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import multiprocessing

from dataclasses import dataclass

from typing import Dict, Any

@dataclass

class StrategyConfig:

str
capital_ratio: float # M A= cH| SetH|S

name:

Dict[str, Any]

params:

class IndependentRunner:



IIIIHZ‘I.XI__IEF% %EI EEA_”ﬁE Al nn

def __init_ (self, total_capital: float):
self.total_capital = total_capital

self.processes: Dict[str, multiprocessing.Process]

{}

def register_strategy(self, config: StrategyConfig, strategy_class):
allocated = self.total_capital * config.capital_ratio

process = multiprocessing.Process(
target=self._run_strategy,

args=(strategy_class, allocated, config.params),

name=config.name

)

self.processes[config.name] = process

def _run_strategy(self, strategy_class, capital, params):
strategy = strategy_class(capital=capital, **params)

strategy.run()

def start_all(self):
for name, proc in self.processes.items()
proc.start()

print(f"[A|Z&] {name} M=f TZM|A PID: {proc.pid}")

def stop_all(self):
for name, proc in self.processes.items()
proc.terminate()
proc.join(timeout=10)
print(f"[&X[] {name} HZf")

IjEl 2: ¢ E=3 (Centralized Orchestrator)

Y QA AEYO|E 7 2= TEFS 22|65, Xt Bi= 1t 2]
L|C}.

import asyncio

from abc import ABC, abstractmethod
from typing import List, Optional
from datetime import datetime

from enum import Enum

class StrategyState(Enum):
IDLE = "idle"
RUNNING = "running"
PAUSED = "paused"
ERROR = "error"

class BaseStrategy(ABC):

nllnEg x|_-|§|t-9'| 7[% %EHﬁ”"”

def __init___(self, name: str):



self.name = name

self.state = StrategyState.IDLE
self.allocated_capital = 0.0

self.current_pnl = 0.0

self.positions = {}

self.last_signal_time: Optional[datetime] = None

@abstractmethod

async def generate_signal(self, market_data: dict) -> Optional[dict]:
" AR CIO|E{S o} OjOf AlS A
pass

@abstractmethod
async def on_fill(self, fill_data: dict):
nn ll_x'__E_ i“éd Al _E_H_l,!ll nn

pass

def get_exposure(self) -> float:
"SI ZX|M EEE AL
return sum(
abs(pos['quantity'] * pos['current_price'])
for pos in self.positions.values()

class CentralOrchestrator:

||||n§oc)}_ E%éo:’ XdéF 9_9ﬂﬁ5_¢”0|5‘|"""

def __init_ (self, total_capital: float):
self.total_capital = total_capital
self.strategies: List[BaseStrategy] = []
self.risk_manager = RiskManager(total_capital)
self.order_router = OrderRouter()
self.running = False

def add_strategy(self, strategy: BaseStrategy, capital_ratio: float):
strategy.allocated_capital = self.total_capital * capital_ratio
strategy.state = StrategyState.IDLE
self.strategies.append(strategy)

async def run(self):
self.running = True
while self.running:
market_data = await self._fetch_market_data()

tasks = []
for strategy in self.strategies:
if strategy.state == StrategyState.RUNNING:
tasks.append(
self._process_strategy(strategy, market_data)

await asyncio.gather(*tasks)
await asyncio.sleep(0.1)



async def _process_strategy(self, strategy: BaseStrategy, market_data:

try:
signal = await strategy.generate_signal(market_data)
if signal is None:
return

# 2|23 0LIMOM FE 2B

approved = self.risk_manager.validate_order(
strategy=strategy,
signal=signal,
portfolio_state=self._get_portfolio_state()

if approved:
await self.order_router.submit(signal)
strategy.last_signal_time = datetime.now()

except Exception as e:
strategy.state = StrategyState.ERROR
print(f"[2F] {strategy.name}: {e}")

def _get_portfolio_state(self) -> dict:
return {
"total_capital': self.total_capital,

dict):

"total_exposure': sum(s.get_exposure() for s in self.strategies),

"total_pnl': sum(s.current_pnl for s in self.strategies),
'strategy_states': {
s.name: s.state.value for s in self.strategies

async def _fetch_market_data(self) -> dict:
# MA M= Hel A A2 Ho[E =4
return {}

I{Ed 3: O|HIE 7|8t (Event-Driven)
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import asyncio
from collections import defaultdict
from typing import Callable, Any

class EventBus:
"""xdé}: j'_|,. Oll:llilg %Al

k=1
=

OltH._lE H‘Ié"""

o

2

def __init__ (self):
self._subscribers = defaultdict(list)
self._queue = asyncio.Queue()



def subscribe(self, event_type: str, handler: Callable):
self._subscribers[event_type].append(handler)

async def publish(self, event_type: str, data: Any):
await self._queue.put((event_type, data))

async def process_events(self):
while True:
event_type, data = await self._queue.get()
for handler in self._subscribers[event_type]:
try:
await handler(data)
except Exception as e:
print(f"o[HIE 2| 2F [{event_type}]: {e}")

class EventDrivenStrategy(BaseStrategy):
nn "OIHjE 7|HI_|_ K._‘Iéf" nn

def __init___(self, name: str, event_bus: EventBus):
super().__init__(name)
self.event_bus = event_bus
# el OHIE 5
event_bus.subscribe('market_data', self.on_market_data)
event_bus.subscribe('fill', self.on_fill)
event_bus.subscribe('risk_alert', self.on_risk_alert)

async def on_market_data(self, data: dict):
signal = await self.generate_signal(data)
if signal:
await self.event_bus.publish('order_request', {
'strategy': self.name,
'signal': signal

)

async def on_risk_alert(self, data: dict):
if data.get('action') == 'reduce_exposure':
await self._reduce_positions(datal['target_ratio'])

async def _reduce_positions(self, target_ratio: float):
for symbol, pos in self.positions.items():
reduce_qty = pos['quantity'] * (1 - target_ratio)
await self.event_bus.publish('order_request', {
'strategy': self.name,
"signal': {
"symbol': symbol,
'side': 'sell' if pos['quantity'] > @ else 'buy',
'quantity': abs(reduce_qty),
"type': 'market’
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7| (Position): +F~IHE, HA| EHE

import numpy as np
import pandas as pd
from scipy import stats

class StrategyCorrelationAnalyzer:

"rrE 2 S EA E 2M5ks Safa

def __init__ (self):
self.returns_data = {}

def add_strategy_returns(self, name: str, returns: pd.Series):
"rrderd ol ol E Moy FIF

self.returns_data[name] = returns

def compute_correlation_matrix(self) -> pd.DataFrame:
S e N e |l =R | P
df = pd.DataFrame(self.returns_data)
return df.corr(method='pearson')

def compute_rolling_correlation(

self, strategy_a: str, strategy_b: str, window: int = 30
) -> pd.Series:

" REE 7F SR ARES AAE

returns_a = self.returns_data[strategy_al

returns_b = self.returns_data[strategy_b]

return returns_a.rolling(window).corr(returns_b)

def find_optimal_combination(
self, max_strategies: int = 5

) -> list:
"nUAREREEA| 7|4E B R F2F e B
df = pd.DataFrame(self.returns_data)

corr_matrix = df.corr()

strategy_names = list(self.returns_data.keys())

# EI2X™ ng|Z oz e Almiay|

RL- O L— L—

2l

2k A{EH

= ==

selected = [strategy_names[0@]]

while len(selected) < max_strategies and len(selected) < len(strategy_names):
best_candidate = None
lowest_avg_corr = float('inf')

for candidate in strategy_names:
if candidate in selected:
continue



# o|0| Ml MEtSDlo| BR ALBAIS ALt

avg_corr = np.mean([
abs(corr_matrix.loc[candidate, s])
for s in selected

1)

if avg_corr < lowest_avg_corr:
lowest_avg_corr = avg_corr
best_candidate = candidate

if best_candidate:
selected.append(best_candidate)

print(f"MEH: {best_candidate} (T A&7A+: {lowest_avg_corr:.4f})")

return selected

def regime_conditional_correlation(
self, strategy_a: str, strategy_b: str,
market_returns: pd.Series

) -> dict:
TN EIEE RAR A 2
returns_a = self.returns_data[strategy_al

returns_b = self.returns_data[strategy_b]

# A EE 2R M5, StE, 85

bull = market_returns > market_returns.quantile(0.67)

bear = market_returns < market_returns.quantile(@.33)

sideways = ~bull & ~bear

results = {}

for regime, mask in [('A&ZEH', bull), ('SHZA', bear), ('EEZ', sideways)]:

a_regime = returns_a[mask]
b_regime = returns_b[mask]
if len(a_regime) > 5:
corr, p_value = stats.pearsonr(a_regime, b_regime)
results[regime] = {
'correlation': round(corr, 4),
"p_value': round(p_value, 4),
'sample_count': len(a_regime)

return results

class DiversificationMetrics:

"""x._‘{%t _E_AI_I_ §J—|_|_§ g%‘:&‘lgz égnnn

@staticmethod
def diversification_ratio(weights: np.ndarray, cov_matrix: np

.ndarray) -> float:



|2 (DR) ALk
DR = (715 8o Hi5d)
A

HI
=

individual_vols = np.sqrt(np.diag(cov_matrix))
weighted_avg_vol = np.dot(weights, individual_vols)
portfolio_vol = np.sqrt(weights @ cov_matrix @ weights)
return weighted_avg_vol / portfolio_vol

@staticmethod
def marginal_contribution_to_xrisk(
weights: np.ndarray, cov_matrix: np.ndarray
) -> np.ndarray:
"nzh Mol B 2l A3 7(0iE Al
portfolio_vol = np.sqrt(weights @ cov_matrix @ weights)
mcr = (cov_matrix @ weights) / portfolio_vol
return mcr

@staticmethod
def strategy_contribution_report(
strategy_names: list,
weights: np.ndarray,
cov_matrix: np.ndarray
) -> pd.DataFrame:
"rrdEke 2lA3 70jE BIA A
portfolio_var = weights @ cov_matrix @ weights
portfolio_vol = np.sqrt(portfolio_var)

mcr = (cov_matrix @ weights) / portfolio_vol
component_risk = weights * mcr
pct_contribution = component_risk / portfolio_vol * 100

report = pd.DataFrame({
"MEF': strategy_names,
"H|E': weights,
"SHAIZ|AF 7|0 mcx,
'2[A37]0": component_risk,
"2|AFT|03Z (%) ': pct_contribution

)

return report
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from dataclasses import dataclass, field
from typing import Dict, List, Optional
from datetime import datetime, timedelta
import numpy as np

@dataclass

class StrategyPerformance:
name: str
daily_returns: List[float] = field(default_factory=1ist)
current_drawdown: float = 0.0
max_drawdown: float 0.0
sharpe_ratio: float = 0.0
win_rate: float = 0.0
current_allocation: float 0.0
min_allocation: float = 0.05 # XA 5%
max_allocation: float = 0.40 # Z|CH 40%

@property
def recent_sharpe(self, lookback: int = 30) -> float:
if len(self.daily_returns) < lookback:
return 0.0
recent = self.daily_returns|[-lookback:]
mean_ret = np.mean(recent)
std_ret = np.std(recent)
if std_ret ==
return 0.0
return mean_ret / std_ret * np.sqrt(252)

class DynamicAllocator:
llllll%&! X}'% HH—E— Oilxl_lllllll

def __init__ (

10



def

def

def

def

self,

total_capital: float,

rebalance_interval: timedelta = timedelta(hours=24),
max_single_rebalance: float = 0.10 # 13| =|c| 10% HZA

self.total_capital = total_capital
self.rebalance_interval = rebalance_interval
self.max_single_rebalance = max_single_xrebalance
self.strategies: Dict[str, StrategyPerformance] = {}
self.last_rebalance: Optional[datetime] = None
self.allocation_history: List[dict] = []

add_strategy(self, perf: StrategyPerformance):
self.strategies[perf.name] = pexrf

should_rebalance(self) -> bool:
if self.last_rebalance is None:
return True
return datetime.now() - self.last_rebalance >= self.rebalance_interval

compute_target_allocations(self) -> Dict[str, float]:
llllllACjJ—l-I_ 7|H|_I_ %E HH—E— HI_% 71|A|_I_IIIIII

scores = {}

for name, perf in self.strategies.items():
# S " AL AFZHIE + S8 - EZRC2 HigE
sharpe_score = max(pexrf.recent_sharpe, 0)
win_score = perf.win_rate
dd_penalty = perf.current_drawdown * 2 # =ZCI20 284 75

score = (sharpe_score * 0.5) + (win_score * ©.3) - (dd_penalty * 0.2)
scores[name] = max(score, 0.01) # =AM BEZE

# == 7|8HH|2 AL
total_score = sum(scores.values())
raw_allocations = {

name: score / total_score

for name, score in scores.items()

# =|A/FCf M HE

adjusted = self._apply_constraints(raw_allocations)
return adjusted

_apply_constraints(self, allocations: Dict[str, float]) -> Dict[str, float]:
" H GOl B4/ F{C) Mo K

adjusted = {}

excess = 0.0

for name, alloc in allocations.items():
perf = self.strategies[name]
if alloc < perf.min_allocation:
adjusted[name] = perf.min_allocation

11



excess += alloc - perf.min_allocation
elif alloc > perf.max_allocation:

adjusted[name] = perf.max_allocation

excess += alloc - perf.max_allocation
else:

adjusted[name] = alloc

# =0/ 2EEE i &
unconstrained = [
n for n in adjusted
if self.strategies[n].min_allocation < adjusted[n] < self.strategies[n].max_allc

if unconstrained and abs(excess) > 0.001:
share = excess / len(unconstrained)
for name in unconstrained:

adjusted[name] += share

# §0| 10| = =5 ™5t
total = sum(adjusted.values())
return {name: alloc / total for name, alloc in adjusted.items()}

def execute_rebalance(self) -> Dict[str, dict]:
TURIMEA MY X HiE . SEHEOE HIT 0|5
target = self.compute_target_allocations()
changes = {}

for name, target_alloc in target.items():
current = self.strategies[name].current_allocation
diff = target_alloc - current
# 45t HE wx|
if abs(diff) > self.max_single_rebalance:
diff = self.max_single_rebalance * np.sign(diff)

new_alloc = current + diff
self.strategies[name].current_allocation = new_alloc

changes[name] = {
"previous': round(current, 4),
"target': round(target_alloc, 4),
'new': round(new_alloc, 4),
'change': round(diff, 4),
"capital': round(self.total_capital * new_alloc, 2)

self.last_rebalance = datetime.now()
self.allocation_history.append({

"timestamp': self.last_rebalance.isoformat(),

'allocations': {n: s.current_allocation for n, s in self.strategies.items()}
})

return changes

12
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class DrawdownGuard:

nllnEE':l__E_ 7|H|_I' x|_§ Ei Alé%"""

def __init__ (self):
self.thresholds

[

(0.05, 0.80), # 5% =ZCIR - 80%Z =24
(0.10, 0.50), # 10% =ZCIL - 50%= =
(0.15, ©.25), # 15% S==ZCI2 - 25%=2 =
(0.20, 0.00), # 20% ==ZCIL - A2k =ct

def get_scaling_factor(self, current_drawdown: float) -> float:
"M EECHR0) MHE AH U E BE] HhEtr
scaling = 1.0
for dd_threshold, scale in self.thresholds:
if current_drawdown >= dd_threshold:
scaling = scale

return scaling

def evaluate_strategy(self, perf: StrategyPerformance) -> dict:
et Al HoE Y AT ARS B
scaling = self.get_scaling_factor(perf.current_drawdown)
adjusted_capital = perf.current_allocation * scaling

status = 'normal’
if scaling ==

status = 'stopped'
elif scaling < 0.5:

status = 'critical’
elif scaling < 1.0:

status = 'warning'
return {

'strategy': perf.name,

"drawdown': f"{perf.current_drawdown:.2%}",
"scaling_factor': scaling,

'adjusted_allocation': adjusted_capital,

'status': status,

'recommendation': self._get_recommendation(status, perf)

def _get_recommendation(self, status: str, perf: StrategyPerformance) -> str:
recommendations = {
'normal': 'HAR2A =,
'warning': f'XE S24 7
‘critical': f'OHE X2 S4. defoiefo|s MAE AZ,

'stopped': f'HEAS . TS HE FMAIZ ER'

1A
ofo
B

|2 dot 2LEE 2R

4



}

return recommendations.get(status, '')

class KellyAllocator:
Te] 7E 7lg AR RH2 R

def __init__ (self, fraction: float = 0.5):
fraction: ZE ZzZ|CHH| AR H|E
AMOME 0.25~0.5 (FE{~st= Zz|) HZ

self.fraction = fraction

def kelly_criterion(
self, win_rate: float, avg_win: float, avg_loss: float

) -> float:
de| Z34l: f=(bp-q) /b
b =3Hg s/Ht &4 H|E
p=35E
q=11E (1 - p)
if avg_loss == 0:
return 0.0
= avg_win / avg_loss
= win_rate
q=1-p

kelly = (b * p -q) / b
return max(kelly * self.fraction, 0)

def multi_strategy_kelly(

self, strategies: Dict[str, StrategyPerformance]
) -> Dict[str, float]:

"rrofe| Meto] A2l HIg SAl A

kelly_fractions = {}

for name, perf in strategies.items():
returns = np.array(perf.daily_returns)
if len(returns) < 30:
kelly_fractions[name] = perf.min_allocation
continue

wins = returns[returns > 0]
losses = returns[returns < 0]

14



if len(wins) == 0 or len(losses) == 0:
kelly_fractions[name] = perf.min_allocation
continue

win_rate = len(wins) / len(returns)
avg_win = np.mean(wins)
avg_loss = abs(np.mean(losses))

kelly f = self.kelly criterion(win_rate, avg_win, avg_loss)

kelly fractions[name] = kelly f

# 80| 12 Yx| Y== Y7st
total = sum(kelly_fractions.values())
if total > 1.0:
kelly_fractions = {
k: v / total for k, v in kelly_fractions.items()

return kelly_fractions

& B8 2|A3 BE| A|AH

from dataclasses import dataclass

from typing import Dict, List, Tuple
from datetime import datetime, timedelta
import numpy as np

@dataclass
class RiskLimits:

"II"EE%EJ_CP_ E—léﬂ ?_I-_II:_ }é.lglllllll

max_total_exposure: float = 0.80 # ™K XH= CHH| F|cf =&
max_single_strategy_exposure: float = 0.30 # Tt NMEFFCH =&
max_daily_loss: float = 0.03 # 2ol Fcl &4 3%
max_weekly loss: float = 0.07 # F=Z7F F|cl &A 7%

max_correlation_exposure: float = 0.50 # Arz M2 &HALFCH =&
max_single_asset_exposure: float = 0.20 # Tt XAl
emergency_stop_loss: float = 0.10 # H|AFAX

class PortfolioRiskManager:

15

= np.clip(kelly_f, perf.min_allocation, perf.max_allocation)



"II"EE%EJE?_%

el

CIESS I TRRN
def __init__ (self, total_capital: float, limits: RiskLimits):
self.total_capital = total_capital
self.limits = limits
self.daily_pnl_history: List[Tuple[datetime, float]] = []
self.risk_events: List[dict] = []
self.is_emergency_stopped = False

def validate_order(
self,
strategy: BaseStrategy,
signal: dict,
portfolio_state: dict
) -> bool:
TEE M elAT HE
if self.is_emergency_stopped:
self._log_risk_event('BLOCKED', 'H|Af MX| &XM3l', strategy.name)
return False

checks = [
self._check_total_exposure(signal, portfolio_state),
self._check_strategy_exposure(strategy, signal),
self._check_daily_loss_limit(),
self._check_single_asset_concentration(signal, portfolio_state),
self._check_correlated_exposure(strategy, signal, portfolio_state),

for passed, reason in checks:
if not passed:
self._log_risk_event('REJECTED', reason, strategy.name)
return False

return True

def _check_total_exposure(
self, signal: dict, portfolio_state: dict
) -> Tuple[bool, str]:
"R ZEEZER EEZ AN
current_exposure = portfolio_state['total_exposure']
order_value = signal.get('quantity', @) * signal.get('price', 0)
projected = (current_exposure + order_value) / self.total_capital

if projected > self.limits.max_total_exposure:
return False, f"& =& =1}: {projected:.2%} > {self.limits.max_total_exposure:.
return True, ""

def _check_strategy_exposure(
self, strategy: BaseStrategy, signal: dict
) -> Tuple[bool, str]:
"N MER L EE A
current = strategy.get_exposure()
order_value = signal.get('quantity', @) * signal.get('price', 0)

16



projected = (current + order_value) / self.total_capital

if projected > self.limits.max_single_strategy_exposure:
return False, f"{strategy.name} =&% =1}: {projected:.2%}"
return True, ""

def _check_daily_loss_limit(self) -> Tuple[bool, str]:
"t &l BhE AP
today = datetime.now().date()
today_pnl = sum(
pnl for ts, pnl in self.daily_pnl_history
if ts.date() == today

)
daily_loss_pct = abs(min(today_pnl, @)) / self.total_capital

if daily_loss_pct >= self.limits.max_daily_loss:
return False, "YU &4A Gt =& {daily_loss_pct:.2%}"
return True, ""

def _check_single_asset_concentration(
self, signal: dict, portfolio_state: dict
) -> Tuple[bool, str]:
el XA BB E HAP
symbol = signal.get('symbol', '")
# ZE ™M oS Rt & =& ALt
total_asset_exposure = 0@
for s_name, s_data in portfolio_state.get('strategy_positions', {}).items():
if symbol in s_data:
total_asset_exposure += abs(s_data[symbol].get('value', 0))

order_value = signal.get('quantity', @) * signal.get('price', 0)
projected = (total_asset_exposure + order_value) / self.total_capital

if projected > self.limits.max_single_asset_exposure:
return False, f"{symbol} XAt ZES= =1}: {projected:.2%}"
return True, ""

def _check_correlated_exposure(
self, strategy: BaseStrategy, signal: dict,
portfolio_state: dict
) -> Tuple[bool, str]:
trUATEA =2 MEFE| B & A"
# MEE| 0.7 O|MQ HEESS OE2E F0f &4t At
p

correlated_groups =

for group_name, group_strategies in correlated_groups.items():
if strategy.name in group_strategies:

group_exposure = sum(
portfolio_state.get('strategy_exposures', {}).get(s, 0)
for s in group_strategies

)

if group_exposure / self.total_capital > self.limits.max_correlation_exposur
return False, f"AtZt J1& '{group_name}' == =1}"
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return True,

def update_pnl(self, pnl: float):
HIIIIPnL OQ{EIIOIEE—EIHIAOFxo-le I7:_IIA|_"II"
self.daily_pnl_history.append((datetime.now(), pnl))

# =X 2A ZAL
total_loss = sum(p for _, p in self.daily_pnl_history if p < 0)
if abs(total_loss) / self.total_capital >= self.limits.emergency_stop_loss:
self.is_emergency_stopped = True
self._log_risk_event(
"EMERGENCY_STOP ",
oA MR gs: =& &4 {abs(total_loss)/self.total_capital:.2%}",
'SYSTEM'

def _log_risk_event(self, event_type: str, reason: str, strategy: str):
self.risk_events.append({
"timestamp': datetime.now().isoformat(),
"type': event_type,
'reason': reason,
'strategy': strategy

class ConflictResolver:
mnn "Kl_-IE_‘F 7|_|' %% |7:II‘X| E_cl 8H7E:’H nn

def __init__(self):
self.conflict_history = []

def detect_conflicts(
self, pending_orders: List[dict]
) -> List[dict]:
""ULHT| BOl FEOM S= X[
conflicts = []
symbol_orders = {}

# AMEHE =F OFst
for order in pending_orders:
symbol = order['symbol']
if symbol not in symbol_orders:
symbol_orders[symbol] = []
symbol_ordexrs[symbol] .append(order)

# L2 RHitol| cH ek ABHE FE EX|

i
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for symbol, orders in symbol_orders.items():
buy_orders = [o for o in orders if o['side'] == 'buy']
sell_orders = [o for o in orders if o['side'] == 'sell']

if buy_orders and sell_orders:
conflicts.append({
"symbol': symbol,
"buy_strategies': [o['strategy'] for o in buy_orders],
'sell_strategies': [o['strategy'] for o in sell_orders],
"buy_total': sum(o['quantity'] for o in buy_orders),
'sell_total': sum(o['quantity'] for o in sell_orders),

)

return conflicts

def resolve_conflict(
self, conflict: dict,
strategy_priorities: Dict[str, int],
strategy_performances: Dict[str, StrategyPerformance]
) -> List[dict]:

TUEEHE: MEI AT Tu

# 2 1 UE (=EXMEEA™)

net_quantity = conflict['buy_total'] - conflict['sell_total']

if abs(net_quantity) < 0.001:
# 2™ 2 - FE FAD

return []

# 2 20 2Ma2| 7|8 (dot E2 MEF M)
all_strategies = conflict['buy_strategies'] + conflict['sell_strategies']
best_strategy = max(
all_strategies,
key=lambda s: (
strategy_priorities.get(s, 0),
strategy_performances.get(s, StrategyPerformance(s)).sharpe_ratio

AN = =
# 24 Hero RO MY

is_buyer = best_strategy in conflict['buy_strategies']

return [{
"symbol': conflict['symbol'],
'side': 'buy' if is_buyer else 'sell',

'"quantity': abs(net_quantity),
'strategy': best_strategy,
'resolution': 'priority_based'’

