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Abstract

This study aims to develop the fundamental theory of a two-variate gamma distri-
bution, especially of a two-variate exponential distribution for engineering application,
In outline, the study is as follows :

(1) Methods of estimating the parameters included in the probability density fuction
of the distribution, the shape parameter in the marginal distribution of which is the
same in each, are developed by using the techniques of maximum likelihood and
moments. The results show that the estimator for the correlation parameter by the
fatter is coincident with the ordinary Pearsonian definition of correlation coefficient, but
that by the former is not.

(2) The characteristics of the two-variate exponential distribution, which is a special
type of gamma distribution, especially the characteristics of a correlation surface and
locus of the mode of the conditional probability density function are clarified theoreti-
cally and numerically in relation to the correlation parameters,

(3) For convenience of engineering application of two-variate exponential distri-
bution, numerical values of the conditional protability function are provided in a table,
That is, for the fixed values of one variate, the computational values of the other
variate are prepared under various conditional probabilities and correlation parameters.

1. Introduction

In designing systems for flood control and water resources, there are many
problems which should be analyzed by considering the correlation between
variables such as river flow discharges at several gauging stations, rainfall depths
at various locations, rainfall depth and discharge sequences, flood discharge and
its duration, and so on. This, situation compells river engineers to recognize
the importance of the theory of multi-variate statistical analysis and to introduce
it into their design procedure. In fact, stochastic techniques such as regression
analysis and data generation have recently played an important role in a systems
approach to the problems of flood control and water resources.

In most cases a technique based on a normal distribution is applied ; however
not all hydrologic quantities follow the normal distribution but rather a skewed
one having positive skewness in many cases. So, special devices must be
introduced to cope with this. One such expedient is to normalize the distri-
bution of hydrologic quantities in any of the usual ways; but a more basic way is
to develop a statistical theory for multi-variate following a skewed distribution.

This study aims to develop a fundamental theory of multi-variate gamma
distribution, regarded as a useful type for skewed distribution because the
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gamma distribution, also called Peason type III distribution, may have a great
variety of shapes from a symmetrical curve near a normal distribution to an
extremely asymmmetrical curve such as an exponential distribution, according to
the selection of the parameters included in the distribution function.

There are only a few studies available on multi-variaie gamma distribution.
Kibble’s” work might be regarded as the pioneering work in this field. He
derived a two-variate gamma distribution and showed it as a series bilinear in
Laguerre polynomials. Moreover, he showed that it can be expressed in terms
of a modified Bessel function, if the two variates have the same shape parameter.
Cherian? also derived a two-variate gamma distribution with a definite value
for the correlation coefficient. Krishnamoorthy and Parthasarathy®.? expanded
Kibble’s work to multi-variate gamma distribution. Izawa®.® investigated the
fundamenal characteristics of two-variate gamma distribution from the view-
point of statistical meteorology. Gumbel” and Freund® discussed some special
types of two-variate exponential distributions.

These studies seem to be for mathematical interest only, so it is hard to use
their results directly in engneering practice. As the f{irst step of our study,
the fundamental theory of two~variate exponential distribution is developed after
some discussion of a two—-variate gamma distribution, and a numerical table of
conditional probabilities of the two-variate exponential distribution is prepared in
this paper for the convenience of engineering practice.

2. Two-variate Gamma Distribution

2. 1. Definition and fundamental relations

The probability density function of one-variate gamma distribution is defined

by the following well-known equation,

f(x)zﬁ exp(—%)x""', £>0 (1)
where v and 8 are the parameters sometimes called shape parameter and scale
parameter, respectively. The expectation, E(x), and the variance, D¥(x), of
the variable, z, are given by

E(x)=pv , D(x)=p% (2)

The particular case for v=1 in Eq. (1) is known as an exponential distribution
and for f=2 as a x-distribution with 2v degree of freedom.

Now, the general form of two-variate gamma distribution function whose
marginal distributions have the different shape parameters v, and v; (vi%y;) was
defined by Izawa®; but we will start this discussion from the definition of the
distribution function where each shape parameter is the same, e. g. y=v,=v
In this case, the probability density function f(x,, x;) is given by the following
equation ;

1 x) kD)
Sz, x)= oI o7 &XP|— N —
Y ) (en et (1— )0 ety adsw)

v=1 2Jp ‘/xlxz
X (£\%2) 72 ]u—|<1—_P 0'—10'2) (3)
where I'(v) shows the gamma function and I,-,(z) the modified Bessel function
with argument (v—1) as defined as follows:
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o 00 +2n

r(={ e, 2= 2 Gy ;(u-l-n-l-lj
and g, o, and p are the constants. As pointed out by Izawa, if the correlation
parameter, p, is nezative or positive larger than unity, the value of z in [,-;(2)
becomes imaginary or negative and the density function takes the negative or
imaginary value according to the value of v. Therefore, p must be in the range
0=p<l.

The marginal probability density function, fi(%), of x and, fi(%x), of %
respectively, and the conditional probability density function, f(x|#.), of =z for
a given value, x, are defined easily from Eq. (3) as follows:

fl(xx) ES:(JL’:, x,)dxz = .. 1 - xl”“‘exp(—ﬁ )

r'vey g\ (4)
Firay =(7Fon, )= s weexp (—22)
_ f(x, %) _ g3 2 \rx1
S(xi)x)= 2= " i\ ) 2
HE) (46005 (1—pde z_1< 2
oz x 2Vo [z
XeXp[ S(1—p) ag(lip)]l”“ <1—p a,aza) (5)

Moreover, the conditional mean corresponding to the regression curve, E(x[x;),
and the conditional variance, D*(x,|x,), of x, for a given value, x, are shown
as follows :

E(x||x3)=ua.+ %P(xz—vﬂ'z) (6)
2

DZ(xl|x,)=w.2(1—p)2+2%”p(l—p)x3 (7)

These results given by [zawa are important as the basis of the following con-
siderations.
2. 2. Estimation of parameters

In order to apply two-variate gamma distribution to engineering practice, it
is necessary to estimate the unknown parameters, o), o; and p, included in the
distribution function.  But it seems that such a theory for two-variate gamma
distribution is not developed yet except in Izawa’s work for a two-variate expo-
nential distribution applying the maximum likelihood method. Therefore, we
try to develop the theories for estimating the parameters by using the methods
of maximum likelihood and moments for fwo-variate gamma distribution.

(1) Estimation by the maximum likelihood method

Under the hypothesis that v is known, for a sample of n’s pairs of (x xu)
(4=1, 2,+-++,n) from a two-dimensjonal population, whose probability density
function is givea by Eq. (3),is defined by

n v—1
Pﬂ _ 11 — ![=11(x|;ng)7
[1"(») - (6,02) T (1-p)6" 2 ]
1 » 1 2 n 20p %1 2y
-+ __ _—— I, 2= 8
xexp| =~ iy P Si=y & ) % B maz(l'—P)> (8

And the likelihood equations with respect to unknown parameters become as
follows :
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3(logPn) _ d(logPy) _ 3(logPs) _ -0
00\ 00, L
Considering the relations 1,’(2) ={l.-1(2) + 1.,.1(2)}/2 and [.-(2) — I (2) =(2v/2)
x I,(2), the solution by the maximum likelihood method is given by the following
forms

&\‘=ﬂiu;i=:1xl" tf\z=ﬂL§1x2i (9
2 pEini
g B
L(1257)
where & and »: are the standardized variables defined as follows :
p=2 =t (11)
ag) g3

From this we conclude that the scale parameters, ¢, and ¢, can easily be esti-
mated from the mean value in the one-dimensional sense but the correlation
parameter, p, is estimated only by an indirect method such as iterational
procedure, because it is implicitly contained in Eq. (10).

(2) Estimation by the moments method

The product moment of the joint distribution of the variables x, and %, is
written by the following
':1.“_,

Vpg = S:S:xlpxﬂaf(xh %)% dx,=C, S:xz : eXp[— ]dxz

X3
a(1—p)

Xgmxl‘%l‘fp exp [- m(i“'_p)] - (\’0 f;/(‘;xzp)\/x;)dxlw

(12)

and both p and ¢ are non-negative integers. Using the transformation of x =%,
the integral term of x,, I,, becomes as follows?:
I, Egmx.%—l“’ exp[—#] I, <_,2‘/“—ﬁp44'xf')dx
ai(1=p) \/0'102(1 oy l
= TETD) o 5 (1~ pyoro ™y 17 Fi(vtbiv
rQ)
v—1

Cz=0'2 2

=gy 09

in which /| (a; y; 2) is a degenerate hypergeometric function defined by

. I'(y) & I'(atn) z*
lFl(a 1 7y Z)_F(af) néb 1—-<r+n) n'

Therefore, the product moment can be written as follows!®:
= “ .7 B PPy B .
o= GGy So exp [ o’z(l—p)}xz 'F'(H-p Py (1 )

:%(l—p)”“m’aﬂ’(vﬁ svtgivip) (14)

where F(a ; b ;¢ ; z) is a hypergeometric function defined by

xz>dxg
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F(a;b;c;z =__L(C) °°[’(a+'n)['(b+n)
o ) F(a)l(®) ng.:, T (c+n)
Thus, substituting 0, 1, 2 for p and ¢ practically, the following relations are
obtained :
vie=va, ,  vyp=v(v+1)g,?
Yo1=vg, , vor=v(v+1)g,? ' (15
vi=v(y+p)a o,
That is, the following momentum equalities hold for the 1st and 2nd moments

zu

calculated from the sample of n’s pairs (x1s, ) (=1, 2, - +++,n)
12 _ 10 _
Z_qu=x|—ua, y = Xy = Xy = voy
=1 i=y
I 2= 2 2 &
?gﬂxl' =X =V(“+1)0I ’ — Xpi? ng D(D+1)622
L' o i=1
W%x“% =x12=v(v+p)s 0,

Therefore, the estimators for the parameters by the moments method are given
by
(x

!N
e

— (xz)z

J’

xlz—ﬂ(L)z) ~ % —7@?2)2 l_, (16)

Sy
I

|

Q

Ay

-

X1 X
- XX — X1Xy J

Vei— (&) Vai— ()

For the shape parameter, ¢, the solution by the maximum likelihood is the
same as the one by the moments method; and for the correlation parameter, p,
the solution by the moments method is coincident with the ordinary Pearsonian
definition of correlation coefficient bui the one by the maximum likelihood
method is not.

Moreover, the estimators by the moments method are given by the following
equalities, if the shape parameter v is known.

H=2 &= l
v v
~ ) ~ 9
b= *1 I
: v(p+1) "’ e v(v+1) ( an
5= YEE _ ]
= 5w

3. Two-variate Exponential Distribution

3. 1. Fundamental relations

It is well known that the one-variate exponential distribution, which is a
special type of the one-variate gamma distribution as mentijoned above, plays an
important role in the frequency analysis of hydrological quantities. Therefore,
developing the theory of the two-variate exponential distribution as a special
type of the two-variate gamma distribution is to be useful in engineering practice.

The various characteristics of the two-variate exponential distribution can be
easily reduced by using the above-mentioned relations. By using the same
notation as before, the fundamental relations are summarized as follows :
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Probability density function :
X2 s 20 0 o /xx
- n(3ley/mm) as)

1 X\
iy X)) =————€Xp|—— - =t
S, #2) oi6:(1—p) p[ a(1—-p)  a,(1—p) I-p
Marginal distribution function :

_1 X b2
Six) —;exp(— . ) Solx) == exp( aa) 19
Conditional probability density function :
Lo 1 x 0%y 2o /ax
x -+ —_ kA _____ P’ | X%} (20
fenls) =iy exp| = oo ft o — o ] - 1(3Le,/2m) 20
Conditional mean :
B(x1 %) =o1+6 2 (x=0)) ' (21
Conditional variance :
Dz | 2)=02(1— P)”‘ZU' o(1—p)x (22)
3. 2. Esitmation of parameters
(1) Estimation by the maximum likelihood method
From Egs. (9), (10) and (11), the following relations are obtained,
a=7 , Gy=1%; )
2\/05:?) l
5= inl<ﬁlp>* (23)
P= & e i
I, (2\/9517):)
1-%
where
gi=20 g =2 24)
a4 13

In order to obtain the solution of p, the f{ollowing procedure may be used.
First, defining such a new variable z; as

m:‘w—”mm (i=1,2 +oe, 1) (25)
and using a function K(z:)
N=d(2) , _rnia
K(zi) = To(z0) 2i=K(0;&i,ni) (26)
Eq. (23) is rewritten as follows :
20 _1 =2
1o = & K@ e1p)

The relation between z and K(z) is shown as in Fig. 1. Therefore, if the first
approximation of # is assumed, the value of z is obtained through Eq. (25),
K(z) through Fig.1 and the second approximation of g through Eq.(27). This
computation may be repeated untill Eq. (27) is finally satisfied in a practical
sense. In this computation, the selection of the first approximation of o is
delicate. For this selection, it may be useful to adopt the solution by the
moments method. However, there remains some doubt about the necessity of
obtaining the exact solution through such a troublesome computation in practice
because of the existence of errors in samples. That is, the following solution by
the moments method may be sufficient for the estimation of the parameters
from the viewpoint of engineering application.
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K(Z)

Fig.1. K(z) and G(2).
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(2) Estimation by the moments method
From Eq. (14), the product moment for two-variate exponential distribution
is given by the following,
veo=p 1 g 1 (1—p)***6 26, F(p+1, g+151;p0) (28)
Then, the solution by the moments method is obtained by using relations given
by the above equation for p, ¢=0, 1, 2 or by using Eq. (17) in which parameter
v is taken as unity. The following equations show their solutions.

