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Foundation Chapter 1

figny backtest Mitdiadia'lsilu Balance Labs siaviau
A1nA1014 Ll isuanntan

Balance Labs hi'lavinlviTandnwvnaratfluTantdiflaadn1ulié backtest MiA Li'ldnauwaii strategy vind1'lsusa
T wasiavnaulasmanduarlsaalaaguudgiuagls, wnwlu regime uy, daulmdusunuunalinu wasiviaNanay

iterate siansaneansatinaa‘li

Instrument i
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Figure: Research map before code

BUANTANEITE, market universe, timeframe, execution assumptions wae risk budget nauAaaay code

Wil backtest nanailunns optimize dranuidofiana'liay

e anuludad strategy suglu regime Tuu
e &an execution model Aauguani'ls

* /9 acceptance criteria Tvida&ula iterate u3anea'le’

911 backtest &uluaWetwszi3uann indicator w¥a prompt Migrnduiduiiunly uardasuLdundnIndo uingo

a

L2iu AUA position, AAaNdudy, naiaugabvitilagauy wiatadndniFas liquidity 38Hvinlvinadwsgiuu
nsea welddnRulaaselau'le



udalunirvraas Balance Labs

Prompt daansuTand Lilddnaudaving aaaassidaiiatlantdgauaciu spec, ¥usinu Execute, a1u

scorecard, wa6in&ulasainag refine, share w3a deploy

o 1
s o (% a

mumi‘/’imaou gy n'aul,%'u

* instrument universe: agtNsAaglsLing Yu, Aaasy, FX, crypto niawAunsweLae?
* timeframe: intraday, hourly, daily uazngn1s resample Autiuay

e session assumptions: laaaiaudia'ls, naadaiudunia’ly, dasarusaaunwia’ly
® execution assumptions: 1219 close bar, next open, midpoint *3a limit fill

* transaction costs: commission, spread, slippage, funding, borrow fee

¢ risk budget: position sizing, leverage cap, max concurrent exposure, stop logic

® acceptance criteria: metric az'lsMisagsu 12du profit factor, drawdown, turnover, Sharpe, expectancy

finatinvNIaLAIANNINL

A0 sinaeing HIGNA

Strategy edge @a mean reversion #ay breakout fail Tu gnafune edge ai'le N5 iterate aznane

avls BTC 1H tHunsgu

Azaus vy regime HuNIUgIWLel3idl trend sia sheuan market condition 7 strategy a25

\las Wtz

agaUUAIN N trend day MiansiaTae'lsif retrace evdInsasnia kill switch

funudinana 'l edge wendla slippage LAu 6 bps ahaseidiumiu deployable 2anNaaws
Qs r-3 A = L4

uanAanAIstanla

AN “Sunau deAanginae” 1ladu prototype &u 9 usldlaildfusruuidaiisasasinaluiiy, gn wia

future-you 12i1a g1 Tand'lidn dalv engine Hrualuu aadua'lddnaudusdviudiauiifa

Key takeaway



Aaunalu Al 2heifinuniana Execute Tu Labs TviRanTane, market universe, execution assumptions wag

acceptance criteria 1vitia ‘Liathetiuamiaz optimize &97ilsiiaafieny



Architecture Chapter 2

1
o~ ol o

Tasvss1vtUstanananiIiin1sy
grausnnaladle’

Q/

el'liaLila strategy

luTanuay Balance Labs aatanawiutilunin Chat, Execute, Ranking wag Deploy wazinenasionuaifanisuanau

responsibility tfiu 9 1w 61 layer miarifidudu Junflonrsmaaasiigineaznaieailu maintenance nightmare

TESTS & VALIDATION

BACKTESTING RESEARCH REPORTING &
ENGINE ANALYSIS VISUALIZATION
EXECU STFATEGY Dy D e
ENG! DEVELOPMENT |
UTILITIES

UTIUKTES
RISK & ORDER MGMMT METRICS & OPTIMIZATION ¢l

DATA SOURCES | CONFIGURATION

Figure: Project architecture that survives iteration

mwilasi stack fusnuasTisians backtest Auan config, data, strategy logic, engine, metrics uay

reporting aananafudaiau wialyliy strategy 11iTaeaivinlu codebase Woau

* notebook 12&157a LilediAu logic nan
* engine iU reporting siavwen responsibility

* 1A run eavtaunauldn config was data path e

Tasoas9TsiansiusAuuzin project-tree.txt

python-backtest/
pyproject.toml
README . md




data/
raw/
processed/
configs/
btc_1h_mean_reversion.yaml
src/
data_loader.py
indicators.py
strategy rules.py
engine.py
execution.py
metrics.py
reporting.py
walk_forward.py
optimize.py
types.py
reports/
runs/
tests/
test_data_loader.py
test_engine.py
test_metrics.py
notebooks/

exploration_only.ipynb

1 notebook Lluiinaaaslaida Lilavifu logic ndnaasszuy

unanANSULYINAA

¢ data_loader.py Sufinzau ingest, timezone, column naming, missing-bar checks
e strategy_rules.py &9 signal Tae'lsi§i3a913u, position, fees

* execution.py wilav signal tilu fill price, quantity, fees wag position state

* engine.py saannatnLdnNMaiULasasNg trade ledger

* metrics.py tl&au ledger (ilu scorecard MufFauiay run 619 q 16t

* reporting.py &9 HTML, CSV, JSON summary, equity curve wag chart caption

e walk_forward.py wag optimize.py siagt3ein engine #1u interface L@enAY run dné

d1TAs9d98 Aauazanansallday strategy Tae'liun engine, 1&au execution model Tae'liun indicator, uas

vAu report Taelitiudeyaa dddaurinfisuainsenunalwa wilaindowan layer liane

& o 1
map ilnAu product atinve'ls



Labs Chat 2he intake wag scaffold, Execute Aa engine + evidence layer, Ranking/Share @a decision layer,

