dely used in chemistry especnally in arialytical chemlstry[5—18] Now let us’
discuss the novel KF,

The Novel Kalman Filters
The Networked or Parllel Kalman Filter. In constrast to CF which uses only one unitary
model,the novel PF or NF technique employs a set of various models, i.e. mulﬁple models, see
Figure 1. PF was used for impurity detection at the level of less than 1% even low to 0.1% of the
primary compounds[16].
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Fig.1, Parallel Kalman filter

The fading KF. FF is a modified algorithm by introducing a fading factor(f) to CF, see Table 1
for details. Usually f is greater than or at least equal to 1. If f is always taken as 1, FF is reduced to
CF. How to select the fading factors? which is a very important problem. There are two ways: one is
taken as constants, for example, f=1.02, 1.05, 1.2...., etc.; another is taken as changables, i. g, f(k)is.
k-dependent. On the CAMSE'92 in Y okohama [15], we have made some primary conclusions: FF
can convergence faster than CF; the accuracy is slightly less than that of CF; the memory for FF is
also very small; the fading algorithm needs no matrix inversion,too; the estimation errors increase -
with system noises and fading factors; the changable fading factors are better than constants and the
optimal adaptive fading factor is the best.The later is quite complicated and omitted due to the spacé.

We have used FF to solve the following problems: state/parameter estimation; multicomponent
analysis; equilibrium interpretation, kinetic analysis including the rate-differenial kinetic analysis
and pharmacokinetic data analysis; multivariate QSAR studies:

"Table 3. Estimation of parameters for simulated data by KF

f oonverg, fiting parameters estimated  relative deviation(%)
apont RSD% A, A, C & & &
100 1V12 027 039% 04002 0208 045 005 0I5
110 89 .- 028 03917 04045 019% 208 110 030
120 89 030 0382 0400 Q16 370 175 320
050 1V12 020 04B4 0304 02024 085 -135 120
00 _1617 107 03842 04314 01818 . 395 785 905
. 14+(m=k)/m 03968 04049 02006 - 080 1.2 030 -
the optimall f -03046 04026 0204 - -135 065 002 . .

Here, we will focus on application to the kinetic analysis. The model for first-order kinetic
reaction can be expressed as this equation: s(t)=Aexp(-Bt) + C.  For the differential-rate kinetic
analysis, we have s(t)=Z[A exp(-B;t)] + C. In order to demonstrate the performance of FF, we have
done the simulation studies. For example, the real parameters are A =0.4,8,=0.20,A,=0.4, B,=0.05,

- C=0.2, noise=0.5%. The model parameters are B,=0.20, B,=0.05, and the initial guess was taken as
x(0/0)=0, =10, P(0/0)=10"1. A, A, and C are the state parameters to be estimated. Both FF and
CF give the parameter estimation. When f=1, the estimated parameters is given by 0.3982,0.4002,
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0.2003, the relative error are within 0.5% and the fitting RSD is 0.27%. When {=1.2, A ;=0.3917,

=0.4045 and C=0.1994, which are in good agreement with the real values and with the results by
the CF. The optimal adaptive fading factor gave better estimation than all constants and other
adjustable fading factors. For comparison, the fading factors are also taken as less than 1. It is
found that this type of KF, called XF, can also give good results. But, then fading factors are taken
too large or too small, for instance, f=2.0 or 0.6, the estimation error will become very large. Effects
of parameter number and model errors on the FF estimation are also examined. Part of results are
shown in Table 3. B

FF is also used in pharmacokinetic data analysis'. The models for pharmacokinetics are expressed
by s(t):Z[A,.exp(-di*t )] and s(t)=A exp(-a*t )+B exp(-B*t) for the multi- and two-compartment
systems, respectively. Here o, B are the rate constants of pharmacokinetics; A and B as well as Cp’
are the parameters to be estimated. The algorithm for FF is given by x(0)=0, r=10", P(0) =10, f~1.

The pharmacokinetic process of sulfisoxazole[19] and fitting results based on two-compartment
model by reference[19], FF and CF can seen.in Figure 2. All fitting errors are very small.

The results.of subjects 1 to 7 given by reference[18] are listed here. It is needed to point out that
subjects 6 and 7 are involed some problems: ‘number 6 did not lend itself to calculate parameters A
and a; number 7 was given too large values, A=222.5, which is much greater than that of any other
subject. We consider it as the oulier. In this case FF and CF give more reasonable results(Table 3).

Table 3. The estimated Pharmacokinetic parameters '

Subject 1 - 2 3 4 5 6 7 mean

conventional procedure[19] : : ’ 200

A(mgfml) 9592 9442 HOB A0 B0 - 225 184 Cp

B(mg/ml) 1750 1242 1291 1812 1562 1613 1379 121 150

(o' 209 2186 1B7 2658 2397 - 3604 230 ]

CF (f=1.0) : 100+

A 9571 036 764 8514 8732 5697 NN BS
B 1719 1267 120 1819 121 1779 1642 1567
Cp 2776 2170 1R4 2670 2396 2349 251.1 2394 ]

FF (f=12) S ’ 0 10 20 30 40 50

A %491 9545 DAl B4 8696 73.15 10935 R4 o th
B 1721 1251 1206 1813 1523 1722 1386 1483  Figure.2 Experimental (1)and fitting curves
Cp 2670 2206 2004 2677 2393 2454 2680 2390  estimated by [18)(2), CFG), FF(@)and XF(5).

250 . —
‘ —e— ¢p_intrv

—o-— cp_ BMp
—a cp_KFf1.0
o cp_KFf1.2
cp_KF10.9

The Parllel Fading Kalman Filter(PFF). PFF consists of multiple models and several fading
factors. The algorithm and effects of models and factors were examined. PFF with 10 models and 7
fading factors was applied to QSAR studies. An evaluation function for 2,4-diamino-5-(substituted-
benzyl) pyrimidine DHFR inhibitors is RSD(%)=SQR (Z(Act , Act l,m,)z/(N obj ~1)).  The best
two modelling QSAR equations and RSD(n=68) are obtained as follows:

(a) Act=0.938MR';+0.895MR';+0.822MR,-0.22 IMR,*+1.580m -1.780log(B 10™+1)+6.647
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(b) Act=6.904MR'-17.735MR',*+13.808MR',*+0.912MR';+0.806MR,-0.217MR, 4 1.420-
1.610 log(B10™+1) + 6.150 ’ ,

\ The comparison of PKF, neural networks(NN), MLLR, PCR and PLS is done in order to compare
with each other.  The observed and calculated activities of the pyrimidines are in good agreement
with each other. The number of outliers (NO), whose deviation between the observed activity and
the calculated activity is greater than 0.25 according to reference[19], and the number of erroneous
estimates(NE), whose RSD is larger than 5%, are ShO\;VII in Table 4. It is clear that PKF can also
give a proper model for QSAR problems.

