E A TE REELT G
PRETHRRILE T
Monitoring Multivariate Process Dispersion when

the In-control Covariance Matrix is Estimated



¥ AT %ﬂ%@%%?%
FREIAERRELEY
Monitoring Multivariate Process Dispersion when

the In-control Covariance Matrix is Estimated

Student : Chieh-Wen Yang

PRI E Advisor : Jyh-Jen Horng Shiau

A Thesis
Submitted to Institute of Statistics
College of Science
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master
in

Statistics
June 2011

Hsinchu, Taiwan, Republic of China



PEHTERB LI RPE SRR UBYELE

)

R A F R EF T LT

# &

-~ AFERY FHIRE LY AR AT RS A A S FRER R
&ﬁu%ﬁﬁﬂ#@Tiﬁﬁ%%?@ﬁﬁﬁ,j%ugﬁwf G T ?ﬂ
45 BB EARL H AT BT AT A P P 2 (LRT) A R
kgt BHPES BEELEH SRR ELOF TR 3 I Y BEF ST -
LSO R R R S IR e A s R
Bl H ARl A R R RCE e T 2 B ok R e ¥ W ok

B FHE- L EMT BRG] AREZ BEHIR ST 2 Foxo

MeEF WY REFS o fri R S REURRE > PR BB
|



Monitoring Multivariate Process Dispersion when
the In-control Covariance Matrix is Estimated

Student : Chieh-Wen Yang Advisor: Jyh-Jen Horng Shiau

Institute of Statistics
National Chiao Tung University

Abstract

When implementing a control chart, the in-control parameters of the process are usually
unknown and need to be estimated from the in-control data obtained from phase I analysis,
and then used to construct the control-limits for phase II online monitoring. Assume the

in-control covariance matrix 2, is-unknown, we establish a one-sided-test-based control

chart and two two-sided-test-based control charts based on the likelihood ratio test (LRT)
statistics for testing the covariance matrix of the quality characteristic vector of the current
process, 2. Considering the randomness-of the estimated covariance matrix, we construct
the control limits by controlling the expected false alarm rate at a prescribed level. Algorithms
that are computationally feasible are developed for constructing such control limits via Monte
Carlo simulation. The performance of these control charts are evaluated in terms of the
detecting power of various changes in the covariance matrix through a simulation study. The
applicability and effectiveness of the three control charts are illustrated via a semiconductor

example and two simulated examples.

KEY WORDS: Expected false alarm rate, likelihood ratio test, multivariate process

dispersion, one-sided test, two-sided test
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R AR T 2 B PRI R i 0 PR B R RL A i § 2 LB A i
(geometric distribution) » 3 @135 ARL=1/w > B 7P w Z e T2 TAZE ¢ F1 7 ULCL

i ¢ o 7% W B4R I (alarm rate,* - signal probability)

B - FRINFEEEF D - T E A - BS o RS- R R
TEHRAS, =12, > Fd 2SS, A AR TN ET > t=12,... c FY R K
- e LS g2 T WHRS AL FER IR AE R TR TR b L E
BS ML EWE R M SEREATRETNFLE R = BS,  d X T2 B2 fh
20X AR AT e BS % g8 T RLAJRES @ A o 97103 50 /w kw3t ARL o

F2RZ BEARILF 2 idd2 TR0 F) LS, oS SmANE M A 2 rd A2 T s
FET G id o R Rend A3 R EFERIRT 20 FEF SRR hd 2

FEAPRBRZHEOEAAPEGEORPFLEZF) 0 AT RSP EE AP E

FARR o0 R E IR U ot E ]/ w X A G AR kT2 ARL -
Fpb o 2T RV RA D E L LR A PER P ERF TR A

Bl rcd Bz 3580 1__?71"5']'“ 2w WL HpY 'F/\&ﬂ;’—; a AT 2w LAY R

4 (expected detecting power) 1— 8 » 2 ¢ o 22 g4 W] 5 B3R & €2 4] - 45 (type I error)

3 A = 45 3% (type Il error)2_ #p 3 #% F o

AEF AP R p=22 2, =1, TRHE - WAL X REELY

MR R
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2{ A, pM} ] @
oAA, A,
133% Yen and Shiau (2010)¥ 4v > X -3 i fcie 5
%[(Al +A, =D k(A —A,) +4pAN, } ' 4.2)
Ao Y=Y, A E T NEET o Ap b il p chde BRI B
A, -1, -n1"
MB{ AL, } : (43)

-

PUERF] 0 A=A=1T pEOPEE A R R AN URE R S aER s B A

Bt Mg SRB B DoX, L1 niE R r A g

| 4

XK a=00027 > p=2 > n=5>F BT A R
(1) A=A, =c® p=0 > #EaEHRIT=cY, »HP =1.2515,1752,2.25,2.52.753 -
Q) A #£A, T p=0 > H ¢ (A,A))=(1.25,1),(1.75,1);(2.25,1),(2.75,1),(1.25,1.75),
(1.75,2.25),(2.75,1.25),(2.25:2.75) o
() p#0 > T4 Bk LAEINZ ERAPER g=02,04> 27 (A,A,)=(1.751.75),
(1.75,2.25),(2.25,2.25),(2.25,2.75) =
BR Gy FAAPLL S NBRIET,. T, A NEB2F A

P o RS E gt st

l“b

TATE F IR P Uit b o % 0 i - B EAR S R
PR EAN Y ABGT > EI RG] LR gB BT TR R

oot 3 EFTURE R B w R B R Kg Bt bk AR X (sample

standard deviation)' 1 NG T

A R AR 0 F IR AR A - N=1000 © 5=10,000 > @ A5 - F ¥
N=1,000,000 p% > & &2 i w ehd g % 7@ RN AR o AR TR R

B2 a2 Nas o A2 L4 28501 m=25fom="50 cngp ¥ EE SR 5 2 i p) 4
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2 HAL Rz, HY p=5, =0.0027 > @ N=1,000,000 > ¢g=100 - § m=25p%> ¥ :# LRT ~

B LRT 2 @12 ¢ LRT <0 41 % "3 %) 5 8.4065+22.5889~53.2783; @ § m=50p% >

# 41

ForUp] A u] A 8.2280 ~ 22.6388 ~ 58.7995 ¢ F £ N s A4 AT IR
et IE P B o WRIEAR R B R e R B 0 e R R B SR 1 R 4
WHE AR IR RER o R A HEFROO R TR E AR o R R
BH 4P AP HE FHIM T AL T BRI R LA F IR
A e MY GRS ] RER A .

