
1If.Fk-*f·J ~ 45 ~ 85 -+ 9 fJ 
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~tt&~ A.~~M~W~~~.~.a. ff.~~'~.ffl*.~~.~ 
f~~~~~••~••4·*~~I~M~tt4~.$'~*E~*.~~tt4~ 
.&~~~ft~.A~tt&~.~••~~~M*'-••~~~~~~._~.A 
i1dt4i1*..' .f\1r'#jt.tht#~-f_,ti. (semi-linear) ~1tJt~.&~~ (multidimen­

sional) ~1t4~. ' ftlJf ~~I:.~~;ft~~~ "" M ' ~~(. ffl ~1t&~.*'t~;H#~ 
.#,~~~.~~..ft,~..•~.ft~~~~.~~.~ff.~· 

=- ' Fai 11"" trf 1t Ji It.~ 
~1t (credibility) ~.$~.tr•• 'f ~ ~ ,iJ'dl6~ • • R:f# ' .f\~~A~1tJtA 

1"~,tJ;.;ft~~(risk) t Btft.-id!Rai'1Tlt.~U~1-..6~~1t~I&' 1it1~~~.~~' 1~ 

.~~~~*t~~~~.'~Atr~.M~~.'~A~~ff~_~••R~~' 
M~.~~t~~~#tt~~~~~#,~~~~~~~*t~~.*~ft*~~~ 

~~,e~~M*.±*t~~.~#.ft~~~••&~~~· 
iiJi:.~*,tJ;.;ftJt~6~.a*lT~.JJ!1~.Jt,,"*-~H~~~ ~ 6H~*~. ' fl~'J 

m~.~f~.aW#R~ft••~~~~tt&'~~.f\~~m*.~;ft~.~~. 

*~~.~±~*~'~H~~.~*~.m~ffi.H~ft~o 
**~./J\tlfI ' IJl~~.~~"Uf~fjlgfj ji , ~~ ASA 0 
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·ti ' ;f'J Jf] :k. i: ag ~ Fk 4~ 1:.. Wiff ~'-:#j- 4fi1:.. 4l (loss ratio) , 7r~!t;f1 Jf] :k. it~ jJoJ ' it~~ It 
~FkagM*,~~a.Fkag.~~aa.~~~.~~~'~*~~4~~~Fk~~ 
Il!Hl-!If f8- Ji!. at ' ~;flJ ~ .if- ifd8- #- it ~ :1U!t ~ , -ku * ? Jt.;f 'J Jf] i!.~ ~i'. Mt4l1:.. ;.tf ft 5t *'f ~l 
1:..4l,aa.~~~ ~~ag.1:..4l~ff.£'~~~Fk~~~~#~~ag!:k.. 

~4~ 1:.. 0 

J:.. iiHt 7fj 41~H'1- III Uit .{8- Fk 'f at lf 1l-.i. ' i7f *:if FuhrerO993) i'JT it~ ag lc. it ' 
-.agi7fn£~~~Jf].~~.~*5t:#j-,~**ag.1:..4li7f.~RMt.1:..4l~•• 
• ~'-ku*i7fn£AW%'*~~&.1:..ag~~~T,**ag.1:..4l.~~~~&OO 
%.~~~~ • .i..1:..~eag~Fk·m.lfW%agm~M*·-.~Jf]i7fn£~_. 
Jt A. ~ foJ- iE. 4fi1:.. 4l (adjusted loss ratio) A : 

1if iE. 4~ 1:.. 4l::: i7f ft £ xRMt4fi1:.. 4l + (1 i7f {tJt) x)t;J ~ 4l1:.. 4l 

~J:..~M.~~M*i7f.~.iE..1:..4l~.~~ff~~~o 
;f1 Jf] i7f {t £ ~ -}f ~ lf ~ a ' -1t- 'f ~ 1U:.f-\: i7f {t £ ~~ARMt it 4l (experience rating) 

6~!'tJt ' ~**i7fft£~~.:t.*Jt.5tIJi.:fit4l (manual classification rating) !'tJt69. 
ij! • YA T ;if 5t !i'l 11- 1fE!~~~ 0 

.::.. ' -5 ~ !7f-itItJ!.~ : 1=f Flt ~ fn !7f-itItJ!. ~li)- (limited f1uc­

tuation credibility theory) 

~-1t-••att~ ·lf~~.i7fn£~~~*~~~.if-.A~.~~.~·#. 
A**i7fnJt~~·.a~••~i7fn£7r~~••~'.*~•••~·#.&. 
f-\: i7f {t £ ~~ , lf Ffl ~ • i7f ft Jt ~~ 'f ~ i7f {tJt i7f 5t AJt ~ i7f ft Jt (full credibility) if. 
-$fJti7f{t£ (partial credibility) 0 

