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Chapter 2
A

2.1 MESEHIBBIMR

TR B (R 20 = 2 Sk oy AL R 2 A o 0 T AR AL R R U7 R KRR S HU R
A, Lo b, EREDE LR, tandfE. Uy, BTEL FER EE AR E A A
PRI SRR BE B8 73 S e o Ak 2 53 20 B

Iy ARG AT TP 28 MBI B R, BRI IA A R B e o AR L S s 2
AR L, AR SRS LR 2 AT IR, HBEIRTG SN R ITAE e . SOt R, K 8 70 4
2 A B A K0 PR FEAS U v, W s oy BN R A b, FRATTRT BLA B4 20 b s 1 AH
XPPRE, AT B30 B B i O BN (EEan AT Do) 1 2 AR e il L7 1) s i HLAE 2B A7 iR L
AT, BER RS T b7, — P b R 1 A PR IS ) B SR AR (R B, 0 s ok
AT, SR PR 0 AU B AT AR A R B Al o, XA AT AT R T SR AR B3k
e — ML TR r W (co ], (crscal, ., (ermt, 6]y IARTTEE S r+ 1 AU
€0y Cly e e ey Cpo SERRH AR B B A A B DCIE A, It ¢o Z2HHL 0.

X T AR AL, T B AN AN A B T A& ARz A AR, DS A 3 —
ANSEREI) 43 2 s I R AR T AN R AT TR T 2 A 1A e R, R R A R AL
SRt — AN AL AR, T ARRT A SR AT 0 4, IR R AN R R SR
(grouped data object).

R EEE:

gouped.data(Group=c(...) ,freql=c(...) ,freq2=c(....), --.
,right=TRUE,row.names=NULL)

£ RR:

1. Group & XD AL FE, freql F freq2(nT LLE X freqd M 2) 254 A5
(1554, Group, freql Fl freq2 W UABHE M4, LAnFRATR LUK Group Mk “ o0 20ks”,
¥ freql, freq2 5O “—¥E”, “ZHE” &5, WA “—P7, “ 7 AWK AEYE, A
FHILFE o AL T . BT, B Y I SRS NS HUR AL E

9. Group IR freq FIHE M AKIE GUAKHLARE 1).

3. BOAA A X R AT A, W ARAR S 2 A 1 0] LS right=FALSE. row.names A L)
H & AT AR

4. R[BIR I — AN EEEAE . Fp ) BRI S SUAR B, DL T



¥

> library(actuar)
> options(digits = 4)
> x = grouped.data(Group = c(0, 25, 50, 100, 150, 250, 500), Line.1 = c(30,
+ 31, 57, 42, 65, 84), Line.2 = c(26, 33, 31, 19, 16, 11))
> x
Group Line.1 Line.2

1 (0, 25] 30 26
2 (25, 50] 31 33
3 (50, 100] 57 31
4 (100, 150] 42 19
5 (150, 250] 65 16
6 (250, 500] 84 11

U A FEIX TR, I B AT 44K
> x1 = grouped.data(Group = c(0, 25, 50, 100, 150, 250, 500), Line.1 = c(30,
+ 31, 57, 42, 65, 84), Line.2 = c(26, 33, 31, 19, 16, 11),
+ right = F, row.names = LETTERS[1:6])
> x1

Group Line.1 Line.2

A [0, 25) 30 26
B [25, 50) 31 33
C [50, 100) 57 31
D [100, 150) 42 19
E [150, 250) 65 16
F [250, 500) 84 11

D BESAS SR IR x, DUFBRATH x AR x2, %F x2 PATHERAE.
> x2 = x

FEREA A HHE (A7) .
> x2[1, ]

Group Line.1 Line.2

1 (0, 25] 30 26

FEMUR — 4 AR (A1)
> x2[, 2]

[1] 30 31 57 42 65 84
R AL FE . WERG ISR FURIIAr & AT A 42108 ?

> x2[, 1]



[1] 0 25 50 100 150 250 500

U TR A A X 8 A A B 1, AR T O S M o i) B R AT B e 0 7 B TR R 2 —
FIRME S, — % BERI N5 52 70 A DX TR ZE A AL L. BRI T A i 25— 4L AL S i
25 B0 20, (A S ALK e SR N ARl 20:

> (x2[1, 1] = c(0, 20))
[11 0 20
PR IHEAE O SN
> (x2[c(3, 4), 1] = c(55, 110, 160))
[1] 55 110 160

R R E — AN, BN e AT A A E, P AN BRI T X 4 i
PR AN AT TR AL 10,

> (x2[1, 1] = 10)
[1] 10

B ATRE A A, SRR U — A SR, e S EE 1 o 1R Ge
HAm A A e ? 2 U cut REL
f5F-

A 100 AMIRMIIME A 5 [FEE0 A (1 BEALEL

> set.seed(5)
> z = rexp(100, rate = 0.2)

fRg it Wk R

> break.points = c(0, 1, 4, 8, 14, Inf)
> (tz = table(cut(z, breaks = break.points)))

(0,11 (1,4] (4,8] (8,14] (14,Inf]
16 35 26 18 5

FRE R SR H ARG 7 B R 4
> grouped.data(Group = break.points, freq = as.matrix(tz))

Group freq
1 (o, 1] 16
2 (1, 4] 35
3 (4, 8] 26
4 (8, 14] 18
5 (14, Inf] 5



2.2 PDHEBESTE

117 grouped.data X5, FATH AT LIXHZ ST RIRAM . HILRLH A2
R R B— BT, MG s ——HIB .

D i ETE . f T EdlE SR 4l ik R SN 4B % x 5 — 51k
AR E DT, XA RIARSE I BT IR . d TR R R ) — LR,
DRI h 2 Pl I il B e R TR 81, ERANRE , BROAZR ISR AR (BitE 15 —41) .
BlF-

> layout (matrix(1:3, 1, 3))

> hist(x[, -3], main = "Histogram of Line.1")

> hist(x[, -2], main "Histogram of Line.2")

> hist(x, main = "Histogram for Unspecified Line")
Histogram of Line.1 Histogram of Line.2 Histogram for Unspecified Line
< <
S 9 T m S 9
o — o —
oo}
o 8 | o
g S g
= — S -
2 2 T 2
2 8 A 2 o 2 8 A
g3 3 - g3 3
- °© -
S S
o T o
o o o
S - S - S -
o T T T T T 1 o T T T T T 1 o T T T T T 1
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
x[, 3] x[, =2] X

2) 2T . n [0 I S ) BE AL AR B AT L2 22 56 0 Al R AR, 0T LA T
LA “HUEI” (ogive), it 7 4Ll 5 mi i pR B 5 T B0 A, 6 il 5 o 8] ) R 20 {1
MM M VARG 1 — ki 2. RPAER M2 2Kk

0 x < co
Fo(z) = (Cj—Z)Fn(ng]}Zt;fl—ijl)Fn(Cj) i<z <c (2.1)
1 T > cp

PRI ogive(x) HT N L 7 LB X B x, R (ALK 2 — AN B B pR EON B2 (Step Function
Class), w2 Ui SEBL T 70 2 Btk Xk G 1 B bof b KO0t G e e 2R 45 5 pR RO R AR B, gl )
DU [PUAFRS I B BRERUE, X ] ecdf AR AN . FRATTATLAE R konts 3 [T 6 bk 2500 5 11
/TR, A8 plot £ IR B K
BlF-

32— BB R AL

> Fnt = ogive(x)
AR TR e
> knots (Fnt)
[11] 0 25 50 100 150 250 500

S 1 57 0 ) BB 0



> Fnt (knots(Fnt))
[1] 0.00000 0.09709 0.19741 0.38188 0.51780 0.72816 1.00000
X REEERE, 198 ogive k.

> plot (Fnt)

ogive(x)

1.0

F(Q

0.2
|

0.0
|

0 100 200 300 400 500

2.3 HEEIFEZLWNIE

HOERTH AR FrA . RE mean & MZ KL (generic function)?, R LAMEH T

T AR 3 A ) B 4 (vector) BASE, B AT BAEH T 70 A X % (grouped.data), 5

I3 AR B . AR 2 EHE 1) G 50 S A0 K AT s SR8, AL R 2 56 B34 X
N

T

]. Cj,1+Cj
— i(—— 2.2
ngm 5 ) (22)

oy A A3 400 5 L S 32 5 R, A B4R, CREIT A o AL EMEAT N
BRDFEAS n, g3 SIS 4G e 1% 8 SUBBREAL A ORLINE 73 A2 B 20
BlF:

LA SO o RN 5 x il

> X
Group Line.1 Line.2
1 (0, 25] 30 26
(25, 50] 31 33
3 (50, 100] 57 31

LR G 3R] 0 7, NG R AR, SR, A EEMITIE 250 U REA Y AR 2 A
LG5 7 ZE R R UM A n, MFEA D 222 BREA n-1, BUH BLAT bootstrap J7vkrT, A A0 40 17 B 4 A0 A e
2N BAER AL, Z AR ECEAE IS S R R AE D — A SR N, TR SR AR 7%, R EIA
IuJ Hiit . actuar @ ## mean ERETLAEH T aggregateDist fl grouped.data X%, 7EMN# actuar )5, LA
JE it 74 methods(mean) &% mean HEI T .



4 (100, 150] 42 19

5 (150, 250] 65 16
6 (250, 500] 84 11
> mean(x)

Line.1 Line.2
179.8 99.9

WA AR (2.2) 35, Line 1 (8IS T

> ((0 + 25)/2 * 30 + (25 + 50)/2 * 31 + (50 + 100)/2 * 57 + (100 +

+ 150)/2 * 42 + +(150 + 250)/2 * 65 + (250 + 500)/2 * 84)/sum(x[,
+ 21)
[1] 179.8

W R PR AL mean() HAETHA —F L, B4 emm e £ AT DATHSAT Z Y 50 R A
Fie. BEIEGIN actuar BHI /N EPESE . i dental IR, gdental J& Al EidE .

> data(dental)
> dental

[1] 141 16 46 40 351 259 317 1511 107 567

> data(gdental)
> gdental

cj nj
1 (0, 25] 30
2 ( 25, 50] 31
3 ( 50, 100] 57
4 (100, 150] 42
5 (150, 250] 65
6 (250, 500] 84
7 (500, 1000] 45
8 (1000, 1500] 10
9 (1500, 2500] 11
10 (2500, 4000] 3

emm PRECAT AT AT RN S50 U i s, T J7 v X RE
emm (x,order=1)

Forp, order R, ATLAURMES S — N, XA —RPET R 2 AR AR < T LU HEE
) Sl AR, R TAERE, emm KRR BB — 4 H
e A EE k e v A KON .

;;jgjzzf (2.3)

BlF -
AR A K 17



> emm(dental, 2)
[1] 293068

PRI

> xx = matrix(1:9, 3, 3)

> XX

[,1] [,2] [,3]
[1,] 14 7
[2,] 2 5 8
(3,] 3 6 9

TR R A R B AT xx BRSO B, B AT xx B A AN
1 ER QT

> emm(xx, 1:2)

[,11  [,2]
[1,] 2 4.667
[2,] 5 25.667
(3,] 8 64.667

WESE s, < el LU i grouped.data() AR 3 AR S s E R k &%
T E AN

— "

lzn J j—1
n T(k+1)- (¢ —¢j1)

j=1

r (Cl?—i-l k+1)

(2.4)

BF-
> emm(gdental, 1:3)
[1] 3.533e+02 3.577e+05 6.586e+08

AR, BURBEE A R u BFEAE (A R IRAT A 202 0L 2.3 75), i u fi
RAERIRE SO e elev BRI LU0 AT BRIYEE(H (empirical limited expected value),
LU BRI — PR A T2

elev(x)
b x mf DR AR A, tnT DU S A i .
XTAE A E G, SR RN A

E[X Au) = f(u) = % Z min(z;, u) (2.5)

X dE, GBI LE w R T AR SHE b, BRI R R A A B S 2,
TEMCHE 2, A7 2GR ) 7] 7 ] A S5 7 B SR

TANFE R, ARBEME L ERE v R, AT u 2R A R R A
Mo elev HEGRFI—NREON SR, MREHATEE D u AR A RINEME, HFERE
€ u Bi],
f5)F:

s, RMI lev 2 ERR u K%L



> lev = elev(dental)
X B R BRAT u N 200,
> 1lev(200)

[1] 135

R A lev bR AL R R BIPS S AR AR R R TOULEE T AT 1 1] (1 R A £

YRR, ARBEAEY: DR AN GG ?

