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SNCHIAERAM T ZEIINCR Z BN RITEHIZED, INCHIRDIBNIIN ST, KER
—HRZ . AILUBIEINC L2790 OANDA. FXCM 0 API SREVINCATIR. EE SRl EUR/USD
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NFBEHHIHMERN I Z BRI NMELEMRZPMAPI, MR, AH. OKExF., MEBEHHF 2
4NN, MEKEIEIZL. BEIRHNE, FRXZANNMEAREFEER, FEHTNRESH
EFH=IRA,

2.2 HEFRSHIETEE

HREBEARHRIZ AR RIENEM. ATFARHZNSERIANREFTER, FERIUS—W
£ €N Py =

PRFRARIZEEUTIE. HHERBEMNE, MAETRRXBHIETR,; SE—FIERIE, 0ER
EVIZEGEN; REERE, RIALERERZHE;, SEFEL, S—FREKERFEIME

{ilo

T 1000 FREME, BERELNER, ENBIUMERERITRYT, S ENSERERENT
B, SRMBKESEH, RENEIREEREIERIAIREN S

HIETRENBZIEURZHMZORT, RIBAR, AMEIEIEIUEZRARI TR, T8
PR B BIE:

RRARIEIRAFE . BBhTI%k. RSl MACD. FMHEFERRAER, URETREZIMFERAY
fEo RIBIRIEMAR, EAEAGENMRTUNAR, £S5 LSTM e KER-E A Attention HMHIREIGERK T,
2023 FMAETMREREE 7%, BES ARIMA EEZFH 40%.

MRS TT8RR. XEME. THRE. IREDNHF. BETLEDBERNEE (VAE) MK
SERSTIT RMAPIRENR &R IR A F, 2021 FRIEFEHIW X 28%, ERHEF 1.8,

EAESIE: WS, @X8dE. MEBES. £A LSTM A CNN LEBHEXA, RENHHEES
fIE, SatMEBIEEITIN,

Python SEIUFIET 2R

import pandas as pd
import numpy as np
def calculate_technical_features(df):
" R R ARSI RAFE"""
# Bop Lk
df['ma_20'] = df['close'].rolling(window=20).mean()
df('ma_50'] = df['close'].rolling(window=50).mean()



df['ma_200'] = dff'close'].rolling(window=200).mean()

# RSI

delta = df['close'].diff()

gain = (delta.where(delta > 0, 0)).rolling(window=14).mean()
loss = (-delta.where(delta <0, 0)).rolling(window=14).mean()
rs =gain / loss

df['rsi'] =100 - (100 /(1 +rs))

# MACD

expl = df['close'].ewm(span=12, adjust=False).mean()
exp2 = df['close'].ewm(span=26, adjust=False).mean()
df('macd'] = expl - exp2

df['macd_signal'] = df['macd'].ewm(span=9, adjust=False).mean()
df('macd_hist'] = df['macd'] - df['macd_signal']

# otk

df['bb_mean'] = dff'close'].rolling(window=20).mean()
df['bb_std'] = df['close'].rolling(window=20).std()

df['bb_upper'] = df{'bb_mean'] + 2 * df['bb_std']

df['bb_lower'] =df['bb_mean'] - 2 * df['bb_std']

df['bb_width'] = (df['bb_upper'] - df['bb_lower']) / df['bb_mean']

return df
def calculate_microstructure_features(df):
"M B IR EE A RHE "
# XEME
df['spread'] = df['ask_price'] - df['bid_price']
df['spread_pct'] = df['spread'] / df['mid_price'] * 100

# TIHRE
df['order_book_depth'] = df['bid_volume'] + df['ask_volume']

# R EFFIE

df{'volume_ma_20'] = df['volume'].rolling(window=20).mean()
df{'volume_std_20'] = df['volume'].rolling(window=20).std()
df['volume_ratio'] = df['volume'] / df['volume_ma_20']

return df
def calculate_return_features(df):
"R W ER AR SR AFAE



# B =
df{'daily_return'] = df{'close'].pct_change()

# B =
df{'log_return'] = np.log(df['close'] / df{'close'].shift(1))

# RoE I E
df{'volatility_20d'] = df['log_return'].rolling(window=20).std() * np.sqrt(252)

# REMIEE
df['skew'] = df['log_return'].rolling(window=20).skew()
df{'kurtosis'] = dff'log_return'].rolling(window=20).kurtosis()

return df

2.3 FiETFEEmIT

T 1000 FAEMENENZZ RS, HEEEFEZREE. HRMIEE=IXBEER, BIK
AR mIVEERN, SERFRIEENXREEEENLE.

B FEEEREER! . InfluxDB BREWRZEIEFMENEE, FrlE&aN BN EFYHE. ERABEMEE
BIRERET], XFRENEMRES, FERET SRR RIEN, InfluxDB AILIERAIES
MEBREIES No

KRABBIEREZR! . PostgreSQL ZIEFHXREIIERE, BTHEERZIER. MAER. RBEHF
LM ERE. PostgreSQL BABARE SN IERE M FERIEIERE T,

PHNTEFERIIRIT

HED R R BRRX S EEEHITEES R, BREGENSYGoHNSNE R, FlW, &
A RRBIERRENE D, BREBIERGORBI .

LIEEFIREE . XAEMNEHIZRN, HEREENSTAL. ETRAFRBEEAN, MATREMHIRRS
MEBIESD. BINRA=RIAREE, BISMUESRE=ZTEIE, 2HhERERYET R L.

