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QIS5, SCR.7.44 → Lapse risk is the risk of loss or change in liabilities

due to a change in the expected exercise rates of
policyholder options

QIS5, TP.2.46 → The valuation of premium provisions should take into

account the future policyholder behaviour such as
likelihood of policy lapse during the remaining period

QIS5, TP.2.107 → Assumptions about the likelihood that policyholders

will exercise contractual options should be based on 
analysis of past policyholder behaviour
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IFRS 17, B62 → The measurement of a group of insurance contracts 

shall reflect, on an expected value basis, the entity’s 
current estimates of how the policyholders in the 
group will exercise the options available, and the risk

adjustment for non-financial risk shall reflect the 
entity’s current estimates of how the actual 
behaviour of the policyholders may differ from the 
expected behaviour. This requirement to determine 
the expected value applies regardless of the number 
of contracts in a group; for example it applies even if 
the group comprises a single contract.
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Emergency Fund Hypothesis Interest Rate Hypothesis

Lapse risk is mainly driven by a natural
– and irrational to some extent –

response to the need of money due to
personal conditions in time of distress

Lapse risk is mainly driven by rational 
reasonings (e.g., interest rate arbitrage
and preference for different products) 
due to the policyholder‘s risk appetite

Policyholder-related factors

− Age

− Family

− Salary

− …

Product-related factors

− Duration

− Premium

− Guaranteed rate

− …

Macroeconomic factors

− Market yields

− Unemployment rate

− Gross domestic product

− …
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Point-In-Time (PIT) Through-The-Cycle (TTC)