&\)=x_( y 0"\2: 2

qi- 1z, =Ly

S R (29)
_ X%y _

= Fm [

3. 3. Probability density function

In this section, we investigate the characteristics of the probability density
surface. The following considerations are for a distribution function in which
every variable is standardized. Fig.2 shows a form of the surface of the proba-

f(em[
15

Fig.2, Surface of two-variate exponential probability density function for p=0.3.
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bility density function for p=0.3. Further information is obtained by considering
the surface of f=f (§, ») for a fixed value of 5. For »=0, the curve of (4, %)
is exponential as seen in the following equation,
1
7 = oee(—1)

and the value of f(& ») decreases in monotone with the increase of & For p=
const. 0, the shape of the curve differs according to the value of 3 and all
its curvature is not monotone, but the probability density surface has a mode
for »>ye in which », is some boundary value. However, it is difficult to know
the details of this tendency in Fig. 2 directly according to the value of 7 Fig. 3
(a)~(c) show examples of the intersection of the surface for some values of 7
From these figures, the following tendencies are pointed out :

1) For the positive fixed value 5, if p is greater than some value, the mode
of probability density curve exists and the boundary value, 7, diminishes with
the increase of p.

2) The position of the mode moves to the positive direction of € according to
the increase of p or 7.

3) The degree of kurtosis about the mode grows smaller, the smaller the
value p or the larger 7.

In detail, the position of the mode is obtained by the following analytical
treatment. Denoting the value of £, at which the mode exists, by & and putting

Laf &) /35_-] =0, £ is given by the following relations. (p, »*0)

- (&) —c2 (30)

L B
2 2lo(2)
4

1—'.__
2p

l_P\lfﬂ“? (31)

in which G(z) is a function of z and shown in Fig. 1.

Since the left hand in Eq. (30) becomes known for given values of o and y,
and yet the value of z is found for G(z) from Fig. 1, & is easily obtained
from Eq. (31).

Next, the domain in which the mode exists is clarified as follows. By using
the recursion formula of the modified Bessel function, the following equations are
obtained.

L(2) _ i{l_ 1_z<z)_J
z2Iy(2) 2 Li(2) )’
0<1.(2)/1)(2)<1 (the equality holds only for z=0).
From these equations, it becomes clear that the mode exists only when the

value of 7 satisfies the following relation
2= (32)

By using the above results, the position of the mode of f(¢,7) for a fixed
value 5, can be calculated and the result is shown in Fig.4 for the various
values of p. It may be said from this figure that the locus of the mode for a
given value of p will approach a straight line asymptotically with the increase
of 7.

This asymptotic line can be found by the following proccdure. By using the



0 25 4
10 (85 '0:2 \ii ~
FEY) 22 0.0 a7, N o :\\\\
e 1= 2.0 t m)m k\\\ =40
|
10 0 _ 0 If{f 1/ \\\é\
o5 ] \
| \ /] ] VN
' 08 os !
10 i 0" \‘\L 0 !,’a,'g cal
\
i i |
'0-2 1 A 4 \ \ \\ 10°® \
IRILTRAAN i0 HAAER B
TN IRBT TR
: BN i\ HAN
a'alar\o;osg; ¢ |\O'Ko \ \ l\\
aeloa\ b2 T ¥
Io‘a o', of\ol.‘\; \ |0'5 :O‘.el \('IJ? [o'. a3 .éau(\)} 4(
O 2 4 6 8 0 & 0O 2 4 6 8 0 12 & 0 2 4 6 8 10 12 14 &
{a) (b) (c)

Fig.3. Intersections of two-variate exponential probability density surface.

261

VAOQVY W P¥2 QVOVYN W



Two-variate Exponential Distribution and Its Numerical Table 193

asymptotic expansion of the modified Bessel function of large value of z,

_ 412 (4P—12)(4u2=38)

&) = 1 118z) = 21(82)? |
the power series of z for 1,(2)/I)(2) is given by

Iz ;05 0125 |

Li(?) z P2
Substituting the above relation into Eg. (30) yields the following approximation

2, 20 ,(;_05 0125 N_ 20 ((,_1\_p(L

7 l—pz(1 z PE ) 1—p [(z 2) o(z)] (33
Assuming that O(1/z) <€ (2-1/2) and 1/2<z Eq (33) is rewritten by

—op— 17P - 1-0
Em=p7 7 or = ém 4P (34)

This is the objective equation of the asymptot1c line.
3. 4. Conditional distribution function

Using Eq. (20) expressed in the standardized variables, the conditional distri-
bution function F(& | ), is defined by

P ) ={ 7 Imde =g exo(= 2 ) exo( -2 R0 (2o yg)as ()

Of course, it depends on the values & 7 and p.

Two kinds of numerical table for F(£|y) have been prepared for the convenience
of practical computation. One is a table of F(£ly) tabulated for »p=0 (0.25)
3.00¢0.5)5(1)10(12)18, £=0.25(0. 25)10¢0.5)14(1)18 and p=0. 1(0.1)0. 9, in addition,
£=0.05(0. 05)0. 25 for p=>0.6'". The numerical computation was carried out by the
following operational procedure. First, {(§|y) was computed for given values
of o, 7 and &, the interval of which was given by at least 0. 005 if necessary.
Next, the integration was done by using the Newton-Cotes integration formula.
This computation was done by KDC II (Kyoto University Digital Computer II).

The other is a table compiled from the former, taking into account other
conveniences such as data generation. For this compilation, considerable supple-
mental computations and interpolations of numerical value were carried out by
a digital computer, FACOM 230-60 in Kyoto University. In this new table, as
seen in Table 1-9, the value of & has been shown for F(&1 »)=0.001(0.001)0.01
(0. 01)0. 20(0. 05) 0. 80(0. 01)0. 99(0.001)0. 999, »=0(0.25)3. 00(0. 5)5(1)10(2)18 and
p=0.1(0.1)0.9. In this table, for example, the numerical value 0. 1234 -1 means
£=0,1234%x 10" for corresponding values of o, » and F(&|7p).

These tables are useful for various two-variate exponential problems in engin-
eering practice as follows, One example is data generation using the simulation
technique for two variables. In a two-variate normal distribution, the estima-
tion of the dependent variable, », for a given independent variable, x, is made
by the following well-known equation.

y= y+p (x Z)toyyl1—p? ¢ (36)

where 7 is a standardlzed normal variable with zero mean and unit standard
deviatjon. Since the conditional variance D?(y|#x) is independnt of x in the
case of a normal distribution, the term to be added to the conditional mean is
written by the simple form as shown in the third term of the right hand in
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Eq. (36). The other hand, in the case of a two-variate exponential distribution,
the corresponding eqguation becomes the [ollowing.

y=i+p L=D4y a1y +2 2 o(1-p)x € &)

where ¢ is the variable corresponding to ¢ in Eq. (36). However, ¢ is not already
indepent of p and x, but a function of F(y|x), i.e. e=¢e[F(y | x)], because the

| | 1 | 1 1 1 H L i L

0 2 4 6 8 10 &n

Fig.4. Positions of mode of a conditional probability density function.
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variance D?(y|x) depends on p and x.

That is to say, since the conditional distribution function of ¥ in the case of
a two-variate exponential distribution is dependent directly on p and x, y must
be given by the following form.

y=3(Fy{x))=y(F(&| ). (38)
This explanation may be supposed easily from Fig. 5. Tables 1-9 may help to
deal with such problems.

(Ptu):standardized normal
distribution function)

t
y | Flyxs={_®wadu y

Flyix)=F(&m)
- [Sfeemae
(&=y/0y, 1 =x/0x)

0 X X 0 X X
(u) (7
S SR B € ) _ 1 3 px
)‘(yl::)— ~/2—71’0,va exP( Zdylxz ) nylx)_ Uy(l—P) exP( ov(l—p) 0;(1—,0))

J=3+p(x—%) xlo(ﬁ _zy
Ox 1-p Oy
(a) (b)
Fig.5. Conceptional illustrations of conditional probability density functions for normal

and exponential distributions,

Another example is the computation of probability in an arbitary domain 2 in
an z-y plane. If the domain D is expressed by the pairs of standardized varia-
bles, (4, ), the probability, P(D), for which a pair of variables, (£, 3), is included
in the domain D, is given by

PDy={§ sce. maeay= {7 f Gy [(3he 7 (1) de | ay

where 7 and 5. denote the lower and upper boundaries of 7, respectively, &u
and &w the lower and upper boundaries of i-th strip respectively, when the
domain D is subdivided into small strips of equal width by the straight lines
parallel to the & axis. In practice, the equation is rewritten by

P(D) = 5 e AF(Guly)—FGulnd} s (39)

where Ani and n are the width and the total number of the subdivided strips.
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This computation can be easily carried on by using this table, too.

4. Conclusion

This paper has describcd the fundamental theory and its application of two~
variate gamma distribution which has the same shape parameters, especially
two~variate exponential distribution. In addition, a useful numerical table is
presented for a conditional probability function. Of course, there remain other
important problems to be elucidated, and we are now studying the following
ones.

(1) To expand the above results to two-variate gamma distribution which
has different shape parameters and also to two-variate extremal distribution.

(2) To clarify the degree of confidence of the estimated parameters and to
develp the theory of testing hypothesis for two-variate gamma distribution.

(3) To apply these theoretical and numerical results to practical engineering
problems such as the various river works.
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Table 1 ~9.

Values of & for F(£|») and 7.

F el = s as
exe (-2, e (155

Note : In the Table, 0. 1234—2 means 0. 1234 x 102

1

1-—

) ("p J&v) dé

ERRATA
PAGE | F(Efn) n ERROR CORRECTION
202 0.001 0.00 .7004 -3 | 0.7007 -3
204 0.001 0,00 ,6003 =3 | 0.6006 -3
206 0.001 0.00 .5003 -3 | 0.5005 -3
208 0.001 0.00 .4002 -3 | 0.4004 -3
212 0.008 1.25 .1070 -1 | 0.1070 -0
212 0.11 0.75 2204 -0 | 0.2240 -0
212 0.13 0.75 .2552 =0 | 0.2522 -0
212 0.45 1.25 1022 -0 | 0,1022 +1
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Two-variate Exponential Distribution and Its Numerical Table

