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import time

import statistics

from dataclasses import dataclass, field
from typing import List, Dict, Optional
from datetime import datetime

from contextlib import contextmanager
import numpy as np

@dataclass
class LatencySegment:
"UUEO[EHAl 722 X H|o[E{" "
name: str
samples: List[float] = field(default_factory=1list)

@property
def count(self) -> int:
return len(self.samples)



@property
def mean_us(self) -> float:
"trET 2|o|EAl (otojZEE)" "
if not self.samples:
return @
return statistics.mean(self.samples) * 1_000_000

@property
def median_us(self) -> float:
" OkZE 20| EA "
if not self.samples:
return 0@
return statistics.median(self.samples) * 1_000_000

@property
def p99_us(self) -> float:
"""99 mMIELY HO|HAI"""
if len(self.samples) < 100:
return self.max_us
return np.percentile(self.samples, 99) * 1_000_000

@property
def max_us(self) -> float:
if not self.samples:
return @
return max(self.samples) * 1_000_000

@property
def std_us(self) -> float:
"mrESEEHIF - X|E(Jitter) SH"""
if len(self.samples) < 2:
return 0@
return statistics.stdev(self.samples) * 1_000_000

class LatencyProfiler:
" EA| E2f0|g Zho|Zatel 2jo|HA| T2alalt

def __init_ (self):
self.segments: Dict[str, LatencySegment] = {}
self._start_times: Dict[str, float] = {}

@contextmanager
def measure(self, segment_name: str):
"HEAE DILIMZ P2H 0Bl SF
if segment_name not in self.segments:
self.segments[segment_name] = LatencySegment(name=segment_name)

start = time.pexrf_counter_ns() / 1e9
try:

yield
finally:



elapsed = time.perf_counter_ns() / 1le9 - start
self.segments[segment_name].samples.append(elapsed)

def start(self, segment_name: str):
nn ll__rljl_l_ AlE‘I. Dl_gol mimwn

self._start_times[segment_name] = time.perf_counter_ns() / 1le9

def stop(self, segment_name: str):
llllll__rl_jl_l_ %E E_cl 7|§HIIH
if segment_name not in self._start_times:
return

elapsed = time.pexrf_counter_ns() / 1e9 - self._start_times.pop(segment_name)

if segment_name not in self.segments:
self.segments[segment_name] = LatencySegment(name=segment_name)
self.segments[segment_name].samples.append(elapsed)

def report(self) -> str:
"UUEA HO|EAl EOM MM
lines = ["=== H|O|EIA| Z2OlYUZ] HTA ===\n"]
lines.append(f"{' 72" :<25} {'"H(ps)':<12} {'ZSU(ps)"':<12} {'P99(pus)"':<12} {'=CH (p:
lines.append("-" * 100)

total_mean = 0
for name, seg in sorted(self.segments.items()):
lines.append(
f"{name:<25} {seg.mean_us:<12.1f} {seg.median_us:<12.1f} "
f"{seg.p99_us:<12.1f} {seg.max_us:<12.1f} {seg.std_us:<12.1f} {seg.count}"
)

total_mean += seg.mean_us

lines.append("-" * 100)
lines.append(f"{'&™ ':<25} {total_mean:<12.1f}")
return "\n".join(lines)

def get_bottleneck(self) -> str:
"UUIbE L Rz (EF) Algrt
if not self.segments:
return "H|0O|E Q2"
worst = max(self.segments.values(), key=lambda s: s.mean_us)
return f"HE=E 727t {worst.name} (W {worst.mean_us:.1f}us)"

def reset(self):
nn Héxo.l E”OlE_I _‘;_:_7|§|_H nn

self.segments.clear()
self._start_times.clear()
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import asyncio
import aiohttp
import json

class TradingPipeline:
""rEo|HAl HFo| LiEE E2fod mfo|=atel" "

def __init__ (self):
self.profiler = LatencyProfiler()
self.strategy = None
self.exchange_client = None

async def process_tick(self, raw_message: bytes):
AR EOJE $AISE] T2 A S7ER| MA| Tro|mateln

# 124 HESZ A - H=HS}
with self.profiler.measure("1l_deserialize"):
tick = self._deserialize(raw_message)

# 20t oi[o|e M3t 2 MAE|
with self.profiler.measure("2_normalize"):
normalized = self._normalize_tick(tick)

# 30t M AS MY
with self.profiler.measure("3_signal_generation"):
signal = self.strategy.on_tick(normalized)

if signal is None:
return

# 407 2|A3T HET
with self.profiler.measure("4_risk_check"):
approved = self._risk_check(signal)

if not approved:
return

# S5CHA: FE MM
with self.profiler.measure("5_order_build"):
order = self._build_order(signal)

# 60 Z=2 xust
with self.profiler.measure("6_serialize"):
payload = self._serialize_order(oxrder)

# 7T HEKI ™S
with self.profiler.measure("7_network_send"):

await self._submit_order(payload)

def _deserialize(self, raw: bytes) -> dict:
return json.loads(raw)

def _normalize_tick(self, tick: dict) -> dict:



return {
'symbol': tick.get('s', '"),
"price': float(tick.get('p', 0)),
'volume': float(tick.get('v', 0)),
"timestamp': int(tick.get('T', 0)),
'bid': float(tick.get('b', 0)),
'ask': float(tick.get('a', 0)),

def _risk_check(self, signal: dict) -> bool:
return True

def _build_order(self, signal: dict) -> dict:
return {

"symbol': signal['symbol'],
'side': signal['side'],
"quantity': signal['quantity'],
"type': 'limit',
'price': signal['price'],
"timestamp': time.time_ns()

def _serialize_order(self, order: dict) -> bytes:
return json.dumps(order).encode()

async def _submit_order(self, payload: bytes):
pass

class LatencyBenchmark:
IIIIIIE”olEI__{Al Hlililni_ﬂ E‘”ﬁE E?‘"“"

def __init__ (self, pipeline: TradingPipeline):
self.pipeline = pipeline

async def run_benchmark(self, iterations: int = 10000)
"UUEIX|oRE At
sample_tick = json.dumps({
"s': 'BTCUSDT',
'p': '50000.00',
'v': '0.5",
'T': time.time_ns(),
'b': '49999.00',
'a': '50001.00'
}) .encode()

# AU
for _ in range(100):
await self.pipeline.process_tick(sample_tick)

self.pipeline.profiler.reset()

S

# 2

iy

-> str:



for _ in range(iterations):
await self.pipeline.process_tick(sample_tick)

return self.pipeline.profiler.report()
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import subprocess
import struct
import socket

class TimeSynchronizer:
IIIIHNTP 7IH|_I_ Aljl_l' %7[,&'_ El_alllllll

def __init__(self):
self.offset_us
self.last_sync

0.0 # ZZAH A|AHLINTP AMu{ 2t 2=Al
None

def sync_with_ntp(self, server: str = "pool.ntp.org") -> float:
"UUNTP MH2FAIZE S7|8F, =AMl gtk (ool 3 E2x=)"""
try:
# Ztctsh SNTP 226
client = socket.socket(socket.AF_INET, socket.SOCK_DGRAM)
client.settimeout(2)

# NTP X ujfzl
data = b'\x1lb' + 47 * b'\x00'

send_time = time.time()
client.sendto(data, (server, 123))
data, _ = client.recvfrom(1024)
recv_time = time.time()

client.close()

# NTP EfQUABHD oA (= CHel, 1900 7|F)
ntp_time = struct.unpack('!12I', data)[10]
ntp_time -= 2208988800 # 1900-1970 0= HEt

# 25 AlZH 78 2= Al 7|4

rtt = recv_time - send_time

self.offset_us = (ntp_time - send_time - rtt / 2) * 1_000_000
self.last_sync = datetime.now()

return self.offset_us

except Exception as e:
print(f"NTP S7|s} Muli: {e}")



return 0.0

def get_precise_timestamp_ns(self) -> int:
"II"XO-IDEI EI’?:!&EEHE HI_I_EI_I_ (L‘l_l_.__i)llllll

return time.time_ns() + int(self.offset_us * 1000)

def check_system_clock_source(self) -> dict:
"UUAIAEN 23 AA SOl (Linux)"""
try:
result = subprocess.run(
['cat', '/sys/devices/system/clocksource/clocksource@/current_clocksource'],
capture_output=True, text=True