Table 4. RSD, NO and NE for various methods

Method  RSD%__ NO NE
PKF1 386 25 14
PKF2 3.78 25 14
NN 3.81 21(23) 13
MLR - 3.86 26 14
PCR - 32(6v)

PLS 31{6v)
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BRCE D BZHEME] £S5 14 LT3 O0BBOBELEBEG Lz, FL2DE L
TREEETESZ VMY LY SN BEODBVEBTH > ki, THHF LWL
EETHREN > 12] EVSBREEBNSNABLENFHANESNIH, PIFD
DRAHFRIARBFLEHAITHHO, SRLBERHZBICIWD LIFE3NETHS 5, ROK
ROKFLEIROBATHIONEEZ B, 30BVEXIETE, b o &B5R
BLoTEDBBIT 4R A Y a VB TELbED - EEZ B,

1OHFOEBEHDS A VIR TROL S TH 3, ‘
1B307:8NMRF— 7~ A AER OB mr%(%@k-ﬁﬁmk)mﬁ
M, A H
1B308: %m&nmﬁmm%1745®%%(&ﬁ&ﬂﬁ)¢§ﬁ7\mﬁm%
1B309: _ﬁﬁA%ﬁﬁ@ﬁté+ul/®ﬁt~§%&%(ﬁ&iﬁ)m%
RE, BELIETT, Fib &
~1B310: ﬁ?ﬁ%+7//+w%mmtﬁﬁ4ﬁ/%%#E@Mﬁ(ﬁ&ﬁm)
o &, Hi &
1B311:EUTFVI5R5 8k, MoeXs(PHs)s (X=5,8¢)DDV — X a MW
A FRETE (RKE - 7AL) HARER, BIBE
1B312:{t¥WEoRREOTFA (3) o7 U ALRLK RO k3 EEE 0 F
Al - (bEWE) BBk, #EFE. ZIIER ‘
1B313 : A FEAFHICLBREOYHETFH ——MM2EF> v OB
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(L4 2T & FSBF D IR = = 4> & 5ERAEE
R TER
RbE M=

1. FLHIC

(EERORI L. B LEORIAD A7 T —IEA D £ OREROR SR L.
TOWMADLRE. /. BE BHEEEE) | BE. BEXIES0LDIERLIEA
THABIHLTRE, THb5, CROONAOHIREREDS 50 5EHHEENT
WBEEATHEC . FECHBVERICN S, ShIH LT, FEORPTHEDHEDME
AARHOERE INB T EBV, Lihia"T, WhW 2 MEFHFHIBEEOMAIL DT,
S LICH BEA REEOK L AL & OWF ERECE 5 X 5EBEM - 10 BOED
197 6F1A1AREI D COBEEE D ANKITES, $721 TEOEL LS -
STV, L UEE, MINMER INFREES RERE) REORNEBROEED L
%k\ﬂﬁ@IE@Tm4/bu%VA&@@ﬁ%ﬁ%ﬁﬁﬁ%&mﬁakﬁofuéo
Z /n/ TNHYTT HWENFEX zhfméo . )

S TREOKEEDLE T BRIV TR SN,

1980Eﬁmkb\%nifﬁﬁﬁiﬁmﬁm%ﬁmbfgt*@ﬁ\E@mﬁﬁ%%‘
B3¢ 5BCANMEREEET SERICEL, ChERBCHRNICTD - /47y Lol
RERT B LI ot KER, KBRS E L0, —ERXEZEMEBHRCE - CE
BEIC b T OB AR LT VWS, £/ WI PO (HRMNFEESE GATTOR
KBWTHRHESOEMEEDERNIBISRT SN TETHY, WRIZH > T W
W I P OUD%’#:’FJ*]W%%’J% e T_ 1~280D95 Bbdi&i’é‘é)‘ HJ\’)L\'C%?K_O %ODEPGJ:L
SRES. HEOAR. HIIMO LR > ORESHEES AT 5,

—%. EATRESEORE PEEREOUETAED SRTHD ., BRNERIIHLT
EVERIZE LB K3 AT, Bb, 5 3h 3 BHoREY.. HESCEMTNS
EHHIE IV THRD SN BEEOHM - 72, RO VDY B EMHIFRLE RN TEE 5
BILT. FEPIHRT 5T &<, KEMROBAL L CEIEORBAHIL T,
55 h 3 BHORANRD b BHKROEE~DBITHED SNTV 5, HoTl S%M
EHO b SR OBV FRARB SN D LI, MR OB SR —EEE
RBBRITIE T 32 ENHETH B,
uT\m%%E%ﬂbﬁ4mk6fﬁ%@&5ﬁkomf\I&LT&%@@ﬁ#b%ﬁ
BT A,

2. HEDOETE
 MEBHORBICEL TR, BHVE. RTLERNONR L LA RFHRORE (—#
R T7L—4) E03) ORNT. ZOFEILENRELENEL OMERICLD ., B35\
B - (CEOREIC X DIIICBE L TE S HEETH B, Wb BEMAEEEM,
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MEU%EE (ZORFORBEDOLNLOWRES) HESCERTE S L5 DRI HESE
KRERSNS, R IE . BE - LEOREIE XD BES ATV IMEDBA I,
ZOMHEE DHBIC L THEBERBBENI S & Th B, ®NEDL S UFETHT-
THVHWBEREERELOEVE I HRE 25 — HAHEEE LT, MFEICE -
EANRED R > TS 2BAP, EEARFEN—BICHEATVEOK S B AICIE. &
IS U THERA L BBORELRE LS, HRICHNFELERT~ETH 2.

SEHHFAETEONAES (8 4HHR) 1. T1 0%BUTOE=LAERD 1,4 &
YT VIUOFEETTE) EAEERABGKEEST S (EROA) | BHFIco>LTH
bhte, WbwWwd HEEERY ZF VUV 255, CCTREZLSEROMFHE
DGR LTS > 7o BB AT H I D\ T2 BT b oo 2 LT HHERSBS.
FABERIE DR TORN. NMREBHISNTOED > feo BEFFINETOMTEL
1. 4%EBMICHEREFETEL. FERNMRETOMMES. T%2RICBELTE
Lto%%%~§®ﬁﬁﬂﬁﬁﬁ\F&ﬁ%ﬁ%%ﬁ#e%k%ﬁf%\%ﬁkmenT
W B ETH BRAEERAT %) L. BEELE L

EREORFEHTIR. HEMBEBEOCE L STREAET 3 HENE oD
B 5. ARHEIRSNHTOVEOABTESIEEED XI5 (. 20 A TAREEEM
TBIENRITEETH »72) & LT HFEEL fog
3. sty ‘

LRI RREY & LT A OME SO TS S 5, &K\I¥mﬁﬁT®F§
. &m%kitﬁﬁﬁmﬁ5#b§ﬁﬁm%A#§< FEMH ML O T ORI S
NBEABEI DR, ‘

HEUMtE 67%&)1;0&7&5##%bhtof24—97DD71;w—£
—ZhRT 22— FLQUE) EEMRSE L CEET BREFMERY ) 15 5% s

A LT 2.4 HETEMELTOL ~0.3 ¥EB2ALE — FYLODT e sl— 40 —= b
07 2 2V = FVEEHBS E LLRER HARENE S INBETH -7, B, K
FREMWEOHRRENR O TH o720 ‘ :

HBRTIE, TEEEERACHBLD 3 ENSROMMRELENS. BORSBOFRER
5#LT@5&%%ELL#§UM%$ﬂk0mTu%®&ﬁﬁﬁ%kaihmmj&LT\
BELORZIELD 2, . ‘

ZABHREBDONIH, WERFOBAICRBBTH>THEThTWhZEEIE 2
EOBRLHY, HITRKTREOL I KEZ BRHERBL LS (. 7 — I EER
NRDHSN B,

4. HBHE

RIFETH RFROPNE. BRRECIFEDOLDIT BRERPOEMICIE. RITH
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W ) EHEINTVAN. TITEIRER - R L BEcEIToES RS & EHE
ETBLDTHD., FIROBRNZOHMNLE L > TWB XS MBI, LEEER - R
HEULBVWLDEEZISNTWS, S, EERKOSTEORTERLTHREHE S
BoTETVWEHN, TOLIREH T, BEFERCIZHNEBREORICITEI LR, &
RO EBNORFORETHREN B,

REUhE (8 THHR) TRER "SR -+ %gtﬁ#%%@ﬁwmwimbﬁi
TENEI NN EDN. BRIBELL -7, THIRHHELT. Z0BEURKOBEBSRHE
OAEDORBIRELORFFETHET 2B - TFFUCR B SV E LT, ZEFERNED S
hi-BHD D B, —BRINC, IRFTFOEMERIRE T 5REOMGRFEDOHZORER - PRI
REEHVFETH 5.