L2 e T S T T R TR LS T+ #646°0 1+ JL60 1 2088 Te 9Len‘0 e nsR0 1+ 66T a - 46610
geanir'n  2a WAl Ze OLQ 1+ s¢den 1+ aven‘o 1o |80 Te D6L2°0 e ST8L°6 1o ¥(OL%0 1o vzl
Te ZOO1'0  Is k(01'D te 1996°0 s &ze0 1o 2%61°0 Ve ZipLto  Te KiC e L0 14 (440 Te ZORe
2 U0 1= T686°0 e pLr6n 1o 8AtD 1o §192°0 1+ fure Te 966470 1+ LCROD 1+ Tew'0 e (tv90
T4 600)70 1m0 s en Ve 829170 T K20 s 6ros0 Te 6(L0°0 1o Lige0 T4 11990 te 4ze0
1o bzea 1+ 1940 ke LI68'0 e copLn s z21L'0 T+ ZEM90 te Lxén'o Yo YD te 902970 Lo Lin90
T+ v0%6°0 1e t9uaca e boLED L0 1> M&a o 19970 e mea'n T~ Z612°0 - 2oea (o Loy 0
1o 20060 1+ 0240 e 91580 (= ty2-0 [ o Beve-g o T8TY'D e K090 T+ 199570 o oo
1+ ¥(Z670 1+ wer*n te p(Q'N e 69040 e 2M°0 1o (90 T 40092 Te 0650 Te 99L570 3
Te 220670 T+ bopen e wme'a ta 09490 e om0 e 412970 o 6D ke Z8iSR te @50 o oLre'n
e (g0 0 Te 1OOL'0 Yo LTZL*O te erase0 e OI9"0 [ T 1 eisa s aler’ 1+ w0 to Tosv'n
14 worio 1 staLre 1o 9910 1o gocstn s CUIgn te Gigron e wopa Ta phop-n 1+ 19tv'0 Te TP
1o a0 1» 82690 1o §4Y0°0 14 Le6e"D 1+ sriren RRITR] te 4ZY'D 15 as0re ts Year g e £04C"0
14 gogen L ouren e LERs 0 s W 1+ $eppin 1= m2rn 14 90000 1o 6pReA te 604K°0 Te Ly9c°n
14 08290 1o AAEH Xe LUSED e fzee-a e 31200 Te 20000 16 eI T+ 690t te vssC'n [Ie
1+ #(OA*0 15 060 Yo G i I+ $O% 0 1+ tdsC0 = LCD Te 6200
1+ oles 0 1o (Lo(r0 18 &21son 1. T 14 290 12000 e 00
s 010570 1+ omzitn 1 D0 te s CO¥C ‘O 1o &urcea 1+ UOED I+ o820
1o s2egn Te OTETa Yo (LR T e rcon Te 2070 I $v62°0 14 pveE0
1 razg-o 1« 800 te 6t9r°n © s 220 Te 205" 1» X&R'0 1o (o
Lo 10 1 262070 ts Liwren o 01D 1 2162°0 1+ 522D 1o Lrezee
1+ nLsy'o 10 1999%0 1- 90 I e R662°0 1o frgeea © TR0 1o 065800
14 26y°0 1o (CCP°0 ¥~ @20 te T 66%2°0 T pzeca te Ws2°a 1+ §oe2°0
1+ C1en 1+ COmen te BN 1 eaLtn 15 960 te uen w te 1ngz'n T ztazn o (5920 1o €o5Z°0
Te 965v-0 1e 00Cy 1+ 6660°0 e 260¢¢0 s 2LC0 1s LRZL-0 w e nzLz'0 Te s0e2'0 e 20 Te uEze0
1+ vorro 1o CBE0eN te 94000 Te tag(‘r 1+ HTCC0 14 s2i(-0 T e ¢far'n [IRTER) e 0020 To viz2°0
1+ 6lv-a I+ wos- Te woLCA > 00LL°0 W 81N te Ow(-0 1 Lo 2987°0 Vo e e ozz 0 Te 01270
14 alze-a 1o p84C°0 T s0LLn e tgn teoInien Ts 426270 1. Lo gz’ 1o 22(E*0 e 20 Te To02 0
T4 2210 1+ 670 e 9190 t- Lefcea Te 1600 1o TR -0 1 1o A192*0 e oo 1+ 008270 1+ a102°0
14 ZhICD 15 60900 e @r¢-0 G wern Yo 629270 1 W8T [ to Tz e (861°0 1o 602100
1o 1ACCD To 6CT0N T« gegz-0 te b0 1a LGT0 © o2z 1 e 96at'n - o 228170
1= 990C0 te (CRZD 1o 9642°0 e w5E2°0 Te W12 10 9660°0 T s 9tat'D () s &5l
Te guz-0 e e5b2a e <ccz+n e te #901°0 T+ LLU0 te [ TR t te L2110
1+ Q15240 e 901270 T 15020 To LEOCO Te 62910 1+ 914170 1. s 0i2t-a -y, T+ 9201-0
1e 0222°0 o 2ine"n Te 9L8TN (SR TR AR s 28T-0 1. e cro v o o 1vage0
e 2oTn 1+ 200D e 6sal°n 1o @010 1s 0180 + Zezt-n 1 o M94'D O mese'n o a0
te stetvo (RIS 21 1o 10 te 1’0 1+ (000 0~ oims0 O~ o M0 0~ (beL0 o= oo
1+ oot o 10 Ioor‘0 te bozT'n T WA 4= Q6D D= PIIS™N o= ofwn O~ o WIL'D 0 lmetn - E1%0
1o W1 te MU0 Te ZOTI'0 0- Tr0  a- SZ(RY 0- P91’ o- poLo O o Kes'n o= ey - (9o
(o (L 1 KATD 0- KZED  D- QHE0 O~ RN 0- @Dt0 o- o010 O o oer0 0 fReD 0- oL
o 406M O- SAMD O FMLN O- )0 0- KN O- 00050 o 8600 O LRVITE R At o~ L6209
= PUEG 0 lelED 0- UIL0 Q- salea 0= §LUed 0= oply'o o= mcrea o 0= 41880 0- WZCD o wz'e
P 06890 0= B6LL'6 O~ Z9L9°D 0= 26(UE'0 O RAMR  O- TBI'O o~ 42090 O~ 0 2LLL0 O OWBL'D a= 9L
- (9950 0~ 1WL'0 O- SR 0= UPEd O~ P90 0= SIr'0 o= WEC0 0 o 2LC-a O 19620 o= ciren
O 2(09-n 0= ¥IRL'R  O- pMA (- 2ISTM O- LN O Olé°0 o k30 o o (16270 O~ W'D o~ ez
0~ 66LL°0 O~ ST 0~ &N O Lyyd 0= UMD O- SULO o Wi o 0+ 9Lz'0 O~ WAI® o iz
0= LM 0~ 1ZZ90 O- IMsn O 24r°0 O B0 0~ (WD o- ("0 O o~ Dege-a  0- WLIO o el
M ALSD - 0ZENN O MR D LI O KD 0~ URYC o- et 0 o= Le20 0= EAIZO o 4010
o= 0790 O LIvk'n O~ TP B 106C°0 8- bER(M O- 058T°0 o-sere o ov 412’0 0~ BT o L9t0
IR0 O~ U040 0~ ISZYR O $MC0 O- TeZ'0 - ouXo o~ Lo 0 o~ O02°0 0= $0E1'D o= 615170
Dv 51670 O~ WAERX0 O 96R(°n G- 99Z('D O~ G2 O~ 090 o= vozo o o7 S0 0= M9TQ 0= 2651°D
6= l6%v-0 D= SL'O 0= GZLC'A  PeDL6Z'R o te20 0= 222D 6wz o o~ ®I'0 o= MI'D o~ LeT1%0
o snveco o ZHL‘0 o sLIcn o= (sTn o~ oitea Lalle iR o wure L o 0 0= sar1-0 o~ @11-0
0~ ou( " o 12iC-0 - tezn 0= 01z a- 0okt~ o LUto 0= 0481°0 "~ o~ LU0 o- 82I'0 1~ z096"0
0~ 0IV("0 O~ TR  O- ¥ O JGA1TD O~ 8910 o~ UstD 9= 3210 0 o~ wote - 09960 1- 16w°0
0 (8T0 O~ MNP 0~ WX'0 O (991 O- &M1D 0= EEZTD o (ot - wear - (1680 - 009’0 - 9LILD 1- #5070
o nieo o~ LstD @ 19170 o= (10 o~ g0t t= AL 1= ot¢e-0 - q6L'0 - 801L°0 - oo - suso 1- ot o
0 (ZEUD @ 90510 0~ $QZ10 0 1010 - P e (LD t- 16690 - 17660 - s - 5000 - 19200 1- 9tor’o
o~ meto  o- Zot'o 1= g¢e-0 1- 6vi9°0 - i 1~ Mgy0 1~ 48000 1- 80610 [T - argee - w0 1- 009
- Wrn - 1eero 1= omrro 1= cetso ™ 00tz = 112 0 ERILRY 1= mét'o - MLUD ERVAR - oteto 1= mcto
- zogsa 1- sbeer0 T~ vl(o 1= %060 - L6en - zorz'o - uat'o t= 1o - Y0 = L0100 -ogRLo  1- 00zl
= plio = e ™ 9D ™ uzo - N = 15470 1= (EL1°0 - 9L10 - owl-o 1= $621°0 = L2to 1- 9901
1~ (vie‘o - DiY-D 7 - ogiz°0 - 2t6T°0 - Cutre 1- »i1°0 = 2tio 1~ ocer-o = D110 2- 95960 T~ TGO
1- 06C‘0 = LD 1= 68270 1= Irot 0 1= 61910 ™ o - (1t - Ltro - »501°0 2= Hre'o - *8°0 T- gebLo
1- B2 - €520 - gz o zaLte - %10 - @re - ss0t0 - lo%6'0 - 6uE'0 T~ L0 - $o20  z-wm0l0 I- 49970
- ewevo - e - - 10 - (10 - smisD - 29270 - (raL‘0 - 12010 2- 9890 - (26670 T- ®T%D B~ (60
1= +141°0 - 498170 = roera 1- zEOUa - %100 T- ML - ai0 - 140 - eszi0 B ULYD =m0 T- D 2~ dmKT
- oo 1= osot'n 2~ 90690 - 0Z|a - o - (o - of(r-0 2= 0THCD - €06C"0 - ;Mo - otk - o180 - R0
I~ /WO - (1670 T FLEa - Tu-n - HE0  I- o T- A0 Z- 4ATD - MU0 - 63610 - vepl0  I- s0pl’0  I- R(1O
on 0°9y o ozt a-at 0'6 o'y 0°L X} 0% I oe §e¢ /hbpwvh

‘1°0=0 (panuluo))