&u Deploy fia production handoff g2i1a layer wanil Aanazlal product tilusnanitudnaas prompt

anaudniitununzAauilhuung

dmFuoudiulng) pandas + numpy + matplotlib 3a plotly wizowa f6adns event-driven simulation
dudaunnnAaaiiaTan backtrader, vectorbt, zipline-style framework w3atfisu engine laWIzMIvLaY atin

BuAN framework TaiwswTugAsy 61601531339 9 davnisayls
Key takeaway

wein responsibility Tdadousfuusn: intake/prompt, config, data, indicators, strategy rules, engine,

metrics, reports wag deployment handoff



Data Chapter 3

Data hygiene d1¢gynan strategy sophistication 1u
2A9USALAAUNNASY

2ayaind timezone ey, candle wg, duplicate bars, split adjustment Aa %3a indicator Taf source price lins9

fu azvinlinaudaan debug logic Menileyvinagisuiin

Figure: Data hygiene pipeline

fiaumaL3ay edge 6a91inlul data path &zaranauldua Avwe ingest, timezone normalization, duplicate

removal, OHLC validation 11laufien1s publish dataset 1 strategy naglasudu

* timezone wag bar boundary aagiienuaisiaen

fail d9ifia data shape finusafiaasini

strategy nnéAIs1Y normalized dataset AaLdeAU

A9 data pipeline siasdanTiidin

* timezone w@ignaaam pipeline
e dfamadudunIgIu 12U open/high/low/close/volume
* duplicate index ¢invg'laidi

* missing bar siaviinaalia’lsuazdadulaacine'ls



source Aa951A1 indicator siavza tdu close, hic3, ohlc4

corporate actions, contract rolls, funding ua¢ session boundary siassanAsaIAUAAIATI 12l

fraenWeAtu normalize OHLCV src/data_loader.py

from _ future__ import annotations

import pandas as pd

REQUIRED_COLUMNS = ["open", "high", "low", "close", "volume"]

def normalize ohlcv(df: pd.DataFrame, timezone: str = "UTC") -> pd.DataFrame:
frame = df.copy()

frame.columns = [str(col).strip().lower() for col in frame.columns]

missing = [col for col in REQUIRED_COLUMNS if col not in frame.columns]
if missing:

raise ValueError(f"missing required columns: {missing}")

if not isinstance(frame.index, pd.DatetimeIndex):

raise TypeError("index must be a DatetimeIndex")

if frame.index.tz is None:
frame.index = frame.index.tz_localize(timezone)
else:

frame.index = frame.index.tz_convert(timezone)
frame = frame[~frame.index.duplicated(keep="1last")].sort_index()

if frame[REQUIRED_COLUMNS].isna().any().any():

raise ValueError("price data contains NaN values")

invalid_range = (frame["high"] < frame["low"]).any()

invalid_open = ((frame["open"] > frame["high"]) | (frame["open"] < frame["low"])).any()
invalid_close = ((frame["close"] > frame["high"]) | (frame["close"] < frame["low"])).any()
if invalid_range or invalid_open or invalid close:

raise ValueError("ohlc range validation failed")

return frame

&

WorAtudiealalu fail 69 4 wia data Laiku wnuiazdaaalu error MTnalunadwalalianig

ann1sHadndnnuilszan




ann1s guuamilutale’ wansrnuaa backtest

equity curve nsglaauilan duplicate bar 3a split adjustment fln metrics iiauioan
6"
entry 2u3aHndounia timezone w3a resample offset An strategy willauladdaya
auAR
win rate gALAUIZY mid-price fill waARIMIZIL2 at ask/bid iseidiu edge gotAuasyg
drawdown sh@ailnd 1 close-to-close w6ia39AITIAU Stop risk understate
intrabar
A =
HUINIINAISER

19f fixture data da&n q Adneaaaale wadau unit tests Ausiu Aauazdaaalvszuuiefurtayanais
waULad A9 test data HatAnAIalinaiigau'laIn entry, exit, stop, position flip uag fee logic vinvuase
MUTHITR59

Key takeaway

851910 unau normalize Aayanfoidienlvintiu uarfsdulnn strategy 12 path tiendu



Specification Chapter 4

Strategy specification adsaglusUinasaule 1l
A1asLNENIY 9

feymrvasuanaviulildidauldaluine ueiilunnsse requirement viiuidaunialvl Al tusdeauadatiula 12u

"W TUNLEILENLHAa momentum 6" de'ligunsansiadau'ls

' STRATEGY
BLUEPRINT

Figure: Strategy specification anatomy

strategy idosaluiinnia Al lasasuanifludusiuvinasan’ls iy regime, setup, trigger, risk, exit uay

invalidation ‘Liladdagu1and1e 9 AdaNNlauataLL

* uanRIun optimize leaaanannFunGFIUKAN
* 1l&eu trigger Taa'liwe risk logic

o nadiusavlav'lig test case o

\fia specification %ia AaazanNsaLldsunAsuisasn1snaaad 1 1aau trigger Taelsitgofy sizing wiaildau
stop logic Taglaivinlu regime filter fuau Aardgydannauludivazaaadranmzgaiaddu

A7ating config object &115u strategy src/types.py




from dataclasses import dataclass

@dataclass(frozen=True)

class StrategyConfig:
symbol: str
timeframe: str
fast_window: int
slow window: int
atr_window: int
atr_stop_multiple: float
risk_per_trade: float
max_holding_bars: int
fee_bps: float
slippage bps: float

allow_short: bool = False

vAu parameter Mlasu'lelilu config tNali optimize, walk-forward wag reporting Baalagduuuidaddu

wuBUUASIAaUNGNT strategy

* Regime: aaauuulrudivaug1alvinn setup

e Setup: slunuLBITATIRFMYINIA strategy aula bar 2atiu

e Trigger: WJau'laianuuy exact 1 close cross above fast SMA
* Risk: stop, take profit, trailing logic, timeout, max position

e Exit: nat19lsifia edge nuausa risk event 1A

e Invalidation: @ un1salluuuanii signal fdsaslaigniiuvia‘liais deploy

299 Bim2589u Al

ath&etamnuaas 9 iy “ilau strategy wud breakout AAT'158E” waInF9I1 model azian execution
assumptions, cost model uaz metrics 1vign &9 model vin'la@idaisoounals spec Aiana'ls Lilddau

