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§13.1.2 GLIM XÚ|¤

PC GLIM 3.77 XÚ|¤µ

EXAMPLES.GLM / EXAMPLES.LOG ��§S9$1(J

EXMACLIB.GLM / EXMACLIB.LOG ÷N^��§S9$1(J

GLIM.BAT / GLIM.LOG XÚ$11©�/$1P¹©�

GLIMPROG.EXE / GLIMPROG.OVL �1©�ÚCX©�

MACLIB.GLM ÷½Â¥

PROB.GLM VÇ©Ù¼ê�÷

READ.ME Ï�`²

§13.1.3 $1

�^�SCuC : \ GLIM >§DOS Ú��§¦^±e·-éÄGLIMµ

C:\> CD \GLIM <Enter>

C:\GLIM> GLIM <Enter>

½GLIM [ëê1][ëê2] < Enter >

ÏGLIM.BAT�1GLIMPROG.EXE§�öI�ü�·-1ëê§GLIM.BATK#N^r

�½��!ü�½Ø�½§Xµ

C:\ GLIM>GLIMPROG %1 MACLIB.GLM

C:\ GLIM>GLIMPROG %1 %2

C:\ GLIM>GLIMPROG GLIM.LOG MACLIB.GLM

%1´P¹(transcript)©�§%2L«÷½Â©�"1n1=%@�ª§�±GLIM.LOG§%2

�±MACLIB.GLM§Ïd��éGLIM.BAT?1·��?U§�±¦^�3?Ûó��þ$

1"
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?\GLIM�§Ñy¯Ò(?)J«§̂ r�p/±Ñ\êâÚ�-"��±k?ÐASCII/

ª�·-©�§2Ö\�1"Ö�§S��é´input/reinput§3T�é��¡��½Ö\�

Ï�Ò§Ï�Ò�DOS©��éX"dinput K^uÖ�data �é¥�«�þ"return ½finish

�-�±^u(ådinput/reinput ½suspendÚå�Ö�§skip ½exit (å�c�Ò��±ª

�Ö�"

GLIM 4#O
manual·-§Jø^r9��Ï"

=~13.1>~6.2¯K�GLIM §SXeµ

$unit 8

$fact d 2 v 2 p 2

$data d v p count

$read

1 1 1 19 1 1 2 132

1 2 1 0 1 2 2 9

2 1 1 11 2 1 2 52

2 2 1 6 2 2 2 97

$yvar count

$erro poison

$fit d+v+p:+d.v:+v.p:+d.p $

$finish

GLIM ^$½ Ú��-"éN´�Ù§^�a'§�~Äk�½ü�½P¹�ê!Ï�

9Y²§ïáêâ8",�´�.Ü©§Ï�~´���éL©Û§ÏCþ´*	ªê§Ø

��Ñt©Ù"��^fit·-r�.[ÜÑ5§lÌ�Am©§�gO\�p�"

�§S�u©�loglin.glm§3GLIM¥�$1§§¦^±e·-µ

$inp 7

File name? loglin.glm

$INP? $

$1�½Ï�Ò�7§1n1�«Ñ\(å"

GLIM ��O�ì§Xµ

$calc 3.14159265/3 $

�$1(å�§¦^·-$STop �£�DOSXÚe"

§13.1.4 GLIM �ó

GLIM iÎ8µi1A�Z!êi0�9!ÎÒ+!-!*!/!**!()©OL«\!~!¦!ØÚ

)Ò§)ÒUC$��`k?"AÏiÎ9ÙõU�LXeµ
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ÎÒ ¶¡ ^å

$ {�Î(dollar) �-PÒ

: kÒ(colon) ­EÎÒ

% z©Ò(percent) XÚPÒ

# ³iÒ(hash) O�ÎÒ

’ üÚÒ(quote) iGÚÒ

& �Ò(ampersand) Ü6�

? ¯Ò(query) Ü6½

> �uÒ(greater than) �uÒ

< �uÒ(less than) �uÒ

e�(underline) é�

[ ��)Ò(left-hand bracket) ��)Ò

] m�)Ò(right-hand bracket) m�)Ò

; ©Ò(semi-colon) ½�PÒ

@  �ÎÒ(at) Ã�iÎ

| ç�(modulus) ��

Cþ�¶i�õ´o�iÎ§���i1¿Â��"

-ý(tokens) ´Ñ\iÎ�S�§Ù¥�)�-¶(directive names)!I£Î(identifier)!

�(values)!'�i(key words)!$�ÎÒ9±©�Î"d-ý�|¤GLIM��é§���é

d�-¶9�X��(item)|¤§z��Ñ´-ý"GLIM��g$1(session)´�@���

�é§Ù½Â´µ[?Ö[ $end ?Ö]] $stop§Ù¥�?Ö´�'�é�|Ü§±end (å"

I£Î¢Sþ�±�,«(��êâ½f©�(subfile)§k8«êâ(�µ
~þ(scalar) �ü��ê

�þ(vector) ���ê

��(pointer) ��þ¶i

÷(macro) �§S©�

¼ê(function) K�¢ê

SÜêâ(internal) XÚCþ�

~þ©ÊÏ~þ�XÚ~þ§ÊÏ~þäk/ªµ%i1§��k26 �§XÚ~þ�

k51 �"�þäk�ÝÚY²êü«A�§^variate Úfactor �-�)�¡�^r�þ§�

déA�´XÚ�þ§Xµ%fv ��Ýdunits 
½§���´fit �-�[Ü�"GLIM �S

ÜêâX%ssp§́ ²�Ú��¦ÈÝ
"

L�ªµØ
iÎ8¥�«�±	§Ü6$�Îµ<,<=,=,==, / =, >=, >±9&(AND)!?