WAt d b oty A3 F m=50pF il B4 Y At m=25pFenif B4 o 1T
A - PRI SUR A AR P Sl AR > B R RARAF o

ke mfep o § ALA FH A o N - B T - BRI HE GRS 2 1Y

e o FlEARK i A5 RIARF BOURIR] o ko Hp 3 R4 AR o RS AR o
FOoARS YR 0 REARG o R R PR 1B S AP MR D
S B Rl 4 RE e

203 B EF ey IR KR BRI e R R E SR RS
i SEARDHS K& & AN LS S

P&y e Y epraiAiag i > 33 Yen and Shiau (2010) -
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¥1I %

5‘7 [l

PRE - BLERMOT G REP Aol @ A2 R E IR TR TR E

o B RS BRI KRB BE SR o

1 ZERT 6
A - R OB ER ST 3 M TIRARL £ B DT R o 2 TR H
AT 0 A w5 5 1A (8 (after-develop-inspection-critical-dimension ; ADICD)

3 4 %] {4 (after-etch-inspection-critical-dimension ; AEICD)#1 & Pl erfic i@ » & 3 i &2 F

1v~

T B2 Ge THRENL AT BRFIIET BRI 2% bk

P £ A BT Bl REL T FLA RS R S — B ] B

ﬂ”" ¥ e “5'5'—\5'— § #Efﬁgr}m

2 X=(X,X,) » 2¢ X, -~ X, 85 k< &Flt ADICD 7 i #icitchT 352 AEICD 1

BRENTID e R T ARG 50 BfAlics SEngipth s > THEw T HRALRE

= (0.8025
Eau s X= e
0.8554

[2.8789x104‘ 1.5423><105]

X, - X)X, - X) =
(50 x5— 1)22( s XX, = %) 1.5423x10°  2.7315x10™

i=l j=1
Fho 1Y TR R BB ES|FHMALE B E A LT EEHT o FZ(a) -
(D)7 > BB F @ =0.00272 T > bl FAL R AR LG 0 7 0 E (FE - pAE ey

S _(2.8674x104 1.5362><10‘5]
= .

AT P HBQDR T
Ry R#52.1)s | 1.5362x10°  2.7206x10™
$2 p=2 > m=50 > n=5> @=0.0027 }2; » B LRT ~ 8 LRT 4ol 2 1

LRT &g 4] T ] 5 8.2280 ~ 22.6388 fr 58.7995 o 2% ipe ] * gt & | Uk T 3Fe &
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S 2255 AEL S SEE A Ble (@) ()~ W S Hi LRT £ LRT 2 38
i & LRT 78 41

d Bl (@i()irv e EF LRT F4IR42 - § % 1,6,8, 12,23 BL47:E
FHIR U AR LRT § R fra iz g T - BB F HI R 'L @ A s LRT
FAHIRAL > PIL% 6,8, 23 BALEF HI R L TP AP T G hipz BE FIEY 0 H
1 LRT & 4] B4 R B R cnif 4 40 433+ w4 SR (sensitive) » 7 1 1P| Bl 5 &

FRE A6 BEGHFHEY  EG T LRT F IWART §RITI e s -

5.2 )+

B X 5 g 47T - BEER e R XN (0, 2) 0 4 p=0-%,=1, % p=2-
FAAPL AT AFAURAET 250 EIR AL SRR R A TR - SRR AT

- ( 0.2042

AL gL £ AT 3L £ i X= P PRI QRDN kAR R
E'ﬁ';;:}ji—\ # S E e —0.0760J ’f%( )3 i %3

1.0187 _0.0305 J—\. H* a%ﬁ ,ll’l’ ’FHT z % 479 'z —'—-"] j\* 1» ,ﬁ e #J@
= o 15— 1 ma\;‘»;‘,_; 7:-—‘::\ _:_ { £ , 1
"1 20,0305 1.3021 s = P * F
EX
SR AR A AT 60 i Adcs SAEREA Y 5 1 21 ¥ 1022 $31 e

2 F 40 R AR A E AT /AL S N Reh TR F 1 2 % 30 B R KN, (0,2) 2

A RHFHR A 4 BT F 60 ERIEJEN (0,X,) 2 > N knFk o £ 2, 23, ¢

!

A AA A A'A)
22220’;‘1"21—[ 1 P 12]’22_ 1 PNA A, c BT A B4
PYAA, A, PAA) A,

2

prenfm (@) p=0- (ALA)=(1.75225) , (ALA)=(.751) >

(i) p=02 » (A,A,)=(1.75,2.25) , (Al,A})=(2.75,2.25) >
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ERFIH A A A S AR E o

BT ~ B> 4w 5 Hed) (i)~ %3 LRT ~ g3 LRT % g#:#3 & LRT g 418 -
APF LF R AT AR R R o > Hif LRT ¥ 4IRF L ook
WRIE A 2 AR FRLRT 2 F#0 LRT F 4B k@4 > » § AR R H 4
W R ) o B LRT ¢ 1R 7 fR D lems o &L a5 & s B g LRT

FHIMAE  F S FREE MR §g LRT # 5B 8R4 2 05 B @i LRT

FAIRISR Y- 25 > LRT 2 3 & LRT F#IWA 4 g 51T 2 2 RAIL 7 5

Y o
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¥ %
BHBEAKREY
Ahwme AR AFIRET AT HER R p 2 AR EELY T A TDEX

- 5 N fFB £ "']—% T # _E’g L P e AL A i%i]‘?&: 2 M E%”Z? | B

R T R A AR - PR R LR B LR ES A M AL BB

¥

o

"F—SOF"‘ L L eI P i ?—;,5 xﬂmgf#@%iﬂ N L LEASzLib B F\)""‘;’E_

— G R AT RS GIEUHE Ad - B KB R - FAMELS,T

B- BagdEERESLa mg FIR L F D A TR T A o AT A PR O )

B3 EERFNER RS AR F ORI O E R S R A SN

%

ETR
o 0 Tl AP BER L Bl PR AR RERD 2R B Y
FIRSHEF PEHIR L T es 7§ R URA hifik gl o
- FHE o AP RN IR RE A AR E T il ~ X A M

T AR feF o 22 3 A BT 2 LRT FHIB A3 FHRT SE IR

“

Lo TR EFERR T AL PG &E R BT R Y e MATLAB 42

BEATHRO N NP EFSAGEZ BE RO A R APT RS

o EAAEEARET L ERREELY Aea & AR IRT > & Yen and Shiau
(2010)2. X, © Foehla) 4 £F 02 el % o

