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Let us consider the probability sampling proportional to a prositive one-valued function
o(Y) of the given supplemental variable Y =(Y,, .-, Y;). Let X be the main variable and (X9,

Y4)i=1, ..., #* be n-samples with this sanpling scheme.
Then, consider the unbiased estimate X () of the mean value E(X) given by
~ 1 n (f)
(1 X(@)=——E oY)} 2 E{——
” i i§1 { 9,(}’(;))}
Then, the variance o2g, of X(g) is given by
1 Xt
2 —_—— —_ 1 -
(@ g =~ [E eME{ gy} - B0 ]

Now, if there exists a minimizor (° minimizing o2g, in the set of all p, then we define
the most efficient probability sampling by the proportional to o (Y).

In particular, when the positive valued X is given by

(3) log X = ¢(¥) + log ¢,
where { || ¥;;j=1...% such 9! (Y) always exists and can be shown by

) PO (¥) = b T,

And then, the coefficient of variation C(® of X (@) satisfies

1
0 =2

(5) Cco = Vs Ce,
where C¢ expresses the coefficient of variation of (.

On the otherhand, 9 (¥) is approximated by eRY), where R(Y) express-es the least mean
square linear regression of log X on the log Y or E(log X|Y).

For an example, when (X,Y) has the %4 1 dimensional log-normal distribution, @ is
of form

k
©) »O(Y)= 11 ¥;54,
j=

where the B, are the least mean square linear regression coefficients of log X on the log Y.

As an another example, when the distribution function of (X,Y) belongs to the two
dimensional Parets distribution of type 2 (see K.V. Mardia [4]) ‘9 (Y) can be approximated by
a power function of Y, since

) E f10g (5-) | ¥} =01 - p#71 + g s 10g ().

In the latter half of this paper, the result of data analysis based on the corporation
statistics in Japan is exhibited as a real example.
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IR MPEELL TEAS? ACIHE0BMRORIEE

SANGYO TEKKOH

SANGYQ CODE 31 skIHonkIN kATkYY T arelof saner EHS)
LOUMDKL REG =~ CO COR-CO
x X') g0 8l gy
(x) - ¢ x)

A IHONK N B0 vex) ot ocg;n Voo . vitx) . Vet 0415769 70.99000 1.30000 100800
1.511HOKK 283, 9084, . 72y 1575940 1598303 1.09572 2,50729 0,71679 0,33233
2. URTKAKEKIN 1154, 2290437, 1.31168 1696727, S9%0. 9. 1.05740 0,51782 0,93770 0.41974
3 . TANAQROSH[SHTSAN 596, 763743, 1.46697 387236 383760, 396809, 1.18382 2.45274 0.6
4 KOTE [SHISAN 1921. 6023534,  1.27777 5569903, saiezes, 5170360, g0l it 0 TR0z 0i57630
5. SHISANGOHKE [ a724. 28004208,  1.12027 21229088, 19629968, 1963364l 1o 508 3738315 064198 0.31151
6. KAIKAKEKIN 1762, 3690952, 1.09038 3175426 2700986, 2094830, 1.61707-1,78482 1.14096 0.31099
7 . TANKISHAKUNTUKIN 430, 9/6738,  2.29873 470156, 15643, 5404340, 2.18371 0.71680 0,96716 0.33171
8., CHOK ISHAKUNYUKIN 1065, 5211245, 2.15665 5740616, 5665811, 54 ME{ 1.31041~0.31727 0.82707 0.35735
9. 1GYOSONEK 152. 63845,  1.65854 39849, 39875, 39854. 0.87324 2.6749 4