> knots (lev)

[1] 16 40 46 107 141 259 317 351 567 1511
Iy .

> lev2 = elev(gdental)
> lev2(200)

[1] 142.5
3R AR 73 A i A o) 2 Kt (AT RIS pR KA 1

> par(mfrow = c(1, 2))
> plot(lev, type = "o", pch = 19)
> plot(lev2, type = "o", pch = 19)

elev(x = dental)

elev(x = gdental)
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Chapter 3
St

3.1 MEDMME

MO 40 R B RRAE, 0K 0 A W e A AR SR (B TE R f(x) ISR TR I 2 1S
flz) #0 0 x WES) MESS . R T T—20Mm84t T d, p, o, r PUFIRELL 0
LKA AR AT R R B (B AR BOZ A BN actuar UERHE T 5
(5] [IBM SR A TP BT 51 7S IR 252 40 A AH TC 22 1R 3 DY PR 250 (B 25000 ey T AOG 4 ¢ o0 A, (R ES
X Gamma 23A7i), XA R IEREAL stats WP TR A, EATL800 A 20K S5 R JDAR
B (s R G AT pareto 404i). M4k, actuar B XTXEEHELL A AHEHE T my lev F
mgf —FERE, m R THE IR SR, lev R UM EAA IR, mef RIFEH KA AR
oo o AneR B SRS A RO EERE L & RO R DU I A s A F

YT 2IHE, W B4, actuar AL T emm Fl elev Kt 8450 IR AUk R
oA BRI (XA BB TS 2 empirical) o

T EE RN, XM 1T 245 E rate 240 scale 4L, scale=1/rate, KM TE
AT SN, (5] R scale 8, R E S BN T AN E TR,
fBiF-

X H LS4 pareto 707 kil

> par(mfrow = c(1, 2))

o Tl B PR B £
> curve(dpareto(x, shape = 2, scale = 2), from = 0.001, to = 6,
+ main = "density function")

2 D I EA G R

> curve(ppareto(x, shape = 2, scale = 2), from = 0.001, to = 6,

+ main = "cumulative distribution function™)

11



density function cumulative distribution function

o
-
N N o« |
1 «© _| 1l o
oL © Q@
] ]
[&] [&]
) »  ©
a4 9 | o oS 7|
1l o 1l
[} [}
Q. Q.
g < P
2] O - 2] o
X X
2 2 o
SO < .
g © g °
kel o
o o ]
5 o
© T T T T T T T T T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
X X
3K pareto 43 Af A EL .

> gpareto(0.5, shape = 2, scale = 2)
[1] 0.8284
1% 5 A pareto 73 A FENLEL
> rpareto(5, shape = 2, scale = 2)
[1] 7.91025 0.09817 0.18824 0.48281 0.85600

K E(X'Y0), dE pareto RN, H k iMEEK -1 <k <a, o jE shape &
5

> mpareto(order = 1.5, shape = 2, scale = 2)
[1] 6.664

K E[(X A5, HEFFEER -1 <k<a.

> levpareto(limit = 5, shape = 2, scale = 2, order = 1.5)
[1] 2.355
SHUM TR IR, M =172, HIRERHUBR My () = pf (u — £), 9 rate B4

> curve (mgfexp(x, rate = 2), -1, 1)

12



:2)

mgfexp(x, rate
08 10 12 14 16 18 20

-1.0 -0.5 0.0 0.5 1.0

3.2 MEROMmAIETT

FEAL TEAA RN AG T2 0 AT S HUAG T FEA T 2. £ R 1, MASS i fitdistr %
A AHEAT A RALR AL vF o 7E actuar B9, mde AN AL T — i P 25 fe MK IR 23 A L5 7 7%
(minium distance estimates).

1) Cramér-von Mises Jji% (CvM) fi/IMb B8 5341 bR BRI 2858 73 AT R A0 (O6F T 73 20 5l o
ogive) [MIHE .

E AR E

d@zéww@w—mmw (3.1)
I3 AR -

d@=éww@w—ﬂ@w (3.2)

FEXH,  F(x;0) RIRAMEEL, 0 RHBE: Fo(o) RERSARE ecdf; F(z) 2
D AEAEHI LI AT R ogives  w; M T AN SAL FIBCE, BROAAE 1.

2) BIER AN T e 8t 0 /M5 2 T R 5 B I K P~ iR 2249
o

d(9) = ij [n(F(cj;0) — F(cj—1;0)) — njl” (3.3)

St = ST g g BRI R
3)LAS i (layer average severity) U (0RL 1 T-4F 418 AL MEA 4113 (9L i 1205
RO B IR 5.

d(9) = iwj(LAS(cj,l, ¢;;0) — LAS,(c;_1,¢;))? (3.4)
j=1

Hh LAS(z,y) = E(X Ay) — E(X Ax), LAS,(z,y) = E,[X Ay — E [X Az, E() =&

13



SR AT IR e S, 1T B, SRS AT BRI SRR w, BRIAT LR N n;lo
B stats B optim PR EUEALIL .
BREUEE:

mde (x,fun,start,measure=c("CvM","chi-square","LAS") ,weights=NULL,...)
{EFi% AR :
1. x 200 A A 5 1 sk 4 21 1 2

2. fun ARG AT, CvM ERUEIE-RTIET B E AR p**. LAS VAT E 45 #
WA RIAE R levt*,

3. start §i5 €S HAIIAME. BB LLIIRIE, BT DT, A LA S Ho 245 58
JUA IR -

4. measure ZI8E k. weight FEERE, HWER A BRIAE

5. &AM SH, LR E optim BT IS E, L L-BFGS-B J7 LA T4k AT LA
WiNZ % method= “L-BFGS-B” .

mde fiiHFIZERGE - ADHIE (list), rate IESEALTIER, distance 2 f/MUJERIETE . BATn]
LIOst BT ) gdental AT 0 AU, X2 Dol £ S HAS TR R(E I, Bk
ik HIME A 200 FIHREM AT ..
BlF:

HOEAEE N B A

> hist(gdental)
CvM .
> (mde.estl = mde(gdental, pexp, start = list(rate = 1/200), measure = "CvM"))

rate
0.003551

distance

0.002842
> mul = mde.est1[[1]]
BIERTTik.
> (mde.est2 = mde(gdental, pexp, start = list(rate = 1/200), measure = "chi-square"))

rate

0.00364

distance

13.54

> mu2 = mde.est2[[1]]

14



LAS V.

> (mde.est3 = mde(gdental, levexp, start = list(rate = 1/200),

+ measure = "LAS"))

rate
0.002966

distance

694.5
> mu3 = mde.est3[[1]]

fig &l PTELVE Y CvM IERVE IE RIS TG RARLL, 10 LAS WR45 2R 20 A1 R B R0 R AL

It

> curve(mul * exp(1)~(-mul * x), from = 0, to = 4000, add = T,
+ col = "red")

> curve(mu2 * exp(1)~(-mu2 * x), from = 0, to = 4000, add = T,
+ col = "blue")

> curve(mu3 * exp(1)~(-mu3 * x), from = 0, to = 4000, add = T,
+ col = "green")

> legend (2700, 0.0025, legend = c("CvM", "chi-square", "LAS"),
+ col = c("red", "blue", "green"), 1ty = 1)

Histogram of gdental

o

™

o

o

[}

o — CvM

[SN) .

g — chi-squa
2 3 LAS
c
[} —
[a}

o

-

o

o

S}

o

2 [ S

g -

= T T T T 1

0 1000 2000 3000 4000

gdental

FA e W] LI HE S B BEAT A i, R M) MRS A0 .
B+

HAEA R 400 NBENLEL, o 200 MK EH Gamma(a = 2,0 = 2), 200 4K H Gamma(a =
10,0 = 2).

> set.seed(3)
> dat = c(rgamma (200, shape = 2, scale = 2), rgamma(200, shape = 10,
+ scale = 2))

15



G DAL

> dfn = function(x, a, alphal, alpha2, theta) {
+ a * dgamma(x, shape = alphal, scale = theta) + (1 - a) *
+ dgamma (x, shape = alpha2, scale = theta)
+ }

NEAE TSR
> pfn = function(x, a, alphal, alpha2, theta) {
+ a * pgamma(x, shape = alphal, scale = theta) + (1 - a) *
+ pgamma (x, shape = alpha2, scale = theta)
+ }

i/ mde fTHREG A MISE, A TAEa A% L H CvM .
> mde.est4 = mde(dat, pfn, start = list(a = 0.4, alphal = 1, alpha2 = 8,
+ theta = 2.5), measure = "CvM")
> (para = mde.est4[[1]])

a alphal alpha2 theta
0.5053 2.0552 10.5406 1.9478

> plot(density(dat), ylim = c(0, 0.1), main = "fitted curves")

> curve(dfn(x, a = paral[l], alphal = para[2], alpha2 = paral3],

+ theta = paral[4]), from = -8, to = 40, col = "red", add = T)

> legend (20, 0.08, legend = c("kernel density", "CvM"), col = c("black",
+ "red"), lty = 1)

fitted curves

0.10
|

0.08
|

— kernel density
— CvM

Density
0.06
|

0.04
|

0.02
|

0.00
|

0 10 20 30 40 50

N =400 Bandwidth = 2.581

FEBE, BATTIEG BRI 2 K foe /N i T2 9 R BURVE I S J il v R R AT BU R XL A
Wit A~

A R L, 2 MRS MU T SR, RO A LA . SRk 50 Ak B T
rate=1 MFREATBENHLEL, SALMANEEY 100 R, ST —AIRENLEL, 43 5l FH ST 8E 25 1
PV IR ARG VAT S HUAb T, K 50 UBUE R BMEAFREZE LK TR A, B

16



BEHLECH AN 20 10 3402 20, 30++-200. AW KFEA R, FEL 2GR, &S24
KU~

Minimum Distance Maximum Likelihood
@ _| @ _|
— —
© T © _|
— —
S 34 S 34
= - = -
£ £
8 o | 8 o | I
HTTIIITONNT § =) Tt
I A1 o
§ S § S
© _| © _|
o o
N N
o o
T T T T T T T T
50 100 150 200 50 100 150 200
samplesize samplesize

AU, ERSHATE T, IR RO, IR IR T I A R ZE AR, T
FIAR AU SRAG V1 1R 7 2 2t /N B B RO T 5 28 /0, DAL AR R AU Al o AR AR gk 208 T4/
BB AL T IBA, BRI R R A R E AT R ? AR b R e P B L, S
BRm A FEEO BN S, FRRAPIAN K A [200,300] B4 40 A0 I BEHLEL, 5 550 S 0T G
v SRR, SN EA M T I EE RARRE TR BURIE AL T (0 2 54 R 32 R W AR I
MRS DRI, QR R i A AT DR B 2K, A doe SR B AR AT S A