PIT models explicitly control for the 
state of the specific contract as well as 

the overall economy by estimating 
time-dependent probabilities 

TTC models generally abstract from 
any variable condition by including only 

static risk drivers known at the 
beginning of the analysis 

Parametric techniques

− Logit model

− Probit model

− Discriminant analysis

− …

Machine learning methods

− Nearest neighbours

− Classification trees

− Neural networks

− …

Survival analysis models

− Kaplan-Meier estimator

− AFT models

− CPH models

− …
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Exponential

Weibull

Log-Logistic



16 0 34 16 1216.931 2 3 0.5 5277.389 20200.5 1E-09 1 -1.40325

15 0 35 15 1216.931 2 3 0.5 6419.878 20313.1 1E-09 1 -0.94118

14 0 36 14 1216.931 2 3 0.5 7604.888 20455.58 1E-09 1 -0.70822

13 0 37 13 1216.931 2 3 0.5 8824.048 20640.69 1E-09 1 -0.33899

12 0 38 12 1216.931 2 3 0.5 10063.25 20859.68 1E-09 1 0.159748

11 0 39 11 1216.931 2 3 0.5 11336.05 21098.55 1E-09 1 0.450245

10 0 40 10 1216.931 2 3 0.5 12643.35 21370.72 1E-09 1 0.707397

9 0 41 9 1216.931 2 3 0.5 14106.08 21677.55 1E-09 1 -0.01448

8 0 42 8 1216.931 2 3 0.5 15622.34 22139.35 1E-09 1 0.185665

7 0 43 7 1216.931 2 3 0.5 17194.1 22654.53 1E-09 1 0.36134

6 0 44 6 1216.931 2 3 0.5 18823.38 23223.94 1E-09 1 0.514853

5 0 45 5 1216.931 2 3 0.5 20512.3 23850.71 1E-09 1 0.648297

4 0 46 4 1216.931 2 3 0.5 22263.02 24536.96 1E-09 1 0.763586

3 0 47 3 1216.931 2 3 0.5 24077.82 25282.08 1E-09 1 0.862487

2 0 48 2 1216.931 2 3 0.5 25959.04 26092.3 1E-09 1 0.946632

1 0 49 1 1216.931 2 3 0.5 27909.1 26967.26 1E-09 1 1.017527

16 0 34 16 1216.931 2 3 0.5 5288.708 20207.49 1E-09 1 -1.50293

15 0 35 15 1216.931 2 3 0.5 6436.459 20324.45 1E-09 1 -1.03488

14 0 36 14 1216.931 2 3 0.5 7628.06 20472.2 1E-09 1 -0.80318

13 0 37 13 1216.931 2 3 0.5 8855.663 20663.91 1E-09 1 -0.44093

12 0 38 12 1216.931 2 3 0.5 10105.85 20891.36 1E-09 1 0.045355

11 0 39 11 1216.931 2 3 0.5 11392.04 21141.24 1E-09 1 0.329185

10 0 40 10 1216.931 2 3 0.5 12715.51 21426.82 1E-09 1 0.578742

9 0 41 9 1216.931 2 3 0.5 14195.7 21749.85 1E-09 1 -0.13097

8 0 42 8 1216.931 2 3 0.5 15732.47 22229.13 1E-09 1 0.064282

7 0 43 7 1216.931 2 3 0.5 17328.2 22764.84 1E-09 1 0.234617

6 0 44 6 1216.931 2 3 0.5 18984.92 23358.23 1E-09 1 0.384843

5 0 45 5 1216.931 2 3 0.5 20705.23 24012.44 1E-09 1 0.514046

4 0 46 4 1216.931 2 3 0.5 22491.35 24730.1 1E-09 1 0.626731

3 0 47 3 1216.931 2 3 0.5 24345.75 25510.59 1E-09 1 0.723568

2 0 48 2 1216.931 2 3 0.5 26271.01 26360.38 1E-09 1 0.806

1 0 49 1 1216.931 2 3 0.5 28269.82 27279.33 1E-09 1 0.875462

16 0 34 16 1216.931 2 3 0.5 5300.053 20214.49 1E-09 1 -1.60261

15 0 35 15 1216.931 2 3 0.5 6453.087 20335.82 1E-09 1 -1.12859

14 0 36 14 1216.931 2 3 0.5 7651.31 20488.86 1E-09 1 -0.89814

13 0 37 13 1216.931 2 3 0.5 8887.408 20687.21 1E-09 1 -0.54287

12 0 38 12 1216.931 2 3 0.5 10148.66 20923.18 1E-09 1 -0.06904

11 0 39 11 1216.931 2 3 0.5 11448.35 21184.14 1E-09 1 0.208125

10 0 40 10 1216.931 2 3 0.5 12788.15 21483.23 1E-09 1 0.450088

9 0 41 9 1216.931 2 3 0.5 14285.97 21822.61 1E-09 1 -0.24747

8 0 42 8 1216.931 2 3 0.5 15843.5 22319.56 1E-09 1 -0.0571

7 0 43 7 1216.931 2 3 0.5 17463.51 22876.04 1E-09 1 0.107895

6 0 44 6 1216.931 2 3 0.5 19148.06 23493.73 1E-09 1 0.254832

5 0 45 5 1216.931 2 3 0.5 20900.27 24175.79 1E-09 1 0.379795

4 0 46 4 1216.931 2 3 0.5 22722.4 24925.34 1E-09 1 0.489876

3 0 47 3 1216.931 2 3 0.5 24617.14 25741.81 1E-09 1 0.584648

2 0 48 2 1216.931 2 3 0.5 26587.34 26631.93 1E-09 1 0.665368

1 0 49 1 1216.931 2 3 0.5 28635.94 27595.75 1E-09 1 0.733397

16 0 34 16 1216.931 2 3 0.5 5311.421 20221.5 1E-09 1 -1.70229

15 0 35 15 1216.931 2 3 0.5 6469.761 20347.21 1E-09 1 -1.2223

14 0 36 14 1216.931 2 3 0.5 7674.641 20505.58 1E-09 1 -0.99311

13 0 37 13 1216.931 2 3 0.5 8919.282 20710.59 1E-09 1 -0.64481

12 0 38 12 1216.931 2 3 0.5 10191.68 20955.12 1E-09 1 -0.18343

11 0 39 11 1216.931 2 3 0.5 11504.97 21227.24 1E-09 1 0.087065

10 0 40 10 1216.931 2 3 0.5 12861.25 21539.97 1E-09 1 0.321433

9 0 41 9 1216.931 2 3 0.5 14376.91 21895.86 1E-09 1 -0.36396

8 0 42 8 1216.931 2 3 0.5 15955.44 22410.65 1E-09 1 -0.17848

7 0 43 7 1216.931 2 3 0.5 17600.04 22988.16 1E-09 1 -0.01883

Modelling PHB – Classification trees

9 May 2019 17

16 0 34 16 1216.931 2 3 0.5 5277.389 20200.5 1E-09 1 -1.40325

15 0 35 15 1216.931 2 3 0.5 6419.878 20313.1 1E-09 1 -0.94118

14 0 36 14 1216.931 2 3 0.5 7604.888 20455.58 1E-09 1 -0.70822

13 0 37 13 1216.931 2 3 0.5 8824.048 20640.69 1E-09 1 -0.33899

12 0 38 12 1216.931 2 3 0.5 10063.25 20859.68 1E-09 1 0.159748

11 0 39 11 1216.931 2 3 0.5 11336.05 21098.55 1E-09 1 0.450245

10 0 40 10 1216.931 2 3 0.5 12643.35 21370.72 1E-09 1 0.707397

9 0 41 9 1216.931 2 3 0.5 14106.08 21677.55 1E-09 1 -0.01448

8 0 42 8 1216.931 2 3 0.5 15622.34 22139.35 1E-09 1 0.185665

7 0 43 7 1216.931 2 3 0.5 17194.1 22654.53 1E-09 1 0.36134

6 0 44 6 1216.931 2 3 0.5 18823.38 23223.94 1E-09 1 0.514853

5 0 45 5 1216.931 2 3 0.5 20512.3 23850.71 1E-09 1 0.648297

4 0 46 4 1216.931 2 3 0.5 22263.02 24536.96 1E-09 1 0.763586

3 0 47 3 1216.931 2 3 0.5 24077.82 25282.08 1E-09 1 0.862487

2 0 48 2 1216.931 2 3 0.5 25959.04 26092.3 1E-09 1 0.946632

1 0 49 1 1216.931 2 3 0.5 27909.1 26967.26 1E-09 1 1.017527

16 0 34 16 1216.931 2 3 0.5 5288.708 20207.49 1E-09 1 -1.50293

15 0 35 15 1216.931 2 3 0.5 6436.459 20324.45 1E-09 1 -1.03488

14 0 36 14 1216.931 2 3 0.5 7628.06 20472.2 1E-09 1 -0.80318

13 0 37 13 1216.931 2 3 0.5 8855.663 20663.91 1E-09 1 -0.44093

12 0 38 12 1216.931 2 3 0.5 10105.85 20891.36 1E-09 1 0.045355

11 0 39 11 1216.931 2 3 0.5 11392.04 21141.24 1E-09 1 0.329185