)

current = result.stdout.strip()

result = subprocess.run(
['cat', '/sys/devices/system/clocksource/clocksource@/available_clocksource'
capture_output=True, text=True

)

available = result.stdout.strip().split()

return {
'‘current': current,
"available': available,
'recommendation': 'tsc' if 'tsc' in available else current

}

except Exception:
return {'current': 'unknown', ‘'available': [], 'recommendation': 'N/A'}

M2%Z: L E|| 3 20| EA| =[x 3}

2.1 WebSocket ¥ %| X3}

72222 WebSocket 412 E&{|0|E A|AHIS| HHMRIL|CE HE ZEO| FA| 20| A|

g FBLICt,

import asyncio

import websockets

import orjson # HiE JSON IfA]

from collections import deque

from typing import Callable, Optional

class OptimizedWebSocketClient:
"""2|0|ElA| Z{{8}E WebSocket Zafojels"""

def __init_ (
self,
url: str,



on_message: Callable,
profiler: Optional[LatencyProfiler] = None

self.url = url

self.on_message = on_message
self.profiler = profiler

self.ws = None

self._reconnect_delay = 0.1
self._max_reconnect_delay = 30
self._message_count = 0
self._latency_samples = deque(maxlen=1000)

async def connect(self):
nun "il&!ifa WebSOCket O|_:|7E:‘" nun
while True:

try:
self.ws = await websockets.connect(
self.url,
# ds FH5 gHS
ping_interval=20, # Zldzto|E =7|

ping_timeout=10,
close_timeout=5,

max_size=2**20, # 1MB O A[X| X &t
compression=None, # o= H|2Yst (CPU Q)
max_queue=None, # BHIg M EHX]

read_limit=2**16,
write_limit=2**16,

self._reconnect_delay = 0.1
print(f"WebSocket & M&: {self.url}")

await self._receive_loop()

except websockets.ConnectionClosed as e:
print(f"91Zd &2: {e.code} {e.reason}")
except Exception as e:
print(f"oi&d 2F: {e}")

# X Hm A

await asyncio.sleep(self._reconnect_delay)

self._reconnect_delay = min(
self._reconnect_delay * 2,
self._max_reconnect_delay

async def _receive_loop(self):
TUHAIR] $A 22 - F4 Qe
async for raw_message in self.ws:
recv_time = time.perf_counter_ns()

self._message_count += 1

# WE AXESI (orjson2 stdlib json E{H| 3~10Hf S )



if isinstance(raw_message, str):
data = orjson.loads(raw_message)
else:
data = orjson.loads(raw_message)

# el A BfQUARHZ QL H|WSHo] ME 2|0[EHA| HH

if 'E' in data: # Binance event time
exchange_time_ns = data['E'] * 1_000_000 # ms - ns
local_time_ns = time.time_ns()
wire_latency_us = (local_time_ns - exchange_time_ns) / 1000
self._latency_samples.append(wire_latency_us)

=2 5l
# 2 Ay

await self.on_message(data, recv_time)

async def send_fast(self, message: dict):
"R AKX S
if self.ws and self.ws.open:
await self.ws.send(orjson.dumps(message))

def get_wire_latency_stats(self) -> dict:
"UHESIE HS S OIEIAl S
if not self._latency_samples:
return {}

samples = list(self._latency_samples)
return {
'mean_us': np.mean(samples),
'median_us': np.median(samples),
"p95_us': np.percentile(samples, 95),
'p99_us': np.percentile(samples, 99),
'min_us': min(samples),
"max_us': max(samples),
'samples': len(samples)

class MultiExchangeConnector:
nn "El'g 7-IE-H_|A_ %Al Oljéd J_I_-'}'E-le'" nn

def __init__ (self):
self.connections: Dict[str, OptimizedWebSocketClient] = {}
self.profiler = LatencyProfilexr()

def add_exchange(self, name: str, ws_url: str, handler: Callable):
self.connections[name] = OptimizedWebSocketClient(
url=ws_url,
on_message=handler,
profiler=self.profiler

async def connect_all(self):
nn "E% 7‘IEH¢0'” %AI oljjazlll nmn



tasks = [
conn.connect()
for conn in self.connections.values()

]

await asyncio.gather(*tasks)

def compare_latencies(self) -> Dict[str, dict]:
" iR ol EAl Bjm "
return {
name: conn.get_wire_latency_stats()
for name, conn in self.connections.items()

2.2 TCP 51} 7{d nj2to| g x| X s}

HIEH 3 AEH =ZF9| X|Xot= 2f|0|HA| Z20 2 2atE SLIC

|

import os
import subprocess

class NetworkTuner:
"ElEA U E9T A 20|EA| AK S

# EB0|E =[&3F} sysctl MH
TRADING_SYSCTL = {
# TCP =&

'net.ipv4.tcp_nodelay': 1, # Nagle 2t112|5 H|EM3H
'net.ipv4.tcp_low_latency': 1, # XX 2=
'net.ipv4.tcp_fastopen': 3, # TCP Fast Open
'net.ipv4.tcp_timestamps': 1, # HESHRTT &4
'net.ipv4.tcp_sack': 1, # MEHZE ACK
'net.ipv4.tcp_window_scaling': 1, # A= AFLE

# B 37|

'net.core.rmem_max': 16777216, # =AMl B 16MB
'net.core.wmem_max': 16777216, # &A1 16MB

'net.ipv4.tcp_rmem': '4096 87380 16777216',
'net.ipv4.tcp_wmem': '4@096 65536 16777216',

# 7 A4y
'net.core.netdev_max_backlog': 65536,
'net.core.somaxconn': 65535,

# H4M THALE
'net.ipv4.tcp_tw_reuse': 1,

# Zidelole
'net.ipv4.tcp_keepalive_time': 60,
'net.ipv4.tcp_keepalive_intvl': 10,
'net.ipv4.tcp_keepalive_probes': 5,

10



def apply_settings(self):
"""sysctl M™ HEg"""
for key, value in self.TRADING_SYSCTL.items():
try:
subprocess.run(
['sysctl', '-w', f'{key}={value}'],
capture_output=True, check=True
)
print(f"0 {key} = {value}")
except subprocess.CalledProcessError as e:
print(f"0 {key}: {e.stderr.decode().strip()}")

def check_current_settings(self) -> Dict[str, str]:
TR W e M stelt
current = {}
for key in self.TRADING_SYSCTL:
try:
result = subprocess.run(
['sysctl', '-n', keyl,
capture_output=True, text=True
)
current[key]
except Exception:
current[key]
return current

result.stdout.strip()

"N/A’

def measure_tcp_rtt(self, host: str, port: int = 443) -> dict:
nn HTCP I%_HEA1|O|3 RTT éxc;lll nn
rtts = [1]

for _ in range(10):
sock = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
sock.settimeout(5)

start = time.pexrf_counter_ns()
try:
sock.connect( (host, port))
rtt = (time.perf_counter_ns() - start) / 1000 # ps
rtts.append(rtt)
except Exception:
pass
finally:
sock.close()

time.sleep(0.1)

if not rtts:

return {'error': '™AZ& Alml'}
return {

'host': host,

11



np.mean(rtts),

'mean_us"':
'min_us': min(rtts),
'max_us': max(rtts),

"samples': len(rtts)

@staticmethod

def set_socket_options(sock: socket.socket):
IIIIIIJA_;}.U E”H.” —ii—lx__!il_ %AI_:‘ x__!g_"ll"
sock.setsockopt(socket.IPPROTO_TCP, socket.TCP_NODELAY, 1)

# Nagle H|EM3} (SA| XMSB)

# Quick ACK &35t
try:
TCP_QUICKACK = 12
sock.setsockopt(socket.IPPROTO_TCP, TCP_QUICKACK, 1)
except (OSError, AttributeError):

pass
# A HEH 37| H4Y
sock.setsockopt(socket.SOL_SOCKET, socket.SO_RCVBUF, 1048576)

sock.setsockopt(socket.SOL_SOCKET, socket.SO_SNDBUF, 1048576)

