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1 Question 4: \? goodness-of-fit test on hospital claims

1. AN 7 EXCEL fi#ff, nlild BA R 2 TP . [h#d

1.1 s

A sample of 90 hospital claims of X is observed where = 5010 and s? = 49,100, 100. Table 1
(of grouped data) was constructed in order to test the goodness-of-fit of:
1. an exponential model for X, and
2. a Pareto model for X (using the method of moments).
Complete the table and perform the appropriate x? goodness-of-fit tests. Comment on the adequacy of

fit.

#¢ 1: Hospital claims data

Interval 0;(Obs) | E;(Exp) | F; (Pareto-MM)

1 0~ 528 14
2 528 ~ 1,118 17
3 1,118 ~ 1,787

4 | 1,787 ~ 2,559 8
5 | 2,559 ~ 3,473 7
6 | 3,473 ~ 4,591 12
7 4,591 ~ 6,032 7
8 | 6,032 ~ 8,063 4
9 | 8,063 ~ 11,536 5
10 | 11,536 ~ o0 7

PR, A
- l _ 1
z 5010
E;=nb; =n [e*)‘ci — e*)‘cl‘“}
X Pareto 43111, £t

252

K EXACAA R, A58 X[ A BRI £, THRSPRATT SRR
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4 20 A5 X[ N AR E A5 Pareto )1 B R IS 5L P R I KL

Interval 0;(Obs) | E;(Exp) | E; (Pareto-MM)
0~ 528 14 9.0023 11.5347
528 ~ 1118 17 8.9984 10.7949
1118 ~ 1787 9 9.0000 10.0973
1787 ~ 2559 8 8.9967 9.4297
2559 ~ 3473 7 9.0055 8.8109
3473 ~ 4591 12 8.9998 8.2186
4591 ~ 6032 7 8.9978 7.6823
6032 ~ 8063 4 8.9985 7.2302
8063 ~ 11536 5 9.0011 6.9730
11536 ~ +o0 7 8.9999 9.2284

W X Giit A
E

Xer = _(0i — E)? /E;
1

FEEMN X Giit Rl 16.89 (P{E4 0.0313, 437k x2(8)), Pareto 431 x* it &N
9.1418 (P {5 0.2426, 437k x*(7)). M P ERF, FEEME PAEIER /N, (04 3%, X
WREFEH LAY 5%, 10% AT T, RS, 5 O R A R 5
X T Pareto 43138, H P EARK, TEH MR EMAKT F ARSI, FIL Pareto 431 2%
A0 @ 1Y e

13 235 bedfi SHESCPEOY

¢ 3: Question 4 250 kRifE (3£ 15 4))
Rk A
fhTHEEUF S5
i1t Pareto 431 S 4K
RPN B
TR X et i
IR0 JEU R B 1 S A ROR

Q| o |

A, ER T A B BEDRS i B TR AN 43 o i A B T A

* BH K complete the table , {FI&F4x Rl A IEEAMEIH L, AU B WE, FiLt
ARE] T B B 4455

« BIH B3R comment on the adequacy of fit, 5 R HSE x* Gt &), WA TEFRS A X
BRMMARER, HITREAE Bl e i il amer” w3 45



« WEIFASTEGBEGN x° 5010 A d B, 3R FAFM P IRAS 56 |, HlEN d =
k—1—r, M r CRAESHE . B A BN k-1, PO S Bb i
AL A RERF

o WP FEA RS IRAUA AT, AR MRS, B I B BKT . B
BEAE KPRl B, X A B IR A .

o FRAIIEAERA  FREOH A X7 GO BT Pareto 4311 X Geit i, I LASRELSM ¥ 0L
BRCRAYE, BORAEM B BB GEH R RA x® 431 B R, 4t
TR/ NAREASEHE . 0 Ry 2R 2 U ST T X B2 P-value . iB8A 77>
A “AFE 5% P EAGBE TR ks, X B =2 T AR 7)o

2 Question 9: \? goodness-of-fit test on home insurance policies

1E. AHHIVE T EXCEL g, il &F S o TR 2. [Tk

2.1 s

The following claim data set of 40 values was collected from a portfolio of home insurance policies,

where r = 272.675 and s = 461.1389.

