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Comparative Study of Confidence Intervals
for Relative Ratiol

Sang—- Gue Park?, You-Jin Oh?

Abstract

Consider the several methods of constructing interval for relative ratio from two
independent binomial samples. The special interests are gives in the cases of low
rates and small samples. Bias-corrected and accelerated bootstrap method is proposed
to overcome are the non-efficiency of current methods based on asymptotic results.
Simulation studies are presented to demonstrate the performance of the proposed

method.
1. AZ

Mz 599 F FHRo2RH o %—71]"*«] 2t ¥ & (relative ratio)> 5 H o] dojzx 3
959 545 gost=d AF *P%Fv]‘:} 53 ZEAA #FHH vrEAEo] o] (binary)d
o] & F &z APE&Y o T2 }‘uc}'%g] zo] G o oulE A Hol 2 e 7t
A A2 gRE ¥ad ¢ YA @

EYQ F old At duiuige] A3 S #E AT Noether(1957)o] 2 iA A 4]
" olg} HZ Nam(1999)7FA] @& EAstAtE oA #dglel dF=Ho & Adiui g A
HEE FASE dEEY A7/ 2AEA S F3 olFoA4A K AA ojeid ZAbAQ)
HHET ok AR Al FAAE FAFT Ay @HA fh SHAIRE olgd A W Ee
FEALS TE A B olye} 7z HdolA fojxe v&Y FAHA} A%E wWE= A7
Ae T Utk

B Aaes Aduge A 7RE FAsed AS7hA AAHJG BHEY EFS dHE,
HZ o] AMEHE BC,RE2E# Wi (bias-corrected and accelerated percentile method)S ©]
S A e ge AHTFHE FANRA st} £ =oE MHEY T&H S TPEy] AN

F .
RodYdE F L EA Wy FAHlE Bl aAf

1) The Paper is supported by 1998 Chung-Ang University Research Fund.
2) Associate Professor, Department of Applied Statistics, Chung-Ang University, Seoul, 156-756, KOREA
3) Ph.D Candidate, Department of Applied Statistics, Chung-Ang University, Seoul, 156-756, KOREA

- 621 -



622 Sang- Gue Park You-Jin Oh

XS ER 277 moln Bést p 9 o|RREVSY 8T, YE BE 27|} pyoln BE
7 b9 olREEWE Hx X VI AZ = FUHE 9= b= /012 A
ot} Ztzte] EEAM AL FANEL pri=2af/n, h=y/ndn & o, AF Ad=H ¢
o 2ANE 3= PR Bk B g=1—p (i=12) 31 ojR WeHE FAB
a; = 1— b2 &AL

2.1. Noether W
Noether(1957)= Arthnlgo] 2"zx% 33 Det Wd(Delta method)dl sl ZAH o2 A4t

2B B ¢la ) mpy + aof napr] & o1EEAM gl TAHA (1-)I0%AH TS HE% &
of AAF .

(e Gmid + ) natz) W

?

9 z,s EERATFEIY AY 022945 ot of FEAYWe wuA
szo @ wa: Aoz gl YA NFTRe Holsh vluH A il g EEIY
2 Ee yel gro] o] W EAF AAsF FAHA Sk AEY F 4
B xu p7t 0] AFE UEY 4 e mulgo] e Aot a8 a} g ol
QAT b, p T p o FRBL AL ¢ = p/py, b= (x+1/2)/(m+1/2)7

= (y+1/D)/(ny+1/2) 02 GG o] BARE I & AL Aotk =, 4o 2AHH
9 (1—a)100% 418 F3He

-1

& - (1220 @/ mbr + a3 me}) @

H

o) Hth,

22. Katz d47% 44

Katz 479 (1978)¢ Noetherd W€ M¥ste] logge HIHA A&
g e o]gslM log g ZTAMHA B [1/y—1/n+1/x—1/n]& 22 F,
3 (1—a)l00% A 3 F2HS A A
3. exp(xzV 1/y—1/ny+1/x—1/ny). (3)

e log HHozE Wol ¢alA glon Noether HPRTH AHFES
kel ZolE nad Holx HA 953 whgow deiA ot AT o] W2 Noether?
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3 ozt 2 xy o y7b 0o HW AMEE F gle @S JHA R Yk Walter(1975)€ °l€ =
23l7] 98 log 1o = log ((y+1/2)/(ny+1/2)) = log ((x+1/2)/(ny; +1/2)) & logg 9l 3
oz AASHOD log 7t logsel dal Ao 284S 7H4e Atk &, g9 2AAEQ
(1—a)100% A 377+ g3 2] AAE &+ U

Grn - exp(EzyoV 1/(y+1/2)—1/(ny+1/2) +1/(x+1/2) = 1/ (n; +1/2)) (4)
gt o] Wylel XNPAHA FAHLE 2% y7b omoly w7t HY Fo]l & Yoz HE
(degenerate) ¥ 7] W&ol Al-&E 4 lvhe RHeoloh