-ku*+RA~a#Jt~Fk~T.1:..4l~RMt~ff.'rA~#Jt~Fk~)t;J~.l 
4l.cAffiM.1:..4l~ff.4Jt.:if.i'JTlf~Fk~T~.1:..4l~ff.·nA~#Jt~~~ 
T~.iJlH~1:..1+it~Zf-\:.~~fit~i7f1t£' 4l1:..~ag~lHti7f~~ r::: (l-Zk+ZR ,i 

~.ffiM.1:..~.RMt.1:..~~~.~ffo4~Jt.£.OOAk%~lf~~.M4~ 
ij!1i(iJt A (I - E ) ~T ' R a~ ftlHt~ r Jt ~ i7f ft Jt ( f!p Z:::1) ~;f; A-A Pr [lR-rl5 k% • 

0r] ~ 1- E • f!p i7f ;f.J Jf] J.l1:. # Jt ag ~ fit4fi 1:.. lt iffft It J.l1:.~ fit ~ 4~ 1:.. ~ ;f'J Jf] :k. it~ jJtj 6931 
1U:.'4#JtE.k.~T·i'JTM*~~~RMt.1:..it'Am~~~.'.~.1:...:k. 
~nFat'Am.i7f~Jf].~.1:..W*~ff.~~'~at.~~~~ff.A~R· 

*TAm~~J:..~~~~.~ff~'.t.Fk~~~~ff.Fkit~'~-.A~ 
Jf] A1i 4.i;fA (Poisson) ~'-f~.fi.j ~4fl ~it~ rt~il'-{~ , YA N f-\: .~f8- fitag ~p.~ it • JI:. 7i-1$~ 