10 11 15 22 28 30 32 36 38 48 51
55 56 68 68 85 87 94 103 104 105 106
109 119 121 137 178 181 226 287 310 321 354
393 438 591 1045 1210 1212 2423

It is decided to fit a Pareto distribution X ~ Pareto(c, \) to the data using the method of moments.
Find these estimates, and use them to perform a x? goodness-of-fit for this distribution by completing

Table 4.

%< 4: Interval data on 40 home insurance claims

Interval Observed | Expected
0,42.594 * 8
42.594,102.270 * 8
102.270,196.444 * *
196.444, 322.336 * *
322.336, +o0 * *
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X} F Pareto 431, A
252 <
& = % =3.0752, A = (& — 1) = 565.8668

s2—z

Ei:néi:n A)\ — | = A
A+c A+ civ1

B EAACAR K], ATA320 X[ A BRI £, HHREPRATT R PR

A 51 4% DX JE] N SE PR R AR SR PR R A

Interval Observed | Expected
0,42.594 9 8
42.594,102.270 9 8
102.270,196.444 10 8
196.444, 322.336 4 6
322.336, +00 8 10

W X geit it
E
Xer = _(0i — E))? /E;

1

BT R 1.8154 (P{E 04035, 431K x*(2)). 1 1%, 5% Hl 10% e =R AL
%6 )5 AR, Pareto 73114 T I AR R A L BT L BT«

2.3 @ bedE bSO

¢ 6: Question 9 40 brifE (315 43)
KA R IHE
i1t Pareto 43144 4
W E; 58 ik 4
HWH x* gt & 4
AT R ST P | 3

AR, T R T AGE B RS 5 L 1 RN 4103 S 2 B A

o B HZORMUIRBG S, (R RZ FFAER L P St S A RS T, RIS <t
TR H PAE” /Y 3 70

o REXT BHRENEELAENT], REFEFICEMBIERT x* /370 B mE, R
FIBERASE S6 T, HIMERN d=Fk—1—r, Hor REEFMESERIANEL (Pareto 731 Fr
HSEAPA) .



3  Question 14 (Programming): Sampling from Weibull Distribution

. AEHEVET RFIACHS (Rmarkdown), [Rl2AT1AT 2285507, [ R4k

31 gl

If X ~ W(c,), then determine the form of F'y, ! Use this to write R code for generating a random
sample of 300 observations from a W (0.04,2) distribution. Run the code and compare your sample

mean and variance with the theoretical values.

32 BHEERGIM R (INFsts, W FBunpitsg)
321 Fyl s

1
xNW(cay)vmuFX(l‘):l e’ /7\U_FX(J")Nu(oul)a[ﬂul':F)zl(u): [—M}’Yo

SRR E A, fER, Fx(x) BIERY @ TR0 s, i Fy'(v) MRS
4 PP ERBITE LT, o NE . FE TR F'(u) BT, TAOTA T —Fhls i A
A BERLER Y s (56 40 1 ) -
L BEHVAE A w, w W2 [0, 1] FRYI 21501
2. M Ft(uw) #0H0 @, BIA]AE R Weibull BEHLEL.

3.2.2 Byl =i

H #5640 T, Weibull 28 & (1) & B4R -
i k
B = gt (1+1) n
4—%/\6200477_27 ’T‘-E}‘
1 1 1. (1
B(X) = 5T (1 + 2) =550 (2> = 2.5/ ~ 4.431135

1 2
Var(X) = B(X?) — [E(X)]? = i (1 + 2) — 4.431135% ~ 5.365046

WA PAEHMH R IEF A

# EH gamma T E L F A

weibull_mean <-1/c”(1/gamma_weibull)*gamma(1+1/gamma_weibull)
weibull_second_moment <-1/c”(2/gamma_weibull)*gamma(1+2/gamma_weibull)
weibull _variance <- weibull_second_moment - weibull_mean~™2

weibull _mean

## [1] 4.431135
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weibull_variance
## [1] 5.365046

3.2.3  Weibull Bfi LA 21 ik

# REMNEMT, FREATUNEIA

set.seed(19991201)

# RELHSH

c <- 0.04

gamma_weibull <- 2

# (LA AT E R Weibull ALK

weibull_sample <- (-(log(1l-runif(300))/c)) (1/gamma_weibull)
# EEEARJEIEART £

mean(weibull_sample)
## [1] 4.251381
var (weibull_sample)

## [1] 5.310349

A BRI A T 22 R BE (O, (B —E 22 (S HERARDE RFANIR 4
—B, HNBEHUER A 25 ) .