2.3. Bailey %™

Bailey(1987)%= ¢ A4S urt 2 #ral7] 98 BAF T= p — (¢5)' S nads %

EA% Teo B di(skewness)E HAAIZ]E 8 Fol olF ol&3lM ¢ ASFS
= g AA Yok A ‘“E} S ol gl vhen 72 F& was R

z= (p1“¢t/\[)/[ Q/n1+¢2t’2—\1/\/n )1/2]
olm, BAW Z= 2AH< Xgﬁ%s‘a% geoe des HasA7]7] 9 Zo 24 3% 48
o] R WA o] 0 S Fow s IS & Urh

t=1/3 + 2( nipspra — n3Dipraz) | 3( nivhat — nipigs) ~ 1/3.

ol& o] &AM ¢ (1—a)l00% TAHEA TS AR ohg7 2
~ s o~ 3
—~ o~ 1¢ZQ/2\/ (1=p)/x+(1—p)]y— 23/2(1_ (1 — 02)/9xv /3

(D2 1) - 21— )
9
y
Bailey ¥ Noether Wgol vlejM NHFELE & 2533 Q3 x=nolAY y=und 7
$oE P AFANE L F Ave FH A9 H $-ol log WHel H]Sﬂ*ﬂ
A FAY ARG VAR = I x T2 oyt 0d We FA FAZE Aol Walter(1975) 9
Aets B8 MIAFNE & F

(%)

2.4. Score HH

Koopman(1984), Miettinen®} Nurminen(1985), Gart®} Nam(1983)2 ¢ 29 A5 F4E d&d
L4 E o] &3 Score®& At Gart 9 Namoll 9)&lA Score Wl 2d =]+
2 ntgAI B4 AAE UEtn dude Aol W HAR AR FIE Asted v
Alrtol @ FEE Aol FAFoRE A& it}

F 59Q ol IERYH 21 SETTFE thH Zo] oz

InL=(x+y)Inp,+(n, +x) Ing, + ying+ (ny+v) In(1 — ¢p,)

| 5
3ol
o

I B
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a8 ¢ Score ¥
Ss(é,p1) = dInL(g, p))/ 3¢ = (y— n20,)/q:9

o) 3, #are

varl S($, p1)] = 1/ ¢*(ay/ mip1+ @zl nap2)

ot} wetA ¢ ZAFEA (1—a)100% A3 73He thg7 Zo] 48 & UH
_ Y A
A = Fmmb) [y mld i‘ip‘))=zi/2, (6)
n b1 q; nydq;
ANM He p o ASEFAFL nEty p e the Hoezry T & drh
(y—ngfz)/?fﬁ(x—nlﬁ)/?i = (). (7)
Gart®t Name ]9 5 A8 olgsA wtEzog A ¢of FAIHR shetx 4ds I
MR AT 28y FZ Nam(1995)e o] E AAais wwtE o g g9 AIF0HE ALt

4 Q= e ANdY. 3 A (D sy

¢ = (1— (m—na/(x+n—(m+n) )/ b ®)
olx A ®)L A (6l s AAEW

(x+ ny b)) A ns (x+ y—ny br— vy D) + m b1 (my— )]

= Zi/z m b qna(x+y—n by — vhy)

ojth 4WE A st
01E+025¥+0351+614=0 9)

a, = ny(n(n+n)y+ ny(my + 9)2%),

ay = — n(2(n;+ n)xy+ nyny(x+y) + ny(my + x+ 29) 253

ay = 2mmpx(x+ y) + (ny + n)x’y+ nyma(x+ y) 2%

a;=—nyx*(x+y)
olth. 2l (ZRE AL 59 A L& thI Fo] dojrh

—2(— ¢ /3)"2cos (/3 — 6/3) — b,/3,

—2(— ¢, /3)"cos (n/3+ 6/3) = b)/3,

2(—¢1/3)*cos (6/3)— b1/3,
A7V b = as/ay, ¢ = by—b}/3, cosf = 272,/ (2¢(— c)M) el 3, olwl by, = ay/ay,
by = ajay, c; = by—bby/3+263/21 otk o1FA dejR A 2 F AF A A 5 AA
2 Z& gto] A (@@ & AH T G e FA Ao

ghek x = 0 A$dE Ao] o] Hu y=0%d Byele d@dol 00 IAH x=y=10

9l ASol ATkl (0, )o] Hol ol Be o}FA PRE FL F Uk EI x = n,
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y=nd Bfide s3tol nz/(ng—i-zi/g)i, Faol (my+z5p)/m &2 2ojWtt
okzk olH&& A%t FrolAFHAI dud 2
A 8t % T EANA AP @7 ®Wol AEHIL AT
[e] (o]
ey =

1 d
o) A& Aol P ot UF W

isﬂr}m
2 AN o

2~ E 2 (Bootstrap) WY Efron(1979)0 &&f f&4o] AAlE o2 B2 FokollA AHEH
= 278 wolt), BAEW whye Byyt g gy ZAdo dHA AR 2 E
A A FREYE A7) oHde A AF AgHE 7|Holth R2EY FAZE HEFA
Hoz=Aego RENER FIZolgt ¥ 5 dut. ol RAEY FAHAFL vuy AL FEAA
Moo ol 2% EFAHAIHO FTFAFLN/ Aon e Jx FFHA o ARE
229 o83 TtustA 48 4 e FH Avt