M~ftt&..~ ~it~JtA 

E(N)=n, Var(N)=n 

~~~.Ji •• 1:..ag~.*.,~Jt7i-~~)t;JZ.&..~~itA 

E(Xj)=m, Var(Xj ):::(72, 15 i 5 N 
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i8:fit-4-flJ ~ 45 ~ 85 Jf- 9 ~ 

• R= Ef:lXi 69 #}J ~ fia ~ ~it ar *if1t#l!4"=-69'~i 'Wlt 11- ' rlf.fl69 tt1ifi.~ 

E(R)=nm, Var(R)=n«12+m2) 

in *M; ~ 69 ~ nt ~ j/.1'I'i It k=10% ifi14!4tt1t f =5% ' jllj l\t -1- 69 n fifi. ar ~A 

Pr(0.9r<R<1.1r)=0.95 
P ( .-O.lr < R-r < O.lr }=0.95r

'4 VarR JVarR JVarR 
2ftJ\.. f!f.1'ft ~~ 69 #}J ~ fifi. r=mn a ~.J,. it Var(R) = n«12 + m ) * J:..A ' ar.fl 

~- =1.96-+ O.lmn =1.96 
JVarR Jnm2(I + (12 )

2m

"if NHl n=384[I+( ~ )2] , t-t~;t M; ~ 69 k a f ifi1 '~frLl. -:'F A nF=no(I +( ::z }2) , 

.ltno= i: = Z!;+ '" -~t~1I'H,aj.::Z ~~.J,.{f.it(coefficient of variation}' f\:.*-*~ 
69ttJi (dispersion) ~*f~~ ~ fifi. 69 tt.fi ' ItiJ Jl:.:r- ~ 69 ~~*~ i'fr ~j{ 69 tftillJttfifi. I'lt*,t 
~.*69~.J,..ltifi1~~'t-t*:r-~69~nt~M.ltk~4!4ttltfi'fr~11-69~~*-*T 
"X~j;.* : 

*- - t-t :r- ~ j;. ttk~ f Z ar ft It j;. ttno~ fifi. *­

(\k 0.3 0.2 0.1 0.05 0.01 

0.1 30 68 271 1082 27060 

0.25 43 96 384 1537 38416 

0.01 74 166 663 2654 66358 

0.001 120 271 1083 4331 108274 , 

diJ't.-f..~l~itf~*nFat' jlIJ,;C~j{*J.!iIJm~1~ar1tJi (I!P Z<l ) '~ll}j.fi-M;~694! 

AifIJi z ~ , ~l ~ ;1 iff :r- )~JXHdf. ~l ~ 4"=- ' ,;C ~ft * J.! ;tit (prior) 69 ~l ~ 4"=- ' t-t #-~ f ~ 

k 14 ' ~1I"lar*~.~ Ftt~M69J.;i ~M;~ P[lZ(R - r)l<k% • r];:: 1 - E ' .jij-;k~1I'HIJ m 
*a~~.4!••~.~~~~~arnJi~~~fi' 

Pr(Zr-k% • r<ZR<Zr+k% • r)=l- f 

P( -kr < R-r < ~) =l-E 
r I

Zi VarR ~ VarR Z~ VarR 

kr =Zl--.!.... 
Z~ VarR 2 

~ J:.l!~ af!"tt 1f. ar .flZ=J :iF , ilJ If] ~f;tar it Ji fli1] ~ ~l ~ 4"=-f!;iHUN ~r=(l-z)c+ 
r ZR 0 

L 
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~ ~ 	 .i1i 1-t !if1tJt J.t ~ : it *-:¥~!!if1t Jt J.t ~ (greatest 

accuracy credibility theory) 

~ ij!j ~Jl a~ iii1-t 'f itJt jJ. ~~ ~H ;#- i!Ir i! ~ Ftt ~ tQ ag .~ Mi 7i A ' ~1 Jf] ~ 1\;t!'/tJ!.. 
(Bayesian risk theory) l' ag l. ,J' ~ ~ f 7i~ :£ iu ;t !'/t t1iJ tt~ JlH6 iHJt ~ l' ag f. tt ' f!p ~~ 

Jf] ~*a~ 4~ :k. ;/t l+ ag #< ~ iL tt ii i-6 1t 4R :k. * · l. ,j- 1t.~ ~ f-7i ~ :£ iu t1iJ tt ifi1 ~t ~l f.a 
{(.J Ndt i: ' -hI *-~ I' ( 0) -R.!..PJf ~ 1-6 it f. tt t1iJ iHi ' y;{ g !.;f;-~*ag 4R :k. ;/t l+ ag #< 3&. 
tt ' ~ 1Fi"t! ~tt a #< -lI}:1f.ff. (population) A (0) l' r..t~lflt*l~.:t ' :t;t ~ 1\M.lt tlt16 i10 

, tIp 1Fi 't!~1. tltillHi)t, Ix)l =1 ' Jt. l' t 1-t!.~*tltill~ ag-oott ' Jl:.~~1. ag l. j~:ft.~ Jl1 iif 
!.;f;-·bT: 