PEEMEAREE. BUKIBEDREMERE, FEREEEEESMEEE SSD L, KAtHEImEIX
REBFRNLFE. KREMUERERE, fINKHBERE 11T, HEHERE 5 F

Python SCILEURTEERGI:

from influxdb import InfluxDBClient
import pandas as pd



class DataStorage:
def __init__(self, host="localhost', port=8086, username='admin', password='admin'-

, database='quant_data'):
self.client = InfluxDBClient(host, port, username, password, database)

def write_market_data(self, data_frame, measurement_name):
"H NTHIZ1TIEEE""
# ¥ DataFrames% 1 A InfluxDBHE =X
json_body =]
for index, row in data_frame.iterrows():
point = {
"measurement": measurement_name,
"time": index.isoformaty(),
"fields": {
"open": row['open'],
"high": row['high'],
"low": row['low'],
"close": row['close'],
"volume": row['volume'],
"bid_price": row['bid_price'],
"ask_price": row['ask_price']

2
"tags": {
"symbol": row['symbol'],
"exchange": row['exchange']
}
}

json_body.append(point)

# HES NHIE
self.client.write_points(json_body, batch_size=1000)

def query_market_data(self, symbol, start_time, end_time):
"B I TR
query = f"""
SELECT open, high, low, close, volume
FROM market_data
WHERE symbol = '{symbol}'
AND time >='{start_time}'
AND time <='{end_time}'



result = self.client.query(query)
return pd.DataFrame(result.get_points())

def write_trade_data(self, trade_records):
"HARZIER"""
json_body =]
for record in trade_records:
point = {
"measurement": "trade_records",
"time": record['timestamp'].isoformat(),
"fields": {
"symbol": record['symbol'],
"trade_type": record['trade_type'],
"price": record['price'l],
"quantity": record['quantity'l],
"amount": record['amount'],
"fee": record['fee'],
"pnl": record['pnl']
}

}
json_body.append(point)

self.client.write_points(json_body)

=, HSFFIREE Sk

3.1 REFIEE Mgt

REFIEEURZTEEZARTNRIVI. RIVIRFIMAFERE. RIESHAR, FRREFSER
WEFARNAIRPRINER.

CNN-LSTM BS54 CNN BFREMNBIZSISIE, LSTM AT FRHX R, XTHRMERE
HBEF A YLIERPRILAR. ERAGEMETTUNF, £5 LSTM e KEFE M Attention HHIER
FRAERR D, MIHETUNNREREEE 7%, BT ARIMA RELHEFH 40%.

Transformer Z8#: Transformer 1@ B/F B AVGISCIEKFESIEIE, ART RNN BIRFEA&BIE, £
ZTETNPEEMNE. BREBHITHIEBELNE, Re 7T IHEXNE, HETUFFHIESIEFRNKRE
KK R, ELMNEFR, REETFHENERFIEIENSM BRIIRE GEHRTLEN, RHHIIE
T =% Transformer 2B TR IEE R 8] 7T A BIE % 14



SIREREFIRN . BENBEUE. fEXA. $RXERBESFSMHEIER. £/ LSTM A
CNN 20 IEBFrE A, IRENHIABERIE, SENMBEREHITIN. XMRMEESE e EtHEiEhiAE
B, RETNERE,

REEMIg R

import tensorflow as tf

from tensorflow.keras import layers

def create_cnn_lstm_model(input_shape, num_features):
"M BIEECNN-LSTME G 1=E """
inputs = layers.Input(shape=input_shape)

# CNN/ZIEEX = [B)4HIE

x = layers.Conv1D(filters=64, kernel_size=3, activation="relu')(inputs)
x = layers.MaxPooling1D(pool_size=2)(x)

x = layers.Conv1D(filters=128, kernel_size=3, activation="relu')(x)

x = layers.MaxPooling1D(pool_size=2)(x)

# LSTMEia1E B R 4FIE
x = layers.LSTM(units=256, return_sequences=True)(x)
x = layers.LSTM(units=128)(x)

# EERE
x = layers.Dense(64, activation="relu"')(x)
x = layers.Dropout(0.2)(x)

#twmHE (ZFZT)
outputs = layers.Dense(num_features)(x)

model = tf.keras.Model(inputs=inputs, outputs=outputs)
return model
def create_transformer_model(input_shape, d_model=128, num_heads=8, num_layers=3):
"Bl Transformert& A"
inputs = layers.Input(shape=input_shape)

# (I EmES
position_encoding = PositionalEncoding(input_shape[1], d_model)
x = position_encoding(inputs)

# TransformerZmh2as
for _in range(num_layers):



x = layers.MultiHeadAttention(num_heads=num_heads, key_dim=d_model)(x, x)
x = layers.LayerNormalization(epsilon=1e-6)(x)

x = layers.Dense(units=d_model, activation="relu')(x)

x = layers.LayerNormalization(epsilon=1e-6)(x)

# =
outputs = layers.Dense(1)(x)

model = tf.keras.Model(inputs=inputs, outputs=outputs)
return model
class PositionalEncoding(layers.Layer):
"I ERISE""
def __init__(self, max_len, d_model):
super(PositionalEncoding, self).__init__|()
self.pos_encoding = self.positional_encoding(max_len, d_model)

def get_angles(self, position, i, d_model):
angles =1/ tf.pow(10000, (2 * (i // 2)) / tf.cast(d_model, tf.float32))
return position * angles

def positional_encoding(self, max_len, d_model):
"B E RS
angle_rads = self.get_angles(
position=tf.range(max_len, dtype=tf.float32)[:, tf.newaxis],
i=tf.range(d_model, dtype=tf.float32)[tf.newaxis, :],
d_model=d_model

)

# BT LB FE AR EBsinHcos
sines = tf.math.sin(angle_rads[:, 0::2])
cosines = tf.math.cos(angle_radsl[:, 1::2])

pos_encoding = tf.concat([sines, cosines], axis=-1)
pos_encoding = pos_encoding[tf.newaxis, ...]
return tf.cast(pos_encoding, tf.float32)

def call(self, inputs):
return inputs + self.pos_encodingl[:, :tf.shape(inputs)[1], :]