# Zldetol2 M35t
sock.setsockopt(socket.SOL_SOCKET, socket.SO_KEEPALIVE, 1)

£

2.3 DNS Z|Xz|9t HE

import aiodns

import aiohttp
from typing import Dict, Tuple
= {}

= {}

class ConnectionPoolManager:
nn "7-IEH_|A_ (57;’ % 'J_l_—"l'Elxl'" nn

def __init__(self):
self._dns_cache: Dict[str, Tuple[str, float]]
self._sessions: Dict[str, aiohttp.ClientSession]
None

self._resolver

async def initialize(self):
nn "DNS EI_?EEH_i Dﬁl ;_I[d!Alj % ijlil’" nn
aiodns.DNSResolver()

self._resolver
async def resolve_and_cache(self, hostname: str) -> str

self._dns_cache[hostname]
# 52 FHA|

"""DNSE D|2| Z20{M FHA["""
if hostname in self._dns_cache:
ip, cached_at =
if time.time() - cached_at < 300:
return ip

12



result = await self._resolver.quexry(hostname, 'A')
ip = result[Q].host

self._dns_cache[hostname] = (ip, time.time())
return ip

def get_session(self, exchange: str) -> aiohttp.ClientSession:
TR AY ME MM Eist (HYEM E-) "
if exchange not in self._sessions:
connector = aiohttp.TCPConnectox(

limit=20, # Z|Cf SA| AZ
limit_per_host=10, # SAECHEC] AA
ttl_dns_cache=300, # DNS FHA| TTL

use_dns_cache=True,
keepalive_timeout=30,
enable_cleanup_closed=True,
force_close=False, # 91 RALR

timeout = aiohttp.ClientTimeout(
total=10,
connect=3,
sock_read=5,
sock_connect=3

self._sessions[exchange] = aiohttp.ClientSession(
connector=connector,
timeout=timeout,

return self._sessions[exchange]
async def close_all(self):
nn HE% A'”AI_;‘ EIE.I" nn
for session in self._sessions.values():

await session.close()
self._sessions.clear()

HI3%: cilo]E{ A2 2|o] Al %| X 5}
3.1 I4S JSON IHAl
JSON % x|2st= E2{0|Z) Tfo|matelof A 71 ¥IsHA| SHElS At 5 oL

import json
import orjson
import msgpack
import time

13



class SerializerBenchmark:
llllll&l%i}/(ﬁ&!%il_ Hlililni'ﬂl'”"

@staticmethod
def benchmark_deserialize(data: dict, iterations: int = 100000) -> dict:
L RS EClimii
json_str = json.dumps(data)
json_bytes = json_str.encode()
msgpack_bytes = msgpack.packb(data)
orjson_bytes = orjson.dumps(data)

results = {}

# stdlib json
start = time.perf_counter()
for _ in range(iterations):
json.loads(json_str)
elapsed = time.perf_counter() - start
results['json'] = {
"total_s': elapsed,
"per_op_us': elapsed / iterations * 1_000_000,
'ops_per_sec': iterations / elapsed

# orjson
start = time.pexrf_counter()
for _ in range(iterations):
orjson.loads(orjson_bytes)
elapsed = time.perf_counter() - start
results['orjson'] = {
"total_s': elapsed,
"per_op_us': elapsed / iterations * 1_000_000,
'ops_per_sec': iterations / elapsed

# msgpack
start = time.perf_counter()
for _ in range(iterations):
msgpack.unpackb (msgpack_bytes)
elapsed = time.perf_counter() - start
results['msgpack'] = {
"total_s': elapsed,
"per_op_us': elapsed / iterations * 1_000_000,
'ops_per_sec': iterations / elapsed

return results
@staticmethod

def benchmark_serialize(data: dict, iterations: int = 100000) -> dict:

nllnagil_gg HIE"""

results = {}

14



# stdlib json
start = time.pexrf_counter()
for _ in range(iterations):
json.dumps(data)
elapsed = time.perf_counter() - start
results['json'] = elapsed / iterations * 1_000_000

# orjson
start = time.perf_counter()
for _ in range(iterations):
orjson.dumps(data)
elapsed = time.perf_counter() - start
results['orjson'] = elapsed / iterations * 1_000_000

# msgpack
start = time.pexrf_counter()
for _ in range(iterations):
msgpack.packb(data)
elapsed = time.perf_counter() - start
results['msgpack'] = elapsed / iterations * 1_000_000

return results

3.2z38H2 27 HloJE =

27t (Order Book) HIOIHE 22X 2 #e|dt= Atz 2= H|O|H Ao Al ks
S

from sortedcontainers import SortedDict
from typing import Optional, Tuple
import numpy as np

class OptimizedOrderBook:
"nBfolEAl EHstE SIHE R TE

def __init__ (self, symbol: str):
self.symbol = symbol
# SortedDict: O(log n) &fQl/AbK|, 0(1) z
self.bids = SortedDict() # Ojz: =& 7}
self.asks = SortedDict() # Oj=: e 7}
self.last_update_id =
self._update_count = 0

>
fol
N
it}
rud

H> H>

;_|
;_|

def update(self, side: str, price: float, quantity: float):
"II"—7|_O_IE”O|E — O(log n)llllll
book = self.bids if side == 'bid' else self.asks

if quantity ==
# S+ A

15



if side == 'bid':
book.pop(-price, None) # S+=Z X %610 Y=
else:
book.pop(price, None)
else:
if side == 'bid':
book[-price] = quantity # 8% 7|2 L{EXIe
else:
book[price] = quantity

self._update_count += 1

def batch_update(self, updates: list):
"""HEX] MH|O|E — ofy| &IIE B Hofl XM
for side, price, quantity in updates:
self.update(side, price, quantity)

@property
def best_bid(self) -> Optional[Tuple[float, float]]:
"UEeM g S7F - 0(1)"
if not self.bids:
return None
neg_price = self.bids.keys()[@]
return (-neg_price, self.bids[neg_price])

@property
def best_ask(self) -> Optional[Tuple[float, float]]:
TUE M E 7 - 0(1)"
if not self.asks:
return None
price = self.asks.keys()[0]
return (price, self.asks[price])

@property
def spread(self) -> Optional[float]:
"t ATY E AAF - O(1)"""
bid self.best_bid
ask = self.best_ask
if bid and ask:
return ask[@] - bid[0Q]
return None

@property
def mid_price(self) -> Optional[float]:
"Iz kA — 0(1)"n
bid = self.best_bid
ask = self.best_ask
if bid and ask:
return (bid[@] + ask[@]) / 2
return None

def get_depth(self, levels: int = 10) -> dict:

nn nijl_ ZT,!Ol ZEEI non

16



bid_prices = []
for i, (neg_price, qty) in enumerate(self.bids.items()):
if i >= levels:
break
bid_prices.append((-neg_price, qty))

ask_prices = []
for i, (price, qty) in enumerate(self.asks.items()):
if i >= levels:
break
ask_prices.append((price, qty))

return {'bids': bid_prices, 'asks': ask_prices}

def estimate_slippage(self, side: str, quantity: float) -> float:
I (S == i DN [ S
book = self.asks if side == 'buy' else self.bids
remaining = quantity
total_cost = 0

for key, qty in book.items():
price = key if side == 'buy' else -key
fill_qty = min(remaining, qty)
total_cost += fill_qty * price
remaining -= fill_qty
if remaining <= 0:
break

if quantity <= 0:

return @
avg_price = total_cost / (quantity - remaining)
ref_price = self.best_ask[@] if side == 'buy' else self.best_bid[0]

return abs(avg_price - ref_price) / ref_price

class ArrayOrderBook:
llllllNumPy HHOE:‘ 7|HI_I'_$___'|__/—'|\_ éjl'iOI. (_—,I_xo_l E”HE“)HIIH

def __init__ (self, max_levels: int = 100):
self.max_levels = max_levels
# AN LHEHYE - o222 ZHEE 2]
self.bid_prices = np.zeros(max_levels, dtype=np.float64)
self.bid_quantities = np.zeros(max_levels, dtype=np.float64)
self.ask_prices = np.zeros(max_levels, dtype=np.float64)
self.ask_quantities = np.zeros(max_levels, dtype=np.float64)
self.bid_count = 0@

self.ask_count = 0
def snapshot(self, bids: 1list, asks: 1list):