TandgsAaununat

Key takeaway

wein strategy aaniilu regime filter, setup, trigger, risk, exit uag invalidation atnvzintau



Engine Chapter 5

wAunanAay backtest engine savien signal aan
ann execution uaz ledger

NRLAUEUIINANTAN returns AU signal a59 q deladdraidassu'le uswafl stop, time-based exit, partial fill ¥3a

VR

reversal logic TutaawUUiAzINNADNAMNIUT

EXECUKTION |

i ORDER INTENT e
SIGNAL GENERATION.__ ))) - e | n ol llI ||| II

sseseee

| EXECUTION =T g\, 4
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FILLS
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Figure: Signal to execution to ledger flow

engine Miifafia'lesiagwen signal, execution simulation uag trade ledger aanandu wiali debug 1631

strategy 61913a¢'ls, aana fill ae9ls uaznadwsgaviainanayisuy

e signal Aa intent Lailxdwua fill
e execution layer uiday intent tflusiAmuaziuiu

* |edger Aaunagazeual trade history way metrics

signal uanAuGelauay strategy &1 execution udulasanudelatiulviily fill price uay quantity analsaia
Hdana1n antiu ledger AaatAuindadials Taials levialdawinls drautudyaduuiuduly ans debug as
Tanittal)



fIatig engine loop wuuaLdE src/engine.py

from _ future__ import annotations

from dataclasses import dataclass

@dataclass

class Trade:
entry_time: object
entry price: float
gty: float
side: int
stop_price: float
exit_time: object | None
exit_price: float | None
fee_paid: float = 0.0

run_backtest(frame, signal, config, execution_model):
cash = 100_000.0
position = None

trades = []

for timestamp, row in frame.iterrows():

desired_side = int(signal.loc[timestamp])

if position is None and desired_side != 0:
fill = execution_model.entry fill(row["open"], desired_side, config.slippage bps)
qty = execution_model.position_size(
cash=cash,
price=fill,
risk_per_trade=config.risk_per_trade,
stop_multiple=config.atr_stop_multiple,
atr_value=row["atr"],
)
fee = execution_model.fee(fill, qty, config.fee_bps)
position = Trade(
entry_time=timestamp,
entry_price=fill,
qty=qty,
side=desired_side,
stop_price=execution_model.stop_price(fill, desired_side, row["atr"], config.atr_stop
fee_paid=fee,
)
cash -= fee

continue




if position is not None:
should_exit = execution_model.should_exit(
row=row,
side=position.side,
stop_price=position.stop_price,
desired_side=desired_side,
)

if should _exit:

fill = execution_model.exit_fill(row["close"], position.side, config.slippage_bps)

fee = execution_model.fee(fill, position.qty, config.fee_bps)
position.exit_time = timestamp

position.exit_price = fill

position.fee_paid += fee

cash += execution_model.realized_pnl(position)

cash -= fee

trades.append(position)

position = None

return trades, cash

&

frateifidelalyitiiu separation uad signal, execution model uag ledger unnninailu engine iasunn edge case

trade lifecycle neaviienulvinsu

* entry timing: Tds1auvivda ldusawvietlaqiiu

* re-entry: auguanauLdnlu bar taenAunIalai

e flip logic: long 1ilu short Wuiinsaiivdu flat Aau

* partial exit: sa95unsa‘ly

e stop precedence: g1 bar \ignauis stop wag target azdndulaacingls

e end-of-sample handling: TiaaauzA197 bar gavinania'luiiy

vectorized backtest giviisz 1201

&Im5u exploration wsn 9 ASAIUIMLUL vectorized Fat5iuazfidsyTaaiann usilanagndduiganuzaalu
szuunndy 1y cooldown, pyramiding, timed exit, intrabar stop w3a partial fill Wvila3auenag stateful
engine 1Wandnida9n15TNIdILaIMIEINNAFIULRNG

Key takeaway



engine Mlaouasemsfiatinaianaudu: signal series, position state machine uag trade ledger



Execution Chapter 6

amauiiddy, slippage, spread uaz sizing Aaiaiau
AAIAINUIAFY

strategy igfiananauinsunusin‘bifidunninlulanase Goansed sunufe'lila footnote usiflugiuniouas

edge

Sizing Decisions Risk Caps

Spread Commissions

Jrade bty —or0oro Cost Drag ‘

Slippage : Realized PnlL

Figure: Cost stack and sizing model

sliisyusununiingndnliluussinided 119 commission, spread, slippage, funding wag sizing model tWa

audnAlsgna’li'ledunann signal atnaidien watinannnisagsanunaviin friction ua?