{LEHETRITVH, COHEOBETEREET 50’ RERBODIE LA A
DHRHFTH B, FIATRETFEMEMHEAT I HEORFOHE. —BXORFHEEE
BALTEHNET BB MEMERER LRI, BN MENEEIET S I ENHkR S,
Lichi> TERETZORFAEEZ —EEBTIIE, TOROIENER, 714bb, £0
M MAEYORBEERM TR ZOFEFEEERATE LRV, LML, ERETO—ME
DHDERTH>Th. TOEMIBENREROEEZENETIE50RBE2EBILE
BHE L bOTHIEAITIE THE - Wnthmﬁ#%%D%ﬁjkﬁV%metT
BZEENEZ W,

5. PREHEERRES :

PRI OB bEORKEL D ZHAITIE. TORFEERL LT NIRKERORESER
EANICBREEEL SRV, LA LZOREEERELESICE. & A thEoRKBRI
B aREFVELTHREL LS, ThAYHEBST CHONIBESEOWMAII D 5T,
ZOYWEEHEGKE LTRELTWRIZBE LD, %@¢ﬁ¢®ﬁ#b§uﬁ&@&f&
nid, 2oBESEEGER LS IEEERIE D,

ERZET20REMERE (BHREONBREOITR) 2HERTIBATH S, bERK
BlRICBEORHFNS D T OPREFICBEORTN L -7 LTH. TOHEHEOR
TN ORERBGORFOBREL SNEHEND 5, THRBFRIETr - A TRHBH. £0
PRGN EOREBESZOREICOAAVONE BDTH > T MITHBRNEWEATH 5,

TS, HEORFRZOFEEERT 5 L BENRPOEEL SN IcT EFRVEBN
e, —OREBZRTIEESD D, T, MEEETIHFEOBAICE. TOHKICK
STHEESNIYOEH. BE. B5. BENRIREE5OHOBR. XIZBAVEBTAIC
mé&maﬁfﬁéo%ﬁ@fﬁk;%ﬂﬁmﬁﬁ%ﬁofmémf\ﬁkﬁAkﬁ%%o
FFhER SN,

%xuﬁﬁﬁm(wménéﬁ%>@ﬂ%ﬁ&ﬂ%?éﬁ%ﬁ*@umbéﬁaxumm
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WET B, fE-THET. ZORHARICLDZOBEEEE LRSS LTS S LR HE
RENEV, L LE ORI EKEICHET 2 L KETRZORELBET 5 LN B,

AAPHEREEETE. ZORHFHE CHERRKEENSHE SN TORTERIZRTE
FLRINEVLOLHEING, L L. KETRS 5D LHEBENIRENTY 3, T4
Db, BEHEICL - TEES NP E ERMICED - TORVWIOERPHASRZ 0K
ERFOREBICNLSZEELIONG, KEXIOL I NEBRREERITL>72DIZ1 98 94F2
ABOIETHD. ZOEA HRED 2RIBHT L SBEIEICE > TOEVDT, BIEBLRH
BHAEICL > CTHESNAE DO LERITEV RS ITBENOEEEI D KBNS 5.

6. AIVE2—-9—-FTIXPU-DORELIETHE

IYEa~5-TFIAMY -REOEHLIEE - THRLOFEHBRBLULY 205D,
TNEBEE LTH- AHRRROEABS o252 45 KBNS, & CTl. 2O
REBFHITOVTRREEARRTHIV, BL, ZORBEEKBHENS 5 & ORIETE
ZBIEET B, |

¥FTZ0O70/ 7 LAKDEERE, MBHFRENE SORRKE & OBREE-TTO5 A
CHRIERT B, ZORBEOKIE (RISESE | YEEHNERIBEVOM TN &)
Bb-> Tk, AR, BREHILE LT, RISEHOBEEEZTH 5L, BHLAY
EANTRE D, AR 2~ 3EOBEDNEASAB LTI, 203 5—>D b 0N
RUMED D -7 LTHZORBERZOFEENTH > RPL RS RO TRENS S
o COBE. RBFERIVE2 -5 LI TEITHB D, il FEENESOMEE
BELTRAZERLTWCHT, 20—20FRLLTTOS 5 LEME->TH SRR
BLBLESKBA, BB, 207075 AEEIPFRE L > TEILCRE-TL B &
IRBHITR. TORBIMEE L > TRINKLEEZBZDTRENS S H

S TR - T BORTOT TS5 AOABMETS 3. T0Y 5 LOEREDE
MEDBE, 207075 M — AR N TV BEDE I BT &R Bhe BE S
BRI T O HBIER S NN R ICEC N A TH S 5, h, BREOHRED
B BB ENEES FREORHAOHBOKXE LT 05 LOBAICE. TOAMER
BECESBVTHS D, BREOHVENL TS ANTRS NS &5 HERAC 5 &,
TNARHRETET SMBO—2L LTHEDN AR LB B->TI 5. SVHih
W, 20705 ARITBHO &5 AN CRU MR TREV E SNEBRARS LT
2%5Th %, o e
Bikic. BAETRER bBALE S IS, VWb 5 EMAITRLERIA < 75 3 HETRS
BH ALEFBFOLIIT, ERUTHBFRIERSDASHVE VbRTVE & S AT
Tl DAL E b2 OEMPORMEA L LTLBETHB I LENELTH

| 5oE
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%Zlﬂﬁﬁﬁﬁﬁ@vygyﬁA
X BAEFAEEEHS

g BAEFRTNEZR. BRLFER. BERREMLFESR,
‘ BAREF R, HEGVAMBES

HE;: 110248 (k) ~268 (£) '
& BERKEAFERE, EHEAF -V WS (EEWEE1TH78-1),
(@] JREANRTE #4555, ] RERBRTE Y2150
7B, $eru%l5@%ﬁw%ﬁmxtm@éﬂiTo‘ o
WESAMEY  7A9B (&) (BENPS) . 7TH23H (&) (BFA—LoBA)
AE. EROBEICELZBLALLETFA-NMIE LB LAKXEZIFHITE T,
FREDT— I R=2{LI . LEIRLBEFA-NTORLAREBEVKLET,
(ESA] 7101 REHRTABEXMHETS 1-5 L¥F LA HRILE - HBEEN
ZES WIESHAME BTEE(03)3292-6190 (FHY CASE. WEK) . mxwmnmsus
BF A=) RGD031"72@nifty’serve or. jp ‘ ‘
[(BEOHFE] 1T LIZA 4K W () ORKICHEEI TROBEEREAN) 2, Li
’ﬁ@$ﬁ%mf£ﬁb<féwom%Az FREEN. OEE. OREELHE GRAE
O, ZBIzhA ME#ﬁMQ%Au## ;mﬁﬁﬂbﬁélitﬁALT<
ZEV) L DF-T-F (&4 0F, 1T0MUA) . @FFRR [ OHE. (OEK%,
BT A-VOEE] BEOBELEMOBEYETF X —IWITBREY W& T35,
R LR LAAK T X TRIVA b ek TIE ERT S,
WEESHY: 08188 (1) o ‘
R LIS DV T A 4 WA 4 B bl - /@%i?a%ﬁﬁthﬁmTE%D<
2w, BAEFROHFMIE LAARZZRBL-0b%EFLEST,
LS. 118258 (k) 1 88H»5, ﬁ%k%ﬁx%iAﬁcf%lsﬁﬁﬁm%J
SLAATHELI Y. 4% FH5. 000M. LH 6, ooom
EIBHR (HHRILFHHRE L #E) ‘ S '
F# (&) 6. 000, (¥F4£) 4, 000MH:; %8 (— &)7 5.0 0.
(#i)s\SOOHO%EEE%(ﬁﬁ%#ﬁ&%%a%&AX)1%% AFET,
WEATZSLOMBLFE NI FERHLLTL, 00 0 MM, ;
ENESHE. BELTH. EEENMEHLAAEDYY © 11H58 (&)
SMEALE DA 4N (K FARKICHESE ST, K&, 8I55%. EFT(TELFAX). %413
HEBEL. BHAKNK. EEENEOFEY TRANEL, TR TBREY (&,
SATORE 8178 S—BEPTEEYE
OE&Es EEEE 645-1431070
2% WHEHLERES '
EITRBAESR [ FHL EBEAFE¥EH) . AEER (EBEKEIEN)
REEE. BNFHHLAA, Buihesk :
770 HEEHESBEI2 -1 BEAETEER
AEER. HAELE(TELLFAX 0886-55-3160 ¥ 4 7 4 )