10 0 40 10 1216.931 2 3 0.5 12715.51 21426.82 1E-09 1 0.578742

9 0 41 9 1216.931 2 3 0.5 14195.7 21749.85 1E-09 1 -0.13097

8 0 42 8 1216.931 2 3 0.5 15732.47 22229.13 1E-09 1 0.064282

7 0 43 7 1216.931 2 3 0.5 17328.2 22764.84 1E-09 1 0.234617

6 0 44 6 1216.931 2 3 0.5 18984.92 23358.23 1E-09 1 0.384843

5 0 45 5 1216.931 2 3 0.5 20705.23 24012.44 1E-09 1 0.514046

4 0 46 4 1216.931 2 3 0.5 22491.35 24730.1 1E-09 1 0.626731

3 0 47 3 1216.931 2 3 0.5 24345.75 25510.59 1E-09 1 0.723568
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1 0 49 1 1216.931 2 3 0.5 28269.82 27279.33 1E-09 1 0.875462

16 0 34 16 1216.931 2 3 0.5 5300.053 20214.49 1E-09 1 -1.60261
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8 0 42 8 1216.931 2 3 0.5 15843.5 22319.56 1E-09 1 -0.0571
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5 0 45 5 1216.931 2 3 0.5 20900.27 24175.79 1E-09 1 0.379795

4 0 46 4 1216.931 2 3 0.5 22722.4 24925.34 1E-09 1 0.489876

3 0 47 3 1216.931 2 3 0.5 24617.14 25741.81 1E-09 1 0.584648

2 0 48 2 1216.931 2 3 0.5 26587.34 26631.93 1E-09 1 0.665368

1 0 49 1 1216.931 2 3 0.5 28635.94 27595.75 1E-09 1 0.733397

16 0 34 16 1216.931 2 3 0.5 5311.421 20221.5 1E-09 1 -1.70229

15 0 35 15 1216.931 2 3 0.5 6469.761 20347.21 1E-09 1 -1.2223

14 0 36 14 1216.931 2 3 0.5 7674.641 20505.58 1E-09 1 -0.99311

13 0 37 13 1216.931 2 3 0.5 8919.282 20710.59 1E-09 1 -0.64481

12 0 38 12 1216.931 2 3 0.5 10191.68 20955.12 1E-09 1 -0.18343

11 0 39 11 1216.931 2 3 0.5 11504.97 21227.24 1E-09 1 0.087065

10 0 40 10 1216.931 2 3 0.5 12861.25 21539.97 1E-09 1 0.321433

9 0 41 9 1216.931 2 3 0.5 14376.91 21895.86 1E-09 1 -0.36396

8 0 42 8 1216.931 2 3 0.5 15955.44 22410.65 1E-09 1 -0.17848

7 0 43 7 1216.931 2 3 0.5 17600.04 22988.16 1E-09 1 -0.01883

training data 16 0 34 16 1216.931 2 3 0.5 5277.389 20200.5 1E-09 1 -1.40325

15 0 35 15 1216.931 2 3 0.5 6419.878 20313.1 1E-09 1 -0.94118

14 0 36 14 1216.931 2 3 0.5 7604.888 20455.58 1E-09 1 -0.70822

13 0 37 13 1216.931 2 3 0.5 8824.048 20640.69 1E-09 1 -0.33899

12 0 38 12 1216.931 2 3 0.5 10063.25 20859.68 1E-09 1 0.159748

11 0 39 11 1216.931 2 3 0.5 11336.05 21098.55 1E-09 1 0.450245

10 0 40 10 1216.931 2 3 0.5 12643.35 21370.72 1E-09 1 0.707397

9 0 41 9 1216.931 2 3 0.5 14106.08 21677.55 1E-09 1 -0.01448

8 0 42 8 1216.931 2 3 0.5 15622.34 22139.35 1E-09 1 0.185665

7 0 43 7 1216.931 2 3 0.5 17194.1 22654.53 1E-09 1 0.36134

6 0 44 6 1216.931 2 3 0.5 18823.38 23223.94 1E-09 1 0.514853

5 0 45 5 1216.931 2 3 0.5 20512.3 23850.71 1E-09 1 0.648297

4 0 46 4 1216.931 2 3 0.5 22263.02 24536.96 1E-09 1 0.763586

3 0 47 3 1216.931 2 3 0.5 24077.82 25282.08 1E-09 1 0.862487

2 0 48 2 1216.931 2 3 0.5 25959.04 26092.3 1E-09 1 0.946632

1 0 49 1 1216.931 2 3 0.5 27909.1 26967.26 1E-09 1 1.017527

16 0 34 16 1216.931 2 3 0.5 5288.708 20207.49 1E-09 1 -1.50293

15 0 35 15 1216.931 2 3 0.5 6436.459 20324.45 1E-09 1 -1.03488

14 0 36 14 1216.931 2 3 0.5 7628.06 20472.2 1E-09 1 -0.80318

13 0 37 13 1216.931 2 3 0.5 8855.663 20663.91 1E-09 1 -0.44093

12 0 38 12 1216.931 2 3 0.5 10105.85 20891.36 1E-09 1 0.045355

11 0 39 11 1216.931 2 3 0.5 11392.04 21141.24 1E-09 1 0.329185

10 0 40 10 1216.931 2 3 0.5 12715.51 21426.82 1E-09 1 0.578742

9 0 41 9 1216.931 2 3 0.5 14195.7 21749.85 1E-09 1 -0.13097

8 0 42 8 1216.931 2 3 0.5 15732.47 22229.13 1E-09 1 0.064282

7 0 43 7 1216.931 2 3 0.5 17328.2 22764.84 1E-09 1 0.234617

6 0 44 6 1216.931 2 3 0.5 18984.92 23358.23 1E-09 1 0.384843

5 0 45 5 1216.931 2 3 0.5 20705.23 24012.44 1E-09 1 0.514046

4 0 46 4 1216.931 2 3 0.5 22491.35 24730.1 1E-09 1 0.626731

3 0 47 3 1216.931 2 3 0.5 24345.75 25510.59 1E-09 1 0.723568

2 0 48 2 1216.931 2 3 0.5 26271.01 26360.38 1E-09 1 0.806

1 0 49 1 1216.931 2 3 0.5 28269.82 27279.33 1E-09 1 0.875462

16 0 34 16 1216.931 2 3 0.5 5300.053 20214.49 1E-09 1 -1.60261

15 0 35 15 1216.931 2 3 0.5 6453.087 20335.82 1E-09 1 -1.12859

14 0 36 14 1216.931 2 3 0.5 7651.31 20488.86 1E-09 1 -0.89814

13 0 37 13 1216.931 2 3 0.5 8887.408 20687.21 1E-09 1 -0.54287

12 0 38 12 1216.931 2 3 0.5 10148.66 20923.18 1E-09 1 -0.06904

11 0 39 11 1216.931 2 3 0.5 11448.35 21184.14 1E-09 1 0.208125

10 0 40 10 1216.931 2 3 0.5 12788.15 21483.23 1E-09 1 0.450088

9 0 41 9 1216.931 2 3 0.5 14285.97 21822.61 1E-09 1 -0.24747

8 0 42 8 1216.931 2 3 0.5 15843.5 22319.56 1E-09 1 -0.0571

7 0 43 7 1216.931 2 3 0.5 17463.51 22876.04 1E-09 1 0.107895

6 0 44 6 1216.931 2 3 0.5 19148.06 23493.73 1E-09 1 0.254832

5 0 45 5 1216.931 2 3 0.5 20900.27 24175.79 1E-09 1 0.379795

4 0 46 4 1216.931 2 3 0.5 22722.4 24925.34 1E-09 1 0.489876

3 0 47 3 1216.931 2 3 0.5 24617.14 25741.81 1E-09 1 0.584648

2 0 48 2 1216.931 2 3 0.5 26587.34 26631.93 1E-09 1 0.665368

1 0 49 1 1216.931 2 3 0.5 28635.94 27595.75 1E-09 1 0.733397

16 0 34 16 1216.931 2 3 0.5 5311.421 20221.5 1E-09 1 -1.70229

15 0 35 15 1216.931 2 3 0.5 6469.761 20347.21 1E-09 1 -1.2223

14 0 36 14 1216.931 2 3 0.5 7674.641 20505.58 1E-09 1 -0.99311

13 0 37 13 1216.931 2 3 0.5 8919.282 20710.59 1E-09 1 -0.64481

12 0 38 12 1216.931 2 3 0.5 10191.68 20955.12 1E-09 1 -0.18343

11 0 39 11 1216.931 2 3 0.5 11504.97 21227.24 1E-09 1 0.087065

10 0 40 10 1216.931 2 3 0.5 12861.25 21539.97 1E-09 1 0.321433

9 0 41 9 1216.931 2 3 0.5 14376.91 21895.86 1E-09 1 -0.36396

8 0 42 8 1216.931 2 3 0.5 15955.44 22410.65 1E-09 1 -0.17848

7 0 43 7 1216.931 2 3 0.5 17600.04 22988.16 1E-09 1 -0.01883

validation data 𝑃(𝑙𝑎𝑝𝑠𝑒)
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▪ Recursive partitioning
1. Uno degli n predittori viene selezionato assieme ad uno dei suoi possibili 

valori come candidati per splittare 𝐴 in 𝐴𝐿 and 𝐴𝑅.