3.3 b SHLSCGEGY

3 7: Question 14 2543 hrifE (3L 15 %)
RAr I Gz
RS Fx' 5
R RS IS & 5
) R 15T AL L Weibull BENLEL | 5

RO R A IR E B2y, FERRA

« WU H , WRESLEHREFEE -G 20N, REFFRAGL P aS R

o JEAT 45 T Fx (x) NRBPUMTREL 21— Fx(2);

o ALEESAAEACD AL A o X SR (i 275 E S i Weibull BENLECE O, T2
EAEA rweibull sV MBELEL. (HRFAEA LB, R B Weibull 7311 5E SCHI
B RAFN? FIARZ RS AT AU R (O FR, PRS2
TRAM T AT A B TR AL e, TS H AR EREA6.2.175
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# REMNEMT, ERETULIA

set.seed(2120223132)

# RN SR

c <- 0.04

gamma_weibull <- 2

#XHh REFTFHEH

shape <- gamma_weibull # shape % 2

scale <- c”(-1/gamma_weibull) # scale # &

weibull_sample <- rweibull(300, shape = shape, scale = scale)
# BEMAREMEAY Z

mean(weibull_sample)
## [1] 4.417005
var (weibull_sample)

## [1] 5.116821

4 Question 17: Parameter estimation and claim inflation in lognormal

distribution

k. A% T AP FBOES11 R BV R LR R Bs2 8 (Rmarkdown) , - [F]27] Al 2%
wisfr. [F#

4.1 i

Suppose that X has a lognormal distribution with parameters z and o2,

(a) Show that the ML estimators of these parameters based on a random sample of size n take the

form:
12
i= Yiloga o 2oy llogwi — )
n n
(b) A sample of 30 claims from a lognormal distribution gave
30 30

> logw; =172.5and » _ (loga;)® = 996.675.
1 1

Using the method of maximum likelihood, estimate the mean size of a claim, and the proportion of
claims which exceed 400 .

(c) Let W = kX where k£ > 0. Show that W is also lognormal and determine its parameters.
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4.2.1 a: PRWLRE:AL T Lognormal 115354

XA ROE S A AL A L, FCAR 54 B R A A2 -

fx(x) = [\/21?0

&

e—(logw—,u) /202 1

()
Ty n)a m”fu%‘?l%lﬁ L(M,O’2) y\jl

= 1 27952 1
L(%,IM 2) = Hle(xZ) = H 76_(10g$i_ﬂ) /20 :| L
=1 i=1 V270 Zi

5

Y n. —n | o= iy (logzi—p)?/20° =
< 27’[’) 7 sz

=1
FERISRRECBOEL, 155 1, 0%):

l(4; 1, 0%) = nlog (\/12—7) —nlogo — Lz l(logajz Zlogml
XPBUSRBREL (5 1, o) R o KA 5005

ol 1 <

T ;(—1) -2(logz; — p) =0
%féﬁ%

Zlogzifnp:()

i=1
L i
= Zz1n0g55
B RFATK 62, ua{f B, KRN o? BACKS, AR o KT A TR ERE
WIERE, Ridt =o?, KBTI AR R ECA -

Hai; i, t) = nlog (\/12?) ~ nlog Vi — 2= 1(1°g”“" - Zlogxl
XTRACIER RA U, £) X & SRAy 3R A
o n Y (ogw — )’

— =0
ot 2t 2t2
AEES
f—62= Z?:1(10g Ti— /1)2
n

4.2.2 b: BKMIARILEA T Lognormal S84 i 5 6l

R R A, Wil AT RS H A

logz;  172.
jo iz log® 1725 oo
n 30




52 = Z?:l(log Ty — ﬂ)Q
n

Soiy |(loga)? — 2filog @ + fi®

n

_ i1 (log xz’)Q _ 21&2?21 log z; + a2
- 2 "
_ >ici (:)gxi) _ a2
~996.675
30
BT EE 47 TR T RS S B IeiE, WadlAs & X - F5Eh -
E(X) = ett27" = 340.3587
X ~ Lognormal (i, c?), B4 log(X) ~ Normal(u,c?), XEERERTDAGE I FRA TR IE A
SRR T . EECRT 400 FREE AT B R AR
Pr(X > 400) = Pr(log X > log400)
log 400 — 5.75
—1-0 <M
Hor @ () 2 brtfEIES 711 i B A1 R L
SRR AT A UM T S, R A AT AR ] -
L HIERREER, HHIESKEEEZ SOA il P IES KR [ M4, &1 ©(0.60) =
0.7257;
2. EXCEL, fFEEBEICHENE T : =1-NORM.S.DIST((LN(400)-5.75)/SQRT(0.16),TRUE), =]
15458 0.273034;
3. R, FHAZ T =i A P AR T, AR E RN EOES Y R K4, B
M D EOES S IESZ M X RS HE R, G 0.2730344, [F41]