® gross PnL luifimnununad net Wotliawn cost
e sizing W&auaw drawdown ananinfivarafiude

e cost stress Wludauladusrnaunaidas deploy

o ) A =
availsznauaas execution model MA541

avaiscnau ¢snawv vin'luddey

Commission 0.04% sia2nv9 ATENU expectancy 1AE659



avAilsznau sinaeing vinluddey

Slippage 2-10 bps au volatility vinlu edge TuaaratsINed18uNA
Spread 121 ask aan bid Fndunnnadndu FX uag crypto
Funding / borrow fia short 2nudu A3¥NU swing Wae stat arb

Sizing fixed fractional / ATR risk AIUAN drawdown wayg comparability

A2t helper & 15U fill wazaunNy src/execution.py

def apply slippage(price: float, side: int, slippage_bps: float) -> float:
multiplier = 1 + (slippage bps / 10_000.0) * side

return price * multiplier

commission(notional: float, fee bps: float) -> float:

return notional * (fee_bps / 10_000.0)

def fixed_fractional_qty(cash: float, risk_per_trade: float, entry: float, stop: float) -> float:
risk_budget = cash * risk_per_trade
per_unit_risk = abs(entry - stop)
if per_unit_risk <= 0:
return 0.0

return risk_budget / per_unit_risk

atAa quantity AnAdurivnuaLana‘ly 61 strategy 89 stop distance 113 sizing MuANULREvGadaazlinIWw drawdown 739
NN

o o o ' o o -
aaunNaavnalNauLAaNIIND

e slippage aoviwaniamisynAu volume/ATR/spread
o drdordsaunlua) market impact azduida'ls

position sizing 14 equity fa31iunaa initial capital
e %1 leverage udatvinlseia symbol uazsiuvisnasn

nsAwateunule per-trade, per-share, per-contract #3a notional bps

Jeyaunadaulneunudy 'l realistic



ufla gross PnL 9 usl net PnL suundalnadud, average trade W@nunn, turnover goiAulal vda sensitivity sia

o

slippage Winduuafialfeiuay edge wa wilain strategy fefslainsausmsunisaaidas deploy

Key takeaway

"ift backtest 1uu deployable g69'liru cost model uag position sizing model 189A1NIFINAFNAIT



Metrics Chapter 7

Metrics naaaviinlvinarnandisis strategy 16157
NT2dumnnaiaare liisivatiaa

seUuTTuA total return v¥a win rate ‘laiwa 1Wae strategy 1ug 80% usfi1lsiadndnuazuriniinadoifioifaia

LEINIINALNEN win rate A1NINALIINIA

Figure: Scorecard for fast decision making

scorecard Mfisiavadn strategy aanliis? hilddhammanalviiuatea awilasd metric udnalsgn

ahunsauduiaviuonanauuny anuies uazaaIWIas sample

* @ avg trade after costs @iy trade count &ua
e drawdown LAY exposure UAAAUIAAINLIUSZY

e distribution view 2aiuan outlier aanann behavior Uné

1 1]
°o_ o

scorecard 2UaANNAITINA run

Metric T2iqazls fiam55:39

Net PnL / Return MwnuAlsgnad athglaaliRnsunu



Metric Tdqazls 2ian55:39

Max drawdown ANNANADINITADLNY mia‘ﬁa absolute wag relative
Profit factor da&u gross win sia gross loss Lfiden 9 lina

Expectancy per trade AadaanuAuAsada sdeuunnAuszuLInsad

Trade count 24116 sample metric sausfinsavaadann
Time in market Use&naninnislanu thainuszuuidagaiuganofuuin
Turnover ATUNUWATH gotAuldlnuwsunu

catvsglnatilu scorecard src/metrics.py

import pandas as pd

def build_performance_report(trades: pd.DataFrame, equity curve: pd.Series) -> dict:
gross_profit = trades.loc[trades["pnl"] > @, "pnl"].sum()
gross_loss = trades.loc[trades["pnl"] < @, "pnl"].sum()

max_drawdown = (equity curve / equity_curve.cummax() - 1.0).min()

return {
"trade_count": int(len(trades)),
"net_pnl": float(trades["pnl"].sum()),
"win_rate": float((trades["pnl"] > @).mean()) if len(trades) else 0.0,
"avg_trade": float(trades["pnl"].mean()) if len(trades) else 0.0,
"profit_factor": float(gross_profit / abs(gross_loss)) if gross_loss < © else None,
"max_drawdown": float(max_drawdown),
"best_trade": float(trades["pnl"].max()) if len(trades) else 0.0,
"worst_trade": float(trades["pnl"].min()) if len(trades) else 0.0,

NAAWEAIT serialize aanu'laiilu dict w3a JSON Laua tialu ranking, dashboard wag report generator 12sia'lel

audatilunnsuag product scorecard Aan1nanvuas ranking, compare view, shared pages Was operator

review flann run d9aan schema wieduls AaddsiiHHrdunnagnsluumsisiaisauda



uanan scorecard uan Al distribution view a8 12U histogram wav trade PnL, monthly return heatmap,
underwater curve, hold time distribution wag breakdown a1 market regime iwsgdiuhalyitiuinalsiiaann
pattern LAuain q w3aLinann outlier LA

metric N2henlszudaaiunisga

average trade after costs, max drawdown, trade count, exposure wag profit factor Huiheida strategy

7iela5unn draradlisinu atislalau Sharpe Rasdaanin

Key takeaway

&3719 scorecard MnasgrugatieIudI 1@ uAUNA run Waluliiay strategy 2unIR LA NTIN LG



Optimization Chapter 8

Parameter search wtaz walk-forward siavaanuuil
arIaMuEa s LildaanuuinnanIAINEILN&6
Tuaan

A5 grid search M6 Li'ladivihnunaivamdIauyatfelndusnnau watNagIusIaL parameter Tuuliinansina
wastfianadusalldednenadnssuiaulanialy

|\ OVERFIT PEAK

Figure: Walk-forward and parameter plateau

unuRazAn parameter Msagaluadin Wuasmusnainadinaladlsuiidauaaanainanfian uaze
Fanuatinaualy walk-forward fowasulausalifiaaibusalyl

e paauuauin overfit 1NIANIIAUATIL
* 1fuvin best config uaynn window iigua

* &ula degradation profile aNAnIAzLUUFIRAATILAEN

o/ 0 3 A =
uannN13 optimize NAISEIN

* 13U parameter NilANALLITATIRTIO LTddI9nIIURUUNTUA
|3 4 .
e Aunn run tdum1519 ranking ununIsHLANIE best row

e pANNTUUAINAAWETAL 9 parameter AATIEA sruvaniAulalin overfit



* uan in-sample way out-of-sample atnvtaLAU

e %1 walk-forward 1aginsias re-fit tiaaua'luuuag performance decay win'ls

Walk-forward @aar'tsuuudig ¢

siudamsdnaasaanunisaiinlundazaionaisfitayaafinviniuiuaie uaadan parameter nadiniunau

iuldnegauduavianivda’ll arnanaldladnaraniieie wdainssuudiddauinninnsividgiaatauale