2. Viene calcolata la riduzione di impurità data dallo split:

3. Se lo split massimizza la riduzione di impurità, i dati vengono splittati e si 
va al passo 4, altrimenti si torna al passo 1.

4. Si ripetono i passi 1-3 finché non è più possibile eseguire split, oppure 
una certa condizione di tolleranza si verifica.



𝑋0 = 𝑥0

𝑋1 = 𝑥1 𝑌1 = 𝑦1

𝑋2 = 𝑥2 𝑌2 = 𝑦2 𝑍2 = 𝑧2 𝑉2 = 𝑣2

𝑌3 = 𝑦3𝑋3 = 𝑥3

Modelling PHB – Classification trees
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▪ Pruning the tree
• La partizione ricorsiva appena vista rende un albero il più puro possibile, 

poiché ad ogni regione appartengono esclusivamente record della stessa 
classe, e l’errore commesso è nullo 

− L’albero costruito a partire dal training dataset è puro per definizione 
(full-grown tree), poiché utilizza i suoi stessi nodi decisori 

• Quando questo non si verifica, l’albero si dice spurio

− Dato che gli ultimi livelli dell’albero puro causano overfitting (ossia 
fittano il «rumore» piuttosto che l’informazione), il validation dataset 
viene usato per eliminare i rami superflui in modo da minimizzare il 
complexity cost



𝑋0 = 𝑥0

𝑋1 = 𝑥1 𝑌1 = 𝑦1

Modelling PHB – Classification trees

𝐶𝐶 𝑛, 𝑛 − 1 ∶=
𝐸𝑟𝑟𝑜𝑟 𝑇𝑛−1 − 𝐸𝑟𝑟𝑜𝑟(𝑇𝑛)

#𝐿𝑒𝑎𝑣𝑒𝑠 𝑇𝑛 − #𝐿𝑒𝑎𝑣𝑒𝑠(𝑇𝑛−1)
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10 0 40 10 1216.931 2 3 0.5 12643.35 21370.72 1E-09 1 0.707397

9 0 41 9 1216.931 2 3 0.5 14106.08 21677.55 1E-09 1 -0.01448

8 0 42 8 1216.931 2 3 0.5 15622.34 22139.35 1E-09 1 0.185665

7 0 43 7 1216.931 2 3 0.5 17194.1 22654.53 1E-09 1 0.36134

6 0 44 6 1216.931 2 3 0.5 18823.38 23223.94 1E-09 1 0.514853

5 0 45 5 1216.931 2 3 0.5 20512.3 23850.71 1E-09 1 0.648297

4 0 46 4 1216.931 2 3 0.5 22263.02 24536.96 1E-09 1 0.763586

3 0 47 3 1216.931 2 3 0.5 24077.82 25282.08 1E-09 1 0.862487

2 0 48 2 1216.931 2 3 0.5 25959.04 26092.3 1E-09 1 0.946632

1 0 49 1 1216.931 2 3 0.5 27909.1 26967.26 1E-09 1 1.017527

16 0 34 16 1216.931 2 3 0.5 5288.708 20207.49 1E-09 1 -1.50293

15 0 35 15 1216.931 2 3 0.5 6436.459 20324.45 1E-09 1 -1.03488

14 0 36 14 1216.931 2 3 0.5 7628.06 20472.2 1E-09 1 -0.80318

13 0 37 13 1216.931 2 3 0.5 8855.663 20663.91 1E-09 1 -0.44093

12 0 38 12 1216.931 2 3 0.5 10105.85 20891.36 1E-09 1 0.045355

11 0 39 11 1216.931 2 3 0.5 11392.04 21141.24 1E-09 1 0.329185

10 0 40 10 1216.931 2 3 0.5 12715.51 21426.82 1E-09 1 0.578742

9 0 41 9 1216.931 2 3 0.5 14195.7 21749.85 1E-09 1 -0.13097

8 0 42 8 1216.931 2 3 0.5 15732.47 22229.13 1E-09 1 0.064282

7 0 43 7 1216.931 2 3 0.5 17328.2 22764.84 1E-09 1 0.234617

6 0 44 6 1216.931 2 3 0.5 18984.92 23358.23 1E-09 1 0.384843

5 0 45 5 1216.931 2 3 0.5 20705.23 24012.44 1E-09 1 0.514046

4 0 46 4 1216.931 2 3 0.5 22491.35 24730.1 1E-09 1 0.626731

3 0 47 3 1216.931 2 3 0.5 24345.75 25510.59 1E-09 1 0.723568

2 0 48 2 1216.931 2 3 0.5 26271.01 26360.38 1E-09 1 0.806

1 0 49 1 1216.931 2 3 0.5 28269.82 27279.33 1E-09 1 0.875462

16 0 34 16 1216.931 2 3 0.5 5300.053 20214.49 1E-09 1 -1.60261

15 0 35 15 1216.931 2 3 0.5 6453.087 20335.82 1E-09 1 -1.12859

14 0 36 14 1216.931 2 3 0.5 7651.31 20488.86 1E-09 1 -0.89814

13 0 37 13 1216.931 2 3 0.5 8887.408 20687.21 1E-09 1 -0.54287

12 0 38 12 1216.931 2 3 0.5 10148.66 20923.18 1E-09 1 -0.06904

11 0 39 11 1216.931 2 3 0.5 11448.35 21184.14 1E-09 1 0.208125

10 0 40 10 1216.931 2 3 0.5 12788.15 21483.23 1E-09 1 0.450088

9 0 41 9 1216.931 2 3 0.5 14285.97 21822.61 1E-09 1 -0.24747

8 0 42 8 1216.931 2 3 0.5 15843.5 22319.56 1E-09 1 -0.0571

7 0 43 7 1216.931 2 3 0.5 17463.51 22876.04 1E-09 1 0.107895

6 0 44 6 1216.931 2 3 0.5 19148.06 23493.73 1E-09 1 0.254832

5 0 45 5 1216.931 2 3 0.5 20900.27 24175.79 1E-09 1 0.379795

4 0 46 4 1216.931 2 3 0.5 22722.4 24925.34 1E-09 1 0.489876

3 0 47 3 1216.931 2 3 0.5 24617.14 25741.81 1E-09 1 0.584648

2 0 48 2 1216.931 2 3 0.5 26587.34 26631.93 1E-09 1 0.665368

1 0 49 1 1216.931 2 3 0.5 28635.94 27595.75 1E-09 1 0.733397

16 0 34 16 1216.931 2 3 0.5 5311.421 20221.5 1E-09 1 -1.70229

15 0 35 15 1216.931 2 3 0.5 6469.761 20347.21 1E-09 1 -1.2223

14 0 36 14 1216.931 2 3 0.5 7674.641 20505.58 1E-09 1 -0.99311

13 0 37 13 1216.931 2 3 0.5 8919.282 20710.59 1E-09 1 -0.64481

12 0 38 12 1216.931 2 3 0.5 10191.68 20955.12 1E-09 1 -0.18343

11 0 39 11 1216.931 2 3 0.5 11504.97 21227.24 1E-09 1 0.087065

10 0 40 10 1216.931 2 3 0.5 12861.25 21539.97 1E-09 1 0.321433

9 0 41 9 1216.931 2 3 0.5 14376.91 21895.86 1E-09 1 -0.36396

8 0 42 8 1216.931 2 3 0.5 15955.44 22410.65 1E-09 1 -0.17848

7 0 43 7 1216.931 2 3 0.5 17600.04 22988.16 1E-09 1 -0.01883
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16 0 34 16 1216.931 2 3 0.5 5277.389 20200.5 1E-09 1 -1.40325