(OR)!/(NOT)§���p?�ó�Ó"

GLIM ¼êµdcalculate �-¦^§½öd¢ëD�calculate ¦^"
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%ang(x) �����uarcsin(
√

x)

%exp(x) g,�êexp(x)

%log(x) g,éêln(x)

%sin(x) �u¼êsin(x)

%sqrt(x) ²��¼ê
√

x

%np(x) \È��¼êΦ(x)

%nd ��Cþ¼êN(x), N(Φ(x)) = x; 0 < x < 1

%tr ��¼ê

%gl(k,n) �)�Ï�©|

%cu(x) \È¼ê

%sr(0)/%sr(n) IO��Å¼ê§(J�(0, 1)m�¢êÚ(0, n)m��ê

%lr(0)/lr(n) ÛÜ��Å¼ê

%nd(sr(0)) �Å�� �

¼ê%gl(���,­Eê)�â�½����?1eZg§é~^"

�2Â�5�.�A§��A½��.�²Ø��©Ù!�5Ü©�EÚéX¼ê
(

½"Xéu��Ø�©Ù§ü éX¼ê§́ �{ü�¶�éLêâ�w�5gpoission©Ù§

ÙéX¼ê�éê¶þz��A(quantal response)(Jr/n (n�é�¥r��A)�À�äk�

�©Ù§éX´probit"Ï~�±¦^GLIM%@���µØ��normal¶ë�¼ê�identity§

ºÝëþ��O¶��1§ £þ�"( £þÑyu�5ý�þ¥§vkëê§éz�*	

kK�§X)�©Û�.ÚDº�.)§[Ü�1 (~ê�)"ù
ëê�'X�±|Ü¤eLµ

Ø�(error) éX¼ê(link) ºÝëê

��©Ù(Normal) indentity ��O

��©Ù(Binomial) logit 1

Ñt©Ù(Poisson) log 1

³ê©Ù(Gamma) reciprocal ��O

GLIM ^�-$link5�«éX¼ê§Ù�¡�ëê�±{�§X$link I L«ü éX¼

ê"Ø
þL�Ñ�±	§�kS (²��)!E(�ê)!P(probit)!C(comp-log-log)"$´GLIM�

-�©.Î"

$error�-�½Ø��©Ù/ª§Ùëê��± �§Xµ$error N L«��©Ù§Ø


þL�Ñ�±	§�kG(gamma)=³ê©Ù"

ºÝëê^�-$scale5�½"

yòGLIM �-�nXeµ

• $UNits n L«IO�þ��Ý

• $DAta Cþ¶LL«�Ñ\�Cþ¶

• $Read êâLÖ\êâ
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• $Yvariate Cþ¶�«ÏCþY

• $Error ©Ù�«Ø��a.

• $Fit �.[Ü�.

FIT �é¥�A��{æ^
Wilkinson�Rogers (1973) ��½�{§ù
PÒX:

∗, ., +,−, \�¿ÂÏ~Ul$DISP M �-��"

+ L«�A��\

. L«{ü�p

∗ L«��½�g�p

/ L«i@

− L«íØ

Ïd§éuA,B,Cn��A��¹§�Uk|ÜXµA + B + A.B!A + B + A2 + B2 +

A.B"A ∗ B�A + B + A.B�d§A ∗ B ∗ C − A.B.C�A + B + C + A.B + B.C + A.C�

d§A/B�A + A.B�d§(A + B) ∗C�A + B + C + A.C + B.C�d§(A + B)/C�A + B +

A.B + A.B.C�d"

GLIM ±{�Î($) ���é©.Î§Xµ

$units 18

$data freq

$read

15 11 14 17 5 11 10 4 8

10 7 9 11 3 6 1 1 4

$yvariate freq

$error p

$fit $

• $Display e r w«[Ü�¹

ù��é¦^­�§X¦^M§Lëê¼�XÚ¤©Û��.§E!A!U!V!C!S!T!R!Wë

ê¼�ëê�O�¹Úí�§DK´lýÝ"

• $CAlculate ?1O�

$calculate mon=%gl(18,1) $fit mon

$display e r

• $INput Ï�Ò©�Ö\§S©�

• $Argument ÷½Â¶ëêL�«÷N^�&E

• $Use ÷½Â¶¦^÷
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• $Plot pî�Ixã

$calculate %a=50.84-%dv

$calculate %b=17-%df

$input 12 CHIT

$use CHIT %dv %df

$use CHIT %a %b

$plot %fv freq mon

$calculate f=%log(freq)

$calculate t=%log(%fv)

$plot t f mon

kÒ(:) ^u·-�­E�1§Xµcalculate pw=1:x=2 $

• $STop (å^u(åGLIM ��g$1

• $FINish �«§S©�(å

• $DINput ©�¶Ï�ÒÖêâ©�

• $FOrmat Fortran �ª�ª­½Â $data sex rev age

$format (2x,f4.0,f1.0,5x,f2.0)

$dinput 1

• $OUtput ©�¶Ï�Ò(J�\	Ü©�

• $ECho w«�«<ÑGLIM ¤�É�¤k&E

• $PRint &E�<&E

• $LOok ~þ/�þèA~þ/�þ

• $Macro ÷½Â¶��©�$End ÷�½Â

• $ENVironment �è¼�XÚ&E

§�Ñ�&E�)C(Ï�©�)!D(êâ)!E(	ÜPASS)!G(ã/õU)!I(SC&

E)!P(§S&E)!(�Åê�«f)!S(XÚ)!U(�¦^��m)"

