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import pandas as pd

train_df = pd.read_csv("./data/train.csv")
train_df.head(10)

Caseld Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 .. Q28 Q29 Q30 Q31 Q32 Q33 Q34 Q35 Q3

0 1 0 0 0 O 0 0 O 0 0 . 0 0 0 0 0 0 0 0
1 2 0 o 0O 0 O 0o 0 O 0 . 0 1 1 1 1 0 0 0
2 3 0 0 0 0 0 0 0 1 0 1 2 2 2 1 0 0 0
3 4 0 O 0O 0 O 0O 0 O 0 1 3 2 3 1 0 0 1
4 5 0 0 0 0 0 0 0 0 0 1 4 2 4 1 0 0 1
5 6 0 O 0 0 O 0O 0 O 0 1 2 3 5 1 0 0 0
6 7 0 0 0 0 0 0 O 0 0 0 3 1 6 1 0 0 1
7 8 0 O 0O 0 O 0O 0 O 0 1 3 1 3 1 0 0 1
8 9 0 0 0 O 0 0 O 2 0 0 2 1 2 1 0 0 0
9 10 0 0 0O 0 O 0O 0 O 0 0 2 1 7 1 0 0 0

10 rows x 38 columns

train_df.info()



<class 'pandas.core.frame.DataFrame'>

RangeIndex: 200000 entries, 0 to 199999
Data columns (total 38 columns):
Non-Null Count
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train_df.iloc[:, 1:37].hist(figsize=(20, 20))
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SigmoidBiBERE:
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tanhiB0EREL:

tanh(z) = 20(22) — 1

[].ﬁf

ReLUBGEEREL:

Re LU (z) = max(0, z)



ra

1 i i i " L i i i i n n 1 L 1 n n M L 1

-10 -5 5 1o

MRBZEZENAELGEF RERCAANE, SERMANE, MAULSKHRHESR, X MNEREEIRE
1. BXfrERE, TlgaT, RENREGEMEAREIRFIEIFETN, R ERETNERS
BESHERREX/MEIERENREGEMF I RED, X—EERARMAERE. B, HIITEX—MRER
#, BFHMETINERSELEZERRE, RRMESPIEAIRAREIPytorchA R HAYZE R IFREL
(CrossEntropyLoss), EHlog_softmaxfnll_lossSEI, log_softmaxgxd#isoftmaxiEy, EHitEARA:

< exp(z;) )
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nll_losst9it EAXMER L EREIHESXINAILabe PRIRBIEHREIRRS, FIHEANETRRA:
nll_loss (z, class ) = —z] class |
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import logging

import pickle

import torch

import torch.nn as nn

import torch.nn.functional as F

from torch.utils.data import TensorDataset
from torch.utils.data import Dataloader
from torch.utils.data import random_split

class Insurance_Model(nn.Module):
def __init__(self, input_dim, hidden_dim, num_classes,
act_func=F.sigmoid):
super().__init__(Q)
# hidden layer
self.linear_layerl = nn.Linear(input_dim, hidden_dim)
# output layer
self.linear_layer2 = nn.Linear(hidden_dim, num_classes)
# activation function
self.act_func = act_func

def forward(self, inputs):

outputs = self.linear_layerl(inputs)
outputs = self.act_func(outputs)
outputs = self.linear_layer2(outputs)



return outputs

@staticmethod
def compute_accuracy(outputs, labels):
_, preds = torch.max(outputs, dim=1)
return torch.tensor(torch.sum(preds == labels).item() / len(preds))

@staticmethod
def log_epoch_loss_and_acc(prefix, epoch, epoch_loss, epoch_acc, interval=5):
if epoch % interval == 0:
logging.info(f'{prefix}_Epoch [{epoch}], loss: {epoch_loss:.uf},"
f' acc: {epoch_acc:.uf}t.')