—5.75%2 = 0.16

) =1—®(0.60366) = 0.273034

plnorm(400, meanlog = 5.75, sdlog = 0.4, lower.tail = FALSE)
1 - pnorm(log(400) ,mean = 5.75, sd = 0.4)
1 - pnorm((log(400)-5.75)/0.4)

## [1] 0.2730344

423 ¢ WHUENK TR BOEES i

AR, SR DA A X B4
Fy (w) = Pr(W < w) = Pr(kX < w) = Pr (X < %) = Fy (%) ()

10
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B w sk, 15
ﬁywoz[FX(Z)y::;{U_;:QWJJ%QQu]}

k
1 _ (ogw—logk—p)?
= e 202
woy/ 27

FrPA, W ~ Lognormal (logk: + i, 02) .
FL b, AIAARHX AR FATAT AE )X P HERTH W rg 28, M E—/
R FATINIE , XPBOEZS 711 BENLAS & A R A1 s O -

1 _
Fx(x)=® <Oga;,u> (+%)
H )RR,
Fy(w) = Fx (%) = (bg;ka_”> - Fng - (;ng + 1)

Lt = p+logk, RUEFH W ~ Lognormal (p*,0?).
4.3 ok SRS

%% 8: Question 17 2340 FRME (3L 20 43)

N KA, 4ME

IEHAE ISR B AL 2
NRTERDOE e 2

a (J£1045) \
IERfl p 3
IERfl o 3
B p AT 1
2 o G TTHE 2

b (46 4)) —

PTG SR A LA B R 3 1
AT 400 k% 2
W R 1
c (Ft44y) | VHE W BB R A BT W B | 2
Bk W R B 1

A1 A RS A B R RO AR, LR 3 T DA RO

o . KCHS R T WU R, R R A2

o B, B NEKE “Show”, FERURM KGN, A SRS R R
FHH KL

o BEFZAENIMIRAE TN 0 Sk FTRE 02 RS, TR HARFE Ry (A2 o
BB, RRSEOE T AR S

11



5 Question 18: Maximum likelihood estimation and interval estimation

under reinsurance

51 L

On a particular class of policy, claim amounts coming into Surco Ltd. follow an exponential distri-
bution with unknown parameter A. A reinsurance arrangement has been made by Surco so that a reinsurer
will handle the excess of any claim above $10,000. Over the past year, 80 claims have been made and
68 of these claims were for amounts below $10, 000; these 68 in aggregate value amounted to $220, 000.
The other 12 claims exceeded $10, 000.

(a) Let X; represent the amount of the i claim from the 68 claims beneath $10,000. Show that

the log-likelihood function is
68

((A) = 68log A — A > a; — 120,000
i=1
Hence find ) and calculate an approximate 95% confidence interval for \.
(b) Let Z denote the cost to the reinsurer of any claim X, and hence X = Y + Z. Determine an
expression for F(Z) in terms of \. Estimate F(Z) using maximum likelihood.
(c) Next year, claim amounts are expected to increase in size by an inflationary figure of 5%. Suppose
that the excess of loss reinsurance level remains at $10,000. Let Z* represent the cost to the reinsurer

of a typical claim next year. Estimate F (Z*). Using your answer in (18a) or otherwise, derive a 95%

confidence interval for £ (Z*).

52 BEER
521 EH2NCAEV 27

SRBRARS TN, R AR . SRR DA RS R RS, tin e
W AT S A A7, LRI T30 2.5 S9RFTAT AR, R R A A H B e
2, A KR

B R ATE T TR, FEREHORIT 10000 264, RO B T AR R
P UL, (R IR — MBS FURAE 10000 34r, XTI 10000 %4211
W, (RIS LVAAT I 10000 47 MR, BURBIRRE A, BAEAL
THE. BUfE—SE4 80 M, ot 68 A% 10000 4, SHLH 2200005 FF 12 A T
10000 4.