. M 899517 1928502 2 0,77944 0.46329
10.URTAGEDAKA 1590, 2777132, 1.04791 2397195, 1890517, 287,  1.15783 2.70704 0.50015 0.31739
11 JYUGYO INSU 357, 161320,  1.1249% 201342, 141207, 170887,
0.83160 0.45739
SANGYO  TEKKOM
SANGYQ CODE 31 SHIMULKIN KATKYU foffive  SAMPLEFK 58
XNUMOKU
REG - €0 COR-CO
{X) R B ’
E(x) vix) cx) Vo) vi(x) V203 (%) B 81 o)
1.SHIHONKIN 13878, 1315398900, 2.61344 0. 0. 310112, 0.04013 0,00000 1,00000 1.00000
2. UKIKAKEKTK 18737, 1421666500, 2,0122% 132368890, 102257690, 152182520, 0.,65838 0.91562 0,9475% 0.78368
3. TANAGROSHISHISAN 19573, 2299660200,  2.45006 49619904, 79685888, 56180736, 0.38295-0.54385 1,09127 0,87111
4 ,KOTE[SHISAN 80219, 50256130000, 2,79458 623542270., 888332800, 623255550, 0.31121 0.76445 1,08030 0,93083
5.SH]SANGOHKE | 139402, 128663280000, 2,57311 1489989600, 1563463600, 1686110200, 0,29456 2,13722 1,01180 0.92247
6. KATKAKEKIN 23251,  21519/2800, 1,99515 172932090, 87693056, 203118840, 0.61296 1.77960 0,88184 0,80518
7. TANKISHAKUNYUKIN 16511, 1485168800, 2,33410 65930496, 257545210, 74250240, 0.52189-2,90782 1,29178 0.61453
B.cuoxlsuA;Lr;ﬂvalN n;;ez. uﬁlngusggv. 2.86313 2935223%. 464359660, 302452730, 0.41623-0,84531 1,16404 0.82159
9.E1GYOSONEK 3392, 82986784,  2.68577 1213988, 1345460 1353621, 0.34301-1,90995 1,02686
10, URTAGEDAKA 27187, 4309811200, 2,41476 118393340, 70260480, 142485240 3907 1.58917 0.91018 Jr72s60
0.85362
11.YUGYOINSU 6022, 178449360,  2,21814 7673088, 4377392, 9085504, 0.50050 0.20530 0,89929 0.89093
1.02772 0.83805
I P ~ 3
Wik MUERLL THERERE AV S ORBEERORER
SANSYD  KiKAl "
SANGYD CODE 34 SHIUNKIN KATKYU [{T7Eloft sampLedisia
XDy OKY REG - CO COR-CU
0 X ‘ 1 ]
GlX') B0 81 RUAY)
£ex) vexs cix) voexs viexs vax) 0.94506 3,74094 0,27613 0.37714
1. SHIHONKIN 262, 36859, 0.73245 ip3282, 29485, o1364. 1.29909 2.27501 0,75226 0.54820
2. URTKAKEK TN 1367, , 2936871, 1.25376 3816121, 2997381, 3153067, 0.59095 1.02256 0.91455 0.76306
2.,;3::2(!195?2151»15AN 22:. ;;o:;’_‘/" 0.98875 253ng. 55!623. ;;gr 0.55986 1.42807 0.87607 0.76300
. SHISAY . 1 . 0.87722 320131, 82643, 3,
z‘snfst«uthl ggg 1;}/2\;39" 0.91742 0929808, 7448336, 7638640, ‘235232 ;'fff:é g;;';;§; S:Zfé‘ﬁé
LKATKAKEKIN . 2320587, 1.15104 2228403, 1780474, 1872066, .0 81 4
7 TANK T SHAKUN YUK IR 750, 1287732, 1151255 1025450, 1092574, o13sss, | 2742570.82346 1.07129 ot
8. CHOK [ SHAKUNYUKIN 633, 807876,  1,42073 407199, 418048, 401765, 1.76789-0.52407 0. 62803 027903
9.LIGYUSONEK] 66, 17383, 2.00282 14903, 13069, 13544, 0.81429 1‘54;53 o'auw 0,72860
10 URTAGEDAKA 1048, 990724, 0,95003 872465, 760467, 727839, 012238 0.00000 1,00000 1.00000
11LJYUGYOINSU 441, 108675, g.74791 o. 0. 2910, ' +00000 1,000 ‘
0.81287 0.61264

SANGYD  KIKAI .
SANGYD COCE 34 SHIHUNKIN XATKYU /7 B SAMPLE ¢ T8
Kounzky REG = €O CoR-cy
) , . ;
) , . Vo LX) Vit vaex) (X ) 8o 81 xY)
IR el oo s 31650764 3094913, | 2035191, 0.49367°2.53889 0,69117 0.77858
1-sutsoniy 7o, asomnen. DUSS0olfcur.  gguzraszol 10s3slesul 0173355 1033748 0196311 0.74599
3! TANADROSHISHISAN 752:' 909;9160' 32534496, 30onaue0: it O.b’gaé 0’%3622 u.smg; 0.‘817077
4 KOTEISHISAN 11720, 427559810, 45072004 42000580, B15932A8. By O aaee 0903 T
5" SHISANGORKE | P 3925“3“0- 485323000, 510610430, 513205760, 0-5377“ 192606 0,94398 0.86944
6. KATKAKEKIN 8422, 94426976 26076600, 2050104, 25341208, 00 Liisota o' ovoss 017003
7 TANKT SHAKGNYUR TN 9183, 3709626680, 55326208, 63436000, 59464078, e Oara0-1 00000 0'8705; 0:3750s
8. CIOK I SHAKUNYUK 1) 5091, 62700496, 24316960, Blustse. 2z Ra736-1.94936 0. aas HET
9.£ 1GYUSONEX T 694, 1052759, 207475, 379912, s lhonsr 0 18080 10825 8136500
10, URAGEDAKA 8141, 105006880, 13590848, e, A3 0524l 0, RIS (o090
11.JYUGYDINSY 2980, 934g752, 1102598 o 0. 24395, 109241 0.00000 100000 100000
0.93943 0.67942

A HEBER O % T L BRUMHERT IHIINRTH B, ZoKkiciiBrotE»
ETIDTIL>TIRZDO—MHEL TRBICE 5 R 2 HIRT ik 3.

DEIRECL > TRARMCBLNIERERHUIZIOTH B Y, EBRZHEIEREL T
DY LHEOHRELTo X Lot MR XL L TS, T o AL T,
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