AEARBHIRAFT

REMWEAE  AEEL

L3I

BEAREHR & (238 EdDmachine translation DR T, 56?‘%‘%’(%7)\“%_52-%%’&@ (%I@L_L;t
IVE =) - THOSEOXEIEMRT 5 &Th 5,

THES & BEBROBHIECERL. TOMMERT 5LELNBNL LAKL, L
MUy T3 TRV WHRERZAMORFIIEZ, S hi IRRTHE] OXIRHDOT
50, TOEFDIHITE bE  OFRBEENBAICT SN TN S, LT, AMKITS 8
T TREFEHD S BIMAITED SRR SN TV BIPRECH SN > TE e, ZD
BETELNHRR. AMAME-TWEERE. ChEI V2 —sREOSFTIIEI THR
BRI LVIN INEIE2-STROTR, Bb TARSHLE) OFRICESE RS
Ltoﬁﬁkovt%@&%#%b#kmot;t@;ﬁ%&%f%éﬁ FhE s bHIcERE
175 NMOMNEHORE S LS A BHRMT 52 LIS H-ROTH 3, -

BRI BH EHMEREME S CAHIRONB CEns 5, BRERNBINT TD1RD.
CARBDRRISI RO, | b, BT TBAAR LD T 2ENT,
T WHEWIIEZEZ TRA I, | L85, HIMEHERICES . ATORFEOREICH
LT SXBIBIETHE, & by ANMOMIHANIHED S T EEHRPOe L5 LT3
Ev IIEDNBES K. BRAROBBEN SIS 5T L RAERBEOKRROBNTHY.,
NIREME LTRIS NS, LAl AMORNEBORBENERRET S, BALEVA
HHETLBESTH B, HFEKE,

FHTH, BREROEANSHASEFE, £ L TZORAEZNEBLZRALEION
THIBICBA T 3, WHEIROMBE R EFE—MORITE > TLE S0 EE, RbLK
OMHREINTVWBEDT, FLLRTASERBATOLLEL E LT, &2 TREHHROmES:
AFIRICEREST B 2 &ic Lz, '

2. f&mﬁmo)&#ﬂaaﬁﬂ ' :
BHBIRE 5 BAHBITHES BB - &5, AEHMEMAT EHET— FEELBC
EDFAT L KEEEHOBEEED Leibnizdh. HOEFHER. BFROFTTEOREEZLTY
5o LirL, EBICHIRT 5 ¥ 27 LOHHI, 0HEHED TV Ea— itk 52 BIOFE
SV BEEIRORS & THIQIEE 5D - 7,

T, BRI B A RBEROERYSHEA LFH, 2 LT, 2oHMs 5 R - BE%
ﬁ&a:&aukmo

21¢ﬁ§ﬁ%ﬁbtﬁﬁﬁﬁ R EEARETRAR ’
BREIR T, TOXEEE (source text) « F3C%E HE (target text) <‘:L\L\ TEDE
B S5 (source language)  RXDSETHESEE (target language) &\VJo KEE =S H

ifh
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KE~OHRI ST, EEE%E. BESERIOASE, EXEEFONE., FEIAASED
XEEL D, _
ABHEIRT 2356 QECEB TEERIESE . L L, IV Ea— s THRT 541,
Bk BB EEERT 0TI, BEELEESEOMARD FoRHER (hHE
B) EBOE L. BSCERRIT L THRMEBREED . Tho o BESCEERT 5 &\ 5 BRIk
218%, FOBHR-SOSEOBNL - TE L SER EORBEEBITF 2720 TH 3,

HA3E, %35, JhEE. L3, OUTE, RRA V. 45 TE. PEESL. HRICRWA
WALEEND S, HEFBLEFIXNOHMENKEZL R ->TVWEN, ST UBROSELEL
FRRA VEEEA 2 ) TERICBTWS, AMAVERT 3BA2E2Th. XA SEMD
HRRIESTH BN, BOOXXVEEMOHFIZE LY, AR, 2hE Tl - AERORR
ZRICLT, REMICEFYERENT 5o —H. IV Ea— S HREIEIHER, VRFTT
1 I POBEEPYH TP SUGTEE B, & TERMORVERRT 5redic,
ERAEED DI TH %, |
FERBEME D FRiE, FIALSFEGivot language) & E M (transfer) HRD 2 523 5,
K 128BINf, PUSHARE L. BEEOREICH BESEORRIC bIKE LEVL Y
iﬁ%mm%ﬁﬁf&b\u®¢ﬁ§ﬁ%1¢?5ammb&%*ﬂi%&mvom%\mmt
language AP E/ERINE L bH B, —F. EEARE X BEBIKET 2R L
BESHECEET 2 PHRBAO o2 H b, HiEL OBE~OERETS o & TEEBKE L
PIESEMRRT 5 HRTH B,

*ﬁnmfﬁ
BX —~ B > THEER > £R - BEX
EEHE I EEE _ BESE
LA
BX - B oEER - Tk~ HEER - E& —HEX
EEE EEEIKE AEEEKE

K1 HYEEAREEHSR

559 ZEWMANETE BHUSESFES Wi, FEEMORBETY—>OFMERLE
LTTEBIEINB, LivL, BECHFISHEELELS bORKIEES . SEHHKETIE
FEFRTELVONTRTS 5. —F. ERAXRTESHMOBREN S L EBOREF 0
MEH L ZOMOZRABEIC 5, EROMMEIR S X 7 A REANI T SHE IR LIS
RO—HERS bOD, MHOBROVMSRALHIZLTVE bOBEL,

LHARIL. FOEED UL E THIT LA SRS BT, M (syntax) L~L. B0
(semantics) UL, XIRLVARIVFIZShN S, B2 2BBINIW, ESCEHSURIT L THEY
L NLOFEEREBCEBRT 308, BX LIV OERFRTH 5, WETH T Bk
mﬁifﬁofﬁmfé®#%%v«wm%&fﬂféb SRR T LCEHBS 5 OB
v«»w%&ﬁﬁfééo
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X ‘ B

= WU " L XDER
B HXLL0ESR — MY L~V OES
WO ERTOER
L~ DOER EH—— BT L AJLOES
SCARRRAT %%ﬁkiﬁ@i&
IR L NIV OERE, i 54 AZAVINOE %::)
\\ /
N /
N /
N /
Eg \\ //
N /
= P EEIC L BEE

M2 HEEROEXN

BEERS 2V IEAEFLEOLEF TR, TABNSETERT 254, FIHEKORE

“SEAMA L EBMEAHEL (ChE NEBEE) eep structure) &V 3) . JOXRHE
EEREOEFOMEICTE -~ - RBME (% TREME) (surface structire) EWVWH) i
K%Lf\émtbiotbiéoit\;%%Eﬁ?%%Am\X%ﬁﬁbfi@ﬁL%Wb\
ZhAEBHEIER LTERYT 2, | 205 Chomsky@%"zjib\& 3,

COEXFITRAR. B20LO LV VREREICEL, FTOUVAIMZFTL G EEBITEL
BLEAD. o  EEBEICE S BESHEMOBVHIDL BE0T, ESEICKET 3%
MER L BEXRTOTRER EOBVWL DB, 207D, EROFE H B, Ticid~

feHPIIEEAR TR *Eiﬁm¢ﬁ§%k;%$ﬁlotwfaéb\p@%A®¢ﬁiﬁm
BHEVWURLVTHEDOERRIIADBRLWVEERT B ENTE 3B,