min / [1'(0)-g(Xj,X2, ..X,)]2d A (0)=m(QE[I'(0)-g(Xl.X2, ••Xt»)2 m 
g0 gQ 

)t,rM~ff.tt.~ag~.·~m~*&g)t,•••ag.~.tt,#~*&•• 
ag ~iIi!'i!; *- ' *-.11\ g(XI ,... ,Xt)=Co+ t crE[xr ] , --M: x.A~~ .U. 'f itJt (linearized cr 
edibility) jJ.~ , J1-~7i~{(.J1-6iti:'fJf5lI~ 'W.·ti1'-61tt (homogeneous linear estimator) , 
tlp co=O ' 1¥Jl. Toutenburg(I982) J.t.·tHJt~~it·ti'Wag"tt~' JI:.~.,ti~iIi!,;i!;*-)t,g(x 
1 .....Xt) 	=E~=1 CrXr ,lflt~~1i'f~lE [1'(O»)=E~=lCrE[xr] , ~f!li/iIH-6ittj~J!.~~f 
.~M*-'Jl:..~fftJ!.~~.(oo~~)ag~'W°~.AaggiLtt~#+.~iLaA 

k--M:ag~~iLa'M;#-.ai!'~~:t;t~~ag.~.tt~~--M:ag *-'Ar~* 
1J-lJf ~m~lt~;#- 1975 -i-Jl ag Hachemeister il!.~~ ~ , M.:. tt.pj..1J-lJf 1970 Jf-it ll: tt.f 
{(.J Biihlmann-Straub ~~ ~ , d:J JI:. r Af. 'f it Jt~~ ~ -i-Jl ag ~-f1. " 

4.1 Hachemeister iIilitl~ 

'fitJt~.jJ.~ d:J Hachemeister * 1975 Jf-lt ll: ' l!l A iilJ.t 1- ~ ~71'1 iR :k.41ffl~* 
1: ,il] ~ ~ i!!If Jl!} i~U~ fJ" ' 4~:k. *.;6 ;t *& l!l *ft., At ~ ag l.t ~ ifi1flt~ jl , ~ JI:. ~ I ffl iii! 
.ag~;t-;fft••Jf-.j-Jl ag Biihlmann-Straub ~~ ~ , ~~1FHt~m~1-61t *- a IiiJ --lI}:ftll9 

q ~;t !'/t4R:k. 'Y;{ 8 j 1-t!.fJ" ~ j -00 4R:k. *ag .*HI4~tt ' y;{ fJ( 8j) =fJj ~ *- ¥ j ~;t rt 
ag4R:k.41' .PJftlt~ag4R:k.aiil'li*r"'~1t.Y;{ Yj= (Yjl ,••YjI) HfoJt*-;f;-' Jt.1'il1FH!q 
~;t!'/tA ~Q 1i. ~.::t ' * 4 ~ j ~;t !'/tot ~1 Jf] ~1. ag ~~4~ :k. If *l-~~14il!6f~~ A ' Y;{ f-6it 
¥j~;t!'/ta!J4~:k.41~f9IJ' tIP~1Jf] E(Yj)=Xj • fJ(8j)=Xj • fJj!.;f;-JI:.~il!.'ijlf,f.' ~~ 
l' ~a ag 1Ft li-hI T : 

(1Fili 1 ) : ~itol, 82.... oqAJf5la ~aliiJ~tte 1'ag~.::tI'li~~tt, 1J-}J1~:l~IiiJ;!'rt 
a~~tt' ifi1 A(9) ~*-Jl:.~ttag*.pp 0 

(1Fit! 2 ) : (01. Yl),(82, Y2), .. (8 q• Yq) 1J\.}JIJ1-t*-:fI'l1i.~.::tag4R:k.41foJi:' 4~:k.41~ 

.-R.*-.*Mtlt~agtt.'Ar.~.~'~mRliJ.t.-.;t!'/t~. 

:k. *~t • at r"H"j IW, ~i ~a * 0 

( 1Fitt 3 ) : fJA a ~tt~ r", e~.f. RS ag iLtt ' ~!. "~ag1'-6'itaitR ' Jt. l' s A~~~ <f 
ag ~tt-ooit ' 1-t *- l' ~i-61t ~aa~ Mia • (12 ~ a ~a~ M e ~ Rl {(.J JJ 
tt ' 1-t:llDl. illHi :k. itR ag ~ J.. a 0 

fi,; " ag III ;f;- ~11 T : 
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_ _ 

f,'f.'*"*fll ~ 45 til- 85 f 9 Yl 

fl1d,1. ~ ~fJ l.. ...j .... k 

.it~ 1--. 

fit il'Hi ~dti. ( ilt!. 1Jj ) {Y/Xji)}::1 

•• I«~#e~~.~~,a~ff&.~~~.~.*'~~.4Mm&•• 
••W*~~,~~ft4~~~ma~~.~••~Z~.'~~~.~4#~ •• 
~.*~~~*.Bq~~~"2••tma~~~~~ft4~.~.a~z~.' 
~3•••ma~M.*••~ff~.~M~~.· 

#i~1:'! ,ft, j.~~~il!• .;\~ ECYj I Bj)=Xj • ,B(Bj)=Xj • ,Bj' CoveYj I Bj)=0'2( 

8j) • Pj! , ~, Xj ~ e..9;i1~tit~F. (design matrix) , Pj ~ft ~ ~tJo;ffi~eF. ' ~,~ 