• $DElete ÷¶L/Cþ��÷½Â/Cþ

• $EXTract (�JøXÚ(�

• $Tabulate Cþ;CþEL

• $TPrint Cþ; Cþ�<L�SN

• $End (å��©Û

• $Assign ¶=¶,¶=¶CþD�
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• $Offset �þÚ\�� £þ

• $FActor Ï�Y²�«¶Â½Ï�Cþ

• $Variate ÿþCþ�«I£��

ØÓ�©Û�±f©��/ª��u©�¥§=$subfile ©�¶1,. . . , $subfile ©�¶n

$finish"GLIM �õ�±i@16 �§�c��ê�uXÚþ%CL ¥§GLIM zm©��?Ö§

ÙÒÑ­#Ð©z"GLIM ¦^!Ú�5º"

���-kalias!cycle!recycle�«��[Ü�O�"�g[Ü�(JÏLXÚCþ%fv!%lp!%wt!%wv!%dv!%df!%x2!%ml!%pl

±9%dr!%va!%di 5*	"

�-tabulation, sort, look, tprint, print, plot, hist ?1�þ�L!üS!U�½ULèA!

Ñ:ãÚ��ã§
�¥%�SN´�½Ú[Ü2Â�5�.§éÓ�1êâ�½ØÓ�

�.§O\½ö~��¹��"

Ñ\/ÑÑÏ�Ú÷N^µÏ��DOS ���½©�éX§^$enviroment c U*	�ù


½Â"

e~l6ÒÏ�Ö�	Ü©�test.datêâÝ
µ

$unit 9 $

$data x y $

$dinput 6 $ !eêâ©��°Ý�u80�§¦^$dinput 6 132 $

File name ? test.dat

$look x y $

ex�y�êâ´k�gSü�§^±e��éÖ�µ

$unit 9 $

$data x $

$dinput 6

File name ? test.dat

$data y $

$dinput 6 $

$look x y $

1�gÖ�ØI�UY�½©�¶"

âREAD.ME©��J«§Ï�3�½�GLIM.LOG§Ï�5�½�MACLIB.GLM§Xé^

f©�TEST§¦^·-µ

? $INPUT 5 test $

¶4w«µ

****** Successful Macro Library Access *******

MACLIB.GLM ´±©�©��/ªJø�^r�÷Â§ÙÏ�Ò�uXÚCþ

I£µGLIM 3.77 macro library, release 1.0, January 1985
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f©�¶ ÷¶ £ã

êâ£ã�w«

SUMM SUMM Cþ(variate)�nÜÚOþ

STEM STEM ª�ã

SMOO SMOO Cþ(variate)�Tukey ²w

ÚOóä

CHIP CHIP χ2VÇ

���.

QPLOT QPLOT ��VÇã

QPLOT STAN IOzí�

QPLOT JACK �ò
(Jackknife) í�

TNOR TNOR ¦^·ÜÝχ2���5u�

TNOR WDASH Shapiro Francia W’ ��5u�

NORMAC RSQ R ²�ÚOþ

NORMAC TVAL ëê�O�t �

LEV LEV m\�

BOXCOX BOXCOX 'uy Cþ�Box-Cox =�x

BOXCOX BOXFIT �½λ�Box-Cox =�

PRESS PRESS ýÿØ�²�Ú

Ñt�.Ú�éL

��©Ù�.

³ê�.

)�©Û

WEIB WEIB éu��êâ[Ü�êÚ%Ù�©Ù

WEIB RESP ¦^WEIB÷��í�ã

Ù§

TUNI TUNI Cþ´Ä�þ!©Ù�χ2[ÜÝu�

MACLIB.GLM `²
��÷�\�ëêÚ�Ñ(J"

÷^u­E§;^�L§§Ì�Ú�
E,�~1§S§Xµ

$macro n %nd($calc y= #n:...:z= #n $ !^u­E

$macro m :+a*b*c*d-a.b.c.d $endmac $

$fit #m $

�±/ÏuGLIMJø�÷õU?1;��õU§Xe¡´��(ÜXÚCþ?1í�

ã«�~f[5]"

$macro rplot$

$calc resid=%yv-%fv $

$sort resid $

$calc n=%cu(1) $
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$calc norm=%nd((n-0.375)/(%(%nu+0.25)) $

$plot resid norm ’*’ $

$endmac $

$use rplot $

÷N^�±Ø�u�g§(Üwhile�-�±?1õgN^§Xµ

$calc %a=1 $

$while %a update $

update �(�´µ

$macro update $

$calc %z1=%z1+1 $

... $calc %a=%if(%z1¡10,1,0) $

$endmac $

�u10g�Ê�§��±�â^�?1��Ú�1§Xµ

$calc %a=2 $

...

$switch %a one two thr$

$endmac $

$switch %a update $

�â%a�ØÓ���1÷N^"

Ù§�-Xµ

$accuracy 4 $ �½XÚ�3o �ê"

$calc x(8)=10.1 $ UCx�18��"

$edit 2 3 x 0.2 0.1 $(JXÓµ$%calc x(2)=0.2:x(3)=0.1§Ù¥�kÒL«­E�C���-"

é�þx?1üS��¦^�-µ$sort x $ !��ëê§Ux���?1üS"

$sort y x $ !ü�ëê§xgSØC§üS(J�uy"

$sort z y x $ !n�ëê§xØC§¦^üS(Jéy?1üS§(J�uz"

$units 10 $

$calc r=%sr(0)$

$sort s 1 r $

ÙÐ?´U
�)Ø­E�10��Åê"

$sort s 1 s $ !P�üS�gSÒ"