TR, 23 2 B RO IL T VRIS T 36N, (R R I T A
VIR Z b, HAREE KT T AR (AR 10000 3545) . (K 2 I KA
Lot LRI, AR R R A TERIHE R 52 4 (Complete Data), THHFH %k
Helie” (Censored Data) . M HHRAUH A BUR R S 52 MBS AR T, KRS % Sk 63
i

12



VR, PRI A EE S B FME O, AT BESE AN HE /N T HAMAE R R A . X2 R
WA 25X S BURE? X AR XA 28087 36 AT PR K B0
522 a (1): MREMBRMIRM T
B fx(z) = Ae ™, MUK RECHK -
68
L) = (H in(xi)) - (Fx(10000)) "
i=1

FIARUR R A SRR B . AR /N SR T E RhE, A 68 /T 10000, K
se4 T X LBARMBUIE, 725 PR R BU It RBURR & A 750 FITH Y 12
AEAERT 10000, FRATEHFIEE AT 10000, A FFEIMNESERTEZ /D, XNE
Fx (10000) U FR AR R L

B, 15
68
Has M) = log fx, (2:) + 12log Fx (10000)
=1
68
= Z log <)\ef)“f“> + 12 log e~ 100002
=1
68
= 68log A — A > a; — 120000
i=1

Xt AR, 15

ol 68 &
7:7—25@—120000:0
oA A =

BB\ = 0.0002,

523 a (2): BCRMSAL VYRR S5 X R4S

FEIA N KA, AT AT X BRI R 20T . KEAER s
BOHGET, & E2gad Fisher (5 BARME. B LA R%OEEH T, REEXEHHERENE T, K
AT ATF S %50k 324 TSR B4, g RMFR. ERSHNMGT, 4 0 ISHIHTHE,
0 WSHEME, n AR, WA

O~N (6, 1(10)) 3)
o, 27 FOR SRR, YRBEARM IS, XA R . 1(0) /2 Fisher {5

cill

VN IR FEO ) SRR GO LR, T G T AARY Fisher {5 . HHEOH 324 T A RS [H 4y
TR SEREE , PRI R AR ) Fisher 45 BB R BRASULN £ Fisher {5 EIRLA no PIEERI I, REAFX B EGH)H
e,

PAAT 80 AMREAR, BT, BTRART RARCOE R .

SR KRR VTR TO I IS . MR LR VT B Wty 25 0 BT T AT P R/ N, AR B T e K- R R
(Crdmer-Rao lower bound ) . X4~ F A §# 2 — Calyampudi Radhakrishna Rao - 2023 4 8 H 22 H i, fhpy—
ARt RS 100 4F, [Calyampudi Radhakrishna Rao /7]

13
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—f% K, Fisher {5 B AWM R FER:

I10)=FE [aé; log L(x; 9)} : = { 68 922 log L(x; 0)} 4)

Hor, x FORMMEE B R, L(x;0) ZRUIRREL BOTREA XA 2R R %L
AL 4), FATRIDAFEE WA 75 2T B Fisher {5 E’Jﬁ%}%fio*ﬁ’i?ﬁ%,&ﬁ]—téﬂﬁtﬂﬂ

6892 log L(x; 0)} e Fisher (£ 8., AN E [60 log L(x; 9)} H) R — A R HE R

Fell, BAERNTZHENBUA REBOCT SRR SEL, KIS, n— s mt 1(0).
ZHCEREE TSR DD, ALK

[ 92
I(\)=-F BY 5 log L(x; )\)}
[ 52 68
=-E Es <68log)\ )\;xz — 120000)\>]
[ 68] 68
i A = 0.0002 JAfiit Fisher {58, WA I(\) = 1.7 x 107, fLARQG), 5
5 1
AN\, ——) = N()\, 5.8824 x 10719
AN, I(A)) (A, 5.8824 x 10710)

FrbA, A BIXEME A <:\ — Zo.ors X /5.8824 x 10~10, X\ + Zy 975 X \/m) H
W, Zo.ors b EIES AR 97.5% i, BUE EZk 1.96.