‘T 3lqeL



M. NAGAO and M. KADOYA

200

¢ 19190 e WEEL°0 T THELD ™ L0 Te &6PL0 T+ 99210 T 9020 1+ %09'0 e W90 T 28090 Yo #1940 s ovt0 10 32650 73
1o 6IYL0 Te 62z T+ €009‘0 1o #6970 1 Hel9e e L0590 * U590 - 6419%0 Y+ 60650 1o IS0 Yo 650 Te ¥3280 e 270 9640
1401010 1+ 6RO Te ¥699°0 1+ 2659°0 Yo (K90 T+ 2019°0 + 50090 Pagpeti e 14 (1950  00% "0 IR 1> Z8r-0 wiero | Le4%0
T+ (029°0 Ts 24590 Ta 94070 1+ 2790 1+ 20090 1» Z06s0 1+ 2260 Te OPEE°C 1+ SPLEYO w 10 1+ @thy'0 1+ L9070 * LIv*"0 565°0
™ 9o 1+ 9190 e Y9190 1 0090 ta 99960 Te 09950 Yo D60 T+ B2C400 Te 1570 1+ 9C4¥-0 1+ U0 T U0 1+ &zoD 60
T BST9°0 T @D T Us0 T 618870 > 1990 T+ 969570 1+ s2es00 1 26150 1+ 59600 Tealls'o 1 TF'O 1o Lo 1o teov0 | ves0
T 10150 ™ g564°0 T+ TIRE"0 > 099%°0 T+ 108470 T omiso L0 1+ €00t 0 = mhva 14 W0 T R0 Y+ LOZr0 T+ 696C°N (64’0
T+ 946570 ™ $105°0 s OL9%°D $+ RSSO ™ 9960 1+ ors’o 1« 99050 1+ Sl90°0 1+ 9690 1+ BOSY 0 1+ 80Cp‘0 Te ¥60»°0 > 098C°D réd 0
1+ 2euS"0 eSO Te SKECUD o 86650 [Tl 1+ 2405°0 s 0690 Te E9L2°0 T 99r0 Te TOPe°0 T+ b0EP'D 18 666¢'0 Te 9100 | 660
o (Us R e K050 Te 4RI Te 09U e 996¥°0 © TR e 0990 1A 15 vote0 1+ ztro Yo 90650 te pe9c0 | o860
Te &ohr0 e ZZRY T4 69’0 Y+ 850270 T (Trta T+ Ca2rca T+ gCUF0 (s 1860 AUR I &) ™ 0250 1* 66¥(°0 14 oTif 0 Yo O€U‘0 060
1o weryi0 1+ pLCYO Te 25T°0 e 2z e 966¢°0 v 19810 18t Te 86500 Te Low(0 > 26200 A 1+ L182'0 te $08Z°0 2670
1e 231r'0 1+ (hvro T+ 9eL'0 T+ 91900 1o voO(0 ™ 695070 1+ reC0 T+ &XK('0 14 24100 1+ 100 e (A9TD ez ™ ez 96 0
1+ 116C‘0 1+ 08¢0 T4 689C°0 ™ rsco T4 LeCn ™ LI 1+ »12C°0 T+ gRNL'D Te 656270 Te €220 1+ Li9C 0 ™+ m¥it'o ™ ezT0 560
10 000 To MO0 14 s@vC°0 1+ Cute-a o £92¢0 T orILto 1+ IZOC0 1+ go&zo e cRiz'0 ™ 99270 1o sz52°n T+ D6SZ'0 © ez v6'0
s e 2t0 ORI 1e $02C°0 T 560170 e v62°0 1o 120 s 95020 Y UKD - (1527 Y+ w0 1 66220 te 1ztz0 0
© 190 1+ (gt-a T4 191€°0 1o w0tn o 136270 Y4 (YEZ'O To CELTD Je TR'D Y 90520 > sz 1+ 8%32°0 1o DT’ © 12020 260
RO 14 2N s zota 1e 92620 e 2RO 1+ guzte Te Z192°0 1+ oiz'D 1 2LZ70 W 4zzo 14 920 1+ 9902°0 T+ 926170 %'n
Te 640K 10 1+ bOOE"0 - 10820 1o BORD 1e BoLE'D 1+ 909270 1o (06270 1s 14620 Y» 06ZX0 ™ iz 14 oUR'0 ™ 2610 T oo 060
T £9862°0 o 262270 [TV 1o TOZD 1+ y082°0 1> 05270 o ¥¥z-0 ©EZo Y e81Z0 s 26020 1+ SO81-0 T+ 928170 L w9t £3'0
Ve 920 G seL20 1+ Laoxo 1+ (09270 T+ 905240 1+ TIZD Te £1Z0 oz » aw'o e oz-d T+ w410 1s 20010 te 96910 %20
1e ¥RIZO 1o $692°0 T+ Wz 0 e Z16270 T+ 6120 e $2L2°0 Te 0€22°0 T+ (CIE"0 T $eoero s 586070 1+ 9t6t-0 T MLaca W oD 1870
1o W20 Te 90920 T fls2 0 e W20 e Liixio » $rez°0 T 250270 T+ SEOTD s £961°D s 1581°0 Te &9LTD ™ ust'e T Usto 9870
Te O1R2°0 T+ ¥250°0 T LOKR20 Te a¥(270 1+ wzo > iz o T 0R02"0 T+ 82610 T+ 966170 ¥+ 208070 e OLUD AR 1+ gTeT0 Bl
1e (£32°0 1+ 99¥2°0 e 120 14 sL28°0 tr &p1z'o T+ 1012°0 T ZW0R 0 1+ (2410 T ZLRTN T 1rLT0 Te 0f01°0 T+ essta 1- 9910 »0
1+ 959270 14 L02°0 Te 022D e 9022°0 L zR'e e stne0 e 610 e 19RUD Te CLLTD 9T 1+ 965140 1+ 90¢1'0 1e 91070 e
T 490 To ¥0(2°0 e 22220 e D120 e LeR 0 v £L81°0 Te JAIT0 Yo (ORT'D 15 LUTO ™ WU Ry e 8210 B LUUD zi%0
w Ieo ™ N0 Y- RE1°0 U0 1o 96610 T+ L0 te XCAT0 1o BRLTO Te #9900 T 0810 ™ 0 RN 450 1o 80N wn
©» wrzo te L1z’ T Laztn e 120 o fE6T°0 T WSAT0 14 Lt 12 £690°0 1 L0 e EOET'A T 0rT0 e g9Ct0 To BTN os-p
t zld10 Te O0BT0 Yo 6ZAT'D Lo AT 1= yiyt0 e T091-0 14 6L51°0 1+ 9991°0 1+ ¥6ET0 e TXUs 5 ozun 1o 6LTTD 1+ 011N L0
¥+ LLL1~O s USTD Te gratta 1+ %510 L 1+ Bart-0 ™ K10 1> QLYo Te (12170 1o 25TT70 18 950N 1+ w2010 0= 20960 L
7+ SL€1°0 1+ sLrl'0 RN Ts #5CT°0 1+ 56210 T Q210 1+ 9LIT0 LAEIUR] 1+ o90Y-a e ¥001°0 o 380 o~ ¥(83'Q 0~ 65¢8°Q 970
14 85CUD 1e T0CT'0 Te TP Te ZETU'O  1- LIV T+ ¥EO10 e 01D 0~ 98L60 0~ U260 o~ 0290 o- wEe'n 0~ BSLL'D  O- o4C2°D 09°0
1+ 96TL0 Te MO T 960170 s 9pt'o o 86 0 0= 26760 o Liogn o~ 2558°0 o~ 96080 0= 6y9L‘0 o~ S12L°0 0~ 964970 o= g9(90 st
1= 0gO1'0 T+ ¥OOTO o0~ (656°0 o~ 20160 o= &R0 o~ LzRo 0~ S50L°0 o Lo o~ «nL'o o 90 o~ 15¢9°0 0~ 10650 o~ ik oL'0
b= 1916'0 O 49280 o= [ME'D O L0 D GKR2°0  0- OLIL'0 o 1649°0 O~ ((ye'0 0= D0B09'0  O- (LSO O~ LE'd 0= gResta o~ (B0 Ao
o S161'0 O L¥EL°0 0 9RILD O ((RS-0 0= R0 0= TWI9°D o0~ (7S O~ B0SST0 O~ 2240 0~ 9B o~ ;' O~ &r(r0 O LiOv-0 00
o §929°0 O~ 5T¥9'0 G- BOI9'D O~ 008S°0 0= 00K’ O- BRS0 O~ LEKO O YO O~ Z6(r'D O~ DITTO O~ 640 0~ 98T 0" 90 €0
o 61350 O EAT4%0  D- 980%'p O TCer-a 0= SLS¥0 0= GAv:Q  ov 10e0  O- (0 D= WOC0  O- OLHMO  0- 6@(M O~ LoaC) O (L&D otn
o~ 909% ‘0 4= olLro - A - 1260 o 6nul 0 505¢‘0 o~ WLL0 o= o2t 0 G- O¥62°0 0~ §9.22°0 o 920 o~ 69270 0~ toce*o @0
0- EW9C0 o= Tevn o~ Mz 0 090(°0  0- RN 0= 62I20  g- {152°0 O~ v¥Z‘0 0= ORT'O 0~ /RO O~ fARW 0" 00610 0~ HALl'0 az0
o~ QIO O~ V(O o~ WOC'0 O 6RO O- I(IZ'0 O QIS2'0  0- 1(PL°0 0= 06220 O~ WO 0- 42020 O~ E061‘0 0= sALT'G O~ 94OT'0 o1°n
0- 9220'c O~ WOC'D O 424 O0- @I'0 O~ fl52'0 0~ 0iw’a o- o6z’ 0- HIZWQ 0~ TR0 0= UISI'D 0= 810 0~ 06910 O~ GAST'O arn
o- gto{'o T~ L&D 0- 4122°8 - w9SZD 00 OZED 0= <R2Z'0 O~ WITR b~ 9ZOZ'D 0~ #A6T°0 O €6L1°0 0= §B9[‘0 M 9eET'0 Om Y6RT°0 11°a
o 152’0 0~ (62°0 O~ ppi20 - (orzv0 O l9zz'o 0= L(IZ'0  o0- »W2Za  O- WAJT'0 0= SAll0 0= OMIT0 0~ 81 D-ielD O $6C170 9140
0 09920 o= FUS2'0 O SLIZD  Ov BsZZD O SUIT0 0= P66T'0  0- 9L91'n 0= ML1°@ O S991'0 o~ 99L'D  Oo- i@ O ¥RI'0 O- 0GCTM s10
- »152°0 O GLEZ°0  O- GOZZTO - [RZ°0 - L9610 0= 7RI 0~ MU' 0= WIITM 0 S0 p-Leelta o-91n o-aRI0 O~ XU e
- 6320 O €1Z°0  O- OT0 0~ SZ61°0 - 9WT'0 O~ (W0 o= (X6 0= LU o~ 1291’0 o~ WO 0~ TRIW O 9EIl'0 O~ PUIT'D o
o 9EZ® O 68670 O0- LIEU'n 0 OLLU0 O~ RM9I'0 0= USK'0 0= BR¥'A 0= [ALTM 0= NIEl'0 0~ 22T0 o~ NIV o-WWl0 - Qota 719
- »z6T°0  0- 9TeT'0  O- (ILT°0  O- S191°0 O Z241°0 0= MMI:0 0= 05C1°@ 0= 01 o= 6II'n 0~ (I o~ 90T - 26670 - ZCon e
o~ MLT'0 0 SOTD  0- sST'0 - ZT0 0= LICT'A  0- 162T°0 0~ RZZt0 0= é4U'a 0~ eI 0~ 90 ™~ a0 - 1480 1- &reme ot-o
a- 99518 0~ G100~ 16€X@ 0~ OICI'0 O~ »ZUD  0- 29M(‘D O~ (601D 0 wol'D 1- uss'n T+ T606°0 = 995t - 1£08°0 = 5wL0 600
0- 996170 0~ LAI'0 0= (XD 0~ 09TI'n O~ 260I'0 O §ZOL°0 1- 0196°0 - $406'D 1- 26600 - ometo - 9¢sL0 1- couo - usea 00
0- 8210 0~ OO  0- (LOX‘® &~ KX0T'A 1~ (1540 T~ 19690 1~ 02ro'e - REL0 T~ SMLT - 96690 ©~ us9'n - 0890 - 90850 w0
0~ [oTn - 7160 T~ S916a 1= 22990 T RYTR0 1= 18920 = zeu 0 1- (SL9°0 1- 6r(9°0 - 196670 t- 09s'n - 8250 1- 0%6r-0 90°0
1- 20 - 000 ™oeo9s - oL'n - 905t = 50000 - 256570 1- 00950 - ve50 - e - B0 = 19070 - €Oly0 £0°0
1- 4929°0 - 9790 ™~ 99090 - 0L5°0 1= 9957 T S50 1- (eD>*p 1- ssmrn - 06tr-0 1- 86’0 - 6690D 1= Ui - 952€-0 00
1- e - 6D - (e - TREO ™~ @ov-a = WK = U0 1- uZcco - zic0 - 4c62%0 - 19220 1- r6iz = LE92-0 00
1- 9ovia - 2Rt - qteta 1-0t®'0  1- 090 ~ oofee 1~ &¥e2-0 1- ®rT'e - 220 - drs10 1= Ao 1- ozLtn ™ 919170 ™0
1= 8T0 - 6L 1- oostia - rr0 T- (T - yeca - 69(t-0 1- §601n T Z00t0  T- 46980 &- OTWT0  Z- 6650 T~ Ov08"O 10°0
- mra = 90rt0 1- oo - eRUe  T- 260 - o2Uea 1- 25010 Z- (88670 - 462670 - @ieo 7- 56780 - 69L'0 T (W0 | 60070
1- sscrn = 92T T EEITD 0 T ef0ro  I- 106670 z- 99(6°0  Z- 18D 2= D280 T- oS0 z- NRRL0 2- 0pE9*H T 9Tr9T0 | §00%0
1~ geXt-o 1= STXT°0 T~ &OU0 T~ SS90 2= 05T6°0 I~ ODLETO  I- PLIRTO  Z- Q@90 T SWULO z- B9z~ B9’ Z- 288’0 T 029570 [ 20070
1= QUOT'0  P- ¥966%0  P- I868'0 T~ M0 Z- M(BLT0  E- pSHL0  T- 100L'0  I- 6U89°0 e~ W90 T- B0 2 54570 Z- SEXSO IW yITO | 900°0
7~ 608'0  P- (96470  Z- 9BXLO TN MOL'0 2= 6099°0  Z- 60290 Z- (950 2- 08K 2= 160 I- LCBY'0 2 mpEY'D 2- 69RO T OO [ <00m@
P ZAl9°0  E- 2L09%6  T- LRGS0 T- TS0 I= SEEE0  I- 969°0  ZT-p99r0 2- ZRyr0 - 11D I- wEC'0  T- 62900 Z-{M('0 I~ 902(0 000
T- $005°0 I~ LU0 T- GO0 T- LY2v0  Z- DBAC’O  Z- ZAKD  T- L6MT0 2= s(°0  Z- se0l'0 T- 66270 T~ WUL'0 - 6EST0 2 MOz 000
T- 6BCC'0 P~ KA z- 6@ - atRT0 £~ 0¥92°0  2- O9E"Y T-0l1z0 - &R1ED  Z- 9SR'0 - ZL6T1°0 - s - <oll0 z- ZO9IN | 2000
- P10 T- TES10 Z- S4TC0 2- LPTT0 - 0w(Ye e~ D10 T- 910 Z- MOT'0 T- WOUD - $S94D €= 0206 (- 02%e0 - »00Ra 100"0
00°¢ st o5z 231 Rr sLoY st szt 00°1 sLe 050 sza 0 NA/.ASNV&
2'0=9d ¢ dqeL



201

ibution and Its Numerical Table

isty

Ezponential D

-variate

Two

Z+ APT°0 24 LRUO Z+ 48010 2¢ 901°0 Te 066670 1+ v4(60 ™ ls‘0 T+ vageo 1+ C400™0 666°0

T+ 400D T+ (8110 z+ LI0t-0 T+ $996°0 1+ 6Ct6%0 e 2090°0 T+ sv0-0 ts poiio | @860

29 6821°0 Te BTN te Z296°0 > 601670 1a LssR-0 e THte"g 1o 966270 1 ecto | 2600

2e 120 2+ @010 1+ 35260 te PLT"0 e 218870 Te 60920 e 422 566970 | 984’0

2z 2210 T 130170 Vo 7289°0 14 SUEWM 1+ 0090 te P60 s zozca e 081970 £68°0

s S8V Te OU'D [T IR 1+ 96Z8°D 14 WRELTO {7 Te 81890 Te 6vE9°0 7640

sz z+ 8I0T'0 1+ UigHa 1+ (6080 T+ ({9270 o zETL > $999°0 te 04090 €66°0

2+ 5138 2+ 0007°0 te (%90 e 028170 1o 697270 e 966470 1+ (54970 1 otr90 | 2840

2+ (LU0 e (@0 T+ 90280 Te ¥iLL'0 1e KLY T+ 50 te 84970 T B6097a 60

ze 210K0 1+ 8L9870 + 01090 © 69L0 o €817 - @2t To LE29°0 1+ osesma | 0860

2+ 9000°0 14 7899°0 1. orlio ™ (190 1+ 12090 1 ga8i-0 T+ C(00 1v $61¢°0 L]

e 2560 1o 2604°0 te W90 t 961970 ™ 86L¢°0 Te %<0 T 258v-0 1+ Lxiv-o -0

te L6080 12 1gilea te U190 T+ pols’0 [ Y50 1 T204°0 I+ 109Y°0 e 06EY0 96°0

(s fgR‘0 1+ P2ZL°O e 566$°0 o 45050 ™ £218°0 1 o e 5C0r0 e Jzir0 460

R s 28 - 166470 w tzso e 91990 s kv’ e T+ 606<°0 r'o

1o 904270 T 71990 1 10 610470 © ' 1o OXy'n o 0Z6C"N gl o

1e 199270 Te @0 1 1o 2990 T+ o e 221970 14 (e e 196h00 %0

[T o Mzan 1. Te 94970 e BN o L9670 1o PO 14 LIvC'o 1870

- ¢ 9909°D 1. Te 500 1o WUN 1o gERC0 10 agrC-a to 182¢0 0670

1+ n085°D 1- Te e 20000 (R Te BHC0 te &LC0 680

1+ 914D 1+ v 1+ 400 o ugc-0 Te 9200 s oo 0 -

14 (©94°0 1- T 1o 26L0‘0 1e 2990 T+ 23070 1o 02620 1e-0

1+ 0L94°0 1+ 1. e 090N 1 §9(C0 1+ 40050 1e 9% 0 se-a

s wye4°0 1 - s 205070 T 89200 1+ $962°D 1- surta 4970

te 2240 - N 1+ %0 Te altC-0 1+ 646270 1+ 1682°0 »-o

1o 201470 1+ 1 1+ 96CC°0 To 260C 0 1. &L270 1+ 619270 i9°0

1+ yans-a 1 T4 1s 100 e o0 e (20 te §¥52°0 ze'D

Te Z08y°0 te T 1+ 6zzc0 W e Te DL9ZD S0 wo

1+ %0 t- 1. ™ KIce e 5 1 9520 te Wt o0

14 (agrea © 1 e vo8z"0 te W [ AL s [

1o Lx6L-Q N 1 e gzea T+ 982" - 2600 1+ 901°0 oL-o

1+ psaga 1 i 1+ 8¢22°0 1+ 9502°0 1= 9LLta te $691'D $9'D

o seca 1 1 1+ 92020 1+ 20810 Te 61500 (s 1910 090

e maco 1o arv2-0 N i 1+ 21900 1o wo9t-0 - e 1+ €621°0 50

[T A0 1+ 12270 1N - 1 »291°Q 1s 609L70 1+ Lzen Te Co11°D 03

te zosz70 T waten 1 5 1 (R I+ 9g0t"0 1+ 90010 svea

te p2(2-0 T RRLID 1 1» e 1+ $0l1-0 0- 180 0= 0L958°0 avo

e ya0zen T~ $HETR 1 e te 0 654670 6- (9o 0 LILO seea

1+ oAl e 90t - - o o~ w2lato 0- 658970 0 0529°D oc-a

viorta [T 1 0= o o §C25°0 o o260 O 660470 o

LR o o o o ausea LR N R az'o

o= asveen n~ o 0 s6m90 O 01170 o= elze0 O (081°0 sUn

o= <080 o o o sas0 0= Pyn o= MReC0 Q- 268600 IR

o- acon-a "~ o o (M50 0= ALP0 o 9uce A CRGEC0 un

o- 21200 o o 0 Lo o faty o &3¢0 0~ S0 K]