Minimum Distance Maximum Likelihood
<t <t
- -
N N
- -
7] RERRRRRRR =
g - I g -
£ o | I £ o |
3 ° 3 °
& o | & o |
[0} o [ o
g < g =
g o] g o]
~ ~ IIIIIIIII
o ° |l am=T ==
o | o |e——""
e T T T T e T T T T
50 100 150 200 50 100 150 200
samplesize samplesize

X SEIAETE, TR AT ER S HUE N I, fEH] mde pREZN AR, W AR
PINEARAN T SH R HOE

0 = exp(T) (3.5)

17



HHIBARIEAC Ak 7 £ (—o0,00) AL, RN 6 fEoMIE. STk r MME)E, &
R BT IR st o A T AT 20 AR A R I PR K

-

> pgammalog = function(x, logshape, logscale) {

+ pgamma (x, exp(logshape), exp(logscale))

+ }

> aa = rgamma (200, shape = 3, scale = 1)

> estlog = mde(aa, pgammalog, start = list(logshape = 1.3, logscale = 0.2),
+ measure = "CvM", method = "L-BFGS-B", lower = c(0.5, -0.5),

+ upper = c(1, 5, 0.5))$estimate

> exp(estlog)

logshape logscale
2.7183  0.9288

3.3 MKMENT=RIEIE

ATERIE, T RGO ORIG 2 A7 A, ORI S B VA AT AT AP0 52 B 493 2R ORI AN AR 45
o M AT E SRR R B BN & X, SERRIEAIE0N Y, A Y = f(X). HARuick,
[ AFELUT LA S B -

1) S (deductible): 53 R A BN HOR, WA RS HY A8 o BARTT A2 Ol — B e i
Al (ordinary deductible) FIZEX} b4l (franchise deductible).

— AR T

0 X <d
Y =(X —d); = (3.6)
X—-d X>d
LN AR T 5K
0 X <d
Y = (3.7)
X X>d

2) JKPRBEA R (maximum covered loss): & PR ES AR T BAN K SCAT B R IB AT 4. G
WA RIEAT,  HEHUR A I O ORBEA R gt L B R PR Bt 2K 3 Tt
;ﬁ%ﬁ/fﬁi

X X<u
Y=XANu= (3.8)
u X >u

Hrppapl AR E X Au FROVARBUABENIAR &, HIE B(X A w) FOVA BRI (02T
[MA4HI) lev)o HH0FE RS R IRBIINES, RS v Ron. IRFPRAT (policy limit)
SR KPRBE R R DONAE T UAFAE SR, ORFABRA = SR KORBER S -G DRI A
TELERIGRI , PRI 2SN

3) 1 BT I MK AN 3 [H] LR BS (coinsurance): 1 5% 2 K A2 $5 R S (19 U85 AT 40 45 1 22 iy 44 2K %0 7fe LA
—ANHMKE T, Y = (14 7)) X 3L ORE 2 R B ki, ORI 2 ) BB A g 1) EL
Y =aX(0<a<l), HRHSWHBRN BITHEI . 2 B OB E—il, SR EAT1#D

18



TN IR B R A R e LA — AR AT RIS, AR RGNS £ 0L T, I BT
AR o A7 AR IR 2 BRI, 3 SR A T 208 -

0 (1+rX <d
Y=9(1+rX—-d d<(1+nrX<u (3.9)
u—d 1+rX>u
L R ORI (22 T 3N -
0 X <d
Y=qa(X—-d) d<X<u (3.10)

alu—d) u<X

ATLAE Y, B E TR BN S X B TR I, AT S IR AU R £ B A 2 1
FLIRIORES 1 SR BEHL A B X HEAT SR ORISR KB 1F, AT ILARE TR, P U 2 A
[ o

PRSI, YRR LU X 43 A cost per loss(Yy) Fl cost per payment(Yp). P [IIX
WAET S Y RFRERRBUK MR ORES 2 5] AT A, T Yp & 55 B ORAS e o DR IS 22 =) A I A
Wlo W SRBAT RIEL, TR AW HARZ S, AHR i TR A AA A, RRRERARRS 2 7] A
RS, YL ATRAAET 0, AR DRI 2 Wl ARAT IE R AT A, Y A% KT 00 Bl
IR X KT RIS, Yp =Y, &0 YL =010 Yp B 5E Lo U BEEUL 6

0 X <d
Y, =(X—-d); = (3.11)
X—-d X>d
TENL X <d
Yp = (3.12)
X—-d X>d

A A YL 1 Yp X487 Gl RES 2 W) H BRI S BRI AT edt, e T SR s 4 1) A7

e, HHURBUNT RIEH d B, R AT RER A A 2R AR RS, PN T d 4R35

WEAATEAR, BATWETIEAT, KRS SR MR X Bk Bl g, LB R E8UENR

AT O . R S R IR A AU 4 Yp sl — o fFiabl AR, Wmaiel X > d b5
i, A

Yp =YX >d (3.13)

XFE Yp BRSO AT, H Ye MBUETERT 0.

ORG SN AT EARYE AT S Y W BRI X BEAT AT, 5 B S LRI R A
SRR ? AL AR P BT L AR B ) (10 22 45 5% 2R A 81 7 A B LA 8 1] 1 A e JSE RN A1 o 50
IR AR o KA B R ] AR R -

L BUE X MR AER, RIGIRIERHRCRGE Y WBEMiTER. ERXADLRF, 5

UG AT ) ZHB R IR 2 T8 IR Al

2. R SEBRIEAS Bt i MBI A, AT ORABLAR B A Al T 5 Al o A5 BB IE A (1 2

3. MR AR 7 AT RME IE 70 A7 B DG R A3 B bR o AT I S 4
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actuar fLH1, coverage IXA™ & N] DL5E B IR AR 70 A AR 4 B IE 0 A 0 TAE . coverage it i 1)
AR S .

g%

coverage (pdf,cdf,deductible = O,franchise = FALSE,limit = Inf,

coinsurance = 1,inflation = O,per.loss = FALSE)

£ RR:

1. W% pdf F cdf [FHFE, A% & E)EK pdf, WHERIEE cdf, Bt EE
EJGH edfo HERIVE 2 R AETE deductible B limit, B4 cdf S4HIEE .

2. deductible BB H W4 d, franchise 44 il & 20565 G 0 A0E & — B W40, BRIA N FALSE,
B % B I

3. limit BCE R NRFEHK w, BTG B

4. coinsurance se LR T o, HUEY 0-1 Z 1A A3
5. inflation /&M r, HUEA 0-1 ZHHIEL,

6. per.loss #EHIERH Yp 52 Y, BRUCKH Ypo

7. coverage R[FI[FJE —ANBREN S, WARAFEFEMEZ 5 (probability mass), 4 XA %L
X GAEAN R AR 0] B ) SO AN TR IR o T BN 23 A1 5% 5 pR 2 pdf JRAN A S A IE 4L,
7t probability mass &, H “/AME L7 PHEILIE —DRERAE, 1A 2 ) HCE ) 2
WA, AL R 43 A1 B B BRI, RAZ ) probability BEAT 3R o

B

B I R IR M IER S 4L shape=3, RJEZE scale=1 H] Gamma 73 4i. HGTHHEAEIE

JE I E LR AL, ARG AR Y R Yy (00 A P e R o A e e AEARIEIN, A LU P R
SOERG: 1 B IS I8 5 R O I 80 AT 5 B A (R 1, DS E AR AR ) b o

2

v

VvV VvV VvV + Vv + V

10 H LA U, 6 Y. 43 BR B AR ER
par(mfrow = c(2, 2))

Yp MRIEH =1, BRA =7, ECRbllsibnn it e, Rigebl Yo MR,

7)
curve (dgamma (x, 3, 1), xlim = c(0, 10), ylim = c(0, 0.3), ylab = "pdf",

f = coverage(pdf = dgamma, cdf = pgamma, deductible = 1, limit

main = "pdf of per payment")
curve(f(x, 3, 1), xlim = c(0.01, 5.99), col = 4, add = TRUE)
points(6, £(6, 3, 1), pch = 21, bg = 4)

Y BRI =1, BB =7, BBl s s, WIELh YL K.

f1 = coverage(pdf = dgamma, cdf = pgamma, deductible = 1, limit = 7,
per.loss = T)

curve (dgamma(x, 3, 1), xlim = c(0, 10), ylim = c(0, 0.3), ylab = "pdf",
main = "pdf of per loss")

curve(fi(x, 3, 1), xlim = ¢(0.01, 5.99), col = 4, add = TRUE)

points(6, f1(6, 3, 1), pch = 21, bg = 4)

points(0, £f1(0, 3, 1), pch = 21, bg = 4)
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vV vV + VvV VvV VvV V + Vv Vv

NS Yo Y USSR 30 (10204 R RO 2k

F = coverage(cdf = pgamma, deductible = 1, limit = 7)

curve (pgamma(x, 3, 1), xlim = c(0, 10), ylim = c(0, 1), ylab = "cdf",
main = "cdf of per payment")

curve(F(x, 3, 1), x1im = c(0, 5.99), col = 4, add = TRUE)

curve(F(x, 3, 1), x1im = c(6, 10), col = 4, add = TRUE)

F1 = coverage(cdf = pgamma, deductible = 1, limit = 7, per.loss = T)

curve(pgamma(x, 3, 1), xlim = c(0, 10), ylim = c(0, 1), ylab = "cdf",
main = "cdf of per loss")

curve(Fi1(x, 3, 1), x1im = ¢c(0, 5.99), col = 4, add = TRUE)

curve(Fi(x, 3, 1), xlim = c(6, 10), col = 4, add = TRUE)

pdf of per payment pdf of per loss
o o
@ - M
o o
wn wn
q q
o o
o o
N N
o o
e 19 “ 19
5 4 5 9
e o e o
o o
3 S
o o
wn wn
o - o
o o
.
o o
o 4 o 4
o o
T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
X X
cdf of per payment cdf of per loss
o o
= =
© ©
c 7 c 7
©o _| ©o _|
o o
5 5
3 3
< <
s 7 s 7
o~ N
=} =}
o o
S 7 S 7
T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
X X
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Chapter 4
XU IR 12

4.1 EE7H

AR T B G B R 2R A MU A . AENLB DR B, X T L sl 4,
HAFERAER I N RN AT, BRI BUR &8 X RN AL . TR
Ay XA RNBURE S ATLLRIR A

S=X;+Xo+ ...+ Xxn (41)

AULE S R —ABENUA, IRATI F R N B A BRAE RIS 3 A (frequency
distribution), FFRBURE X KI5 MPAERIG L5240 (severity distribution), S I ATFRA
545741 (compound distribution).

B NSRS T AT IS H, RBEIRATT AR IR 3 A R A S Al v R T
TR BAE 1 ) R0 e 43 21 S5 UR A S 197, s b, b OREG 20 | i ARz B ok UE, RS 5
U] BETE D NX AN AT o KT S A, BAl 1A

Fs(z)=P(S<z)=>» P(S<z|N=n)p, =Y F{"(z)pn (4.2)
n=0

n=0

Hr, p, = P(N =n) 2% A0,  Fx(z) ZEST,  FP(a) ZREMT n B
Bl WRBENIAZ B X AAE 0, 1, 2-HUH, B4 n BEHEBMTHHE AT

I(.T > 0) n=>0
F{'(z) = < Fx(x) — (4.3)
Zg.vj:oF)*((n_l)(ﬂf—y)fx(y) n=23,...

