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Hyperparameter optimization

Tutorials concerning Hyperparameter optimization

[image: hyperparameter optimization with Model class for NNs]
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Download all examples in Python source code: auto_examples_python.zip




Download all examples in Jupyter notebooks: auto_examples_jupyter.zip
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Note

Click here
to download the full example code or to run this example in your browser via Binder




hyperparameter optimization with Model class for NNs

from ai4water.functional import Model
from ai4water.datasets import busan_beach
from ai4water.utils.utils import get_version_info
from ai4water.hyperopt import Categorical, Real, Integer

for k,v in get_version_info().items():
    print(f"{k} version: {v}")





/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/sklearn/experimental/enable_hist_gradient_boosting.py:17: UserWarning: Since version 1.0, it is not needed to import enable_hist_gradient_boosting anymore. HistGradientBoostingClassifier and HistGradientBoostingRegressor are now stable and can be normally imported from sklearn.ensemble.
  "Since version 1.0, "
python version: 3.7.9 (default, Oct 19 2020, 15:13:17)
[GCC 7.5.0]
os version: posix
ai4water version: 1.06
xgboost version: 1.6.2
easy_mpl version: 0.21.2
SeqMetrics version: 1.3.4
tensorflow version: 2.7.0
keras.api._v2.keras version: 2.7.0
numpy version: 1.21.6
pandas version: 1.3.5
matplotlib version: 3.5.3
h5py version: 3.7.0
joblib version: 1.2.0





data = busan_beach()
print(data.shape)





(1446, 14)





input_features = data.columns.tolist()[0:-1]
print(input_features)





['tide_cm', 'wat_temp_c', 'sal_psu', 'air_temp_c', 'pcp_mm', 'pcp3_mm', 'pcp6_mm', 'pcp12_mm', 'wind_dir_deg', 'wind_speed_mps', 'air_p_hpa', 'mslp_hpa', 'rel_hum']





output_features = data.columns.tolist()[-1:]
print(output_features)





['tetx_coppml']





build the model

lookback = 14

model = Model(
    model = {"layers": {
        "Input": {"shape": (lookback, len(input_features))},
        "LSTM": {"units": Integer(10, 20, name="units"),
                 "activation": Categorical(["relu", "elu", "tanh"], name="activation")},
        "Dense": 1
    }},
    lr=Real(0.00001, 0.01, name="lr"),
    batch_size=Categorical([4, 8, 12, 16, 24], name="batch_size"),
    train_fraction=1.0,
    split_random=True,
    epochs=50,
    ts_args={"lookback": lookback},
    input_features=input_features,
    output_features=output_features,
    x_transformation="zscore",
    y_transformation={"method": "log", "replace_zeros": True, "treat_negatives": True},
)





            building DL model for
            regression problem using Model
Model: "model"
_________________________________________________________________
 Layer (type)                Output Shape              Param #
=================================================================
 Input (InputLayer)          [(None, 14, 13)]          0

 LSTM (LSTM)                 (None, 17)                2108

 Dense (Dense)               (None, 1)                 18

=================================================================
Total params: 2,126
Trainable params: 2,126
Non-trainable params: 0
_________________________________________________________________
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')





optimizer = model.optimize_hyperparameters(
    data=data,
    num_iterations=25,
    process_results=False,
    refit=False,
)