3.2 5 S SRBRIELR

BUFIEEURGPEERTISRBEAUNBEENRKZ 7. SEHANREFIAE, BUFIE
S5IREHNRRE FE S R MR,

FEBRUFIFTE:

DQN (Deep Q-Network) : EFHFEMoifE=TIE], WNXFEFHRE, EXLMFNAF, 55 CNN IR
RARIEIFEL, LSTM iRl FH&#E, DON ZIRMRFZ R, BT RIFRE,

DDPG (Deep Deterministic Policy Gradient) : iE@RFESoHETIE, MEAA/NNIESARE, HR
Z<BA, DDPG 7EUZEE. REMM UG ERILRTF.

PPO (Proximal Policy Optimization) : EFHREHEEMNEZL, AEBEELINES. JIHFEEZFMN=.
TELZTHRRAGMAF, PPO BELIMT 4.22%-8.79% HIF WU, E—itlﬁlﬁl& 5.07%-8.65%,

A3C (Asynchronous Advantage Actor-Critic) : RFMBER - TFICREZE, ZFHITIIE, INEK
A 3 E L

BRILFESIFIRIGIT

REZENZIT: SFENEET. BAER. THHMEWEES. T 1000 HREMIR, RE=IE
ZASKAER. FEBER. IREEF

ohfF=SEhgit: BREHFEEEN. 2. 58; E4nh{FeEettfhR®E, RiEH:, shfFRE
AILOKITHRN 0-2 BIIRE, <1 AX, 1283, =1 HE; ofFEN 0-0.5 BIRE, RRZHHIELH,

LRIRELT: BUHNRMREEERD. EEHER. RREEE. RIEWR, ERTHIEELRFE
FRBHEREL, BEWS T EUL A XL,

PPO B EICINTM:

import numpy as np
import tensorflow as tf
from tensorflow.keras import layers
class PPOAgent:
def __init__(self, state_dim, action_dim, learning_rate=3e-4, gamma=0.99, clip_ratio=0.2):
self.state_dim = state_dim
self.action_dim = action_dim
self.gamma = gamma
self.clip_ratio = clip_ratio



# SREE LS
self.policy_net = self.create_policy_network()
self.optimizer = tf.keras.optimizers.Adam(learning_rate)

# IR ERBE LS
self.old_policy_net = self.create_policy_network()
self.old_policy_net.set_weights(self.policy_net.get_weights())

def create_policy_network(self):
" Ol R SRR A
inputs = layers.Input(shape=self.state_dim)
x = layers.Dense(64, activation="relu’)(inputs)
x = layers.Dense(64, activation="relu")(x)

# ohEfmE (%42
action_mean = layers.Dense(self.action_dim, activation="tanh')(x) * 2.0 # FRHI7E[-2, 2]
action_std = layers.Dense(self.action_dim, activation="softplus')(x) + 1e-3

model = tf.keras.Model(inputs=inputs, outputs=[action_mean, action_std])
return model

def get_action(self, state):
"R YE S AR S IRE R
state = np.expand_dims(state, axis=0)
action_mean, action_std = self.policy_net.predict(state)

# MIES D P REFNE
action = np.random.normal(action_mean, action_std)
return action[0]

def update(self, states, actions, rewards, next_states, dones):
mmn PPOE%\E$3¥H mnn
#ITBEMBEREL

advantages, returns = self.compute_advantages(states, rewards, next_states, dones)

# A KE

states = tf.convert_to_tensor(states, dtype=tf.float32)

actions = tf.convert_to_tensor(actions, dtype=tf.float32)
advantages = tf.convert_to_tensor(advantages, dtype=tf.float32)
returns = tf.convert_to_tensor(returns, dtype=tf.float32)



# 1T B SRR R
old_action_means, old_action_stds = self.old_policy_net(states)
old_log_probs = self.calculate_log_prob(actions, old_action_means, old_action_stds)

#3125 % epoch
for _in range(10):
with tf.GradientTape() as tape:
action_means, action_stds = self.policy_net(states)
log_probs = self.calculate_log_prob(actions, action_means, action_stds)

#ITHEEEE
ratios = tf.exp(log_probs - old_log_probs)

# ITEPPORK

surrl = ratios * advantages

surr2 = tf.clip_by_value(ratios, 1 - self.clip_ratio, 1 + self.clip_ratio) * advantages
policy_loss = -tf.reduce_mean(tf.minimum(surrl, surr2))

# T Bk
entropy = tf.reduce_mean(self.calculate_entropy(action_means, action_stds))
total_loss = policy_loss - 0.01 * entropy

gradients = tape.gradient(total_loss, self.policy_net.trainable_variables)
self.optimizer.apply_gradients(zip(gradients, self.policy_net.trainable_variables))

# EFTIHEREE LS
self.old_policy_net.set_weights(self.policy_net.get_weights())

def calculate_log_prob(self, actions, means, stds):

" R

variances = stds ** 2
log_probs =-0.5 * (tf. math.log(2 * np.pi * variances) + (actions - means) ** 2 / variances)
return tf.reduce_sum(log_probs, axis=-1)

def calculate_entropy(self, means, stds):

llllll_l_l_ﬁilj’g\jllllll
return tf.reduce_sum(tf.math.log(2 * np.pi * np.e * stds ** 2) / 2, axis=-1)

def compute_advantages(self, states, rewards, next_states, dones):