PI' 0 0 1jHi.*'J'~'\.$'11-\'.*-#;t*rJja**-t~1.a~~'l*.' iif ..x~A Pj = 
( 

d·,. 0 0 

o 0 Plj {xl 

!i••*.1~ a*ft: ,aiA1 ili1-f$f , f1f-f$f1Ij .#l1~. (random coefficient) il!jf~1:'! ~ *-;F 

( 

>t~T: 

( 
y! ) (Xl~ = 0 
Yq \ 0 

0 0) (~l)". 0 J + i,E(i)=O, Cov( i)=u 2 

0 Xq ,Bq 
• p-l 

(2) 

~l \d) (~o) 
= do _ 

+6, E(6)=0, Co
_ 

v(6)=IqXq ® r 
® 1'-\'. *- kronecker *,:ft ' tf~ ~ ;t .A iif JL Christensen (1987) 0 

Zehnwirth # 1984 -+~..X, j\lUfHI:Ali~1:'! ~ ~'\.iJf7i A ' -Atiif~1 m'f~ff!"tt ~ ~ 
J!~ (normal based bayes theory) Jt'f~.ltlJJi.~" (normal based frequentist theory) , 

*'1 mJ:.. ~ ~ *l7i )J:: i' iif i$f 1'j ia ~ ~ :At .it~Ai ~ 1fIQ (best linear unbiased, BLU) ~ it .~t 
*'4'f~••~~~~.. ,~mMm:At.it~~~~~~__~*.~~ff.'ili14 
of ~ff!"ttlJJi .~.. , ~m:f'J mi:eAi~ 1:'! (mixed model) 1tit *_ ' tf~ (j!J xat~Hiif JL 
Hartigan (1969) , Goldberger ill Theil(l961) 0 

*_~it~.;t*AA~#T : 

" 

l 
(' !:!q : Po+K/Yq-Xqijo) , 

I Cov[,Bq- ,Bq] - I' - KqXq r (3) 
X I X' 2p- !)- !j r q(Xq r q + 0' 0 j 

~j = (r- 1 +0'0 2 X~PqXq)-! 0'-(/ X~PjXq 

~ 'ftJ:..~*9;i1*_~1tit ~ : 
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Pq=(XqPqXqr 1Xci PqXq , 

A2 'E7=1 (Yr XjPj)' PjCYr XjPj) 
0'0 

(4) 

;t'l m(3H4L~ V-J 1& rm f~ ~ • .a11". ~ 't~>fI~ lt J. iJtM.z Illjlj=l ~itHdt itfti. • 

4.2 BOhlmann-Straub tl~ 

BUhlmann-Straub l~ ~ Ii[ ~JL~ Hachemeister l~ ~ V-J Mi 11::. ' BUhlmann-Straub l~ ~ ~ 

1970 If-:i{ l:I:: • -5 ~ Biihlmann(I 967, 1969) l~ ~ R ::t J.t - :f! it Fft 6~ 4~ ;k f't it • ifTJ Bij 
hlmann-Straub ~~ Mat::t J.t ~ ;ft :f: M..t Fft atf,'f-" 4ft 1>.. ag ffl ft ' ~ -5 #t BUhlmann • 
~ V-J .fftIt ' f.![:f:::t J.t at 1I>1;ta ~ V-J i,HI ' l!p Ii[ );1:. M: Hachemeister 6g l~ ~ , ifTJ 11- Xq =1, Pq= 

",p y.. 
- '-' i=l IJ 

Ilq, r =¢, Pq= 'Ef=l Pij, Yq= P , I!J ~ ~tt ~ ~ ~ -I" ' Ii[ Fo; 1"1::.~,tf l~ ~ V-J #.t J4Hn 
-r: 

2 
0'0 - 1

Zq=P,q(P'q+T) , 

iiq=IlO+ ZiY.q-po), 

(5) 

q - A A 2 A Z q - - -.1
'Ej=lZiP-q-llo) -0'0 'E j =lZj(J-Zj)P" 

¢ 
A 

1­

li[flm~~~1&~rm~#~iJtM.z~tt~#tt~,l!p~M.~.V-J:f:.~#t, 

~.~~#-I"~~,Ii[~~MW~#-I"· ••~••:f:.MW.~li[n4~#t~~­
mal unbiased homogeneous linearized credibility estimator) , Ii[ *-::t Goovaerts(I990) f1ti 
l' m~ J. -}j ~ (effective actuarial methods) -;f 6g it #J 0 
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111:~.fIJ ?it 45'" 85.'f- 9 Jil 

.#.~~~'~8~~.A~.~~~4'.;_*~m~**&.~.~.4. 
i"i.*-.~1,'f.~,m~ (insurance portfolio) , A r ~~'t~aIJ1,'f.fft4i ~*.{* ' ~1'I'HI~:f 
Rit.... - -t ffttt4Bt~ 4l ~* :k'J'~-i- ~ ;kll ' 1t:M-Jl:.fftJl ~ $t *~1M.A ~ j'(! ~ 
