H R BEEMifEE—actuar H8F3EC (=)

Rl

CHEANRRY: gevkabe K B SR 5D

3 M e

A 53 E B2 ARSI R TP 2R S B  FEN LB ZE IR b, 6 T — S sl — e L3h 2,
FCREAF A IR S M IN IR — A B A, BRI 408 2 B X I\ — A B S 53 A
WA, X SRS 1] LLR 7R A «

S=X1+Xo+...+ Xy (1)
A LUE S —ANBEHLAT,  FRATIE FHHOR BN 1) 7 A FRAE R G % 73 4l (£requency
distribution), BHREIVRENX K A FRAERIG L /34 (severity distribution),
SHIFAFR AN E S 34 (compound distribution).

NPT A T2 A B 2R R TRATT O 2R R A3 A AR 3 A I S B H ok
T I BAE i) U2 T 15 2R BUR S 1) 704, F5 b, iR 2 =] (3R I B R T,
R AT BE R G OIX AN A TSI AT, FRATH

Fg(x) = P(S <x)

= ZP(S < z|N =n)p,

o (2)
= F{(x)pn
n=0
Hrr, p, = P(N = n)@E0 A, Fx (o) BEor A, FY (o) R n mEH
RBENLIAS &8 XANAE 0, 1, 2. 0UE, 4 n EEBRIFE AW TR
I(x >0) n=0
FY'(7) = ¢ Fy(x) n=1 (3)

S R @ —y) fx(y) n=2.3,...
3.1 ELESME B

AT A ERSELL AT AT B AL 7 3 W A VB B R W o B Al S0, BARBEE |
LU AU, (2 S B gA hal  2oR ] — S8 S5 R S S A, IRk R
FRIGT I E RAT B oA, DA 26 BT IRE L2 A AT B R AR B . AESCMRRRE B,
O AR SR, 453 A0 W AR M A 1R B2 T Pppi

P U B HEA A G R 70 (14 SR DX Sell) 70 2 /N X, % DAIX A DX R 2 — A
R AR JEORESE A AR IX 7 DX I o XA AR R AT DU XA DX 18 e A 3 5
WA DU X rp e tedh, 8 R A S AR BEAT B AL, AT A A e A 2
LUIER S A ], Hor A S5 A (—o0, 00), SARAN AT REXT I AT U Y6 AT B AL, Hh
TAES D AAE P A BUERERAR AN, ATELZBS AT, AT v DAL R s, DU
PRAEZE AR E — A X, AR AN X R T B, XA DA R A R BORt A 1% A



A Ak, DS RN T SRS AR L o o8 LF ()N ELE AT R, [l B
EBEE . HAl, actuar H ) discretize BB IR B HULL T i,
1) bui B, s B F () Im BT o

fe=F(x+h)— F(x) (4)
XTe=aa+h,....;b—h, BEER cdf BEER cdf Z b
2) N B, BEE O F () S 1) .

{F(a) r=a
fo= (5)
F(z)—F(x—h) x=a+h,...,b

BHALIE ) cdf BAEAER cdf Z N,
3) B UL,

) Fla+h/2) r=a )
Pt/ = Fle—n/2) w=a+h... b—h
JR cdf IELF TR 2 0 B S 1 cdf.
1) FARBIAL, B BRI AR RIS .
E(X/\a)—f(X/\a'f‘h) + 1— F(a) r=a
£ = 2E(X/\x)—E(X/\}a;~—h)—E(X/\x-f—h) w<z<h (7)

b)— b—h
E(XA)f[XA I _14F®b) 2=b

B U 01 R S0 26 X 8], O] PG A R B M AN B4

discretize PRECRIFIINIE—H fMERAE, IR BN FEREAT &1 7 A TR PR AL B
FEEET

discretize (cdf, from, to, step = 1,
method = c("upper", "lower", "rounding",
"unbiased"),
lev, by = step, xlim = NULL)
EEE YR
1) cdf WAE N x FFRE.
2) from Ml to ulfRE a M b, Wl mEERRTEE, step $785E ho
3) lev H7E method=“unbiased”l 4 {55E.
4) by M xlim SETHSEEEA, LAY,

%5

HERESGmmma(l, 1), HATEEUL

# b3 AT i B UL

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

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

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

#2E NP H, R o &5 o



> x =seq(0, 5, 0.5)

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

+ ,col="blue',add = TRUE)

> plot (stepfun(x, diffinv(fl)), pch = 19,

+ ,col="red',add = TRUE)

# o

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

+ from = 0, to =5, step = 0.5)

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

+ ,col="green',add = TRUE)

# o B EUE

> fb = discretize(pgamma (x, 1), method = "unbiased",

+ lev = levgamma (x, 1), from = 0, to = 5, step = 0.5)

> 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=19,1ty=1)
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3.2 EAAAMKTE

2 FRATT N 2R WG 5 FE Ay A B A S, FRATT R DU — SRR R S A . R
aggregateDist ¥t T HA T, FHANIEAT RIS, X0 EGER A 13:8 7] LLS % 3
Wy Seps:

1) L. SR AN H (a, b, 0V AT R (a, b, V)34, WEt2&is, =50, U Al
I AT M HAE TE A, SRS AT RE S N S U AT
2) BRI AT (2) B (3) BEATUHE, SRS An] DL AR AT B4, SRS A /T N
B A 3K v A R A /N )
3) IEAUTNE. 4 e AR oy A R B 2 Al vl DLRIH 22K
pus = E(S)=E(N)* E(X) (8)
0% = Var(S) = E(N)Var(X) + Var(N)E(X)? (9)
TR G A IERTT 22, PR