"""xdi'” §7|_ éﬂﬁ\t Egnnn

self.bid_count = min(len(bids), self.max_levels)
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self.ask_count = min(len(asks), self.max_levels)

for i in range(self.bid_count):
self.bid_prices[i] = bids[i][0]
self.bid_quantities[i] = bids[i][1]

for i in range(self.ask_count):
self.ask_prices[i] = asks[i][0]
self.ask_quantities[i] = asks[i][1]

@property
def spread(self) -> float:
if self.bid_count == @ or self.ask_count == 0:
return 0@

return self.ask_prices[@] - self.bid_prices[Q]

def weighted_mid(self) -> float:
"""7"% %7'_7'_2“ — H_,‘!E_I O|_:|A|_I_ ‘EEL_%HIIH

[

if self.bid_count == @ or self.ask_count ==
return 0
bid_vol = self.bid_quantities[0]

ask_vol = self.ask_quantities[Q]
total_vol = bid_vol + ask_vol

if total_vol == 0:
return (self.bid_prices[@] + self.ask_prices[Q]) / 2

return (
self.bid_prices[@] * ask_vol +
self.ask_prices[@] * bid_vol

) / total_vol

3.30[HIE 21 X[X3}

I}0|4M asyncio O|HIE R 19| 455 STst= 7| HYLICEH

import asyncio
import uvloop
import signal

class EventLoopOptimizer:

"""aSynCiO OIHjE —?—E Ao.{g a—sl&!il_llull

@staticmethod

def setup_fast_loop():
"""uvloop 7|Ht I O[HIE Bz MF"""
# uvloop: libuv 7|Ht, 7|2 asyncio CHH| 2~4dj tHE
asyncio.set_event_loop_policy(uvloop.EventLoopPolicy())

18



@staticmethod

def configure_loop(loop: asyncio.AbstractEventLoop):
OIS R AR A
# Ol ZE H|@Ms (Z2HM)
loop.set_debug(False)

# 22 B UM MY

loop.slow_callback_duration = ©0.01 # 10ms O|4f 284 AT

@staticmethod

async def run_with_priority():
T Magl JjuEf AT Ay
# Efo|E A EfATIE HE FZ #2|
high_priority = asyncio.Queue()
low_priority = asyncio.Queue()

async def priority_scheduler():
while True:
# 12Me2 BMA e
while not high_priority.empty():
task = await high_priority.get()
await task()

# NRMee IRMeR(7t els met

if not low_priority.empty():
task = await low_priority.get()
await task()

else:
await asyncio.sleep(@.0001)

return high_priority, low_priority, priority_scheduler

class ZeroCopyBuffer:

UM ZZtE i - SZ 5o 22| SAF SR

def __init_ (self, capacity: int = 65536):
self._buffer = bytearray(capacity)
self._view = memoryview(self._buffer)
self._read_pos = 0
self._write_pos = 0

def write(self, data: bytes) -> int:
"""HO|E| A7| — O|2E| EAL FaFH"""
length = len(data)
if self._write_pos + length > len(self._buffer):
self._compact()

self._view[self._write_pos:self._write_pos + length] = data
self._write_pos += length

return length

def read(self, length: int) -> memoryview:

19



nn "X'”_Egal'-ﬁl

27| — memoryview HiSt"""

if self._read_pos + length > self._write_pos:

length = self._write_pos - self.
result = self.
self._read_pos += length

return result
def _compact(self):
TUALSE P el
remaining
if remaining > 0:

self._buffer[:remaining]
self._read_pos = 0
self._write_pos = remaining

= self._write_pos - self._

_read_pos

_view[self._read_pos:self._read_pos + length]

read_pos

self._buffer[self._read_pos:self.

@property
def available(self) -> int:
return self._write_pos - self._read_pos
NI4%: M2F AL x| =5}
4.1 NumPy/NumbaZ &%t 1 X| & A4

71&™ X B AL

= =

import numpy as np
from numba import njit, prange
from functools import lru_cache

@njit(cache=True)
def fast_ema(prices:
"""Numba 7}& EMA AHlAF — =5
= len(prices)

result = np.empty(n,
alpha = 2.0 / (period + 1)
result[@] = prices[0]

for i in range(1l, n):

result[i] =
return result
@njit(cache=True)

def fast_rsi(prices:
nllnNumba jl__i\_ RSI 74|AI_I_|III|I

ke F2f 2|0 40|, 2|

np.ndarray, period:
Tro|M CHH| 50~100dH wHE"""

np.ndarray, period:

20

StOx[7 2 A2

IL|CF.

int) -> np.ndarray:

dtype=np.float64)

alpha * prices[i] + (1 - alpha) * result[i - 1]

int = 14) -> np.ndarray:

_write_pos]



n = len(prices)
result = np.empty(n, dtype=np.float64)
result[:period] = 50.0 # =7|%f

gains = np.zeros(n)
losses = np.zeros(n)

for i in range(1l, n):
change = prices[i] - prices[i - 1]
if change > 0:
gains[i] = change
else:
losses[i] = -change

avg_gain = np.mean(gains[1l:period + 1])
avg_loss = np.mean(losses[1l:period + 1])

for i in range(period, n):
avg_gain = (avg_gain * (period - 1) + gains[i]) / period
avg_loss = (avg_loss * (period - 1) + losses[i]) / period

if avg_loss ==
result[i] = 100.0
else:
rs = avg_gain / avg_loss
result[i] = 100.0 - (100.0 / (1.0 + xs))

return result

@njit(cache=True)
def fast_bollinger_bands(

prices: np.ndarray, period: int = 20, num_std: float = 2.0
) -> tuple:

"""Numba 7}& ZE2I& #Hi="""

n = len(prices)

middle = np.empty(n, dtype=np.float64)

upper = np.empty(n, dtype=np.float64)

lower = np.empty(n, dtype=np.float64)

for i in range(n):

if i < period - 1:
middle[i] = prices[i]
upper[i] prices[i]
lower[i] prices[i]

else:
window = prices[i - period + 1:i + 1]
mean = np.mean(window)
std = np.std(window)
middle[i] = mean
upper[i] = mean + num_std * std
lower[i] = mean - num_std * std
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return middle, upper, lower

@njit(cache=True, parallel=True)
def fast_correlation_matrix(
returns: np.ndarray
) -> np.ndarray:
R AN S Ak
n_assets = returns.shape[1l]
corr = np.empty((n_assets, n_assets), dtype=np.float64)

# B&Est

means = np.empty(n_assets)

stds = np.empty(n_assets)

for j in range(n_assets):
means[j] = np.mean(returns[:, jl)
stds[j] = np.std(returns[:, jI)

for i in prange(n_assets):
for j in range(i, n_assets):
if stds[i] == @ or stds[j] == O:
corr[i, j] = ©
else:
n = len(returns)
cov = 0.0
for k in range(n):
cov += (returns[k, i] - means[i]) * (returns[k, j] - means[j])
cov /=n
corr[i, j] = cov / (stds[i] * stds[j])
corr[j, i] = corr[i, j]

return corr

class Incrementallndicators:
"IN (Incremental) X|E 74t — Af COIE{DICE FR| A2 AF X"

def __init__ (self):
self._ema_state = {}
self._sma_windows = {}
self._rsi_state = {}

def update_ema(self, name: str, value: float, period: int) -> float:
IIIIHEMA E{xl_lx_.! lo:-!ﬁlOlE — O(l)"ll"
alpha = 2.0 / (period + 1)

if name not in self._ema_state:
self._ema_state[name] = value
else:
self._ema_state[name] = (
alpha * value + (1 - alpha) * self._ema_state[name]
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return self._ema_state[name]

def update_sma(self, name: str, value: float, period: int) -> float:
"UUSMA MZTIA AHIOIE - 0(1) (I ALE)"""
if name not in self._sma_windows:
self._sma_windows [name] = {
'"buffer': np.zeros(period),