4.2 EEHHBBERIL

AT A BERESE I ATEAT B R ? W JATMEBERIG 2 5 o A A L0 A, AR EAG 2R
Bk S o, MAER(4.2), FERS X 1 n AGH, KEHERATZ ERS, WERBEFR
e N R, A RORE AR B>+ 0 AR Y AR o DAL S o 5 P 308 5 X A 88 1 2R W i
FEO AT AT BT AR B, R B AT RV S AR R B 73 A7, IXRE L REAE DRAIE AL W8RG JEE 1Y
A3 T RS SO R . MIERIFERE bRk, 0 0o B 1 e A S e s b, R ik
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S T2 B T A R R A
JIT U B RO A e S S 0 A () ST AR X IR 70 D 45 T/ X3, R A DU DO P 1 2 A o
AR SRS A AEIR 1 /N XSRS “ARGR R AT LR X 2 A i o, AT L
FEDCHR R R eAh, TRATE S PO AT AR BEAT R A A “ 4K 2 BLE
ARG, H ARSI (00, 00), RARANFT BEXS HL A BRI VE I BEAT B AL, i T IERS
IR ATFE P O A HE R AR AN, AT AR ANTE, AT T2 i LARASE g rpoly, DA TR e ZE
Al — AN X, AERXAS DO AT R R, XA X 0 A eR B A R AR
DX 35 [ R/ T - 7 IR RS B R S o o8 X F(x) WIS AR fo R BSHUG S I ME R R

HAl, actuar fLH T discretize PR EEPUFR S EHLL 125
1) o g teth, s uixt F(z) mFisss.
fe=F(x+h)—F(x)

MY z=aa+h,....,b—h, BEAEH cdf BRI cdf Z L.
2) T B Hi, mE B F(x) ) ET

BEEALIGI) cdf BREAER cdf Z
3) B

i F(a+ h/2) r=a
"\ F@ /2 - Fe—h/2) c=ath,....b—h

J5U cdf IELF A T2 0 B AL 5 1 edf
4) Jofw B, B BOE SR A B AR LAC .

E(XAa)—E(XAa+h
(XAa) h( Na )—i—l—F(a)

r=a
fo = § 22NN BX eI T BXNR) g <
b)— b—h
BOXN)-BIXAb=h] _y 4 p(b) g =b

UG R0 AR I A AE 8] [a, b A A A ) (0 EUAED R A B A

discretize PRECRBIIE—H f, BERAE, W1 SREO HEA T &I 7 ZEIEA TR IR A BEL

BB E:

discretize(cdf, from, to, step = 1, method = c("upper", "lower",

"rounding","unbiased"), lev, by = step, xlim = NULL)

£ RR:

1.

2.

3.

cdf MAE A x BIRIE

from Al to 73R E a A1 b, WL EARIVEEL step fiE P K he

lev H4F method= “unbiased” B} A F5%E -

by A xlim 5028, P I B SO

23
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B
TR EX AT Gamma(1,1) BATEEAL. fu, I, fr F b 40 BN b 85U, 1 i 25
£k, H S B RN T B AL .

> fu = discretize(pgamma(x, 1), method = "upper", from = 0, to = 5,
+ step = 0.5)
> f1 = discretize(pgamma(x, 1), method = "lower", from = 0, to = 5,

+ step = 0.5)

> fr = discretize(pgamma(x, 1), method

+ to = 5, step = 0.5)

"rounding", from = 0,

> fb = discretize(pgamma(x, 1), method
+ 1), from = 0, to = 5, step = 0.5)

"unbiased", lev = 1evgamma(x,

PR B e B R BB R o PR stepfun 3R [0 — NG EL,  diffinv fE 220 (038, HAARA{E
MT755 WAEEH By o

> curve(pgamma(x, 1), xlim = c(0, 5))

> x = seq(0, 5, 0.5)

> plot(stepfun(head(x, -1), diffinv(fu)), pch = 19, , col = "blue",

+ add = TRUE)

> plot(stepfun(x, diffinv(f1)), pch = 19, , col = "red", add = TRUE)

> plot(stepfun(head(x, -1), diffinv(fr)), pch = 19, , col = "green",

+ add = TRUE)

> plot(stepfun(x, diffinv(fb)), pch = 19, , col = "yellow", add = TRUE)
> legend(3, 0.4, legend = c("Upper", "Lower", "Midpoint", "Unbiased"),
+ col = c("blue", "red", "green", "yellow"), pch = 19, 1lty = 1)

o
o . —
——
'7,41
|
0
= WL‘
a9 /
o
X
5 y
£
§ <
g o 7
—— Upper
—— Lower
Midpoint
N 7 .
o Unbiased
Q J
=
T T T T T T
0 1 2 3 4 5

4.3 EE7HHIHE

IRADOS BRI A B AL e, AT DU S8 R R S A, R 2R F
AN B BRI 50 L PR o A HEAT B A T R RS ERT ke B AE . BRI aggregateDist $efit
T AT, TR AT R A, O6F AR OR8] LS B SR
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1)Panjer i #EiL. RIEHE D ANLEE (a,b,0) DAE (a,b,1) S3AGEL,  ZRIE A
it LN B U ) 30 AT

2) BRUE. M (4.2) M0 (4.3)BEATTHEL, BRI A AT LORAEAT B AL AT, 908 0 A w5 2
B E 7 Ao SRR L REAR g /N R i) AL

3) IEANITANTL . e B3 A R 52 A gl T AR 245X

ps = E(S) = E(N) * E(X) (4.8)

0% =Var(S) = E(N)Var(X) + Var(N)E(X)? (4.9)

WHE S IEMTT 2, HAH

Fs(z) ~ @(%) (4.10)

HASE A A AT SR OCRIF T R ARG, X0 T ACREASE RV
4) IEAFIUE (Normal Power approximation)

3 9 6 r— us
Fsg(z)=®(—+ /= +1+ — 4.11
(@) = B~y [y 1 T (411)

Horp vy SO RE R B IEARITNE M R0 AR AEAL S5 I BE LA R S R I RETT b e IE
SEENLAS R AL 2 O INE LA, MaE S S~ g(Y), Y IRMARHEIEZ 0. XA bE
fE @ > pg WATLLEAT, 15 s < 1 NRCRELT . DIEAr DO 234 (47 R 3EAT I

5) BEHUBLIE . B N A X MBEHUEOT A8 S, F S IR ALl Fs(x).
XA TTEE I simul pRE (a0 VEARUF) XA S AT ISR B0 A BEAT B, TG ] T 520 &
ENINfE S

aggregateDist [ ZHUKHE Ik I ik AT A . T s B EE T BLA 1, iR A0S
JeRTTR, FHESE, WA, R A REAris oS4
R EEE:

aggregateDist (method = c("recursive", "convolution", "normal", "npower",
"simulation"), model.freq = NULL, model.sev = NULL, pO = NULL, x.scale = 1,
moments, nb.simul, ..., tol = 1e-06, maxit = 500, echo = FALSE)

fEFEA:

1. #HEYEF: method= “recursive”, model.freq 2% /& "binomial”, "geometric”, "negative

binomial”, "poisson” H#—H, A SH ] UAEE RS S IR E, (HESHATRUHNEHIX
VU AR E B — 3. model.sev J&—/NlfE, MEMFFANICEKKGE X B0, 1, 2.4
BRI, IR R AN TR LAUE X B0 R, W X ARRREE| I
AME (Eetr 2), AR NALE XEES =AT0HR) —EEE M 0, % model.sev
A LLUE 0 FH R 4L discretize 45K . PO W AAE N = 0 BIMHES, 2 (a,b,0)
IIATRZF PN HEINER . x.scale 7€ X BB ML, Wl 1 78, 100 o4,

L(a,b,0) SMAGHRRN (a,b, 1) ISP AT 005 LB R HLEFK, @HENARY, I UG A K IETE 0
SRR ARSI AT, RZ AR K B AR B R A2 (5],
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. FBREYF: method="convolution”, model.freq & /N &E, BEAFNICEKRKE N

B0, 1, 2... FIBER, A J0E 002 N B0 BIMEZ . model.sev Ffii F 7 v 5 i i
A x.scale fa& X ST ML, el 1 7, 100 o4,

CIEAEALEFEARET LS : method="normal” B¢ "npower”, moments & —~[f] &, 4

SE S ME 7 ZE RS R, moments=c(us, 0%, vg), HAIEREARULT R ERT
WA TCERRIA] . EREXPNEPNEATFEWL v > ps H v <1, TS A EHRE

. BERLVE T method="simulation”, HAKAHH 57k nT LLS % J5 S0t simual #8244

nb.simul JER AR EL

. BRBUR PR & — > aggregateDist X%, 1] LU HLEAT H AR HE (summary), i &5

(print), KIME (mean), KAIEL (quantile), MKl (plot), K178 (konts) S5#E1E .

B

HERERNE, Bt s, BRI X O 0 B 10, BRI, N O F 8, B

MR R 25, HIEAFEAEE S KA 10 x 25 x 8 = 2000?

>
>
+
>
>
+
>

par(mfrow = c(2, 2))

fx1 = ¢(0, 0.15, 0.2, 0.25, 0.125, 0.075, 0.05, 0.05, 0.05, 0.025,
0.025)

pnl = ¢(0.05, 0.1, 0.15, 0.2, 0.25, 0.15, 0.06, 0.03, 0.01)

Fs1 = aggregateDist("convolution", model.freq = pnl, model.sev = fx1,
x.scale = 25)

plot(Fs1)

BBHEYE, HEX Gamma AR AT B LIS BIBREE 40 AT, S ARIE ] poisson 4347, Rl

¥8 %€ poisson 43724 lambda=10.

>
+
>
+
>

vV VvV Vv Vv

vV + VvV Vv Vv

fx2 = discretize(pgamma(x, 2, 1), from = 0, to = 22, step = 0.5,
method = "unbiased", lev = levgamma(x, 2, 1))
Fs2 = aggregateDist("recursive", model.freq = "poisson", model.sev = fx2,
lambda = 10, x.scale = 0.5)
plot(Fs2)
IERIERAMNEARRLELL, FE RSP A ZGE .
Fs3 = aggregateDist("normal", moments = c (200, 200))
plot (Fs3)
Fs4 = aggregateDist ("npower", moments = c (200, 200, 0.5))
plot (Fs4)
Bl
model.freq = expression(data = rpois(100))
model.sev = expression(data = rgamma(100, 2))
Fs5 = aggregateDist("simulation”, nb.simul = 1000, model.freq,
model.sev)
summary (Fs5)
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Aggregate Claim Amount Empirical CDF:
Mean 3rd Qu. Max.
4992 5327 6675

Min. 1st

Qu. Median
4974

3759 4637

> plot(Fs5)

Fs(x)

Fs(x)

Aggregate Claim Amount Distribution
Exact calculation (convolutions)

Aggregate Claim Amount Distribution
Recursive method approximation

o I o I
- /-"'“’m =y /—ﬂm
@ | < @ | K
S - S g
o | 5 o | ::
=} - =l -
. = :
- P s
< | - < | 4
IS - IS >
~ g ~ ::
=} : =} s
g +— R
T T T T T T
0 500 1000 1500 2000 0 20 40 60
X X
Aggregate Claim Amount Distribution Aggregate Claim Amount Distribution
Normal approximation Normal Power approximation
o s
= =
o | o |
S S
© ©
S S
)
W
< <
= =
~ ~
=} =}
o | o |
(=] (=]
T T T T T T T T T
160 180 200 220 240 160 180 200 220
X X
Aggregate Claim Amount Distribution
Approximation by simulation
S
—
@
o
@
o
o)
X
N—'
[
('R
<
o
N
o
|
o
T T T T T T T T
3500 4000 4500 5000 5500 6000 6500 7000
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4.4 VaR #1 TVaR

WHEHE A A (W2 BRI ) Jh, BT DORTFiZMH) VaR M1 TVaR, VaR
A TVaR 2% W KRG R br, 2 GV A B BT By, e UMl o«
VaR (value-at-risk):
VaR,, = inf{z : P(S > z) < p} (4.12)

TVaR(tail-value-at-risk):

TVaR, = E(S|S > VaR,) (4.13)

PREL VaR Al TVaR HIRIFEIX AN EFR, TVaR A 54F CTE(Conditional Tail Expec-
tation), XA ERBLEEN .