A SHEAESEA TR G B - BATOE B KB Y RE R
FHRMZAHIR T T S 2 IR A DY RER SRR L Ry

FAARBEIF ALY AT EE ] L gt o A - W @ % oo ARL #
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or

5 F 415 'L MATLAB #2555 (72 ¥ 32 LRT ¢ 418 5 61)

1. &5 -

m=50; %phase I A ¢ % » ‘e fic

n=5; %subgroup size

p=2; Y& TR R

w=1/(m+1); %(2.6):% th T B T2 4ok
mu=zeros(1,p); YA TDES E > 1 E e B kR

sigma=eye(p); Y@ Azt g R L > W H ek R
alpha=0.0027;  %7F 3k 2 BE 4 %

N=10000; % i Bz Wk
b=1000; %t Bz Wi B
T=zeros(N*b,1); %% 5 T 8T
tic; %ot B A2V iE BB
for i=1:b
x=mvnrnd(mu,sigma,m*n); %2 =phase 1 FF il

A=(m*n-1)*cov(x);
S0=A/(m*n);

clear x;
for j=1:N
y=mvnrnd(mu,sigma,n); %24 = phase Il 7 #2
Bt=(n-1)*cov(y);
St=Bt/n;
cleary;
El=eig(St/S0); %St*inv(S0) s4F Hc B
E2=El(find(E1>1)); Yo&F 35 e < 1§
Pr=length(E2);
if Pr>0
T(+(i-1)*N)=(m*n+n)*sum(log(W*E2+1-w)-w*log(E2)); %1345(2.6);* 3+ & T
else  T(+(@1-1)*N)=0; % B R F FHE S ST LenfA) 0 B4 T=0
end
clear Bt St;
end
clear A SO;

end

25



CL=quantile(T,(1-alpha));

toc

%aT¥ B~ (1-alpha)tk & & =8 5 ¥ 415 2
%% it * ERLRT > ¥ Jf #de 2 st B Tec 5
% (m*n+n)*log(det((A+Bt)/(m*n+n)))-m*n*log(det(A/(m*n)))-n*log(det(Bt/n))

%% E_ i * R P LRT » ¥ #4g Tt B T i
% (m*n+n-2)*log(det(A+Bt))-(m*n-1)*log(det(A))-(n-1)*log(det(Bt))

2. 2R =

m=50; %phase I % # * &

n=5; %subgroup size

p=2; Yoo BB R
w=1/(m+1); %(2.6)7" ¥ T i3t E T2 ¥

mu=zeros(1,p);
sigma=eye(p);
alpha=0.0027;
N=1000000;
g=100;
T=zeros(N,1);
z=zeros(q,1);

tic;

R R s FETUITAE SRV JEUE T =
Yol fr e BB s » M H Fapr k AR
%I 2 BERS

NS

%E Af A% F=t i

%l st TR BT

%% 5 4 » A (L CL

Yo+ ¥ A2V B R

for i=1:q
for j=1:N
x=mvnrnd(mu,sigma,m*n);
A=(m*n-1)*cov(x);
SO0=A/(m*n);

clear x;

%4 =phasel F i

y=mvnrnd(mu,sigma,n);

Bt=(n-1)*cov(y);

St=Bt/n;

cleary;

El=eig(St/S0);

E2=E1(find(E1>1));

Pr=length(E2);

if Pr>0
T()=(m*nn)*sum(log(w*E2+1-w)-w*log(E2)); %12 #5(2.6) 3+ § T
else  T()=0; Yo X F FrHCE < T 1ehia) 0 B 4 T=0

26
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%St*inv(S0) i i i
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end
clear A Bt SO St;
end
z(i)= quantile(T,(1-alpha)); % . T# B~ ) (1-alpha)# » 4 = #k
end
CL=mean(z); %t q i~ ez T3 L oH 4R R

toc

%% it * ERLRT > ¥ Jf #de 2 3t B Tec 5
% (m*n+n)*log(det((A+Bt)/(m*n+n)))-m*n*log(det(A/(m*n)))-n*log(det(Bt/n))

%% i * R L LRT » ¥ #4f Tt B T i
% (m*n+n-2)*log(det(A+Bt))-(m*n-1)*log(det(A))-(n-1)*log(det(Bt))
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T~2 Control Chart
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Sampling Sequence
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[S| Control Chart

UCL
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10-9€ L0-92 L0-81

sl

00+30

50

40

30

20

10

Sampling Sequence
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T(Vod)

0 1B 20 X5 IV B

Increase-One-Sided Control Chart

1 ! Vo ' 12 23
(]

Sampling Sequence

)
=
~
N
Lt

Fr25 e X EAA L stk A2 H i LRT & 415

Two-Sided LRT Control Chart

UCL=22.6633

£
I
a "
\ /H
A\ ' 1
LA \‘\ / 1
o ' 774 i
/A { o~ o /A
! v ’ ' ) Ll ! \
fo b RS . % fo
\ / \
/ \ \ | D /! Y | \
/ \ ! \ / LA o \ VAS ! \
g \ | ! ! RS 1 \ / \
! [ ' i ’ Ll N ! \
' o | ! ' SN H '
: . \ A\~ \
VN \ \ / Y / R N ' \
f N \ ! \ i \ \ ! |
__A v / \, / ! '
A N / \ Y K i ¥ A A ] N ' \ 4&
\ \ ) \ ~ /! \ /!
\ 7 i \ ' \ ' N s B \ ! ! i
\ / v \ . N /, N ’ ' |
/ i v . / \ \ \
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\ & L/ \ N \ Vo
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/
A X
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5 10 15 20 25

Sampling Sequence

Ble(b) E#25 2L HHsA i~ 2 £ LRT ¥ /W

R

Two-Sided Modified-LRT Control Chart

2N

UCL=58.7995 LN L

Sampling Sequence

Bz (c)

Lt

£ 25 kAR SERSHE A2 EE B T LRT ¥ 41
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T*

T(Mod)

Increase-One-Sided Control Chart

g 7 M Fo(m (1m Y]
] I I
[} [}
S ! R Pe L
o] uwcL P AU A\ P 9
] LN A LY Y 7 OI ) A, /@—“( baast 7
o - Ieera'e‘ep‘op/ Tb’ P b‘o’éle' ; \eeeeeeeezm:)/ % °e Y I\ee’ b—o—oﬂd \o|>
10 20 30 40 50 60
Sampling Sequence
Two-Sided LRT Control Chart
T M U] (m P (V)
8 1 1 1
[} [}
o | UCL : FA :
N ! N A \ LR A
i 1 \ A ) A
o AA&AA i EAAAAI MAAA A‘&AAAAAAAA’TAA aak RI% AAAA\AA?
10 20 30 40 50 60
Sampling Sequence
Two-Sided-Modified-LRT Control Chart
A () ) () V)
— [} I
| |
] UCL | @ 1
® L2 % P A
n 1 L& D 9© > &, SR R @
o 6590020007 i 0e? g Topot29P0 P Do e 0 Po 0P
T T T