def evaluate(self, batch, loss_func, need_acc=False, no_grad=False):
if no_grad:
with torch.no_grad():
inputs, labels = batch
outputs = self(inputs)
loss = loss_func(outputs, labels)
else:
inputs, labels = batch
outputs = self(inputs)
loss = loss_func(outputs, labels)

if need_acc:

acc = self.compute_accuracy(outputs, labels)
return {'loss': loss, 'acc': acc}
else:

return {'loss': loss}

def compute_epoch_loss_and_acc(self, dataloader, loss_func):
results = [self.evaluate(batch, loss_func, need_acc=True, no_grad=True)
for batch in dataloader]
[r['loss'] for r in results]
torch.stack(batch_losses).mean()
batch_accs [r['acc'] for r in results]
epoch_acc torch.stack(batch_accs) .mean()
return {'epoch_loss': epoch_loss, 'epoch_acc': epoch_acc}

batch_losses
epoch_loss

def epoch_postprocess(self, prefix, data_loader, epoch,
history, loss_func, log_interval):
loss_and_acc = self.compute_epoch_loss_and_acc(data_loader, loss_func)
epoch_loss = loss_and_acc['epoch_loss"']
epoch_acc = loss_and_acc['epoch_acc']
history.append({'epoch_loss': epoch_loss,
'epoch_acc': epoch_acc})
self.log_epoch_loss_and_acc(prefix, epoch,
epoch_loss,
epoch_acc,
log_interval)

def train(self, train_loader, val_loader, num_epochs, 1lr,
loss_func=F.cross_entropy, opt_func=torch.optim.SGD,
log_interval=5):
optimizer = opt_func(self.parameters(), 1lr)
self.history_train = [] # history of train set
self.history_val = [] # history of validation set

# initial loss and accuracy of training dataset
self.epoch_postprocess('Train', train_loader, 0,
self.history_train, loss_func, log_interval)

# initial loss and accuracy of validation dataset
self.epoch_postprocess('Val', val_loader, 0,
self.history_val, loss_func, log_interval)



# iteration
for epoch in range(num_epochs):
for batch in train_loader:
loss = self.evaluate(batch, loss_func, need_acc=False)['loss']
loss.backward()
optimizer.step()
optimizer.zero_grad()

# training dataset loss and accuracy
self.epoch_postprocess('Train', train_loader, epoch+1,
self.history_train, loss_func, log_interval)

# validation dataset loss and accuracy
self.epoch_postprocess('Val', val_loader, epoch+l,
self.history_val, loss_func, log_interval)

def predict(self, inputs):
outputs = self(inputs)
_, preds = torch.max(outputs, dim=1)
return [preds[i].item() for i in range(len(preds))]

def save_model(self, save_file):
torch.save(self.state_dict(), save_file)
pickle.dump(self.history_train, open('insurance_history_train.pkl', 'wb'))
pickle.dump(self.history_val, open('insurance_history_val.pkl', 'wb'))

def recover_model(self, save_file):
self.load_state_dict(torch.load(save_file))
self.history_train = pickle.load(open('insurance_history_train.pkl', 'rb'))
self.history_val pickle.load(open('insurance_history_val.pkl', 'rb'))

FEI
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SRESMIGIEES,

# delete CaseId (because it has no meaning)
train_df.drop('Caseld', axis=1, inplace=True)

# convert pandas dataframe to numpy array
train_data = train_df.to_numpy()

# convert numpy array to tensor
inputs = torch.from_numpy(train_datal[:, :36]).type(torch.float)
labels = torch.from_numpy(train_datal:, 36]).type(torch.long)

dataset = TensorDataset(inputs, labels)
train_ds, val_ds = random_split(dataset, [166666, 33334])

{ERgpulliEItE, PytorchepfERgpuitE+DEIR, RFER)
(AR EE & Fcudalkz),
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def to_device(data, device):
"""Move tensor(s) to chosen device"""
if isinstance(data, (list,tuple)):
return [to_device(x, device) for x in datal
return data.to(device, non_blocking=True)

class DeviceDatalLoader():
"""Wrap a dataloader to move data to a device (default: cpu)"""
def __init_ (self, dl, device):
self.dl = dl
self.device = device

def __iter_ (self):
"""Yield a batch of data after moving it to device"""



for b in self.dl:
yield to_device(b, self.device)

def __len__(self):

"""Number of batches"""
return len(self.dl)

logging.basicConfig(format='%(asctime)s %(levelname)s:%(message)s', \
level=logging.INFO, datefmt='%m/%d/%Y %I:%M:%S %p')