T 329170 o nhLLn ~ o o-omv'o D 2XY0 O (OCC*0 B 6ARZD s1a

to 20gt0 o= zagLon IS o o 7980 0= SLX"0 o= AUNCn o e »iee

o L2éeta a- o o (S0 T A0 o= wmz'n  0- 005Z¢0 cuen

o L o - a- 060 o~ P20 0= UR'® 0 LD 210

o &nea - o - 49C0 o~ IR0 o emzn 0 %R0 u-a

- (pagta o o o gI(E0 mm 210 o LIzTe O E66L0 o

a- 4526°0 o= arg o crirtn - o= 700(:0 o= fwete0 o a9bt‘n o 96Lt0 s0°n

0= 21n6-¢ o= M o sU4cn o - ve-a o= ALIz*Q o onto o= BEEL0 RO'O

o~ (5290 o ara - oErcn o a- wz'6 o= el o~ 1zsto o~ 0AL0 00

o ZSPL°0 o= 5(('0 = OrO( "0 o a- ovn2to o= 110 o~ W0 o~ €10 90D

o (889°n o e - 0 o~ o zu1e o= 1t &0 I~ 1196°0 0

o vas-0 o= w920 o= oyt o o~ 08€1°0 o= nolla - lowto 1= Lz2n »0°0

o yzr'0 "~ SRATA - ozore o o= 010 1= omza - 2590 1= $26°0 @

om0 o~ LCT0 0 60130 1- - yzoLrn 1= orts-0 = #ro - 048X 0 z0%0

o= L107°0 - st [ERAVIR - I- e - 18z'0 LRt - zz41°0 (00

o &ya1'0 1= 10390 R -~ = 461000 - rosz’0 T Leb1o0 - otLUp 80070

o 61910 = sste = 66¢en - t~ or2en - 9zzzea - onel-0 = K510 w00

o 20410 - 2050 1- g¢ar-a - = w2 - 606170 - 210 1= S0 100°0

o Frcen - 50v4-0 I~ (09570 1- - e 1= usten - 006 - sirre | 9000

o~ 391D O WO ™ a0 1= 0620 - - e - (10 1- 28000 Z- $096°0 Soo°0

o (NP 1- 1£28°0 1= g96z°0 - ez 1- - U ™ ren 7~ 4990 Z- @910 | »0070

0= 990170 - L0 - guzte - pil1-0 - = ZL00n I- 9480 = We  zZ-ols0 | 000

o~ rIrD - 29L0 ™~ 0T = Wsto - o110 - 2= g51L'n 2- ORS°D - 6rr0  2- 6Eet0 | 200°D

- K90 - 95020 = gvzen - 9rsL0 T 06EE0 7= 7= M0 z- 162D T~ (Lo 7= 4161%0 00D
091 o9t ot o a6 X oL a9 0y st o £¢ Q/AENYA

g0 =d (panunuo))

2 2lqelL




M. NAGAO and M. KADOYA

202

( Weto e sumra (o ouL-e L goLra 1+ lerfa L0 1+ 06890 1 nzeap Yo Mgao - g200-n 1o g0 1o 9RZESQ te tuib-o 666°0
3> MAL'D tovbeLa (o VAL (» 966a°a Te a1 12 ot 14 79 n e 104D RN I+ obyion 14 101670 1+ zyee e og6r-a 96470
1 aelLe T 18A R Te qgga'n 1+ &have - 1= 88930 Te TR0 1o 26840 Te 2114t 1¢ 90p» 0 1+ varpca 1+ 99040 16670
1+ A6R9'0 202970 o rosate TR e T+ 9(94-0 1 964N 1o zeisH -+ Wmr'n Te $L9°0 [T ) 1o t49c 9660
1+ 89920 3+ o240 1+ pRzae e uso - e z(vso0 1o 261870 1o 6og070 s rorn 14 %er0 wamn 1. 60200 w0
14 bepan (= W90 te femQ e 9L 1 1+ 99240 T (UM e NBly'0 To o(greo e Arzev0 e L6t n - 19660 »s70
e oz(9°n [ ALRY Te reogn e (5070 N te 221" Yo AP 0 te Girta T+ 0oveo PRI 1+ newgo 1o Lo £86°0
1o omtaca 10 18680 T+ 60K O 1+ Ltrete 1 §o g6 0 e pLLYD s s1E0'0 s #IPR Le g10p70 1o 91D T 0RECn 12T
1+ 240900 e 9URE'O e 4960 [Tl 1e 1o 8O0 w geren 1o uor 0 To gAY 0 To 126¢°0 te weca te 1620'0 W6
1 996D 1o 49L6%0 AERTITE 54 s0LL"0 " 10 0820 e TLSH'N e (%i2'0 R CIR s otaen e wrseen e 2200 LA
1o 20260 1+ OGN 14 o - Stren 1. 12 0ty n 1o REBLTA 1+ 82200 1o ws(a e wzeta e Qlogen o BOL-0 #0
15 49000 1o a9ra Te povon T+ 20te-0 1 Ts 18070 1+ Gten 1+ 286870 e oRUCD I Zhe20 15 eagzro Te §592°0 wo
1+ grerr0 o GIrn o LUrn ¥+ vIRC0 1e 1o geoen 1+ WRIUO 1o grca 1o 2180 1+ saiz'0 1+ L2 te (57270 ab-n
1o we [ 1+ ogs1 Y pRsLD v te (0 o P00 1 ehseio Te guz-0 (R 2272 Te 12N 18 60270 470
e 996('0 Te (ogecn 15 9401 D Ve wECD w 1+ (-0 1 e 1+ w20 1o 09420 Tz Te oL1Z'D 1+ 696170 v6 0
1+ b0Rt -0 1+ a0 T UC0 1o e 1e re6z0 s poLee 1+ Les2°a e toe2'n 14 Sy22°0 Te mS02'D 1o TORUD %0
I+ viot0 Te L b R 1o T6m-n - 1+ Toix P “ . [t 1e L2 e S61°0 1+ ®Ln 2670
T 1o Zot(-n I (e 15 99600 T 1o wrg2o0 1= porz'n O te weml'0 1+ 010 (T3
1o 1800 s a9rcen Qe 1o (5070 1 1o @osz°n - ouren 1+ 0%A1-0 te att o 1 219140 060
e L2000 e avico e #100°D 1» asZn 1. 1o 1620 15 zorn s 1m1-0 1= a1Lgn 1 9sTn 890
1o 1+ otn onern 1+ 94920 1. 10 ceizn (oMb (e #aL1-0 1= agen e wRpen "o
s gIng0 14 ez [ to RRZ°D 1e 1z 1+ &at°n [T To (98N (« @riea m0
14 3620 1 Lovzen T 60L2e s Lgp20 8 1+ 622270 1 Q18170 Yo gaet*n te pz8in (RIS 980
14 668240 1+ oBiz-0 1+ BIRZ 0 1o bz ts 1> ps(z°n 1o Lo [SRALIR) ©oorn Te @2z(to LR
1+ Q1820 1s raazn o zEs2 D 1+ 6(12'0 ). 1+ ganz-A 1o w970 [T Te 1Zv)°n (e (mitn va'n
14 w0 1o m29z°0 e . wzze Yo 1s 82020 14 epar-n (SRR (SIS te Oezt'N n
1+ o 1wz e 2920 1+ paz'n i e $961°0 R IK 1o 400100 (SR 1IN e 6021 o
19 209240 14 Tert-a Te AL 15 eotz°n 1+ 60610 ™ o5y 14 010 oEle s Caten wn
lo ouzn 1« w0 1 ou7 D 1+ o002 0 BT Te ver(t0 e ufn 1 Mo te gren L
15 60z 14 w9120 e Tvozio s 2018 14 91910 1+ 76700 T 910ln 0= pL'n [
12 90570 1+ 016870 wocwte I+ g191°n 14 120100 v Leceea o lstate o geRen aLo
s 2821°0 1o WL oot 1s 10 o 46860 o o L sac0
1+ 50910 1+ 12st0 Te 20D 1+ ent1a o agena o~ o rpren o0
s e 1+ COLED T4 Lzt LRl o~ miLn o~ o= a6y s5t0
1 p2217a v 20700 e ofTLD o lngR-o - t95v-0 o (a6sn o o= 23000 0en
= 22170 0~ 6D o= Welta Lol 22 3] o= LP1ac0 o= o= gRiren N
o~ 92860 0= 598D - RL4°0 o e o~ o= aLgee nren
a- asteD o= TrLd 0= (rgo0 o a n~ 0 10 “on
a- s22L°0 o= RG20D = L2400 o= Lok n o~ ~ Levl 0 of'n
~ (090 - o~ em15°D o Rt o= u12°0 o~ o e $Ten
"~ ATer°D -~ o= pLIen 0~ BLET "0 o n ™~ 41000 o= IR oyn
o= D6Ee°0 a- ewzeo o 20600 o TLLron o oz o~ ArD o wrice ar-e
~ 150 - v o~ z4A(°n o o3t o« wata /e oota o= eR(tn ¥1o
o rvre  o- obut0 o= (eet D o= ez n WLLa PRt R e B a0
o BECO om 2eiC0 o= »i2(0 o~ (w0 o 2ot o~ Bul'o o= ozt ato
O o0 om we-D o aangn a- (e "~ w00 o~ aarica 0 ACttD s1-0
o W0 o~ wee o bum-n n o gnca e uritn o ssatn »ive
o g0 0~ b482-0 o= (a7 n n o 61500 o oo - s o
17820 L0 a Lo o o~ err1a 1~ a4ek'0 - woe-0 n-a
O W0 o 9D a 22270 -~ o e - LIk (STt e
Lol 12400 a- v lzto L1l A0 "™~ vl 0 o Ll U = TR = sL(L-0 oo
0= s0zz°0 - (1020 o= (o - 2istio ne T - Loa'n [SRTIFA0) 1- 2099°0 a0
a- €98t°a 0 18LT70 o- sZa1n -yt A= sknten - moe 5~ 46ra0 1- L8500 00
o= 22210 o= 695170 o= st o nitio 1= K0 1- 66690 1= (498D -~ oRoLa o
o= 10 o 1D o= 22210 o ot o 1= AL1Re - 796400 - azmo = W an‘o
0 »Z1"0 o~ rzitn = s10tn - w0 1- yizace - reorea - oo T 46400 = s o0
1- aise o 1- 21080 SR 1- 9¥99°n 1~ onesca 1= 199r°0 - Usra R - R = 0wl - asRrn rorn
1= 1elp 1- (s 1- 9tte-0 - Usr-o 1- Qrot 1= R - Ket0 [N = L2 t- 2z 100
1= 960 D 1= v2sr 0o 1~ DEw D I= 1Ie-n 1= 1887~ 1+ 9120 - 6rét'n (a2 TAR 1= sLit 0 = oler 0 mn
1= e'o 1= 6932°0 - 020 1~ 289170 [ TR ) 1~ oo = a10n = 6694°0 = dlwea = WRL"0 = Nl o -0
- G20 1- pPOz0 = wEle - Levia BRI 1S G T- 6ATR - 6ZLT0 - maLa 7= L0 1- 2o | eooco
1- a1 = swi’e = Hote = zeen - Eera T BAS™N T- LeAtn  z- 20 - gogacn - w90 - @en | soete
1 Lt 1- eatt o = o0l 1= 98110 1= esn1n - 2etse Z- 69D T Gy6l'n T- pRLeTR 7-z6®'a 7- WUn 7- &6 | oo
1= $tl'0 1= 9Eto - 12zive I- 10640 - 906470 - vooRa - vlLe - 99t T KA 2- ATES0 o~ &30 2- (2o 900-0
1= (RO = Hito - RO I~ vzE'0 2= syl - 8999nn - 28580 - sRCE0 = aeen z= 1Mro 2~ angin 2= 405¢n [7 0%
t- totro - 6906°0 - wwo 2- 209970 2= Msea 7- (st z- 610 2= 90ty 7= 6aRc-a T~ sprgrn z- ik 2- 9omen mo-o
T- LReL’0 - 4T"0 2~ 6219°0 z- V5ab-0 - sevprn 2= f86¢°0 2- 6§00 ?- e 1- a0k n - 90920 2= ez'n - gorzra D
- 6508°0 - Lrr'0 z- Le09°0 - potC n = 90 z- »%92°n T- w20 T e 2= (Kay-o - 210 7- pasL0 2z IovIen zon°n
- e - peeo z- (0z°0 z- 0%9Un. - Zev1v0 - e 7~ 610 2~ uatee €= 2%ok°0 ¢~ Lo (R ITRY = rooL'0 10a°n
00t stz R % 2T o0z @t M =20 [ [T i @ 000 b. ASNT.—