T
10 20

DEGE == R A EaEy - E-R IS
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Sampling Sequence
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T*

T(Mod)

20 40

0 20 40 0

60 80

40

Increase-One-Sided Control Chart

L1111 1

() () (1 (V) ?
| I e B
: A R & 00
UcL ! . e/ % o Poq lloP’\ ) ! / V2
_rzqo-ofo'e-eeaﬂlzwbo'd Y : \b/ ' \G‘dT Deﬂee‘eeﬂo}é d Bp Iw°§°0 Bel
0 10 20 30 40 50 60
Sampling Sequence
Two-Sided LRT Control Chart
) vl (I | (V)
: | 4
S 4 — A
! I
A MAAAAA / \AAAAAAAAK Al £ : \AAAAW 4 A M
I I
0 10 20 30 40 50 60
Sampling Sequence
Two-Sided Modified-LRT Control Chart
g () (i (V) <
ucL l <,? L9 !\
' D e R
| 1 \
@%d@ @eea we’/« ®<> ﬁ><><>§> %996%66& \aa4 4><><II> ®QUQ¢ <>~é>;>
[ I I
0 10 20 30 40 50 60
Sampling Sequence
B> B R = A IR AR

31




- RETB/EEE S 100,000 0 3B m=50,n=5p=2,0=00027 2 H if LRT & 4| # *T& ' @3 BALA
2B 2R = (N=100000) T 35 CPU ¢
CL A CL A * kR
8.1851 0.0429 8.3030 0.0750
8.2665 0.0385 8.2680 0.0400
8.2327 0.0047 8.0654 0.1626 A5 -
8.2039 0.0241 8.1889 0.0391 9.38 #y
N=10 8.2584 0.0304 mean=8.2510 | 8.2801 0.0521 mean=8.2152
b=10000 8.1475 0.0805 8.2459 0.0179 25 =
8.3311 0.1031 sd=0.0593 8.1681 0.0599 sd=0.0810 20.75 #;
8.2784 0.0504 8.1903 0.0377
8.2803 0.0523 8.3144 0.0864
8.3266 0.0986 8.1277 0.1003
8.4776 0.2496 8.3657 0.1377
8.0095 0.2185 8.2261 0.0019
8.2730 0.0450 8.2008 0.0272 A2 -
8.1050 0.1230 8.2839 0.0559 827 #)
N=100 8.2363 0.0083 mean=8.2222 | 8.0780 0.1500 mean=8.2386
b=1000 8.1327 0.0953 8.2698 0.0418 =5 =
8.2797 0.0517 sd=0.1434 8.2844 0.0564 sd=0.0800 21.22 #5
8.2403 0.0123 8.1662 0.0618
8.0820 0.1460 8.2163 0.0117
8.3856 0.1576 8.2947 0.0667
8.0379 0.1901 8.2984 0.0704
8.3214 0.0934 8.2759 0.0479
8.0899 0.1381 8.2220 0.0060 25 -
8.4055 0.1775 8.1681 0.0599 8.13 #)
N=1000 8.3833 0.1553 mean=8.2104 | 8.2688 0.0408 mean=8.2307
=100 8.4654 0.2374 8.3053 0.0773 25 =
8.1001 0.1279 sd=0.1719 8.1041 0.1239 sd=0.0635 21.26 #)
8.2355 0.0075 8.2612 0.0332
8.0389 0.1891 8.1986 0.0294
8.0258 0.2022 8.2043 0.0237
8.5988 0.3708 8.2894 0.0614
8.3314 0.1034 8.2250 0.0030
8.1769 0.0511 8.1739 0.0541 A5 -
7.5107 0.7173 8.3207 0.0927 8.01 #;
N=10000 8.4230 0.1950 mean=8.2656 | 8.1908 0.0372 mean=8.2306
b=10 8.6116 0.3836 8.1680 0.0600 - S
8.1146 0.1134 sd=0.3951 8.2650 0.0370 sd=0.0914 20.49 #;
8.4068 0.1788 8.0629 0.1651
8.7526 0.5256 8.2204 0.0076
7.7296 0.4984 8.3901 0.1621
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Lo En=5 0TI R p o ma O R R R G 1R U R G )
0a=0.01 0=0.005 0=0.0027
m=25 18.1126 (.0031) 20.4904 (.0047) 22.5889 (.0064)
m=30 18.1280 (.0035) 20.5008 (.0051) 22.5959 (.0063)
m=35 18.1461 (.0035) 20.5248 (.0046) 22.6184 (.0061)
m=40 18.1486 (.0036) 20.5317 (.0052) 22.6262 (.0067)
m=45 18.1669 (.0032) 20.5357 (.0053) 22.6328 (.0063)
D=2 m=50 18.1702 (.0031) 20.5393 (.0053) 22.6388 (.0067)
(n=5) m=55 18.1733 (.0031) 20.5408 (.0054) 22.6426 (.0064)
m=60 18.1733 (.0037) 20.5526 (.0051) 22.6538 (.0069)
m=65 18.1752 (.0031) 20.5561 (.0050) 22.6574 (.0060)
m=70 18.1780 (.0038) 20.5552 (.0051) 22.6602 (.0068)
m=80 18.1812 (.0034) 20.5610 (.0051) 22.6663 (.0065)
m=90 18.1851 (.0033) 20.5613 (.0053) 22.6763 (.0062)
m=100 18.1865 (.0035) 20.5678 (.0054) 22.6846 (.0062)
m=25 32.4446 (.0053) 36.0077 (.0079) 39.1486 (.0101)
m=30 32.4518 (.0058) 36.0120 (.0069) 39.1598 (.0102)
m=35 32.4577 (.0055) 36.0304 (.0074) 39.1664 (.0088)
m=40 32.4751 (.0056) 36.0594 (.0078) 39.1857 (.0100)
m=45 32.4929 (.0053) 36.0614 (.0081) 39.1977 (.0103)
=3 m=50 32.4941 (.0047) 36.0686 (.0067) 39.1991 (.0089)
(n=5) m=55 32.4972 (.0056) 36.0784 (.0079) 39.2071 (.0098)
m=60 32.4977 (.0053) 36.0798 (.0072) 39.2146 (.0096)
m=65 32.5078 (.0052) 36.0807(.0072) 39.2183 (.0093)
m=70 32.5151 (.0052) 36.0875 (.0077) 39.2204 (.0088)
m=80 32.5263 (.0050) 36.0945 (.0072) 39.2363 (.0095)
m=90 32.5279 (.0047) 36:0958(.0074) 39.2375 (.0097)
m=100 32.5311 (.0057) 36.0988 (.0071) 39.2509 (.0095)
m=25 64.5020 (.0109) 71.4704 (.0152) 77.6340 (.0201)
m=30 64.5214 (.0103) 71.4759 (.0131) 77.6621 (.0205)