15 0 35 15 1216.931 2 3 0.5 6419.878 20313.1 1E-09 1 -0.94118

14 0 36 14 1216.931 2 3 0.5 7604.888 20455.58 1E-09 1 -0.70822

13 0 37 13 1216.931 2 3 0.5 8824.048 20640.69 1E-09 1 -0.33899

12 0 38 12 1216.931 2 3 0.5 10063.25 20859.68 1E-09 1 0.159748

11 0 39 11 1216.931 2 3 0.5 11336.05 21098.55 1E-09 1 0.450245

10 0 40 10 1216.931 2 3 0.5 12643.35 21370.72 1E-09 1 0.707397

9 0 41 9 1216.931 2 3 0.5 14106.08 21677.55 1E-09 1 -0.01448

8 0 42 8 1216.931 2 3 0.5 15622.34 22139.35 1E-09 1 0.185665

7 0 43 7 1216.931 2 3 0.5 17194.1 22654.53 1E-09 1 0.36134

6 0 44 6 1216.931 2 3 0.5 18823.38 23223.94 1E-09 1 0.514853

5 0 45 5 1216.931 2 3 0.5 20512.3 23850.71 1E-09 1 0.648297

4 0 46 4 1216.931 2 3 0.5 22263.02 24536.96 1E-09 1 0.763586

3 0 47 3 1216.931 2 3 0.5 24077.82 25282.08 1E-09 1 0.862487

2 0 48 2 1216.931 2 3 0.5 25959.04 26092.3 1E-09 1 0.946632

1 0 49 1 1216.931 2 3 0.5 27909.1 26967.26 1E-09 1 1.017527

16 0 34 16 1216.931 2 3 0.5 5288.708 20207.49 1E-09 1 -1.50293

15 0 35 15 1216.931 2 3 0.5 6436.459 20324.45 1E-09 1 -1.03488

14 0 36 14 1216.931 2 3 0.5 7628.06 20472.2 1E-09 1 -0.80318

13 0 37 13 1216.931 2 3 0.5 8855.663 20663.91 1E-09 1 -0.44093

12 0 38 12 1216.931 2 3 0.5 10105.85 20891.36 1E-09 1 0.045355

11 0 39 11 1216.931 2 3 0.5 11392.04 21141.24 1E-09 1 0.329185

10 0 40 10 1216.931 2 3 0.5 12715.51 21426.82 1E-09 1 0.578742

9 0 41 9 1216.931 2 3 0.5 14195.7 21749.85 1E-09 1 -0.13097

8 0 42 8 1216.931 2 3 0.5 15732.47 22229.13 1E-09 1 0.064282

7 0 43 7 1216.931 2 3 0.5 17328.2 22764.84 1E-09 1 0.234617

6 0 44 6 1216.931 2 3 0.5 18984.92 23358.23 1E-09 1 0.384843

5 0 45 5 1216.931 2 3 0.5 20705.23 24012.44 1E-09 1 0.514046

4 0 46 4 1216.931 2 3 0.5 22491.35 24730.1 1E-09 1 0.626731

3 0 47 3 1216.931 2 3 0.5 24345.75 25510.59 1E-09 1 0.723568

2 0 48 2 1216.931 2 3 0.5 26271.01 26360.38 1E-09 1 0.806

1 0 49 1 1216.931 2 3 0.5 28269.82 27279.33 1E-09 1 0.875462

16 0 34 16 1216.931 2 3 0.5 5300.053 20214.49 1E-09 1 -1.60261

15 0 35 15 1216.931 2 3 0.5 6453.087 20335.82 1E-09 1 -1.12859

14 0 36 14 1216.931 2 3 0.5 7651.31 20488.86 1E-09 1 -0.89814

13 0 37 13 1216.931 2 3 0.5 8887.408 20687.21 1E-09 1 -0.54287

12 0 38 12 1216.931 2 3 0.5 10148.66 20923.18 1E-09 1 -0.06904

11 0 39 11 1216.931 2 3 0.5 11448.35 21184.14 1E-09 1 0.208125

10 0 40 10 1216.931 2 3 0.5 12788.15 21483.23 1E-09 1 0.450088

9 0 41 9 1216.931 2 3 0.5 14285.97 21822.61 1E-09 1 -0.24747

8 0 42 8 1216.931 2 3 0.5 15843.5 22319.56 1E-09 1 -0.0571

7 0 43 7 1216.931 2 3 0.5 17463.51 22876.04 1E-09 1 0.107895

6 0 44 6 1216.931 2 3 0.5 19148.06 23493.73 1E-09 1 0.254832

5 0 45 5 1216.931 2 3 0.5 20900.27 24175.79 1E-09 1 0.379795

4 0 46 4 1216.931 2 3 0.5 22722.4 24925.34 1E-09 1 0.489876

3 0 47 3 1216.931 2 3 0.5 24617.14 25741.81 1E-09 1 0.584648

2 0 48 2 1216.931 2 3 0.5 26587.34 26631.93 1E-09 1 0.665368

1 0 49 1 1216.931 2 3 0.5 28635.94 27595.75 1E-09 1 0.733397

16 0 34 16 1216.931 2 3 0.5 5311.421 20221.5 1E-09 1 -1.70229

15 0 35 15 1216.931 2 3 0.5 6469.761 20347.21 1E-09 1 -1.2223

14 0 36 14 1216.931 2 3 0.5 7674.641 20505.58 1E-09 1 -0.99311

13 0 37 13 1216.931 2 3 0.5 8919.282 20710.59 1E-09 1 -0.64481

12 0 38 12 1216.931 2 3 0.5 10191.68 20955.12 1E-09 1 -0.18343

11 0 39 11 1216.931 2 3 0.5 11504.97 21227.24 1E-09 1 0.087065

10 0 40 10 1216.931 2 3 0.5 12861.25 21539.97 1E-09 1 0.321433

9 0 41 9 1216.931 2 3 0.5 14376.91 21895.86 1E-09 1 -0.36396

8 0 42 8 1216.931 2 3 0.5 15955.44 22410.65 1E-09 1 -0.17848

7 0 43 7 1216.931 2 3 0.5 17600.04 22988.16 1E-09 1 -0.01883

training data 1

16 0 34 16 1216.931 2 3 0.5 5277.389 20200.5 1E-09 1 -1.40325

15 0 35 15 1216.931 2 3 0.5 6419.878 20313.1 1E-09 1 -0.94118

14 0 36 14 1216.931 2 3 0.5 7604.888 20455.58 1E-09 1 -0.70822

13 0 37 13 1216.931 2 3 0.5 8824.048 20640.69 1E-09 1 -0.33899

12 0 38 12 1216.931 2 3 0.5 10063.25 20859.68 1E-09 1 0.159748

11 0 39 11 1216.931 2 3 0.5 11336.05 21098.55 1E-09 1 0.450245

10 0 40 10 1216.931 2 3 0.5 12643.35 21370.72 1E-09 1 0.707397

9 0 41 9 1216.931 2 3 0.5 14106.08 21677.55 1E-09 1 -0.01448

8 0 42 8 1216.931 2 3 0.5 15622.34 22139.35 1E-09 1 0.185665

7 0 43 7 1216.931 2 3 0.5 17194.1 22654.53 1E-09 1 0.36134

6 0 44 6 1216.931 2 3 0.5 18823.38 23223.94 1E-09 1 0.514853

5 0 45 5 1216.931 2 3 0.5 20512.3 23850.71 1E-09 1 0.648297

4 0 46 4 1216.931 2 3 0.5 22263.02 24536.96 1E-09 1 0.763586

3 0 47 3 1216.931 2 3 0.5 24077.82 25282.08 1E-09 1 0.862487

2 0 48 2 1216.931 2 3 0.5 25959.04 26092.3 1E-09 1 0.946632

1 0 49 1 1216.931 2 3 0.5 27909.1 26967.26 1E-09 1 1.017527

16 0 34 16 1216.931 2 3 0.5 5288.708 20207.49 1E-09 1 -1.50293

15 0 35 15 1216.931 2 3 0.5 6436.459 20324.45 1E-09 1 -1.03488

14 0 36 14 1216.931 2 3 0.5 7628.06 20472.2 1E-09 1 -0.80318

13 0 37 13 1216.931 2 3 0.5 8855.663 20663.91 1E-09 1 -0.44093

12 0 38 12 1216.931 2 3 0.5 10105.85 20891.36 1E-09 1 0.045355

11 0 39 11 1216.931 2 3 0.5 11392.04 21141.24 1E-09 1 0.329185

10 0 40 10 1216.931 2 3 0.5 12715.51 21426.82 1E-09 1 0.578742

9 0 41 9 1216.931 2 3 0.5 14195.7 21749.85 1E-09 1 -0.13097

8 0 42 8 1216.931 2 3 0.5 15732.47 22229.13 1E-09 1 0.064282

7 0 43 7 1216.931 2 3 0.5 17328.2 22764.84 1E-09 1 0.234617

6 0 44 6 1216.931 2 3 0.5 18984.92 23358.23 1E-09 1 0.384843

5 0 45 5 1216.931 2 3 0.5 20705.23 24012.44 1E-09 1 0.514046

4 0 46 4 1216.931 2 3 0.5 22491.35 24730.1 1E-09 1 0.626731

3 0 47 3 1216.931 2 3 0.5 24345.75 25510.59 1E-09 1 0.723568

2 0 48 2 1216.931 2 3 0.5 26271.01 26360.38 1E-09 1 0.806

1 0 49 1 1216.931 2 3 0.5 28269.82 27279.33 1E-09 1 0.875462

16 0 34 16 1216.931 2 3 0.5 5300.053 20214.49 1E-09 1 -1.60261

15 0 35 15 1216.931 2 3 0.5 6453.087 20335.82 1E-09 1 -1.12859

14 0 36 14 1216.931 2 3 0.5 7651.31 20488.86 1E-09 1 -0.89814

13 0 37 13 1216.931 2 3 0.5 8887.408 20687.21 1E-09 1 -0.54287

12 0 38 12 1216.931 2 3 0.5 10148.66 20923.18 1E-09 1 -0.06904

11 0 39 11 1216.931 2 3 0.5 11448.35 21184.14 1E-09 1 0.208125

10 0 40 10 1216.931 2 3 0.5 12788.15 21483.23 1E-09 1 0.450088

9 0 41 9 1216.931 2 3 0.5 14285.97 21822.61 1E-09 1 -0.24747

8 0 42 8 1216.931 2 3 0.5 15843.5 22319.56 1E-09 1 -0.0571

7 0 43 7 1216.931 2 3 0.5 17463.51 22876.04 1E-09 1 0.107895

6 0 44 6 1216.931 2 3 0.5 19148.06 23493.73 1E-09 1 0.254832

5 0 45 5 1216.931 2 3 0.5 20900.27 24175.79 1E-09 1 0.379795

4 0 46 4 1216.931 2 3 0.5 22722.4 24925.34 1E-09 1 0.489876

3 0 47 3 1216.931 2 3 0.5 24617.14 25741.81 1E-09 1 0.584648

2 0 48 2 1216.931 2 3 0.5 26587.34 26631.93 1E-09 1 0.665368

1 0 49 1 1216.931 2 3 0.5 28635.94 27595.75 1E-09 1 0.733397

16 0 34 16 1216.931 2 3 0.5 5311.421 20221.5 1E-09 1 -1.70229

15 0 35 15 1216.931 2 3 0.5 6469.761 20347.21 1E-09 1 -1.2223

14 0 36 14 1216.931 2 3 0.5 7674.641 20505.58 1E-09 1 -0.99311

13 0 37 13 1216.931 2 3 0.5 8919.282 20710.59 1E-09 1 -0.64481

12 0 38 12 1216.931 2 3 0.5 10191.68 20955.12 1E-09 1 -0.18343

11 0 39 11 1216.931 2 3 0.5 11504.97 21227.24 1E-09 1 0.087065

10 0 40 10 1216.931 2 3 0.5 12861.25 21539.97 1E-09 1 0.321433

9 0 41 9 1216.931 2 3 0.5 14376.91 21895.86 1E-09 1 -0.36396

8 0 42 8 1216.931 2 3 0.5 15955.44 22410.65 1E-09 1 -0.17848

7 0 43 7 1216.931 2 3 0.5 17600.04 22988.16 1E-09 1 -0.01883

validation data 𝑃(𝑙𝑎𝑝𝑠𝑒)