;6T£&ﬁﬁ@%éﬁxﬁi%tE@?%#&(MTM%&&%@KE“&&»@%&T
FUI L5, BREEE. i, BRRFEARROL S WAEOMTHUT. HXLR
NETHNMICE b BELVLTHRGEEbNS, J0B4, BTREXOBEDORS (BB
%ﬁﬁ)f;moitﬁ&m%ﬁwﬁ%&E%ymaﬁkﬁgazéﬁﬁr;< Z DRfEH\E
BB HHERBEI LI B, ChESIIHETH S, UL, BEVALOEBARESELE
BESHEOXENEL R UT BELUNRRLBZBE ULIFHTEL, £F50SBEGRFEE D,
BER. ZBRAFR TRV ANVEROZ E, BRUVANAVLHIEERA - TOREWEFEIC
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BoRRWOTHb, — =

FEoics bﬁ?ﬁ")ﬁ.@ﬂ%é”’& o Eid. 1950FRBEEN SH0ER T A ')7’7’(1&17&%]15}17‘)\
AL o, Thid. 1BTEAFOOATEENT A Y HERETIRE GV T = bEFIC X
STHB LSO ENEBER e, VEOBHNOEIKBWAT AV AR, 3V Ea—
I BV TENOEENOHR Y X7 LOMBCERSEOHIEEHTL I TN 72D T
H3, Ll. BREOBBERITEARIERDVEERT, #UETRT 300, Fk
BT R, REEBRRICKZBEFEOREZBANVPLTH -1, ZOFRTEHO—H

"The spirit is willing, but the body is weak.” GRE#FIZ5&E L. éﬂ&l"]ﬁﬂi%b )
EEENMOO U TERICEIR L, ISICKERICEBIR L E A,

"The wodka is strong, but the meat is rotten.”

(74 bh GB BV BRE-TWS, )
MWav¥Ea—ghoiihanizEni, u.ﬂklﬂk‘é%m‘i%@ckofaiﬁiﬂb\k%cb\txéﬂfbi
o7z, 19644F1C National Academy of Sciences i3 Automatic Language Processmg Advisory
Comnittee(ALPAC) &AE - 724, ALPAC 13 MARBHICHIEND D, ANV LOLVR—+ %
HU. Z0-0EEEM T o, UL LERNICIE. JORBISERBRIT OB O
DHEEEE RS &mﬁiﬂ%@%mib b TOEFRENE 12 BREBLEMEOES LR
LIcDTH 5B,

DEIT, B, #IRT. B %%ﬁﬁﬁ\ SRS Biﬂiﬁﬁ?*ﬁtx&kom'cﬁ@n% LT:}b&.oo

2. 2. M3 - HESURRART - Sk

B (syntax) & I3SCERNIC R OBETH D SR & 30UESRICHE - TRIT L. #X
EHOMNITBIETH B, £DId, &@;vﬁi&%ﬁﬁ?%#k;or\%ﬁ(ﬁiﬁﬁ
R OXBERLRLB I LT 5,

X&tbfﬁ%ﬁﬁ?é#%&t?%%ﬁ&bfm\ﬁ?%«@ﬁéﬁ&\:yel—ymﬂ
~NOBEUNET 5B, 7o LA JRE Bk (context-free grammar) BFFEICII A ->TH
D, IV E2—-FRBITHELIEETH B0, BEFRITIZE > TWREL, ,

KeEid, ERELBBLRAORICHFAAIES L, LHAOTCRIEH - BAF - KEHEOMEE
130, B REFEOKICENEOAFANKZILE, APHBONEFNRE > TWb, UL,
BAGE CIIBERORBICEKS L RRE > TVBI FNLUNOERE - BNEL EONEFIRE
BT 5%, XREHERAIPEEOIEFNRE > TV B BAREL TVBOT, FRBITRBWL
D BARFEICILEL TWIEW, 56, KRIIXREFEL S 2, 1o & A, EENZATREE
THHIPBREDES RBFEAOKRIC"S MW, 20/, XRABXETIREL XNTVES
BBB, Ll XIREEETIRI Y E 2~ 5 TRETER, 23T XIREBSIEOREE
AR U CXRRFFEE R A 5 L 510 LASURB W OB, Fioy Remic3BRRA TN
HBZOT, TNEBTTABELAMINTH S, ChoOBEEE R OB 2 HIXENRE I N,
ERIZAWSNT OV BN, HEOEHE L NP EOFA TS 2,

BAFEOXIX. MROZUHEE) IK8-TW5B, ThidEhh - HEHOBEDZ L THD,
MED 1 SIHERED 2 WIESIE T, IR} S RBEMES 2 VWEIBERTD I L TH 3,
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SR SRk ORR TR, .. o
INEHOREVD, Te& X" read g - ‘ oos 3k
book. ” 2 STHRE] B O3 CHRAT L 7R yd
SR XIREEYETE, XRAOTH - &EA - B
mah, ORaAEcEgcARsnse o [ /s
LTW3, COXDHFEEFBNTHELMN. ZH B
BEAOLNCRIERONERE S 0 | \
b3, FIEEAHTER S RO THER o wH £
N3, XREBSETRAIHE LOEE ST - »]
BAEZ EDTVEDT, G]ﬁL)@iCD—" 1 SN read - a
MLENINTVE, - S S el
BABOX MR, BHE-1AE B3 OREETEE & Bk
HAN, | OROSIMEER 41T, e N .
FWEJ&fﬂﬂJ&F$%JufwALJkﬁD\FﬂﬁJﬁTEokJK%D\fEatJ
[ S R £ : SR ‘

BEH Ehid. B Hok kR BAL,
D , o

M4 HROZTEEDH

blb. THRHEBEIRE >EKERAN, | THHI, THER) 2 (ot ITE200 15
ATI IR B DD EEREE 35, FRIC VNERDIEFOXOTF) Tk VhNER®D] 12 TIEE)
RITEL, [HOF) o (&) KRBETERELDHD S 2, OEOHIL. 70T
DL EE L BT ABREINCERIXESEONTWBE I EHRLTVS,

2.3. Bk - EORARAT ’ o
Ty T4 7 A(semantics) &, —RRICIEER, FRREHRROIETH LN, IoTRE
PR TR E AR RICHE L TRBE L2 bDE VD, T, BB & ZHTRITER
ERICERMICPEONVEREROAZIMOM LT, Bkl CERTEI L5205,

B BRBITOLERLOD, #XFNOATIE, STEMITIZIEL < & BRI ED LWE
RedT TNV BED5TH B, fo& 2T 1BMERDEHBIROLMHE LCHLZ A2 T441
ZEFL S, "Time flies like an arrow.” TEFZRO L S ISR GEREDOML) 1 K0T,
likeZ B, flies 2RO Ihxy ST L Time flies2EALFD K/ N1) LR LU
%%\Wﬁﬂlm%%ﬁﬁﬂ&ﬁbtb\it\ﬁm%ﬂﬁ%ﬁéﬂ&mﬁﬁﬁQﬁ%ﬁt%E
L. IholEROLH NI ERLEDOTH S, 2OOBRON. BiF 3 THREFE
EWVIERMICRTBBRELTVE, T, BHFRIBEEFHINRELTAIEFLTED. XO
FOERLEIADTH B, EREIT R LEOREERELLI ETEHDOTH 3,