ftJto 

5.1 	 $IHiiiJ{~JI 

1';t~m*&jt*~~.~rJj ea;~n!l*~IJ Xl. X2 .... Xt~A~4l~*I't~~ 
.' ~;t$t*~~.1t4l ~*I't~~IlA~#-~.lt ' Jl:.. 4.1 -r tp ~.~ 1J!i~AIH~ , ~4 
*£~;t~.!l , fz .... In ~1~{t~4l ~litlQH~ , ;fIJ m'f .J~.I't~~.lp(Xr)(P=l. 
...n; r=l, ...O alJ .,~ ~Jl ~{* it4l ~ * I'O( e) • m-;i ~ alJ jt~~Il;t.l~ r : 

mp=E[l'p( e )]=E[fp(X,»), 

apq=E[Cov[lp(X,) , Iq(X,) Ie]. 

bpq=Cov[l'p( e), I'q{ e)], (6) 

Cpq=Cov[lp(Xr). Iq(Xr)J. r"r, 
dpq=Cov[fp(X,) , I'q( e)] 

~M~~p.q+~O.n~M*·~~~.A~~r~M. 

Cpq=apq+bpq, dpq=bpq• p.q=O .... n 	 (7) 

f-~1,'f.fftm~ tp;fIJ m:l.+-'t~~~{*lt-b1i.A 

n tIn 
M=I: Zp=I: -t fp(X,)+mo-I: Zp' mpp=l ,:1 . p:1 

Jt. tp lr.J ~ ft' 4 Z 1. Z2• .... Zn i.Yi Ji...,ri ~ tt ~11. ~ r 

E(cpq+(t- Ddpq)Zp=tdoq,(q=l, .. ,n) 
p=l 
n 
~1 (apq+tbpq)Zp=tboq,(q=l •.. ,n) 

&AA~M**~·R*&FOaF1~~~A~'~.~:f.~#.mA 

~ 	 1~ 1 k I ()
mO=TI A:. =TI I:j=l I:r=l/o Xjr 


a~ __1 "k1 "ll(XO_2..~)(Xl_--Lvl ) (8)
01- kl L.J= L.r: jr I A j. J' l:no. J .. 

~ _ 	 k ( l ..Al 1 ~ )( 1 1 1 v l)b01 -	 I:j:1 rAj.-TlA.-, rXrTlA .. 

f/'-,iUIJ p. q 1~ ~;fIJ mJut *{-J;itJl:.f,'f.fftm~aIJ4l ~* 0 

5.2 	 ~MiiJ{~JI 

~ ~~1t'Jti!.~ tb Jewell(l974) m-.tt~ • ~ $,~{*iHl ~**~if ~ -t'~~ ffil·;l;~~ 

~~h*.·.~1tA*1,'f.~~.~*.~·'f'f~a*&.~.Jt(~~l •• ~• 
.. {Njsl;:l ~J~ ~ -t. • Jt tpr~ j {.I(.*:f ~ ~1,'f.~~~ , s {.I(.*:f ~ ~.f17)- , ~1J!ttMs-
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• 

l 
~M.~aej~T'.~M4_.~••~.~~4~~~~A~§.~'~ffl•• 
iHN~.I'(ej) =E[Xjs lej] '.i..t-ti~:;f~A;tIJm~N~M4Xjsjf~N~•• Njs~.'1i 

~~At~a:.tf!'J'1t.Jl].j ~M]4'-:;f ~a (mean squares error function) , Jt.1' .1*it~jUt.i 
a~~A Mj=ao+aINjl+bIXjl+ ... , anNjn+bnXjn ' P1f~.A.~Jttl~M]4'-:;fJltaA E[{I'(ej)­
MJ)2] 0 

Sundt(987) Ai It] Jt;fll!!!.If:f~ 12 ~:f»Il}}\ it*1&l'idN ~41~./iff ~ , ~* J.t ~ ;fl$i1l! ttl 
*;fl'*a4~••*~~~.~*.~~P1f~.~~.A~~a'I~I~*~t 
:t ' ~I ~,~:h ' itAr.~:tail :f~~ ~tiif,tt 'f ~A ~ ,!fa' -kuJt iif ~~Al!!!.lff~ ~ l' e..~ 
~t#.~'~flml!!!.If.~~#~§~M.,~Jt;fll!!!..:;f~Ai.*~M.~.ttl 

.~'~ffi#~~~~*;fl4~ft4~~*.o 

-ku I~ ,i. ~ t,t 1f: *' iJ! (Fundations of Casualty Actuarial Science) t" l' ~ iif it 4 ~ if 
»: ·iifU4.*~.~~,i.~••~~,i.~t,t.~~1'.t.t-~A~*~.a· , 
~4~~iifU4~.»~.'~m*~••&~-~~~./iff~aft'iifU~••~. 
X tb Mowbray ~ 1914 -¥- a Whitney ~ 1918 -¥- ~;,'''~Iltttt: ' ~ -11t't It] ~~*l~ iif ,1~J!ffJ 
~;t*-a~~o 

Blihlmann 0967,1969) 4.JtJl.& l' .~.*i¥-.iif1t 4.»~~fl£ ' ~~J.iif1i 
41*it:tA:.tf!,J'1t.Jl1\4~~1*it:t' IA*a~~IJp;fi*~~*If:;f~' .&Jlaft 