�)¢�µ

$assign a=3,9,4,6,5,1,8,2,10,7 $

$sort b a -2 $

(J´a�êâJc�1§Ï��"��ê´Ã��§�^±e�éµ

$calc diff=b-a:wt=(%cu(1)/=10)$

$weight wt$

$look diff wt $

$sort b a 2 $ !ê|b¹a�¢��"

$look b a $
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transrpit�-+nP¹©�§ék^µ

$units 9 $

$data x y $

$trans $

$dinput 8 $

File name: test.dat

$plot y x $

$trans i w f h o $

$plot y x $

k'4P¹§�(J÷¿�2��"i§w§f§h§oéAinput(Ñ\)§warnin g messages(´

w&E)§fault messages(�Ø&E)§help messages( �Ï&E)§ordinary output(�~ÑÑ)"

�$1¥åÊ��§�±¦^dumpÚrestore�-��Ú¡Ey|"

=~13.2>±e§S`²
÷�^{[1]§CHIT é�½�k�u��ÑVÇY²§kχ2�

9gdÝü�ëþ§(J´^GLIM.LOG�Ñ�"

$macro CHIT

$calc %p=(%2==1)*(2-2*%np(%sqr(%1)))+(%2==2)*(%exp(-%1/2))

+(%2>2)*(1-%np(((%1/%2)**(1/3)-1

+2/(9*%2))/%sqr(2/(9*%2))))

$print ’CHI2 P=’%p’ for CHI2=’%1’ WITH ’*-4%2 ’d.f.’;

$$endma

$return

$macro UCHI

$use CHIT $calc %dv=%d-%dv:%df=%e-%df $use CHIT

$endma

$units 4 $data FREQ $read

72 714 655 41

$yvar FREQ $error p

$assign clas=1,-1,-1,1

$calc c1=2*(%gl(4,1)-2.5) : c2=(c1/2)**2-1.25

$fit $use CHIT %dv %df

$calc %d=%dv :%e=%df $disp er

$fit clas $use UCHI $disp er

$fit c1+c2 $use UCHI $disp er

$finish

$1(Jµ

[o] scaled deviance = 1266.8 at cycle 4

[o] d.f. = 3

[i] $calc %d=%dv :%e=%df $disp er

[o] CHI2 P= 0. for CHI2= 1267. WITH 3.d.f.

[o] estimate s.e. parameter



§13.1 GLIM \� 419

[o] 1 5.915 0.02594 1

[o] scale parameter taken as 1.000

[o] unit observed fitted residual

[o] 1 72 370.50 -15.508

[o] 2 714 370.50 17.846

[o] 3 655 370.50 14.780

[o] 4 41 370.50 -17.118

[o] scaled deviance = 11.158 at cycle 3

[o] d.f. = 2

[o] CHI2 P= 0.0038 for CHI2= 11.16 WITH 2.d.f.

[o] CHI2 P= 0. for CHI2= 1256. WITH 1.d.f.

[o] estimate s.e. parameter

[o] 1 5.281 0.04892 1

[o] 2 -1.247 0.04892 CLAS

[o] scale parameter taken as 1.000

[o] unit observed fitted residual

[o] 1 72 56.50 2.062

[o] 2 714 684.50 1.128

[o] 3 655 684.50 -1.128

[o] 4 41 56.50 -2.062

[i] $fit c1+c2 $use UCHI

$disp er [o] scaled deviance = 1.4458 at cycle 3

[o] d.f. = 1

[o] CHI2 P= 0.2292 for CHI2= 1.446 WITH 1.d.f.

[o] CHI2 P= 0. for CHI2= 1265. WITH 2.d.f.

[o] estimate s.e. parameter

[o] 1 5.271 0.04937 1

[o] 2 -0.06409 0.02066 C1

[o] 3 -1.255 0.04922 C2

[o] scale parameter taken as 1.000

[o] unit observed fitted residual

[o] 1 72 67.23 0.582

[o] 2 714 728.31 -0.530

[o] 3 655 640.69 0.565

[o] 4 41 45.77 -0.705

=~13.3>�©aêâ©Û~^probit!logitÚ4�©Ù�.§ùnöäk�Ó��./

ªµπ(x) = F (α + βx)"Ón¢�¥§NõÓÔJþéê�NN�(tolerance)©ÙÏ~Cq�

�©Ù§Kπ(x) = Φ[(x − µ)/σ],Φ(.) ´IO��©Ù�\È©¼ê§�F = Φ, α = −µ/σ, β =

1/σ,Φ−1(π(x)) = α + βx, =probit �.¶
éπ(x) = exp[−exp(α + βx)]§klog[−log(π(x))] =

α + βx§§�4�©ÙéA"G(x) = exp(−exp[−(x − a)/b]), b > 0,−∞ < a < ∞§þ��a+0

.577b§IO��πb/
√

6"
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e¡´��)Ôuÿ(bioassay) �~f[2]§´��`�Á�>í5�1z(°����

k��¹§k��Ä´���©aê"§S�gélogit!probit!complementary log-logO��

O�"