B

advantages =[]



returns =[]
running_advantage =0
running_return=0

# RATERE
foriin reversed(range(len(states))):
if donesJi]:
running_advantage =0
running_return=0

#1TETDIRE

td_error = rewards[i] + self.gamma * running_return * (1 - donesli]) - running_return
running_advantage = td_error + self.gamma * 0.95 * running_advantage
running_return = rewards[i] + self.gamma * running_return * (1 - donesi])

advantages.insert(0, running_advantage)
returns.insert(0, running_return)

#IEILE
advantages = np.array(advantages)
advantages = (advantages - np.mean(advantages)) / (np.std(advantages) + 1e-8)

return advantages, returns

3.3 RENIGSMARE
BRIFRBURERENBOTTT, BEFEEHIEME R HRERE KN,
BIBYI 53 RS

RS, WIEsE. MIXERIRI 2 EEFIRINIT 60%. 20%. 20%. FTFHTEIFFIEIE, HAURERETE]IR
FX5, BRARKESME, IGERTRESHES, RIESERTESHAN, MiERTFRAM
CIAR

SNSRI E:

IENMEFRAR T FERRRERPIAN L1 30 L2 IENI, BrlERELI G, RiELEL, L2 ENESHEE R
&790.001-0.01,

Dropout &R : FE2EZEEZEER Dropout, FENIKEIDEHETT, B/IDEETZBIHEIEN, 2
I Dropout Fig & 0.2-0.5,



BEE mEWIERMEE, SWIESRMREESZ D epoch REREAN, FiEiIZkR.
HEELR . BIREFTITE. Bl BENMIFH Y 7IgGRERE.
BEHinw:

PIRRISER . WRBESHHTHRIER, NFIR. BREEXI. ENKSHEF
N ERIHFNACREZEMNERRNESHAS, VXER.
RXIWUE: KAk IFTZXWIE, REBSHEENTES.

g TRIZRG:

import numpy as np
from sklearn.model_selection import train_test_split
from tensorflow.keras.callbacks import EarlyStopping, ModelCheckpoint
def train_model(model, X, y, batch_size=32, epochs=100):

"REN oA

# SR X

X_train, X_val, y_train, y_val = train_test_split(

X, y, test_size=0.2, shuffle=False
)

# =

early_stopping = EarlyStopping(
monitor="val_loss',
patience=10,
restore_best_weights=True

)

# IR (R1Z ()5

model_checkpoint = ModelCheckpoint(
'best_model.h5',
monitor="val_loss',
save_best_only=True

)

#i)llgR R

history = model.fit(
X_train, y_train,
batch_size=batch_size,



epochs=epochs,

validation_data=(X_val, y_val),
callbacks=[early_stopping, model_checkpoint],
verbose=1

)

return model, history
def evaluate_model(model, X_test, y_test):
mm*ﬁ@ﬁF{E"""
# Foum
y_pred = model.predict(X_test)

# 1+ BN

mse = np.mean((y_pred -y_test) ** 2)
mae = np.mean(np.abs(y_pred - y_test))
rmse = np.sqrt(mse)

#ITBEEELLR (RigEKEE)
returns=y_test[:, 0] # BRIRE—MHIRKGEE
sharpe_ratio = np.mean(returns) / np.std(returns) * np.sqrt(252)

print(f";Mi{EEMSE: {mse:.4f}")
print(f" X EEMAE: {mae:.4f}")
print(f"MIXEERMSE: {rmse:.4f}")
print(f"E&LLE: {sharpe_ratio:.2f}")

return mse, mae, rmse, sharpe_ratio
def hyperparameter_tuning():

"B SRR

# EXESHERTIE

param_grid = {
'learning_rate'": [1e-3, 1e-4, 3e-4],
'hidden_units': [64, 128, 256],
'dropout_rate': [0.2, 0.3, 0.5],
'batch_size": [32, 64, 128]

}

# NIRIEER
best_score = float('inf")
best_params = {}



for Irin param_grid['learning_rate']:
for units in param_grid['hidden_units']:
for dropout in param_grid['dropout_rate']:
for batch in param_grid['batch_size']:
# QlEIRE
model = create_cnn_Istm_model((100, 10), 1)
model.compile(optimizer=tf.keras.optimizers.Adam(lr), loss="mse’)

# IR EY
_, history = train_model(model, X_train, y_train, batch, 50)

# ISR I
val_loss = np.min(history.history['val_loss'])

if val_loss < best_score:
best_score =val_loss
best_params = {
'learning_rate': Ir,
'hidden_units': units,
'dropout_rate': dropout,
'batch_size': batch

}
print(f"I B FFHSEHEES: {best_params}, IiEfisk: {val_loss:.4f}")

print(f"\n& L &% {best_params}")
return best_params

M. SREEENS K

4.1 [BlM R SRt

EIMRSRWIER 7 REEBMMERN KBTI R, XTF 1000 FAEFMR, EINRAEZEWIENELLS
WR, SEXsME. misE. Rt RFRR.

B R A ORIR -

HRRR . REHEITREIEN SN EIENRIN. FBX[ZM. ZmMivEdEzN, HeslE
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Python LI EIMAESE T :

import pandas as pd
import numpy as np
class BacktestEngine:
def __init__(self, initial_capital=10000000):
"Rt Em s [



self.initial_capital = initial_capital # #J35%%10007
self.current_capital = initial_capital

self.portfolio_value =[]

self.trades =]

self.positions ={} # FFEFH: {symbol: (quantity, cost_price)}

def run_backtest(self, strategy, data):
"t eTEm
#t BERS
self.current_capital = self.initial_capital
self.positions.clear()
selftrades.clear()
self.portfolio_value =]

# B [H 4

fori, (timestamp, row) in enumerate(data.iterrows()):
# PATERE
signals = strategy.generate_signals(row)