BEFSImoidE/BIEREL, FIIEREE0.01, ELEETI1008T :

x_dim = 36 # input dimension

y_dim =2 # label dimension
hidden_dim = 24 # hidden layer dimension
act_func = F.sigmoid # activation function
batch_size = 128

num_epochs = 100

learning_rate = 0.01

device = torch.device('cuda')

train_loader = DatalLoader(train_ds, batch_size, shuffle=True)
val_loader = DatalLoader(val_ds, batch_size)

# move dataloader to gpu

train_loader = DeviceDataloader(train_loader, device)
val_loader = DeviceDataloader(val_loader, device)

# initialize linear regression model
logging.info("Initializing NN model.™)
insurance_model = Insurance_Model(x_dim, hidden_dim, y_dim, act_func)
# move model parameters to gpu
to_device(insurance_model, device)
logging.info("Start training... ")
insurance_model.train(train_loader, val_loader, num_epochs,
learning_rate, log_interval=10, opt_func=torch.optim.SGD)
logging.info("Training finished.")

logging.info("Save model.")
insurance_model.save_model('report0®l-insurance_model.pth')



03/07/2022 10:07:18 AM INFO:Initializing NN model.
03/07/2022 10:07:20 AM INFO:Start training...
c:\users\sj2050\miniconda3\lib\site-packages\torch\nn\functional.py:1806: UserWarnin
g: nn.functional.sigmoid is deprecated. Use torch.sigmoid instead.
warnings.warn("nn.functional.sigmoid is deprecated. Use torch.sigmoid instead.")
03/07/2022 10:07:22 AM INFO:Train_Epoch [0], loss: 1.0106, acc: 0.1578.
03/07/2022 10:07:22 AM INFO:Val_Epoch [0], loss: 1.0096, acc: 0.1587.
03/07/2022 10:08:01 AM INFO:Train_Epoch [10], loss: 0.2757, acc: 0.8635.
03/07/2022 10:08:01 AM INFO:Val_Epoch [10], loss: 0.2757, acc: 0.8634.
03/07/2022 10:08:37 AM INFO:Train_Epoch [20], loss: 0.2434, acc: 0.8928.
03/07/2022 10:08:37 AM INFO:Val_Epoch [20], loss: 0.2u435, acc: 0.8927.
03/07/2022 10:09:14 AM INFO:Train_Epoch [30], loss: 0.2261, acc: 0.9054.
03/07/2022 10:09:15 AM INFO:Val_Epoch [30], loss: 0.2264, acc: 0.9049.
03/07/2022 10:09:52 AM INFO:Train_Epoch [40], loss: 0.2175, acc: 0.9079.
03/07/2022 10:09:52 AM INFO:Val_Epoch [40], loss: 0.2177, acc: 0.9075.
03/07/2022 10:10:30 AM INFO:Train_Epoch [50], loss: 0.2168, acc: 0.9067.
03/07/2022 10:10:31 AM INFO:Val_Epoch [50], loss: 0.2170, acc: 0.9062.
03/07/2022 10:11:08 AM INFO:Train_Epoch [60], loss: 0.2263, acc: 0.9001.
03/07/2022 10:11:09 AM INFO:Val_Epoch [60], loss: 0.2265, acc: 0.8996.
03/07/2022 10:11:46 AM INFO:Train_Epoch [70], loss: 0.2059, acc: 0.9108.
03/07/2022 10:11:47 AM INFO:Val_Epoch [70], loss: 0.2059, acc: 0.9107.
03/07/2022 10:12:25 AM INFO:Train_Epoch [80], loss: 0.2027, acc: 0.9124.
03/07/2022 10:12:25 AM INFO:Val_Epoch [80], loss: 0.2023, acc: 0.9122.
03/07/2022 10:13:02 AM INFO:Train_Epoch [90], loss: 0.2006, acc: 0.9120.
03/07/2022 10:13:03 AM INFO:Val_Epoch [90], loss: 0.1999, acc: 0.9121.
03/07/2022 10:13:41 AM INFO:Train_Epoch [100], loss: 0.2240, acc: 0.8994.
03/07/2022 10:13:42 AM INFO:Val_Epoch [100], loss: 0.2236, acc: 0.8997.
03/07/2022 10:13:42 AM INFO:Training finished.
03/07/2022 10:13:42 AM INFO:Save model.