BRI I I3M X (case grammar) Db, BATRERIZ 7 L — L4 (frame) 2F-TEHIH
BT ENBV, BIGRIZRICEBNB £ 510, EEHMEEERET TR, BHRARE &
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BEIEBRZONINHETH B, £/, frame RITROTKRI THy TH B ALHRETIRAH
EEBRTARED LT, BXERT7 V- LSRRV OT, O MAEbETHE
SDTH 5, ' g o S
BXHIIEEEE Fillnore ’BELAXETDH S, HIZEXRFELSURL HEOSHEEWRA
L7cHER., EEE2ET 558D > THRBOEVWEF RV I EICER LT, XOFOREE
EFD) 2HO0EEX BEICNTIXHOLE (BFA) OREEE (case) A B30 T
Xk REELI, BELTE, BIfEOEKERT ) (agent) . BfFORRERT IR
%J®M%O\¥&%ﬁifﬁﬁﬁjGmnmwo\%ﬁ%ﬁ?f%ﬁG%yﬂmMMMKEﬁ
bb, TLHBICWAIF, KEEOSWIHEZLDFH L L bDOTH B, c& ZAid TREDIZE
TRT7T—=%2BF 5] EWVWHE. BEE: FIF 5. T8 KB W4 : F7—. EEB 8. &
Birxh s, A CEKROFEFEDX "Taro opens the door by the key.” &"The door. i's opened
by Taro with: the key.” bR USSR L1853, F/c, "The key .opens the door.” DEHE B
BEORITHER L1250, EHRETHIRITREIN TR WD, ZH (BF5L(AM) 183, T
DX DT, BXEBEFBPENF R E LV - LRBOBETIILL, BREZEZ BELRET
%, TOHTIE. EBOBEVWEMI KL WVR B,

bodd, WXBEICEISWBITETS it

DafgE (&) ofHF s ; o o ‘

e (EBICIIEE) KoWT, EOBMEKED, TOHEE L 51~ —7— (case
narker) RN EZEBNZDLD,
DEZFOHS . :

FZFTOWT, TOEKRFEME (semantic feature) ZFE Wb,

DZONBEII B, £ LT WEFNOHE b ESAEAXD O TIRFNEIE SN,
FEEEF I, TT< 1 VWO EEOSE. T, BNHERTE. HRBERIBIEITE
THRVI. RBERIKZDIRBEN L1, EOBNEINIBRICK > TRLZDOTH S, Tk,
7<) OHMMERIROB T —H —3BIFE [~ ® NIZ) THHH, EBED"go” THIUTHT
B 10" %, ZLT. Be—A—& LTRIFEPHEARE LV - rBEN ST —H—
PEFTIL, BRI - —bREEE S, 12213 AUERTH M7 OFSRAMT
DEWTLRVN (5G] OBAREMTREN LW, ABTRININSEV Thd TA
B & (B BEBRNLIERERTOOEZERERL VI Be—H—L LTI OEK
FHELBOTENMIF R S, | R R

¢ ZROBEOFEZFL., - TKEB) oW T v
RTAR . TR7=1 50T M &bo 1 [Fr—svo®  w@
Fe kS I ERRREEL S I LT B, : '
COZODHBEF ST, He—H—PES%RE ‘ ~
HOBEMETNIIN S XHOLHDIEEHE L »
T DY THB, |
RRERIIT L —LERVWTER TS, 7L— S
LBETHO FOHIZZOy F(slot) EVWSH A - . :
NYEFREIF O ENTE S, £ITy HSITR - : 5 MOUERTEERD
T, BEIAELEHROMBE—DDT =L . TU—hickBER



TEBT5, BOLZHNIRO Y FDE, FOMIIR Ty FMEEE B,

241% XARAEHT

vaimtﬁﬁ%ﬁltﬁ%®péfxﬁﬁ&%mﬁoCﬂ%ﬁﬁ?%@ﬁ\imﬁﬁ
1550 '
%ﬁmw%éﬁnd\20@Yﬁb©\~ﬁﬁﬁ%ﬁ@ﬁﬁ%@ﬁm&m6:&ﬁbéoit\
RTRREFADS 28, FhHRTHRIBOXD T EXND B, T SERNTT 3 IS IISTIRIEIT A
DETH S, TR, COBTIRIBEBULEY, EXE. Blixt 7 L—- L% 20 HE
L. —HZ2EHOND., HFEBHOXDO 7V —LIZT %, 2 LT, BRDED T L —LhicE
HEndIRoy FEREEL Z2READHD IV —LADEL V752 IND, TOFEIZE -
T2207b— Aﬁ%ﬁ&ﬂ&@ﬁﬁf#Uo(@f\;owﬁ%:/tl—ytk%rﬁab
EMTZE B,
&L%LmM%éwiio—b@ﬁ%ﬁﬁﬁ@ﬁ%%ﬁo:aﬁééot&iﬁ\%urué
WFETIIHRLEDS, BRIEETRENTH 5, TNEBHEEE VS, EVEORINES(E
DOXRNEHETEB12A I e IS IPEEFNIE, £BD Tine flies like an arrow.” @
B ONEOXIEN 2 LT, TH& X3 OXRTHNTE BT 3REFL] ERL. M
nJ@KmféﬂﬂUﬁﬁ%@i?kﬁ&(ﬁ@%@ﬂb)ﬂ&ﬂﬁété?#ouhﬁitk
BB TH 5,

2.5. ERK

RO ONETH S, FEMICRINTEVDEN, BRARNIEERTZ0RKRLT

BHIBIETIRIEV, BANEHRERL BT ERMA L& IMH 15 ERBEEIZIRIE SIS

STV, BDID, EOLIRNEERT 2HF BBHINTHENL, dod b KAD
ABTHEXEZECARVWBOENS, 20 B2 —2I0E->THUVWOREADFIME LR,

3. BIREIR & R 7 L ORTINATREEE | BIRE. IR, REESE

IHET, BREROLEAS EFEEERALTEX, MW EATEL LEBRLERS 3
C&ﬁ%#of“kﬁﬁkéﬂ5o%mVX?A&LTﬁ'ﬁibﬁbhmﬂéﬁﬁdfﬁ55*
0. NEEEVEL L >TRITHBF LI, gTﬁMéh%@# mﬁ%@mfﬁwpﬁﬁ
£ (post-edit) OEETH 5,

BREE 3. BB AT AICEXERIT LT VWL S IcBX R Z &, Chida—4
MITF 48— >TITD &I D, Tl BREL 3 BRUBIC L > TER L I-rEmESE
BPTWVWEIICHEMAZLTH3, HAUNE. FLTEXEERT S E3ABLOT.
l—fﬁﬁ§mﬁtfﬁibﬁfééobo&%\ﬁﬁﬁﬁﬁﬁiﬁ@ &ﬁ%kﬁﬁ@?ﬁ
BIGABSGETHEZIEREIETHRN,

- RWBHBFICE S TREVRNL BT E08 W, &WHR/XTAkm#bm%énTméﬂ§
RIBRBWIEDH B0 ETT A—YDEBIMTES LS 2 —FRHEBEMEBEIEZINTVS,
e LT BT &k&ofﬁh@?(&ofh(i?fbéo @ﬁﬁﬁﬁ%U—fu@;—“
YEEEYULHIBHLDOTH B, S '

ﬁﬁﬂﬁ/erﬁﬁLi%ﬁ%k%ﬁbhfb%oJ-ﬁ@%ki%&\mémﬁ%ﬂTm
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TR, BREHIET, ZEEEBIETZDEZ I TH S, ARIBROMSLTERT S -
bbb, JOFHREVEWVD, TOEVWHIRTERN S, BRI Tldnachine-aided (F /i
computer-aided)  translation EE DA BE,

4. TR DS E 5B

BHEEBEOBSICHETECTEEHTFEREL L TR, BLEOEHBRIC X VHET B2 HELD 5,
N o s AL Teel " OBAIEMEOSFOMENEICHBEL L T, ML RL. B
SALFORFBENFHAL TONIEMERE I LVWIEXATH S, LinL, BHOMELOH
&ﬁ%%lé&%ﬁ%jﬁﬁfmmm Bl EEMhSZa -0 301 =5DFEAEFEST,
ZEHORFEOREHOEEZHE U, FOERICI > TRBEOREBELRET LV X F LTRS¢
T3, Zhid. WEFETEONAERZFRL TV ERETCZa-0 s 3V Ea—5DFHk
RE-TEBL TV b, XIREREIREZ SNTHBLOVTET, REEEZTE 5o A
IS L > TRYDFIDI ETH B2 BREROHEAAICEKER O AR [T &8b
BE5300H 5, TOVATLIEER. BEENSCEHEE S TH 5B,

