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STUDY ON TWO-VARIATE GAMMA DISTRIBUTION
AND ITS ENGINEERING APPLICATION (5)

—— Numerical Examination on Estimating Method of Population Parameters
of Two-variate Exponential Distribution ——

By Masashi Nacao, Mutsumi Kavova and Masamichi SHIRAHASE

Synopsis

Few methods for estimating population parameters of two-variate gamma distribution were
already proposed by the authors in the previous papers, but the judgement for their merits and
demerits was suspended because of difficulty for its theoretical discussion. In this paper, the tech-
nique of the Monte Carlo simulation is applied to generate many data regarded as samples from
a population of the two-variate exponential distribution which is a special type of two-variate
gamma distributions, and the effectiveness of the methods for estimating population parameters
of the distribution is discussed from the viewpoints of unbiasedness and efficiency. The results
in outline are as follows:

1) For the case that a sample from a total population is available; the estimates based on the
maximum likelihood method give the most desirable results, but the ones on the moments method
are not except the case using the correlation coefficient.

2) For the case that only a sample from a sub-population in the one-dimensional sense is availa-
ble, in which the domain of independent variable is defined as upper tail over a given value; the
estimates based on the maximum likelihood method give the good results, but the ones on the mo-
ments method are not.

3) For the case that only a censord sample in the two-dimentional sense is available, in which
the domains of both variables are defined as upper tails over given values; no good means are
found for estimating population parameters.
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Fig. 2 Variation of estimates for scale parameters.
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Fig. 13 Relation between standardized normal variate and standardized exponential variate.

BOFARICONWTRERLEINTH Y, RAEFERIOWTHELZERLEHETH L LIRL S
RDTHAI0 TEDLDL, WEDLHI WXL TREINLERIZZWTE, BFEOEHRILT L ERERE
& & LTommesk,

1) HEEFH 2O TFRRMBIE—FOERELY, REAERITL 2RFTZONRBHBIZERIIZ
W4T 2o
2) HBEERRLPHLOLTREMERBEIEEERTS
BB LEV. Zh% 0.=0.8 [ZonTBAEMITERS,

%¥, Fig. 16 gz, ko mRil (GEAFEE) 2R L30T, B 7.=0.5. RIZHE
BEEAD O _EBERBEENFLEITERINSD pe=0. PRI LBE LICEEOERERTH 5. KIZ
Ihid, ErgoRRRTiRE 2D, HEERICHAY T 2 AR, & BRICERIE p. LW ETAEL RS
A, & BATHESMENET EABIZERYT 5. LicdioT, & OWBEELEIRT 5L, & 028ty
DEEEABRE LT, Pl o LOV/NZWHEEEZ I LB TEEIND. I HIT, ZHMPRIEOEBREOH
AR THRE LY, LEOEARE{RALTHE. 272, 0. ¥ZL T Z0ERARARBRIIEDONS,

L7cdioC, BAMEEAMBITE > THERBBREZ > THEIN LR TTH 2. Tt i, p.=0.8,
N=200 o@E&I% LT, HEEHK & OEOFE L AOHEBICAT THAMITHBEE LHE LR
Table 1 Tk b, AOFROHBBEHMIVNE VT L4, 2ERICHT 2HBEBEE LML LTVIEERTS
5T LMbhsb,

—12 —



BE - AE - B : B~ ahE ZDOEBICET BHAE (5) 345

2l

03} OS5 0.7 o9

02 L %— 0.4 'y 06 s 08

o1t o3ft] W 05}

CVRr ' ® RE
150 T oRN

100} - - L

$ _i
HoUTtss Uredd 44

25 50 100 200N 25 50 100 200 N 25 50 100 200N 25 50 100 200N
- R=02 Pa= 04 R=06 /=08
Fig. 14 Average and coefficient of variation for sample correlation coefficients, RE and RN, (N=200).

In these figures, right-hand plots for N=200 show the results obtained based on samples such
ordered as P=i/(N+1), in which i means order of a sample.

RN

[.OF l «

o9l ! y n
1% ——— CONDITIONAL MEANST

08 “‘*‘““——‘“—7‘:;—-— ——— CONDITIONAL MEDIAN /4
a —= M= Peén -

L
| o, ‘°q°ol 2
o7 '/oo :
06 ' / E 400w
ot
|
!

T . 3 én
IL,‘ L1 L1 :
0 05 06 07 08 09 10 RE
Fig. 15 Comparison of sample correlation coeffi- Fig. 16 Locuses of the conditional mean and median
cients obtained for the case of p,=0.8 obtained for the case of p,=0.8 in the two-
in two-variate exponential distribution variate exponential distribution.
(N=200).

Rikic, FCERERERD O _ERBUER~ERT 2HALOWTHRCHATE (o TOBAK
3, (12), (15) REH-> TERT LI ERLLSo

Fig. 17 1i, p,=0.8, N=200 |Z%l4 2% RN,;RE otk R L3 0T, ToOBARE, RN [TH~NT
RE 3/NE_ ko TnbZ tdtbird. Z0FEEELT, p,=08 THT 2EREOBERR (ZNRFRII
S REOHNBTLS5) 2HELLL 0N Fig. 18 oZRth s, &k, HRPNT, BR 7.=
PaGe—D+1 1, ERBTETHD Pe=pn BRILD EBE LBROBRERTD %0 '

— 13—



RAM KA ERE 1558 (| 47 4)

Table 1 Comparison of the correlation coefficients obtained
based on the normalized samples in positive andneg-

ative regions of normals.
(p.=0.8, N=200)

Correlation Coefficient

Data Number

K 0<En<+°° _°°<En<o
1 0.6636 0.3878
2 0.6914 0.3459
5 0.6438 0.4782
6 0.6087 0.2293
7 0.6497 0.4469
9 0.5234 0.3269
10 0.5760 0.2646
11 0.5883 0.2826
13 0.6853 0.4216
14 0.6867 0.3183
16 0.5750 0.4491
17 0.6649 0.4256
18 0.5624 0.2428
19 0.6466 0.2318
20 0.5317 0.5003
Average 0.6198 0.3569
RE
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. I 7,
> s -
osr- | & — CONDITIONAL MEAN
| = 7=
08l —— 7/ _____ —— 7e=Pal€e-1)+1 e
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Fig. 17 Comparison of sample correlation coeffi- Fig. 18 Locuses of the conditional mean and
cients obtained for the case of p,=0.8 median obtained for the case of p,=
in two-variate normal distribution (N= 0. 8 in two-variate normal distribution.

200).
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