16 0 34 16 1216.931 2 3 0.5 5277.389 20200.5 1E-09 1 -1.40325

15 0 35 15 1216.931 2 3 0.5 6419.878 20313.1 1E-09 1 -0.94118

14 0 36 14 1216.931 2 3 0.5 7604.888 20455.58 1E-09 1 -0.70822

13 0 37 13 1216.931 2 3 0.5 8824.048 20640.69 1E-09 1 -0.33899

12 0 38 12 1216.931 2 3 0.5 10063.25 20859.68 1E-09 1 0.159748

11 0 39 11 1216.931 2 3 0.5 11336.05 21098.55 1E-09 1 0.450245

10 0 40 10 1216.931 2 3 0.5 12643.35 21370.72 1E-09 1 0.707397

9 0 41 9 1216.931 2 3 0.5 14106.08 21677.55 1E-09 1 -0.01448

8 0 42 8 1216.931 2 3 0.5 15622.34 22139.35 1E-09 1 0.185665

7 0 43 7 1216.931 2 3 0.5 17194.1 22654.53 1E-09 1 0.36134

6 0 44 6 1216.931 2 3 0.5 18823.38 23223.94 1E-09 1 0.514853

5 0 45 5 1216.931 2 3 0.5 20512.3 23850.71 1E-09 1 0.648297

4 0 46 4 1216.931 2 3 0.5 22263.02 24536.96 1E-09 1 0.763586

3 0 47 3 1216.931 2 3 0.5 24077.82 25282.08 1E-09 1 0.862487

2 0 48 2 1216.931 2 3 0.5 25959.04 26092.3 1E-09 1 0.946632

1 0 49 1 1216.931 2 3 0.5 27909.1 26967.26 1E-09 1 1.017527

16 0 34 16 1216.931 2 3 0.5 5288.708 20207.49 1E-09 1 -1.50293

15 0 35 15 1216.931 2 3 0.5 6436.459 20324.45 1E-09 1 -1.03488

14 0 36 14 1216.931 2 3 0.5 7628.06 20472.2 1E-09 1 -0.80318

13 0 37 13 1216.931 2 3 0.5 8855.663 20663.91 1E-09 1 -0.44093

12 0 38 12 1216.931 2 3 0.5 10105.85 20891.36 1E-09 1 0.045355

11 0 39 11 1216.931 2 3 0.5 11392.04 21141.24 1E-09 1 0.329185

10 0 40 10 1216.931 2 3 0.5 12715.51 21426.82 1E-09 1 0.578742

9 0 41 9 1216.931 2 3 0.5 14195.7 21749.85 1E-09 1 -0.13097

8 0 42 8 1216.931 2 3 0.5 15732.47 22229.13 1E-09 1 0.064282

7 0 43 7 1216.931 2 3 0.5 17328.2 22764.84 1E-09 1 0.234617

6 0 44 6 1216.931 2 3 0.5 18984.92 23358.23 1E-09 1 0.384843

5 0 45 5 1216.931 2 3 0.5 20705.23 24012.44 1E-09 1 0.514046

4 0 46 4 1216.931 2 3 0.5 22491.35 24730.1 1E-09 1 0.626731

3 0 47 3 1216.931 2 3 0.5 24345.75 25510.59 1E-09 1 0.723568

2 0 48 2 1216.931 2 3 0.5 26271.01 26360.38 1E-09 1 0.806

1 0 49 1 1216.931 2 3 0.5 28269.82 27279.33 1E-09 1 0.875462

16 0 34 16 1216.931 2 3 0.5 5300.053 20214.49 1E-09 1 -1.60261

15 0 35 15 1216.931 2 3 0.5 6453.087 20335.82 1E-09 1 -1.12859

14 0 36 14 1216.931 2 3 0.5 7651.31 20488.86 1E-09 1 -0.89814

13 0 37 13 1216.931 2 3 0.5 8887.408 20687.21 1E-09 1 -0.54287

12 0 38 12 1216.931 2 3 0.5 10148.66 20923.18 1E-09 1 -0.06904

11 0 39 11 1216.931 2 3 0.5 11448.35 21184.14 1E-09 1 0.208125

10 0 40 10 1216.931 2 3 0.5 12788.15 21483.23 1E-09 1 0.450088

9 0 41 9 1216.931 2 3 0.5 14285.97 21822.61 1E-09 1 -0.24747

8 0 42 8 1216.931 2 3 0.5 15843.5 22319.56 1E-09 1 -0.0571

7 0 43 7 1216.931 2 3 0.5 17463.51 22876.04 1E-09 1 0.107895

6 0 44 6 1216.931 2 3 0.5 19148.06 23493.73 1E-09 1 0.254832

5 0 45 5 1216.931 2 3 0.5 20900.27 24175.79 1E-09 1 0.379795

4 0 46 4 1216.931 2 3 0.5 22722.4 24925.34 1E-09 1 0.489876

3 0 47 3 1216.931 2 3 0.5 24617.14 25741.81 1E-09 1 0.584648

2 0 48 2 1216.931 2 3 0.5 26587.34 26631.93 1E-09 1 0.665368

1 0 49 1 1216.931 2 3 0.5 28635.94 27595.75 1E-09 1 0.733397

16 0 34 16 1216.931 2 3 0.5 5311.421 20221.5 1E-09 1 -1.70229

15 0 35 15 1216.931 2 3 0.5 6469.761 20347.21 1E-09 1 -1.2223

14 0 36 14 1216.931 2 3 0.5 7674.641 20505.58 1E-09 1 -0.99311

13 0 37 13 1216.931 2 3 0.5 8919.282 20710.59 1E-09 1 -0.64481

12 0 38 12 1216.931 2 3 0.5 10191.68 20955.12 1E-09 1 -0.18343

11 0 39 11 1216.931 2 3 0.5 11504.97 21227.24 1E-09 1 0.087065

10 0 40 10 1216.931 2 3 0.5 12861.25 21539.97 1E-09 1 0.321433

9 0 41 9 1216.931 2 3 0.5 14376.91 21895.86 1E-09 1 -0.36396

8 0 42 8 1216.931 2 3 0.5 15955.44 22410.65 1E-09 1 -0.17848

7 0 43 7 1216.931 2 3 0.5 17600.04 22988.16 1E-09 1 -0.01883

training data 2

16 0 34 16 1216.931 2 3 0.5 5277.389 20200.5 1E-09 1 -1.40325

15 0 35 15 1216.931 2 3 0.5 6419.878 20313.1 1E-09 1 -0.94118

14 0 36 14 1216.931 2 3 0.5 7604.888 20455.58 1E-09 1 -0.70822

13 0 37 13 1216.931 2 3 0.5 8824.048 20640.69 1E-09 1 -0.33899

12 0 38 12 1216.931 2 3 0.5 10063.25 20859.68 1E-09 1 0.159748

11 0 39 11 1216.931 2 3 0.5 11336.05 21098.55 1E-09 1 0.450245

10 0 40 10 1216.931 2 3 0.5 12643.35 21370.72 1E-09 1 0.707397

9 0 41 9 1216.931 2 3 0.5 14106.08 21677.55 1E-09 1 -0.01448

8 0 42 8 1216.931 2 3 0.5 15622.34 22139.35 1E-09 1 0.185665

7 0 43 7 1216.931 2 3 0.5 17194.1 22654.53 1E-09 1 0.36134

6 0 44 6 1216.931 2 3 0.5 18823.38 23223.94 1E-09 1 0.514853

5 0 45 5 1216.931 2 3 0.5 20512.3 23850.71 1E-09 1 0.648297

4 0 46 4 1216.931 2 3 0.5 22263.02 24536.96 1E-09 1 0.763586

3 0 47 3 1216.931 2 3 0.5 24077.82 25282.08 1E-09 1 0.862487

2 0 48 2 1216.931 2 3 0.5 25959.04 26092.3 1E-09 1 0.946632

1 0 49 1 1216.931 2 3 0.5 27909.1 26967.26 1E-09 1 1.017527

16 0 34 16 1216.931 2 3 0.5 5288.708 20207.49 1E-09 1 -1.50293

15 0 35 15 1216.931 2 3 0.5 6436.459 20324.45 1E-09 1 -1.03488

14 0 36 14 1216.931 2 3 0.5 7628.06 20472.2 1E-09 1 -0.80318

13 0 37 13 1216.931 2 3 0.5 8855.663 20663.91 1E-09 1 -0.44093

12 0 38 12 1216.931 2 3 0.5 10105.85 20891.36 1E-09 1 0.045355

11 0 39 11 1216.931 2 3 0.5 11392.04 21141.24 1E-09 1 0.329185

10 0 40 10 1216.931 2 3 0.5 12715.51 21426.82 1E-09 1 0.578742

9 0 41 9 1216.931 2 3 0.5 14195.7 21749.85 1E-09 1 -0.13097

8 0 42 8 1216.931 2 3 0.5 15732.47 22229.13 1E-09 1 0.064282

7 0 43 7 1216.931 2 3 0.5 17328.2 22764.84 1E-09 1 0.234617

6 0 44 6 1216.931 2 3 0.5 18984.92 23358.23 1E-09 1 0.384843

5 0 45 5 1216.931 2 3 0.5 20705.23 24012.44 1E-09 1 0.514046

4 0 46 4 1216.931 2 3 0.5 22491.35 24730.1 1E-09 1 0.626731

3 0 47 3 1216.931 2 3 0.5 24345.75 25510.59 1E-09 1 0.723568

2 0 48 2 1216.931 2 3 0.5 26271.01 26360.38 1E-09 1 0.806

1 0 49 1 1216.931 2 3 0.5 28269.82 27279.33 1E-09 1 0.875462

16 0 34 16 1216.931 2 3 0.5 5300.053 20214.49 1E-09 1 -1.60261

15 0 35 15 1216.931 2 3 0.5 6453.087 20335.82 1E-09 1 -1.12859

14 0 36 14 1216.931 2 3 0.5 7651.31 20488.86 1E-09 1 -0.89814

13 0 37 13 1216.931 2 3 0.5 8887.408 20687.21 1E-09 1 -0.54287

12 0 38 12 1216.931 2 3 0.5 10148.66 20923.18 1E-09 1 -0.06904

11 0 39 11 1216.931 2 3 0.5 11448.35 21184.14 1E-09 1 0.208125

10 0 40 10 1216.931 2 3 0.5 12788.15 21483.23 1E-09 1 0.450088

9 0 41 9 1216.931 2 3 0.5 14285.97 21822.61 1E-09 1 -0.24747

8 0 42 8 1216.931 2 3 0.5 15843.5 22319.56 1E-09 1 -0.0571

7 0 43 7 1216.931 2 3 0.5 17463.51 22876.04 1E-09 1 0.107895

6 0 44 6 1216.931 2 3 0.5 19148.06 23493.73 1E-09 1 0.254832

5 0 45 5 1216.931 2 3 0.5 20900.27 24175.79 1E-09 1 0.379795

4 0 46 4 1216.931 2 3 0.5 22722.4 24925.34 1E-09 1 0.489876

3 0 47 3 1216.931 2 3 0.5 24617.14 25741.81 1E-09 1 0.584648

2 0 48 2 1216.931 2 3 0.5 26587.34 26631.93 1E-09 1 0.665368

1 0 49 1 1216.931 2 3 0.5 28635.94 27595.75 1E-09 1 0.733397

16 0 34 16 1216.931 2 3 0.5 5311.421 20221.5 1E-09 1 -1.70229

15 0 35 15 1216.931 2 3 0.5 6469.761 20347.21 1E-09 1 -1.2223

14 0 36 14 1216.931 2 3 0.5 7674.641 20505.58 1E-09 1 -0.99311

13 0 37 13 1216.931 2 3 0.5 8919.282 20710.59 1E-09 1 -0.64481

12 0 38 12 1216.931 2 3 0.5 10191.68 20955.12 1E-09 1 -0.18343

11 0 39 11 1216.931 2 3 0.5 11504.97 21227.24 1E-09 1 0.087065

10 0 40 10 1216.931 2 3 0.5 12861.25 21539.97 1E-09 1 0.321433

9 0 41 9 1216.931 2 3 0.5 14376.91 21895.86 1E-09 1 -0.36396

8 0 42 8 1216.931 2 3 0.5 15955.44 22410.65 1E-09 1 -0.17848

7 0 43 7 1216.931 2 3 0.5 17600.04 22988.16 1E-09 1 -0.01883

training data 3

𝑃𝐵𝑇,1(𝑙𝑎𝑝𝑠𝑒)

𝑃𝐵𝑇,2(𝑙𝑎𝑝𝑠𝑒)

𝑃𝐵𝑇,3(𝑙𝑎𝑝𝑠𝑒)
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▪ Bagging algorithm
1. Estrarre un campione dal training dataset 

2. Generare l’albero (puro) relativo al campione

3. Aggiornare la stime di ogni record come media delle stime ottenute da tutti 
gli alberi a disposizione:

4. Calcolare il training error e il validation error utilizzando tutti gli alberi a 
disposizione.

5. Si ripetono i passi 1-4 finché una certa condizione di tolleranza si verifica.

መ𝜃𝑛
𝑏𝑎𝑔

(𝑟𝑒𝑐𝑜𝑟𝑑) ≔
1

𝑛


𝑘=1

𝑛
መ𝜃𝑘(𝑟𝑒𝑐𝑜𝑟𝑑)
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▪ Random forest
1. Estrarre un campione dal training dataset e un insieme casuale di predittori

2. Generare l’albero (puro) relativo al campione

3. Aggiornare la stime di ogni record come media delle stime ottenute da tutti 
gli alberi a disposizione:

4. Calcolare il training error e il validation error utilizzando tutti gli alberi a 
disposizione.

5. Si ripetono i passi 1-4 finché una certa condizione di tolleranza si verifica.

መ𝜃𝑛
𝑏𝑎𝑔

(𝑟𝑒𝑐𝑜𝑟𝑑) ≔
1

𝑛


𝑘=1

𝑛
መ𝜃𝑘(𝑟𝑒𝑐𝑜𝑟𝑑)
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▪ More generally...
1. Estrarre un campione dal training dataset e introdurre varianza

2. Generare l’albero (puro) relativo al campione

3. Aggiornare la stime di ogni record come media delle stime ottenute da tutti 
gli alberi a disposizione:

4. Calcolare il training error e il validation error utilizzando tutti gli alberi a 
disposizione.

5. Si ripetono i passi 1-4 finché una certa condizione di tolleranza si verifica.

መ𝜃𝑛
𝑏𝑎𝑔

(𝑟𝑒𝑐𝑜𝑟𝑑) ≔
1

𝑛


𝑘=1

𝑛
መ𝜃𝑘(𝑟𝑒𝑐𝑜𝑟𝑑)