1]

19



xo_||| nn

22|23 &

4.3VaR7|HI ZEZZ|Q 2|A3
"""Value at Risk 7|HI ZEZE

class PortfolioVaR:

@staticmethod

def parametric_var(

weights: np.ndarray,
returns: np.ndarray,

confidence: float = 0.95,

holding_period: int = 1
-> float:
"trobet E2 VaR AlA "

from scipy.stats import norm

= returns @ weights

)

portfolio_returns
mu = np.mean(portfolio_returns)
np.std(portfolio_returns)

sigma
-(mu + z_score * sigma) * np.sqrt(holding_period)

z_score = norm.ppf(1l - confidence)

var
return var

0.95

@staticmethod
def historical_var(
weights: np.ndarray,
returns: np.ndarray,
confidence: float =

-> float:
"II"(E‘Al'X—-‘I Al%a_”olﬁ VaRIIHII

portfolio_returns

)
returns @ weights
-np.percentile(portfolio_returns, (1 - confidence) * 100)

var
return var

0.95

@staticmethod

def component_var(

weights: np.ndarray,

cov_matrix: np.ndarray,
float =

confidence:
) -> np.ndarray:
llllll;n_{ELleVaR: ;}xd;tgl VaR 7|01EIIIIII
from scipy.stats import norm
= np.sqrt(weights @ cov_matrix @ weights)
norm.ppf(confidence)
(cov_matrix @ weights) / portfolio_var * z_score

portfolio_var

weights * marginal_var

z_score

marginal_var
component_var =
return component_var
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import time
import json
from typing import Dict, Any
from datetime import datetime

class MetricsCollector:

trrHEE dAZEOES SETIM

def __init__(self):
self.metrics_store: Dict[str, list] = {}
self.alerts: list = []

def collect_strategy_metrics(
self, strategy: BaseStrategy
) -> Dict[str, Any]:
ek SAl o ER] SE
metrics = {
"timestamp': datetime.now().isoformat(),
'strategy': strategy.name,
'state': strategy.state.value,

# 2ol o2
"pnl': {

'unrealized': self._calc_unrealized_pnl(strategy),

'realized': strategy.current_pnl,

"total': strategy.current_pnl + self._calc_unrealized_pnl(strategy),
o

# ZXM O EE

"positions': {
"count': len(strategy.positions),
'long_exposure': self._calc_directional_exposure(strategy, 'long'),
'short_exposure': self._calc_directional_exposure(strategy, 'short'),
'net_exposure': strategy.get_exposure(),

H,

# oo EE

"performance’: {
'sharpe_ratio': self._calc_rolling_sharpe(strategy),
'win_rate': self._calc_win_rate(strategy),
"profit_factor': self._calc_profit_factor(strategy),
"max_drawdown': self._calc_max_drawdown(strategy),
"current_drawdown': self._calc_current_drawdown(strategy),

o

21



# A3 0 EE

'execution': {
'orders_today': self._count_orders_today(strategy),
'fill_rate': self._calc_fill_rate(strategy),
'avg_slippage': self._calc_avg_slippage(strategy),
'latency_ms': self._calc_avg_latency(strategy),

3,

# AR O EE
'system': {
"memory_mb': self._get_memory_usage(strategy),
'cpu_percent': self._get_cpu_usage(strategy),
'last_heartbeat': strategy.last_signal_time.isoformat()
if strategy.last_signal_time else None,

# NE

if strategy.name not in self.metrics_store:
self.metrics_store[strategy.name] = []

self.metrics_store[strategy.name].append(metrics)

# AT A HA

self._check_alert_conditions(metrics)
return metrics

def _check_alert_conditions(self, metrics: dict):
nn "OEI-EE’I }_?__I 7=-IA|'" nn

strategy = metrics['strategy']

# S2Ct2 AR

dd = metrics['performance']['current_drawdown']

if dd > 0.10:
self.alerts.append({
'level': 'critical',

'strategy': strategy,
'message': f'E2CLR A0: {dd:.2%}"',
"timestamp': metrics['timestamp’]

)

# NZE =
fill_rate = metrics['execution']['fill_rate']
if fill_rate < 0.80:
self.alerts.append({
'level': 'warning',
'strategy': strategy,
'message': T'MZE Mot: {fill_rate:.2%}',
"timestamp': metrics['timestamp']

22



last_hb = metrics['system']['last_heartbeat']
if last_hb:
last_time = datetime.fromisoformat(last_hb)
if (datetime.now() - last_time).seconds > 300:
self.alerts.append({

'level': 'critical',
'strategy': strategy,
'message': 'XEFRSC (58+)",

"timestamp': metrics['timestamp']

})

def _calc_unrealized_pnl(self, strategy):
return sum(
pos.get('unrealized_pnl', 0)
for pos in strategy.positions.values()

def _calc_directional_exposure(self, strategy, direction):
total = 0
for pos in strategy.positions.values():
value = abs(pos['quantity'] * pos.get('current_price', 0))

if direction == 'long' and pos['quantity'] > @:
total += value
elif direction == 'short' and pos['quantity'] < 0:

total += value
return total

def _calc_rolling_sharpe(self, strategy, window=30):
returns = strategy.__dict__.get('_daily_returns', [])
if len(returns) < window:
return 0@
r = np.array(returns[-window:])
if np.std(r) ==
return @
return float(np.mean(r) / np.std(r) * np.sqrt(252))

def _calc_win_rate(self, strategy):
trades = strategy.__dict__.get('_closed_trades', [])
if not trades:
return @
wins = sum(l for t in trades if t.get('pnl', @) > 0)
return wins / len(trades)

def _calc_profit_factor(self, strategy):
trades = strategy.__dict__.get('_closed_trades', [])
gross_profit = sum(t['pnl'] for t in trades if t.get('pnl', @) > 0)
gross_loss = abs(sum(t['pnl'] for t in trades if t.get('pnl', @) < 0))
if gross_loss ==
return float('inf') if gross_profit > @ else 0
return gross_profit / gross_loss

def _calc_max_drawdown(self, strategy):
returns = strategy.__dict__.get('_daily_returns', [])
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if not returns:
return @
cumulative = np.cumsum(returns)
running_max = np.maximum.accumulate(cumulative)
drawdowns = running_max - cumulative
return float(np.max(drawdowns)) if len(drawdowns) > @ else @

def _calc_current_drawdown(self, strategy):
returns = strategy.__dict__.get('_daily_returns', [])
if not returns:
return 0@
cumulative = np.cumsum(returns)
peak = np.max(cumulative)
return float(peak - cumulative[-1])

def _count_orders_today(self, strategy):
return strategy.__dict__.get('_orders_today', 0)

def _calc_fill_rate(self, strategy):
return strategy.__dict__.get('_fill_rate', 1.0)

def _calc_avg_slippage(self, strategy):
return strategy.__dict__.get('_avg_slippage', 0.0)

def _calc_avg_latency(self, strategy):
return strategy._ dict__.get('_avg_latency_ms', 0.0)

def _get_memory_usage(self, strategy):
return 0

def _get_cpu_usage(self, strategy):
return 0

5.2 Prometheus H E2! LHE LY 7|

from prometheus_client import Gauge, Counter, Histogram, start_http_server

class PrometheusExporter:
"""Prometheus HAICE HEZ LHELf7|"""

def __init__ (self, port: int = 9090):

# Zo|X| H EH

self.pnl_gauge = Gauge(
'strategy_pnl_total"',
'Total PnL by strategy',
['strategy']

)

self.exposure_gauge = Gauge(
'strategy_exposure_ratio',
'"Exposure ratio by strategy',
['strategy', 'direction']
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)

self.drawdown_gauge = Gauge(
'strategy_drawdown',
'Current drawdown by strategy',
['strategy']

)

self.allocation_gauge = Gauge(
'strategy_allocation_ratio',
'Capital allocation ratio',
['strategy']

# 7I2E O EE

self.orders_counter = Counter(
'strategy_orders_total',
'Total orders by strategy',
['strategy', 'side', 'status']

)

self.risk_events_counter = Counter(
'risk_events_total',
'Risk events count',
['event_type', 'strategy']

# S|AEDH i EZ
self.latency_histogram = Histogram(
'order_latency_seconds',
'"Order execution latency',
['strategy'],
buckets=[0.001, 0.005, ©0.01, .05, 0.1, 0.5, 1.0]

start_http_server(port)

def update_metrics(self, metrics: dict):
nn "D'”Eé"l lo:.!EilOlEIl mnmn

strategy = metrics['strategy']

self.pnl_gauge.labels(strategy=strategy).set(
metrics['pnl']['total']