$c Fitting logit/probit/extreme-value models

$unit 8

$data dose kill number

$read

$1.691 6 59 1.724 13 60 1.755 18 62 1.784 28 56

$1.811 52 63 1.837 53 59 1.861 61 62 1.884 60 60

$yvar kill

$error bin number

$fit dose

$disp e r v$

$link p

$fit dose $

$disp e r v$

$link c

$fit dose $

$calc survive=number-kill $

$c the yvar is replaced with kill

$yvar kill

$fit dose $

$disp e r v$

$dele dose kill number survive$

$finish

link �é¥C L«VéêéX§E L«�êéX§G L«logit éX§I L«ü éX§L

L«éêéX§P L«probit éX§RL«�êéX§SL«��éX"±þ§S$1(JX

eµ

scaled deviance = 11.116 at cycle 4 d.f. = 6

scaled deviance = 9.987 at cycle 4 d.f. = 6

scaled deviance = 3.5143 at cycle 4 d.f. = 6

Ï�ºÝëêþ�1§K5�zdeviance �deviance �Ó§Ó���±wÑ§n��.±

���complentary log-log �Z"
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�O� IOØ ëê���-���

1 -60.74 5.181 26.84

2 34.29 2.913 -15.09 8.484

1 -34.96 2.648 7.012

2 19.74 1.487 -3.937 2.213

1 -39.52 3.234 10.46

2 22.01 1.796 -5.806 3.226

[Ü�µ

unit k�ê oê logit probit comp log-log

1 6 59 3.503 3.407 5.653

2 13 60 9.820 10.686 11.282

3 18 62 22.421 23.438 20.942

4 28 56 33.875 33.784 30.339

5 52 63 50.048 49.559 47.681

6 53 59 53.339 53.370 54.188

7 61 62 59.239 59.682 61.117

8 60 60 58.755 59.239 59.948

§13.2 2Â�5�.{0

§13.2.1 ��nØ

���ÅCþ�ÚO�.Û¹Xù���g�µ=�ïÄ�Cþk��(½�(�§U


)ºyk]�Ú?1ýÿ"ù�´2Â�5�.�g�"§�n�|¤Ü©´§�ÅÜ

©!XÚÜ©ÚéXÜ©"�ÅÜ©�«
ÏCþ�VÇ©Ù§XÚÜ©´gCþ��5¼

ê§éXÜ©�²
XÚÜ©��ÅÜ©Ï"�m�'X"

2Â�5�.��ÅÜ©d�êx©Ù�Õá*ÿ|¤§§��©Ù/ª�µ

f(y, θ, φ) = exp{[yθ − b(θ)]/a(φ) + c(y, φ)}

Ù¥φ´ºÝzëê½lÑëê§3�éL©Û¥~~���1§�φ > 1 ��.��L�§

¡�LÝlÑ"

X��©Ùθ = µ, b(θ) = 0.5θ2, a(φ) = σ2, c(y, φ) = −0.5[log(2πφ) + y2/φ]"φ = 1 �§þª

�±z¤Xe�/ª(Agresti, A. 1990)µ

f(y; θ) = a(θ)b(y)exp[yQ(θ)], Q(θ) ¡�g,ëê"

�η = Q�¡�;.éX¼ê§é~^"

Xéulogit �.§kµ

f(y;π) = πy(1− π)1−y = (1− π)exp[ylog(π/(1− π)], Q(π) = log[π/(1− π)]
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L 13.1 A«©Ù¤éA�.���Ü©

�ÅÜ© éX¼ê XÚÜ© � .

��©Ù ü éX ëY� £8

��©Ù ü éX ©a� ��©Û

��©Ù ü éX ·Ü� ���©Û

Ëã|©Ù logit ·Ü� logistic £8

Ñt©Ù éêéX ·Ü� éê�5�.

õ�©Ù 2Â�logit ·Ü� õ��A�.

éuPoisson �.§kµ

f(n; m) = exp(−m)(mn)/n! = exp(−m)(1/n)exp(nlog(m)]

�ÙéX¼ê´log"�2Â�5�.�½Âµ = Xβ, η = g(µ)�'§kµη = log(m) = Xβ§

´��éê�5�."�éL¥�Oê�±w¤5gÑt©Ù"

��*	y�IO�5�.´y = Xβ + ε, µ = X ′β�¤XÚÜ©§�ÅÜ©�XÚÜ©

�'é´η = g(µ), g´µ�?ÛüN��¼ê"�~^�ó�½éX¼ê�µ

ü (identity) éX η = µ

éê'ê(logit) éX η = ln[µ/(1− µ)], 0 < µ < 1

VÇü (probit)éX eta = Φ−1(µ), 0 < µ < 1,Φ �N(0, 1) �©Ù¼ê

­éê(log-log) éX η = ln[−ln(1− µ)], 0 < µ < 1

�ê(power) éX η =
{

µr r 6= 0

log(µ) r=0
�ê©Ùx�)��!³ê!Ñt!��!�©!K��!k�Ú_��©Ù�§§�

'é��©Û�.�ueL"

2Â�5�.�ëê�O~^S�\����¦{"

L«�.[Ü�J�þk �½lýÝ(deviance)Ú2ÂPearson χ2ÚOþ"�é�½�

.�q,�L(µ̂; y)§dêâ
5���q,�L(y; y)§K5�z �= 2[L(y; y)]−L(µ̂; y), µ̂ = y

´�O�"

�.�u�~(Üí�©Û!êâ�ä�ã/©Û�Ãã§aqÏ~�£8�ä¯K"

NõÚO^��±?12Â�5�.©Û§XGLIM!Genstat!S ±9SAS 6. 08 ¥

�PROC GENMOD�"1�Ù0�
�5£8©Û!logistic£8ÚCox£8§ùpKé�é

L�éê�5�.?1��[�`²§�.¥�xÏf!·,ÏfÚ�Aþ�lÑ5�ê

â§��n¤�éL�ª"�.3SAS !SPSS/PC+!BMDP!SYSTAT�^��þ�¢y"