ASaLden

f1ating walk-forward loop src/walk_forward.py

def walk_forward_validate(frame, train_bars, test_bars, candidate_configs, run_once):
windows = []

start = @

while start + train_bars + test_bars <= len(frame):
train = frame.iloc[start : start + train_bars]

test = frame.iloc[start + train_bars : start + train_bars + test_bars]

ranked = []
for config in candidate_configs:
train_report = run_once(train, config)

ranked.append((config, train_report["net_pnl"], train_report["max_drawdown"]))

ranked.sort(key=lambda item: (item[1], item[2]), reverse=True)
best_config = ranked[0][0]

test_report = run_once(test, best config)

windows.append(

{

"train_start": train.index[0],
"train_end": train.index[-1],
"test_start": test.index[0],
"test_end": test.index[-1],
"best_config": best_config,

"test_report": test_report,

)

start += test_bars

return windows

walk-forward 7ifisiasifusin best config uasusazaaelidaa ilalviiinselean parameter drift anafalndnia‘lai




UaNWITIWLLDE

61 strategy a@tawizaaiiia fast=17, slow=143, stop=2.7 uazwaidauasfiaifeudrvonua wlainauids
fia curve-fit unnnINA&9da system design Aiddes

Key takeaway

a9 parameter plateau, out-of-sample consistency wae degradation profile 11nnI1@1 best-in-sample
AILAEN



Robustness Chapter 9

NAIWBNAADIANSUIUADUAIRALIERVANNLT AU
16

navN'la strategy Neinsg dunauaa’lilluladu deploy usdavinlviiuadugaiunisaiiarsnawa twaiain

naRATIHIULAAWNIBLA LAY

PARAMETER
PERTUBRAYION

STRATEGY
RESULT

TORTURE-TESTING
BEFORE CONFIDENCE

Figure: Robustness torture suite

robustness test 1i'l6d13%1 1% report guun wadlinauin edge wlszanoualuuiialau cost stress, regime

split, timing delay uay data perturbation tuszduiilanazeaaiaa'le’

e ainWawszay'ls luldwanvnisalaine
e strategy Adasidanuuudasiiuaanty

e watiagsanlanmaldnnuubidnianisnaidas deploy sa'ls

Aanasiau robustness NA5:

e cost stress: 1fiu commission/slippage Miazduua’nin edge agusa'lii
* regime split: wanaam trend, range, high-vol, low-vol

* trade shuffle / bootstrap: g distribution 2ay path outcome

* parameter perturbation: 2ffuA1sALANANFA

L]



e delay entry/exit 1 bar: 31 edge 6ia timing tAwldwnialy

e data perturbation: bar shift dnaavia random drop aiaaulisazaya

o/

2ativdeyaynal pass / fail

ANsVaaL deyayrarindonalal deyayrarinduasia

Cost stress net PnL anadwadauin Winsunuidniasua strategy finau
Regime split I auslu regime 1o Alsfenumnainteduannaieidan
Parameter perturbation WaawsflnatAagiu \@aufiaufmuaionun

1-bar delay edge RARIULLURULUAFUNR entry fnflsuvisudrnaefiunuarseuy

draginauuudna Monte Carlo danisguidavandunadnsifiu viagudatisaafazivaianse tagin equity
curve uag drawdown agindaa'leiualuud luck laidaonuuidn surhalviaauiiu path risk Aaudadulaial run

share "3a deploy

TS f176 uugin i robustness report Wugiutiodunann strategy Adnag deploy iwsiesiuzheaildaunns
dadulaannanusdniilu evidence 1 “strategy fif95ami slippage 4 bps wa'laisanii 8 bps” deldaadu

execution team 168U

Monte Carlo uanaz1s waz'lsduanaz'ls

fuzhanaudn “drarduzaus/unwliwfiautdu seuudesy drawdown Td'lun” ue'lu'leunileynin data, look-
ahead bias %3a execution model 7fia twszaziu Monte Carlo fludfu stress test 1y 1ailadasaseruin

ARUNSALAD

Key takeaway

robustness test AatAiasiiainAiuilszunvuag edge lulddunauigsuiivindadinan



Reporting Chapter 10

1
a A

WA backtest NAmnavarua LN TUIUAVIARAINATU
Tanala

report Mii‘Linstiedulviauatundulaliila notebook 1ani strategy fiinaanaingls msasvuainss wiauw

ninwszar'ls s1891UAITUIIIUIUN, scorecard, chart, trade samples way next action Tuiidien

NEXT-DECISION PACKET

| SUMMARY BRIEF

3||II »

FAGITE DECISION

FINAL RESEARCH FAILURE
ARTIFACT BUNDLE NOTES

BACKTEST RUN COMPLETE

Figure: Readable research artifact

91U backtest azi3u scale laifiann run aanuniily artifact Maruwaassia’le awiigsUdugrunanuasnile

research package Fous summary, charts, trade ledger, metadata 11/auéiv next action

o aun'li'laldau strategy mIsanunalILdnla’le’
e metadata Aa&evinlvinataunduuay audit 16

e artifact MdLlAauouisaann activity 1lu inventory

. =
artifact narsaanannAnn run

* summary.json &15u dashboard wag ranking
e trades.csv &11iu audit snafa
* equity_curve.csv #3a parquet &115LILATIEYIGI