# WIBES
for signal in signals:
if signal['type'] == 'BUY":
self.execute_buy(signal)
elif signal['type'] == 'SELL":
self.execute_sell(signal)

#IERBRASNE
portfolio_value = self.calculate_portfolio_value(row)
self.portfolio_value.append({

'timestamp': timestamp,

'portfolio_value': portfolio_value,

'cash': self.current_capital

)

def execute_buy(self, signal):
"TUERATENIRIET
symbol = signal['symbol']
price = signal['price']
amount = signal['amount']

# It EAWESE



max_quantity = int(self.current_capital / price)
quantity = min(max_quantity, amount)

if quantity > 0:
#ItEMA (BFEFL4EE)
cost = quantity * price * 1.001 # BRI TRz —F 4%k

# B
self.current_capital -= cost
self.positions[symbol] = self.positions.get(symbol, (0, 0))
self.positions[symbol] = (
self.positions[symbol][0] + quantity,
(self.positions[symbol][0] * self.positions[symbol][1] + quantity * price) /
(self.positions[symbol][0] + quantity) if self.positions[symbol][0] > 0 else price
)

#1ERRX
selftrades.append({
'timestamp': signal['timestamp'],
'symbol': symbol,
'type': 'BUY,
‘quantity': quantity,
'price': price,
‘cost': cost

)

def execute_sell(self, signal):

"URATSR LR E

symbol = signal['symbol’]
price = signal['price']
quantity = signal['amount']

if symbol in self.positions and self.positions[symbol][0] >= quantity:
#ItBEWE (BfEF45E5)
revenue = quantity * price * 0.999 # Ri& Tz —F 4%

# B

self.current_capital += revenue

#EHRE

current_qty, current_cost = self.positions[symbol]



self.positions[symbol] = (current_qty - quantity, current_cost)

#ICRXH
profit = quantity * (price - current_cost)
self.trades.append({
'timestamp': signal['timestamp'],
'symbol': symbol,
'type': 'SELL,
‘quantity': quantity,
'price': price,
'revenue': revenue,
'profit": profit
}

def calculate_portfolio_value(self, current_data):
"M ERARASNE"""
portfolio_value = self.current_capital
for symbol, (quantity, _) in self.positions.items():
if symbol in current_data:
market_value = quantity * current_data[symbol]['close']
portfolio_value += market_value
return portfolio_value

def calculate_performance(self):
"R SEER"
# TR E=R
portfolio_values = [x['portfolio_value'] for x in self.portfolio_value]
returns = np.diff(portfolio_values) / np.array(portfolio_values|[:-1])

# F R
daily_returns = np.mean(returns)
annual_returns = daily_returns * 252

# BELEER
daily_volatility = np.std(returns)
sharpe_ratio = annual_returns / daily_volatility if daily_volatility >0 else 0

# B R[EIHE

cumulative = np.array(portfolio_values)

running_max = np.maximum.accumulate(cumulative)
drawdown = (cumulative - running_max) / running_max



max_drawdown = np.min(drawdown)

# BT

buy_count = len([t for tin self.trades if t['type'] == 'BUY'])
sell_count =len([t for tin self.trades if t['type'] == 'SELL'])
total_trades = buy_count + sell_count

return {
'initial_capital': self.initial_capital,
'final_value': portfolio_values|[-1],
'total_return': (portfolio_values[-1] / self.initial_capital - 1) * 100,
‘annual_returns': annual_returns * 100,
'sharpe_ratio': sharpe_ratio,
'max_drawdown': max_drawdown * 100,
'total_trades': total_trades,
'buy_count': buy_count,
'sell_count': sell_count

4.2 X MABEIRS B RARH
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Python SCHL3Z 5 A #E AR -

import numpy as np
class TradingCostModel:
def __init__(self, market_type='stock’):
"R S R AR R
self.market_type = market_type

# Z MRS
self.cost_params = {
'stock’: {
'commission_rate': 0.001, # FHz—F 4%
'slippage_std': 0.0005, #Bm=trAEZE (0.05%)
'min_commission:5  # R{EFLEH
|3
'futures': {
'commission_rate': 0.0001, # A9 z—F 418
'slippage_std': 0.001, #BmirEE (0.1%)
'margin_rate': 0.1 # fRIEELL B
|3
'forex": {
'spread': 0.00012, #=ZE (1.295)
'slippage_std': 0.00005, #&m=trAEZ (0.05%)
I3
‘crypto': {
'commission_rate': 0.001, # F9z—F 4%
'slippage_std': 0.002, #BairEE (0.2%)
}
}

def calculate_cost(self, order_type, price, quantity, market_data):
nn "-I«-I-%KE% EEZ'KH nn

params = self.cost_params[self.market_type]

# Ehih F 4225
base_fee = price * quantity * params['commission_rate']
if self. market_type == "'stock":

base_fee = max(base_fee, params['min_commission'])

#78 RIRIA



slippage = np.random.normal(0, params['slippage_std'])
if order_type =="'BUY":

actual_price = price * (1 + slippage)
else:

actual_price = price * (1 - slippage)

# iz (EHRE)
daily_volume = market_data.get('volume', 0)
impact=0
if daily_volume > 0:
volume_ratio = quantity / daily_volume
impact =0.001 * volume_ratio # {Ri&1%BIHi7 A REK
if order_type =="'BUY":
actual_price *= (1 + impact)
else:
actual_price *=(1 - impact)

# DS

total_cost = base_fee + abs(price - actual_price) * quantity

return {
‘actual_price': actual_price,
'base_fee': base_fee,
'slippage: slippage,
'market_impact': impact,
'total_cost'": total_cost