§13.2.2 �éL©Û^~

·���R×CL�Õá5u��§z�*	�f��Ï"�>�VÇ�È¦±o��

fê§òù��ªü�éê§Ò¤���éê�5�.§=éê��5Ú§éX¼ê�Ò´

éê"�â�éLCþ´kS½¶Â�a.§éAØÓ�éê�5�."
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�{ü�´2 × 2 L§Ù'ê'(odds ratio) ´θ = n11n22/nn12n21§log(θ) �ìCIOØ

´σ(log[θ]) =
√

ΣiΣj1/nij , i, j = 1, 2"k��3dª�z��é�þ\þ0.5§IOØ�úª�

aq"ü��éL¥éê�5�.ëêλ12�²0.25ln(θ)
�O"

�fê�����éê�5�.µlog(m) = Xβ"X32× 2Le§log(mij) = µ + λx
i + λy

j§

�å�Σiλ
x
i = Σjλ

y
j = 0§d=µ

log


m11

m12

m21

m22

 =


1 1 1

1 1 −1

1 −1 1

1 −1 −1


 µ

λx
1

λy
1


Xµlog(m12) = µ + λx

1 + λy
2 = µ + λx

1 − λy
1

éuÕáPoisson�.

L(m) = Σini log(mi)− Σimi = Σini(Σjxijβj)− Σi exp(Σjxijβj)

∂L(m)
∂βj

= Σinixij − Σimixij , X
′n = X ′m̂

∂2L(m)
∂βjβk

= −Σxij
∂mi

∂βk
= −Σixijxikmi

�kk�2× 2 L§�½�L�>�ÜO�{n+1k, n+2k, n1+k, n2+k} �Ñl�AÛ©Ù§

��^n11kAU
(½{n+1k, n+2k, n1+k, n2+k}§

m11k = E(n11k) = n1+kn+1k/n++k

V (n11k) = n+1kn+2kn+1k, n+2k/n2
++k(n++k − 1)

Ïk^�Õá§§��±�\§�kMantel & Haenszel ÚOþµ

M2 = (|Σn11k − Σm11k| − 0.5)2/ΣV (n11k) ∼ χ2
(1)

b�{ni, i = 1, ..., n} ´���éL¥�*	§ni�K§Ù�{ü��/´Ñt©Ù§�

��þ��mi"§äk5�n = Σni E�Ñt©Ù§ëê�Σmi"Ñt©Ù^u��þ�Å

u)�¯�ê§X,/,c,�n1 (g,6�ê)!n2 (Ú�ê)!n3 (¹�ê) äkÑt©Ù"

duù��ÑtÄ�´�Å��§en = Σni 
z�ni ±n �^�§ni Ø2Õá§§�Ñl

õ�©Ù"361¾ÆcÇ5ïÄ¥§éAuïÄÏ��Y²�>�ÜOÀ��½§
r�

Y²þ�ACþÀ�Õá�õ�©Ù��¶3£�5ïÄ¥§�ACþ��Y²�>�Ü

O�À��½
rïÄÏ����Y²À�õ�©Ù���¶3îä¡ïÄ¥§K�±r

o�OêÀ��½"

�ÛÏ©Ûaq§�géê�5�.©Û�±^uïÄÏ���p§p���pK�

Û¹
$�?��A§n���Ú�.´µ

log(mijk) = µ + λx
i + λy

j + λz
k + λxy

ij + λxz
ik + λyz

jk + λxyz
ijk (XY Z)

éÕá�.§þª=´µ

log(mijk) = µ + λx
i + λy

j + λz
k (X, Y, Z)
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��uµ

l(m) = nµ + Σini++λx
i + Σjn+j+λy

j + Σkn++kλz
k

Ù§/ª��.k:

log(mijk) = µ + λx
i + λy

j + λz
k + λxy

ij (XY,Z)

log(mijk) = µ + λx
i + λy

j + λz
k + λxy

ij + λyz
jk (XY, Y Z)

log(mijk) = µ + λx
i + λy

j + λz
k + λxy

ij + λyz
jk + λzx

ik (XY, Y Z,XZ)

gdÝ�©)µΣΣΣπijk = 1§=�kIJK − 1 ��5Ã'ëê"éÕá�.§���O

¦^πijk = πi++π+j+π++k§¦^πi++π+j+π++k�kI − 1 + J − 1 + K − 1 �ëê§�gdÝ

�(IJK − 1)− (I + J + K − 3) = IJK − I − J −K + 2"����¹Xe§1��´gdÝ"

(X,Y,Z) IJK-I-J-K+2

(XY,Z) (k-1)(IJ-1)

(XZ,Y) (J-1)(IK-1)

(YZ,Z) (I-1)(JK-1)

(XY,YZ) J(I-1)(K-1)

(XZ,YZ) K(I-1)(J-1)

(XY,XZ) I(J-1)(K-1)

(XY,XZ,YZ) (I-1)(J-1)(K-1)

(XYZ) 0

�.��Oæ^4�q,{(ML)ÚS�'~[Ü(IPF)�{"SAS/IML�k;��IPF¼

ê"�'uML§IPF ok)¿Âñ�4�q,)"�.�[Ü`Ýu��±^Pearson χ2 Ú

q,'ÚOþ§§��úª´µ

χ2 = ΣiΣjΣk(nijk − m̂ijk)2/m̂ijk

é(XYZ)gdÝ=IJK − I − J −K + 2"éu2× 2L§�nij����^?��úª"

G2 = 2ΣiΣjΣknijklog(nijk/m̂ijk)

|^��­½C�§¦z��f�©ÙÄ��CIO��©Ù§XFreeman- TurkeyC

�µ
√

n +
√

n + 1−
√

4m + 1§§�²�ÚÎÜχ2©Ù§gdÝ�nØêm k'"

�éL©Û§~�?1χ2�©)§ù�A��yµ�!©LgdÝA��L�Ó¶�!