REUEE:
VaR(x, conf.level = c(0.9, 0.95, 0.99), names = TRUE, ...)
TVaR(x, conf.level = c(0.9, 0.95, 0.99), names = TRUE, ...)
{E AR

1. x HAMYSZFE aggregateDist X4, AR vHH 2 G0 AR I 75, 5 VaR Al
TVaR 7B A T,  HARE S5 3 B SO .

2. conflevel $55E Bi5/KT, BRUER 0.9, 0.95 F1 0.99.
3. names #FHlHEHAS A, BRILE TURE.

BlF:
18 FICRRER R AUR Fs5, HLUHA L VaR.

> VaR(Fs5, names = FALSE)
[1] 5668 5901 6183
SV 98% ) TVaR.
> TVaR(Fsb, conf.level = 0.98)

98%
6214
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Chapter 5
RELE & BYHRTL

5.1 E&ERRIERREN

FEAR B BRI S, A I A 0 g B0 25 308, B — o AN R S P it
AR EE o S B it an REEAG 2 A 0R U, (H 2 S P B AN AL 08 8 ToVR A I, 0 0 5 )
BUR AR AT .

HRAE (4. 1) T %0, o R BB OR AL 5 AE — BORT YT RS B0, 75 2 ] IR AU 2R I A
HoPATAVR G 38 S o Ao [ ESCRAU R A 0 AT HIH1 1, R VON IR 4145 2010 SEIEAT Y
DERMIEIE A 100 1) Poisson 734, REXIEAT IEAT AR M ZE (100,2) () Gamma 4347
FE— A, ATLUE SEZE A Poisson BEHLEL No» SRJ5 FAEK No 4> Gamma 73 i BEATL
B ARG, AR A SR BTRBTME . A 1000 U8, AT LA AL AU 42 56
AiiP

R G U, SRR — ARSI, FRAT) I S R R IR
A7 RJEARGERL I BRI, R R IR R A, B RIS . (H2 A
15, T R R R A Z BB IR (AMEAR) K52, LEn A R RS 203
(class), [Al—ZHIH A RILR IR (contract), LAK A —PREEA R HHAELE (year), XELHMEAR
R I R E AT S B IS 3 AT o DS R A R BRI o S (R AR n] AT i 2 SR O Y
(compound hierarchical model) #K5¢ %

Bltn, ZEWF=EEE&EIRER,
Sijt = Xijun + - + Xijen, (5.1)

;H\:':F'i:L...,I, j:].,...,Jiy tzl,...,m—j, EH‘J%

Nijt‘Aij7 (I)i ~ POiSSOTL(withij)
Aij|®; ~ Gamma(®;, 1) (5.2)
®; ~ Exp(2)

Xijtu|©ij, Vi ~ Lognormal(©;;,1)
04, U; ~ N(T;,1) (5.3)
U, ~ N(2,0.1).
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BENLAZ R @, Ay, U MOy fEAEE TR I E B R S5 wij 2SR IAE,
H AR N B0, @ 28— 2000, 18 @, Md)a, W S5k, nf LU
R Ny Py, 8 O AP, HHENS, BRI MR RS =S A aE Noje K53

TEIX TG AN w,j FEATRE U] e Ol T ORIS & [A) ) XU Sl (exposure base) R
/AN, ARG A A A RSORS00 — AN BE AR, LR /NG P RS S ok i i . 280Kk Ut %
AR —RTE, DREIRRY —4F, B A I BRI 05 I AV AR A — 4 9 R 1 I A AR
AR, DI KRS AL 1 R4, AR AR PR, B ABOE R R H, RS
BALEOUH 05 H4F; HBAE IR AR — DB, FEHIRR, RIS —E, IBAZEBA
RSRS8O R B B8 2, R IEAE A A 208k 100, HE XU S 50k 45
T 100 FEAE. fEARAL(5.2) 0, RGN Poisson 7341, HSEIMTEAIE wijpij,  wije
ST AEREE R ZEAR (4, 7) &4 (¢6) KBS EAE AN, Ay AR ZE (4,5) DT
SR, HEA XS BT P DR 1 o RO B BRI PR O, IS AR NI Poisson 73 A
HIBME S HA K

W, I, J, t #RCAEHEHEE, kS T1=2, Ji=4, =3 nni=..=
nia =4, no1 = nog = noz =5, WHRKANE I, J, t 70558700 RS0, PR RS
SEREARRT N, 2 b i IR At v DASR A (2 W R TR T 7R R ) s JRATTERU MR A
&, EAMHSPAE 2 AR, 1 A 4 ORE, 20 2 i 3 R, Kol 1k
I ERA R AR IS T 8 4 48, 28000 2 th )RR ORI R B AE BE AR 5 4, DRI IRAT S L RR 22
BAEL 4 x 4+ 3 x 5 = 31 IREIGIE (BRp IR A — AFE AR EEEATRN), 1M H TRk R g, &
BRRZIR R G I R IGEo E o 2= WA 2 R 5 P8 (P A 4RL v DL 2 Sl (s FHASE 2R (5.2) R (5.3) o 7B R T,
FRELF- (3R 43 J TR0 R HH s SE PR BBl (i A%, JEA B 7R )2 B AL R a5 Ry py, i HH R R
SR T A I R AR — AN SRR . WERACE R B B Ay, R B
T XA FRAIIRZ AT A (nodes), WEXI NI I, J, ¢, Prif)2xsea il 244
2 IZIH, a2 DK BN A B S 8L 2R, R SO KU 20 DR B R =R o FEE 1)

.

“— T
T, I,
/\h\‘ / Y ="
n; Nz
I
/ ~——
%E ~ Vv ~a
N
Mo Xin Kijm

PR 4L simpf(simulation portfolio, ] LLEAE simul, WA BREEEMY) AT LI & G 2 IR
Bl KT R G Z R K B SE VR AN 24, 32 0 S0k [4].

R HEE:
simul (nodes, model.freq = NULL, model.sev = NULL, weights = NULL)
BH
simpf (nodes, model.freq = NULL, model.sev = NULL, weights = NULL)

fE AR
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1. nodes f&—A™ list X5, A% list MREEE - ADooz2 - DEEA E, SFDEE R R
SEAEIZZ O T L, A g e 2 BRZ R €, e 1, J, ¢ KUY

2. model.freq Fl model.sev $& & & — 2 W AECRUI KB AL 2> A . BENL AT IR 2R R
RIS (expression) B0, HEH R AR sBEHLEELRFF—2 (LW rgamma),
HTES SR, AT Z45 € 5 2 A AL A4

3. weights ¥REMTE, %M I, J, ¢ FFARKIRIRE
BlF-
WRARGEAT L B A A K L, O — NI R R R AR R,
WOIRES AL T, T, ¢ FEE.

> nodes = list(class = 2, contract = c(4, 3), year = c(4, 4, 4,
+ 4, 5, 5’ 5))

BARERCE: ) 1(I =1) KIS 0RA (J =1) FETFRE (n; =4) 2 NKER 4
frmde, SRR 11 = 1) B R (J = 2) FEFERE (np =4), ®2—PMKER
4 T, MRS, RESROR A — A —BGE, IS 31 > (R I, BRI ™
PEREN VA T AT IR, RN 0.5 21 2.5 Z I 5 70 A1

> set.seed(1)
> wijt = runif(31, 0.5, 2.5)

%m%iﬁ%ﬁﬁ%*ﬁﬂo _,H:EP class X{“ﬁ‘bz, contract XTJL@AU|(I)Z', year N@Nijt‘/\ij7¢)io ﬁé
ATAT LA S 84T S0 ROE I, L xS 80 AT 40 A8 contract = rgamma(log(class),
1), #EE)ZMA year = rpois(weights * contract * class).

> mf = expression(class = rexp(2), contract = rgamma(class, 1),

+ year = rpois(weights * contract))
BRI S AT (AR

> ms = expression(class = rnorm(2, sqrt(0.1)), contract = rnorm(class,

+ 1), year = rlnorm(contract, 1))
X R R I I 245 S RS R AT S PR ASALL
> set.seed(9)

v

pf = simpf (nodes = nodes, model.freq = mf, model.sev = ms, weights = wijt)

> pf

Portfolio of claim amounts

Frequency model

class ~ rexp(2)

contract ~ rgamma(class, 1)

year ~ rpois(weights * contract)
Severity model

class ~ rnorm(2, sqrt(0.1))
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contract ~ rnorm(class, 1)

year ~ rlnorm(contract, 1)

Number of claims per node:

class contract year.l year.2 year.3 year.4 year.5

[1,] 1 1 0 0 1 1 NA
[2,] 1 2 0 2 3 0 NA
(3,] 1 3 1 1 0 1 NA
[4,] 1 4 4 3 4 1 NA
(5,] 2 1 1 2 1 0 4
(6,] 2 2 1 5 1 3

(7,] 2 3 0 0 2 2 0

PREL simpf RESILLS (KSR G AFEAE pf b BRI H R IR AR I o AR, DA
— IR PAERE AR AR R AP ECE . tn, g R B AT S DY A R K R s AR S0
1 IRsE AR R, SR AR R R A RO 2.

5.2 1EIGERAVALIE

CERUR BRI 2 J5, AT LUE L B4 aggregate, frequency, severity F1 weights 21
FHFN AL BRI SE R
oR OB X

aggregate(x,by = names(x$nodes), FUN = sum, classification = TRUE,
prefix = NULL, ...)

frequency(x, by = names(x$nodes) ,classification = TRUE, prefix = NULL, ...)
severity(x, by = head(names(x$node), -1), splitcol = NULL,
classification = TRUE, prefix = NULL, ...)

weights(object, classification = TRUE, prefix = NULL, ...)
fE AR
1. x /& portfolio ¥ %, HWH & simul [FIR[AIE,

2. by il ks, &R R Z IR AFR, W class, contract BY year 55, W LA—IK¥R
EZA

3. FUN 22770 BRUESKA (sum), W RABUS 4L (length), K°F-3% (mean), 7%k
(median), I AMH (max), H/ME (min) 5.

4. classification 2 A5 H 2> K 48h5, BRAEHIH (TRUE).
5. prefix AP ST IHTE -
6. splitcol $EHURE—AEMIEAT I EL,  HARAETHI 79 W90 1

51+
BOAEDL T, Rl aggregate IR [FIFEIR FLAESE—F I DR IGEH, e Sijto aggregate
H R HEEZRAL T Excel W BB
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> aggregate (pf)

class contract year.l year.2 year.3 year.4 year.5

[1,] 1 1 0.000 0.000 21.221 6.741 NA
[2,] 1 2 0.000 6.882 17.247 0.000 NA
[3,] 1 3 5.261 3.303 0.000 3.463 NA
[4,] 1 4 9.908 31.799 20.537 9.576 NA
[5,] 2 1 1.281 3.684 3.542 0.000 119.3
(6,1 2 2 601.352 860.844 262.749 219.635 536.0
(7,1 2 3 0.000 0.000 86.867 11.901 0.0

PR B ) R R B 23 AT RS, IR ISR PR B AR AE B B RIS U . Eedn,
H AN BT DY gk OR B, P B SRR PR B AR R IR, BRI 5.251,
VY TR OR FAAEEE — R AR DY IR RIS, ST AR 9.908 PRI 55— 2 il 28 — 41 B~ 34 I A+
=(9.908+5.251)/(1+4)=3.032.