* report.html Ml scorecard + charts + commentary



* config snapshot Walu reproducible

* run metadata t2u git SHA, data range, source, timestamp

§at1y metadata AiAdsiuUTin reports/runs/run_metadata.json

"run_id": "btc_1h_mr_20260330_014500",

"symbol": "BTCUSDT",

"timeframe": "1h",

"data_start": "2022-01-01T00:00:00Z",

"data_end": "2026-03-01T00:00:00Z",

"config_path": "configs/btc_1h_mean_reversion.yaml",
"git sha": "abcl234",

"fee_bps": 4.0,

"slippage_bps": 3.0,

"engine_version": "1.2.0"

metadata ¥inlu run laundulainatinanntdauazdayaaivy Lisasardaanud

wfiadl artifact Asu Aatazll&auvuidaainAanssutnaniilu inventory Maunmuazinaduunlalnile uazaseiiiag

AU scale 'la twsglisasaruautdunnaivd run diaavinaylsly

artifact Tunr2av Balance Labs @daaz'ls

Sudaderiszuuiarlilusaelu ranking, shared strategy page, my strategies uag audit history &1 run nile

1dl artifact Migraundu'le JuAsnnaznaraiuiuniweuag product

rule ¥l 9 8114%U report

draulildideu strategy a1u report ua'liausanauladn edge daazls, unifia'ls, uazads iterate a39

1vu wladn report fdo'lidina with engine azgnsiasAnu

Key takeaway



1A run MTle artifact Awusaa, 4u ranking 3a audit 'l 12fu HTML report, JSON summary, CSV ledger

WRY chart image



Al Chapter 11

Taf Al 1iluciaisveu backtest 16 uaiciavid contract,
guardrails uaz verification loop

Tu Balance Labs Al atfi1fu intake was acceleration sfuahatiuianvin boilerplate, 8319 test case, refactor report

text wazwmn strategy idea ilu config 6@ usdrlaaaln Al dafu assumptions unuaal szuuaslalAAILLWLG

logic 317

Prompt

A Unit C
Contract

Verifcation

Ao

/
Human Unit Checks Verification 4
val
@ ‘

Figure: Al guardrails and verification loop

W Al IFeuamgdiuiinsaan'le uafedunn output 61U contract, deterministic checks, tests uag

evidence review 9asfida&eNvinli Al vflu accelerator ununaziiluwiiay bias Wi

* Al A5139 boilerplate 13im5101 assumptions LU
* prompt disagszy non-negotiable constraints

e output nntiumsgnaAcILNR InLGuAUTARAULT Y

Jun Al arsivin

* scaffold Taseasn9'lWaway dataclass
* uilav strategy spec 1ilu skeleton code

* 1 Zeu unit tests A1 edge cases M HENNTILED



o o . v & o a a ' W,
* FyUwaawsann summary.json WitduarwNiugsiaarunla

* 239 comparison matrix 5EWINIUANL run

9un Al ‘Liasvihunuaaliaaliisiinisnsia

® A1 execution assumptions
* Ldan cost model Lav
e FyUnnauns deploy lalae'lidd robustness report

e &%19 indicator logic AAlddayaauanlaalud test du

61 le Labs Chat Tvi@ad1 Al el draft spec, generate code, refactor Ltasaa;ﬂwatﬁaam"u frudArsagubdasiasuiann

Execute report, trade log, robustness uag deployment gates lailaiunainin&asiisiulauasiuna

§atine prompt contract ddu prompt-contract.txt

Task:
Implement a long-only Python backtest strategy.

Non-negotiable assumptions:

- Use next-bar open for entry and exit.

- Charge 4 bps commission and 3 bps slippage per side.
- No look-ahead bias.

- Use ATR-based stop loss.

- Return trades ledger, summary dict, and equity curve.

Required tests:
No duplicate entries while a position is open.
Exit is triggered when stop is breached.
Strategy does not read future bars.

Summary keys follow the agreed schema.

flo contract 7a Al faifluia3asviuusenidseiami uarfoansaunisuilanlsanse

a1 Al Slunnavarnusiulalaay

TangazanauazAaiinaiulalyladuilaingnsas &97vinlu output uae Al a1 Lildtigae uadanisi

ffupinu test, data validation wag evidence review faLAeNAUTAATNAULTHULDY

Key takeaway



1 Al 13991uinsa2n 16 wagtiodunn output 61U deterministic checks Aautaua



Deployment Chapter 12

AQUENLINA research "I,‘d production 6iavil handoff
e Wiatnvfuaudavaztaaann alpha iagji
operation

u product flow 129 Balance Labs anfidaieinaain Labs Execute gnaasia'lieis ranking, share page w3a
deploy rail ating Botmoon nagns" backtest fatada'linsanladouase drdelaifinnsarvua kill switch,

monitoring, expected live deviation uagn1sinn1siuanIsaiAnilné 12y data feed um, latency g9 w3a broker

reject order

Figure: Production handoff and go-live gates

fh9ul&auesinuann research 11l production Aaaaiivaraviuiiauas Mwisiusu gate Adadous
validation, monitoring, alerting, kill switch uag rollback path ialviszuy deploy leatnsfufinzay

* go-live 6iaafl owner 2a9 monitoring wag incident path
* expected live deviation siavgnilenunauideasy

e handoff Aifiam operational risk léuAnILTAN alpha



drsiagd9syuuain Balance Labs 1% operator 1991ua%e nilslusduuui practical snnda deploy 16 rail atng

'
o

Botmoon v3aa319 Python GUI 1 user uala Binance API key, secret, symbol uagna Run ‘laiae ustuiaisiy

Wi shell S w¥u3an strategy A unsausTdiuas Bildisiu logic nnatneliuuylsTaseasne

Prompt template: 1% Al &3719 Binance trading GUI gui-trader-prompt.txt

Task:

Create a Python desktop GUI that runs an approved Binance trading system.

Context:

- Strategy logic already exists as pure Python functions.