AMOFEEE LT, BEOBEND 5, BRI L BBITDOHITid, %ki«tﬁ?#%?f
B30, INEEHICEZDAFLEEMNETH S, T T LOBBEERTIERN S
OV x 7 b (BERBFLES) NEETRY — B UM owﬁﬁﬁTLto%mm%uﬂﬁén
3LDZETHEDT, SHROEFITKELFETETHS I,

F7o. BBEEEEHICH S ATRTIE. @%%ﬁ@ﬁ%ﬁﬁ/er%%¥btoﬁﬁ%%kb
1Eo1cDT, THRLOFDZWESLS, i, BREABHEIRNY X7 L TR, BEOER
TRHBH. KFEEVTIE UTRHET 280 XEEBT 520 TREEBICT 38D
HABAENTHED, &L L THANEETRETEXZANENTNS, 5DE S WBTX -
SABRTHREHEHELIEICBROSNTVEN, Z2RIILTHIALRLLOTH %,

Z0fth, Bl s UTESF /W RV, 20HICER2I s 30 TEE
T3, BEXBEETFTHVDOT, FhEBBINW,

LD RVWEIRO DI, B3I OFBERE L TOLBEND B, foE T, HRD
FRATIREEL N WU TFEAL Thy FANES) TENES) QBN THEISES ) 138
WHARETH B, T, BHROWRBELN EE VAT LR R DRETH B, BRER
‘Kmmamémgiﬁﬁb65®T\%ﬁMLUwﬁéiﬁ\ﬁ%bfu(:&ﬁ%#?béo
(kR BRUAE LTHRABBENRERDIZ HWhE LW, ) Bif. BREAEE
SOHLE IS THBBRBENIFIIN/ L. BHOWMO @A HERIICIL > TE I, ZO%
ﬁmaﬁ#ﬂﬁ%)~bbfméﬁﬁfbbb\ SHEPELATH B,

5. 8hvic

£, ﬁ%%#%%k%%bf?éotﬁﬁ%éktafbiato&iunﬁiéntﬁm
DHRBITENTLE o7, BISHLRFV, DV OVWEBXTEERE LTV, BHE
ROEME L ZOHL SO—WMEER L TV A I b ISRERERNIFDLDICS
EXBMTETTHLOT, #l<REhzsRahicn, ‘ ~
TR LTH, ABDTIBIRE IFCKES LVWAIEERTH 2, ZHIBVEEAD,



SEH
- BHERORHE SR

REH, BRBRIIY CETTER, . SRHEE (1986)

| BEORBRAMBRCONFERET 5¥ETH 5,

EPHENR. SEEALE X WA, WYY 174 T4 2 (199])
ﬁﬁ\i#\ﬁ*\ﬁm\iﬁ@SAki%#%o%Riﬁ%@AﬁTy@ﬁﬁ%Hnbf
7 HOABTH Bo

BREEME, BRERY I v b, 4 — LiE (1989)

' wmﬁmﬁbnt@%Aﬁ\&mﬁﬂﬁ\/b@A%ﬁéxki&bt$®aﬁﬁ&bfﬁ
im%ﬁmﬁﬁﬁm/ZrA@ﬂ%#ﬂﬁéﬂTméo ‘

CHEBMC b B TS B,

- BREELEORS

REH. S8I¥. WRE 1983
BRBRORA L 10 5 HASELR MY S,

BRI, R BASELBRKROREOBN. HIRLE, 33575 (1992) ‘
FHRLEZS @?%ﬁ@%%o_®§@%%mﬂ@mﬁbtwbnfwéb BHOLDAE
BTE L, :

- S -

HHRAEYLARSENEFRARR
HERLOFERRTE

TSI E RS . »

C 20 bOBBEIRCERASHELEIC ﬁ?%%ﬁﬁﬁ%&ﬁéo
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WRBERicslaaryva—2{kREoEH

—7u v RESOBEREF L LT —
JBRSF (BR) o SBFSE AR
FIRnEE AH =W
(B BEHTFHEA BUIHE)

LI — REJoVHER~OHE , ‘
7OVRABKUET, poBEBUHEOWETHY BB NEFRELAETELD
CERZWRE LTEROUMKFTBESERS TRz, TOoOMERY —F—%
ENDEHBEERBRELT, SV RE0 75— EBHAELT, HBVEE
A& LTk &, DuPont 445 1932 F I A L EELBL TH L 60EH I
BEARE AL > TRTW 2, BAROT7 OV A -5 —FERIBHEF, 574 %,
BMAMEL, ZH7uosr3s Vv, £ S VEFTH 5, \
LAL, 7avEofith, souybiary—K> (CFC) MifbEm
FELRETH 2720, BETAKRPIHHESINAZCFCRIEHEBEL2® o< Y &
FREHL,. W10EIPoTEFDODLOBEEBEORIIHE2E YV VE (BE30 K
m»P540 kmffE) FTHETZ, FVVBRAB»L DBVERIAER 2RI L,
WERERELTVWEBLEDPN TS, CFCRECTENBOERXS T THEE
FUVANEARL, BEIF T AINVEFVV EHEBHCRIGL TV VB2 KET
HBNBEDHBL 19714FEHI ) 7+ VT RKREOT -V FEERRE L, £V
YER-NVHEBB E N0 1984 E£THEBEFNLUR, AV VEBEEORRYIE
BIERELICEE, E<HONRTWE LI ATH 5,

120km

700k EHBIER
EAR

CFC — -l

*Cl + 03— -Cl0+0z

*ClI0+0 - -C1 + 02
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2&%7D/ﬁ%®ﬁﬁr

Y MY A - }vuém%&tTﬁ%ﬂ]&()"%#é&b%ﬂfwé7n/%’ﬁfz&7ﬂ
v (CFC-'ll, -12, -113,-114,-115 %2 &) RN, S5 EHEEODN T U L
1,1,1-0)yo0xy 7 BE FUEALRZSRENF TH 5, ERESEOREMECFK
bLrINLDORFEIO VR, BN L2EBR G HZ2BICLELICAR BT
THEDE, HELZZ LRI, B2, REROEAEH, BEW. R,
BENOBRBPEITE-LCLETHIL, REEE. BHFEEL CoBik
HTHLEBOIABEELALZTRIELLR2 V, COLILRHEDD LT, %Y
BRFEOCHB IR RN 070 v oh itEZLL2WEFNB o TwiVnHES
PELET LR, VoD Fals ROV DEE LD,
RE70 UV E2Z25 LTCEER R L om0V ED IR, Féy %ﬂ(tf

ARFEIOFMIWELE LI CTHI L, T2bb, EEHEEH LR
BTt Thorzl)  HFPAZEEF*Eb 70y (HCFC: NA Fuo

suaBa7vAua—Kr) FEREBROES
HCFC-123 O F yitl.5 F & Hw,

b ) VLoD KE LRI, ﬁ%@rﬁfﬁ%%ﬁf&w;okfa_t T
&b%tﬁ@i7L¢fz@%ﬁﬁ?é@#ﬁm7/wwﬁaﬁ\%@iv&f
VyEORISEHEEEREBE L2 ey (HFC NS Fazitas —Ky)
NHFHEERIHTEETH D,

L2 L FORRTHDLE, B THOEZEAkELN 7y EL D KBS R
ATHERFEBRCATTRBAFTH)EE, WELrBEW T 280 (MEk)
PRS2, 5. KEEFOEFEL B AL THRECEL TR, EHORM
APHTELN T2, RET U VORBHEDORAL ¥ I hd 0B 2K %
HMEKEXZEDLELNL, FFREE2ED B LILH o 712,