'index': @,
'count': @,
‘'sum': 0.0

state = self._sma_windows[name]

# O|X Ztt7|
if state['count'] >= period:
state['sum'] -= state['buffer'][state['index']]

# M 2L =Tt

state['buffer'][state['index']] = value
state['sum'] += value

state['index'] (state['index'] + 1) % period
state['count'] min(state['count'] + 1, period)

return state['sum'] / state['count']

def update_rsi(self, name: str, price: float, period: int = 14) -> float:
"URST ME eflolE — 0(1)""
if name not in self._rsi_state:
self._rsi_state[name] = {
'prev_price': price,
'avg_gain': 0.0,
'avg_loss': 0.0,
'count': @
}
return 50.0

state = self._rsi_state[name]

change = price - state['prev_price']
state['prev_price'] = price
state['count'] += 1

gain
loss

max (change, 0)
max(-change, 0)

if state['count'] <= period:
state['avg_gain'] = (
(state['avg_gain'] * (state['count'] - 1) + gain) / state['count']
)
state['avg_loss'] = (
(state['avg_loss'] * (state['count'] - 1) + loss) / state['count']

else:
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(state['avg_gain'] * (period - 1) + gain) / period
(state['avg_loss'] * (period - 1) + loss) / period

state['avg_gain']
state['avg_loss']

if state['avg_loss'] == 0

return 100.0
rs = state['avg_gain'] / state['avg_loss'l]
(1.0 + 15))

return 100.0 - (100.0 /
e ° e | | | |
sabg 228 A F%3)
SEO| HE S LM 4 ABLICH

4.2 Cython
iA(Hot Path)= Cython@Z C

a2 E oAl

# trading_core.pyx — Cython
# cython: boundscheck=False, wraparound=False, cdivision=True

import numpy as np
cimport numpy as cnp
from libc.math cimport sqrt, fabs, log

ctypedef cnp.float64_t DTYPE_t

def fast_vwap(
cnp.ndarray [DTYPE_t, ndim=1] prices,
cnp.ndarray [DTYPE_t, ndim=1] volumes

0.0

miown Cython 7|__/_.|\_ VWAP 74|A|_I_H nn
prices.shape[0]

=0.0

)
cdef int n =
cdef double cumulative_pv
cdef double cumulative_v
cdef cnp.ndarray[DTYPE_t, ndim=1] result

cdef int i
for i in range(n):
cumulative_pv += prices[i] * volumes[i]

cumulative_v += volumes[i]
if cumulative_v > 0:
result[i] = cumulative_pv / cumulative_v

else:
result[i] = prices[i]

return result

fast_atr(
cnp.ndarray [DTYPE_t, ndim=1] low,

cnp.ndarray [DTYPE_t, ndim=1] high,
cnp.ndarray[DTYPE_t, ndim=1] close,

def

int period = 14
24

np.empty(n, dtype=np.float64)



"""Cython 7} ATR H|At"""

cdef int n = high.shape[0]

cdef cnp.ndarray[DTYPE_t, ndim=1] result = np.empty(n, dtype=np.float64)
cdef double tr, avg_tr

cdef int i

# X Hm TR
result[@] = high[0] - low[@]

for i in range(1l, n):
tr = max(
high[i] - low[i],
fabs(high[i] - close[i - 1]),
fabs(low[i] - close[i - 1])

if i < period:
result[i] = tx
elif i == period:
# =7| ATR: =™
avg_tr = 0
for j in range(period):
avg_tr += result[j]
result[i] = avg_tr / period
else:
# EMA &AL ATR
result[i] = (result[i - 1] * (period - 1) + tr) / period

return result

4.3 H22| St K| *HAHE

dieiot ZHA| M-t ZHH[X] Z=ME 2 2|0[HA| Anto|3 9| FHRILILY,

— 1

import gc
from collections import deque
from typing import TypeVar, Generic, Type

T = TypeVaxr('T")

class ObjectPool(Generic[T]):
"UUARN E - GC ™ UAE IS M RHALE" "

def __init_ (self, factory: Type[T], initial_size: int = 100):
self._factory = factory
self._pool: deque = deque()
self._active_count = 0
# AR 2
for _ in range(initial_size):

25



self._pool.append(factory())

def acquire(self) -> T:
"B R EE
if self._pool:
obj = self._pool.popleft()
else:
obj

self._factory()

self._active_count += 1
return obj

def release(self, obj: T):
"N E 2ol ghett
self._active_count -=1
# XN =7|5t = Zo0f 23t
if hasattr(obj, 'reset'):

obj.reset()
self._pool.append(obj)

@property
def stats(self) -> dict:
return {
'pool_size': len(self._pool),
'active': self._active_count,
"total': len(self._pool) + self._active_count

class GCOptimizer:
nn lljl_Hlxl é'r_l_.{!ﬁ Elx__{il_ll nn

@staticmethod
def disable_gc_during_trading():
IIIIIIDHDH )\ljl_l' %O‘_I_ GC Hl%gil‘"“"

gc.disable()

gc.collect() # OJ2| H2|
print("GC HEHE - =5 2| ZE")
@staticmethod

def manual_gc_cycle():
"t AR AlZioll £ 6C A
collected = gc.collect()
print(f"GC == A&l: {collected}7f ZiX| =H")
return collected

@staticmethod
def schedule_gc(interval_seconds: int = 300):
"UEIIE GC AFHEE (H[m 3 Alzh)

import threading

def gc_worker():
while True:

26



time.sleep(interval_seconds)
# O0|MZ 20| gl2 mot aC
gc.collect(generation=0) # OAM|CHOt W= A

thread = threading.Thread(target=gc_worker, daemon=True)
thread.start()

@staticmethod
def get_gc_stats() -> dict:
"GC EA = "
stats = gc.get_stats()
return {
f'gen{i}': {
'collections': s['collections'],
'collected': s['collected'],
'uncollectable': s['uncollectable']

}

for i, s in enumerate(stats)

-

HI5%: =2 & ZO[HA %X s}

5.1 H|S7| & NIE mo| =z}l

FE ME 282 H|OIHAIE 2[2010t= H|S7| Do Zetl (LT,

import asyncio

import aiohttp

import hmac

import hashlib

import time

from typing import Optional, Callable
from enum import Enum

class OrderPriority(Enum):

CRITICAL = 0 # &3, FHi
HIGH = 1 # AR EIQ
NORMAL = 2 # XHIFE
Low = 3 # =3, Fa

class AsyncOrderSubmitter:
"UUHIST| F=2 ME A" AR

def __init_ (
self,
api_key: str,
api_secret: str,
base_url: str = "https://api.binance.com"

27



self.api_key = api_key

self.api_secret = api_secret.encode()

self.base_url = base_url

self._session: Optional[aiohttp.ClientSession] = None
self._order_queue = asyncio.PriorityQueue()
self._profiler = LatencyProfiler()

# AE AlME SE (o] 2Fotc MdSHR] 22)
self._base_headers = {

'X-MBX-APIKEY': api_key,

"Content-Type': 'application/x-www-form-urlencoded'’

async def initialize(self):

def

TN ARE E718F - M FE Al A RIS R

connector = aiohttp.TCPConnectox(
limit=10,
ttl_dns_cache=300,
use_dns_cache=True,
keepalive_timeout=60,

)

self._session = aiohttp.ClientSession(
base_url=self.base_url,
connector=connector,
headers=self._base_headers

# 2] 02 TCP HZ =&

async with self._session.get('/api/v3/time') as resp:
await resp.json()

print("FZ MM U 2AE")