16 0 34 16 1216.931 2 3 0.5 5277.389 20200.5 1E-09 1 -1.40325

15 0 35 15 1216.931 2 3 0.5 6419.878 20313.1 1E-09 1 -0.94118

14 0 36 14 1216.931 2 3 0.5 7604.888 20455.58 1E-09 1 -0.70822

13 0 37 13 1216.931 2 3 0.5 8824.048 20640.69 1E-09 1 -0.33899

12 0 38 12 1216.931 2 3 0.5 10063.25 20859.68 1E-09 1 0.159748

11 0 39 11 1216.931 2 3 0.5 11336.05 21098.55 1E-09 1 0.450245

10 0 40 10 1216.931 2 3 0.5 12643.35 21370.72 1E-09 1 0.707397

9 0 41 9 1216.931 2 3 0.5 14106.08 21677.55 1E-09 1 -0.01448

8 0 42 8 1216.931 2 3 0.5 15622.34 22139.35 1E-09 1 0.185665

7 0 43 7 1216.931 2 3 0.5 17194.1 22654.53 1E-09 1 0.36134

6 0 44 6 1216.931 2 3 0.5 18823.38 23223.94 1E-09 1 0.514853

5 0 45 5 1216.931 2 3 0.5 20512.3 23850.71 1E-09 1 0.648297

4 0 46 4 1216.931 2 3 0.5 22263.02 24536.96 1E-09 1 0.763586

3 0 47 3 1216.931 2 3 0.5 24077.82 25282.08 1E-09 1 0.862487

2 0 48 2 1216.931 2 3 0.5 25959.04 26092.3 1E-09 1 0.946632

1 0 49 1 1216.931 2 3 0.5 27909.1 26967.26 1E-09 1 1.017527

16 0 34 16 1216.931 2 3 0.5 5288.708 20207.49 1E-09 1 -1.50293

15 0 35 15 1216.931 2 3 0.5 6436.459 20324.45 1E-09 1 -1.03488

14 0 36 14 1216.931 2 3 0.5 7628.06 20472.2 1E-09 1 -0.80318

13 0 37 13 1216.931 2 3 0.5 8855.663 20663.91 1E-09 1 -0.44093

12 0 38 12 1216.931 2 3 0.5 10105.85 20891.36 1E-09 1 0.045355

11 0 39 11 1216.931 2 3 0.5 11392.04 21141.24 1E-09 1 0.329185

10 0 40 10 1216.931 2 3 0.5 12715.51 21426.82 1E-09 1 0.578742

9 0 41 9 1216.931 2 3 0.5 14195.7 21749.85 1E-09 1 -0.13097

8 0 42 8 1216.931 2 3 0.5 15732.47 22229.13 1E-09 1 0.064282

7 0 43 7 1216.931 2 3 0.5 17328.2 22764.84 1E-09 1 0.234617

6 0 44 6 1216.931 2 3 0.5 18984.92 23358.23 1E-09 1 0.384843

5 0 45 5 1216.931 2 3 0.5 20705.23 24012.44 1E-09 1 0.514046

4 0 46 4 1216.931 2 3 0.5 22491.35 24730.1 1E-09 1 0.626731

3 0 47 3 1216.931 2 3 0.5 24345.75 25510.59 1E-09 1 0.723568

2 0 48 2 1216.931 2 3 0.5 26271.01 26360.38 1E-09 1 0.806

1 0 49 1 1216.931 2 3 0.5 28269.82 27279.33 1E-09 1 0.875462

16 0 34 16 1216.931 2 3 0.5 5300.053 20214.49 1E-09 1 -1.60261

15 0 35 15 1216.931 2 3 0.5 6453.087 20335.82 1E-09 1 -1.12859

14 0 36 14 1216.931 2 3 0.5 7651.31 20488.86 1E-09 1 -0.89814

13 0 37 13 1216.931 2 3 0.5 8887.408 20687.21 1E-09 1 -0.54287

12 0 38 12 1216.931 2 3 0.5 10148.66 20923.18 1E-09 1 -0.06904

11 0 39 11 1216.931 2 3 0.5 11448.35 21184.14 1E-09 1 0.208125

10 0 40 10 1216.931 2 3 0.5 12788.15 21483.23 1E-09 1 0.450088

9 0 41 9 1216.931 2 3 0.5 14285.97 21822.61 1E-09 1 -0.24747

8 0 42 8 1216.931 2 3 0.5 15843.5 22319.56 1E-09 1 -0.0571

7 0 43 7 1216.931 2 3 0.5 17463.51 22876.04 1E-09 1 0.107895

6 0 44 6 1216.931 2 3 0.5 19148.06 23493.73 1E-09 1 0.254832

5 0 45 5 1216.931 2 3 0.5 20900.27 24175.79 1E-09 1 0.379795

4 0 46 4 1216.931 2 3 0.5 22722.4 24925.34 1E-09 1 0.489876

3 0 47 3 1216.931 2 3 0.5 24617.14 25741.81 1E-09 1 0.584648

2 0 48 2 1216.931 2 3 0.5 26587.34 26631.93 1E-09 1 0.665368

1 0 49 1 1216.931 2 3 0.5 28635.94 27595.75 1E-09 1 0.733397

16 0 34 16 1216.931 2 3 0.5 5311.421 20221.5 1E-09 1 -1.70229

15 0 35 15 1216.931 2 3 0.5 6469.761 20347.21 1E-09 1 -1.2223

14 0 36 14 1216.931 2 3 0.5 7674.641 20505.58 1E-09 1 -0.99311

13 0 37 13 1216.931 2 3 0.5 8919.282 20710.59 1E-09 1 -0.64481

12 0 38 12 1216.931 2 3 0.5 10191.68 20955.12 1E-09 1 -0.18343

11 0 39 11 1216.931 2 3 0.5 11504.97 21227.24 1E-09 1 0.087065

10 0 40 10 1216.931 2 3 0.5 12861.25 21539.97 1E-09 1 0.321433

9 0 41 9 1216.931 2 3 0.5 14376.91 21895.86 1E-09 1 -0.36396

8 0 42 8 1216.931 2 3 0.5 15955.44 22410.65 1E-09 1 -0.17848

7 0 43 7 1216.931 2 3 0.5 17600.04 22988.16 1E-09 1 -0.01883
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16 0 34 16 1216.931 2 3 0.5 5277.389 20200.5 1E-09 1 -1.40325

15 0 35 15 1216.931 2 3 0.5 6419.878 20313.1 1E-09 1 -0.94118

14 0 36 14 1216.931 2 3 0.5 7604.888 20455.58 1E-09 1 -0.70822

13 0 37 13 1216.931 2 3 0.5 8824.048 20640.69 1E-09 1 -0.33899

12 0 38 12 1216.931 2 3 0.5 10063.25 20859.68 1E-09 1 0.159748

11 0 39 11 1216.931 2 3 0.5 11336.05 21098.55 1E-09 1 0.450245

10 0 40 10 1216.931 2 3 0.5 12643.35 21370.72 1E-09 1 0.707397

9 0 41 9 1216.931 2 3 0.5 14106.08 21677.55 1E-09 1 -0.01448

8 0 42 8 1216.931 2 3 0.5 15622.34 22139.35 1E-09 1 0.185665

7 0 43 7 1216.931 2 3 0.5 17194.1 22654.53 1E-09 1 0.36134

6 0 44 6 1216.931 2 3 0.5 18823.38 23223.94 1E-09 1 0.514853

5 0 45 5 1216.931 2 3 0.5 20512.3 23850.71 1E-09 1 0.648297

4 0 46 4 1216.931 2 3 0.5 22263.02 24536.96 1E-09 1 0.763586

3 0 47 3 1216.931 2 3 0.5 24077.82 25282.08 1E-09 1 0.862487

2 0 48 2 1216.931 2 3 0.5 25959.04 26092.3 1E-09 1 0.946632

1 0 49 1 1216.931 2 3 0.5 27909.1 26967.26 1E-09 1 1.017527

16 0 34 16 1216.931 2 3 0.5 5288.708 20207.49 1E-09 1 -1.50293

15 0 35 15 1216.931 2 3 0.5 6436.459 20324.45 1E-09 1 -1.03488

14 0 36 14 1216.931 2 3 0.5 7628.06 20472.2 1E-09 1 -0.80318

13 0 37 13 1216.931 2 3 0.5 8855.663 20663.91 1E-09 1 -0.44093

12 0 38 12 1216.931 2 3 0.5 10105.85 20891.36 1E-09 1 0.045355

11 0 39 11 1216.931 2 3 0.5 11392.04 21141.24 1E-09 1 0.329185

10 0 40 10 1216.931 2 3 0.5 12715.51 21426.82 1E-09 1 0.578742

9 0 41 9 1216.931 2 3 0.5 14195.7 21749.85 1E-09 1 -0.13097

8 0 42 8 1216.931 2 3 0.5 15732.47 22229.13 1E-09 1 0.064282

7 0 43 7 1216.931 2 3 0.5 17328.2 22764.84 1E-09 1 0.234617

6 0 44 6 1216.931 2 3 0.5 18984.92 23358.23 1E-09 1 0.384843

5 0 45 5 1216.931 2 3 0.5 20705.23 24012.44 1E-09 1 0.514046

4 0 46 4 1216.931 2 3 0.5 22491.35 24730.1 1E-09 1 0.626731

3 0 47 3 1216.931 2 3 0.5 24345.75 25510.59 1E-09 1 0.723568

2 0 48 2 1216.931 2 3 0.5 26271.01 26360.38 1E-09 1 0.806

1 0 49 1 1216.931 2 3 0.5 28269.82 27279.33 1E-09 1 0.875462

16 0 34 16 1216.931 2 3 0.5 5300.053 20214.49 1E-09 1 -1.60261

15 0 35 15 1216.931 2 3 0.5 6453.087 20335.82 1E-09 1 -1.12859

14 0 36 14 1216.931 2 3 0.5 7651.31 20488.86 1E-09 1 -0.89814

13 0 37 13 1216.931 2 3 0.5 8887.408 20687.21 1E-09 1 -0.54287

12 0 38 12 1216.931 2 3 0.5 10148.66 20923.18 1E-09 1 -0.06904

11 0 39 11 1216.931 2 3 0.5 11448.35 21184.14 1E-09 1 0.208125

10 0 40 10 1216.931 2 3 0.5 12788.15 21483.23 1E-09 1 0.450088

9 0 41 9 1216.931 2 3 0.5 14285.97 21822.61 1E-09 1 -0.24747

8 0 42 8 1216.931 2 3 0.5 15843.5 22319.56 1E-09 1 -0.0571

7 0 43 7 1216.931 2 3 0.5 17463.51 22876.04 1E-09 1 0.107895

6 0 44 6 1216.931 2 3 0.5 19148.06 23493.73 1E-09 1 0.254832

5 0 45 5 1216.931 2 3 0.5 20900.27 24175.79 1E-09 1 0.379795

4 0 46 4 1216.931 2 3 0.5 22722.4 24925.34 1E-09 1 0.489876

3 0 47 3 1216.931 2 3 0.5 24617.14 25741.81 1E-09 1 0.584648

2 0 48 2 1216.931 2 3 0.5 26587.34 26631.93 1E-09 1 0.665368

1 0 49 1 1216.931 2 3 0.5 28635.94 27595.75 1E-09 1 0.733397

16 0 34 16 1216.931 2 3 0.5 5311.421 20221.5 1E-09 1 -1.70229

15 0 35 15 1216.931 2 3 0.5 6469.761 20347.21 1E-09 1 -1.2223

14 0 36 14 1216.931 2 3 0.5 7674.641 20505.58 1E-09 1 -0.99311

13 0 37 13 1216.931 2 3 0.5 8919.282 20710.59 1E-09 1 -0.64481

12 0 38 12 1216.931 2 3 0.5 10191.68 20955.12 1E-09 1 -0.18343

11 0 39 11 1216.931 2 3 0.5 11504.97 21227.24 1E-09 1 0.087065

10 0 40 10 1216.931 2 3 0.5 12861.25 21539.97 1E-09 1 0.321433

9 0 41 9 1216.931 2 3 0.5 14376.91 21895.86 1E-09 1 -0.36396

8 0 42 8 1216.931 2 3 0.5 15955.44 22410.65 1E-09 1 -0.17848

7 0 43 7 1216.931 2 3 0.5 17600.04 22988.16 1E-09 1 -0.01883

training data

𝑃𝐴𝐵𝑇,1(𝑙𝑎𝑝𝑠𝑒)

𝑃𝐴𝐵𝑇,2(𝑙𝑎𝑝𝑠𝑒)

𝑃𝐴𝐵𝑇,3(𝑙𝑎𝑝𝑠𝑒)