Iteration No.   Validation Score
0               726462473540633624576.00000 -726462473540633624576.00000
1               2.67351              -1.67351
2               689.21594            -688.21594
3               527.67830            -526.67830
WARNING:tensorflow:5 out of the last 9 calls to <function Model.make_predict_function.<locals>.predict_function at 0x7fecd54dedd0> triggered tf.function retracing. Tracing is expensive and the excessive number of tracings could be due to (1) creating @tf.function repeatedly in a loop, (2) passing tensors with different shapes, (3) passing Python objects instead of tensors. For (1), please define your @tf.function outside of the loop. For (2), @tf.function has experimental_relax_shapes=True option that relaxes argument shapes that can avoid unnecessary retracing. For (3), please refer to https://www.tensorflow.org/guide/function#controlling_retracing and https://www.tensorflow.org/api_docs/python/tf/function for  more details.
4               1.08681              -0.08681
WARNING:tensorflow:6 out of the last 11 calls to <function Model.make_predict_function.<locals>.predict_function at 0x7fecd45c4560> triggered tf.function retracing. Tracing is expensive and the excessive number of tracings could be due to (1) creating @tf.function repeatedly in a loop, (2) passing tensors with different shapes, (3) passing Python objects instead of tensors. For (1), please define your @tf.function outside of the loop. For (2), @tf.function has experimental_relax_shapes=True option that relaxes argument shapes that can avoid unnecessary retracing. For (3), please refer to https://www.tensorflow.org/guide/function#controlling_retracing and https://www.tensorflow.org/api_docs/python/tf/function for  more details.
5               5.97746              -4.97746
6               1.04858              -0.04858
7               165132267.56762      -165132266.56762
8               102.12408            -101.12408
9               22085.72568          -22084.72568
10              1.59101              -0.59101
11              29.25840             -28.25840
12              276.89809            -275.89809
13              41.22146             -40.22146
14              27.15423             -26.15423
15              38.06921             -37.06921
16              26.47467             -25.47467
17              45.46555             -44.46555
18              38.64113             -37.64113
19              27.20578             -26.20578
20              19.77687             -18.77687
21              29.88066             -28.88066
22              37.45994             -36.45994
23              26.60292             -25.60292
24              38.55547             -37.55547
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/utils/utils.py:818: UserWarning: 0 is not equal to 25 so can not perform ranking
  warnings.warn(f"{num_folders} is not equal to {len(results)} so can not perform ranking")





_ = optimizer.plot_importance(save=False)





[image: hpo upper nn]Total running time of the script: ( 3 minutes  46.639 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/sphinx-gallery/sphinx-gallery.github.io/master?urlpath=lab/tree/notebooks/auto_examples/hpo_upper_nn.ipynb]


Download Python source code: hpo_upper_nn.py




Download Jupyter notebook: hpo_upper_nn.ipynb





Gallery generated by Sphinx-Gallery [https://sphinx-gallery.github.io]




            

          

      

      

    

  

    
      
          
            
  
Note

Click here
to download the full example code or to run this example in your browser via Binder




hyperparameter optimization with Model class

from ai4water.functional import Model
from ai4water.datasets import busan_beach
from ai4water.utils.utils import get_version_info
from ai4water.hyperopt import Categorical, Real, Integer





for k,v in get_version_info().items():
    print(f"{k} version: {v}")





python version: 3.7.9 (default, Oct 19 2020, 15:13:17)
[GCC 7.5.0]
os version: posix
ai4water version: 1.06
xgboost version: 1.6.2
easy_mpl version: 0.21.2
SeqMetrics version: 1.3.4
tensorflow version: 2.7.0
keras.api._v2.keras version: 2.7.0
numpy version: 1.21.6
pandas version: 1.3.5
matplotlib version: 3.5.3
h5py version: 3.7.0
joblib version: 1.2.0





# prepare the data
data = busan_beach()
print(data.shape)





(1446, 14)





input_features = data.columns.tolist()[0:-1]
print(input_features)





['tide_cm', 'wat_temp_c', 'sal_psu', 'air_temp_c', 'pcp_mm', 'pcp3_mm', 'pcp6_mm', 'pcp12_mm', 'wind_dir_deg', 'wind_speed_mps', 'air_p_hpa', 'mslp_hpa', 'rel_hum']





output_features = data.columns.tolist()[-1:]
print(output_features)