At] B]E 4o ANF S FHsed Sy e duES oY F Ut F EENA
Ade pH pe EFEAY Fe: TR AV mH n,?l oGS BY Y F B
74 €] a\b% AArge}, AAE B9 Ab—f-_— 1A 1 @ #WE 9 W (simple percentile method)
o o) gEHA ¢ NS vE F Utk xuk yIb 0°] AF dERE F de ZHSo] &
Aool= dA o] WMHE ATE $,S F7] wFo] Walter(1975)2] FHHE o] &7 vt
= 73 pyol 0o BYE ol pit pE AR BrAe RAEY RS BEVIZ FH2
noead FRAM AHE x y7t 0o Bk AA Waltere] Wiy o] 4wl 1/28

A AL EE g
$o BAEY AFHFNE Fote e o WiEY] Wyt BC ¥ (bias-corrected percentile

method), BC, % (bias-corrected and accelerated percentile method) T° Ut d¥H o2+

g GEE Se WES ol @e) 2o, B =M we W9 wdol} BC wYg
AEHA gl BAEY A Te WE A3 F Pgue] mulgol B Ae FolW fA5ES
FARA REE AoR

o (1—a)100% AHAF+e (Pr5(a/2), dus(l—a/2)) 2 &AL
Byl wtEo] o AdojdA BAY 4,5 #MgE yAdde W, /29 dABEHE a,ﬁk-“}
(1—a/2) 9 ANZHE ¢,atel BC, el 23 ¢ AN pre] stekatydt Aggte] drt

B/d fiznE 2 BB EXHSFZ Ggza o+d BC, THoAMY o289 (1—a¢/2)& o

1 20t Z(a/2)
Q(ZO+ l1—a- (2p+ 2(2) )]
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(1—a/2) = Ggl[q)(zo+ : 2ot Z(1-a )]

—a- (2t 2(1-q2)

g( 3o — )’

6(2( Do — B )HY
olth, gt Mol g(jackknife value)S olmlatdl ol& Wekel Ao Thgm o] Ak
% ok R WA EENM AMY Aoz @ plE xAd (x—1D/(m—DF (n,—2) 749
A (ny—1)o] QAT F A ERoM AMY Aol g plE vyl (y—1)/(np— 1)
(n,— N A y/(ny—1) 7 Lol R} ol & ol & A

oo =[=D/(n,— D]/ [(x—1)/(n, = D],

b = [¥/(ny—D1/{(x—1)/(n; = D],

b = [(y=1/(ny— D1/ lx/(n,— D],

@ = [¥/(ny= D1/ [x/(n, = D]

zg = 0" {Gs($)},

©
o
=
e
ifly
el
o
EY
o

i
Bk Al oA ANEE @@ A% ARA AVHE WU FL o)k AW BYL
Welx rtha 44 qRse 2gAge B ol F HAsA

F EYPQ olg FRoZRH AdH & AFHTRE FAET] Aste ghelM AANPLD YHEE
o] 4L nusiEy] 95ty R AP T Ao BIAHolg TFHES AT
zbzho] MM ES FHo] & ALWE 18 pstPa TE AviE 20, 50, 1009 A X A
<5 nAsAch agdan R AR e 2E oo ge 0.125, 0.25, 0.5% B, F AA A<
o B& peol e 0.125, 0.25, 0.5, 0.875<1 AFel disted 44 o= 0.1(A#H+F 90%),
a=0.05N=HFF 5% 3 ZF2 UFo] Ho AT Hojsh XFHES Aste wwst
o Bgtrh o § BC,WolM MEE FEF 5T 40082 s, BE UYAAM 2@ EE
S A7 Y8 Zhzhe] By e 100084 wEste A gkel ¥EE A9 < 1000
o] A Fz7re] ZAolE HFF e IFsAch AHFRE FAEH UAM py, p7t RS
Fe AR A% p=0 B =02 F¢7 2AH ZE PHE Walter(1975)7F AL EFR 2
1/2& 4d Frtste ALds o
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il
ot
!
!
(S
NS
o