BRt, A 95% X [E)4k11-4(0.000152463, 0.000247537)

A FR2ERELE, WA SRATHGHE TS HN, BRMAEA 2250510, Fisher {55 2748 i
raENR? B 5 — MK WENME AN SHEAT (A0 Gamma 434), 433124 61 Al
0o, Fisher {5 BplE—1> 2*2 E’J?E@'

_E [89 - logL(x 91,92)} _E [392 logL(X 91,92)}
st Fisher {5 BURMER, SEIHE 01 R 0, (b 220601 . 0, 1 O HOWFIERG &40 2 —
YEIESA

91 . 91 -1
(2)= ()

KA B R ATA SR I -

)

Two dimensional Normal Distribution

M

P 1 — A 4IRS R EIR GRERZITRRUE LB

VEREEI TUG? MR PR T, 0 102 HI0 Fisher (EELIOBIRC, BRI —4ENBL Py sk
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BAE, IREISEERRT 44 THAYHES TIS?

524 b: SHORERNTOL PR HHRES SUERAL T

My X =Y +2, Rk E(X) = B(Y) + B(Z). T8 62 THISFIRT , (Rt
‘{J%‘F7 ﬁ:
B(Y)=(1- ) Q
RO

E(Z) = E(X) — B(Y) = !

(1 _ e—)\M) _ 7€—>\M

>l =
>l =

A M = 10000, A = 0.0002, f8E(Z) = 676.676,
B(Z) TR 2O RO, BT, KRR DA
AT NS S B SO, T T e
+oo
B(Z)=0-Fx(M) + [ (o= M)fx(e)da
M

+o00
~ [ - nix@s
M

+oo
:/0 yfx(y+M)dy ------ (Yy=x—M)
PGB AT RS R RN )
+o0
E(Z) = / y - Ae AuHM) gy
0

+o0
= e_)‘M/ yhe Mdy
0

+o00
= _e)\M/ yd (efAy)
0
+oo
= (ye‘*y\(f T / e‘*ydy> ------ (5B
0

efAM

1 1
—AM —Ay | +oo
= —€ |:(0_0)+>\€ y‘o :| :X

525 c: @HUBIK FRHIRE ST
PO 65 TC &S THaE 1 F AR AW B B 5T E(Y™):
00 k
E(Y") =k [E(X) - /0 y)\e_)‘(erM/k)dy} == [1 - e—AM/ﬂ
Hop ki se igiks.
A X = kX sk e aER, FIH E(X) = E(Y")+ E(ZY), W:
E(Z*) = BE(X*) — E(Y*)
_ k “AM/k
_k:E(X)—X[l—e }
_ gefAM/k
IARSEE W] DA R 2, R S 6.2 1 L O YE AT E S AR A R = 1.05, A =
0.0002, F[{EE(Z*) = 781.50,
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FAS.2.3 B8] A X a1 (0.000152463,0.000247537), W[5 E(Z*) ) 95% {5 EEIX

A4 (401.5152, 1612.1923).

5.3 @y bedE S HbECE Y

2 9: Question 18 2543 i

/NG R s

LR 2

5 O 2

s 104 R i A §

44 Fisher {5 K 2

EFHEATIR A 2

b (354 ERTH E(2) >
EH# B(Z7)

© U8 M Bz mEmmit | 2

KT S A AR L E B B, AT IR 10 43, R 2 )i -

s Jei. (a) BAYREK “Show” , LS A R AR IXAN X EIUAR bR B5CR A4 KX A
T, MAGIERFEEERMM . HA MR R BOPIAIE T 465 10 A5 BE IR, A RERY
“Show”, Ak, (a) I (c) ZERKFEGH 95% BEXIE, REF2=EREET .

o WHEZMH RPN g, BATESRIMEE M 7. BbEE 62 AN 65 TH 4518
AIPAEEERM (b) I (c), ARZRE¥EHACHS, HET. KETAHEE .

o XA EARY . FEXM TS, REEE 2= R e i, Wk R
BT )

lim Pr <)§7\/; < a) = ®(a) )

TR, FATRBIRA BRI A 1, A RO RS TRAE (&

GEA Y, RN IR ERR () , P 2 /_\/% WWHE R EZS RN .
JIT AIEAN EAR X AN BB 1 (X - 1.96%, A+ 1.96\%) o MKAUSRAL T 1) 7 25 8 1% fifF
M Fisher {5 BAEREKAT, RES%5.2.375,

16



6 Question 22 (Programming): K-S test on dataset Theft

T AR TR, W EEA TR . [FE]
A T /R BIAED (Rmarkdown) , FRECEHURAEMM. [HEK]
6.1 J5isi

Use Kolmogorov—Smirnoff tests to test fitness of the Weibull (ML and M%) and lognormal distri-
butions to the Theft claim data.