['tetx_coppml']





build the model

model = Model(
    model = {"XGBRegressor": {
        "iterations": Integer(low=10, high=30, name='iterations', num_samples=10),
        "learning_rate": Real(low=0.09, high=0.3, prior='log', name='learning_rate', num_samples=10),
        "l2_leaf_reg": Real(low=0.5, high=5.0, name='l2_leaf_reg', num_samples=10),
        "model_size_reg": Real(low=0.1, high=10, name='model_size_reg', num_samples=10),
        "rsm": Real(low=0.1, high=0.5, name='rsm', num_samples=10),
        "border_count": Integer(low=32, high=50, name='border_count', num_samples=10),
        "feature_border_type": Categorical(categories=['Median', 'Uniform', 'UniformAndQuantiles',
                        'MaxLogSum', 'MinEntropy', 'GreedyLogSum'], name='feature_border_type'),
        "n_jobs": 0,
    }},
    train_fraction=1.0,
    split_random=True,
    input_features=input_features,
    output_features=output_features,
    x_transformation="zscore",
    y_transformation={"method": "log", "replace_zeros": True, "treat_negatives": True},
)





building ML model for
regression problem using XGBRegressor





optimizer = model.optimize_hyperparameters(
    data=data,
    num_iterations=25,
    process_results=False  # we can set it to True if we want post-processing of results
)





Iteration No.   Validation Score
[01:53:00] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


0               0.76321              0.23679
[01:53:00] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


1               0.65969              0.34031
[01:53:01] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


2               0.85585              0.14415
[01:53:01] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


3               0.29644              0.70356
[01:53:02] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


4               1.30347              -0.30347
[01:53:02] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


5               0.59253              0.40747
[01:53:03] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


6               0.60976              0.39024
[01:53:03] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


7               0.78775              0.21225
[01:53:04] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


8               0.71816              0.28184
[01:53:04] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


9               0.96965              0.03035
[01:53:06] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


10              1.17726              -0.17726
[01:53:07] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


11              1.32955              -0.32955
[01:53:08] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


12              0.98610              0.01390
[01:53:09] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


13              0.76427              0.23573
[01:53:10] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


14              0.29686              0.70314
[01:53:12] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


15              1.00601              -0.00601
[01:53:13] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


16              1.38017              -0.38017
[01:53:15] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


17              0.28935              0.71065
[01:53:16] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


18              0.24302              0.75698
[01:53:18] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


19              0.26081              0.73919
[01:53:20] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


20              0.29716              0.70284
[01:53:21] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


21              0.31398              0.68602
[01:53:23] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


22              1.15949              -0.15949
[01:53:25] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


23              0.33662              0.66338
[01:53:26] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


24              0.60774              0.39226
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/utils/utils.py:818: UserWarning: 0 is not equal to 25 so can not perform ranking
  warnings.warn(f"{num_folders} is not equal to {len(results)} so can not perform ranking")

********** Removing Examples with nan in labels  **********

***** Training *****
input_x shape:  (174, 13)
target shape:  (174, 1)

********** Removing Examples with nan in labels  **********

***** Validation *****
input_x shape:  (44, 13)
target shape:  (44, 1)
[01:53:28] WARNING: ../src/learner.cc:627:
Parameters: { "border_count", "feature_border_type", "iterations", "l2_leaf_reg", "model_size_reg", "rsm" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.





optimizer._plot_convergence()





[image: Convergence plot]<AxesSubplot:title={'center':'Convergence plot'}, xlabel='Number of calls $n$', ylabel='$\\min f(x)$ after $n$ calls'>





optimizer.best_iter()





18





optimizer.best_paras()





{'iterations': 12, 'learning_rate': 0.16261580301200218, 'l2_leaf_reg': 4.300786492314255, 'model_size_reg': 0.5512921764936062, 'rsm': 0.44119249704395946, 'border_count': 37, 'feature_border_type': 'MinEntropy'}





print(model.config['model'])