)

self.exposure_gauge.labels(strategy=strategy, direction='long').set(
metrics['positions']['long_exposure']

)

self.exposure_gauge.labels(strategy=strategy, direction='short').set(
metrics['positions']['short_exposure']

)

self.drawdown_gauge.labels(strategy=strategy).set(
metrics['pexrformance']['current_drawdown']
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5.3 22 NAY 75

import aiohttp
import asyncio

class AlertManager:
nn "D.E-{El iH|_E—| OE'.%I J—llll_alxl_ll nn

def __init__ (self):
self.channels = {}
self.alert_rules = []
self.cooldown_map = {} # ZE UZ| HiX|
self.cooldown_seconds = 300 # 52 ZrC|L

def add_discord_webhook(self, name: str, webhook_url: str):
self.channels[name] = {
"type': 'discord',
'url': webhook_url

def add_telegram_bot(self, name: str, bot_token: str, chat_id: str):
self.channels[name] = {
"type': 'telegram',
'bot_token': bot_token,
'chat_id': chat_id

async def send_alert(self, alert: dict):
llllllOEI.EE_I tél.g_ (%E—l’—i— &!%)HIIH
alert_key = f"{alert['strategy']}:{alert['message']}"
now = time.time()

if alert_key in self.cooldown_map:
if now - self.cooldown_map[alert_key] < self.cooldown_seconds:

return # ZCIR =

self.cooldown_map[alert_key] = now

level
emoji

alert.get('level', 'info')
{'info': 'i', 'warning': 'A', 'critical': 'O'}.get(level,

message = (
f"{emoji} **{alert['strategy']}** - {level.uppexr()}\n"
f"{alert['message']}\n"
f"AlzZt: {alert['timestamp']}"

for ch_name, channel in self.channels.items():

try:
if channel['type'] == 'discord':
await self._send_discord(channel['url'], message)
elif channel['type'] == 'telegram':
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await self._send_telegram(channel, message)
except Exception as e:
print(f gl && Mo [{ch_name}]: {e}")

async def _send_discord(self, url: str, message: str):
async with aiohttp.ClientSession() as session:
await session.post(url, json={'content': message})

async def _send_telegram(self, channel: dict, message: str):
url = f"https://api.telegram.org/bot{channel['bot_token']}/sendMessage"
async with aiohttp.ClientSession() as session:
await session.post(url, json={
'chat_id': channel['chat_id'],
"text': message,
'parse_mode': 'Markdown'

from enum import Enum
from datetime import datetime, timedelta
from typing import Optional, Dict, List

class LifecycleStage(Enum):

DEVELOPMENT = "development" # e =
PAPER_TRADING = "paper_trading" # 22| 7z}
INCUBATION = "incubation" # Ao AJ{E|
PRODUCTION = "production" # ™A 29
DEGRADED = "degraded" # M5 X5}
SUSPENDED = "suspended" # UA| =Lt
RETIRED = "retired" # E[

class StrategylLifecycleManager:

nn nxl__{E—_F AOHDO;‘_y'Q_jl 'J_|_"'|-E—IX|'" nn

o — O

ALLOWED_TRANSITIONS = {
LifecycleStage.DEVELOPMENT: [LifecycleStage.PAPER_TRADING],
LifecycleStage.PAPER_TRADING: [
LifecycleStage.INCUBATION,
LifecycleStage.DEVELOPMENT # XH7H&f

# S1E2%= AE} Mo| Hof

] 1
LifecycleStage.INCUBATION: [
LifecycleStage.PRODUCTION,
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LifecycleStage.PAPER_TRADING # EZt

1,

LifecycleStage.PRODUCTION: [
LifecycleStage.DEGRADED,
LifecycleStage.SUSPENDED

1,

LifecycleStage.DEGRADED: [
LifecycleStage.PRODUCTION, # 3
LifecycleStage.SUSPENDED,
LifecycleStage.RETIRED

I}

1,
LifecycleStage.SUSPENDED: [

LifecycleStage.PRODUCTION, # XH7H
LifecycleStage.RETIRED

1,
LifecycleStage.RETIRED: [], # Z|Z AEH

def __init__(self):
self.strategies: Dict[str, dict] = {}

def register_strategy(self, name: str, metadata: dict = None):
OVESE= L
self.strategies[name] = {
'stage': LifecycleStage.DEVELOPMENT,
'created_at': datetime.now(),
'stage_history': [{
'stage': LifecycleStage.DEVELOPMENT.value,
'entered_at': datetime.now().isoformat(),
'reason': '"AM EE'
H,
'metadata’: metadata or {},
"promotion_criteria': self._default_criteria()

def transition(self, name: str, target: LifecycleStage, reason: str) -> bool:
"II"AO'.EH Xl__lol AE|%OH"II"
if name not in self.strategies:
raise ValueError(f"oO|SZ MeF: {name}")

current = self.strategies[name]['stage']

if target not in self.ALLOWED_TRANSITIONS.get(current, []):
print(f"[HE] {name}: {current.value} - {target.value} XO| E7}I")
return False

self.strategies[name] ['stage'] = target
self.strategies[name] [ 'stage_history'].append({
'stage': target.value,
'entered_at': datetime.now().isoformat(),
'reason': reason,
"previous': current.value

)
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print(f"[&O0]|] {name}: {current.value} - {target.value} ({reason})")

return True

def _default_criteria(self) -> dict:
return {

'paper_to_incubation': {
'min_days': 30,
'min_sharpe': 1.5,
'min_trades': 100,
'max_drawdown': 0.10

3,

"incubation_to_production': {
'min_days': 14,
'min_sharpe': 1.0,
"'min_profit_factor': 1.5,
'max_drawdown': 0.08

o

'production_to_degraded': {
'rolling_sharpe_below': 0.5,
'consecutive_loss_days': 5,
'drawdown_exceeds': 0.15

def auto_evaluate(
self, name: str, performance: StrategyPerformance
) -> Optional[LifecycleStage]:
TR RS AT o
strategy = self.strategies[name]
current = strategy['stage']
criteria = strategy['promotion_criteria']

if current == LifecycleStage.PAPER_TRADING:

Cc = criterial[ 'paper_to_incubation']

stage_days = self._days_in_stage(name)

if (stage_days >= c['min_days'] and
performance.sharpe_ratio >= c['min_sharpe'] and
performance.max_drawdown <= c['max_drawdown']):
self.transition(name, LifecycleStage.INCUBATION,
return LifecycleStage.INCUBATION

elif current == LifecycleStage.INCUBATION:

C = criteria['incubation_to_production']

stage_days = self._days_in_stage(name)

if (stage_days >= c['min_days'] and
performance.sharpe_ratio >= c['min_sharpe'] and
performance.max_drawdown <= c['max_drawdown']):
self.transition(name, LifecycleStage.PRODUCTION,
return LifecycleStage.PRODUCTION

elif current == LifecycleStage.PRODUCTION:
C = criteria['production_to_degraded']

29
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if (performance.sharpe_ratio < c['rolling_sharpe_below'] or
performance.current_drawdown > c['drawdown_exceeds']):
self.transition(name, LifecycleStage.DEGRADED, 'M& Aot ZX|')
return LifecycleStage.DEGRADED

return None

def _days_in_stage(self, name: str) -> int:
history = self.strategies[name]['stage_history']
last_entry = datetime.fromisoformat(history[-1]['entered_at'])
return (datetime.now() - last_entry).days

def get_status_report(self) -> List[dict]:
"R M MEIET| e B
report = []
for name, data in self.strategies.items():
report.append({
'strategy': name,
'stage': data['stage'].value,
'days_in_stage': self._days_in_stage(name),
"total_age_days': (datetime.now() - data['created_at']).days,
"transitions': len(data['stage_history']),
})
return report

6.2 A/BEHAE mgele|3

M FEfO|L} mf2f0|E HES QHTHSHA A

0

St7] et A/B HIAE A[ARIRIL|CE

import uuid
from typing import Tuple

class ABTestManager:
llllllxljéFA/B E‘”ﬁE J—||;|_E|IIHII

def __init__ (self):
self.tests: Dict[str, dict] = {}

def create_test(
self,
name: str,
control_strategy: BaseStrategy,
treatment_strategy: BaseStrategy,
traffic_split: float = 0.5, # X|E2Z0|HIESH|S
duration_days: int = 14,
min_trades: int = 50

) -> str:
"""A/B HAE MM
test_id = str(uuid.uuid4())[:8]
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self.tests[test_id] = {