16 0 34 16 1216.931 2 3 0.5 5277.389 20200.5 1E-09 1 -1.40325

15 0 35 15 1216.931 2 3 0.5 6419.878 20313.1 1E-09 1 -0.94118

14 0 36 14 1216.931 2 3 0.5 7604.888 20455.58 1E-09 1 -0.70822

13 0 37 13 1216.931 2 3 0.5 8824.048 20640.69 1E-09 1 -0.33899

12 0 38 12 1216.931 2 3 0.5 10063.25 20859.68 1E-09 1 0.159748

11 0 39 11 1216.931 2 3 0.5 11336.05 21098.55 1E-09 1 0.450245

10 0 40 10 1216.931 2 3 0.5 12643.35 21370.72 1E-09 1 0.707397

9 0 41 9 1216.931 2 3 0.5 14106.08 21677.55 1E-09 1 -0.01448

8 0 42 8 1216.931 2 3 0.5 15622.34 22139.35 1E-09 1 0.185665

7 0 43 7 1216.931 2 3 0.5 17194.1 22654.53 1E-09 1 0.36134

6 0 44 6 1216.931 2 3 0.5 18823.38 23223.94 1E-09 1 0.514853

5 0 45 5 1216.931 2 3 0.5 20512.3 23850.71 1E-09 1 0.648297

4 0 46 4 1216.931 2 3 0.5 22263.02 24536.96 1E-09 1 0.763586

3 0 47 3 1216.931 2 3 0.5 24077.82 25282.08 1E-09 1 0.862487

2 0 48 2 1216.931 2 3 0.5 25959.04 26092.3 1E-09 1 0.946632

1 0 49 1 1216.931 2 3 0.5 27909.1 26967.26 1E-09 1 1.017527

16 0 34 16 1216.931 2 3 0.5 5288.708 20207.49 1E-09 1 -1.50293

15 0 35 15 1216.931 2 3 0.5 6436.459 20324.45 1E-09 1 -1.03488

14 0 36 14 1216.931 2 3 0.5 7628.06 20472.2 1E-09 1 -0.80318

13 0 37 13 1216.931 2 3 0.5 8855.663 20663.91 1E-09 1 -0.44093

12 0 38 12 1216.931 2 3 0.5 10105.85 20891.36 1E-09 1 0.045355

11 0 39 11 1216.931 2 3 0.5 11392.04 21141.24 1E-09 1 0.329185

10 0 40 10 1216.931 2 3 0.5 12715.51 21426.82 1E-09 1 0.578742

9 0 41 9 1216.931 2 3 0.5 14195.7 21749.85 1E-09 1 -0.13097

8 0 42 8 1216.931 2 3 0.5 15732.47 22229.13 1E-09 1 0.064282

7 0 43 7 1216.931 2 3 0.5 17328.2 22764.84 1E-09 1 0.234617

6 0 44 6 1216.931 2 3 0.5 18984.92 23358.23 1E-09 1 0.384843

5 0 45 5 1216.931 2 3 0.5 20705.23 24012.44 1E-09 1 0.514046

4 0 46 4 1216.931 2 3 0.5 22491.35 24730.1 1E-09 1 0.626731

3 0 47 3 1216.931 2 3 0.5 24345.75 25510.59 1E-09 1 0.723568

2 0 48 2 1216.931 2 3 0.5 26271.01 26360.38 1E-09 1 0.806

1 0 49 1 1216.931 2 3 0.5 28269.82 27279.33 1E-09 1 0.875462

16 0 34 16 1216.931 2 3 0.5 5300.053 20214.49 1E-09 1 -1.60261

15 0 35 15 1216.931 2 3 0.5 6453.087 20335.82 1E-09 1 -1.12859

14 0 36 14 1216.931 2 3 0.5 7651.31 20488.86 1E-09 1 -0.89814

13 0 37 13 1216.931 2 3 0.5 8887.408 20687.21 1E-09 1 -0.54287

12 0 38 12 1216.931 2 3 0.5 10148.66 20923.18 1E-09 1 -0.06904

11 0 39 11 1216.931 2 3 0.5 11448.35 21184.14 1E-09 1 0.208125

10 0 40 10 1216.931 2 3 0.5 12788.15 21483.23 1E-09 1 0.450088

9 0 41 9 1216.931 2 3 0.5 14285.97 21822.61 1E-09 1 -0.24747

8 0 42 8 1216.931 2 3 0.5 15843.5 22319.56 1E-09 1 -0.0571

7 0 43 7 1216.931 2 3 0.5 17463.51 22876.04 1E-09 1 0.107895

6 0 44 6 1216.931 2 3 0.5 19148.06 23493.73 1E-09 1 0.254832

5 0 45 5 1216.931 2 3 0.5 20900.27 24175.79 1E-09 1 0.379795

4 0 46 4 1216.931 2 3 0.5 22722.4 24925.34 1E-09 1 0.489876

3 0 47 3 1216.931 2 3 0.5 24617.14 25741.81 1E-09 1 0.584648

2 0 48 2 1216.931 2 3 0.5 26587.34 26631.93 1E-09 1 0.665368

1 0 49 1 1216.931 2 3 0.5 28635.94 27595.75 1E-09 1 0.733397

16 0 34 16 1216.931 2 3 0.5 5311.421 20221.5 1E-09 1 -1.70229

15 0 35 15 1216.931 2 3 0.5 6469.761 20347.21 1E-09 1 -1.2223

14 0 36 14 1216.931 2 3 0.5 7674.641 20505.58 1E-09 1 -0.99311

13 0 37 13 1216.931 2 3 0.5 8919.282 20710.59 1E-09 1 -0.64481

12 0 38 12 1216.931 2 3 0.5 10191.68 20955.12 1E-09 1 -0.18343

11 0 39 11 1216.931 2 3 0.5 11504.97 21227.24 1E-09 1 0.087065

10 0 40 10 1216.931 2 3 0.5 12861.25 21539.97 1E-09 1 0.321433

9 0 41 9 1216.931 2 3 0.5 14376.91 21895.86 1E-09 1 -0.36396

8 0 42 8 1216.931 2 3 0.5 15955.44 22410.65 1E-09 1 -0.17848

7 0 43 7 1216.931 2 3 0.5 17600.04 22988.16 1E-09 1 -0.01883

validation data 𝑃(𝑙𝑎𝑝𝑠𝑒)

𝑤2

𝑤1
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Informally, hypothesis boosting problem asks 
whether an efficient learning algorithm […] that 

outputs an hypothesis whose performance is only 
slightly better than random guessing implies the 
existence of an efficient algorithm that outputs 

an hypothesis of arbitrary accuracy*

* M. Kearns, Thoughts on Hypothesis Boosting, unpublished manuscript, 1988
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A model of learnability in which the learner is 
only required to perform slightly better than 
guessing is as strong as a model in which the 
learner’s error can be made arbitrarily small*

* R. E. Schapire, The Strength of Weak Learnability, Machine Learning, Kluwer Academic Publishers 5 (2), pp. 197-227, 1990
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▪ Boosting algorithm
1. Scegliere un’intero d per l’interaction depth e un 𝜆 per il learning rate

2. Definire un valore iniziale 𝜃0
𝑏𝑜𝑜𝑠𝑡 per la stima

3. Calcolare gli errori 𝜀𝑘(𝑟𝑒𝑐𝑜𝑟𝑑) sul training dataset tramite le stime correnti

4. Generare un albero a d livelli con il training dataset per stimare gli errori 
𝜀𝑘(𝑟𝑒𝑐𝑜𝑟𝑑)

5. Aggiornare le stime di ogni record:

6. Si ripetono i passi 3-5 finché una certa condizione di tolleranza si verifica.

መ𝜃𝑛
𝑏𝑜𝑜𝑠𝑡 𝑟𝑒𝑐𝑜𝑟𝑑 ≔ መ𝜃0

𝑏𝑜𝑜𝑠𝑡 +
𝑘=1

𝑛

λ Ƹ𝜀𝑘(𝑟𝑒𝑐𝑜𝑟𝑑)
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1. Some Analytics in Insurance

2. Dynamic PHB

3. Modelling PHB

4. Case Studies
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▪ 11.700 endowment products sold in Italy

▪ Portfolio at 31.12.2005

▪ Surrenders observed by 31.12.2006

▪ Policyholder-related fields (sex and age)

▪ Product-related fields

• tariff (premium, costs, guarantee)

• status (maturity, reserve, sum assured, terminal bonus)

▪ Macroeconomic fields (delta return)
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METHOD
TRAINING

AUC
VALIDATION

AUC

Logistic reg. 69% 65%

Bagging trees 80% 72%

Random forest 77% 64%

Boosting trees 92% 70%
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AUC

Logistic reg. 69% 65%

Bagging trees 80% 72%

Random forest 77% 64%

Boosting trees 92% 70%
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▪ Interest rate dynamic (G2++) 
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▪ Interest rate dynamic (G2++) 

Nelson-Siegel-Svensson model
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▪ Bond yield dynamic (G2++ with deterministic spread) 
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▪ Equity dynamic (geometric brownian motion) 

G2++ risk premium

volatility
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▪ Segregated fund dynamic

• Segregated fund rate →

• Crediting rate →

• Premium amount →

• Expenses →

• Sum assured →

• Mathematical reserve →
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▪ Segregated fund dynamic

• Profit & Loss →

• Discounted P&L →

• Mean discounted P&L →
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▪ Segregated fund dynamic

• Profit & Loss →

• Discounted P&L →

• Mean discounted P&L →
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▪ P&L

• Discounted P&L
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▪ P&L and TVOG

• Discounted P&L
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▪ P&L and TVOG

PHB-free TVOG

lapse-rate TVOG

time-to-lapse TVOG
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▪ P&L and TVOG components

PHB-free TVOG

lapse-rate TVOG

time-to-lapse TVOG

▪ P&L and TVOG components

guarantee PHB



Case Study 1 – Results

9 May 2019 49



Case Study 1 – Results

9 May 2019 50



Case Study 1 – Results

9 May 2019 51



Case Study 2 – Database

9 May 2019 52

▪ 50.000 loan borrowers in US

▪ Panel data synthesised in cross-section form

▪ Censored data with maximum loan observation time of 60 
trimesters (i.e. 15 years)

▪ Policyholder-related fields (FICO score and investor type)

▪ Product-related fields 

• loan (sum borrowed and real estate type)

• status (outstanding balance and instalment)

▪ Macroeconomic fields (unemployment rate and GDP)
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METHOD TRAINING AUC VALIDATION AUC

Weibull regression 71% 72%

Random forest 94% 91%
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METHOD TRAINING AUC VALIDATION AUC

Weibull regression 72% 73%

Random forest 91% 89%
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▪ Loan / CPI dynamic

• Overall lapse rate →

• Interest rate model (Vasicek) → →

• Premium amount →

• Loan outstanding balance →

• Loan instalment →

• Mathematical reserve →
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Any Questions?



61

Contact details:

Marco Aleandri

address: Rue Saint Laurent 2

1000 Brussels, Belgium

phone: +32 495924534

mail: marco.aleandri@hotmail.it 

marco.aleandri@uniroma1.it 

Thank you very much for your attention!

9 May 2019