{'XGBRegressor': {'iterations': 12, 'learning_rate': 0.16261580301200218, 'l2_leaf_reg': 4.300786492314255, 'model_size_reg': 0.5512921764936062, 'rsm': 0.44119249704395946, 'border_count': 37, 'feature_border_type': 'MinEntropy', 'n_jobs': 0, 'random_state': 313}}





print(model._model)





XGBRegressor(base_score=0.5, booster='gbtree', border_count=37, callbacks=None,
             colsample_bylevel=1, colsample_bynode=1, colsample_bytree=1,
             early_stopping_rounds=None, enable_categorical=False,
             eval_metric=None, feature_border_type='MinEntropy', gamma=0,
             gpu_id=-1, grow_policy='depthwise', importance_type=None,
             interaction_constraints='', iterations=12,
             l2_leaf_reg=4.300786492314255, learning_rate=0.16261580301200218,
             max_bin=256, max_cat_to_onehot=4, max_delta_step=0, max_depth=6,
             max_leaves=0, min_child_weight=1, missing=nan,
             model_size_reg=0.5512921764936062, monotone_constraints='()',
             n_estimators=100, n_jobs=0, ...)





Total running time of the script: ( 0 minutes  29.646 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/sphinx-gallery/sphinx-gallery.github.io/master?urlpath=lab/tree/notebooks/auto_examples/hpo_upper.ipynb]


Download Python source code: hpo_upper.py




Download Jupyter notebook: hpo_upper.ipynb
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hyperparameter optimization using HyperOpt

There are two ways of optimization of hyperparameters in AI4Water. The ai4water.hyperopt.HyperOpt
class is the lower level api while Model.optimize_hyperparameters() is
the higher level api. For using HyperOpt class, the user has to define the
objecive function and hyerparameter space explicitly. Morevoer, the user has
to instantiate the HyperOpt class and call the fit method on it.

This example shows, how to use HyperOpt class for optimization of hyperparameters.

import os
import math

import numpy as np

from skopt.plots import plot_objective
from SeqMetrics import RegressionMetrics

from ai4water.functional import Model
from ai4water.datasets import busan_beach
from ai4water.utils.utils import get_version_info
from ai4water.utils.utils import jsonize, dateandtime_now
from ai4water.hyperopt import HyperOpt, Categorical, Real, Integer

# sphinx_gallery_thumbnail_number = 2

for k,v in get_version_info().items():
    print(f"{k} version: {v}")





python version: 3.7.9 (default, Oct 19 2020, 15:13:17)
[GCC 7.5.0]
os version: posix
ai4water version: 1.06
xgboost version: 1.6.2
easy_mpl version: 0.21.2
SeqMetrics version: 1.3.4
tensorflow version: 2.7.0
keras.api._v2.keras version: 2.7.0
numpy version: 1.21.6
pandas version: 1.3.5
matplotlib version: 3.5.3
h5py version: 3.7.0
joblib version: 1.2.0





data = busan_beach()

SEP = os.sep





PREFIX = f"hpo_{dateandtime_now()}"
ITER = 0





# Optimizing the hyperparameters usually involves four steps






1) define objective function

def objective_fn(
        prefix=None,
        **suggestions)->float:
    """This function must build, train and evaluate the ML model.
    The output of this function will be minimized by optimization algorithm.
    """
    suggestions = jsonize(suggestions)
    global ITER

    # build model
    _model = Model(model={"XGBRegressor": suggestions},
                  prefix=prefix or PREFIX,
                  train_fraction=1.0,
                  split_random=True,
                  verbosity=0,
                  )

    # train model
    _model.fit(data=data)

    # evaluate model
    t, p = _model.predict(data='validation', return_true=True, process_results=False)
    val_score = RegressionMetrics(t, p).r2_score()

    if not math.isfinite(val_score):
        val_score = 1.0

    # since the optimization algorithm solves minimization algorithm
    # we have to subtract r2_score from 1.0
    # if our validation metric is something like mse or rmse,
    # then we don't need to subtract it from 1.0
    val_score = 1.0 - val_score