m=35 64.5421 (.0106) 71.4765 (.0132) 77.6674 (.0205)
m=40 64.5567 (.0097) 71.5121 (.0127) 77.6766 (.0178)
m=45 64.5604 (.0092) 71.5133 (.0142) 77.6908 (.0203)
p=4 m=50 64.5744 (.0110) 71.5149 (.0141) 77.6913 (.0173)
(n=5) m=55 64.5759 (.0102) 71.5223 (.0147) 77.6970 (.0197)
m=60 64.5829 (.0095) 71.5324 (.0155) 77.6979 (.0175)
m=65 64.5866 (.0089) 71.5368 (.0155) 77.7050 (.0189)
m=70 64.5910 (.0094) 71.5405 (.0151) 77.7207 (.0184)
m=80 64.5925 (.0097) 71.5474 (.0129) 77.7355 (.0190)
m=90 64.5956 (.0093) 71.5652 (.0131) 77.7480 (.0188)
m=100 64.6107 (.0087) 71.5687 (.0133) 77.7511 (.0190)
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2=z Fn=10 %3 p o> omz EEPEL b TRF R hE FI R U H RN )
0=0.01 2=0.05 2=0.0027
m=25 14.0169 (.0027) 15.8561 (.0040) 17.4691 (.0057)
m=30 14.0230 (.0027) 15.8661 (.0039) 17.4839 (.0055)
m=35 14.0309 (.0030) 15.8701 (.0037) 17.4933 (.0051)
m=40 14.0341 (.0025) 15.8797 (.0038) 17.5064 (.0050)
m=45 14.0398 (.0023) 15.8804 (.0038) 17.5042 (.0051)
p=2 m=50 14.0432 (.0026) 15.8843 (.0042) 17.5075 (.0052)
(n=10) m=55 14.0496 (.0027) 15.8851 (.0036) 17.5103 (.0049)
m=60 14.0530 (.0022) 15.8867 (.0035) 17.5130 (.0049)
m=65 14.0556 (.0027) 15.8912 (.0035) 17.5210 (.0054)
m=70 14.0566 (.0026) 15.8960 (.0038) 17.5213 (.0050)
m=80 14.0585 (.0027) 15.8991 (.0034) 17.5230 (.0053)
m=90 14.0602 (.0027) 15.9023 (.0035) 17.5235 (.0050)
m=100 14.0636 (.0030) 15.9064 (.0036) 17.5242 (.0047)
m=25 21.7866 (.0034) 24.0467 (.0043) 26.0194 (.0053)
m=30 21.7974 (.0027) 24.0552 (.0043) 26.0313 (.0066)
m=35 21.8040 (.0032) 24.0637 (.0049) 26.0437 (.0061)
m=40 21.8154 (.0032) 24.0752 (.0041) 26.0535 (.0059)
m=45 21.8197 (.0035) 24.0829 (.0041) 26.0550 (.0057)
p=3 m=50 21.8279 (.0032) 24.0831 (.0044) 26.0578 (.0065)
(n=10) m=55 21.8283 (.0028) 24.0874 (.0051) 26.0602 (.0060)
m=60 21.8290 (.0033) 24.0899 (.0044) 26.0661 (.0060)
m=65 21.8319 (.0030) 24.1008(.0044) 26.0675 (.0063)
m=70 21.8393 (.0034) 24.1024 (.0044) 26.0735 (.0064)
m=80 21.8424 (.0033) 24.1028 (.0045) 26.0759 (.0060)
m=90 21.8443 (.0030) 24:1084 (.0044) 26.0835 (.0063)
m=100 21.8463 (.0032) 24.1087 (.0045) 26.0855 (.0062)
m=25 31.7960 (.0042) 34.5504 (.0055) 36.9462 (.0069)
m=30 31.8171 (.0037) 34.5700 (.0050) 36.9623 (.0076)
m=35 31.8195 (.0034) 34.5788 (.0060) 36.9729 (.0066)
m=40 31.8342 (.0039) 34.5909 (.0054) 36.9898 (.0070)
m=45 31.8370 (.0046) 34.5955 (.0058) 36.9942 (.0087)
p=4 m=50 31.8488 (.0039) 34.6053 (.0055) 36.9974 (.0076)
(n=10) m=55 31.8536 (.0039) 34.6097 (.0065) 37.0023 (.0074)
m=60 31.8565 (.0043) 34.6119 (.0056) 37.0075 (.0076)
m=65 31.8571 (.0035) 34.6135 (.0056) 37.0129 (.0080)
m=70 31.8613 (.0038) 34.6175 (.0056) 37.0152 (.0077)
m=80 31.8662 (.0037) 34.6195 (.0054) 37.0214 (.0074)
m=90 31.8686 (.0040) 34.6238 (.0060) 37.0246 (.0066)
m=100 31.8731 (.0044) 34.6284 (.0057) 37.0280 (.0072)
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e Fa=5o8N3F p o m2 BER Rt LR Ehp FI R U BRI ELN )
0=0.01 A=0.005 0=0.0027
m=25 49.7274 (.0026) 51.6152 (.0037) 53.2783 (.0052)
m=30 51.1755 (.0027) 53.0578 (.0041) 54.7232 (.0052)
m=35 52.4032 (.0028) 54.2919 (.0038) 55.9578 (.0050)
m=40 53.4620 (.0028) 55.3571 (.0041) 57.0155 (.0055)
m=45 54.4102 (.0026) 56.2834 (.0043) 57.9586 (.0058)
p=2 m=50 55.2439 (.0026) 57.1226 (.0040) 58.7995 (.0051)
(n=5) m=55 56.0042 (.0027) 57.8828 (.0045) 59.5550 (.0049)
m=60 56.6977 (.0027) 58.5828 (.0043) 60.2496 (.0049)
m=65 57.3326 (.0023) 59.2185 (.0037) 60.8884 (.0053)
m=70 57.9208 (.0028) 59.7988 (.0037) 61.4835 (.0056)
m=80 58.9881 (.0027) 60.8690 (.0038) 62.5338 (.0044)
m=90 59.9294 (.0027) 61.8095 (.0036) 63.4849 (.0047)
m=100 60.7694 (.0027) 62.6515 (.0037) 64.3301 (.0049)
m=25 78.9956 (.0043) 81.8385 (.0062) 84.3510 (.0080)
m=30 81.1543 (.0045) 83.9950 (.0057) 86.5165 (.0086)
m=35 82.9882 (.0042) 85:8371 (.0058) 88.3434 (.0078)
m=40 84.5896 (.0043) 87.4441.(.0060) 89.9441 (.0081)
m=45 85.9992 (.0040) 88.8429 (.0063) 91.3673 (.0089)
=3 m=50 87.2572 (.0039) 90.0967 (.0066) 92.6211 (.0075)
