PYTHON CHEATSHEET

Optuna

Optuna searches for better hyperparameters from a plain Python objective, covered here from
running a study to pruning and visualizing results.

The Objective & Search Space

A function that asks the trial for params and returns one number.

PURPOSE COMMAND
A continuous parameter. x = trial.suggest_float("x", -10.0, 10.0)
A log-scale float (learning rates). Lr = trial.suggest_float("1r",

le-5, le-1, log=True)

A stepped float. dropout = trial.suggest_float(
"dropout", 0.0, 0.5, step=0.1)

An integer parameter. n = trial.suggest_int("n_layers", 1, 5)

A categorical choice. opt = trial.suggest_categorical(
"optimizer", ["adam", "sgd"I)

Return the score to optimize. return (x — 2) *x 2

Create & run a study

A study runs the objective n_trials times and tracks the best.

PURPOSE COMMAND

Create a study (minimize). study = optuna.create_study(direction=..)

Maximize instead. create_study(direction="maximize")

Run the optimization loop. study.optimize(objective, n_trials=100)

Stop after a wall-clock budget. study.optimize(objective, timeout=600)

Add custom stopping logic. study.optimize(objective, n_trials=50,
callbacks=[cb])

Watch progress in a notebook. study.optimize(objective, n_trials=100,
show_progress_bar=True)
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Samplers & Pruners

The sampler proposes; the pruner cuts losses early.

PURPOSE COMMAND RESULT
Default smart sampler (TPE). study = optuna.create_study( -> Learns density
sampler=optuna.samplers.TPESampler(seed=42)) /g:;‘\

Reproducible random baseline. optuna.samplers.RandonSampler(seed=0) ._, ol G

Exhaustive grid. optuna.samplers.GridSampler( : : : 2 %3 grid
{"x": [0' 1]' ||y||: [_1' 0, 11}) each cell once

Report intermediate scores. trial.report(value, step) e

if trial.should_prune(): raise TrialPruned()

Median pruning (default). study = optuna.create_study(pruner= £ negian 20VE * keep
optuna.pruners.MedianPruner(n_warmup_steps=5)) > below = prune

Aggressive multi-fidelity pruning. optuna.create_study(pruner=HyperbandPruner()) = >—s

many short

few survive full length

Read the Results

Pull out the winning params, value, and trial history.

PURPOSE COMMAND RESULT

Best hyperparameters.

winning dict

study.best_params

Best objective value. study.best_value {\ (C0:0001 iowest score
. Trial #87
The full best trial. study.best_trial Hiro! .

Count finished trials by state. len(study.trials) (Ccomprere 8¢ ) ((prunen 12 | (raze 4 )

Export every trial to a DataFrame. df = study.trials_dataframe() o e | ze | e | s

Re-rank or filter trials. study.best_trials (multi-objective) et o
or study.get_trials() e oo
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Visualize the Search

History, importances, interactions, all from the study.

PURPOSE COMMAND RESULT

best so far
Optimization history. optuna.visualization. -]
plot_optimization_history(study)

Which params matter most. optuna.visualization. r )o.n1
plot_param_importances(study)

All trials as colored lines. optuna.visualization. ~— _—
plot_parallel_coordinate(study) B

One param vs score. optuna.visualization.plot_slice(study) . . <. . -

Two params interaction. optuna.visualization.plot_contour(study, o) low-score
params=["1r", "n_layers"]) ; pasin

Static Matplotlib variant. import optuna.visualization.matplotlib as vis_mpl |_‘_[—._ R
vis_mpl.plot_optimization_history(study) o pothy e

Multi-objective

Optimize several goals at once; read the Pareto front.

PURPOSE COMMAND RESULT

Declare multiple directions. study = create_study( stuy | toss min
directions=["minimize", "maximize"]) y 1 acc max

Return a tuple of objectives. return loss, accuracy _»

front glows

Read the Pareto-optimal set. study.best_trials

Plot the Pareto front. vis.plot_pareto_front(study, //-o——o
target_names=["1loss", "acc"l)

loss

Pick a trade-off by hand. min(study.best_trials, key=lambda t: t.values[0])

lowest loss on the front

Many-objective sampler defaut. optuna.samplers.NSGAIISampler ()
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Storage, resume & parallelism

Persist trials to a database; resume and scale across workers.

PURPOSE

Save trials to a SQLite file.

Resume an existing study.

Load a saved study.

Parallelize across threads / processes.

Seed a known-good config.

Warm-start from past results.

COMMAND

study = optuna.create_study(storage=
"sqlite:///study.db", study_name="tune")

optuna.create_study(storage=...,
study_name="tune", load_if_exists=True)

study = optuna.load_study(study_name="tune",
storage="sqlite:///study.db")

study.optimize(objective, n_trials=100,
n_jobs=4)

study.enqueue_trial(
{"1r": 0.01, "n_layers": 3})

study.add_trial(optuna.trial.create_trial(
params=..., distributions=..., value=...))

Integrate (sklearn, xgboost, pytorch)

Wrap a real model in the objective; prune with framework callbacks.

PURPOSE

sklearn objective via cross-val.

Drop-in tuned estimator (sklearn).

Prune XGBoost rounds early.

Prune LightGBM rounds early.

PyTorch: report + prune per epoch.

Install the integration extras.

COMMAND

score = cross_val_score(clf, X, vy,
cv=5, scoring="accuracy").mean()

from optuna_integration import
OptunaSearchCV(clf, params, n_trials=50)

from optuna_integration.xgboost import
XGBoostPruningCallback(trial, "validation-logloss")

from optuna_integration.lightgbm import
LightGBMPruningCallback(trial, "valid_0-auc")

trial.report(val_loss, epoch)
if trial.should_prune(): raise ..

pip install "optuna-integration[xgboost]"

RESULT
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