it gt 4

7, =20 7y =20
b= 1 2 4 7
Noether | 0964 16561 | 0701 (2366 | 0707 [3119] 0634 (14639
(0.4868,-0.5987) | (1.1165,14.5027) | (2.4586,-11.8359) | (4.549,157.2992)
(o, | 0957 [31991 | 0918 (711 | 0885 [1492] 087 [2618]
(0.3552,35547) | (0.8136,7.9176) | (1.8224,16.7433) | (3.8356,56.2037)
p = 0.125 Bailev 0954 [4.039] | 0911 [12.776] | 0891 [29.81] | 0828 [52.368]
Vol (03443792) | (0.8611,136227) | (2.0181,31.8318) | (3.8356,56.2037)
coope | 0955 [278] | 0911 [643] | 0898 (1350) | 0903 (20060
(0.3667,3.1402) | (0.8562,7.2885) | (1.9515,155476) | (3.6928,27.7561)
0919 [196) | 0912 [412] | 0902 [994] | 0.912 [1556) |
Bootstrap _ _ _ _
(0.4451,2.4500) | (1.07595.6485) | (2.5061,12.9152) | (5.1488,21.0012)
S N R
Noutner | 0631 [858) | 0893 (382 [ 0882 16025) | 0869 [206]
(0.2952.75695) | (0.5916,2.9005) | (1.30884.6185) | (2.524,22511)
ko, | 0957 LL166) | 0024 [157) | 0919 (2837 | 0901 [599)
(0.2347.1.4011) | (050452.077) | (1.1522,3.99) | (2.21838.2109)
p = 0.25 _ 0947 [1.177) | 0921 [165] | 0911 [325] | 0913 [862]
BalleY | 02194.1.3965) | (0.4958.2.1498) | (1.1782.4.4327) | (2.322510.9464)
coope | 0947 1109) | 0924 [154) | 0011 [285] | 0913 (589
(0.236,1.3335) | (0.50552.0513) | (1.1759,4.0277) | (2.3232,8.2067)
0941 [095] | 0915 [1.11 | 0920 [213] | 0917 [4.59]
Bootstrap _ _ .
(0.2456,1.211) | (05111,1.7015) | (1.1801,3.4009) | (2.3335,7.1956)
N T
0563 [125] | 0895 [1.00] | 0923 [1.00] | 0874 [136]
Noether _ _
(0.163.0.4155) | (0.3386,1.2698) | (0.7152,1.7314) | (1.3761,2.7362)
o, | 0873 [046] | 0957 [061) | 093 [083) | 0907 [119]
(0.137405996) | (0.30480.9134) | (0.6736,1.4972) | (1.322325134)
=05 _ 0872 [044] | 0931 [0.604] | 0930 [0.84] | 0.885 [1.233]
Balley | 0 1965,05640) | (020420890) | (0.669215077) | (1.334425672)
o, | 0886 (043 | 0931 [050) | 0931 (084 | 0921 (.21)
(0.1357,05734) | (0.29950.899) | (0.6671,1.5109) | (1.35352.5967)
0899 [035] | 0929 [050] | 0940 [0.78]1 | 0922 [1.14]
Bootstrap _
(0.1401,05127) | (0.31240.8342) | (0.6775,1.4194) | (1.3512,2501)
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[F 32] n,=n,=20, AFFF B%A 39 L3I &, o704l FFagsd 4
n1=20 n2=20
- i 2 4 7
Nouthep | 0236 [1092] 0338 [21845)| 0439 (4831 | 0716 (31565
oether
(0.4289,10.6548) | (0.9820,21.4726) | (2.1226,50.2251) | (3.9667,345.5921)
. 1 [5001 | 0999 [1015]| 096 [21.46] | 092 [40.85]
atz
(0.27345.2751) | (0.6384,10.7939) | (1.4014,22.8632) | (2.6187,43.4675)
by = 0.125 . 1 [11.049] | 0995 [45.18] {0965 [115.43]| 096 [239.83]
alley
Y (0.2541,11.3034) | (0.6863.45.8721) | (1.6171,117.05) | (3.1301,242.96)
] 0934 [393] | 0998 [8437] |0.959 [17.949)| 092 [34.04]
core
(0.2908.4.1226) | (0.6944.9.1316) | (1.5395,19.5186) | (3.0259,37.0682)
1 [211] | 0962 [7.03] | 0.928 [13.76] | 0930 [24.69]
Bootstrap _
(0.1765,2.2954) | (0.7727.7.8064) | (1.9683,15.7249) | (3.9815,28.5797)
2
outher | 0273 17331 | 0760 (1259 | 0897 [1268) | 0865 [66.65)
oether
(0.2614.7.0972) |(0.5307,10.5487)| (1.20225.0123) | (2.2403,67.1795)
- 1 1721 | 0988 [223] | 0987 [465] | 0946 [7.69)
atz
(0.1851,1.9056) | (0.4174.2.6539) | (0.9769,5.6272) | (1.86659.5646)
by =10.25 . 0998 [1.94] | 0991 [279] | 0982 [12.16] | 0957 [21.68]
1
Y | 0165321) | (0.4055:3.1932) |(1.0718,13.1775) | (1.9958,23.6798)
< 1 [151] | 0998 [211] | 0984 [441] | 0957 [(7.36]
COTC 1 (0.1894,1.7086) | (0.4217,25288) | (1.01635.4319) | (2.0167,9.3776)
0937 [L16] | 1 [169] | 0961 [474] | 0934 [6.12]
Bootstrap _
(0.1363,1.3016) | (0.3032,1.9942) | (1.0885,5.8375) | (2.1025,8.3947)
1 1 3
’ 4 2 : Yy
Noutner | 0361 261 | 0819 12611 | 0807 [(175) | 0868 193]
OCtET | (01561,2.2745) | (0.3066,1.6163) | (0.6631,2.3906) | (1.2989,3.2316)
(., | 0913 [086) | 099 (08131 | 0976 [L076] | 0988 [156]
VA
A 0.1191.0.7772) | (0.2605,1.0737) | (0.6041,1.68) | (1.2189,2.7831)
pr=0.5 . 0952 [0.56] | 098 [0.799) | 0976 [1.11 | 0964 [1.64]
Y| (0.1046,0.7044) | (0.2458,1.0453) | (0.5983,1.6986) | (1.2387,2.88)
. 0946 [059] | 0987 [078] | 0981 [1.1] | 0987 [1.66]
COTe 1 (0.1178,0.7138) | (0.25481.043) | (0.5948,1.7031) | (1.2654,2.9262)
o [ 0084 [048) | 0948 070 | 0962 (0941 | 0946 [119]
OoLstran 1 187.0.6319) | (0.2439,0.9849) | (0.5865,1.5294) | (1.1985,2.3089)
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BT,