Fs(x) ~ o(Z—12) (10)

os
TR G o A R O3 A B AR
4) IEARIIRYE (Normal Power approximation)
3 9 6 v —
Fs() = O(-— + | + 1+ ——12) (11)
vs  \[ 2 Vs os

Py b B R 1R AR AL B B BT AR A 5 (1) B ML AR 1S 2 0 i T A b 1
AN R LI 2 PO S, Wl 5SS = g(Y), YIRMRHEIES M. X R
WEfEr > ps By < T Zn] LUAT Y, a2 vl O 234 A Rl T 045

1) BENUBRLE . IWSTHRENIAEE, FHSHIER AT Fs (2). XF 7% LU simul
PREL CJEEEE) o A MR FE o A EATAEL, 18 T 2 RS s
aggregateDist WIS EUKHE FTIE 7 AR ANR] « AN R T pR B LR LR Y, %

BRECESE TR, HIESE, B RE S, AR T R 24

PR ERTE R

aggregateDist (method = c("recursive", "convolution", "normal",

"npower", "simulation"),
model.freq = NULL, model.sev = NULL, p0O = NULL,
X.scale = 1, moments, nb.simul, ...,
tol = le-06, maxit = 500, echo = FALSE)

FVEL I«

D i #E ¥ ¢ method=“recursive” , model.freq # 7 & "binomial",
"geometric", "negative binomial", "poisson"HH—H, SATSE]LILE
B TR E, (eSS B TRL I E S X U A E I —3. model.sev &M
&, FMEMNENMTERIGEXE 0, 1, 2. . DR MPRL R, FRIXA RS
MITCHEDIUEXH 0 S, QR XOARREHRIIEAME (Lbtn 20, A ) R A

CXHEAFE=AIC) B 0. HH model.sev W LLHEZEMH discretize 4R,
PO BB ARIEN = O FIMER ., x.scale ¥REXMT ML, tin 1 Jt, 100
v

2) LR method="convolution", model.freq & NhH&E, HENEINICEK
UOENHL 0, 1, 2.. . 0%, F—NIoELIENI 0 FIME%. model.sev MMM
TEHIBHEEM . x.scale FREX M MHEAL, U1 78, 100 Jo5%.

3) IEASERERNESRITNE: method="normal "8 "npower", moments ;& — " [n] &,
moments=c (f1s, 02 vs)» EAVBLRFEERTPIA TGRS Ik i 2
Wile > usHrys <1, HNSKARE.

4) BlET: method="simulation", BMRMHTE IS G4 simul BREH
4. nb.simul AR EL

PRECR A& aggregateDist X%, WP HLBHT HEUSHS (summary), #ith
ZE (print), KBME (mean), KON (quantile), MK (plot) , KA (konts)

"BVRFR 2 ) (a, b, 0) /3 AT HEPU R A P(N = 0N & DA i RIS ? aR A, XM T B A IE,
LE e RS AR 5 B O AN RO AR K, T ERATT SO B 1 IR EAEIRSAST (R 3 23 A T AR ISAUL T
poisson 7347, IBAMFTE R po = 0.8 (L5, ZJ5Hipy, pa, .. JLRIRIAFIART 0.2 FIMERE . HHE AR
TRTEE, YRS I 23 NE 2R = TR A BT 1) 0 A2 X TR R BN mT o FRAT T2 )5 (R 3 A0 IRk A (a, b, 1) 50 0
o



PR,

IREE

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

#ERULE, SRES A, BRMELAI N 0F]10

> fx1 = ¢(0, 0.15, 0.2, 0.25, 0.125, 0.075,

+ 0.05, 0.05, 0.05, 0.025, 0.025)

#IEA, N0 S

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

# TR BA 25

> Fsl = aggregateDist ("convolution", model.freq = pnl,

+ model.sev = fxl, x.scale = 25)

FEE NN ZE10x25%8=20007

> plot (Fsl)

FIHEVL, BN Gamma /A HEAT B UK

> fx2=discretize (pgamma(x,2,1), from = 0, to = 22,

+ step=0.5, method = "unbiased", lev=levgamma (x,2,1))
# Ak poisson/y A, Fial$E € poisson/piZH1ambda=10

> Fs2=aggregateDist ("recursive", model.freq = "poisson",
+ model.sev = fx2, lambda = 10, x.scale = 0.5)

> plot (Fs2)

FIESEANEASFITLL, RS A R .
> Fs3=aggregateDist ("normal",moments=c (200,200))
> plot (Fs3)
> Fsd4=aggregateDist ("npower",moments=c (200, 200, 0.5))
> plot (Fs4)
BT, W LLRE 2 )5 T A
> model. freg=expression(data = rpois(3))
> model.sev=expression(data = rgamma (100, 2))
> Fsb=aggregateDist ("simulation", nb.simul = 1000,
+ model.freq, model.sev)
> mean (Fsb)
[1] 148.1398
> summary (Fsb)
Aggregate Claim Amount Empirical CDF:
Min. 1st Qu. Median Mean 3rd Qu. Max.
0.0000 94.9694 146.4297 148.1398 203.7051 506.7553
> quantile (Fs5,0.5)
50%
146.4297
> plot (Fsb)
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Aggregate Claim Amount Distribution
Exact calculation {convolutions)

Aggregate Claim Amount Distribution
Recursive method approximation
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