(n=5) m=55 88.3850 (.0037) 91.2333 (.0057) 93.7357 (.0072)
m=60 89.4311 (:0039) 92.2840 (.0058) 94.7882 (.0080)
m=65 90.3889 (.0042) 93.2460.(.0049) 95.7526 (.0079)
m=70 91.2837 (.0041) 94.1104(.0063) 96.6326 (.0070)
m=80 92.8818 (.0040) 95.7272 (0055) 98.2408 (.0084)
m=90 94.2846 (.0039) 97:1369 (.0056) 99.6433 (.0074)
m=100 95.5472 (.0043) 98.3994 (.0056) 100.9200 (.0072)
m=25 122.4545 (.0085) 128.0220 (.0122) 132.9587 (.0161)
m=30 125.3449 (.0081) 130.9139 (.0110) 135.8570 (.0159)
m=35 127.7959 (.0083) 133.3464 (.0106) 138.3035 (.0156)
m=40 129.9247 (.0078) 135.4848 (.0099) 140.4238 (.0150)
m=45 131.7939 (.0076) 137.3555 (.0105) 142.2971 (.0155)
p=4 m=50 133.4811 (.0087) 139.0413 (.0108) 144.0104 (.0158)
(n=5) m=55 134.9809 (.0084) 140.5434 (.0113) 145.4740 (.0158)
m=60 136.3737 (.0073) 141.9283 (.0113) 146.8687 (.0135)
m=65 137.6497 (.0075) 143.2171 (.0123) 148.1497 (.0145)
m=70 138.8379 (.0076) 144.3938 (.0129) 149.3487 (.0155)
m=80 140.9710 (.0079) 146.5260 (.0109) 151.4848 (.0154)
m=90 142.8487 (.0074) 148.4208 (.0102) 153.3243 (.0151)
m=100 144.5330 (.0071) 150.0902 (.0102) 155.0268 (.0165)
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23 Fn=10 0 $F R p o om 2 BB ROt R R G 4R U R RGN )
0=0.01 A=0.005 0a=0.0027
m=25 90.4637 (.0024) 92.0988 (.0033) 93.5327 (.0047)
m=30 93.7034 (.0025) 95.3402 (.0034) 96.7833 (.0048)
m=35 96.4478 (.0027) 98.0802 (.0033) 99.5201 (.0049)
m=40 98.8264 (.0021) 100.4659 (.0032) 101.9096 (.0042)
m=45 100.9356 (.0022) 102.5605 (.0032) 104.0091 (.0046)
D=2 m=50 102.8112 (.0022) 104.4441 (.0034) 105.8908 (.0047)
(n=10) m=55 104.5198 (.0023) 106.1481 (.0033) 107.5913 (.0042)
m=60 106.0762 (.0023) 107.7130 (.0036) 109.1462 (.0046)
m=65 107.5100 (.0025) 109.1389 (.0029) 110.5898 (.0042)
m=70 108.8359 (.0024) 110.4682 (.0033) 111.9143 (.0043)
m=80 111.2320 (.0028) 112.8607 (.0029) 114.3036 (.0047)
m=90 113.3368 (.0022) 114.9704 (.0036) 116.4155 (.0045)
m=100 115.2284 (.0024) 116.8632 (.0030) 118.3016 (.0045)
m=25 136.4899 (.0030) 138.5086 (.0036) 140.2718 (.0049)
m=30 141.3476 (.0025) 143.3698 (.0041) 145.1317 (.0055)
m=35 145.4641 (.0027) 147.4833 (.0042) 149.2466 (.0054)
m=40 149.0384 (.0026) 151.0551.(.0036) 152.8241 (.0053)
m=45 152.1947 (.0031) 154.2101 (.0039) 155.9772 (.0053)
p=3 m=50 155.0090 (.0034) 157.0294 (.0041) 158.7905 (.0055)
(n=10) m=55 157.5769 (.0031) 159.5872 (.0046) 161.3558 (.0058)
m=60 159.9051 (.0029) 161.9197 (.0041) 163.6891 (.0049)
m=65 162.0549 (.0029) 164.0780.(.0039) 165.8340 (.0053)
m=70 164.0494 (.0031) 166.0669-(.0042) 167.8289 (.0056)
m=80 167.6319 (.0031) 169.6483 (:0038) 171.4138 (.0058)
m=90 170.8019 (.0028) 172:8246 (.0038) 174.5868 (.0058)
m=100 173.6366 (.0030) 175.6549 (.0040) 177.4135 (.0052)
m=25 184.5305 (.0035) 186.9963 (.0049) 189.1528 (.0063)
m=30 191.0186 (.0033) 193.4833 (.0040) 195.6163 (.0064)
m=35 196.4976 (.0033) 198.9688 (.0054) 201.1169 (.0062)
m=40 201.2641 (.0035) 203.7345 (.0051) 205.8731 (.0063)
m=45 205.4662 (.0040) 207.9402 (.0053) 210.0845 (.0076)
p=4 m=50 209.2384 (.0033) 211.7072 (.0053) 213.8474 (.0066)
(n=10) m=55 212.6414 (.0036) 215.1110 (.0053) 217.2381 (.0070)
m=60 215.7560 (.0038) 218.2206 (.0046) 220.3701 (.0077)
m=65 218.6217 (.0035) 221.0868 (.0052) 223.2264 (.0062)
m=70 221.2743 (.0033) 223.7417 (.0049) 225.8781 (.0070)
m=80 226.0597 (.0030) 228.5336 (.0051) 230.6690 (.0069)
m=90 230.2828 (.0036) 232.7481 (.0053) 234.8962 (.0059)
m=100 234.0604 (.0039) 236.5310 (.0053) 238.6673 (.0073)
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LA F =50 AR p o om 2 B0t e e B g 1R L R RGR R )
0=0.01 A=0.005 0=0.0027
m=25 6.0333 (.0018) 7.2771 (.0024) 8.4065 (.0037)
m=30 5.9850 (.0018) 7.2252 (.0025) 8.3444 (.0036)
m=35 5.9499 (.0019) 7.1829 (.0028) 8.2983 (.0035)
m=40 5.9269 (.0017) 7.1633 (.0025) 8.2696 (.0037)
m=45 5.9047 (.0016) 7.1367 (.0027) 8.2452 (.0030)
p=2 m=50 5.8913 (.0019) 7.1128 (.0025) 8.2280 (.0037)
(n=5) m=55 5.8764 (.0017) 7.0998 (.0024) 8.2040 (.0034)