}
def calculate_margin(self, price, quantity):
" BRIEEER""
if self. market_type == "futures":
return price * quantity * self.cost_params['futures']['margin_rate']
return O
# fE R

cost_model = TradingCostModel(market_type="stock’)
#ENITER
buy_cost = cost_model.calculate_cost(

'BUY',

price=100,

quantity=10000,

market_data={'volume': 1000000}



)
#EHITER
sell_cost = cost_model.calculate_cost(

'SELL,

price=100,

quantity=10000,

market_data={'volume': 1000000}
)
print("SENBADHT:")
print(f" SEPRELAZMNHE: {buy_cost['actual_price']:.2f}")
print(f" EAtiF£E2%: {buy_cost['base_fee']:.2f}")
print(f" &8s s2Mm: {buy_cost['slippage']*100:.3f}%")
print(f" M1z E: {buy_cost['market_impact']*100:.3f}%")
print(f" 2BZ: {buy_cost['total_cost']:.2f}")
print("\n+tHEEZIK§J\1‘ﬁ ")
print(f" SEPRELAZ M E: {sell_cost['actual_price']:.2f}")
print(f" EAHF4£:2k: {sell_cost['base_fee']:.2f}")
print(f" & m&Zmm: {sell_cost['slippage']*100:.3f}%")
print(f" mi7HE: {sell_cost['market_impact']*100:.3f}%")
print(f" Sp7: {sell_cost['total_cost']:.2f}")
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B R IMEASKRIERCEELER,
NREZH: NENH 1, BNEFNERS,

Python SEIREREE L5 :

import numpy as np

from scipy.optimize import minimize

def portfolio_optimization(returns, method="min_vol'):
g RAS "
n_assets = returns.shape[1]

# BIREREL
def objective(weights):
#IHBRAEEWE
portfolio_return = np.mean(np.dot(returns, weights))

# It BB S REhE
cov_matrix = np.cov(returns, rowvar=False)
portfolio_vol = np.sqrt(np.dot(weights, np.dot(cov_matrix, weights)))

if method == 'max_sharpe":
# RANWEELEXR

return -portfolio_return / portfolio_vol if portfolio_vol > 0 else -portfolio_return
else:

B =UN A SIS
return portfolio_vol

# LR

constraints = ({'type": 'eq’, 'fun': lambda x: np.sum(x) - 1})

#IORFMH
bounds = tuple((0, 1) for _in range(n_assets))

# ¥19aE
initial_weights = np.ones(n_assets) / n_assets

# 11k

result = minimize(
objective,
initial_weights,



method='SLSQP',
bounds=bounds,
constraints=constraints

)

return result.x

def risk_parity_optimization(returns):
Illlllml}ﬁzF{ﬁfjtTtll"”
n_assets = returns.shape[1]

# T EIREHR

vols = np.std(returns, axis=0)

# BRRE: s MURREERNES
def objective(weights):

# FEAE

weights = weights / np.sum(weights)

# IR MHEERR

cov_matrix = np.cov(returns, rowvar=False)

# It BB S KEhE
portfolio_vol = np.sqrt(np.dot(weights, np.dot(cov_matrix, weights)))

#ITE B A HIX LS

risk_contributions =[]

foriin range(n_assets):
marginal_risk = np.dot(weights, cov_matrix[i]) / portfolio_vol
risk_contributions.append(weights[i] * marginal_risk)

# T BEXRSTIEN G &

return np.var(risk_contributions)

#AREFM
constraints = ({"type": 'eq’, 'fun': lambda x: np.sum(x) - 1})
bounds = tuple((1e-6, 1) for _in range(n_assets))

# IENE (FINE)

initial_weights = np.ones(n_assets) / n_assets

# L



result = minimize(
objective,
initial_weights,
method='SLSQP',
bounds=bounds,
constraints=constraints

return result.x
def parameter_tuning(strategy, param_ranges, data, metric="'sharpe'):
"R ERSEEM
# EXSHIERZT8]
param_names = list(param_ranges.keys())
param_values = list(param_ranges.values())

# ISR
best_score = -np.inf if metric == 'sharpe' else np.inf
best_params = {}

#t ERFTESEAES (Bkhk)
from itertools import product
param_combinations = product(*param_values)

for params in param_combinations:
# IR BERIRSE
strategy.set_params(dict(zip(param_names, params)))

# 17BN

backtest_engine = BacktestEngine()
backtest_engine.run_backtest(strategy, data)
performance = backtest_engine.calculate_performance()

# T IEAT
if metric == 'sharpe":
score = performance['sharpe_ratio']
elif metric == "return":
score = performance['annual_returns']
elif metric == 'max_drawdown":
score = -performance['max_drawdown'] # &/MELERAEIHE

# BATRMSE



if (metric == 'sharpe' and score > best_score) or \
(metric =="return' and score > best_score) or \
(metric =="'max_drawdown' and score < best_score):
best_score = score
best_params = dict(zip(param_names, params))
print(f"2# 404 {best_params}, {metric}: {score:.4f}")

return best_params, best_score
# fEFR
# (Rigreturns@ & & B R AEFE
returns = np.array([

[0.001, 0.002, 0.003],

[0.002, 0.001, 0.002],

1)
# B/ VETIEMA
min_vol_weights = portfolio_optimization(returns, method="'min_vol')
print(f" &/ EEIFEE: {min_vol_weights}")
# KEEN L
rp_weights = risk_parity_optimization(returns)
print(f" XFEFEMNAE: {rp_weights}")
# RIS RN TG
strategy = MyStrategy()
param_ranges = {
'window': [10, 20, 30, 50],
'threshold': [0.01, 0.02, 0.05],
'stop_loss': [0.02, 0.05, 0.1]
}
best_params, best_score = parameter_tuning(strategy, param_ranges, data)
print(f"\n& M S%L: {best_params}")
print(f"& L 77 {best_score}")
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Python SEIRZ ZHMITTHGI:

import time

import threading

import queue

class TradingExecutor:

def __init__(self, broker_api, risk_controller):

