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import chainladder as cl
import pandas as pd

data = cl.load sample('raa’)
data

12 24 36 48 60 72 84 96 108 120

1981 5012 8269 10907 11,805 13,539 16,181 18009 18608 18,662
1982 106 4285 5396 10666 13,782 15599 15496 16,169
1983 3410 8992 13,873
1984 5655 11,555 15,766
1985 1,092 9565 15836

1986 1513 6445 11,702

X A HR_EDEEZBLANKICLT

1987
ChatGPTTA RSt S

1988
1989

1990

18



import chainladder as cl

import pandas as pd

data = cl.load sample('raa’)

data

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

12
5012
106
3,410
5,655
1,092
1,513
557
1,351
3,133

2,063

24
8,269
4,285
8,992

11,555
9,565
6,445
4,020
6,947

5,395

36
10,907
5,396
13,673
15,766
15,836
11,702
10,946

13,112

48
11,805
10,666
16,141
21,266
22,169
12,935

12,314

60
13,539
13,782
18,735
23425
25,955
15,852

72
16,181
15,599
22,214
26,083

26,180

84
18,009
15,496
22,863

27,067

96
18,608
16,169

23,466

108

18,662

16,704

120

18,834

BEITELLERFEDAETHY., Al ABIONTUYRTY, HBEFOEZE
F. KB EETTINOSSICERENIETEEXT IVF-RYF EDTARTO
FHREFUELE,

FIFITV-C6ZIEERBELTEY. FI-VIY-ENEIRLICKWEZE LT
F9, ZD1. BB EE>T=AEETAIT DI EICLELE,

WTFICRHIZ=ATOZEEIRD TN, ZEAMEOLEAHEEL
WKW, ZNHBLETOE—DERTT,

12 24 36 48 60 72 84 96 108 120

1981-01-01 5012.0 8269.0 10907.0 11805.0 13539.0 16181.0
18009.0 18608.0 18662.0 BLANK

1982-01-01 106.0 4285.0 5396.0 10666.0 13782.0 15599.0
15496.0 16169.0 BLANK NaN

1983-01-01 3410.0 8992.0 13873.0 16141.0 18735.0 22214.0
22863.0 BLANK NaN NaN

1984-01-01 5655.0\]‘/1555.0 15766.0 21266.0 23425.0 26083.0
BLANK NaN NaN Nan

19



import chainladder as cl

import pandas as pd 9:1—“/59_‘—;50)32%] 18616.0
dat 1.1oad le('raa’) TH—RRE 16235.0
dfa = Cl1.10a _5amp e rad . *
data (RMSE) : 2477 23964.0
12 24 36 48 60 72 84 9% 108 120 » 28456.0 Al el TP
29408.0 It T BEES
1981 5012 8269 10,907 11,805 13,539 16,181 18,009 18,608 18,662 18834
17768.0 (RMSE) : 2409
1982 106 47285 5396 10,666 13,782 15599 15496 16,169 16,704 14119.0
1983 3410 8992 13,873 16,141 18735 22214 22,863 23,466 GPT3.5 7751.0
1984 5655 11,555 15766 21,266 23,425 26,083 27,067 3472.0
1985 1,092 9,565 15836 22,169 25955 26,180 NaN
1986 1,513 6445 11,702 12935 15,852
1987 557 4,020 10946 12314 CHEONEREEIED-=ARTY
1988 1351 6,947 13,112 *1981-01-01: 18662.0
1989 3133 53905 *1982-01-01: 16221.0
1050 2062 *1983-01-01: 23133.0
' *1984-01-01: 28645.0 ==
GPT4o0-mini . 101 EFERZHRERE
1985-01-01: 29282.0 (RMSE) : 2317
18662.0 18013.0 23147.0 28495.0 *1986-01-01: 13452.0 '
29333.0 15152.0 12784.0 9963.0 3311.0 *1987-01-01: 12547.0
) *1988-01-01: 8297.0
GPT4o EHERFZHEEE *1989-01-01: 2778.0

(RMSE) : 1789 «1990-01-01: 1328.0 20



import chainladder as cl
import pandas as pd

FI-Y3535-iEDF15
HFERE

data = cl.load_sample('raa’) .
e (RMSE) : 2477
12 24 36 48 60 72 84 96 108 120
1981 5012 8269 10907 11,805 13,539 16,181 18009 18608 18662 18,834
1982 106 4285 5396 10666 13,782 15599 15496 16,169 16,704
1983 3410 8992 13873 16,141 18,735 22214 22863 23466
1984 5,655 11,555 15,766 21,266 23425 26083 27067
1985 1092 9565 1 To complete the actuarial triangle using the chain-ladder method, I'll need to calculate the
development factors and apply them to estimate the missing values. Here's how the chain-ladder
1986 1,513 6445 1 :
method typically works:
1987 557 4020 T
1. Calculate Development Factors (DF): These factors are calculated by dividing the cumulative
1988 1,351 6,947 1. . . .
amounts by the previous cumulative amounts for each interval.
1989 3,133 5395
2. Estimate Missing Values: Using the calculated development factors, the missing values are
1990 2,063

GPT4

estimated by multiplying the last known cumulative value by the appropriate development

factor.

Let's start by calculating the development factors for each development year based on the data

provided, and then use these factors to estimate the missing values in the triangle.

FIFEHFRE
(RMSE) : 2477

RMSE

GPT3.5 2409
GPT40-mini 2317
GPT40 1789

Chain LadderiE vs. ZEBRAI

e RMSENIATTEAL
- BIRMEHANTW
o ESRBATMIBEMEMMIRE- - -

o RimFIRITTIF17)-EHH(LH

E-o>TWA0H] (HFE=. 2005
F) OBIR?
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1-71

import numpy as np

# ERERETOHDYXF

results = []

# 10008017
for _ in range(1eee):

VU BB EEFIAEE KRS

# EHR3. (L1090 DIEE ST S1000E DT FLEH

random numbers = np.random.normal(33, 109, 10600)

results.append(random numbers)

# results/C/A1000/ D& HITTLEZ S /=106

# V—FIAEFREBRT DY F

sorted results = []

for random numbers in results:
# EPDIF & —
sorted numbers = np.sort(random numb
sorted results.append(sorted numbers

# sorted_results/C/iABHITTY—F2R/E

# VAR # BT /-0 U F

var_values = ||

for sorted numbers in sorted results:
# 95085 Los1BEDEHMEHE
num 958 = sorted numbers|949 |
num 951 = sorted numbers|[956 |

# VaR D51 &
var = .95 * num 950 + ©.95 * num 951
var_values.append(var)

# VaR(DFIEHE T E
average var = np.mean(var_values)
print(f"Average VaR: {average var}")

Average VaR: 212.91276647322664

# 0-based
# O-based
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