g 21qe,




203

ical Table

and Its Numer

ial Distribution

nentia

T wo-variate Expo

ze 155170 24 LILED T4 g521°0 T T8N0 ze Bz3Ln Ze fS01’0 1+ 9986°0 + RAPGQ 1 1+ 5018'0
o ze 91170 Ze w110 T+ »p0}°0 Te L2670 1o 10160 LRt 1o LIgtR0 1e 96610
2e a ze urta s 501D T 18660 1o 9186°0 T §999°0 - me9-o 15 96270 1+ L0
Ze 5p100 T+ 0E01°0 2+ 12010 e 20960 T OF68°0 Y4 9z(y°a 1o 96l Te Te Q2o
EARTIA RG] zs %010 ™ 1660 e §(C6'D ¥ Lugte Yo £lo90 [T TR w [T
ze sit0 28 201D (s 869670 1 0116°0 T+ s4vae ™ Lo TopeL'n i oo
Is fU1'0 2o 1001°0 © 060 1o atéan e Pien e pe9L0 To 08CL‘0 - 4190
T4 2400 > 69960 © @60 1+ 0528°0 1e (S18°0 Yoo e 607L°0 T €90
Te Mo T+ 11160 (= PLE6D s 209%°0 Te OT08°0 L velo 1+ sw0L'0 1o "9°0
Te LCT0 e 6ut6°0 1+ 9c08‘0 1= 8998°0 1+ 139L°0 Tv Y2070 1= L1630 s 970
T K980 1o o e 26270 1o BlOL"O = Yyen e BYIR40 - 15540
1+ g0 Mt L0 1e REOL°0 I+ 26¥9°0 T Lv8$°0 - '
1+ 650670 Te 9L0 I BSEL7D W K0 e 611970 T 9s 0 w tolr'o
I 1200%0 - gL s 01900 1 o © 81%5°0 te WiLo - zivr o
e [ X » Te uSs"Q (o 89050 » L5z
1 0010 s Lotnto © 5970 » T+ 26450 © Z9ey'0 e o000
(e 198D e 5559°0 > fo0-0 - T OLIS'0 Te 199D - Z5C0
{e msaLca e g0 026570 o Lo fo%°0 (o 92500 I Lo
Ve parLoa 1 et el 1o © e 1o 2Zitr'o it 199¢°0
s ouigra e pRzL0 1+ 5109°0 te (09570 e e tnen 1o 162v°0 1 [T
el e tun 1+ 750 14 TP Te (B0 1o 0CEr'0 ATy 0
T 1aLLR e (AL 1o (444°0 1+ 10(se0 e 5o 99%br0 1+ Liov'o SIECn
e 20aL'n 1o RO 1o $79%0 1+ 026D " s viiro 1+ 286c°0 tzze-0
e 16vLt0 Ts 60490 g0 1+ #6050 - te 052970 s piRCO 2]
e RLL e LMo Te T6(L"0 1o sesro 1 1+ 1070 1s pzRC0 $ot-a
e 19K n 1o eRz4-0 T lgweo te 1 250970 Tr 20 T80
(e f¥Ea°0 Te LRESTO 1e (92070 te 14 960 (o Lm0
s 6ere-a 1 (mso 1o éq9v+a te s 298G9 w0 TR0
ety 1 6RO [T te 1o 08¢0 e W0 s 151270
T (99870 1s v61r°0 T 1= acvcin T o0 te (s2°n 120
e OG0 (e W80 - 1 a21t°0 s 6522'0 8120
1o Zhgr-o e TS0 1+ 1+ z882°0 1+ €082°0 UsT'0
1 pase-a o wi'e 1. ‘0 1o (2270 LT
1+ pAre-0 te 200E°0 Te 0 1+ 1902°a 06410
11 atkgoa - 61270 Te W were 12v10
[y [ 21 1. te alota fazro
(e otcz'n ™ 1» b6rL-0 o
fe 61070 1o s 92CL0 8994°0
te agat'e - 1+ 95110 9829°0
- {910 1. o pL960 o~ arse-0
1+ »oria 1 W o 05 0
s asgi0 ™ o szRu'a o~ wis'n
10 o 5. o TerLia o 9005
1+ 68210 T o e1ta "~ f6L0 0
: &N e 0 L9 o 0x50 "0
a s $SICO O o= zye‘a o e
-0 te o0 o - ten9o  a-
N e para - 0 ueta o
- 1= poot-4 - 0= 22140 "~
" o sfvaa o~ 0~ zg8va o
» o= lemo "~ o~ nLsra o~
-a " 0= eorrn o~ o p9tria o
o - a- sealn o~ o~ 18D o
o [ a- 0969°0 o 0 ((C'0 o
o 0= (6740 o~ 0~ (56270 a- 02830
1 cagea o~ = jaggn o o wriszo a (e
- Lzpson o- a- 9ern "~ o 1mz'e a- geLtea
b~ 2(eR-0 o o= (ugea n~- a- HEeD a- Leciin
o O~ DELA-O = o~ pamgra i~ n= 64010 1= otan
o o alse o o o ploi-o o 1- tolsp = vigren
o o= leze-o a o §(53°0 o - Lsis0n - pIZe°0
o o~ e66("0 o 0 1600 - - »0%r'a L~ 09LC"0
o o~ 90(-0 a o= (Rt - - 90r°a - 008 0
o= 0= 9((-a 0= o GROL°D - = (o = URE D 9000
o 0 re20 o 1- #6260 - - (o - e 1- €z61°0 w00
o~ 0= 08570 o - fzaLn - - 20 [ERIR) = s v00'0
o o ottt o L9 ™ 5Legt0 1- - garte - ren toa-a
o 0- (6510 ™~ 09v8°0 1= »ior-n 1- LR 7= (18670 2000
°- 1- 250 (ST ) - o0z - - L8O 7~ wgra a0
0°8t a'vt [323% LRY 06 o# oL 09 (31 < a» $'¢ ﬁ,,h&_‘%vh—

‘€0 =0 (panupuod) ‘€ SI9EL



M.NAGAO and M. KADOYA

204

1- awpea Ve 086’0 e 62020 > Lann 1+ 2089°0 1+ 109970 10 pere-o I+ 536570 14 345470 te 1D 1+ Wy W ogero | 66800
10 96520 [t 1 6atL-0 [N t- 810070 e 1o $618°0 e 415%0 Ve LLO"0 I+ 19290 1o 6220 | 866D
15 920 > 2668°D T« ty19°0 1+ B(T9%0 e (eso 1+ £693°0 - weia e 20t5%0 e TUED 1s 6600 1e soalc0 | 1440
1+ (76970 1+ fuse & 2199°0 te 086870 - R1L-0 prioms Pt 1+ 9L8v0 1o 45500 e zazvn 1~ 1oRC0 1 (Ecte | 9650
e 62290 Te 20§3°n 1+ 0220°0 14 hRLtUO 1+ £045°0 aree 1 Z&de D I+ b8Av0 T RCrU0 T+ voOro RIS s 6LIL™O $66°0
230 [ORTIIRS 1e erega ©sLL0 1o 43180 1+ (rgv'o = Lere (= »Er-0 o 606E‘0 1eoLzscn wowio | veso
20940 s 956570 14 auws0 T+ ov240 (960 (s $125°0 1+ Zra 1s &21r°0 (+ LALC0 Vo (T¥C"0 e 16270 | CBA'D
yioo 0 L 108800 [T 14 e e oLt 10 So9rn Te 92090 1+ 32000 £+ 0oL fs €EKCT0 1¢ Lipzro | 26670
ares-o 6D 12 cazsa 14 61040 Te 69200 s Wtra . Te qERT0 16670
(B0 ¢ 02940 1 PRLeD 1 9THYTh 1r RL9PO s 6lpp0 046°0
13340 e ngar'n 1hoarietn 1 orocra 1o SineD [R5 %0
rien 1 grirea 15 e 14 (16¢°0 e viecen 1+ 9900 %0
ern Lo 82¢'0 O, 80 1+ $99C-0 1+ 4gPC-0 1+ 20 %0
azete 1 s20rp 1+ 15010 14 vere°0 [ORTEIR e Ze0ta se’0
ANy Te 6C0CHQ e 14 arecn T+ vz veo
B0 RICCD Te TCEC0 ¢ zrzin %
WLt (TR 1 1mcra e 2292°0 280
wei'o »ang 0 1» QREZ 0 o fuicro %o
#rto 95870 oW 1 6770 060
nes 0 820 - 9mzea oaren s8°0
e w00 e 543770 1+ 12270 Lo
IR TR 1 REn 1402120 1870
wx-a wR r 1s ZvWZ'D 1 201200 L a0
1682°0 st v oWzt Lo 2m2en o
KN 19920 Lol
"o LT mn
(e o o
atien P2z wa
#rz0 0 YRS
oo 1 L9hL0 wo
Hizo . QgL aLn
=610 -0
o o -0
22680 ) ssa
rirtco n 050
9we(o o 0 10
it o~ n oo
0L86 0 o~ o sca
1690 - " a oc-a
zeze-o o fwasn 0m n sz°n
a5t o= aowren a- o R
e [ 3T ald o= ‘a Lol $1'0
e o= Zrire o= n o U
ot o= (1rve - o p- en
ey o= (RC'0 - R are
uore M (5900 »~ ‘0 n Lrlzioe o
ootr'o (a4 180 n~ " n= 66610 yeo
XM 'O O DH(CD n ‘0 [ {1180 €0
€rigo - shTee - ‘o p~ (oL@ zrn
6o o b7z o D e Lssl0 wo
9BILO o 4z’ 96810 RIS TR ota
L O parzer o wLLe a0 mRUD 600
10030 o- ¢z o s1510n 4 - y2tve %°a
owz'o o gura e o K 1- (1880 ~ 0o
Looz“0 0= osten L 1= RN - %00
%9070 o nete o 1= $160°0 - 10D
oR(Ln 5 #9Lma 1= R955°0 1- 0
siot-a - aristn 1= #a1rt0 1- 0’0
Lo - Ko 1= 2Uze - 0 0
2990 - rat0 1910 = A0 1- ZiL0°0 T (8670 - Livro 2 (2120 7~ 0t 0 10°0
£a¢( 0 - ocLr-o 1- ¢arto -z 14 450€*0  Z- 96RO Z- ®HAL'0  2- BOMGD I RLNST0 | 600D
r6z°o - 8510 1= sl D t- 901 E0 7 ri60 - 096070 2- v219°0 2- 950 z- §1v-o 8000
w0 - ¥r-a 1~ Tetc0 2- L2960 7- 6619°0  Z- §We°Q  2- LeRe'd  T- 6l6e‘0  t- §1»0 | loo%o
gzz0 - yxr-o I- 98160 2- IR0 3- ROLO - A%44Ta - RSN Z- eRecn Ze N0 | S00°C
(5900 0 2= 129670 o 5180 2= 01690 T (SES'Q Z- 9gke'0 T LD Z- ($6C°D Z- B03CO 2000
w00 - 200670 2= 669L°0 2- vzeeo 2= 2460 2- 1o - (080’ 2- 9% - Wiz z- sonro 000
Lo - 9te90 7~ SLLE‘D 7+ (69v-0 z- 9ly’0 - %00 - U6 291820 2- 01RO T- oRt-0 [ fo0%0
L9%4°0 - (0D 2- 14BC0 2- ooec-0 - 4CC2'Q z- 08610 2-981'"  T-élyi’0  Z- W@ [ z00-0
FTE N 2 01 3] t- suzzro T szeto 2= 191°0 € 94860 - WLR'0 €~ 26020 - <0090 | o'
(T oz 2 a0t [7 o s1°0 0 ) 00'D b,A b_wvh




205

Two-variate Exponential Distribution and Its Numerical Table

Ze 4810 ’zZeU'o z+ LE91'D rorLeo e 0(L1°0 2 £421°0 FTRK Ze penT0 1+ 04940 1+ 96160 Te Q280
e Z381°0 VELED  Te (85170 s1C1°0 Lrci-o zo (LITD e L6000 I 61000 1+ (590 I3 1+ 59080
s z&Lv’0 W0 Te LESL'D 852t0 017 1+ LIIvo 1¢ 16010 [Ty I e TI9L°0
I+ SPLT'O a0 Zv 96¥1°0 121°0 2910 'S 24 V10170 Te ¥Zr4'0 te 1 6aLD
ze CUT'O 68610 T+ SPT'D zz0°0 e e Te 9166°0 1+ L1670 - e HULO
Te $B90°D 951°0 ze WOHE00 a0 mee 7o s 00160 T 3490
e oot 8600 Ie S0PU°0 oS0 s 516670 - ts 01890
Te 6(31‘0 srEL-0 ortyto Te £5£6%0 T U990
2~ 291’0 e 00£T°0 $210°0 T+ €126°0 ©w L5890
ze (09U'0 erto oo T+ 70060 - 89990
Te 9RO Teeg 010 s 132070 te Lricn
s YIYU0 oo 14¢60 Te O4OL°D e
T+ Z901'0 1314800 arietn e WXL o6y
7 810170 rizeto Len <6100 » 00aL'R ira
20 ymeL‘o w0 16080 H1aL%0 1a §p2a°0 950
20 2o 691170 0z5°0 agoL'o  §789°0 RSCP0
ze 9221%0 @11 L2080 aLLo (90 2024 °0
2+ 2021’0 0031-0 62aL0 18210 1 651070 (w0
2+ 00110 01D $1L40 169L°0 wu-a 1 10090 of40 0
zs 6g11'0 6501°0 #isa‘0 LvLe 24690 (2 ] 12800
20 oe11n way-a uge‘e 90990 I (Z24°n SUCD
& g1 rear-a TR 6999°0 te 665570 91900
7 90110 a@aln (900 109’ 15 Tord0 125640
2e 0601 #2640 RPSL0 12v9°0 s 200 s L0 Hrgea
74 szoyn st @iLe ney'0 1o 997%°0 Te &Cag-0 vEen
7» 0000 Ly 6910 w190 Te 89150 Ly azca
(9510 509D - K0%70 T 0O 0 202¢ "0