"R SR TR
self.broker_api = broker_api # 35 /85 /A EIAPI
self.risk_controller = risk_controller # XZ#=HI28
self.order_queue = queue.Queue() # ITERAT!
self.running = True

# BOI TAAE

self.executor_thread = threading.Thread(target=self.execute_orders)
self.executor_thread.daemon = True

self.executor_thread.start()

def submit_order(self, order):



nn ”*%;Eij’%" nn

self.order_queue.put(order)

def execute_orders(self):
"HRATIT R
while self.running:
try:
order = self.order_queue.get(timeout=1)

# Kz &

if not self.risk_controller.check_risk(order):

print(f"iT 84 XI=FE4E: {order}")
continue

#MITITER
if order['type'] == 'BUY":
result = self.buy(order)
else:
result = self.sell(order)

# IR AL
if result['status'] =="FILLED":
print(f"iITEK: {result}")

self.risk_controller.update_position(result)

else:

print(f"ITEHITRM: {result['message']}")

except queue.Empty:
continue

except Exception as e:
print(f"$1TEIR: {e}")

def buy(self, order):
"TERATEN
# B 1LEYAPIE R
time.sleep(0.1) # HRIUMLEIEIR
return {

'status': 'FILLED',

‘order_id": order['order_id'],

'symbol': order['symbol'],

'price': order['price'] * 1.001, # &8 =



'‘quantity': order['quantity'],
‘type': 'BUY,
'timestamp': time.time()

}

def sell(self, order):

"TERATSEE

# B1LEYAPIE R

time.sleep(0.1)

return {
‘status': 'FILLED',
‘order_id": order['order_id'],
'symbol': order['symbol'],
'price’: order['price'l * 0.999, # &8 =
'‘quantity': order['quantity'],
'type': 'SELL,
'timestamp': time.time()

}

def stop(self):
"EERRTTAR
self.running = False
self.executor_thread.join()

class RiskController:

def __init__(self, initial_capital=10000000):
"R Rt EIES
self.initial_capital = initial_capital
self.current_capital = initial_capital
self.positions={} # IFEEE
self. max_position =0.2 # BHMRKE20%
self.max_leverage = 2.0 # BRAIFT2(Z

def check_risk(self, order):
# CORFINE
if order['symbol'] in self.positions:
current_qty, _ = self.positions[order['symbol']]
new_qty = current_qty + order['quantity'] if order['type'] == 'BUY" else current_qty - order
['quantity']
if new_qty <0:
return False



else:
new_qty = order['quantity'] if order['type'] == 'BUY" else 0

# BN HHNE

market_value = new_qty * order['price']
portfolio_value = self.get_portfolio_value()
position_ratio = market_value / portfolio_value

# B R E(IRES

if position_ratio > self.max_position:
print(f"&%: BRMEAEERS {self max_position*100:.0f}%")
return False

# ALAT PR
if portfolio_value > self.initial_capital:
leverage = portfolio_value / self.initial_capital
if leverage > self.max_leverage:
print(f"&&: fIMFEIREF] {self. max_leverage}Z")
return False

return True

def update_position(self, trade):
symbol = trade['symbol']
quantity = trade['quantity']
price = trade['price']

if trade['type'] == 'BUY":
if symbol in self.positions:
old_qty, old_cost = self.positions[symbol]
total_cost = old_qty * old_cost + quantity * price
self.positions[symbol] = (old_qgty + quantity, total_cost / (old_qty + quantity))
else:
self.positions[symbol] = (quantity, price)
else:
if symbol in self.positions:
old_qty, old_cost = self.positions[symbol]
if old_qgty >= quantity:
self.positions[symbol] = (old_gty - quantity, old_cost)
if self.positions[symbol][0] == 0:



del self.positions[symbol]

# B RART
self.current_capital -= quantity * price if trade['type'] == 'BUY" else -quantity * price

def get_portfolio_value(self):
"IREE R A SN E"""
portfolio_value = self.current_capital
for symbol, (qty, cost) in self.positions.items():
# XBEEZLHNMNE, EHRREN
portfolio_value +=qty * cost
return portfolio_value
# B A
# a5 EAPIFI X L1z Hll2s
broker_api = BrokerAPI()
risk_controller = RiskController()
#RIER Z 1728
executor = TradingExecutor(broker_api, risk_controller)
#1ERIT R
order_id=1
order ={
‘order_id": order_id,
'symbol': 'BTC/USDT',
'type': 'BUY,
‘price': 30000,
‘quantity’: 0.1,
'timestamp': time.time()
}

executor.submit_order(order)
# ERFRITERR

time.sleep(1)

# =1L 1T2R

executor.stop()
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Python LIS ER R L RGI:

import numpy as np

import pandas as pd

class RiskManagementSystem:

def __init__(self, initial_capital=10000000):

"X EERS""
self.initial_capital = initial_capital
self.current_capital = initial_capital
self.positions={} # IFEEE
selftrade_history =[] # X ZHE
self.risk_budget=0.02 # B HRAXKRTNE2%

def calculate_risk_metrics(self):
"R X EER
#ITRIERAENE
portfolio_value = self.current_capital
for symbol, (qty, cost, market_price) in self.positions.items():
market_value = qty * market_price



portfolio_value += market_value

#ITEWERFS

returns =[]

for trade in self.trade_history:
returns.append(trade['return'])

#1+8VaR ({BfLhR)
if returns:
returns_array = np.array(returns)
var_95 = np.percentile(returns_array, 5) # 5%& 57K
var_99 = np.percentile(returns_array, 1) # 1%&{5KF
else:
var_95=var_99=0