6.2 ZEHEZFRGMNEER (INFiEer, W FERBIERRFIEY)
6.2.1 M1A%] R fCi%: Reparametrization

AT K-S I UL #E,  EESA RN, thaS8diitiirESES, |
AT RES K BE: 45 EICsRAY Weibull 73411 R AR FHLIESRAY Weibull 731 MR 4% 2 b

HOR—#E
PAT 2 45 b B R B B
fx (@) = cyp' e ©)
T2 RIEY pweibull WEFH B FIOMERE R, Hi o RIS, o RRIESYH
f(x) = (afo)(z/a)* ' exp (—(x/0)) (10)

B2k b, Fd P Aete— R SR RIS AR —F. 2O H Yy KHa, ¢l
o=, AR R (10)2 . XFPEE FR R SHERE W — A1 1 5 PRk Reparametrization. £
FIRR AR LA T s, B8 XA LR R B ER B AT BRI A P & (Closed-
form Solution) °, A W] AEXF S EMA SR H BRI, Frod “H—For" IR NS EaEER
WEL, [T Weibull 4071 PA%S, Gamma 437 453 22 3] Reparametrization ( I A58 43 ) .
AR Z 5 Weibull 7311 K0 RS BRI IR EE R B2 5 ¢ F1y IAETHE, (ER AR
T RAOFH) o Fl o, T 5 R HHY pveibull BB G, HFFINER.

6.2.2 P ABHE

library(readxl)

Theft <- read_excel("Chap_2_Dataset_Theft.xlsx")
# K Theft NEBEELAME, BTHT -5 bk
Theft <- Theft$Theft

SFrom Wikipedia: “In mathematics, a closed-form expression is a mathematical expression that uses a finite number of stan-
dard operations. It may contain constants, variables, certain well-known operations (e.g., + — x +), and functions (e.g., nth
root, exponent, logarithm, trigonometric functions, and inverse hyperbolic functions), but usually no limit, differentiation, or

integration. The set of operations and functions may vary with author and context.”
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https://yuanzhuang.site/uploads/Actuarial_Modelling/Chap_2/Chap_2_Dataset_Theft.xlsx
https://yuanzhuang.site/uploads/Actuarial_Modelling/Chap_2/Chap_2_Question_22.Rmd

6.2.3  BRMLAAL T Weibull S8 K-S K355

PR 46 D 245 T Weibull 7371 AU KA
¢=10.00518, 4 = 0.71593
M AUASFE Reparametrization J& B #eET K-S #64 :

c_mle_weibull <- 0.00518
gamma_mle_weibull <- 0.71593
ks.test(Theft, "pweibull",gamma_mle_weibull,

c_mle_weibull™(-1/gamma_mle_weibull))

##

## Asymptotic one-sample Kolmogorov-Smirnov test
##

## data: Theft

## D = 0.10079, p-value = 0.1746

## alternative hypothesis: two-sided

6.2.4 S ArEUE v Weibull S5 K-S #3545

b5 46 T 245 T Weibull 7377 4 A
¢ = 0.002494, 4 = 0.847503
U BTG IR, M K-S 250 :

c_mpercent_weibull <- 0.002494

gamma_mpercent_weibull <- 0.847503

ks.test(Theft, "pweibull",
gamma_mpercent_weibull,

c_mpercent_weibull~ (-1/gamma_mpercent_weibull))

#i#

## Asymptotic one-sample Kolmogorov-Smirnov test
##

## data: Theft

## D = 0.084857, p-value = 0.3532

## alternative hypothesis: two-sided

6.2.5 BRI Lognormal 2511y K-S K%

T s 48 TH T A48 th T REOES i 8
[ = 6.62417, 6% = 2.30306
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D7 BT GRS, M K-S A :

mu_lognormal <- 6.62417
sd_lognormal <- sqrt(2.30306)

ks.test(Theft, "plnorm",mu_lognormal,sd_lognormal)