    ITER += 1

    print(f"{ITER} {val_score}")

    return val_score







2) define parameter space


the parameter space determines the pool of candidates from which
hyperparameters will be choosen during optimization




num_samples=10
space = [
Integer(low=5, high=50, name='n_estimators', num_samples=num_samples),
# Maximum tree depth for base learners
Integer(low=3, high=10, name='max_depth', num_samples=num_samples),
Real(low=0.01, high=0.5, name='learning_rate', prior='log', num_samples=num_samples),
Categorical(categories=['gbtree', 'gblinear', 'dart'], name='booster'),
]







3) initial state


this step is optional but it is always better to
provide a good initial guess to the optimization algorithm




x0 = [5, 4, 0.1, "gbtree"]







4) run optimization algorithm

# Now instantiate the HyperOpt class and call .fit on it
# algorithm can be either ``random``, ``grid``, ``bayes``, ``tpe``, ``bayes_rf``
#

optimizer = HyperOpt(
    algorithm="bayes",
    objective_fn=objective_fn,
    param_space=space,
    x0=x0,
    num_iterations=25,
    process_results=False,
    opt_path=f"results{SEP}{PREFIX}",
    verbosity=0,
)

results = optimizer.fit()





/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
1 3.3545373739474798
[01:53:30] WARNING: ../src/learner.cc:627:
Parameters: { "max_depth" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
2 2.0520282748400933
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
3 85.34741701261791
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
4 57.93200291381492
[01:53:31] WARNING: ../src/learner.cc:627:
Parameters: { "max_depth" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
5 1.1031883493609647
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
6 80.5761592501049
[01:53:32] WARNING: ../src/learner.cc:627:
Parameters: { "max_depth" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
7 2.0432265000454426
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
8 0.8490724296302107
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
9 26.434907636320624
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
10 1.29135540429111
[01:53:33] WARNING: ../src/learner.cc:627:
Parameters: { "max_depth" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
11 1.6868754195571543
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
12 0.8407231971333186
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
13 1.1143701900672454
[01:53:37] WARNING: ../src/learner.cc:627:
Parameters: { "max_depth" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
14 1.2753129265425647
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
15 0.8407073086853296
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
16 0.8273212958234943
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
17 3.980753838627524
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
18 0.9232753877513347
[01:53:42] WARNING: ../src/learner.cc:627:
Parameters: { "max_depth" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
19 1.2168845498351057
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
20 0.8195065206713756
[01:53:44] WARNING: ../src/learner.cc:627:
Parameters: { "max_depth" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
21 1.1730027482061778
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
22 0.817172841842378
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
23 0.8421553091640155
[01:53:48] WARNING: ../src/learner.cc:627:
Parameters: { "max_depth" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
24 1.0660594830784598
[01:53:49] WARNING: ../src/learner.cc:627:
Parameters: { "max_depth" } might not be used.

  This could be a false alarm, with some parameters getting used by language bindings but
  then being mistakenly passed down to XGBoost core, or some parameter actually being used
  but getting flagged wrongly here. Please open an issue if you find any such cases.


/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/ai4water/_main.py:1978: UserWarning:
            argument validation is deprecated and will be removed in future. Please
            use 'predict_on_validation_data' method instead.
  use 'predict_on_{data}_data' method instead.""")
25 1.0519174212020213





print(f"optimized parameters are \n{optimizer.best_paras()}")

print(np.min(optimizer.func_vals()))





optimized parameters are
{'n_estimators': 7, 'max_depth': 3, 'learning_rate': 0.02182676683717076, 'booster': 'dart'}
0.817172841842378







postprocessing of results


save hyperparameters at each iteration




optimizer.save_iterations_as_xy()





save convergence plot

optimizer._plot_convergence(save=False)





[image: Convergence plot]<AxesSubplot:title={'center':'Convergence plot'}, xlabel='Number of calls $n$', ylabel='$\\min f(x)$ after $n$ calls'>





optimizer._plot_parallel_coords(figsize=(14, 8), save=False)