> aggregate(pf, by = c("class", "year"), FUN = mean)

class year.l year.2 year.3 year.4 year.5
[1,] 1 3.032 6.997 7.376 6.593 NA
[2,] 2 301.317 123.504 88.289 46.307 72.82

PR frequency IR A S AR PR A T — R R A R R RO, a2 simpf BRI
B ZREUE aggregate I— M2, Y aggregate 1) FUN=length W}, W& &5
(o [FIFE, FATATLUEE by 8T 1T SRS

> frequency(pf, prefix = "freq.")

class contract freq.year.l freq.year.2 freq.year.3 freq.year.4 freq.year.5

[1,] 1 1 0 0 1 1 NA
[2,] 1 2 0 2 3 0 NA
(3,] 1 3 1 1 0 1 NA
[4,] 1 4 4 3 4 1 NA
(5,] 2 1 1 2 1 0
(6,1] 2 2 1 5 1 3
(7,1 2 3 0 0 2 2

> frequency(pf, by = "class")

class freq
[1,] 122
(2,] 2 27

i, PR severity (pf) IR [AIRE QUGS ORI ECE, w2 (5.1) I Xyjryo HTHAE
BT OR IR, FEORBEIN I A AT e 2 KRG, DI R AR vl e 2 T DR Bk 391 %8 1 et
TR W H LB RGE R, R ATAR oK R, RERE AR — SRR I IR OR R
TR — R o DRI RE B 1) 51 4055 1

Nij

rrl;z}xz Niji (5.4)
t=1
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R UL AE THE aK DR AR BT AT 47 T e R ZE IR s K R RGO H . 4 Bk OR PR 10 R TE R
BN T B R UEU B8l i) NA .

> severity(pf)

$main

class contract claim.1 claim.2 claim.3 claim.4 claim.5 claim.6 claim.7

[1,] 1 1 21.221 6.741 NA NA NA NA NA
[2,] 1 2 4.946 1.936 8.1365 2.132 6.979 NA NA
[3,] 1 3 5.261 3.303 3.4629 NA NA NA NA
[4,] 1 4 4.848 3.050 0.6451 1.364 12.054 14.66 5.082
[5,] 2 1 1.281 2.536 1.1486 3.542 4.424 27.15 44.535
[6,] 2 2 601.352 227.828 56.5580 29.521 277.311 269.63 262.749
[7,] 2 3 8.108 78.759 8.3159 3.585 NA NA NA
claim.8 claim.9 claim.10 claim.11 claim.12 claim.13 claim.14 claim.15
[1,] NA NA NA NA NA NA NA NA
[2,] NA NA NA NA NA NA NA NA
[3,] NA NA NA NA NA NA NA NA
[4,] 2.462 1.068 8.56 8.447 9.576 NA NA NA
[5,] 43.197 NA NA NA NA NA NA NA
[6,] 132.841 43.183 43.61 61.725 21.574 347.4 36.19 69.15
[7,] NA NA NA NA NA NA NA NA
$split
NULL

ATUVE M, BRI AHR RS, (BRI E R TR R AR E . v BE 2
B splitcol AP R AEAEHE—F RIIEAT G0 o PLAnFRATTEHTHT — A FHUE B R A 10 2 S
Kk, GRARAFAE $split &b, TR RARAFAE Smain o WIS R T LUE I, E5 AR
S, BB IONI R DU K OR AT DU AT, T 2R S K 2R = sk R B AR AT IEAS -

> severity(pf, splitcol = 1)

$main

class contract claim.1 claim.2 claim.3 claim.4 claim.5 claim.6 claim.7

[1,] 1 1 21.221  6.741 NA NA NA NA NA

[2,] 1 2 4.946 1.936 8.136 2.132 6.979 NA NA

[3,] 1 3 3.303 3.463 NA NA NA NA NA

[4,] 1 4 12.054 14.663 5.082 2.462 1.068 8.56  8.447

[5,] 2 1 2.536 1.149 3.542 4.424 27.153 44.54 43.197

(6,] 2 2 227.828 56.558 29.521 277.311 269.626 262.75 132.841

(7,1 2 3 8.108 78.759 8.316 3.585 NA NA NA
claim.8 claim.9 claim.10 claim.11 claim.12 claim.13 claim.14

[1,] NA NA NA NA NA NA NA

[2,] NA NA NA NA NA NA NA

[3,] NA NA NA NA NA NA NA

(4,1 9.576 NA NA NA NA NA NA
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(5,1 NA NA NA NA NA NA NA
[6,] 43.183 43.61 61.72 21.57 347 .4 36.19 69.15

(7,1 NA NA NA NA NA NA NA
$split
class contract claim.l claim.2 claim.3 claim.4
[1,] 1 1 NA NA NA NA
[2,] 1 2 NA NA NA NA
[3,] 1 3 5.251 NA NA NA
[4,] 1 4 4.848 3.050 0.6451 1.364
(5,] 2 1 1.281 NA NA NA
(6,] 2 2 601.352 NA NA NA
(7,] 2 3 NA NA NA NA

FERT A FHCE A A A SRR oK, 7E $split AL, FIREIRIRAF $main HL.
> severity(pf, splitcol = c(1, 2))

$main

class contract claim.1 claim.2 claim.3 claim.4 claim.5 claim.6 claim.7

[1,] 1 1 21.221 6.741 NA NA NA NA NA
[2,] 1 2 8.136 2.132 6.979 NA NA NA NA
[3,] 1 3 3.463 NA NA NA NA NA NA
[4,] 1 4 2.462 1.068 8.559 8.447 9.576 NA NA
(5,] 2 1 3.542 4.424 27.153 44.535 43.197 NA NA
(6,1 2 2 262.749 132.841 43.183 43.612 61.725 21.57 347.4
[7,] 2 3 8.108 78.759 8.316 3.585 NA NA NA
claim.8 claim.9
[1,] NA NA
[2,] NA NA
[3,] NA NA
[4,] NA NA
(5,] NA NA
(6,] 36.19 69.15
[7,] NA NA
$split
class contract claim.1l claim.2 claim.3 claim.4 claim.5 claim.6 claim.7
[1,] 1 1 NA NA NA NA NA NA NA
[2,] 1 2 4.946 1.936 NA NA NA NA NA
[3,] 1 3 5.261 3.303 NA NA NA NA NA
[4,] 1 4 4.848 3.050 0.6451 1.364 12.05 14.66 5.082
[5,] 2 1 1.281 2.536 1.1486 NA NA NA NA
(6,1 2 2 601.352 227.828 56.5580 29.521 277.31 269.63 NA
[7,1] 2 3 NA NA NA NA NA NA NA

BRI EY weights 3R [FIEE DR FRAEREAN AR AOALTE, LA wijt JEAT 60 U AT DL S A 1 B AR AS R
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WA PR Y o
> weights (pf)

class contract year.l year.2 year.3 year.4 year.5

[1,] 1 1 1.0310 1.2442 1.6457 2.3164 NA
[2,] 1 2 0.9034 2.2968 2.3894 1.8216 NA
[3,] 1 3 1.7582 0.6236 0.9119 0.8531 NA
[4,] 1 4 1.8740 1.2682 2.0397 1.4954 NA
(5,1 2 1 1.9352 2.4838 1.2601 2.0549 2.369
(6,1 2 2 0.9243 1.8033 0.7511 1.0344 1.272
(7,1 2 3 0.5268 1.2648 2.2394 1.1807 1.464

W4 classification=FALSE, 7] IMRES T M ai g, aigh Rl e O PR A 7 Xt &
— JRUSEE BT PRI PR IR R A, AR A R BT TIA kg S B 453 AR AR A6 1 S B I K 4 0

> aggregate(pf, classification = FALSE, )/weights(pf, classification = FALSE)

year.1 year.2 year.3 year.4 year.b

[1,] 0.000 0.000 12.895 2.910 NA

[2,] 0.000 2.996 7.218 0.000 NA
[3,] 2.987 5.298 0.000 4.059 NA
[4,] 5.287 25.074 10.069 6.404 NA
[5,] 0.662 1.483 2.811 0.000 50.35

[6,] 650.613 477.359 349.814 212.322 421.33
(7,1 0.000 0.000 38.791 10.080 0.00
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Chapter 6
BEEIEIL

6.1 (EEIELEIE

FEORBG S BTy, JH W T E0F KU R EAT R 73, 42 IROXURS: B e A BN [ PR Bl %, Ee
] P 5 i 86 gl A A A 2R ) RS I B by Bl DR o XU 23 2R AR R AE AR 17 (R —2
B0 RS 2 [ B, A AT B e R GE et 5e 5 ), RIS YA UG Jeg - ) — A2, A7)
FEREG K B2 B e oo, S0 SR U T JRA T80T 2% & B I XU R 2%, 3 AAS 3R by
B, AR R RSP B 4 T B DAL Ay W) AL 1 A 3 DX sl ) AN [ B A A S ) DU 2K

FHIBAER A B, R A BRI R AT SE TG R 22 s, B4 L REXS
FOBCCTF M g ML T e 7 XU Sl Y A A R B 415 1P B IS K5 i R AR
A TERHURER, ALK 21 T 2R T T g M On] DU 248 0 sl fA% 9%
2, DL BT AR AR A B, R RRHURL R BA LY, BORRIHUIR LK T /e
T REHLB Bl IE M), AR, FRATHAR S T4 246 T LUK A 5 T 2 R 1 5
FRONAL. PrigfE Bt — RANVECR ik, A3 IR AT DURYE OR 50 AT I Bk 22 5, X 3L
BEAT e, AEAFER S AEAN R XURG AKT B SR N Z I BEFTREAT 70 C, A3 2R OR 2R FR A A5 BE R B
Hee b, WL A

n=272-X+01-2)-M (6.1)

Wb BERRT, Z REERT, X 2dE$RaRm vy, M EFmEE. FER
T Z Tl BB A E R, Oy I BAT T SRR RO, S T T LR K
BRI AR, B EBOR, BUKBSIEN, SURER TS

BN T HA PR, BATCEHAH n KBRS X1, Xo, ..., X, A m st 2R
M5 n+ 1 SFEMIRSE . sz b, WG =0MmEYr, X AEATT n IR FEAIOME, 28 n+1
R oA v, TS B S R BRA TR UL IS v R R A A SR T 2 3 () — A AL, 72
Hon+ DR REE DA RfE . R, FERIE - AGMEAMTHE, 2T n 8RR 2
PR G MPTER “5it” e/ M7 2 ez B, st 22, B
AN V1 7 22, R4S BB T i 22

LA AT LAY AT IR A AR BE RS A (5 o A IR BN A5 Bl S AEAL G ) G v 27 (R HE 4
P AL TR EES TP A e A X R 22 RV G KPP e AR A R AR, B X IE&
L, 33 “SEANAE" L FITHRENFEAR, W 2aRiik X sean UEN T —HR %,
O AN L SE A A SRR, RO RMEN Z = \/n/no AN T ORGSR AL ES
Biihlmann 1 Bithlmann - Straub #A!, JHid MG LB AKX, Xo, ..., X, FRLEHE,
TES /MG IR ZE HE N N 258 n+ 1 IR PEAG v RS THBIR IS5, FHEAA 2K
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(L= Z22NE-C TP P I P =3 R =3 F4  5/S 4 €11 O £ B O Rt 9 AN 2| PP S i MY U -4
TEMRIR T A [5] A (2], A T AP IEAR DI A, BRI FRRNA .