n; =50 7y =50
b= 1 2 4 7
Noothey | O848 (42961 ) 0822 (6.157) | 0.822 [12.06] | 0.891 [15.025]
(0.6631,3.9751) | (1.381,5.3081) | (2.8517,16.6154) | (4.9969,19.0155)
Koy | 0928 [1784]] 0901 (3.019] | 0886 [5771 | 0913 [9.304])
(0.5606,2.3447) | (1.2057,4.2256) | (2.5278,8.3027) | (4.4810,13.7857)
p = 0.125 By | 0923 1197) 1 089 (325] | 0895 [6.725] | 0.908 [10912]
Y| (0562,25381) | (1.2358,4.4817) | (2.6247,9.3497) | (4.6691,15.5816)
Cegpe | 0923 1741 | 0902 [299) | 0903 (5601 | 0908 [9.18]
(0.5679,2.3081) | (1.2235.4.2136) | (2.5794,8.2745) | (4.5897,13.7792)
Booteuran | %2 (165 | 0910 [291] | 0898 [562] | 0912 [9.05]
(05702,2.2895) | (1.2310,4.2011) | (2.6129,8.0954) | (4.6028,13.5945)
5 I 3 I R
Noether | 0814 11001 | 0863 [1.23] | 0901 1.869) | 0929 [2.73]
(0.3576,1.3419) | (0.7295,1.9563) | (1.50783.3769) | (2.69045.4175)
Koty | 0900 (0661 | 0947 098] | 0906 (16l | 0923 [243]
(0.3193,0.9816) | (0.6756,1.6614) | (1.426,3.0313) | (257385.0032)
by =0.25 Baijey | 0908 (0661 | 0942 [1.00] | 0902 [1645] | 0922 [245)
Y 1(0.3121,0.9723) | (0.6744,1 6739) | (1.4401,3.0859) | (2.6109,5.110)
Seope | 0910 [065) | 0942 098] | 0903 (1617) | 0922 [245]
(0.3194,0.9726) | (0.6768,1.6617) | (1.4378,3.0549) | (2.6154,5.0685)
0910 [059] | 0938 [061] | 0911 [1.60] | 0917 [2.38]
Bootstrap . _ _
(0.3200,0.9125) | (0.6709,1.5081) | (1.4124,3.0319) | (263895.1011)
1 1 3
’ 4 2 1 4
Noothey | 0820 [037) | 0881 (0431 | 0836 [0566] | 0882 [0.73]
(0.1807,05376) | (0.389,0.8214) | (0.8114,1.3776) | (1.4821,2.214)
oy | 0923 10271 0908 [038] | 0.901 (053] | 0.887 [0.703]
(0.1654,0.4387) | (0.3702,0.7509) | (0.7895,1.320) | (1.4579,2.1608)
pr =05 , 091 [0.27] | 0895 [0.38] | 0901 (053] | 0892 [0.71]
Balley | 0 1597.0.4279) | (0.3656.0.7458) | (0.7885,1.3229) | (1.4635,2.1747)
Geope | 0915 (026] | 0895 [0371 | 0901 (053] | 0.893 [0.71]
(0.1643,0.4322) | (0.3676,0.7463) |  (0.788,1.324) | (1.4734,2.1895)
0919 [0.21] | 0903 [0.40] | 0903 [052] | 0.900 [0.705]
Bootstrap
(0.1632,0.3845) | (0.3709,0.7714) | (0.7831,1.3109) | (1.4686,2.1599)
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(& 34] n=mn,=50, ¥&+F B%A Z %