_sign_params(self, params: dict) -> str:
TUHMAC M MY - E|xstEl s
# 2AY AZ FAS (join ALE)
query = '&'.join(f'{k}={v}' for k, v in params.items())
signature = hmac.new(
self.api_secret, query.encode(), hashlib.sha256
) .hexdigest()
return f'{query}&signature={signature}"’

async def submit_order(

self,
symbol: str,
side: str,

order_type: str,

quantity: float,

price: Optional[float] = None,

priority: OrderPriority = OrderPriority.NORMAL

) -> dict:

RS RS - HMA DY 20lEAl HH
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total_start = time.perf_counter_ns()

# 1. metolg 24
with self._profiler.measure("order_build"):
params = {
'symbol': symbol,
'side': side.upper(),
"type': order_type.upper(),
"quantity': f'{quantity:.8f}"',
"timestamp': str(int(time.time() * 1000)),
'recvWindow': '5000'
}
if price and order_type.upper() == 'LIMIT':
params['price'] = f'{price:.8f}"'
params|['timeInForce'] = 'GTC'

# 2. MH
with self._profiler.measure("order_sign"):
signed_body = self._sign_params (params)

# 3. HTTP XS
with self._profiler.measure("order_network"):
async with self._session.post(
'/api/v3/oxrder',
data=signed_body
) as resp:
result = await resp.json()

total_us = (time.pexrf_counter_ns() - total_start) / 1000

result['_latency_us'] = total_us
return result

async def submit_batch(self, orders: list) -> list:
Toja] X2 SA KIS - WY Ay
tasks = [
self.submit_order(**oxrder)
for order in orders

]

return await asyncio.gather(*tasks, return_exceptions=True)

async def close(self):
if self._session:
await self._session.close()

class PrecomputedOrderTemplates:

TS B AN AlA - SN BAME ZHE B8 HZ

=

ot

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

def register_template(

29



self, name: str, symbol: str, side: str, order_type: str

I

Om

""XHE ALESHE FE f¥S 0ja| 55

self._templates[name] =
"symbol': symbol,
'side': side.upper(),
"type': order_type.upper(),

|2
{

def create_order(
self, template_name: str, quantity: float, price: float = None
) -> dict:
"ERIZEIONM FE M - EMUEE| SAF + S/ ZHETENE
params = self._templates[template_name].copy()
params['quantity'] = f'{quantity:.8f}'
params['timestamp'] = str(int(time.time() * 1000))

if price is not None:
params|['price'] = f'{price:.8f}'
params['timeInForce'] = 'GTC'

return params

5.2 FE fel 4=l 2

class PriorityOrderQueue:
"R MEL VBt FE 7 - £FHo| g Fed

def __init_ (self):
self._queue = asyncio.PriorityQueue()
self._processing = False
self._submitter: Optional[AsyncOrderSubmitter] = None
self._stats = {
'submitted': 0,
'rejected': O,
'errors': 0

async def enqueue(self, order: dict, priority: OrderPriority):
nlln_p':_l:lo OA.I/\QI %‘O‘H $7|_n||n

= T T

await self._queue.put((priority.value, time.time_ns(), oxder))

async def process_loop(se lf)
TURR M| 2T - MAg aMfE Ay
self._processing = True
while self._processing:
try:
priority, ts, order = await asyncio.wait_for(
self._queue.get(), timeout=0.1
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queue_wait_us = (time.time_ns() - ts) / 1000

if queue_wait_us > 1000: # 1ms O|ACH7|
print(f"A F& & 7] {queue_wait_us:.0f}ps (SAM=2|: {priority})")

result = await self._submitter.submit_order(**order)
self._stats['submitted'] += 1

except asyncio.TimeoutError:
continue

except Exception as e:
self._stats['errors'] += 1
print(f"F=& Xz| 2F7: {e}")

def stop(self):
self._processing = False

5.3 20| E 2[5! =[Fz}

HeffA APIZO|E 2[8ls 28X = 2|5t 2 HR ot X|H S LX[EfL|Ct.
import asyncio
from collections import deque

class AdaptiveRatelimiter:
"M SE 20| E 2|0B — 2i|o|HAl FAst""

def __init__(
self,

max_requests: int = 1200, # 22z 2F
window_seconds: int = 60,
burst_limit: int = 50 # XCHHAE K|St

self.max_requests = max_requests
self.window_seconds = window_seconds
self.burst_limit = burst_limit
self._timestamps = deque()
self._burst_timestamps = deque()
self._lock = asyncio.LlLock()

self. _wait_count = 0

async def acquire(self) -> float:
"SI ES - ER Al AL AlZatog|n
async with self._lock:
now = time.time()

# QIR E EfRIARHT X| 7

while self._timestamps and self._timestamps[@] < now - self.window_seconds:
self._timestamps.popleft()

31



while self._burst_timestamps and self._burst_timestamps[@] < now - 1:
self._burst_timestamps.popleft()

wait_time = 0.0

# 2 st Eol
if len(self._timestamps) >= self.max_requests:
wait_time = self._timestamps[@] + self.window_seconds - now

# =Y HAE X|E &

if len(self._burst_timestamps) >= self.burst_limit:
burst_wait = self._burst_timestamps[@] + 1 - now
wait_time = max(wait_time, burst_wait)

if wait_time > 0:
self._wait_count += 1
await asyncio.sleep(wait_time)
now = time.time()

self._timestamps.append(now)
self._burst_timestamps.append(now)

return wait_time

@property
def utilization(self) -> float:
" UERY 20| 23 AR E
now = time.time()
active = sum(1l for t in self._timestamps if t > now - self.window_seconds)
return active / self.max_requests

@property
def stats(self) -> dict:
return {
'utilization': f"{self.utilization:.1%}",
"current_window': len(self._timestamps),
"burst_current': len(self._burst_timestamps),
'wait_count': self._wait_count

Hed: e} e x| X}

6.1 MH 2|X|et 22H[0]M

HE 7122 QI 2tof| 2[cHet Z47k0] BiX[SHOF L LY.
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class InfrastructureOptimizer:

"""O|_IEE-|' il&!il' 7|’OIE ELJ E?_nnn

# =2 s M 2%
EXCHANGE_LOCATIONS = {
'binance': {
'matching_engine': 'Tokyo, Japan (AWS ap-northeast-1)',

'api_servers': ['Tokyo', 'Singapore', 'London'],
'recommended_region': 'ap-northeast-1',

B

"upbit': {
'matching_engine': 'Seoul, South Korea',
'api_servers': ['Seoul'],
'recommended_region': 'ap-northeast-2',

Do

"bithumb': {
'matching_engine': 'Seoul, South Korea',
'api_servers': ['Seoul'],
'recommended_region': 'ap-northeast-2',

Do

"bybit': {
'matching_engine': 'Singapore (AWS ap-southeast-1)',
'api_servers': ['Singapore', 'Hong Kong'],
'recommended_region': 'ap-southeast-1',

o

I3
@staticmethod

def estimate_latency_by_distance(km: float) -> float:
"ttAE| 7|8k Ol 2R HA 2|o|HA] (HE, ps)"t"
# BUR S Yo 529 o 2/3
speed_of_light = 299792 # km/s
fiber_speed = speed_of_light * 2 / 3

one_way_us = (km / fiber_speed) * 1_000_000
return one_way_us

@staticmethod
def generate_server_config() -> str:
"trEolY M F &S MY ATJRIE Mg
return """#!/bin/bash
# === E20|Y Mt HHst ATRE ===

# CPU Hb{4: M5 2= 1H
|

echo performance | tee /sys/devices/system/cpu/cpu*/cpufreq/scaling_governor

# CPU ofo|&8o|M (2o 2-32 EBo|E NELE)
# /etc/default/grub: GRUB_CMDLINE_LINUX="isolcpus=2,3 nohz_full=2,3 rcu_nocbs=2,3"

# £ W Hlo[X| H|&dSt (Bl|0|EA| 2uto[= &X])

echo never > /sys/kernel/mm/transparent_hugepage/enabled
echo never > /sys/kernel/mm/transparent_hugepage/defrag
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# NUMA ==&}
echo @ > /proc/sys/vm/zone_reclaim_mode