'name': name,

'control': {
'strategy': control_strategy,
'capital_ratio': 1 - traffic_split,
"trades': [],
'pnl': 0.0

},

"treatment': {
'strategy': treatment_strategy,
'capital_ratio': traffic_split,
"trades': [],
'pnl': 0.0

b

'started_at': datetime.now(),

"duration_days': duration_days,

'min_trades': min_trades,

"status': 'running'

return test_id

def evaluate_test(self, test_id: str) -> dict:
"""A/B HIAE ADf HI"""
test = self.tests[test_id]
control = test['control']
treatment = test['treatment']

# S&stdolg =ol

if (len(control['trades']) < test['min_trades'] or
len(treatment['trades']) < test['min_trades']):
return {'status': 'insufficient_data'}

# AN RolMd 2Y
control_returns = [t['pnl'] for t in control['trades']]
treatment_returns = [t['pnl'] for t in treatment['trades']]

from scipy.stats import ttest_ind, mannwhitneyu
t_stat, p_value = ttest_ind(control_returns, treatment_returns)

# MM M EZ HW
result = {
"status': 'completed',
'control': self._calc_test_metrics(control),
"treatment': self._calc_test_metrics(treatment),
'statistical_test': {
"t_statistic': round(t_stat, 4),
'p_value': round(p_value, 4),
'significant': p_value < 0.05
o
'recommendation': self._make_recommendation(
control_returns, treatment_returns, p_value
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return result

def _calc_test_metrics(self, group: dict) -> dict:

returns = [t['pnl'] for t in group['trades']]

if not returns:
return {}

return {
"total_pnl': sum(returns),
'avg_pnl': np.mean(returns),
"sharpe': np.mean(returns) / np.std(returns) * np.sqrt(252)

if np.std(returns) > @ else 0,

'win_rate': sum(1l for r in returns if r > @) / len(returns),
"trade_count': len(returns),
"max_drawdown': self._calc_drawdown(returns)

def _calc_drawdown(self, returns: list) -> float:
cumulative = np.cumsum(returns)
running_max = np.maximum.accumulate(cumulative)
drawdown = running_max - cumulative
return float(np.max(drawdown)) if len(drawdown) > @ else @

def _make_recommendation(
self, control: list, treatment: list, p_value: float
) -> str:
if p_value >= 0.05:
return "EA|Mo=Z K9o|0|&t X}0| Y. HAE HAI =

re
02
0
>
Y

B

treat_mean = np.mean(treatment)
ctrl_mean = np.mean(control)

if treat_mean > ctrl_mean:
improvement = (treat_mean - ctrl_mean) / abs(ctrl_mean) * 100
return f"X|22 2% (+{improvement:.1f}%). AH ZZk e AZF. "
else:

return "CHEZ %=, A X2k XHEHSIX| O o °

A S

A

fjo
fijo
[

6.3 HEl E|g T2 A&

class RetirementManager:
nn llxlj%t (I)_I_xl__l El(lj| —_I:II'E.I nmn

async def retire_strategy(
self,
strategy: BaseStrategy,
orchestrator: CentralOrchestrator,
reason: str

) -> dict:
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l%:!.) nun

rol
He

retirement_log = {
'strategy': strategy.name,
'reason': reason,
'started_at': datetime.now().isoformat(),
'positions_closed': [],
"final_pnl': @

# 1B M =2 SH
strategy.state = StrategyState.PAUSED
print (f"[E[2] 1EtA|] {strategy.name} A} T2 SEtt")

# 20HA|: J|1E ZXM HEA Hat
for symbol, position in list(strategy.positions.items()):
try:
close_order = {

"symbol': symbol,
'side': 'sell' if position['quantity'] > @ else 'buy',
"quantity': abs(position['quantity']),
"type': 'limit', # A =4 zF|ast
'price': position['current_price'],
'strategy': strategy.name

await orchestrator.order_router.submit(close_oxrder)
retirement_log['positions_closed'].append({
"symbol': symbol,
"quantity': position['quantity'],
'close_price': position['current_price']

)

# FE22H2HA (M EF 25

await asyncio.sleep(1)

except Exception as e:
print(f"[E| 27F] {symbol} ZX|M Hit &dufi: {e}")

# 3CHAl: A2 3|5 L HHEE
recovered_capital = strategy.allocated_capital
strategy.allocated_capital = 0

# 4T XS V|2

retirement_log['completed_at'] = datetime.now().isoformat()
retirement_log['final_pnl'] = strategy.current_pnl
retirement_log['recovered_capital'] = recovered_capital

strategy.state = StrategyState.IDLE

print(f"[E| 2t2] {strategy.name} - 35| X}2: {recovered_capital:,.0of}")
return retirement_log
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import asyncio

import signal

import logging

from pathlib import Path
import yaml

# 224 439
logging.basicConfig(
level=logging. INFO,
format='%(asctime)s [%(name)s] %(levelname)s: %(message)s'’

)
logger = logging.getlLogger('MultiStrategySystem')

class MultiStrategySystem:
"M HE| MEF XSO0 A[AEM"

def __init__(self, config_path: str):
self.config = self._load_config(config_path)
self.total_capital = self.config['system']['total_capital']

# MM AZHE =75
self.orchestrator = CentralOrchestrator(self.total_capital)
self.allocator = DynamicAllocator(
self.total_capital,
rebalance_interval=timedelta(
hours=self.config['system']['rebalance_hours']

)

self.risk_manager = PortfolioRiskManager (
self.total_capital,
RiskLimits(**self.config.get('risk_limits', {}))

)

self.lifecycle = StrategylLifecycleManager()

self.metrics = MetricsCollector()

self.alerts = AlertManager()

self.drawdown_guard = DrawdownGuard()

self._shutdown_event = asyncio.Event()
def _load_config(self, path: str) -> dict:
with open(path, 'r') as f:

return yaml.safe_load(f)

async def initialize(self):

34



def

nn HAIﬁIE:.I! _7TE7|§|'" nn

logger.info("=== HE| ™2F A|AH|

bo===")

P
tol

7|

# Mgt 2d

for strategy_config in self.config['strategies']:
strategy = self._create_strategy(strategy_config)
capital_ratio = strategy_config['capital_ratio']

self.orchestrator.add_strategy(strategy, capital_ratio)
self.lifecycle.register_strategy(strategy.name)

logger.info(
f'®™eF 2L {strategy.name} "
f"(XH=2 H|€: {capital_ratio:.1%})"

# U2 A ™
if 'alerts' in self.config:
for alert_config in self.config['alerts']:
if alert_config['type'] == 'discoxd':
self.alerts.add_discord_webhook (
alert_config['name'],
alert_config[ 'webhook_url']

logger.info(f"& {len(self.orchestrator.strategies)}7l Mk ZE 2AF"

_Create_strategy(self, config: dict) -> BaseStrategy:
"Ml F2E QIARIA At
strategy_map = {
"momentum’: MomentumStrategy,
'mean_reversion': MeanReversionStrategy,
'arbitrage': ArbitrageStrategy,
'market_making': MarketMakingStrategy,

"trend_following': TrendFollowingStrategy,

cls = strategy_map.get(config['type'])
if cls is None:
raise ValueError(f"O|X|& X2 2&: {config['type'l}")

return cls(
name=config['name'],
**config.get('params', {})

async def run(self):

nn "EH|0|_I AEI%OH $Ell nn

await self.initialize()
# AlOd s dY

loop = asyncio.get_event_loop()
for sig in (signal.SIGTERM, signal.SIGINT):
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loop.add_signal_handler(
sig,
lambda: asyncio.create_task(self.shutdown())

# 2= ME 2yt
for strategy in self.orchestrator.strategies:
strategy.state = StrategyState.RUNNING

logger.info("=== A|AH A|Z} ===")

# Y EfAT M

await asyncio.gather(
self._trading_loop(),
self._monitoring_loop(),
self._rebalance_loop(),
self._lifecycle_loop(),
self._wait_shutdown()

async def _trading_loop(self):
"UUDHOf AR 2m
while not self._shutdown_event.is_set():
try:
market_data = await self._fetch_market_data()

for strategy in self.orchestrator.strategies:
if strategy.state != StrategyState.RUNNING:
continue

signal_result = await strategy.generate_signal(market_data)
if signal_result is None:
continue

# ERCI2 7IE X8

perf = self._get_performance(strategy)

scaling = self.drawdown_guard.get_scaling_factoxr(
perf.current_drawdown

if scaling ==
strategy.state = StrategyState.PAUSED
logger.warning(f"{strategy.name} =2Ct2 HX|")
continue