6.2 BRRIEEHRE

JE AT FERSR (Hierarchical Credibility Model) #& H Jewell 7£ 1975 EHEH . 78 E—/~ i
Hh, JRATIRE BAE A LR Bl I T AR B AR Bk A R — AN RS2 T2 R A FE AR R ] A
K BT R RS R IFATEAE, SIS R B BT SEM Z R R, 4.1 AN TR YRR i
BAUX A RS . Fise b, OREG 2wl o) DUTTREANE 252800 (Budn kB B R8s, X
Tofrall: 55 F DR BB AN ) 22 R BEAT 1) 23 o o IR AR AR W LR AR B AT 1 AT 2 IR G4 1 DR
A A FER D REAT /00, Wt B R R R R LR . A, UL 2 A B SR I 7 22
DA AT SCOR B [RDBTE,  TRI A2 AR R ] TPt 2l 2 Bl s 3R

FHB— AW G BRI fE—MRIPALE T, BUREIR IR A 200 (class) HEAT &I
7 BANFONEE AR (contract)e X5 AEER PALHIBIL (ZEREIK Sijt/wiji)
WIbR i =1, 1 o, j =1, 0 BoRE G AFONMARERE, t=1,... ny A
) EE P AR o A3 AS LIRS B wijer RS BRI RS A 8. A 4.1 717, AT
T U B BATIX R R AR B, AR/, AR N =2 (B4 ¢ IR IR
SREAE R —2) . BA A BN & ®; F1 ©,; ARERAFISEHIFIA A K, BRI

¥ :
1. BENLASE @y, ..., &; JS7 S .
2. BENLAS R ©41, ..., 4y, AMMOT, 452 @0
3. BRI X0, ..., Xjn,, RHHOL, 45E ©; Al ©;5.
4. XTI tbu=1,..., 0,

[ zyt|®z]aq)] /_L@”,(I)

2(@ ¢’)

Cov(Xiji, Xiju) = {

SE ST RS SEL, R R A R

p = E[E[u(O5, ;)| P]] (6.2)
A IR 7 ZE I R
v = E[E[0*(04, ®;)|®;]] (6.3)
GrIRE T 2 (RN IT2):
= E[Var(u(©:j, ®;)|®;]] (6.4)
HH ) 7 72
b= Var[E[u(0;;, ®;)|®;]] (6.5)

A[LLEH, Bithlmann Al Bithlmann - Straub B 2 RAE B RG] (2808 1). &
AT H AR AR I S I R 856, AT BRG] AR RS DR 9 10(©5, @), AR T I 56 5 ZE Al T

38



w(®;) = E[(Oi5, @4)|s]o AETMEEITRZEEMIMEN R, Xh W (1 e U2 ME Al o504 -

ﬁ'ij = Zinijw + (1 — Zu)ﬁ'z (66)
T = 2iXisw + (1 — 21),& (67)
Ho 45 B 1A
- Wijx N
Zij = Wi + U/CL, Wijyx = Zwmt
Ziy :
Zi = 21'2‘7‘7‘1/[77 Ziy = Z Zij
A B2 -
Nij Wi J; 2
Xi jw — i Xz Xizw = Y Xi jw
! tz:; Wijx " jz:; zin

NED I w0, a,b RS I58E. EERBER p AT

I I
b= X0 :ZﬁXizw’ 5 :Zzi (6.8)
=1 = i=1
v kTR 0 R
1 I J; ng
0= T T; ZZ wzyt z]t z]u;)2 (69)

Dz Zj:l(nij i=1j=1t=1

H MG o b 775, KT SR R RS IE S L (1)
1) EARAE IR (iterative pseudo estimator).

I J;
- 1 -
A= ST 2o 2 K = Xz (6.10)
i=1\Y% i=1 j=1
! 2
B 71 1zw - zzw 2 .
I 2 Zz ) (6.11)
=1

SRS T AR S . 2 BT LA @ R b Bk g B o ATy 5 A 0 P 5 38 TR 5 B
p, vy a, b AT, TAEAS VI IR LS 5 R H A T . T R Pyl A B e R et ke T H e
i FHAEAR R S o S T

2) Bithlmann - Gisler {i7l'# (Bithlmann - Gisler estimator). #5tic:

7, J; 2
Wyisy
A =) wijn(Xijw — Xiww)® = (Ji = Do ¢ =wimg — wéz
. ]=1 ‘
I L 22
B = z; ZiZ(Xizw - Xzzw)2 - (I — 1)Cl d =y — 2; Z;Z;
i= =
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Xzzw =

1

. I I J;

i

; Xizw zZEZE ziEZE E Zij
i=1

=1 “3% i=1 j=1

HER E(A) =ca, E(B)=db, Kt Bithlmann - Gisler vl #&:

I
.1 A;
- B
b= max(g, 0) (6.13)

Bithlmann - Gisler fitH & 5 567E 0 A8, ARG PO, DI A Al v &
3) Ohlsson {li7l'f (Ohlsson estimator),

1
[ A,
a = LTI (6.14)
2 i1 Ci
., B
b, = — .1
; (6.15)

5 Bithlmann - Gisler JEEEZEAL, JUATE Ohlsson vl &4 3K -3 07 NSCH BG4 @’
O RTDON S, (AR SES TR E AE O ARARINT, PRI AN K T . Ohlsson AN
Biihlmann - Gisler fivh& EEAHMRL, FBE N TR RIEAETHEEIIERCR, Mtk T
BT AT S R

1E actuar 11 em BECCRFIX =R VEUG 2 RAG R, em /& credibility model (145
5, “HT em B TAET A R A Im AHARL, PRI em”, B 1R 5 75 3 B SCR RN
TIPS PN 4 Sy b A IXANA AR em &N 15 B AL R B, 2 #F Bithlmann,
Biihlmann - Straub, J2X{FEERIAIFI Hachemeister [R5 BERIABAY, A/NEFEAN 2857 =5
e BN B R,
REEE:

cm(formula, data, ratios, weights, subset,regformula = NULL, regdata,
adj.intercept = FALSE,method = c("Buhlmann-Gisler", "Ohlsson", "iterative"),

tol = sqrt(.Machine$double.eps), maxit = 100, echo = FALSE)
{EFRR:

1. formula $85€ JZXAEERAL, HATHINERLT Im P A XSV, HE A TR E K
At TR E S R T, B — AR S AR R (class), FEREA
Frh XX A3 AAFA A (contract), WHERA: RIRMIAFIIRZHAEH, 4 + RRA
R 4%, 840 A4 firmula="class-+class:contract .

2. data #5E PR PG AIBREE, AT DR s . By R RE R AL S AR, %
SRR RS B FRIBURAI X 50 AN KU XU B 280w (FTRE, - WEERAAS Biithlmann 4
R, DU AR AT USRI ) -

3. ratios F weights F&WIMFLEFE X, Blw; . weights AL,

4. BOWM ) HESATERL G, TEMA R LA, EAXSHATH data D AUEHIHHE
(data.frame) JE3.

5. regformula, regdata Fl adj.intercept J&fi S [FIHBFISHL, HAE T —/Nirikid.
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6. method & a, b WML, BRIAZ Buhlmann-Gisler ¥, X240 1 K, R
Bithlmann A1 Bithlmann - Straub I, =ik fh-45 B A0 .

7. tol $REBAMSIN AT, maxit F7E e KIEAREL  echo Fi7 €2 ki B AR, BRIA

FEAT o

f5)F:
562 Bihlmann - Straub B84, 7EIXHEATHKZ [5] Tl 20.34 H#11-.

> datl = data.frame(plyhder = c(1, 2), ratio.l = c(NA, 18000/100),

+ ratio.2 = c¢(10000/50, 21000/110), ratio.3 = c(13000/60, 17000/105),

+ weight.1 = c(NA, 100), weight.2 = c(50, 110), weight.3 = c(60,

+ 105))

> fitl = cm(~plyhder, datl, ratios = ratio.l:ratio.3, weights = weight.1:weight.3)
> fitl

Call:

cm(formula = ~plyhder, data = datl, ratios = ratio.l:ratio.3,

weights = weight.l:weight.3)
Structure Parameters Estimators
Collective premium: 191.7

Between plyhder variance: 380.9
Within plyhder variance: 17831

FRATTAT DOt AR R0 SR AT SR U 45 2R (summary), Tl (predict) S5E8RfF. Hth 45
REAH O EEIBCE BT A EER—E

> summary(fit1)

Call:
cm(formula = ~plyhder, data = datl, ratios = ratio.l:ratio.3,

weights = weight.1l:weight.3)
Structure Parameters Estimators
Collective premium: 191.7

Between plyhder variance: 380.9
Within plyhder variance: 17831

Detailed premiums

Level: plyhder
plyhder Indiv. mean Weight Cred. factor Cred. premium
1 209.1 110 0.7015 203.9
2 177.8 315 0.8706 179.6
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> predict(fit1)

1 2
203.9 179.6

WREHUS Biihlmann B8, AL @B, (B FKOR B AEOUE I B 2 A [F] o

> dat2 = data.frame(plyhder = c(1, 2), ratio.1 = c(10000/50, 18000/100),
+ ratio.2 = ¢(13000/60, 21000/110), ratio.3 = c¢(10200/52, 17000/105))
> fit2 = cm(~plyhder, dat2, ratios = ratio.l:ratio.3, method = "iterative")

> fit2

Call:

cm(formula = ~plyhder, data = dat2, ratios = ratio.l:ratio.3,

method

"iterative")
Structure Parameters Estimators
Collective premium: 190.9

Between plyhder variance: 300.0
Within plyhder variance: 166.8

NS JE O AE RS AY, B IRA IR simul B& BHEAT AL, ZR 8 5 B AR I AR A by
4.1 FAE, FURESHIEE BT DVERA, B wiy R [50,100] FI853 7304 .

set.seed(4)
wijt = runif(31, 80, 100)
nodes = list(class = 2, contract = c(4, 3), year = c(4, 4, 4,
4, 5, 5, 5))
mf = expression(class = rexp(l), contract = rgamma(class + 1,
1), year = rpois(weights * contract))
ms = expression(class = rnorm(2, sqrt(0.1)), contract = rnorm(class,

1), year = rlnorm(contract, 1))

v + VvV + VvV + Vv Vv V

pf = simpf(nodes = nodes, model.freq = mf, model.sev = ms, weights = wijt)
T Xije = Sije/wige, FHAEE

> ratio.mat = aggregate(pf, classification = FALSE, prefix = "ratio.")/weights(pf,
+ classification = FALSE)
> dat3 = cbind(weights(pf, prefix = "weight."), ratio.mat)

B YA BU

> fit3 = cm(~class + class:contract, data = dat3, ratio = ratio.year.l:ratio.year.5,

+ weights = weight.year.1:weight.year.5)
> summary(£fit3)
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Call:

cm(formula = ~class + class:contract, data =

weights = weight.year.1l:weight.year.5)

Structure Parameters Estimators

Collective premium: 23.3

Between class variance:

dat3, ratios = ratio.year.l:ratio.year.5,

Within class/Between contract variance: 213.2

Within contract variance:

Detailed premiums

Level: class

630.3

class Indiv. mean Weight Cred. factor Cred. premium

1 38.073 3.967 0.8792
2 7.941 2.981

Level: contract

0.8455

36.
10.

29
31

class contract Indiv. mean Weight Cred. factor Cred. premium

1 1 52.468
1 2 44.259
1 3 7.552
1 4 48.020
2 1 8.133
2 2 5.582
2 3 10.108

> predict(£fit3)

$class
[1] 36.29 10.31

$contract

343.
374.
361.
358.
479.
469.
458.