m=60 5.8651 (.0017) 7.0887 (.0026) 8.1993 (.0042)
m=65 5.8546 (.0016) 7.0778 (.0025) 8.1797 (.0031)
m=70 5.8477 (.0016) 7.0675 (.0028) 8.1660 (.0034)
m=80 5.8326 (.0016) 7.0489 (.0025) 8.1492 (.0033)
m=90 5.8256 (.0017) 7.0396 (.0027) 8.1392 (.0037)
m=100 5.8166 (.0017) 7.0345 (.0024) 8.1343 (.0033)
m=25 8.3647 (.0021) 9.7778 (.0030) 11.0203 (.0037)
m=30 8.2945 (.0021) 9.6932 (.0030) 10.9382 (.0036)
m=35 8.2427 (.0020) 9.6352 (.0029) 10.8668 (.0038)
m=40 8.2018 (.0022) 95888 (.0024) 10.8271 (.0035)
m=45 8.1784 (.0019) 9.5569(.0027) 10.7893 (.0035)
p=3 m=50 8.1528 (.0020) 9.5250 (.0029) 10.7608 (.0040)
(n=5) m=55 8.1293 (.0021) 9.5033'(.0030) 10.7233 (.0038)
m=60 8.1099 (.0018) 94842 (.0025) 10.7070 (.0035)
m=65 8.0977 (.0020) 9.4733(.0028) 10.6927 (.0035)
m=70 8.0817 (.0020) 9.4513(.0028) 10.6784 (.0037)
m=80 8.0700 (.0019) 9.4375 (.0029) 10.6627 (.0041)
m=90 8.0518 (.0020) 9:4239.0027) 10.6423 (.0036)
m=100 8.0383 (.0020) 9.4038 (.0030) 10.6216 (.0038)
m=25 10.7839 (.0025) 12.3420 (.0035) 13.7104 (.0050)
m=30 10.6755 (.0022) 12.2211 (.0034) 13.5865 (.0042)
m=35 10.6000 (.0023) 12.1366 (.0031) 13.4954 (.0042)
m=40 10.5489 (.0020) 12.0758 (.0032) 13.4343 (.0039)
m=45 10.5044 (.0023) 12.0308 (.0035) 13.3813 (.0037)
p=4 m=50 10.4662 (.0024) 11.9890 (.0028) 13.3284 (.0040)
(n=5) m=55 10.4380 (.0023) 11.9581 (.0033) 13.2964 (.0043)
m=60 10.3977 (.0022) 11.9282 (.0028) 13.2533 (.0043)
m=65 10.3946 (.0023) 11.9073 (.0030) 13.2488 (.0043)
m=70 10.3770 (.0020) 11.8891 (.0028) 13.2318 (.0038)
m=80 10.3446 (.0226) 11.8626 (.0029) 13.1959 (.0419)
m=90 10.3286 (.0214) 11.8344 (.0032) 13.1711 (.0384)
m=100 10.3112 (.0195) 11.8191 (.0032) 13.1433 (.0379)
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2= #n=10#72 F p o> mz Hfaint g 2 B eng 00 L H R (E RN )
0=0.01 0=0.005 0=0.0027
m=25 6.7130 (.0019) 7.9997 (.0030) 9.1429 (.0038)
m=30 6.6848 (.0019) 7.9602 (.0027) 9.1087 (.0031)
m=35 6.6581 (.0017) 7.9361 (.0026) 9.0815 (.0034)
m=40 6.6394 (.0020) 7.9120 (.0024) 9.0531 (.0036)
m=45 6.6282 (.0018) 7.9050 (.0027) 9.0391 (.0037)
p=2 m=50 6.6152 (.0018) 7.8889 (.0022) 9.0248 (.0035)
(n=10) m=35 6.6086 (.0020) 7.8775 (.0025) 9.0140 (.0037)
m=60 6.6018 (.0018) 7.8674 (.0025) 9.0098 (.0039)
m=65 6.5964 (.0016) 7.8647 (.0026) 9.0018 (.0032)
m=70 6.5900 (.0019) 7.8563 (.0024) 8.9930 (.0037)
m=380 6.5832 (.0021) 7.8480 (.0027) 8.9864 (.0039)
m=90 6.5726 (.0020) 7.8384 (.0023) 8.9751 (.0036)
m=100 6.5698 (.0020) 7.8285 (.0028) 8.9737 (.0034)
m=25 9.2979 (.0019) 10.7394 (.0026) 12.0361 (.0039)
m=30 9.2460 (.0022) 10.6904 (.0029) 11.9650 (.0039)
m=35 9.2119 (.0020) 10.6475 (.0031) 11.9201 (.0041)
m=40 9.1830 (.0022) 10:6144.(.0025) 11.8903 (.0044)
m=45 9.1624 (.0020) 10:5954(.0030) 11.8670 (.0038)
p=3 m=50 9.1459 (.0020) 10:5774 (.0032) 11.8515 (.0039)
(n=10) m=55 9.1344 (.0022) 10.5599(.0028) 11.8308 (.0043)
m=60 9.1233 (.0020) 10.5488 (.0028) 11.8226 (.0041)
m=65 9.1123 (.0019) 10.5442 (.0027) 11.8047 (.0042)
m=70 9.1077 (.0021) 10.5293-(.0027) 11.7967 (.0039)
m=380 9.0906 (.0020) 10.5179 (.0029) 11.7729 (.0036)
m=90 9.0809 (.0019) 10:5077.(:0030) 11.7685 (.0039)
m=100 9.0722 (.0021) 10.4901 (.0030) 11.7586 (.0039)
m=25 12.0280 (.0026) 13.6260 (.0034) 15.0391 (.0041)
m=30 11.9540 (.0024) 13.5461 (.0030) 14.9575 (.0045)
m=35 11.9024 (.0025) 13.4999 (.0033) 14.8913 (.0042)
m=40 11.8657 (.0020) 13.4504 (.0031) 14.8543 (.0045)
m=45 11.8370 (.0025) 13.4242 (.0033) 14.8185 (.0046)
p=4 m=50 11.8128 (.0024) 13.3949 (.0030) 14.7907 (.0045)
(n=10) m=>55 11.7903 (.0022) 13.3781 (.0033) 14.7599 (.0045)
m=60 11.7788 (.0024) 13.3556 (.0029) 14.7479 (.0041)
m=65 11.7624 (.0021) 13.3392 (.0031) 14.7292 (.0041)
m=70 11.7508 (.0026) 13.3301 (.0033) 14.7139 (.0045)
m=80 11.7309 (.0024) 13.3022 (.0034) 14.6997 (.0045)
m=90 11.7141 (.0022) 13.2920 (.0031) 14.6714 (.0041)
m=100 11.7051 (.0022) 13.2788 (.0038) 14.6606 (.0039)
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N FHIBGE Y BRERS R QR EHERERGEER )E m=25 > n=5
p=2,n=5 m=25