# ALY HE

signal_result['quantity'] *= scaling

# 2lA3 HAS
portfolio_state = self.orchestrator._get_portfolio_state()
if self.risk_manager.validate_order(

strategy, signal_result, portfolio_state
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await self.orchestrator.order_router.submit(signal_result)

except Exception as e:
logger.error(f"Oiof 2= 2F: {e}", exc_info=True)

await asyncio.sleep(0.1)

async def _monitoring_loop(self):
""tRLEHE 2= (1= Z2tA)""
while not self._shutdown_event.is_set():
try:
for strategy in self.orchestrator.strategies:
metrics = self.metrics.collect_strategy_metrics(strategy)

# Uz s
for alert in self.metrics.alerts:

await self.alerts.send_alert(alert)
self.metrics.alerts.clear()

except Exception as e:
logger.error(f"2L|EHE 2F: {e}")

await asyncio.sleep(10)

async def _rebalance_loop(self):
AR A E EE
while not self._shutdown_event.is_set():
try:
if self.allocator.should_rebalance():
# 0t H|olE ¥HI0IE
for strategy in self.orchestrator.strategies:
perf = self._get_performance(strategy)
self.allocator.strategies[strategy.name] = pexrf

changes = self.allocator.execute_rebalance()

for name, change in changes.items():
if abs(change['change']) > 0.01:
logger.info(
frie/gzid] {name}: "
f"{change[ 'previous']:.1%} - {change['new']:.1%} "
f"(XH=2: {change['capital']:,.0of}<)’

except Exception as e:
logger.error(f"z|gHZIA 2F: {e}")
await asyncio.sleep(60)
async def _lifecycle_loop(self):
TUMEED| @] 2RI (1A12H 2) "

while not self._shutdown_event.is_set():
try:
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for strategy in self.orchestrator.strategies:
perf = self._get_performance(strategy)
new_stage = self.lifecycle.auto_evaluate(
strategy.name, perf
)
if new_stage:
await self.alerts.send_alert({
"level': 'info',
'strategy': strategy.name,
'message': f'AMEHFTI| XMO|: - {new_stage.value}',
"timestamp': datetime.now().isoformat()

)

except Exception as e:
logger.error (f"MHEHFTI| HII 2F: {e}")

await asyncio.sleep(3600)

def _get_performance(self, strategy: BaseStrategy) -> StrategyPerformance:
" EF g oh A A
perf = StrategyPerformance(name=strategy.name)
perf.current_allocation = strategy.allocated_capital / self.total_capital
perf.current_pnl = strategy.current_pnl
return perf

async def _fetch_market_data(self) -> dict:
return {}

async def _wait_shutdown(self):
await self._shutdown_event.wait()

async def shutdown(self):

"""ol_l'xl_'lgl_l' AlﬁlEé! _7OEEH||H

logger.info("=== A|AH ZZ A|Z} ===")

# ZE ™2k SE
for strategy in self.orchestrator.strategies:
strategy.state = StrategyState.PAUSED

# oy F2 2

logger.info("O[NMZ FE FL S...")

# =T HEZH HZ
final_report = {
'shutdown_time': datetime.now().isoformat(),
'strategies': []

for strategy in self.orchestrator.strategies:
metrics = self.metrics.collect_strategy_metrics(strategy)
final_report['strategies'].append(metrics)

# E0M ME
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report_path = Path('reports') / f"shutdown_{datetime.now() :%Y%m%d_%H%M%S}.json"
report_path.parent.mkdir(exist_ok=True)
with open(report_path, 'w') as f:

json.dump(final_report, f, indent=2, ensure_ascii=False)

logger.info(f"&S2 E1AM XZE: {report_path}")
self._shutdown_event.set()

72488 Y Ax

# config/multi_strategy.yaml

system:
total_capital: 100000000 # 1H&l
rebalance_hours: 24
base_currency: KRW

strategies:

- name: btc_momentum
type: momentum
capital_ratio: 0.25
params:

symbols: [BTC/KRW]
lookback_period: 20
entry_threshold: 0.02
stop_loss: ©.03
take_profit: 0.06

- name: eth_mean_reversion
type: mean_reversion
capital_ratio: 0.20
params:

symbols: [ETH/KRW]
lookback_period: 50
z_score_entry: 2.0
Z_score_exit: 0.5

- name: cross_exchange_arb
type: arbitrage
capital_ratio: 0.20
params:

exchanges: [upbit, binance]
symbols: [BTC/KRW, ETH/KRW]
min_spread: 0.003

- name: btc_market_maker
type: market_making
capital_ratio: 0.20
params:

symbol: BTC/KRW
spread: 0.002
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order_levels: 5
order_size_decay: 0.8

- name: news_event
type: trend_following
capital_ratio: 0.15
params:
symbols: [BTC/KRW, ETH/KRW, XRP/KRW]
trend_period: 50
atr_multiplier: 2.0

risk_limits:
max_total_exposure: 0.80
max_single_strategy_exposure: 0.30
max_daily_loss: ©.03
max_weekly_loss: 0.07
emergency_stop_loss: 0.10

alerts:
- name: discord_trading
type: discord
webhook_url: "https://discord.com/api/webhooks/..."
- name: telegram_alerts
type: telegram
bot_token: "your-bot-token"
chat_id: "your-chat-id"

0
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from sklearn.mixture import GaussianMixture
import numpy as np

class RegimeDetector:
IIIIIIAIXOI_ E:”Ix:! 7=}_I|7|IIHII

def __init__ (self, n_regimes: int = 3):
self.n_regimes = n_regimes
self.model = GaussianMixture(

n_components=n_regimes,
covariance_type="'full',
random_state=42

)
self.regime_labels = {

0: 'low_volatility', # KNHEAM (2H)
1: 'trending', # =M
2: 'high_volatility' # DHSAM (252
}
self.regime_strategy_map = {
"low_volatility': ['mean_reversion', 'market_making', 'arbitrage'],
"trending': ['momentum', 'trend_following'l],
"high_volatility': ['arbitrage', 'market_making']
}

def fit(self, features: np.ndarray):
" lolEi 2 Bl A B st
self.model.fit(features)
# 2| 2fd Mofd (HEd 71&)
means = self.model.means_
vol_order = np.argsort(means[:, 1]) # HsM A I & ™LA
self.label_map = {vol_order[i]: i for i in range(self.n_regimes)}

def predict_regime(self, features: np.ndarray) -> dict:
B = PN PN S = SV
probabilities = self.model.predict_proba(features.reshape(l, -1))[0]
predicted = self.model.predict(features.reshape(l, -1))[0]
mapped_regime = self.label_map.get(predicted, predicted)

return {
'regime': self.regime_labels.get(mapped_regime, f'regime_{mapped_regime}'),
'"probabilities': {
self.regime_labels[self.label_map[i]]: round(float(p), 4)
for i, p in enumerate(probabilities)

}I
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"confidence': round(float(max(probabilities)), 4),
'recommended_strategies': self.regime_strategy_map.get(
self.regime_labels.get(mapped_regime, ''),

[]

def compute_features(self, prices: np.ndarray, window: int = 20) -> np.ndarray:
nn "Alxo'. E”xml éFxl% %Ao-l 71|A|_I_" nn

returns = np.diff(np.log(prices))

features = np.array([
np.mean(returns[-window:]), #
np.std(returns[-window:]), #
np.mean(returns[-window:]) / (np.std(returns[-window:]) + le-8), # Af=
(prices[-1] - prices[-window]) / prices[-window], # ZHIE
np.max(prices[-window:]) / np.min(prices[-window:]) - 1, # 22|

=
o/

& oF
VY

0z

1

return features

class RegimeAdaptiveAllocator:

nn HE”IKZ! K__!%god Xl’% HH_E_7|I| nn

def __init_ (
self,
regime_detector: RegimeDetector,
base_allocator: DynamicAllocator

self.regime_detector = regime_detector
self.base_allocator base_allocator
self.regime_weights {
"low_volatility': {
'mean_reversion': 1.5,
'market_making': 1.3,
'arbitrage': 1.2,
"'momentum': 0.5,
"trend_following': 0.3

},

"trending': {
"'momentum': 1.5,
"trend_following': 1.5,
'mean_reversion': 0.3,
'market_making': 0.7,
'arbitrage': 1.0

o

"high_volatility': {
'arbitrage': 1.3,
'market_making': 0.5,
"momentum': 0.8,
'mean_reversion': 0.5,
"trend_following': 0.7
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def compute_regime_adjusted_allocations(
self, market_features: np.ndarray