>|

o lok

# ClEHE &
# HE= °l
IFACE=eth@
IRQ=%$(cat /proc/interrupts | grep $IFACE | awk '{print $1}' | tr -d ':")
echo 1 > /proc/irq/$IRQ/smp_affinity

F

AM
=o

EE ME Zofof| 52l

o HI

# A g

swapoff -a

# TEMA AAESYH MY

echo -1 > /proc/sys/kernel/sched_rt_runtime_us # RT XSt o{x|

echo "0 Ef0|E MH =[&35} 242"

@staticmethod
def cpu_pinning_config() -> dict:
"""CPU TO| mly HARFAMH"
return {
'core_0Q': '"A|AH|I ZZAMA, 0S HE!'
'core_1': 'HUE3 AHHE M|’
'core_2': '"A|ZO[O|E] Al + X1Et0,_=|/\,_|- (¥8)',
‘core_3': 'FEANE + 2|23 T2 (M),
‘core_4+': 'Z2Z, ZL|EZ, J|EtH[SHA X",
'note': 'taskset ELE cgroupsE ZEAM|A-TO0] HEQIE!
}

6.2 ZZMA HzZ|9 CPU I|'d

import os
import ctypes
from ctypes import cdll

class ProcessOptimizer:
nn "_EA‘”A A ilx_{il_ll nn
e e |

@staticmethod

def set_cpu_affinity(cpu_ids: 1list):
T EZMAZ EF CPU Fo{of Hielg
os.sched_setaffinity (@, set(cpu_ids))
print(f"CPU ZRlst= MZ&: TO0{ {cpu_ids}")

@staticmethod
def set_realtime_priority(priority: int = 50):
TUAAZE A EY PMag M
try:
SCHED_FIFO = 1
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class SchedParam(ctypes.Structure):
_fields_ = [("sched_priority", ctypes.c_int)]

libc = cdll.LoadlLibrary("libc.so.6")
param = SchedParam(priority)
result = libc.sched_setscheduler (@, SCHED_FIFO, ctypes.byref(param))

if result ==

print(f"&A|Zt M2 MF: SCHED_FIFO, 2Mz=2| {priority}")
else:

print("&A|Zt 2M&2 M Aiof (root HEHER)")

except Exception as e:
print(f"fM& 845 2F: {e}")

@staticmethod
def lock_memory():
T 22| Holx| & - A obR Yx|""
try:
MCL_CURRENT = 1
MCL_FUTURE = 2
libc = cdll.lLoadlLibrary("libc.so.6")
result = libc.mlockall(MCL_CURRENT | MCL_FUTURE)
if result ==
print("O|22| H|0|X| &Z 22")
else:
print("M22| &=z Ao (ulimit -1 unlimited ZHR)")
except Exception as e:
print(f'HZE| &2 2F: {e}")

@staticmethod

def set_nice(value: int = -20):
""E2MA nice U AE (REFE =2 M)
try:

os.nice(value)

print(f"nice ZfAHA: {value}")
except PermissionError:

print("nice MX Alif (root HSIEE)")

6.3 Docker 23 2|0 E1A| Z[X{3}

ZAH|0|L S0 M = |O|EHA| E £| Aot
# docker-compose.yml — Ez{|0|Q F X35 MY
version: '3.8'
services:

trading-bot:
image: trading-bot:latest
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# HER3 ™35t
network_mode: host # U EQ3T HYUAHO|A QB3| = XA

# CPU =|H™s}

Cpuset: "2,3" # M8 I &Y
cpu_shares: 2048 # =2 CPU RM=2

# 022 z/H3t

mem_limit: 4g

memswap_limit: 4g # A2H|
shm_size: 256m

g3} (mem = memswap)

# AT (A2 AHSYE)

cap_add:
- SYS_NICE # nice ztH4
- IPC_LOCK # 022 &=

# M5 #ms

ulimits:
memlock:
soft: -1
hard: -1
nofile:
soft: 65536
hard: 65536

# 2td #HE

environment:
- PYTHONDONTWRITEBYTECODE=1
- PYTHONUNBUFFERED=1
- PYTHONOPTIMIZE=2 #

P
il
lob
ko
In

# 24 zM3 (7] I/0 HX|)
logging:
driver: json-file
options:
max-size: "1@m"
max-file: "3"
mode: non-blocking
max-buffer-size: "4m"

restart: unless-stopped

M7%: 20| HA| 2LIE{E 2} X|£5H T}

7.1 Z2AIZHEO[HA| CHA EE

HO[EHAIE XIEHLE L E S, o|d =& =70 Z XI5t

rir
=
|>
0z
IS
C
n



from prometheus_client import Histogram, Gauge, Counter, start_http_server
import asyncio

class LatencyMonitor:
"N E2OERA 72 O|BAl 2L EE""

def __init__ (self, port: int = 9100):
# mfo|z=zfel FZHdE S| AE I
self.pipeline_latency = Histogram(
"trading_pipeline_latency_seconds',
'Trading pipeline latency by segment',
['segment'],

buckets=[

0.00001, # 1Qps
0.00005, # 50ps
0.0001, # 100ps
0.0005, # 500ps
0.001, # 1ms
0.005, # 5ms
0.01, # 10ms
0.05, # 50ms
0.1, # 100ms
0.5, # 500ms
1. # 1s

# AE=FAE 2O|EHA|

self.e2e_latency = Histogram(
'trading_e2e_latency_seconds',
'"End-to-end trading latency',
buckets=[0.0001, ©0.0005, 0.001, ©.005, 0.01, ©.05, 0.1]

# L EQI3 allo|EA|

self.network_latency = Gauge(
"trading_network_latency_us',
'"Network latency to exchange',
['exchange']

# 2l|0|EHA| AOto|3 FH2E

self.spike_counter = Counter(
"trading_latency_spikes_total’,
"Latency spike events',
['segment', 'severity']

T Z H|0|EA|
self.order_latency = Histogram(
'trading_order_latency_seconds',
'Order submission latency',
['exchange', 'order_type'],
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def

def

buckets=[0.001, 0.005, ©.01, 0.05, ©.1, 0.5, 1.0, 5.0]

start_http_server(port)

record_segment(self, segment: str, latency_s: float):
"z O|EA| 7 IS
self.pipeline_latency.labels(segment=segment).observe(latency_s)

# Ano|3 Ztx|
if latency_s > ©0.01: # 10ms =1}
severity = 'warning' if latency_s < 0.1 else 'critical'
self.spike_counter.labels(segment=segment, severity=severity).inc()

record_order(self, exchange: str, order_type: str, latency_s: float):
"UUEE E|OIEAl 7B
self.order_latency.labels(
exchange=exchange, order_type=order_type
) .observe(latency_s)

class LatencyAnomalyDetector:
nn "E”OlEI_-[Al Olel_ Eé}_xljlll nn

def

def

__init__ (self, window_size: int 1000, z_threshold: float = 3.0):
self.window_size = window_size
self.z_threshold = z_threshold

self._buffers: Dict[str, deque]

{}

check(self, segment: str, latency_us: float) -> Optional[dict]:
"B O|ELA| Of4f Of & Broln
if segment not in self._buffers:

self._buffers[segment] = deque(maxlen=self.window_size)

buffer = self._buffers[segment]
buffer.append(latency_us)

if len(buffer) < 100: # FAMEZQL
return None

samples = np.array(buffer)
mean = np.mean(samples)
std = np.std(samples)

if std == 0:
return None

z_score = (latency_us - mean) / std
if abs(z_score) > self.z_threshold:
return {

'segment': segment,
"latency_us': latency_us,
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'z_score': z_score,

'mean_us': mean,

'std_us': std,

"anomaly_type': 'spike' if z_score > @ else 'unusually_fast',
"timestamp': datetime.now().isoformat()

return None

class LatencyRegression:
"UEO|EAl Bl K| — HEN M5 Kot mR

def __init_ (self, analysis_window: int = 3600):
self._history: Dict[str, 1list] = {}
self.analysis_window = analysis_window

def add_sample(self, segment: str, latency_us: float, timestamp: float = None):
if segment not in self._history:
self._history[segment] = []

ts = timestamp or time.time()
self._history[segment].append((ts, latency_us))