|, Batdan 4

", =50 7y =50
b= 1 2 4 7
Noothey | 0749 (476291 0901 [18186]| 0917 [20077] | 0886 [47.748)
(0.6143,41.009) | (1.236,14.1607) | (2.6103,8608) | (4.5683,-5.6928)
Ky, | 0931 [268] | 0923 [3962] 1 0915 [9027) 091 [12743)
(0.4746,3.1254) | (1.0084,4.9712) | (2.1609,11.1878) | (3.8693,16.6147)
b = 0.125 Baiey | *% [4586] | 0927 [445] | 097 [24.165] | 0.888 [21.741]
(0.4762,5.062) | (1.0459,5.4962) | (2.2987,26.464) | (4.1303,25.8714)
Seope | 0927 [2491) | 0936 [388] 0903 [8398] | 0903 [12347)
(0.4884,2.979) | (1.0366,4.9167) | (2.2463,10.6444) | (4.0423,16.390)
Bootsurap| | L6981 | 0978 [405) | 0083 [9.095] | 0.939 [13.414]
(0.3293,2.0227) | (1.1048,5.0126) | (2.4065,11.5011) | (4.4697,17.8839)
SN
Noether | 0828 15010 | 089 (2027 | 0914 [2891) | 0927 (4033
(0.3176,4.9519) | (0.6773,2.7049) | (1.14185,4.3095) | (2.5357,6.5685)
Koty | 0944 [0871) ] 0042 [1319] | 0946 [2125] | 0928 [3249)
(0.2663,1.1382) | (0.6003,1.9197) | (1.2998,3.4253) | (2.3607,5.6097)
=102 Baitey | 0% [0864] | 0938 [1.348] | 0944 [2.213] | 0925 [3.402]
(0.2557,1.1198) | (0.5988,1.9475) | (1.3216,3.5346) | (2.4186,5.8207)
Seore | 0942 10848) | 0928 [1312] | 0944 [2142] | 0927 [32860]
(0.2677,1.1157) | (0.6035,1.9159) | (1.31933.4615) | (2.4280,5.1494)
Bootstrap| 0934 10781 | 0954 (119] | 0962 [215] | 0955 [3.31]
(02059,1.009) | (0562,1.7102) | (1.3418,3.4899) | (2.2335.652)
S S T
Mooty | 0891 (06851 | 0926 [0617) | 0933 [0759] | 0916 10.967]
(0.1671,0.7611) | (0.3634,0.9813) | (0.7595,1.5191) | (1.4177,2.3848)
ko, | 0943 (0364) | 0946 [0.495] | 0.925 [0.6817) | 0934 (0.907)
(0.1458,0.5101) | (0.3362,0.8319) | (0.7269,1.4087) | (1.3906,2.2876)
p =105 _ 0956 [0.352) | 0.942 [0.493] | 0925 [0.6877] | 0932 [0.921]
Balley | 0.1375,0.4808) | (0.3294,0.8224) | (0.7255,14132) | (1.3897,2.3113)
Seore | 0987 (03511 [ 0943 [0489] | 0925 [060) | 0957 [0.982)
(0.1447,0.4960) | (0.3328,0.8227) | (0.7246,1.4152) | (1.4043,2.3362)
Bootstrap| %% [031) | 0962 1042) | 0953 [05%9) | 0947 [0.91]
(0.103.0.4214) | (0.3189,0.7921) | (0.7015,1.3102) | (1.3749,2.2801)




[ 35] ny=n,=100, 452 90% ¢ THEE, FF 7], BEHdH G

Comparative Study of Confidence Intervals for Relative Ratio

7, =100 ny =100

b= 1 2 4 7
Noethep | 0907 11431 | 0957 2.235] | 093 [3856] | 0927 [5.88]
(0.7313.2.16) | (1.4894,3.7246) | (3.0493,6.9054) | (5.2494,11.1327)
Kap, | 0898 L1105) | 0929 185 | 0913 (3311 | 0932 [5.16]
(0.6687,1.7737) | (1.3894,3.2392) | (2.8776,6.1854) | (4.9902,10.1489)
by = 0.125 Bailey | 0L [1.12) | 0918 [1.89] | 0911 [341] | 0928 [5.32]
(0.6686,1.7892) | (1.4046,3.2093) | (2.9256,6.3318) | (5.081,10.3983)
Seope | 0895 (1091 | 0928 84 | 0909 [33] | 0928 [5.16]
(0.6715,1.7684) | (1.3973,3.2425) | (2.9013,6.2089) | (5.0405,10.2041)
Bootstrap| O] [105] | 0926 [181] | 0910 [3.31] | 0932 [515]
(0.6691,1.7234) | (1.3914,3.2191) | (2.92786.1818) | (5.0512,10.2051)

S S I R B
Noethey | 0922 105111 | 0924 [073] | 0.623 [1.169] | 0907 [1.755]
(0.3808.0.8922) | (0.7839,1.5142) | (1.6436,2.8127) | (2.8869,4.6418)
o, | 0903 (04411 ) 0.905 [0.664) | 0916 [1.09] | 0903 [1.667)
(0.3578.0.7942) | (0.7525,1.4169) | (1.597,2.6032) | (2.8211,4.4882)
p=10.25 Bailer | 05 (0.435] | 0905 [0.668] | 0916 [1.11] | 0904 [1.689]
Y 1(0.3536,0.7887) | (0.7518,1.4201) | (1.6051,2.7134) | (2.8419,4.531)
Seope | 0893 [043] | 0.905 [0.664] | 0918 [1.10] | 0906 [1.67]
(0.3575.0.7908) | (0.7528,1.417) | (1.6037,2.7044) | (2.8435,4.519)
Bootsuran| 0% [0.431] | 0904 [0661 | 0810 [109] = 0898 [1.65)
(0.3594,0.7991) | (0.7275,1.4019) | (1.6078,2.7101) | (2.8295,4.5089)

0 N S
Noethey | 0932 (0211 | 0916 [0.277) | 0908 (038 | 0891 [05]
(0.1915,0.4033) | (0.4055,0.6828) | (0.8544,1.236) | (1.5526,2.0544)
Koty | 0928 (0187) | 0905 [026] | 0921 0371 | 09 [049]
(0.1822,0.3693) | (0.3947,0.6557) | (0.8422,1.212) | (15393,2.0316)
pr =105 Bailey | 098 [0185) | 0903 (026] | 0921 [0.37] | 0.908 [0.495]
Y 1(0.1789,0.3643) | (0.3922,0.6529) | (0.8418,1.2129) | (1.54252.0375)
Seope | 0925 [0185] | 0904 [026] | 0.921 [037] | 0904 [0.49]
(0.1814,0.3666) | (0.3031,0.6533) | (0.8416,1.2133) | (1.5479,2.0449)
Bootstrap| OOV [0.184] | 0904 [0.27] | 0917 [0.372] | 0908 [0.49]
(0.1809,0.3658) | (0.3970,0.660) | (0.8420,1.2121) | (1.5378,2.0358)
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[X 36]l n;=n,=100, AHFZE B%Y Z$ TS, Yo+040], HFssha 43t
n; =100 ny, =100