) -> Dict[str, float]:
TR 2R ATE G Bl Al
regime_info = self.regime_detector.predict_regime(market_features)
regime = regime_info['regime']
confidence = regime_info['confidence']

base_allocations

self.base_allocator.compute_target_allocations()

weights = self.regime_weights.get(regime, {})

adjusted = {}

for strategy_name, base_alloc in base_allocations.items():
strategy_type
regime_weight

# M| Zof w2t

self._get_strategy_type(strategy_name)
= weights.get(strategy_type, 1.0)

=Y 4= d¥

adjusted_weight = 1.0 + (regime_weight - 1.0) * confidence
adjusted[strategy_name] = base_alloc * adjusted_weight

# drst

total = sum(adjusted.values())
return {k: v / total for k, v in adjusted.items()}

def _get_strategy_type(self, name: str) -> str:

type_map = {
"btc_momentum': 'momentum',
'eth_mean_reversion': 'mean_reversion',
'cross_exchange_arb': 'arbitrage',
"btc_market_maker': 'market_making',

'news_event':

}

"trend_following',

return type_map.get(name, 'unknown')

class StrategyEnsemble:

nremeb orAtE: of2] Metel AlSE 2

def __init__ (self, voting_threshold: float = 0.6):
self.strategies: List[BaseStrategy] = []
self.strategy_weights: Dict[str, float] = {}
self.voting_threshold = voting_threshold

def add_strategy(self, strategy: BaseStrategy, weight: float = 1.0):
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self.strategies.append(strategy)
self.strategy_weights[strategy.name] = weight

async def generate_ensemble_signal(
self, market_data: dict
) -> Optional[dict]:
oA AlE AT
signals = {}
total_weight = 0@

for strategy in self.strategies:
if strategy.state != StrategyState.RUNNING:
continue

signal = await strategy.generate_signal(market_data)
if signal:
weight = self.strategy_weights[strategy.name]
signals[strategy.name] = {
'signal': signal,
'weight': weight
}
total_weight += weight

if not signals:
return None

# Cid &=

buy_weight = sum(
s['weight'] for s in signals.values()
if s['signal']['side'] == 'buy'

)

sell_weight = sum(
s['weight'] for s in signals.values()
if s['signal']['side'] == 'sell'

buy_ratio = buy_weight / total_weight
sell ratio = sell_weight / total_weight

if buy_ratio >= self.voting_threshold:
# O §of: 715 B =2 At
avg_qty = np.average(
[s['signal']['quantity'] for s in signals.values()

if s['signal']['side'] == 'buy'l],
weights=[s['weight'] for s in signals.values()
if s['signal']['side'] == 'buy']
)
return {
'side': 'buy',

"quantity': avg_qty,
'confidence': buy_ratio,
"contributing_strategies': [

name for name, s in signals.items()
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if s['signal']['side'] == 'buy'

elif sell_ratio >= self.voting_threshold:
avg_qty = np.average(
[s['signal']['quantity'] for s in signals.values()

if s['signal']['side'] == 'sell'],
weights=[s['weight'] for s in signals.values()
if s['signal']['side'] == 'sell']
)
return {
'side': 'sell',

"quantity': avg_qty,
'confidence': sell_ratio,
"contributing_strategies': [
name for name, s in signals.items()
if s['signal']['side'] == 'sell'

=
i}
=)
m
ok
40
B
Ja
_lo'_l-
2
n
r
u
o
my
rlo
>
021
i)
[s)
m
i
>
0o
fuot
oM
Jh
>
Y
tot
M
mjo
oz
A

class SharedDataFeed:

llllllxljéh 7|_I'A|§>F E_IlolE_I g_ﬁ_nnn

def __init__ (self):
self._cache = {}
self._subscribers = defaultdict(list)
self._lock = asyncio.Llock()

async def subscribe(self, symbol: str, callback):
self._subscribers[symbol].append(callback)

async def update(self, symbol: str, data: dict):
async with self._lock:
self._cache[symbol] = data

# F=Xtof| A ti|o|&] & u}

for callback in self._subscribers[symbol]:
asyncio.create_task(callback(data))
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def get_latest(self, symbol: str) -> Optional[dict]:
return self._cache.get(symbol)

Of

2. =2 HYX| Ha|: o] XMako| =22 DOotA St EHO| K 2|51 AP| S 31AZ =QlLC},

r

class OrderBatcher:
mnn ll_§% HHil i_laljlll mnn

def __init_ (self, batch_interval_ms: int = 100):
self.batch_interval batch_interval_ms / 1000
self.pending_orders [
self._lock = asyncio.Llock()

async def add_order(self, order: dict):
async with self._lock:
self.pending_orders.append(order)

async def process_batch(self):
"rEfR| K| 2=
while True:
await asyncio.sleep(self.batch_interval)

async with self._lock:
if not self.pending_orders:
continue

batch = self.pending_orders.copy()
self.pending_orders.cleax()

# Y2 A Y

netted = self._net_orders(batch)

for order in netted:
try:
await self._execute_order(oxrder)
except Exception as e:
logger.erroxr(f"=2 Asl Malf: {e}")

def _net_orders(self, orders: List[dict]) -> List[dict]:
e RpAb] ChE FES Ulg
symbol_orders = defaultdict(list)
for order in orders:
symbol_orders[order['symbol']].append(order)

netted = []
for symbol, sym_orders in symbol_orders.items():
net_qty = sum(
o['quantity'] if o['side'] == 'buy' else -o['quantity']
for o in sym_orders
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if abs(net_qty) > 0.001:
netted.append({
"symbol': symbol,
'side': 'buy' if net_qty > 0 else 'sell’,
"quantity': abs(net_qty),
"type': 'market’
})

return netted

async def _execute_order(self, order: dict):
# AN HellA API &2
pass

3. HI22| 282} A[AIE HI0|HE & = 242|510 22| ArEES HMO{RfLICt.

class RingBuffer:
llllllﬂxo.l 57' %l H_IE_IHIIH

def __init__ (self, capacity: int):
self.capacity = capacity
self.buffer = np.zeros(capacity)
self.index = 0
self.full = False

def append(self, value: float):
self.buffer[self.index] = value
self.index = (self.index + 1) % self.capacity
if self.index ==
self.full = True

def get_data(self) -> np.ndarray:
if self.full:
return np.concatenate([
self.buffer[self.index:],
self.buffer[:self.index]
1)

return self.buffer[:self.index]

def __len__(self):
return self.capacity if self.full else self.index
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=
>
oz

oo
o

o

AtSetsto] Q1K TS XA stetL|Ct

class OperationsAutomation:

nn "%%‘ Xl_%il_ll nn
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def __init_ (self, system: MultiStrategySystem):
self.system = system

async def daily_routine(self):
nn HOEIC)El Xl_% _?_El_lll nn
# 1. L dotEIM MY

report = self._generate_daily_report()

# 2. M AMY XtE HA

health_issues = self._health_check()

# 3. 21 ZH|0|M
self._rotate_logs()

# 4. EOMEYS
if health_issues:
await self.system.alerts.send_alert({
'level': 'warning',
'strategy': 'SYSTEM',
'message': " MA: {len(health_issues)}d O| &A",
"timestamp': datetime.now().isoformat()

})
return report

def _generate_daily_report(self) -> dict:
"ol o HMt
report = {
'date': datetime.now().strftime('%Y-%m-%d"'),
"total_pnl': 0,
'strategies': []

for strategy in self.system.orchestrator.strategies:

perf = self.system._get_performance(strategy)
strategy_report = {

'name': strategy.name,

'state': strategy.state.value,

'pnl': strategy.current_pnl,

'positions': len(strategy.positions),

'allocation': perf.current_allocation
}
report['strategies'].append(strategy_report)
report['total_pnl'] += strategy.current_pnl

return report
def _health_check(self) -> List[str]:
HIIIIAIﬁEE." 7I__|X|__IAO-| xn.lja_{llllll

issues = []

for strategy in self.system.orchestrator.strategies:
if strategy.state == StrategyState.ERROR:
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issues.append(f"{strategy.name}: of|2{ AE{")

if (strategy.last_signal_time and

(datetime.now() - strategy.last_signal_time).hours > 24):
issues.append(f"{strategy.name}: 24A|Zt oAt 2AIS")

return issues

def _rotate_logs(self):
"rroeEfE 2 ™e|"""
log_dir = Path('logs"')
if not log_dir.exists():
return

cutoff = datetime.now() - timedelta(days=30)
for log_file in log_dir.glob('*.log'):
if datetime.fromtimestamp(log_file.stat().st_mtime) < cutoff:
log_file.unlink()

=
W22, SYYUSYO|LL O|HE T[gt OFF |E X = SHEol LIZFA| 7| BFEfLICE.
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