# Qe E Hlo|e He|
cutoff = ts - self.analysis_window
self._history[segment] = [
(t, 1) for t, 1 in self._history[segment]
if t > cutoff

def detect_regression(self, segment: str) -> Optional[dict]:
"TUEM 2Mo 2 HO|EA| FF AR
data = self._history.get(segment, [])
if len(data) < 100:

return None

timestamps = np.array([d[@] for d in data])
latencies = np.array([d[1] for d in data])

S 3 ZE =M LUK
len(timestamps)
timestamps - timestamps[0]

441

#
n
X

slope = (n * np.sum(x * latencies) - np.sum(x) * np.sum(latencies)) / \
(n * np.sum(x ** 2) - np.sum(x) ** 2)

o
ol

# 71277t ¥5=0|10 |elO| 7t

if slope > 0:
increase_per_hour = slope * 3600
baseline = np.mean(latencies[:n // 4])

current = np.mean(latencies[-n // 4:])
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if current > baseline * 1.2: # 20% O|Ar =7}
return {

'segment': segment,
'baseline_us': baseline,
'current_us': current,
"increase_pct': (current - baseline) / baseline * 100,
'increase_per_hour_us': increase_per_hour,
'recommendation': 'MS 3|7 ZX|. R0 TALE .

return None

7.2 H[O|EHA| 2| X2t HF2[AE
Ao M 20|EIA S TAHOE H M| g8t HF2|AEQLICE

ZEAN M8 Ils (REHE): - orjson2 2 JSON IhA| WA (3~108H EF4f) - MEIX X|H A4t
O Mgt (O E|OFCE MA| XHAAL EEX]) - 2K 22O 2 GC U3 ZUA - WebSocket 2 H|&

M3t - asyncio — uvloop 1A - T2 HIZ 3! AP AlA

olma} A7 #7: - TCP_NODELAY 248} - TCP BT 27| A X3} - DNS Al 23} - 744
A

o
M E3 8™ - Docker network_mode: host - CPU 7{H{Lq performance 2&

OFFIEIX JHM: - H|S7| 2 0| Z2fQl 7= - Ue9| 7| FE R - SR OOIH OIE (5

T Al
2 API S5 F|H) - O[HIE 7|8t H2| (B2 — TA|)

g EH}: - A Z2H|0|M (HehA QIF HiX|) - CPU 20 I|'d - 7{'d HEO|IHA (DPDK,
io_uring) - Numba/Cython STHA 7t - 0| 22| I|O|X| &Z - NUMA X[ X3}

7.3 3|O|E1A] X|X S} ROI &AM

class LatencyROIAnalyzer:

"UUEO|HA| MLl =X =UE BEA

@staticmethod

def estimate_improvement_value(
daily_trades: int,
avg_trade_value: float,
current_latency_ms: float,
improved_latency_ms: float,
strategy_type: str = 'scalping'

) -> dict:
RO BAL ROl HE ofl & S0 ST

# TEFE 2o|BA| RIZE Al

sensitivity = {
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'scalping': 0.001, # 1Imst 0.1% %=2! X}o
'market_making': 0.0005,

'arbitrage': 0.002,

'momentum': 0.0001,

'swing': 0.00001

coeff = sensitivity.get(strategy_type, 0.0001)
latency_reduction_ms = current_latency_ms - improved_latency_ms

# el o & =2 B9t

per_trade_improvement = avg_trade_value * coeff * latency_reduction_ms
daily_improvement = per_trade_improvement * daily_trades
monthly_improvement = daily_improvement * 22 # JHd
annual_improvement = daily_improvement * 252

return {
'latency_reduction_ms': latency_reduction_ms,
'per_trade_improvement': round(per_trade_improvement, 2),
'daily_improvement': round(daily_improvement, 2),
"'monthly_improvement': round(monthly_improvement, 2),
"annual_improvement': round(annual_improvement, 2),
‘note': 'FAX|0|0§ M| ZIHs AR AR ot CHSLCt

@staticmethod
def optimization_priority_matrix(
current_profile: Dict[str, float]
) -> list:
"tz XXM Me 2Y
# HB Cjy| E2PV} =2 202 HY
1

priorities = [

optimization_costs = {

'deserialize': ('orjson WX', 'Hg', '0ILE2'),
'signal_generation': ('Numba/Cython 7t&', '&SZt', '=8'),
'risk_check': ("AFA AAFFHA]Y, 'HE', 'SZH),
'network_send': ('HYUM =, TCP FY', '42', '=2"),
‘order_build': ('FE HEH', 'L I, '),
'serialize': ('Hfo|HZ| ZH', 'HF', 'I'),

for segment, latency in sorted(
current_profile.items(),
key=lambda x: x[1], reverse=True

if segment in optimization_costs:
method, cost, effectiveness = optimization_costs[segment]
priorities.append({
'segment': segment,
'current_latency_us': latency,
'optimization_method': method,
"implementation_cost': cost,
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"expected_effectiveness': effectiveness

)

return priorities

1.4 X&H §sHAE

class ContinuouslLatencyTest:
"""CI/CD mjo|Zatelol S8t THsEt 2|0|EA EjAE"""

def __init__ (self, baseline_path: str = 'latency_baseline.json'):
self.baseline_path = baseline_path
self.test_results = {}

def run_benchmark_suite(self) -> dict:
" 0| EA| MIXIDIE AQIE Ay
results = {}

# 1. JSON mAl HIX|Ot3

sample = {
's': 'BTCUSDT', 'p': '50000.00', 'v': '1l.5',
'T': time.time_ns(), 'b': '49999', 'a': '50001'

iterations = 100000

start = time.pexrf_counter()

for _ in range(iterations):
orjson.loads(orjson.dumps(sample))

elapsed = time.perf_counter() - start

results['json_roundtrip'] = elapsed / iterations * leb6

# 2. X|E AAHIX|OFEE
prices = np.random.randn(10000).cumsum() + 50000

start = time.pexrf_counter()
for _ in range(1000):
fast_ema(prices, 20)
elapsed = time.perf_counter() - start
results['ema_10k_points'] = elapsed / 1000 * leb6

# 3. SI7tE H|0|E HIX|ot3
book = OptimizedOrderBook('BTCUSDT")
start = time.pexrf_counter()
for i in range(100000):

book.update('bid', 50000 - i * ©0.01, float(i % 100))
elapsed = time.perf_counter() - start
results['orderbook_update'] = elapsed / 100000 * leb6

self.test_results = results
return results
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def compare_with_baseline(self) -> dict:
"7 EMOEH WSt Bl 2Kt
try:
with open(self.baseline_path) as f:
baseline = json.load(f)
except FileNotFoundError:

return {'status': 'no_baseline', 'action': 'run save_baseline() first'}
comparisons = {}
regressions = []

for test_name, current_value in self.test_results.items():
if test_name in baseline:
base = baseline[test_name]
change_pct = (current_value - base) / base * 100

comparisons[test_name] = {
'baseline_us': round(base, 2),
'current_us': round(current_value, 2),
'change_pct': round(change_pct, 1),
"status': '0O' if change_pct < 10 else 'A' if change_pct < 25 else 'O’

if change_pct > 25:
regressions.append(test_name)

return {
'comparisons': comparisons,
'regressions': regressions,
'overall': 'PASS' if not regressions else 'FAIL'

def save_baseline(self):
"R 2OE VI EMeE KA
with open(self.baseline_path, 'w') as f:
json.dump(self.test_results, f, indent=2)

print(f"7|&=M MZ: {self.baseline_path}")

0| JHOISOl| A CHE AIE3} 7| ¥ S M Rt ol mat #1H0| 2 HB3HR, el Edoltiz
7\ 70| XA RHSOHOH AIAHS PEE 4 UBLICE B2 BH 5ot D, Y22 &
T, B0t o HIS0| 7HY 52 AMBHRE| AXIEOR Kot HeLICh YSH el A Kt

Otl, C[O|E 7|2te| HAZQl T 20| d32 S4[LICt.
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