~f 'f t .t-~ BUhlmann-Straub :f~ 12 ; Jewell 4lT * ~ 1974 -¥- it. tt: Jl 1\ iif it~.» ' jl 
it~~ Fl ~ ~a,tt••~~ i!l (hierarchical) ~~ iif it~f~ ~ , ~~~ Fl ~t ~A ~a ttllif 
~ JL~ De Vylder0978, 1981, 1984) , Norberg0970, 1980, 1982) a Sundt(979) ; *i 
FIt 1101&. a 1!1 * "', J!. 8li'1* it ~N ~41 ~:;f ~ JL ~ Gerber a Jones(975), Gerber(980), 
Sundt(1987) ;;fu Centeno De Lourdes(1989) 0 

tftJl~.f~,ttiif1t4.»tb De Vylder ~ 1976 -¥-it.tt: ' Witting I~ 1987 -¥-;tUl 
.**,·tt.~ iif 3l (Markov) ,tt 'Wit» R _:f11 A!I* M 1f /U) ~~N ~ • 1*it ' ~'t 1'!f.1l: mJi:.;fl~1l! 

:n'-*If~N ~41~ a:;JI iif JL~ Sundt(987) , 1!1 Ji:.~ X 'fllit ifS1~.i.1!1JpJ.'x~!.g , i! -'!fttl 
lIiHt iif ~ * :f11/U) xa 0 

~Jtap 1'~1l"~tAim iifU4.»~-t"I'!f.'ff+ ' ~~~* Zehnwirth(984) ~»;t~1 
m Oakenfull ~ A.. 0 982) ~ lit~ 'f;ft , Oakenfull ~ A.. * a ~;fl m:ff:J ~ J'h;fl ti~ n ;fl.4I1 
'f f+ ' $:. ;tIJ m lfi.;f! ~ ~Ah 'f ilt1* it Ji:.;tHhIi $ {f.J 4'- M] ~N ~41 ' ~ Ji:.;t1 m~*lAli ~.i~A f 
4 (random- intensity Poisson) .12 :n'-:flf ~ ~ 1If ~Jl ft. #J {f.J ~N ~41 ' Jft tJ\ Ji:. if,] .:r Ai m~.l f 
./iff~'~~iif~ltftJl~-11t~A#J4~U•••~o~miif••JtM*~,i.~al 
• ~./iff~ , :f11 ~~~ i 1IfIJlft.#J ti~~N ~.Ai ' ~1l"*aA ~ i ;fl4 ~~I4 ~~jl~:f:. ' It ,~ 
*A:f~ ~ i'lffriit ~{*,#-kuT : 
( friii 1 ) : AI, .\2•••• , An :n'-~oJ11::.:l. ~.fJ:ft l' lllfi.~~N~'" 0 

( frit 2) : ~~~N ~41A Ai ' ~N ~~#a Xi AAP;j.i~A~1" ' -ku *4'" ed1::.:l. eAaflU,J 1 

, 
j 
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f,f.fft"'f'] ~ 45 til- 85 if- 9 j) 

~~a4T~~•• '~.~*.~~*S.&~~· 
mllt.~.1ii.hT : 

*-.:::.. ~~*.1ii.*-

14 $Jl (group) ill a: tt (exposure) ~Ji ~ f-f tt (No. of Claims) 

13551 

0552 

03 55 

4 50 2 

05 50 

3406 

7 40 3 

2408 

30 09 

010 25 

23440~ it ~ 

ar M-4ft ~:f;. Yt *H~~ ~~.AlltiAIJ (observation) ~ ~ itt. (system) ~iI -A. ' ~ ~IJ 1-\:. *-llt 
il'J •• ~.tt*~ftl~1-.~fr!"tt : 

(il) (e1(AI) 0 0) (9)~ = : + E. Cov(E)=AO 0 ". 0 
An An 0 0 en 

AI) ( Ao ) 0 0): = : + 6, Cov(6)=/Ti (10 ". 0 nO)
( 

An AO 0 0 1 

;j~ 1f]llir!1f;j~ -A.lt .J ~ 4ft ~ :f;.1ii"~t iii. & i=Ao+Zi(~i - AO) , :Jt. <f tt 1-. {I-J TJ!,;!;-ka T : 

" XiA=e;-. 
n Z-.~O = 1:i=1 I, 

Zi 
Zi = 1:7=IZi ' 

(In 

0-""2 n-­1:i=IZi(Ai-AO) -AOLi=IZi(1-Zi)ej';2
A (1-1:7:1Zi) 

~ .It /TX, AO ~ ;fJJ ~fd;!; lHti Up ar ;jIJ If] J:. fl] (Ill -A. fig it llir! lI&l18: lt .J -3-1-.,;!; lt .1ii. ' lit it i!f i'l 

Jlt~~.tt*, m4~~~S-PLUSlI-A.JiL#:-l1(tit' ~.~~*:IIl}fIJ#:-T*-' PJf1!f~t* 

J4Zehnwirth(1984)1£l x~.tt **-Ji"h~ • 
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, 