A A, one-sided (increase) two-sided LRT Modified two-sided LRT
[p=0]

1 1 0.002694 (.000005) 0.002705 (.000005) 0.002707 (.000005)
1.25 1.25 0.013092 (.000011) 0.002270 (.000005) 0.003535 (.000005)
1.5 15 0.036874 (.000019) 0.002660 (.000005) 0.006891 (.000008)
1.75 1.75 0.075558 (.000026) 0.004205 (.000006) 0.014618 (.000012)
2 2 0.126842 (.000033) 0.007656 (.000009) 0.028404 (.000016)
225 225 0.186727 (.000041) 0.013945 (.000012) 0.049282 (.000024)
25 25 0.250739 (.000046) 0.023938 (.000017) 0.077123 (.000025)
2.75 2.75 0.315667 (.000047) 0.038166 (.000015) 0.111213 (.000029)
3 3 0.378687 (.000044) 0.056718 (.000025) 0.150111 (.000035)
1.25 1 0.007165 (.000009) 0.002482 (.000005) 0.003113 (.000005)
1.75 1 0.031009 (.000017) 0.003485 (.000006) 0.007806 (.000009)
225 1 0.075759 (.000026) 0.007730 (.000009) 0.021010 (.000014)
2.75 1 0.134589 (.000034) 0.017089 (.000012) 0.044474 (.000020)
1.25 1.75 0.040517 (.000021) 0.003208 (.000006) 0.008390 (.000009)
1.75 2.25 0.129424 (.000035) 0.008549 (.000009) 0.030290 (.000017)
2.75 1.25 0.149584 (.000030) 0.016240 (.000014) 0.045596 (.000021)
2.25 2.75 0.251875 (.000046) 0.025043 (.000016) 0.078748 (.000028)
[p=0.2]

1.75 1.75 0.081960 (.000026) 0.005620 (.000007) 0.018115 (.000013)
1.75 225 0.135915 (.000034) 0.010839 (.000009) 0.035047 (.000017)
225 225 0.192468 (.000041) 0.017313 (.000012) 0.055106 (.000025)
2.25 2.75 0.256322 (.000045) 0.029374 (.000017) 0.085031 (.000032)
[p=0.4]

1.75 1.75 0.100436 (.000029) 0.010549 (.000011) 0.029162 (.000017)
1.75 2.25 0.155000 (.000038) 0.018500 (.000014) 0.049700 (.000021)
225 225 0.210128 (.000040) 0.027872 (.000018) 0.072806 (.000028)
225 2.5 0.271000 (.000041) 0.042700 (.000021) 0.104000 (.000031)
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4 FAIRE Y BEERFZ RS HHARREREEELN )F m=50 > n=5
p=2,n=5 m=50

A A, one-sided (increase) two-sided LRT Modified two-sided LRT
[p=0]

1 1 0.002694 (.000006) 0.002688 (.000005) 0.002703 (.000005)
1.25 1.25 0.013704 (.000011) 0.002257 (.000004) 0.003591 (.000006)
1.5 15 0.039250 (.000018) 0.002697 (.000005) 0.007296 (.000009)
1.75 1.75 0.080777 (.000023) 0.004428 (.000006) 0.015905 (.000013)
2 2 0.135327 (.000032) 0.008417 (.000009) 0.031405 (.000016)
225 225 0.198512 (.000036) 0.015687 (.000012) 0.054650 (.000022)
25 25 0.265278 (.000046) 0.027226 (.000016) 0.085435 (.000027)
2.75 2.75 0.332213 (.000043) 0.043537 (.000020) 0.122658 (.000032)
3 3 0.396849 (.000053) 0.064592 (.000024) 0.164746 (.000038)
1.25 1 0.007411 (.000009) 0.002465 (.000004) 0.003134 (.000006)
1.75 1 0.033141 (.000018) 0.003553 (.000006) 0.008269 (.000010)
225 1 0.081093 (.000028) 0.008310 (.000010) 0.022960 (.000015)
2.75 1 0.143545 (.000034) 0.018997 (.000015) 0.049039 (.000023)
1.25 1.75 0.043267 (.000024) 0.003271 (.000005) 0.008944 (.000010)
1.75 2.25 0.138146 (.000034) 0.009428 (.000009) 0.033495 (.000018)
2.75 1.25 0.159280 (.000034) 0.018223 (.000013) 0.050494 (.000019)
2.25 2.75 0.266368 (.000049) 0.028490 (.000018) 0.087145 (.000030)
[p=0.2]

1.75 1.75 0.087604 (.000031) 0.006043 (.000008) 0.019852 (.000016)
175 225 0.144839 (.000033) 0.012063 (.000010) 0.038806 (.000016)
225 225 0.204313 (.000048) 0.019550 (.000013) 0.061098 (.000025)
2.25 2.75 0.270937 (.000045) 0.033458 (.000019) 0.094053 (.000033)
[p=0.4]

1.75 1.75 0.107411 (.000028) 0.011568 (.000010) 0.032083 (.000016)
1.75 2.25 0.164704 (.000037) 0.020649 (.000014) 0.054942 (.000022)
225 225 0.222676 (.000043) 0.031508 (.000015) 0.080433 (.000027)
225 275 0.285000 (.000047) 0.048500 (.000021) 0.115000 (.000031)
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