�L¥�z���f��=�3��©L¥¶�!�L�>�ÜOL����L�>�Ü

O"3²�þ,�±w�e©L�G2 ´Ä�oL�Ó�Ó"

±1±ÙL6.2k-�]�©Û�~"ØOÉ³ö�«x§�1k-�x<�12%§ç<

�10%§ç<�x<�$¶���
É³ö�¬x§ç<�p"��éÙ>�ÜOL©Û§¬

Ñy(ØØ���y�§¡�Simpson’s paradox"qX3Ø²ï�'u���ïÄ¥§�«

�{�UéI5¾<Úå5¾<Ñ´Ð�§�éu¤k¾<ÒØ�½Ð"
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L 13.2 L6.2�>�ÜOL

´ Ä �O

x< 19 141 160

ç< 17 149 166

oO 36 290 326

L 13.3 k-~f��O(J

�. G2 �� gdÝ

(D,V,P) 137.93 4

129.80

(DV,P) 8.13 3

6.25

(DV,VP) 1.88 2

1.18

(DV,VP,DP) 0.70 1

(DVP) 0.00 0

|^éê�5�.©Û�eLµ

��§(DV,VP)�.´�±�É�"

�ºÝ�.�'§kS]�©Ûäk`:µ�!�.ëê´u)º¶�!¶Â�.¬Ñ

y�Ú�.
d�Ø¬Ñy¶�!u�|uÏé'é�p�a."Xü��éLü�Cþþ

�kS��5'X(linear by linear association) �.´µ

log(mij) = µ + λy
i + λy

j + βuiυj

ui, υj ´1��©ê§β = 0K�Õá�."

éuuniform association =k��ëêβ§�.´µ

log(mhjmik/mhkmij) = β(ui − uh)(υk − υj), h < i, j < k

¦^ÛÜ'ê'θij = mijmi+1,j+1/mi,j+1mi+1,j´k^�§éþã�5x�5�.klog(θij) =

β(ui+1 − ui)(υj+1 − υj)§3�å©ê�§¤k'ê'´���§�¡þ!'é"kS�.�

�«�E�{´¦^��ü�VÇ�'"3�5x �5'ée�µ

log(πj+1|i/πj|i) = log(mi,j+1/mij) = (λy
j+1 − λy

j ) + β(υj+1 − υj)ui

éuü m�{υj}§�±{��αj + βui"
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L 13.4 ó�÷¿Ý©Û(J

�. G2 df P

Õá(I) 12.03 9 0.211

þ!'é(L× L) 2.39 8 0.967

^�Õá(I|L× L) 9.64 1 0.035

P(π1(x), ..., πJ(x)) ´�AVÇ§��ü|�logits ´Lj = log[πj(x)/πj+1(x)], j = 1, ..., J −
1"e�[Ü�.Lj = αj + β′x§�^'Xª

L?
j = log[πj(x)/πJ(x)] = ΣJ−1

k=j αk + β′(J − j)x = α?
j + β′uj , j = 1, ..., J − 1

E,^υ1 ≤ υ2 ≤ ... ≤ υj �©ê§�.M(x) = Σjυjπj(x) = α + βx ¡�²þ�A§L«


^�þ��gCþ�m��5'X"

¦^kS�A]��,�«�ª´|^Fj(x) = π1(x) + ... + πj(x), j = 1, ..., J \Èlogit

´Lj = logit[Fj(x)] = log[Fj(x)/(1−Fj(x))]§�{ü�´Lj(x) = αj , j = 1, , , J−1, αj ¡�ä:§

Ï�Lj´Fj(x)�O¼ê§¤±αj ´Ø~�§?�Ú§)\)ºCþ�§¦^�.Lj(x) = αj +

β′x, j = 1, ..., J−1"Ï�Lj(x1)−Lj(x2) = β(x1−x2)l
¡�'~'ê'�.(proportional odds

model)"éuü�gCþ��/§�±ò¼ê^ãL«Ñ5§�½j�Ùã�aqulogistic£

8�"�
¦βj > 0kS.þ�)º§~~r�.��Lj(x) = αj − β′X, j = 1, ..., J − 1"�é

u\È'ê'�.Ú'~'ê'�.§k\Èó��.(cumulative link model)µ

G−1[Fj(x)] = αj − β′X

G−1(u) = log(u/(1− u))

G−1(u) = log[−log(1− u)]

G−1(u) = Φ−1(n)

��",	§~rõ©a�A¥���Y²��Ä�§X¤k©a�����Y²'�"SAS

CATMOD Jø
ALOGTS, CLOGITS, MEAN, LOGIT A«À�5?nþãA«�¹"

yé1±Ùó�÷¿Ý�]�?1©Û§(JXeµ

Õá�.(JG2 = 12.03, gdÝ=9§'é´éf�§�%�Ñ
/éó�÷¿�§

Ý�ó]O\0§¦^þ!'é�§[Ü��UõG2 = 2.39, gdÝ=8§e^ü D©§

'éëê��O�0.112(IOØ0.036)§��L«÷¿Ý�Xó]�O\
O\§ÛÜ'ê

'´exp(0.112)=1.12§�&«m�exp(0.112?1.96*0.036)§=(1.04,1.20)§3à:�'ê'K

�exp(0.112(4-1)(4-1))=2.74 =pÂ\´$\�2.74�"

éê�5�.�logit�«Oµ3ëê�)º�¡§§Ø«©�ACþÚ�ÏCþ§ù¬

K�·�éu�.�ÀJ¶éu�g�.5`§p��A��3Ò¿�X|¤§�$��

A��3"3�3�ACþ�§éê�5�.�AuT�A�logit�.§3�Aþäkü«

±þ�©a�§�2Âlogit �.�A"
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ó�÷¿Ý©Û�§SXeµ

$unit 16

$factor income 4 satisf 4

$data income satisf count

$read

1 1 20 1 2 24 ... 1 4 82

... ... ... ...