YIRS FEFRIRC R EUYEFN R :

history_train = pickle.load(open('insurance_history_train.pkl', 'rb'))
history_val = pickle.load(open('insurance_history_val.pkl', 'rb'))

import matplotlib.pyplot as plt

train_losses = [float(x['epoch_loss']) for x in history_train]
val_losses = [float(x['epoch_loss']) for x in history_vall
plt.plot(train_losses, '-x', label='train')
plt.plot(val_losses, '-x', label='val')

plt.xlabel('epoch')

plt.ylabel('loss"')

plt.legend()

plt.title('Loss vs. No. of epochs')

Text(0.5, 1.0, 'Loss vs. No. of epochs')



Loss vs. No. of epochs
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[float(x['epoch_acc']) for x in history_train]
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plot(train_accs, '—-x', label='train')
plot(val_accs, '-x', label='val')
xlabel('epoch')

ylabel('accuracy')

legend()

title('Accuracy vs. No. of epochs')

Text(0.5, 1.0,

'Accuracy vs. No. of epochs')
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EFRReLUMEIEEREL, F3EERE0.01, EALEEJ9100RT :

x_dim

y_dim
hidden_dim
act_func
batch_size
num_epochs
learning_rate
device = torch

train_loader
val_loader

= 36 # input dimension
2 # label dimension
24 # hidden layer dimension

F.relu # activation function
64

100

0.01

.device('cuda')

DataLoader(train_ds, batch_size, shuffle=True)

DatalLoader(val_ds, batch_size)

# move dataloader to gpu
train_loader = DeviceDatalLoader(train_loader, device)
val_loader = DeviceDataloader(val_loader, device)

# initialize linear regression model



logging.info("Initializing NN model.")
insurance_model = Insurance_Model(x_dim, hidden_dim, y_dim, act_func)
# move model parameters to gpu
to_device(insurance_model, device)
logging.info("Start training... ")
insurance_model.train(train_loader, val_loader, num_epochs,
learning_rate, log_interval=10, opt_func=torch.optim.SGD)
logging.info("Training finished.")

logging.info("Save model.")
insurance_model.save_model('report0l-insurance_model.pth')

03/07/2022 10:43:29 AM INFO:Initializing NN model.

03/07/2022 10:43:29 AM INFO:Start training ...

03/07/2022 10:43:32 AM INFO:Train_Epoch [0], loss: 0.9338, acc: 0.1584.
03/07/2022 10:43:32 AM INFO:Val_Epoch [0], loss: 0.9337, acc: 0.1592.
03/07/2022 10:44:25 AM INFO:Train_Epoch [10], loss: 0.2281, acc: 0.9040.
03/07/2022 10:44:26 AM INFO:Val_Epoch [10], loss: 0.2285, acc: 0.9018.
03/07/2022 10:45:19 AM INFO:Train_Epoch [20], loss: 0.4112, acc: 0.8306.
03/07/2022 10:45:19 AM INFO:Val_Epoch [20], loss: 0.4156, acc: 0.8270.
03/07/2022 10:46:11 AM INFO:Train_Epoch [30], loss: 0.2760, acc: 0.8954.
03/07/2022 10:46:11 AM INFO:Val_Epoch [30], loss: 0.2749, acc: 0.894l.
03/07/2022 10:47:01 AM INFO:Train_Epoch [40], loss: 0.1933, acc: 0.9181.
03/07/2022 10:47:02 AM INFO:Val_Epoch [40], loss: 0.19u44, acc: 0.9163.
03/07/2022 10:47:52 AM INFO:Train_Epoch [50], loss: 0.2034, acc: 0.9143.
03/07/2022 10:47:52 AM INFO:Val_Epoch [50], loss: 0.2034, acc: 0.9133.
03/07/2022 10:u48:44 AM INFO:Train_Epoch [60], loss: 0.2081, acc: 0.9059.
03/07/2022 10:u48:44 AM INFO:Val_Epoch [60], loss: 0.2101, acc: 0.9029.
03/07/2022 10:49:34 AM INFO:Train_Epoch [70], loss: 0.2219, acc: 0.9050.
03/07/2022 10:49:34 AM INFO:Val_Epoch [70], loss: 0.2222, acc: 0.9034.
03/07/2022 10:50:25 AM INFO:Train_Epoch [80], loss: 0.2025, acc: 0.9154.
03/07/2022 10:50:25 AM INFO:Val_Epoch [80], loss: 0.2023, acc: 0.9141.
03/07/2022 10:51:18 AM INFO:Train_Epoch [90], loss: 0.1857, acc: 0.9202.
03/07/2022 10:51:18 AM INFO:Val_Epoch [90], loss: 0.1867, acc: 0.9181.
03/07/2022 10:52:09 AM INFO:Train_Epoch [100], loss: 0.2087, acc: 0.9052.
03/07/2022 10:52:09 AM INFO:Val_Epoch [100], loss: 0.2113, acc: 0.9026.
03/07/2022 10:52:09 AM INFO:Training finished.