b= 1 2 4 7
Noethey | 0911 [232) | 0927 (33761 | 0937 [5624] | 098 [9.285)
(0.6625,2.9826) | (1.3693,4.7453) | (2.7871,84111) | (5.008,14.293)
ko, | 0922 11416) [ 0922 (2398) | 0948 [4215) | 0984 [7.071]
(0.5784,1.9974) | (1.2305,3.6238) | (2.5489,6.7642) | (4.6144,11.6861)
pr = 0.125 Doy | 0908 [1447 | 0915 [2485] | 0941 [4.419] | 0988 [7445)
(0.5772,2.0249) | (1.25163.737) | (2.6167,7.0366) | (4.7567,12.2053)
Seore | 0928 [1399) | 0910 [2370] | 0944 [4206] | 0984 (7,064
(0.5834,1.9828) | (1.25163.737) | (25868,6.7932) | (4.70,11.764)
Bootetrap| 0932 1101 [ 0938 [212) | 0950 [425] | 0981 [698]
(0.5677,1.6677) | (1.2109,3.4028) | (2.5984,6.7210) | (4.6512,11.0284)

13 [ [ | 9
Noether | 0917 10761 [ 0947 [1015) | 0958 [1542) | 0963 [234)
(0.3529,1.1127) | (0.7343,1.7501) | (1.5242,3.0671) | (2.744,5.0875)
.o | 0932 10571 [ 0952 (0864) | 0952 [13%) | 0961 [215]
(0.3202,0.8910) | (0.6883,1.5523) | (1.4566,2.8429) | (2.64534.7977)
p=0.2 N 0938 [0567) | 0.945 [0.871] | 0941 [1408] | 0951 [2.19]
alley | (03138,0.8812) | (068731.5585) | (1.4684.2.8773) | (26773.48736)
Sepra | 0918 [0563) | 0951 (08621 | 0961 [139] | 0955 [216)
(0.3202,0.8835) | (0.6894,1.5514) | (1.4669,2.8602) | (2.6814,4.8482)
Booterap| 91 1051 | 0961 (0881 [ 0960 [138] | 0955 (2159
(0.3109,0.8222) | (0.6789,1.5623) | (1.4557,2.8569) | (2.6935,4.8415)

8 I N N
oathe, | 0931 031 | 0048 10371 | 0945 105 | 0961 (064)
(0.177,04812) | (0.3842,0.7568) | (0.8219,1.3231) | (1.489,2.129)
o, | 0945 (02431 0960 [0337) | 0950 [0476] | 0.966 [062]
(0.1635,04071) | (0.368,0.705) | (0.8032,1.2796) | (1.4689,2.09)
pr =05 , 0923 [0.239] | 0956 [0.336] | 0938 [0478] | 0.95 [0625]
Balley | 0 15870398) | (0364207 | (0.80261.2811) | (1.47382.0997)
core | 0042 (0238 | 0958 [0.334) | 0958 [0479] | 0954 [0629]
(0.1627,04017) | (03659,0.7) | (0.8022,1.2819) | (1.4822,2.1122)
Bootctrap| %8 (0241 [0952 (03301 | 0958 [047) | 0949 [0631
(0.163,0.4022) | (0.3648,0.6985) | (0.8020,1.2755) | (1.47952.102)
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7, =100 75 =100

b= 1 2 4 7
Noothep | 0907 11431 | 09837 [2235] | 083 [3856] | 0927 [5.88]
(0.73132.16) | (1.4894,3.7246) | (3.0493,6.9054) | (5.2494,11.1327)
Koty | 0898 [1105] | 0929 [185] | 0913 [3311 | 0932 [516]
(0.6687,1.7737) | (1.3894,3.2392) | (2.8776,6.1854) | (4.9902,10.1489)
by =0.125 Bailey | 0881 (1121 | 0018 (1891 | 0911 [3.41] | 0928 [5.32)
Y (0.6686,1.7892) | (1.4046,3.2993) | (2.9256,6.3318) | (5.081,10.3983)
Seore | 089 [100] | 0928 [184] | 0509 [33) | 0028 (5.16]
(0.6715.1.7684) | (1.3973,3.2425) | (2.9013,6.2089) | (5.0405,10.2041)
Bootatrap| 01 1105 | 0.026 [181] | 0910 [3311 | 0932 [5.15]
(0.6691,1.7234) | (1.3914,3.2191) | (2.92786.1818) | (5.0512,10.2051)