IR ros6°n 1+ p6Y0 1+ 90¥C0 g

Wi #6050 e BGRY'0 4 SE8E°0 $300 0

TRRO 0 carsto [ (18 (- sroC0 9L20

coratn #6080 te CLOPD asazea O obeLte $057°0

aengta 9Lr'0 € nelo wLzen 1+ vszn aL2e'0

orLgea oorre 1 t08C'0 "o 1o 87270 020

R oo te oHC"0 gz 1+ 9602°0 Laetto

[ rosco e 10 oo > 0t61°0 s

[N 29 P80 (11003 comr rreco L LR 1+ rX2¥0 e
1. 83250 o gro oReL0 orLn 1o 294170 81
1o 7099°0 agag 0 mero wio costn e s6(170 oLz a
18 oo st L0810 R0 ecLn 1o WZI0 a0
1+ $€9%°D ner'o 6Lt L lal uzite ¢ 990140 08260
- rzeo Q11K rezLn 825270 oo sror-a o~ euma e
- R21st0 1ren [T aizz-o 910 §AED  av D (hcLo
1+ €080 guty Qe ureeo IR prLa-a o~ pezR'n 9lnL
oréria RETY O woin ngtzeo 13N 5ht0 o= WAL 18L0%0
rerta BOTYN (Lai'n Lgzo s 69L3°0 o~ RLSLTD Lalalid
yoLrio e e p0SCtn °4Rz°D roza e 7LyL°0 o= SLER"Q o= ouLn #19°0

1< 190 wor-o e 21000 eren 9Eh(-Q 1o Lore 0- S162°D D~ 99D auLee
1 $(L*n reet o 1a rzegen wun 1 cent-o I+ 0K1"0 0 18620 0 9D 1
T« pn SIRCN 1« L27¢'n [N A0 I» ATHL"O s IR UD o= SvrLto = (&0 0 worstn
1= o0 TR T« 8zi 0 1o 095270 e 1wz 0= K190 - slsto IsLren
s sapa ;e IR RIERY [F2IR] 1+ Lt-e o wreca o- 110 000
1e ogorea Lo 1+ €182°0 W (> TaLCC0 15 218170 a- 9lu-a A
1e L16C°0 ®eeo Te &4R2Z°0 ez i0Lrso 1 (rog-0 a- i #99¢'a
1 892(°0 azen 1+ §192°0 $ize Lrrea 0= 16961 o= $iern sH2C0
e #OSC‘D 20000 14 15270 ega e - arene o= ¥(ve ]
14220670 LwRe'o 1+ 85270 15 96R1D o o= Al $179'0 a- a0 wwvzo
14 S1RCD sa.za T preTea srLen n o BILL0 0P a- 20000 1902°0
14 696270 Wz 1+ Z10Z°0 95U o= 8246 o0- 990 #OLr"n 2641°0
I~ RSO0 Ré1z'n 1+ 09L1a ign meLo 0= 9LLr 0 bryCa Wi
1 toezo wRLLD Te L€l ¢t 29570 o= cuea stizen 1= 9084°0 02850
1o IZ*A 20n e BTD 628570 = 206700 09ht-0 1= teoL'o 19280
T P20 21910 T 98zt r108-0 a- 06a2°0 vall-0 I~ 95€9°0 L0
e 000Z'0 oo s 9200 az9ra o~ om0 oz9t-o - [195°0 <rreo
1+ QI6T°0 «s1e ™ SLtro i o- sz’ 28140 - 580 uso
1+ sTeI°0 B0 s (atco 06¢ 0 o~ 8961°0 et - 29000 6670
1= 211370 seUn Yo w@or'n ‘e o~ 09910 a- 4tov'o - vOik ‘0 o
1+ 98¢T°0 e OpzLe0 O AIZE'0 (pz-e o &11°0 1- et - 52D 02610
1+ 91r1°0 to 16010 O LS6L'D S8ZE°0 = 16600 1= P20 - 8897°0 wet'o
Te W10 0o~ out'o o LII90 o &rrre 1= coreo 1= (0 T~ ¥se0 §reto

0§17 o9 ort o 06 0L o9 o'y (34

b0 =0 (panunuo))

¥ 9lqEL




M. NAGAO and M. KADOYA

206

14 IHD AT PA 1~ plite T+ 04¢9'0 1 41290 Te (055D T PE0C°0 66670

Yo pipLin 1 orwe-p te w90 1o ZUED 1+ 62040 v Wi | wes0

e s mEere te oo 1- (Iv%70 [Ty s ezo | 1660

g Yo g00a -0 e 960D T+ 96160 T LD 1+ 1920 %40

Te (IRY°D © C2esto tr roc-a v 184%'0 1o e¥T0 640

o 2i 0 Te 08160 1+ 6gev-o © ZRY0 Ts o852 ¥64"0

(4 LN e G840L°D Te LD e ($19°0 Te W9¥29 166°0

1+ Zews'N T+ CSBM'R 1e 6Rar 0 {4 L0 Ts P102%0 286'0

10 rels0 Te 4@ 0 14 926070 1o pLL0 e 4520 we'n

15 mtseo Lo Lo 1+ 96ry<D 1o 6bRE‘O 1o tokE0 | 048’0

e o200 te 11y [+ 186L0 15 96¢C 0 e 918T°0 %0

1+ Moyia 1+ »e94-0 1+ 960¢ 0 (UL 280

1 Lapen 1o wWCa 1+ oguT-0 Te BIEE0 1+ 60900 90

Te om0 1+ Zoz(n 1 Wuzte 1e-a s peet0 R

[ © grocn © s Te £1CT0 10270 s Pt v%'0

G ogagen Le 9leza s ntyza te 10220 $(hT-0 Te pLCT0 <60

Tonveo 1 10Ra Leangen s (020 oRT'0 s (52170 o

ISR [ IR Lo (se2°0 s 9az‘a Lla e WzIA 160

[ERTH R Is s0ar-o [T 1o LLLQ IR Te tir170 06°0

1+ oo e 02870 o teoen 1+ eapva e Reata s wlro o0

1o ot o 128 R Vs e - togia e W6l 1+ 09010 oo

[ e auzr 1e WAV 1 orLica 1 Iyt s 02010 18°0

s plZ 0 te €0(Z°D e L6RT“D 1+ yeolD 12 19vic0 0= (%60 ”een

o e on Te &(2T°D » veto 14 20N 1+ yorUo Ll LA 90

L osezen te sLuren 1e 1oL 1 2asl 0 Te kgl - a6 "o

T Mape 1o qzuea 221 [+ 4500 1o 9UT0 Q= 09610 o

1« plo70 10 40000 1 6Rat'o L+ 16vt°0 1+ 921D 0= »L58°0 00

le 25870 e mDTn s oratn Ve Are(0 1+ 710 [l 4 R weo

(BRI Ve #as1o0 9Ll 1o 10010 1« ami0 1= 11210 o p0t-0 080

1+ wrzea 1o aw05'8 [CR-YAN) 79510 1 &Ori™0 = 2Qxy'o 1+ {80170 e 18 L0

1+ Linrta 12 29910 1 1 NI 1 6,710 te gmita R1Z6~0 n~ Devea oLn

[ 14 roL1*0 1 Ao oo 1o OITU'D 0~ 2646°0 L4000 a- evtsn 490

1+ IR0 14 wodlrn e 10 artr'n o= RGO o= &¥e0 1L~ a- ugen o

16 az81°n Ve wec1n te @(tt'n wngo - SSZR'D 0= szeicn Lr9°0 - (e 850

(atn [ERTIR 1o 11°0 st A0 0= s2Lh o sesata wren a- 9ei-o L3

R0 [ERCER 1o w210 LER{SIN 6~ 83060 o= 168L°0 o= R0 L2500 o o= 462 0 o

AP 1o mzIen BN e mon o areln 0 6059°0 a- 40n$°0 o Lreren aortn o= »ss2n o0

fe11n 1o 160 0= L0640 0= 26200 o o RIzevo a~ »12°n A0

IRy o rresce - p9en-a - 50270 - o LEra o~ gaLe oen

IS a- 26790 o= oty 0 o 69490 o - eumze o RO 20

w0 Lol UL S o TR - 6hr§en ~ o L2770 o ouiTn -0

BEL'D 0 (180 Q- WehsA - (Lo o - Lig-e o~ +to10 610

feLn o aace o - 00 o 8= LInt-o - (2460 o

Lo o= ql(e‘n a= o= o o= S6R1™0 T U6 mn'n

LT S S T o= o o osLl'a - auen 970

[t Y T o~ o o a- vesi-a = R0 R

ovhg-a o 1240 A= o~ a- oI - Lo Yvo

129440 o~ smre o- -~ o Wrl'o = (620 @

2400 - 19990 - o 8= ou(L'a = Zagen zren

[ S o e TTI B a- o tort-o v Wi 1na

e o mpere o o - w010 e w9zEto at'e

0LZy 0 o muLie o o= - gista L AL N 600

e o ERCe ~ o 1- wemn = 65rv-0 o n

MiCA o Ao o~ o ™ sl - &7%C"0 00

HILA - wen o~ - ™ Apen - vénc-a 906

e o= erizo o arsieo ~ - uecen 1- (95770 00

nEIte o rThe'a o oot-e o~ - (geyeo - 170 D

«EE'n  om WhC0 o~ " 1= ngca 1- zs10 0o

Y0 o 200D 1- govm“n 1 - w0 - P00 ro'n

[ 1~ reso [ERTI t= 17n1a - ¢rosn 00

= Le"o - oargen - er6a - ozeeo | 6000

- %60 - 99600 - waa 7= 9tor-o 20070

ok n ™ szoe-e - ano - Zisge 100°0

[ 30 ™ e z- fegemq - 600C0 900°0

neto - 8TRZ"0 = (1w £~ pogs0 - e0tz'0 00°0

SL62°0 ™ »5cz'0 IETTIR 2= 268°n 7= 4vsen 2~ sy z- bonz0 | »00°0

ez ™ peLrea = 64C1°0 T- 00290 - uoro - 21170 - Z0i(0 €000

RN - 6100 7+ 9LE80 - 7~z 2~ #f 120 z- w0t | 280%0

parei] - Lo = 90 I~ B0 T- 64170 - a0 € ook 1000
00 [V osr 24 081 e 001 o %0 2 000 LeN(&12)4