03/07/2022 10:52:09 AM INFO:Save model.

YIRS PRI R AU BRI :

history_train = pickle.load(open('insurance_history_train.pkl', 'rb'))
history_val = pickle.load(open('insurance_history_val.pkl', 'rb'))

import matplotlib.pyplot as plt

train_losses = [float(x['epoch_loss']) for x in history_train]
val_losses = [float(x['epoch_loss']) for x in history_vall
plt.plot(train_losses, '-x', label='train')
plt.plot(val_losses, '-x', label='val')

plt.xlabel('epoch')

plt.ylabel('loss')

plt.legend()

plt.title('Loss vs. No. of epochs')

Text(0.5, 1.0, 'Loss vs. No. of epochs')
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train_accs = [float(x['epoch_acc']) for x in history_train]
val_accs = [float(x['epoch_acc']) for x in history_vall]
plt.plot(train_accs, '-x', label='train')
plt.plot(val_accs, '-x', label='val')

plt.xlabel('epoch')

plt.ylabel('accuracy')

plt.legend()

plt.title('Accuracy vs. No. of epochs')

Text(0.5, 1.0, 'Accuracy vs. No. of epochs')
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ERtanh{EEGEREL, FIEEREN0.01, EHEEII1008T :

x_dim = 36 # input dimension

y_dim =2 # label dimension
hidden_dim =24 # hidden layer dimension
act_func = F.tanh # activation function
batch_size = 128

num_epochs = 100

learning_rate = 0.01

device = torch.device('cuda')

train_loader = DatalLoader(train_ds, batch_size, shuffle=True)
val_loader DatalLoader(val_ds, batch_size)

# move dataloader to gpu

train_loader = DeviceDatalLoader(train_loader, device)
val_loader = DeviceDataloader(val_loader, device)

# initialize linear regression model



logging.info("Initializing NN model.")
insurance_model = Insurance_Model(x_dim, hidden_dim, y_dim, act_func)
# move model parameters to gpu
to_device(insurance_model, device)
logging.info("Start training... ")
insurance_model.train(train_loader, val_loader, num_epochs,
learning_rate, log_interval=10, opt_func=torch.optim.SGD)
logging.info("Training finished.")

logging.info("Save model.")
insurance_model.save_model('report0l-insurance_model.pth')