PJT.f~lr.}lltMjt14j.\'\=0.04882992, ;6=0.0044152 ' J:..;;fl tplr.}~.£1;!dt14":A S.e.(lO)
10 "'" I ,,1\ ...... 1 

=(r:i=lZ;)-T,S.e.(Ai)=(.~oZieil )-r it,J,mi.fl' tb;;fltplr.},~t*, ~{/'pr":A-i-JJL.R;f'JJfl-3-. 
~UHAlr.} ~*it:fH*iHl~. ' Jl'J A~=.\3=A"5=.\9=A"lO Q it itJl:. it:fl-?i-;fJf , JlIJ~.f~JUl 
2.3.5,9,10jf14lr.}~l~.~0 '*itar1tJtlr.}~"~1'·;fJf, Bp*J.t~~lr.}~*it:fl-' 'iffJ 
J'JA~=AA3=0.008174. '\5=0.008844, {9=0.013152, '\10=0.014976 • f\;.;;fl?i-~IJ*J.t1:-lfltftat 
lr.}.~~~.~~#'mi#~.~jtlr.}~~~••~.~lr.}.~••~,_~~~a 
;) •• 1~£lr.}~t,s~~**aro.jf.lr.}it:fl-?i-;fJf'~#~~.~.*ar.~ 
S.~.~lr.}.*it:fl-miaAlr.}.£'mi~.~••~lr.}~#.~.jt14Q 

~*~~m~-i-a~alr.}arnJt~"#~~lr.}A~t.?i-;fJf,~*~~•••~ 
lr.}.~t.,_n~MRA~••,J,a.~•••~~A~lr.}~~'~*~*.4~ 
nJt~.tp.~+.~4*.~arnJt~....~.lr.}~~~.~~•••~.~~ 
~~ 1.{ 0 

;ffm ii Ai Xi s.e.(Aj) 

1 0.8325838 0.2364 0.204967 0.027187 

2 0.8325838 0.0000 0.008174 0.027187 

3 0.8325838 0.0000 0.008174 0.027187 

4 0.8188745 0.0400 0.041599 0.028279 

5 0.8188745 0.0000 0.008844 0.028279 

6 0.7834010 0.0750 0.069331 0.030924 

7 0.7834010 0.0750 0.069331 0.030924 

8 0.7834010 0.0500 0.049746 0.030924 

9 0.7306485 0.0000 0.013152 0.034485 

10 0.6933002 0.0000 0.014976 0.036798 
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IJfHi: S-PLUS Ui\ > pO 

>po 

function(sigma. lambda} 

( 

e <- d55. 55. 55. 50. 50, 40, 40, 40, 30, 25) 
x <- dl3. 0, 0, 2, 0, 3, 3, 2, 0, 0) 
est <- x/e 
z <- seq(l:10) 
vars <- seqO:lO) 
for(i in 1:10) ! 

z[i] <- (e[i] '" sigma)/(e[i] '" sigma + lambda) 
} 
barz <- z/sum(z) 
lambda <- sum(barz '" est) 
sigma <- (sum(barz '" (est lambda)"2) - lambda'" sum(barz .. (1 

barz) .. (e"-1))/0 sum(barz"2» 
final <- lambda + z .. (est - lambda) 
for(i in 1:10) { 

vars[i] <- (lambda" z[i] .. e[i]"-I)"O/2) 

cat(''The solution: ", "\n") 
cat("sigma=", sigma, "\n", "lambda=", lambda, "\n") 
list(sigma sigma, lambda = lambda, z = z, final final, vars = 

vars) 
I 
po(0.004415239,0.04882997) 

The solution: 

sigma= 

0.00441523170848654 

lambda= 0.0488299249584169 
 j$sigma: 

" [1] 0.004415232 
$lambda: 
[1] 0.04882992 j 

\$z: 
[1] 0.8325838 0.8325838 0.8325838 0.8188745 0.8188745 0.7834010 0.7834010 
[8] 0.7834010 0.7306485 0.6933002 

$final: 
[1] 0.204967453 0.008174921 0.008174921 0.041599325 0.008844344 0.069331589 
[7] 0.069331589 0.049746563 0.013152415 0.014976130 

$vars: 
[1] 0.02718790 0.02718790 0.02718790 0.02827917 0.02827917 0.03092467 
[7] 0.03092467 0.03092467 0.03448551 0.03679880 
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