HEWEEDbRTWS, #l2

Zar@;—%
7 g v | fema # O
TCRCAE e | couE
"HCFC-22 CHCIF, —40.8
®! HFC-134a | CR.CH.F —2.5
g | HCFC-142b | CCIF.CH, - 9.8
HFC-l52a | CHF.CH, ~25.0 C1at, 2Oz Heled otop
. HFC-125 3 A ox 3 ] K¥eg2
T = e — — Y
® HCFC-123 CF,CHCI 27.1
‘ ® HCFC-141b | CCLFCH, 32 CoHeF (ZBANRALE ) i
A Hcrom CF,CHCIF —1z J-rmteomgy i
% | CFC-U3 ~~.! CClLFCCIF, L 41.6
#| HCFC-225ca | CF,CF,CHClL 51.1
# | HCFC-225cb | CCIF.CF,CHCIF 56.1
) 7 LiAsNET o,

TArOBEE(T— FFri—noiH)
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3. IS o B & A : . ,
FRBRTRALI K, KRBT YOG TRIAOERY L BT A —F—KH
ELBRABOELF Cho e BELL 7 VEUNOILEWEEZE L LD &
LR b2 ) SRV LRI N, Boh BRALEROGEHTEANLY
BERETHILEEEETCHo72bDER D,  CFC-11, CFC-12 L&
HCFC-123, -141b, -142b, -124 B &£ " HFC-134a 2 EPFEE L2 B# & L TG
b, R SR TR It bbb ER0LI B EFXHAIPTHLZ, —H. BIE
TR 7O VEINOEE» L bRBYWELBER LI ET2EOMAE SOV 2 2
FEBKHBIETBY), FRRRPHMFINZ LI AHTH 5,
BHYWEORERE PV TREBEMN LG IPLETH 72 R RIAFOAEY
RREVEELT2EBUERL EOREURERIIODVWTRER, ChE2ERTTH2DD
EB4E 7 05 9 A (PAFT : Program for Alternative Fluorocarbon Toxicity
testing ) IR T, HRAFOMFELEIOEEFZORRO-DODOLHEOER
EHLE-s Twa, RE7OD VIPIRBELGAIFEBELHETLRAEZHETIEE
W71 Z B4 (AFEAS : Alternative Fluorocarbon Environmental Acceptability

Studies ) ¥ FERL T, & /’Vﬁﬁﬁ%ﬁo)%ﬂiﬁt%ﬂﬁ(ﬂﬂm&ﬁrﬂx’éﬁf.c<‘: b hn#E
EhiHelTwis,

70 S EONE b+ VR

it & % #& (49£)* ODP*

CFC-11 52 1.0

CFC-12 101 0.87

CFC-113 79 0.76

CFC-114 = 197 0.56 7 HCFC-2200 34 M TOHE 5 Mt
CFC-115 393 0.27 CFZCI00NOz:,

HCFC-22 15 0.043 ; . N
HCFC-123 1.5 0.016 , : Y

ggg?{zl: 4 ) 42'5 0'0017 El-\-/c-u %-CF;CI&-CFzCIOz——JTm:-'zCRO-—-COFﬁCI
HFC-134a 24 0 (Hcre-22) vol lon A 40
"HCFC-141b 6.9 0.081

HCFC-142b 19 0.0455 GFzClooH oot
HFC-1522 2.7 0

HCFC-225ca 1.5* 0.01%

HCFC-225¢ch 5.1*  0.04°

*Scientific Assessment of Stratéspheric QOzone : 1989
LLNL 2-D Model ~ *Physical Chemical Lab. #ll5€ {if
UNISTRIEfE  SJBRHFHEN(E



4. RBE70 VHERBOBRY . o o .
IV MOZZAEETTYVMNERR YV AV - N =R EDERRE L
THEBAEN TR TV CFC-113 ik, HEATR R OHEENSZ VW7 Th b,
FORBRILEZDEL D ZHARFAOME ST VIV AEDOFHKIMbo Tz,
WBEISSOEMBETHL L, MECRBERIZRLHMBLEIBEHIL R W
HE GBRWERYE) obscl, $%T 52880 0RB4 T TRETS (Bhik
FRREEERD) BE0d LI L, EOERBELH LI 2T RETRL L W,
Thbb, CFC-113 LZDEF Fo < NEEX#L 5% (drop-in-replacement )
MEL2BRTILEN S ok CNITHEAINTE 7O VERRERIES
S 2BOALEYMTH o722, ZOFHENOHCFC F/AWEWHFC KX b LIS
OEHEFmETHIOREDIo 2, Thit L, REHIBUL Lo o T
TRERALEI TR, L2PLEALRBEVILEYHRELLNRZD >, LH
BbERPFBFHICHERL D% DOH? ‘
CCTHHOMERIE, AR, ME. SWT IV I UT ST UV ELTY
BRHMOEBEMEREMLTCOHEWEFOM, SHPROMB I KDL 1
TVIRBELEBHCNIVBAG L 2EL2 T, 3 ¥a— 2 2 AVTOLFERS
PR eBARMREORIIMIR ) L EA L, FTRABH L ELEoTbaL
HEFROMABETH> T, LI T—EOGRNIERERTbOTHE %
Wo Tbb, REISMEULOHCFC,HFCOBEER GO K AR FTOME. K
mﬁ(?ﬁﬁﬁ)@%m%%\ﬁ%twﬁ@ﬁ(KBﬁ)@%@%ﬁﬁ%@ﬁ
B, AV VEERE (ODP) o FHll. KEHOFE., BASEOEH - oL
BB ETERE~NTI v Ca -5 {22 EBALLD &% 17, '

HCFC-225ca EIJCU HCFC-225ch nipid
" g HCFC-225ca HCFC-225¢cb CFC-113

WEA CF,CF,CHCl, CCIF,CF:CHCIF{ CCLFCCIF,
SFFR 202.94 202.94 187.38
AR (C) oosLy 561 47.6
HEHK (C) —94 -97 -35
¥ (g/am’) (25°C) 1.55 1.56 1.56
BB (cps) (25°C) 0.59 0.61 0.68
@RS (dyne/cm) 16.3 17.7 17.3
KB . kKl 30 31
glktt L . zZL 3%
LRRER (-7 =100) 101 84 123

RZOFTBHIC IV a8 2 FHALL) EELZTVWEEDE W, k0B %
WEEDHEAPLLALTHEL LV E VI EELREI PV T WS LD
WR25, ERPMBEOEMENRI V¥ —y{bFCELEESE XTI, BZF 5
(KBREHRDZTREHCED THENLHELLLVEEITVEDES ),
HR22ZF P VERECHNEOFEVERERE V- FE2RVELEZVw, 75 ¢
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SHAAFEOSB LR ULTH b, FHARI P NVEREDOTF— 5 —NB L BINERK
Kav¥ea—2 W) AREWEEZEDL, 20OF -7 B BT OBEKELFIR
DT EEELDB L, *ﬁ@wm%ibéﬁﬁ@m#wa_au EQ=F 373
ETholze AN, HENLCMERREOBRB LI Y2 - HFEORERH
k2 DH» % %?’tﬁ%%b??ﬁ@ﬁﬁk?w%itﬁoto%ﬂﬁ”ﬁ\
%ﬁ@%ﬁfﬁ%@%vV/JEW%ﬁHAnT<néﬂnﬁ%®mi HDHw
BAFZ Y T7TORAFNBRYWZ 2L B 25,

5. 3V ¥a— % OGRS

5.1 F—= 4 R—= Rk ART PRI

VL - FHOBEADD & o2 Tid, Eim’ff/\muu@ﬁﬁkl%%l_nﬁﬁh
PolhFEols RBETUVOEHIPIARIADEVEREICL., 78 0RBEHK
PR PO E o THALERRIEALAEA TV, BROLIKBEERDZO-D
KOS MEBEINCEDLN, AROBMEEWIEd L &) okl o &
WIZEo TRIE LT 26 WOBELBITAET 2 S EFMROERICKE 2
F—thb, EMS, PF-NMR LR 2HHTHo2ds, ThLDTF —
FR=AVPREWCKEL o T LRI, AXRZIMPVF— 42 oEEREAE
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