03/07/2022 10:20:06 AM INFO:Initializing NN model.
03/07/2022 10:20:06 AM INFO:Start training...
c:\users\sj2050\miniconda3\lib\site-packages\torch\nn\functional.py:1795: UserWarnin
g: nn.functional.tanh is deprecated. Use torch.tanh instead.
warnings.warn("nn.functional.tanh is deprecated. Use torch.tanh instead.")
03/07/2022 10:20:08 AM INFO:Train_Epoch [0], loss: 0.7299, acc: 0.3735.
03/07/2022 10:20:08 AM INFO:Val_Epoch [0], loss: 0.7296, acc: 0.3737.
03/07/2022 10:20:45 AM INFO:Train_Epoch [10], loss: 0.2216, acc: 0.90u48.
03/07/2022 10:20:45 AM INFO:Val_Epoch [10], loss: 0.2220, acc: 0.9038.
03/07/2022 10:21:23 AM INFO:Train_Epoch [20], loss: 0.2235, acc: 0.9028.
03/07/2022 10:21:23 AM INFO:Val_Epoch [20], loss: 0.2231, acc: 0.9029.
03/07/2022 10:22:00 AM INFO:Train_Epoch [30], loss: 0.2048, acc: 0.9060.
03/07/2022 10:22:00 AM INFO:Val_Epoch [30], loss: 0.2037, acc: 0.9056.
03/07/2022 10:22:39 AM INFO:Train_Epoch [40], loss: 0.2216, acc: 0.9017.
03/07/2022 10:22:39 AM INFO:Val_Epoch [40], loss: 0.2223, acc: 0.8999.
03/07/2022 10:23:20 AM INFO:Train_Epoch [50], loss: 0.2089, acc: 0.9097.
03/07/2022 10:23:20 AM INFO:Val_Epoch [50], loss: 0.2084, acc: 0.9088.
03/07/2022 10:23:57 AM INFO:Train_Epoch [60], loss: 0.2126, acc: 0.90u48.
03/07/2022 10:23:57 AM INFO:Val_Epoch [60], loss: 0.2136, acc: 0.9030.
03/07/2022 10:24:34 AM INFO:Train_Epoch [70], loss: 0.1915, acc: 0.9177.
03/07/2022 10:24:34 AM INFO:Val_Epoch [70], loss: 0.1924, acc: 0.9145.
03/07/2022 10:25:13 AM INFO:Train_Epoch [80], loss: 0.1916, acc: 0.9195.
03/07/2022 10:25:13 AM INFO:Val_Epoch [80], loss: 0.1922, acc: 0.9180.
03/07/2022 10:25:49 AM INFO:Train_Epoch [90], loss: 0.2093, acc: 0.9069.
03/07/2022 10:25:49 AM INFO:Val_Epoch [90], loss: 0.2096, acc: 0.9054.
03/07/2022 10:26:26 AM INFO:Train_Epoch [100], loss: 0.1877, acc: 0.9205.
03/07/2022 10:26:26 AM INFO:Val_Epoch [100], loss: 0.1887, acc: 0.9184.
03/07/2022 10:26:26 AM INFO:Training finished.
03/07/2022 10:26:26 AM INFO:Save model.

YIRS FEFRIR R EUEFN R :

history_train = pickle.load(open('insurance_history_train.pkl', 'rb'))
history_val = pickle.load(open('insurance_history_val.pkl', 'rb'))

import matplotlib.pyplot as plt

train_losses = [float(x['epoch_loss']) for x in history_train]
val_losses = [float(x['epoch_loss']) for x in history_vall
plt.plot(train_losses, '-x', label='train')
plt.plot(val_losses, '-x', label='val')

plt.xlabel('epoch')

plt.ylabel('loss')

plt.legend()

plt.title('Loss vs. No. of epochs')

Text(0.5, 1.0, 'Loss vs. No. of epochs')
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train_accs = [float(x['epoch_acc']) for x in history_train]
val_accs = [float(x['epoch_acc']) for x in history_vall]
plt.plot(train_accs, '-x', label='train')
plt.plot(val_accs, '-x', label='val')

plt.xlabel('epoch')

plt.ylabel('accuracy')

plt.legend()

plt.title('Accuracy vs. No. of epochs')

Text(0.5, 1.0, 'Accuracy vs. No. of epochs')
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AILAEER, ERtanhBliEREARERS) G HRAEERE, RIS CAJLUARI1.84%AY/ERE.

5. /\&E

EARREST, BIERT 2EEHEMNERT T IBSEHIEEHZIN., XEXRFE—RER
Pytorch#HTSLE R, EFAFBRI 7A@, HIRIMIIGHEARSEHFENBNEFIRSERN, BF
FRIENRUSEEY, flliRelabel AT, WIRKEIAZ, PytorchiEIEHRuNntimeError: expected
scalar type Long but found FloatfJ$8iR. WMNRFEEFAgpulliRITE, FELEXMMNE-RIK, FH
gpuhRAYPytorchFAIE BhRARIPytorchHA—E, FEHEIZRBHIPytorchBERHTEgpuhRAIPytorch
ZeEFERZIgpulNiEINEE. RRS, AT, HEEEIT PytorchdI%5, EATEIRMER+oEE, 81
BESTE, SRR FESMEMNEIEEL, AKRA 7THRSE. I, mzESSH, EIEUK 7AE
HUBLERE PO EFIRER, ERAD tanh Bl EREBUSHRELT.