4 1 7 4 2 18 ... 4 4 92

$calculate uv=income+satisf$

$yvar count

$error pois

$fit income=satisf+uv$

$calculate v=satisf$

$fit income+satisf+income v$

$finish

y±° �³(well§mild§moderate§impaired)�)¹¯�(X1)9�¬²LG¹(X2§1=high§0=low)�

'XïÄ�~`²'~'ê'�.(Agresti, A 1990)"

well 1 1 mild 1 5 moderate 0 0 impaired 1 8

well 1 9 mild 0 6 moderate 1 4 impaired 1 2

well 1 4 mild 1 3 moderate 0 3 impaired 1 7

well 1 3 mild 0 1 moderate 0 9 impaired 0 5

well 0 2 mild 1 8 moderate 1 6 impaired 0 4

well 1 0 mild 1 2 moderate 0 4 impaired 0 4

well 0 1 mild 0 5 moderate 0 3 impaired 1 8

well 1 3 mild 1 5 impaired 0 8

well 1 3 mild 1 9 impaired 0 9

well 1 7 mild 0 3

well 0 1 mild 1 3

well 0 2 mild 1 1

¦^stata�ologit·-[Ü�.µLj(a) = αj − β1X1 − β2X2, Lj´\È©Ù�logit"

. label define aa 0 well 1 mild 2 moderate 3 impaired

. infile a:aa x1 x2 using table98.raw

. ologit a x1 x2,table

éêq,��-49.55"

Ordered Logit Estimates Number of obs = 40

chi2(2) = 9.94

Prob > chi2 = 0.0069
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Log Likelihood = -49.548948 Pseudo R2 = 0.0912

------------------------------------------------------------------------------

a | Coef. Std. Err. z P>|z| [95% Conf. Interval]

---------+--------------------------------------------------------------------

x1 | -1.111234 .6108775 -1.819 0.069 -2.308532 .086064

x2 | .3188611 .1209918 2.635 0.008 .0817216 .5560006

---------+--------------------------------------------------------------------

_cut1 | -.2819054 .6422652 (Ancillary parameters)

_cut2 | 1.212789 .6606523

_cut3 | 2.209368 .7209676

------------------------------------------------------------------------------

a | Probability Observed

---------|-------------------------------------

well | Pr( xb+u<_cut1) 0.3000

mild | Pr(_cut1<xb+u<_cut2) 0.3000

moderate | Pr(_cut2<xb+u<_cut3) 0.1750

impaired | Pr(_cut3<xb+u) 0.2250

. ologitp p0-p3

¦^label�éééÏCþ�S?è§�±��é£8�Xê?1)º"�)¹¯�©

êO\�° �³§S\�§3p��¬²LY²e~$"�½)¹¯�©êe§$u?

ÛY²�° �³�'ê'§3p�½$��¬²LG¹eþ�exp(1.111)=3.04�"��

�ologitp�Ñ
T�.e�VÇýÿ�"

�
·Aêâ�A½(�§éê�5�.kéõAÏ�?n�{"X�é]��é¡

�.!Bradley-Terry �.!OÕá(Quasi-independent) �.�§§��¹ÂÚ¢y�{�ë

�Agresti, A.(1990) ÚLindsay, J.K.(1989)§BMDP Ãþ"

GLIM4 Jø
Nõ#�õU§X�)
_pd(IG)©Ù±9�êÚK�gë�"�.

½Â�é�)
��õ�ª§^rg½ÂÝ
§±9ëYCþ���¦È"ù
õUd�

X#��-Ú¼ê5�¤§XELIMINATE �-�±¦©ÛÚO���{z§^u�é¾

~éìïÄ!õ��A�.!Cox '~ºx�."¼ê�)
k�!t!F!�©!��!Ñ

t©Ù�VÇÚ© :§Ø��³ê¼ê!éê³ê!V³ê!n³ê¼ê"�@Ï��

�Gauss-Jordan�{�'§#��O\
Givens�{§�ö�­½Ú�°("êâ(�¥O\


La.§GRAPH ·-^up©Eã/§GLIM4Jø
÷?6ì"

GLIM4 �MANUAL·-Jø
3��ÏõU§�)^~`²"

2Â�5�.�nØ¿Âû½
GLIM�A^d�"k'GLIM3�ÅL§¥�^{�

�[11]§Ù¥0�
Markovó!:L§Ú�#L§!)�­��)Cox �.!)�­�!�m

S�!­Eÿþ��¡�A^§¿Nk�A�GLIM§S"Ø
GLIM ±	§SAS 6.08 PROC

GENMOD ÚGenstat 5 �U?12Â�5�.©Û§ù
^�3A^��kAÚ§�ké2

Â�5�.k�½�
)âUA^gX"

2Â�.kNõí2§XHastieÚTibshirani JÑ�2ÂÚ�.( GAM) §Liang ÚZeger

JÑ�2Â�O�.(GEE)"S-Plus �glmÚgam ©O^u[Ü2Â�5�.Ú2ÂÚ�."
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2Â�5�.���0�9Ùí2�±ë�k'©z§SAS 6.12 GENMOD�±?1GEE�

.©Û"
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