- End user should only paste Binance API key and Binance API secret, choose symbol, then press Run.
- The app must start in sandbox / paper mode by default.

- Separate GUI, trading service, exchange client, and risk checks into different files.

Must build:
A Tkinter GUI with fields for API key, API secret, symbol, timeframe, and risk per trade.
Buttons for Validate keys, Run, Stop, and Dry run.
A read-only log panel plus clear status labels.
A Binance client wrapper with reconnect handling and rate-limit aware calls.
A service layer that imports signals from the approved strategy module instead of rebuilding the st

Setup instructions for pip install and python app.py.

Non-negotiable safeguards:
Do not hardcode credentials.
Keep API keys in memory only for the current session.
Default to sandbox / testnet mode.
Refuse to place orders when config validation fails.

Validate position size, symbol filters, and max exposure before any order.

Return:

- app.py
trader_service.py
exchange_client.py
risk_checks.py
README . md

tests for config validation and order sizing

prompt wuufizhew Al scaffold szuu operator GUI Muandiutiniau uazdotiodu guardrails 1329 credential, risk checks uag

sandbox mode faueisiu

avalsznauduaiaay GUI drusususcuunse




2Aavnsan Binance API key uay API secret wuu session only ‘luitffuvinay source code
1lu Validate, Run, Stop wazaaiuginniay sandbox 1aa live

Aagtdan symbol, timeframe, risk per trade wag max exposure

log panel wuu read-only tiWali operator $3ssuuvinas’lsat

risk checks naus order nnA39 LU symbol filters, position size uay exposure limit

@3aeing Python GUI runner &1%5u Binance

from _ future__ import annotations

import threading

import time

import tkinter as tk

from dataclasses import dataclass

from tkinter import ttk

import ccxt

@dataclass

class GuiConfig:
api_key: str
api_secret: str
symbol: str

sandbox: bool = True

class BinanceRunner:
def __init_(self, config: GuiConfig, log):

self.config = config

self.log = log

self.running = False

self.exchange = ccxt.binance(

{

"apiKey": config.api_key,
"secret": config.api_secret,
"enableRateLimit": True,

"options": {"defaultType": "spot"},

)

if config.sandbox:

self.exchange.set_sandbox_mode(True)

validate(self) -> None:
if not self.config.api_key or not self.config.api_secret:

raise ValueError("API key and secret are required")




self.exchange.load_markets()
market = self.exchange.market(self.config.symbol)
if not market["active"]:

raise ValueError("Symbol is not active on Binance")

start(self) -> None:

self.running = True

while self.running:
ticker = self.exchange.fetch_ticker(self.config.symbol)
last_price = float(ticker["last"])
self.log(f"{self.config.symbol} last price: {last_price:.2f}")

# Replace this stub with the approved strategy + risk checks.
signal = "hold"
if signal == "buy":

self.log("buy signal generated; place order only after risk validation")

time.sleep(3)

def stop(self) -> None:

self.running = False

class TradingGui(tk.Tk):
def __init_ (self) -> None:
super().__init_ ()
self.title("Binance Strategy Runner")
self.geometry("760x520")

self.api_key = tk.StringVvar()
self.api_secret = tk.StringVar()

self.symbol = tk.StringVar(value="BTC/USDT")
self.sandbox = tk.BooleanVar(value=True)
self.status = tk.StringVar(value="idle")

self.runner: BinanceRunner | None = None

form = ttk.Frame(self, padding=16)

form.pack(fill="both", expand=True)

ttk.Label(form, text="Binance API Key").grid(row=0, column=0, sticky="w", pady=6)
ttk.Entry(form, textvariable=self.api_key, width=56).grid(row=0, column=1, sticky="ew", pady=

ttk.Label(form, text="Binance API Secret").grid(row=1, column=0, sticky="w", pady=6)

ttk.Entry(form, textvariable=self.api_secret, show="*", width=56).grid(row=1, column=1, stick

ttk.Label(form, text="Symbol").grid(row=2, column=0, sticky="w", pady=6)

ttk.Entry(form, textvariable=self.symbol, width=24).grid(row=2, column=1, sticky="w", pady=6)




ttk.Checkbutton(form, text="Use sandbox / testnet", variable=self.sandbox).grid(

row=3, column=1, sticky="w", pady=6

controls = ttk.Frame(form)

controls.grid(row=4, column=1, sticky="w", pady=10)

ttk.Button(controls, text="Run", command=self.handle_run).pack(side="1left", padx=(@, 8))
ttk.Button(controls, text="Stop", command=self.handle_stop).pack(side="1left")

ttk.Label(form, textvariable=self.status).grid(row=5, column=1, sticky="w")

self.log box = tk.Text(form, height=14, state="disabled")
self.log box.grid(row=6, column=0, columnspan=2, sticky="nsew", pady=(12, 0))

form.columnconfigure(1l, weight=1)

form.rowconfigure(6, weight=1)

write log(self, message: str) -> None:
self.log_box.configure(state="normal")
self.log box.insert("end", message + "\n")
self.log box.see("end")

self.log box.configure(state="disabled")

handle run(self) -> None:

config = GuiConfig(
api_key=self.api_key.get().strip(),
api_secret=self.api_secret.get().strip(),
symbol=self.symbol.get().strip().upper(),
sandbox=self.sandbox.get(),

)

self.runner = BinanceRunner(config, self.write_log)

thread = threading.Thread(target=self._run_worker, daemon=True)

thread.start()

_run_worker(self) -> None:

try:
self.status.set("validating")
assert self.runner is not None
self.runner.validate()
self.status.set("running")
self.runner.start()

except Exception as exc:
self.status.set("error"

self.write_log(str(exc))

handle_stop(self) -> None:
if self.runner:

self.runner.stop()




self.status.set("stopped")

if name_ == "_ main__ ":

TradingGui().mainloop()