#ITREEELLE

daily_returns = np.array(returns)

sharpe_ratio = np.mean(daily_returns) / np.std(daily_returns) if np.std(daily_returns) >
Oelse0

# 1T B e K EH#

cumulative_returns = np.cumsum(daily_returns) + 1
running_max = np.maximum.accumulate(cumulative_returns)
drawdown = (cumulative_returns - running_max) / running_max
max_drawdown = np.min(drawdown) if drawdown.size > 0 else 0

return {
'portfolio_value': portfolio_value,
'current_capital": self.current_capital,
'var_95": var_95,
'var_99":var_99,
'sharpe_ratio': sharpe_ratio,
'max_drawdown': max_drawdown

def check_risk_budget(self, potential_loss):
"B XS TE"""
daily_max_loss = self.initial_capital * self.risk_budget
current_loss = self.calculate_current_loss()
remaining_budget = daily_max_loss - current_loss



if potential_loss > remaining_budget:
print(f"&4& . XEBEME! BrEiidk{potential_loss:.2f} > ®RFNE {remaining_budget
.. 2f1")
return False
return True

def calculate_current_loss(self):
"B SRR
#EHITE, RIGPAIBHCERREANITE
total_cost = self.initial_capital
for symbol, (qty, cost, market_price) in self.positions.items():
total_cost += gty * cost

portfolio_value = self.current_capital
for symbol, (qty, cost, market_price) in self.positions.items():
portfolio_value += gty * market_price

return total_cost - portfolio_value

def add_trade(self, trade):
”””5%‘3\7]”35%15%”“”
self.trade_history.append(trade)
self.trade_history = self.trade_history[-1000:] # RREHZRITL1000%KIZR

def update_position(self, position):
TUERHE e
self.positions[position['symbol']] = (
position['quantity'],
position['cost_price'],
position['market_price']
)
class Position:
def __init__(self, symbol, quantity, cost_price, market_price):
self.symbol = symbol
self.quantity = quantity
self.cost_price = cost_price
self.market_price = market_price

def to_dict(self):
return {
'symbol': self.symbol,



'‘quantity': self.quantity,
'cost_price': self.cost_price,
'market_price'": self. market_price,
‘'unrealized_pnl": self.quantity * (self.market_price - self.cost_price)
}
# fE A
# R X EIE RS
rms = RiskManagementSystem()
# 1RINZ 5
trades =
{
'symbol": 'BTC/USDT',
'type': 'BUY,
'‘price': 30000,
‘quantity': 0.1,
'return': 0.01 # 1%z
2
{
'symbol": 'ETH/USDT',
'type': 'BUY,
'price': 1800,
'‘quantity’: 1,
'return': 0.02 # 2%z
}
]
# RN 5
for trade in trades:
rms.add_trade(trade)
# EWRG
positions = [
Position('BTC/USDT', 0.1, 30000, 30300),
Position('"ETH/USDT', 1, 1800, 1836)
]
for position in positions:
rms.update_position(position.to_dict())
# 1+ B X IR
risk_metrics = rms.calculate_risk_metrics()
print(" X F2IEHR:")
for key, value in risk_metrics.items():
if keyin ['var_95', 'var_99', 'sharpe_ratio', 'max_drawdown']:
print(f"{key}: {value:.4f}")



else:
print(f"{key}: {value:.2f}")
# N TENE
potential_loss = 50000 # E7E#HKL5A
if rms.check_risk_budget(potential_loss):
print(f" XeFTNECE @D, BiEHiK{potential_loss: 2fHEFIEMN")
else:
print(f" X TEAE R, Eixiik{potential_loss: 2f}EITNE")
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Python SEE &Sl ) -

import time
import threading



import smtplib
from email.mime.text import MIMEText
class SystemMonitor:
def __init__(self, config):
self.config = config
self.monitors = {} # Iz FE
selfalerts=[] #iRESZx
self.running = True

# BohisiTRiE

self.monitor_thread = threading.Thread(target=self.run_monitors)
self.monitor_thread.daemon = True

self.monitor_thread.start()

def add_monitor(self, name, func, interval=60):
BV 158 23 1R
self.monitors[name] ={
'function': func,
‘interval': interval,
'last_run': time.time()

}

def run_monitors(self):
Illllliﬁ?ﬁ% gﬂiﬁgiq{llllll
while self.running:
current_time =time.time()

for name, monitor in self.monitors.items():
if current_time - monitor['last_run'] >= monitor['interval']:

try:
monitor['last_run'] = current_time
result = monitor['function']()
self.check_alerts(name, result)

except Exception as e:
print(f"¥5#% {name} HE&: {e}")

time.sleep(10) # BRI E HHCPU

def check_alerts(self, monitor_name, result):
nmn ll*ﬁﬁ*ﬁﬁg&%{q:" mnmn



# Al IS RER U =R
if monitor_name == "strategy_performance":
if result['sharpe_ratio'] < 0.5:
self.trigger_alert(
"RESERE TR,
f"SRBRE LV R [R = {result['sharpe_ratio']:.2f}, {KFH{E0.5"
)

if result['max_drawdown'] > 0.1:
self.trigger_alert(
"EREE KRR,
f" SRR R AEIHFEA R {result['max_drawdown']*100:.1f}%, &id10%HE"
)

def trigger_alert(self, title, message):
"R AR
alert={
'timestamp': time.time(),
'title": title,
‘message': message,
'sent’: False

}

self.alerts.append(alert)

# I IEH]

if not alert['sent']:
self.send_notification(title, message)
alert['sent'] = True

def send_notification(self

CE: XHEEBIABRIEER Al £ /L)