##

## Asymptotic one-sample Kolmogorov-Smirnov test

##

## data: Theft

## D = 0.08673, p-value = 0.3274

## alternative hypothesis: two-sided

6.2.6 EFEREAS T Weibull 5 i S BIMBK LA 7 (AEER)

AL BEN, A5 EXT Weibull 7390 ¢ My BUAETHZE AR HR? SOHTHAHL, Xk
TR EL AR AR eR RSO 24 T AL o PRI AR R AP A 0 ARS8 45 ) A DL AR R %K
RRMSEG FAVEHN RIEFHH optim AR AKAITLLIR R, FHAT AR IS EAT

weibull.fun<- function(parameter,x){
shape_weibull <- parameter[1]
scale_weibull <- parameter[2]
# XA B
logl<- sum(log(dweibull(x,
shape=shape_weibull,
scale=scale_weibull)))
return(-logL)
}
# B R RARMNLEH optim()

# BNRFESENE, RAN logl fuik/It-logl = —Z

# FE RSB A # KA1 E

thetald <- c(0.5,100)

result <- optim(thetal,weibull.fun,x=Theft)
# ZRMERFHE result$'par'H

# ARNME, F—NEPRSE E-_NMRRESK
# B A LW EE R

c_mle <- result[["par"]][2]~ (-result[["par"]l][1])

gamma_mle <- result[["par"]][1]

# EARBNEHESK, FARS L HWER



# HREEER

c_mle; c_mle_weibull

## [1] 0.005194044

## [1] 0.00518
gamma_mle; gamma_mle_weibull

## [1] 0.7156335

## [1] 0.71593

BRBATMB SR AER ! e LW, RO T Reparametrization B &1L T AU .
A B BRI ITENE? S84 (] fitdistrplus XMl A—2 207

library(fitdistrplus)
fitW <- fitdist(Theft,"weibull",method = "mle")
fitW[["estimate"]] [["scale"]] " (-fitW[["estimate"]] [["shape"]])

## [1] 0.005187123
fitW[["estimate"]] [["shape"]]

## [1] 0.7158071

PRI A AR 40T

6.3 b SHLSCGEGY

RGEAR T R 2R, Kl FlAa = . BT, AR i
HSEREE W, WA AR A R E . BRILLASE, i LA R 22 1 25 A AR I AT
L, EHRE NG TR, I REML % .

2 10: Question 22 250451 (3£ 15 43)
5
SRS THRE (ANEXTH)
i AT — PR iE 5 3T K-S R if o s (BRIE i)
I IER D Gt &S P1E

P
=

[ N N

W/ NER S TR 2 AN GRS, (B T RIEsR) D SEiTES PAE, BAEI 0 sy
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% 11z 28U E 1 MR A T35 73
4

S| HE | 2Py (AEIRA. IeAc e E T 4E)
4 15 10.78
9 15 11.84
14 | 15 6.73
17 | 20 15.51
18 | 20 8.92
22 | 15 7.81
Bit | 100 61.59
AP A R 2 A S DL R RS, T XS IR AL, REATAEREHC

ESKT-. WA RZEMPHIERE 14 F1 18 fl, KEWULSH T RANESR.

AREHE L 1%, WERE Y E. JLEREER %, BEREIERE, B RTIR
B SiaEaEas, BIRFEITIRIE S, SCEIMFRTI, AR AR LA T8
Gy A X EHS, Y REMELy (BARSRS), WA:

80, X <80
Y =
10vVX, X >80

BAZHIVEALFE IR Bk Ty s, R HOT 2Bk, 37 8 #rid B,

ByBCER IS RGN T RS . IR, REENA IR T — 0 F
ERRTE AT, MRARE ST T, IR R B 1 i o2 BUIR AR ] L el ARy 4 i
K, R E BHERRES 60 7)o ARSOMVEALAT 73, WISRMIR Bl A, FERX LA R R, FEARE
AT VAR IR TET BT WA R R — R BB A, BRI A 4T T .

RFIXTR, BB AEARNTHTTH =8 f RKAAEATTRR r e — 2 X TR SR
fE, 1A CHEIERE, SWARURS TRt A . PRI EY, (HIBARE 20 45
WS AR 5, FERTLM AP X AN, WRKA R EREN, LRSS T
W ¥ RIS

TR AT T AR R GPA IR S, PUNAEARITTIZAMEL, FAREON T IRITAITE2
B HTAAEGEABEKRR T HonBmRIEs, ot MR, mmeidi.
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