3

~N 01O O W o~

0

0
0
0
0
0
0

.9915
.9922
.9919
.9918
.9939
.9937
.9936

52.330
44.196
7.785
47.924
8.146
5.612
10.109

[1] 52.330 44.196 7.785 47.924 8.146 5.612 10.109

AT DL HEAN R 2 CHEA Tt 4 R T

> summary(fit3, levels = "class')
Call:
cm(formula = ~class + class:contract, data =

weights = weight.year.l:weight.year.5)

Structure Parameters Estimators
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Collective premium: 23.3

Between class variance: 391.3

Within class variance: 213.2
Detailed premiums

Level: class
class Indiv. mean Weight Cred. factor Cred. premium
1 38.073 3.967 0.8792 36.29
2 7.941 2.981 0.8455 10.31

> predict(fit3, levels = "contract")

$contract

[1] 52.330 44.196 7.785 47.924 8.146 5.612 10.109

6.3 [SE[EFIEE

7t Biihlmann - Straub #At, FFERE A ERUREHE 2 FEam, WA EEs, il
B S ILR SRR, M4 Bithlmann - Straub BUSHLA G504 5 (0 RI. HESE0D
Hachemeister iy 2| T X PhiE o0, AAREL 0 58 [ 25 M 26— 07 ST B AR Ak — 4 10 1 3 IR A 40
B, Tl G K, S AT A S g FA, A Bithlmann - Straub i
PIFRAPERGR (B(X,;10;) KT 5 57) 3] TR . Hachemeister 73 1975 F R KM 4 L
TR R ARG INAE BERER rh, MTTAR L i e 13X A™ i i

TN — TR CE P s . xRS 7RI 5 AN 1970 4 7 T F]
1973 4F 6 J14L 12 AR NN 28 =7 SAR R B R B . Bl B3 54T 25 41, RHATAE
=AML 1 BN MIIRREE, B 2 2 13 BN AR T R AL, 5 14 & 25
FIR X N S . Ry AR I o v A R o -

> data(hachemeister)

> hachemeister

state ratio.l ratio.2 ratio.3 ratio.4 ratio.5 ratio.6 ratio.7 ratio.8

[1,] 1 1738 1642 1794 2051 2079 2234 2032 2035

[2,] 2 1364 1408 1597 1444 1342 1675 1470 1448

[3,] 3 1759 1685 1479 1763 1674 2103 1502 1622

[4,] 4 1223 1146 1010 1257 1426 1532 1953 1123

(5,] 5 1456 1499 1609 1741 1482 1572 1606 1735
ratio.9 ratio.10 ratio.11l ratio.12 weight.1l weight.2 weight.3 weight.4

[1,] 2115 2262 2267 2517 7861 9251 8706 8575

[2,] 1464 1831 1612 1471 1622 1742 1523 1515

[3,] 1828 2155 2233 2059 1147 1357 1329 1204

4,1 1343 1243 1762 1306 407 396 348 341

(5,1 1607 1573 1613 1690 2902 3172 3046 3068
weight.5 weight.6 weight.7 weight.8 weight.9 weight.10 weight.11 weight.12

[1,] 7917 8263 9456 8003 7365 7832 7849 9077
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[2,] 1622 1602 1964 1515 1527 1748 1654 1861

[3,] 998 1077 1277 1218 896 1003 1108 1121
[4,] 315 328 352 331 287 384 321 342
(5,1 2693 2910 3275 2697 2663 3017 3242 3425

I3 A S AN PHAE A5 10 XU B O P A DR 2 T 1o T AR HE A8 H R U B
BAFAEA BB W25, 55— U A7 A 8 25 T AR DY AN, 1y HLA5 M A 2 £ 2t A7
AT E I BT S DI A AR SRR A S IER . A AR AL 2
F B8 9% TN TR) HEAT [ 4R B A S . 3 R N R B 5% T InF IR AR [l R L, e iR 2 A
HIEFEBIIHATIRNMI Z S, i TR MR B A F N, DI [Pl E R A a5 B AT
A% IRBATAT LR 4 SR A S — e P L2k, AR B i B AT PRAUEH A AN RE A4
PSRRI 22 5 o ARG AR L AR 10 AR, JRATTRT LUK IR AR BEAT AL, I8 il FL A+ B
R YT

Weights Loss Ratio
o
1 =]
/1\1 /\ 1 "
—1 /
o
S 1 Nyt 1 1—1
o \1/
8
o
S 4 &
[7) © 2
= ]
k=3 g
[
s g | 8
(=]
~ o
o
n
-
o
8 _2. 5
& | 2-- §§22 277 g 2---2-"
3 333 Segl.g33 .
R T L' 4-mg- g S | e
o — o
T T T T T T A T T T T T T
2 4 6 8 10 12 2 4 6 8 10 12

BAEBAMNERBINFERAR, e BE T ARKRERALS, 2 X = (X, ..., Xin)
AR AN RS AR R ), A W= (Wit - - win) AR RCGE ] . HLUI7E Hachemeister
Hllnrh, X, ARERE  MNIIIRATE,  w, AR« MRS

WAL 0, MREE i MNFIREEAT, KT EAELE 0, AT, AR RE:

X=YB+e (6.16)
Hor Yy B S5t RTIRAAFE RS, BT 0, MBENHE, Hik B8 HARHLAL
N, £XT 0 MMHLERE, AGiclE B(0;). A EA W Miik:
L 4E ©;, Xy &Mer, H
E(X;|0i) =YiB(0;) (6.17)
a°(0;)

Wi 5

2. BENLIIE (01,X1),...,(05,X,) HEMS, H O,...,0; M.
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FR S A, M5 (6.18) R LASS B E s (1 W g 22 RE -
COV()(Z'7 X1/|@z) = 0’2(@1')W;1, Wl = diag(wil, ey wm)

YRR, IR0 X, = (1,...,1) B,

E(Xi|0:) =] ¢ [w®:)
1

i, 5B RERE Y B 4k 4 Bithlmann - Straub 15 JEAEY
MAEARZRE T, MLIR Ty EHEE, H:

E(Xi;10:) = Bo(©:) + B1(O:) - j

HRAFER, 1

1
E(X;0;) = 12 <§TES;>
1 n

W b Ag v, FAERIB(0,) HIME AT
B(0,) =AB;+(1-A)3

o,
A, =T(T+ (Y, V;'y,) H)™

R B .
B, = (Y, VY)YV,

& X, Mgt mitit
V; = E[Cov(X;, X;[0;)]

FEAL A BT ZE AR (K32

T = Cov(B(0:), 8(6:)")
SEANMRIENE R 7 228 (LI 7 2256 R ) o
B = E[B(6;)]

RBAPINRL CRERE).

(6.19)

(6.20)

(6.21)

(6.22)

(6.23)

ERE ecm 1, regformula, regdata 1 adj.intercept = A~ZF i HilME B AR, reg-

formula i} 77 ¥ 6 2 41 formula; regdata 5 7€ [Pl V3 W) 1% T 55 FF, {H 206 200 2

adj.intercept WHE[R VAR, FARYHE IWLE]1
-
DUFE D BZ8 &, $#14 Hachemeister Z03% o
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> fit4 = cm(~state, hachemeister, regformula = ~time, regdata = data.frame(time = 1:12),

+ ratios = ratio.l:ratio.12, weights = weight.l:weight.12)

A LOGH B 25 AT summary, predict S544E, (HEHN B2 S50 . 45 3k 01 3,
T, o2 B;, A; X B(0;) Bl

> summary(fit4, newdata = data.frame(time = 13))

Call:
cm(formula = ~state, data = hachemeister, ratios = ratio.l:ratio.12,
weights = weight.l:weight.12, regformula = ~time, regdata = data.frame(time = 1:12))

Structure Parameters Estimators

Collective premium: 1469 32.05

Between state variance: 24154 2700.0

2700 301.8
Within state variance: 49870187

Detailed premiums

Level: state

state Indiv. coef. Credibility matrix Adj. coef. Cred. premium

1 1658.47 0.54944 3.97190 1693.52 2437
62.39 0.06142 0.44398 57.17

2 1398.30 0.53096 3.91217 1373.03 1651
17.14 0.05935 0.43731 21.35

3 1533.00 0.53173 3.76959 1545 .36 2073
43.31 0.05944 0.42137 40.61

4 1176.70 0.47836 3.42117 1314.55 1507
27.81 0.05347 0.38242 14.81

5 1521.90 0.53897 3.96533 1417 .41 1759
11.87 0.06025 0.44325 26.31

LAER 4 ASINEIEEE 001, 73 R R AMRIEIA L, SRS Hn a2k,  LURAR BE AU i Bl )
Zeo * AR ERUFERDE.

> pdf("pic15.pdf", height = 6, width = 6)

> matplot(dat.regl[, 9], type = "b", main = "Before Adjustment",

+ pch = "4", col = 4, 1ty = 4, ylab = "loss ratio", xlim = c(1,
+ 13))

> abline(coef = fitd4$means$statel, 4], xlim = c(1, 12), col = 4,

+ 1ty = 4)

> abline(coef = fit4$means$portfolio, lwd = 2)

> fit.pred = predict(fit4, newdata = data.frame(time = 1:13))

> lines(1:12, fit.pred[1:12, 4], col = 2)
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> points (13, fit.pred[13, 4], col = 2, pch = 8)
> legend (9.2, 1200, legend = c("collective", "individual", "credibility"),
+ 1ty = c(1, 4, 1), 1lwd = c(2, 1, 1), col = c(1, 4, 2))

Before Adjustment

4

1800

1600

loss ratio

1400

1200

T4 Y — collective
' -----individual
o — credibility
S 4
o
= T T T T T T
2 4 6 8 10 12

RUR L, A5 BN ZAE S JLARAR TAMARNH L, Bt B, MARIHZ B KT 1,
Dyt G B ARG DL, RTRLRE DS o Bl JsUsi el 0 A0 HEHG

n W
._Z. i
JO_ ] I

° Wy

Jj=1

Mtk G L BT oL, BARKIIERIE 21 [2].
PR e, BRI R B S B SO, (ER LT 204 55 3

> fits = cm(~state, hachemeister, regformula = ~time, adj.intercept = TRUE,
+ regdata = data.frame(time = 1:12), ratios = ratio.l:ratio.12,

+ weights = weight.1:weight.12)

> fitb

Call:

cm(formula = ~state, data = hachemeister, ratios = ratio.l:ratio.12,
weights = weight.1l:weight.12, regformula = ~time, regdata = data.frame(time

adj.intercept = TRUE)
Structure Parameters Estimators
Collective premium: -1675 117.1
Between state variance: 93783 0

0 8046
Within state variance: 49870187

ER (B EVE i

48



+ V. VvV VvV vV VvV + V + + Vv V

pdf ("pic16.pdf", height = 6, width = 6)

matplot(dat.regl[, 9], type = "b", main = "After Adjustment",
pch = "4", col = 4, 1ty = 4, ylab = "loss ratio", xlim = c(1,

13))

abline(coef = fit4$means$statel, 4], xlim = c(1, 12), col = 4,
Ity = 4)

abline(coef = fit4$means$portfolio, lwd = 2)

fit.pred = predict(fit5, newdata = data.frame(time = 1:13))

lines(1:12, fit.pred[1:12, 4], col = 2)

points(13, fit.pred[13, 4], col = 2, pch = 8)

legend (9.2, 1200, legend = c("collective", "individual", "credibility"),
1ty = c(1, 4, 1), lwd = c(2, 1, 1), col = c(1, 4, 2))

After Adjustment
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