Taadiflu operator shell fiusiu: user 1a1 key/secret lihnoua?su'leviud uaau signal uaz order placement aasiifandu

strategy module M61UNITATIALAD LAZAITEINANN sandbox / paper mode Aautgua

134310 sandbox Aau live taua

n3d GUI na Run 1eidne ‘Lildudlainaslaanlvifaduaseriui A default msiilu sandbox w3a dry-run,

key ‘himasgatAuansludiuay, uasnn order siavrIu position sizing fu exposure checks naulaua

go-live gates AI5MU

Gate drnuicavaay [ pLHpRIGHIL

Research WU out-of-sample wsadv walk-forward net positive wag drawdown €95u'ler
Execution sunuazelnafuiinaasniali live slippage ‘lsitAiu tolerance

Risk {i hard stop s¥AuszuunIa‘lai max daily loss, max position, disconnect behavior
Monitoring $lvuinsas alert uia'ls order reject, feed lag, pnl drift, exposure breach
Rollback awvaTnenating’ls manual kill switch + automated disable flag

& o

f9eiavdenaliiviu execution 13a future operator

e strategy thesis uuunilonin

e config production uazeA7ilimsuniag

* expected trade frequency way expected holding time

* live-vs-backtest drift thresholds

e failure playbook iila feed, broker w3a signal service finilné

* link 1€ report agaway historical validation artifact

lanauvin handoff & AaazanANNLEEITsTULRUWITY operation aNAAIRUWITY alpha 1&a deiflugeiAndu
vasadhoilsevain Taaawigluiini research AU execution WaNAUAUALYA



ilu Deploy 3i'leiualadn2inu validation ‘lei

fio workflow fig'leidnevin'ls guardrails #agfiadia 1l Deploy msgauasinilunisildsulunuaanuiufaza

a1n evidence review 1§ operational control ‘Liladtludaue1unsa

iienu deployable system uuwunseiing

szuu deployable Aasyuuiisi edge waissana, assumptions 46, funu realistic, evidence a1udng, uazisa

flamnudaaiaTanase'liidiuay backtest siu'lidinflusasganysaiuuy uasiusassufinuanls

Key takeaway

v 1

go-live Ad'lail2iurna Deploy 16 usifiasarontninaylsdainfiailng lassasiufintau uavsasvgaiiials

FAQ

A2315ua1n library d15a31lu3aidiau engine 1av

gfafienundini execution hifuaiau pandas-based engine itdinutavazvinlvtinlassuudnnii weid1viud
requirement duafauLazaadInig ecosystem &15agyl a1l framework Mfiaguarlautoasnadnuen signal,

execution wuay report 11ida

[

= ' | o o & | &
13uA notebook atina? siavsalusinvriua‘luiu

aisnilu Widuanndie logic Mddaignaanain notebook Aau Ly data normalization, signal generation

way metrics anntuAaavin report way config 14 reproducible N5 refactor Mazdulaandaniinisraiien

backtest siavla tick data &uanida‘ly



Tiiigua 61 strategy uavaadn&ulauu daily w3a hourly bars 2ayanvivaratiiesna wasagaansudainie

1329 intrabar execution uag stop behavior &1 edge ade microstructure 339 tick data azaﬁﬁﬂ&lmnﬁu

Sharpe ratio givatiluluu

fofitlsyiaad ualimisiilu metric dusaiaalddanagns d1ususiudansadiiiaveu avg trade after costs,

trade count, drawdown uag profit factor sinldayaaiilalaizinin

Monte Carlo Aaar1suuuvng 9

VDifinTudanisanadnsiduingduaduntagudatieluivalasay tagindunuuay drawdown ag
Wil aslaualru Taa lliFaouuuidn siulag path risk 1silalafiuduin edge fiade

Al 2hendiaiy strategy viouuatuiauleluu

2 scaffold uazisgoruladunn we'lsindsdaaalu Al tRan assumptions, data path ¥3a validation criteria a9

aadvsiaviiluaudidu spec uastiluidruas evidence atif

einlaf Balance Labs atjuad gusinavizinla Python an'luiu

Bidnflusavidiau engine tagtiazusy walsiinlawaaiu assumptions, trade log, cost model wag3in

strategy logic atns9'luu wsg product Aatiuaul udlaildauanuiufAntauizasmsinnunadng

arlsdadaaunaiin strategy ladsuaaiciun

ufia edge Maviurindoldsiuny realistic, nadwsian outlier 1aifidia, parameter unauAulyl, vda

robustness tests &uluailiniu asngaidizhailsyudanaininnisudsanuulsnsay

Final Checklist

e {lenu market universe, timeframe, execution assumptions Wag acceptance criteria Wa?



* normalize data sinudfunauifisndunn run uasd validation fawau

* strategy spec uaniilu regime, setup, trigger, risk, exit wag invalidation wan

* engine wan signal, execution model wag trade ledger aanannfuwan

e 1& commission, spread, slippage wag position sizing wui realistic wa?

e i scorecard ¥NasgIULag distribution view &usuna run

* run parameter search uuULAUNANAANWE 11QLA best row

e tu walk-forward uag cost stress atinvraaudosau

¢ 1211331 Monte Carlo 12 path risk Litdldnauzafdawaianuas data/execution

o {1 HTML/JSON/CSV artifact AAuaiseia, 9u ranking w3a audit ‘16"

* Al output nndiusnu tests uag deterministic checks Aaulaonu

* {i go-live gates, monitoring, kill switch wa¢ rollback path faLau

e i prompt &15u scaffold operator GUI A vua sandbox, risk checks uag session-only credential handling
AaLau

® GUI runner 5u Binance API key / secret wuu session only uazulu sandbox v3a paper mode 1a# default

Web edition + PDF edition

i1 route nangavin'lidniunisaruuuliu fHu'lWa PDF Td&usuaniiiviaa, Aiuw, wiatAulu research library
maluiin esasasiuly source isnAuialilvitilaniauduluanando