I S A N
Noether | 0922 (05111 | 0924 [073) | 0923 [1169) | 0907 [1.755]
(0.3808.0.8922) | (0.7839,1.5142) | (1.6436,2.8127) | (2.8869,4.6418)
(o, | 0903 0.441] [ 0905 [0664] | 016 [1.09] | 0.903 [1667]
(0.3578,0.7942) | (0.7525,1.4169) | (1.597,2.6932) | (2.8211,4.4882)
b =0.25 failey | 0839 104351 0.905 [0668] | 0916 [1.111 | 0.904 [1.689]
Y1 (0.3536,0.7887) | (0.7518,1.4201) | (1.6051,2.7134) | (2.8419,4.531)
Seore | 0893 (043 | 0905 (06641 | 0918 [110) | 0906 [167]
(0.3575,0.7908) | (0.7528,1.417) | (1.6037,2.7044) | (2.8435,4519)
Bootstrap| *%! (04311 | 0.004 (0661 | 0910 [109] | 0898 [165]
(0.3594,0.7991) | (0.7275,1.4019) | (1.6078,2.7101) | (2.829545089)

2 N S A
Noethep | 0932 (0211 [ 0916 (02771, 0908 [038] | 0801 (03]
(0.1915,0.4033) | (0.4055,0.6828) | (0.8544,1.236) | (1.5526,2.0544)
Kty | 0928 (01871 | 0905 (026 | 021 [037) | 09 [0.49]
(0.1822,0.3693) | (0.3947,0.6557) | (0.8422,1.212) | (15393,2.0316)
n =105 B 093 [0.185] | 0903 [026] | 0921 [0.37] | 0908 [0.495]
alley 0 1780.0.3643) | (0.3922,0.6529) | (0.8418,1.2129) | (1.5425.2.0375)
ceore | 0925 (01851 | 0904 [026] | 0921 [037] | 0904 [049)
(0.1814,0.3666) | (0.3931,0.6533) | (0.8416,1.2133) | (1.5479,2.0449)
Bootstrap| *%7 (01841 | 0904 [027) | 0917 [0372] | 0908 [049]
(0.1809,0.3658) | (0.3970,0.660) | (0.8420,1.2121) | (1.5378.2.0358)
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(£ 36l ny=ny=100, A3 +F 95% A LTFE, ool A3 43
71 =100 ny =100
b= 1 2 4 7
Noether | 091 [232) | 0927 [3376) | 0937 [5624) | 098 [9.286)
(0.6625,2.9826) | (1.3693,4.7453) | (2.7871,84111) | (5.008,14.293)
K, | 0922 114100 [ 0922 [2393] | 0948 [4215) | 0984 [7.071]
(0.5784,19974) | (1.2305,3.6238) | (2.5489,6.7642) | (4.6144,11.6861)
by = 0.125 Baiey | ©%% [1.447] | 0915 [2.485] | 0.944 [4.419) | 0.988 [7.445]
(05772,2.0249) | (1.25163.737) | (2.6167.7.0366) | (4.7567,12.2053)
Seore | 0928 113901 | 0910 [2379] | 0944 [4206] | 0984 [7.064]
(05834,1.9828) | (1.25163.737) | (2.5868,6.7932) | (4.70,11.764)
0932 [1.01] | 0938 [212] | 0950 [425] | 0981 [6.98]
Bootstrap
(0.5677,1.6677) | (1.2109,3.4028) | (2.5984,6.7210) | (4.6512,11.0284)
S A TR
Noetter | 0917 [076] [ 0947 [1015) | 0958 [1542] | 0953 [2.34]
(0.3529,1.1127) | (0.7343,1.7501) | (1.5242,3.0671) | (2.744,5.0875)
.o, | 0932 057 | 0952 [0864] | 0.952 [1386] | 0951 [215]
(0.3202,0.8910) | (0.6883,1.5523) | (1.4566,2.8429) | (2.6453,4.7977)
p = 0.2 , 0938 [0567] | 0945 [0.8711 | 0941 [1.408] | 0951 [2.19]
Balley | (3138,0.8812) | (0.6873.15585) | (1.4684.2.8773) | (26773.4.8736)
ceoro | 0948 (05631 | 0951 [0862) | 0961 [139] | 0955 [2.16]
(0.3202,0.8835) | (0.6894,15514) | (1.4669,2.8602) | (2.6814,4.8482)
Booatrap| 091 (051 | 0961 [088] | 0960 [138] | 0955 [2150]
(0.3109,0.8222) | (0.6789,1.5623) | (1.4557,2.8569) | (2.69354.8415)
T O
Noether | 0934 1031 | 0948 (037 | 0945 [05] | 0961 [064]
(0.177,0.4812) | (0.3842,0.7568) | (0.8219,1.3231) | (1.489,2.129)
., | 0945 [0243] | 0960 [0337) | 0.950 [0.476) | 0966 [062]
(0.1635,04071) | (0.368,0.705) | (0.8032,1.2796) | (1.4689,2.00)
pr =05 _ 0923 [0.239] | 0956 [0.336] | 0938 [0.478] | 0956 [0.625]
Balley | (01587.0308) | (0364207 | (0.80261.2811) | (1.4738.2.0997)
Seor. | 0912 [0238) | 0958 [0334] | 0958 [0.470] | 0854 0629]
(0.1627,04017) | (0.3659,0.7) | (0.8022,1.2819) | (1.4822,2.1122)
Boottap| 0948 0241 0932 [0339) [ 0958 [047) | 0949 0631
(0.1630.4022) | (0.3648,0.6985) | (0.8029,1.2755) | (1.47952.102)
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