207

Two-variate Exponential Distribution and Its Numerical Table

7o Zor1D 7+ pazi-0 T WO 24 2010 14 18200 1 o160 1+ quso’n 686°0

54 Te HL1L'0 T4 6101°0 om0 16 pRle Te 2608°0 1o sokLon | assro

e z+ omar-a e 6L68°0 e (L0dta s saun s Z1e0 14 92910 166°0

15 e ps01°0 e 29940 e #RLaq 14 220 L MRL'O 1o 19tL'0 | 9860

2 2o A1 1+ @670 e 995R°0 e oML 0 1+ ye9L°D AL o L1AL 164t

2e 7+ ow01°0 15 4426'0 T+ f9tR°0 1+ pcoL'0 1e 1sL0 (o 166540 %80

7. e 12660 Te (a06°0 1+ 92TR-0 1+ 96690 9L > £48970 wsa

T o Wiso 1+ lyba%0 s oane R 1o #669°0 e S4LL°0 1o OUS‘D | T68'0

7¢ s brol’e 15 61890 e g6l a te 61690 1%t o 62990 80

7 2= Teor0 1o 102040 e G5R 15 pexe‘o e 216970 e @20 | 0o

7 14 hors'n (o 12620 14 o 90 Ts ¥E95%0 w0

2 10 6okR 0 (O TR 1o (+ 29wc°0 e 6150 80

¢ 15 @94R°0 14 301t 1 1+ 190 1+ €51¢°0 960

Ve 1s MrR0 T+ OKRA"0 e 1+ Q180 o Z26P*0 %40

" 1+ 60080 1+ 663970 1 e LN T» L2ib 0 y60

1e 1» b0LL*D 1 0hrR"0 te \kd 050 670

14 s SHLT0 15 $229°0 1+ 1N vive o 2670

T 1o 2Zrn Ts 190970 1 1. ezy°D %0

» Te ZOILTO [+ TR0 1 e (9o 060

I ¥a 9L [TV [ e =or'6 69'0

w 12980 1 1 5600 o

(. s M$8'0 1. 1o £59C°0 L0

t- te ' 1. 13 weo "o

[N [ERUISR ] Te T /E% 0 270

" T+ tery'n 14 5624°0 Te T+ &M< "o

{ 1+ §646'0 e IS0 [ 1. ssg-a @n

i 1+ (048 - 905’0 [ 1 e o 80

1 1+ 186D e £o4¥‘0 1. g 961K 0 (730

1 0ekn 1- 9lse'n te T wee'o oo

1+ 6ptEn (- asgrp w 1 avatn [y

© mero - 1e Wz 040

1+ U6k te 1 oLsz a 9

s Lucto te [ Wz 090

1+ 6Lye%0 te T rgtze X0

s e siLe 1+ vizto e te 070 on

1+ MU0 T+ o7A9 0 e 1+ sf0(™N I T Ao il

Te pEL70 e 16390 1. s n2ezo I 3 suere oo

1+ 0g1L0 1. 1+ 62 [ ™ L1410 st

1+ Zwacp 1. [T 1 1 %0 ot-o

1 I399%0 ] w1z 0 1. rort'e 20

T+ 6709°0 te e 610 1 1 wovo oz-o

1» 1690 te 1o 268170 2250 3 - 4266°0 a1°0

1+ $699°0 te [ TR s 92710 te T 00s6°0 1

1+ $683°0 1o 161810 e Zerlt0 “ 1 1226°0 o

14 (609°0 = (99t - » 1. - 98tL0 b e $509°0 stn

R AN te 1. e 4T te - a6esn S0

1+ elrea 1+ T9vs-0 e 1e [T In ™ o zieen vi'o

1+ w0 =+ 966" 1 Te LA {2100 1 o= stll0 "o

1 6090 [N 1 Te 1481°0 L 10 OAYL'0 1+ o LviLo e

1+ azes 0 1+ 218 T rsten Te 1468410 1 te 11’0 O o 196390 150

v éeLie 1+ 2n0f"0 T etzren te 1> 610 o o 19970 oto

s @950 1 neea Te 6Tiren 10 © R o o owrs‘o -

10 BEH"D [ERTITE 1 18650 1 e 910 o~ o 1919°0 peeh

14 808D 1o 976P-0 1. gsetee - e P10 P o T1¢4°0 o

14 %10 1s 02r9°0 1= 20100 ) e 691870 o o oisyo 20D

14 558070 1V osre 1o esen w v sReQ o P Hr0 @0

s f2lro 15 (2OY°D 1+ &LCL'0 1+ e BLIT'D o= o= B0 v'0

te o0 1> §92(°0 1+ &alCn o] 4 »010 [ o 26820 0o

14 96070 1 oo 1+ 91R2°0 123 o= L189°0 o o »"Hiz'0 200

e e9st0 1+ 96270 1+ fRQ20 - o~ o Y5590 o o 200 10°0

s 965CD s LaRg e S202°0 1 o o 1579°0 o~ o D | 6000

T+ 9YbC0 © ezgEia Te 19220 " o 0~ 41680 o o~ 000 | 900'0

1o B2(°0 w Leiza e 9R120 1 o~ o 6670 o o 0set0 wmeé'n | 100°0

1s 00 1r RE9TD 14 ROtz 1s o o BizeT0 a o= P6LL‘0 aczan | sonco

1> BITC'D 1+ 486270 1+ pIOT'A 1. o~ o~ 91Y"D o o 960t-0 etoL'o | so0'0

4 RRE2°D 1+ oKz 0 - veato 1o W10 o o o a1(sn o~ o~ voe-0 squso | emavo

2%z n s CATT0 T 6aeten 1o e o o o wc-a - 1- 50 o | (o

te 1192°0 {» 00170 T+ zZzaL-0 T nallca o~ o o tonc-o 1= 1- oo smn | zo0ca

e ARED s otar-n TR 0 U960 o a- 10900 o o 1270 1- reca I~ K20 286110 00°p
o091 a9t are net oo a6 0w oL ) 075 o o e - (412)4

‘g0 =0 (Panunuoe)) 'S 91qeL



M.NAGAO and M, KADOYA

208

1. asaLtn YLD © zaLern 1= reo e &€1870 (+ W3 [T 1+ Istea e R0 1+ 264¢°0 te COLI°0
e (RULUN 1+ (hR9"0 e bR2O 0 L 196¢°0 1+ 0aEkn e $P82°0 1+ 699740 e %tra T 61LC0 1+ 661¢°0 1s 9ev2'0
1+ TRReCQ ir ¥hiQ 0 14 6665°0 1+ 0604 °0 e DP0SN 14 p6AP 0 1e &20r'0 Te o570 1+ 05C 0 s z00ia 1+ vzCz 0
Ve 18390 1+ ALCare e MaLs'n 1+ 0624 0 IR 1o pltr'Q 1> oK1y'0 s (U0 Te pecro ts 2982°0 1+ &ogeo
I+ bRrecn 1s otzatn - teasn [ERRTTR) I+ 5000 Qe s zz0v°0 e $MC0 Lo Z2Q 1s C8i2'0 1+ sUEZ0
I er(on 1+ ninen 1o 10840 (r n2etn I+ ostv-a WO e G0 e ovriio L opIca 14 ¥992‘0 s 99020
1 wepan Is 4440 1+ @RCS O T Q604°0 e CRPp-D Lo LIRC"0 10 Wea Lo osnia 1+ bW5Z70 {» $861°0
s we0 e Baste 14 6Rz8°0 14 00040 - #btr-o g0 1s Lo 1. 2820 - (2820 e (€810
1 orzo Lo 984870 s 20240 1o g1a0°n 1* S100 te 293¢0 e g0 e vi62a s $96T°D s ¥9T0
L 6880 s (L9570 1o R0 Te atRe-o [ERTCO Is 8 [T TA te ag@ 0 1 C1ve0 te 2rALD
LRyo preco e ghspin i» aztreo 1r a0 oL 1. R0 TeRo 14 630770 1+ 43600
510570 “ (¢ Sva vo Is wpco 1o 65RO 1- aRezn © eezre s 9910 1¢ fortn
QaLra G troven . D e 891070 3s 01z 0 1+ sop2n 1 ywzn e OTLUA 1+ Weto
yayyo 200100 1 e 1o 1082%0 - exza 1+ 91810 te 10970 1+ 16100
w(e 0 1L 0 PATC R 14 BOvL'0 T« vil2-a 1r PE21°0 Te PLCED T+ QLU0
noo 96 -0 Mezn 1o (€270 © oeLL0 e LEPT0
Yo euéz-o T s oz 1+ 30 s L911%
atoe-0 T6at-0 5820 oo G 2ra ta 90110
JLAR »0R2°0 zes2a 1o ra0z70 oo (o
1o Zint D 2400 (+ arED 1+ 9t0z°0 [ORTAR e 2T
1o e2un . 25900 e P34170 oot G oLseen
e 209(0 [T [CRINNY [ORTI{
1hgasn te mie G oosn e 92170
> taen £arn 14 17720 (SR (SRt AR 1 owl’e
owr-o [ o A1Rz0 [T (SO 8200 le 90010
T 6400 14 20620 1. mue P wren "~ 2e26°0
(e 16870 s 1m0 14 Wi (h1'0 o ove‘n
1o 220 (o bpura e 15970 IR 0= L3160
(o 0g1¢-0 [ ) 1 amizo xive o~ (ama‘n
IERTIN & + prn [T 1 661170 Mahn o~ 5910
ie yoL2 O 10 A0 e AZayn vR9E0 o 81290
10 w020 14 8E12°0 #9170 wage 0= 29%8°0
e 62(2°0 14 99410 1+ 020 Wyn P ovieen
1+ apaz-o [N AR6S N a- 80Lv°0
Te pEN1T0 0= rhuso Uis‘e 0= 6o
a0 LSRG X 0= oRYH 0~ 6D
LSR1CIA o~ HMCn o 216270
o= (e p a- yi(°0 G- 199770
= Caco o~ M0 0= thaz‘o
n= ezévep - (act-e 0= sAT0
= ygoro a- RE'D Q- 9RZLCO
1= (ot LN LD o aRzte
e oro1"0 o= RN €190 o Dtten
s aonica n= neopbyen 1510 o qintn
o b0 o3 n- 2150 »ze1' 0= nove
o voa'a o - B2UD agre 1= 161670
o o "~ nern wa-a - ozwe0
o~ o= - WD it = 9508
o o - oL “nt-a - RELL0
o~ - o alT0 60 1~ Rri9co
"~ 0= 1&38°0 o= e amizeo 0 A$9T0 st €= (vecn
o 0 y6(3%a 0= néts-0 n- 16616 0= tas{® Lo [T
o 0 eLtetn 0= opng - = TALITO 0m YT 1= S(Re0
~ 0= ov(s'0 o= oy (e hRAITD 0= zALt-0 3= a1zeen
a 0- 7lae0 o~ Tl ~or o= ozov-a 165¢-0
o Lo e S SR VI L) s 0LID 1= p9cy=0 wisL D
o - 1scn o 000 c0se-a
L 0- LAl§'0 n- s
o a- gorz°0 o= 1e0Z0
o- o= 92510 D~ ABLLN (BTN
a- o glria om0 vararn
o o 100D
o 1= <69
o 1- PasLrQ
o 1= wem
1= YAELO LIRS = Ruz-a
1= regs-0 - sZreto 1- swca
1~ 400D - trn 2= [eyZ'n - 16900
- &51( 0 ©~ 9o 2= hLWL‘O T~ tweTo - 10 - oirie
00'¢ TR ng-t stz pots s st s o 050 B ()




209

Two-variate Exponential Distribution and Its Numerical Table
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Distribution and Its Numerical Table
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Ezponential Distribution and Its Numerical Table

-variate

Two

1. 9160 1o 90410 s 99510 ta @6L9°0 s &(19°0
1 gyeera 1+ 102270 e zliL0 1o 785970 te 10460
1» Eov'n L il 1o 1K69°0 1+ 9%09°0 to 99260
e ¥950°0 ts n2rL0 1o (490 4 842970 Tr 99900
e vveo Yo 2Lt 1+ 2619°0 te L9t w0
© za(ero Te 45210 e (70070 te v019°0 s LSS
ts 15C8°0 Te 6BIL'D 14 0I9 Is »o0%°0 Te 4600
e 6929'D ™ Wilo Te $69°0 (s 16650 Te 4095°0
[ X T+ 0%L-0 e $159°0 1 #h6< "0 Lo 99(5°0
1e (r19%0 v ol e 0090 ™ wsso 1+ 92¢5°0
1s goel’0 © rilsa 1> 609570 1o 200370
1 99ELD s 915970 s 82060 12 $18v-0

Zv 99C1°0  Ze 262140 T+ ow11°0
Te (<170 ze T2V e ZUITD
e LT ts pozl-o 2+ so1'0
7+ ®i2l0  Ze BBUL'O T+ 41010
Te YRUD Te V'O Te §OI0
ze vzt 1> 2901%0 Te 65010

T+ R0

2+ t4ar0 e #0%6°0 1o 2yL°0 Lo $4(9°0 e P624°0 s grieto

T+ $100°0 1o 7980 1+ q6xLto + 04290 1+ 99150 1+ 99990

2+ rot<o 1+ 0Ft4“0 te 06120 14 05t Te 1605°0 1o 054970

T vioto 1+ £€16*0 te 960L%0 19 €209°0 14 LWL 1o $8rr-0

T+ p0OT-0 [+ 90060 1e 71000 Te $904°0 o Sv6P R te BP0

12 67660 (s 73620 Te H69 0 e $165°0 1+ 1890 (o T4Cr-0

T 9IreD s (L8970 1o L5990 Te 159470 1+ CTEY-0 1+ (ot 0

1+ 60140 (4 00R8°0 Le CO99‘0 e 264540 Te OLLYO 1 (12v0

e Lus‘o (s (€100 Te Col9'0 e LO4N T+ §1v°0 © W

s 6r36D (« L999°0 > 1899'0 1+ §894°0 1¢ 29070 © W

Yo $0%6°0 1+ (093°0 1+ ¥(99'0 Te {940 e §t9r°0 e 6L

t+ §256°0 { 0443°0 > <%%9°0 Te Pb44°0 Te 98500 T 0v0rg

o ta00°0 [OUT ] 1+ 9670 Lo e Cro0°0

1 (999°D 1> 69090 1+ (0440 [ 1] [

1+ 26190 1» 9000 19 €99%°0 1+ 200 1+ 226070

1™ e 1+ (0»9°0 1+ v2e870 > 90 1o 6£6¢*0

I+ Lo X 1 et Te R0 s {arei I+ W6¢*0
z» erL1%0 [ERTILA] e Sze‘a e (oZy'n o pas-a
s 0190 (9040 (ORI (s 290

1o gmica Lo 14C0
1+ 499i°0 Te ¢m(0

L+ 46670 T 1260
te L1260 T+ %200

1o 2R 1o 02or-0 s toce-o
1e 090570 1+ qsgro (¢ 0ozcen
e MCs W ke (+ toccen
T+ 68ten I+ 21¢ra 4 (00 a
(= 95080 o 161970 1+ 008za
T~ 97600 1+ $%0r°n Te 9642°0
(STt ts OLLY*0 Te weion 14 £B92°0
o C1{L70 (s 6rov'a 10 $02c°0 [ERT0)
1+ asaz-0 [CRTTRY 1o ($LCD
15 sz02°0 14 WEr°0 Te ZLC0
e f1é9°0 90
1. Z(éat0 © (5900
L (m9°o © L
(SN I 1 e 18 ewsfra
1+ aus-e Yo OFCP 0 Ts Tpp( 0
Ie 1L9%0 10 w0 Te 104¢°0
1> 70940 B e Mo
15 Mg’ 1« v G (oo
1+ 14970 T 2ep’0 1o (viren Te Meen
1+ 9693°0 1 gIp 0 te ¢a09-0 o ZUCD
1+ 9L€9°0 (v ALY R 1o tzor-a e (820D
1 84290 L 2pa te 154070 e C6LL0
s #9190 e (e ts zixgca e zLco
18 11090 [ERIL1a Ve 6LLC"0 1 stace
I+ 6265°0 U tern e L3900 1o 24620
Lo 1+ 1200 1o W Te oz’
SR v MOVD 1+ 942070 e 1ez’0
T+ 21940 I $RC0 To 81520
e 890570 1s ;200 1o #4270
To 8TKE 40 e 161¢'0 te P20
e (52570 1+ geIC0 To §192°D
o 98150 te wACa e 1020
e w1670 Te %0 V4 Rz
1» y204°0 T €962°0 Yo Q120
{+ C50P-D Te aTI(“Q 14 $082*0 (o £222°'0 te 219170
1010 e 229970 teZrore  Te 6MI'0 L+ %0270 1o Lt 0 Ie $601°0
003 2701 a8 00°4 on'e oy s 00r NUEXS

‘60 =d (penunuo)) 6 QeL