[image: Parallel Coordinates Plot]optimizer._plot_distributions(save=False)





[image: hpo lower]<Figure size 1000x1000 with 4 Axes>





optimizer.plot_importance(save=False)





[image: hpo lower]<AxesSubplot:ylabel='Relative Importance'>





_ = plot_objective(results)





[image: hpo lower]optimizer._plot_evaluations(save=False)





[image: hpo lower]optimizer._plot_edf(save=False)





[image: Empirical Distribution Function Plot]# Above, If you set ``process_results`` to True, all of the results are automatically
# saved in the optimization directory.


print(f"All the results are save in {optimizer.opt_path} directory")





All the results are save in results/hpo_20230105_015329 directory





Total running time of the script: ( 0 minutes  30.211 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/sphinx-gallery/sphinx-gallery.github.io/master?urlpath=lab/tree/notebooks/auto_examples/hpo_lower.ipynb]


Download Python source code: hpo_lower.py




Download Jupyter notebook: hpo_lower.ipynb





Gallery generated by Sphinx-Gallery [https://sphinx-gallery.github.io]





            

          

      

      

    

  

    
      
          
            
  
Note

Click here
to download the full example code or to run this example in your browser via Binder




HyperOpt for neural networks

This file shows how to optimize number of layers, neurons/units/filters in layers
and activation functions of layers using HyperOpt class of AI4Water.
The HyperOpt class provides a lower level API for hyperparameter optimization.
It provides more control to the user. However, the user has to write
the objective function, define parameter space and initial values itself.

import site
site.addsitedir("D:\\mytools\\AI4Water")
import os
import math
from typing import Union

import numpy as np
from SeqMetrics import RegressionMetrics

from ai4water import Model
from ai4water.datasets import busan_beach
from ai4water.models import LSTM
from ai4water.utils.utils import get_version_info
from ai4water.utils.utils import jsonize, dateandtime_now
from ai4water.hyperopt import HyperOpt, Categorical, Real, Integer

for k,v in get_version_info().items():
    print(f"{k} version: {v}")





python version: 3.7.9 (default, Oct 19 2020, 15:13:17)
[GCC 7.5.0]
os version: posix
ai4water version: 1.06
xgboost version: 1.6.2
easy_mpl version: 0.21.2
SeqMetrics version: 1.3.4
tensorflow version: 2.7.0
keras.api._v2.keras version: 2.7.0
numpy version: 1.21.6
pandas version: 1.3.5
matplotlib version: 3.5.3
h5py version: 3.7.0
joblib version: 1.2.0





data = busan_beach()

SEP = os.sep





PREFIX = f"hpo_nn_{dateandtime_now()}"
ITER = 0
num_iterations = 25

# these seeds are randomly generated but we keep track of the seed
# used at each iteration, so that when we rebuilt the model with optimized
# hyperparameters, we get reproducible results
SEEDS = np.random.randint(0, 1000, num_iterations)
# to keep track of seed being used at every optimization iteration
SEEDS_USED = []
SUGGESTIONS = {}

# It is always a good practice to monitor more than 1 performance metric,
# even though our objective function will not be based upon these
# performance metrics.
MONITOR = {"mse": [], "nse": [], "r2": [], "pbias": [], "nrmse": []}






1) define objective function

def objective_fn(
        prefix: str = None,
        return_model: bool = False,
        epochs:int = 50,
        verbosity: int = 0,
        predict : bool = False,
        seed=None,
        **suggestions
)->Union[float, Model]:
    """This function must build, train and evaluate the ML model.
    The output of this function will be minimized by optimization algorithm.

    In this example we are considering same number of units and same activation for each
    layer. If we want to have (optimize) different number of units for each layer,
    willhave to modify the parameter space accordingly. The LSTM function
    can be used to have separate number of units and activation function for each layer.

    Parameters
    ----------
    prefix : str
        prefix to save the results. This argument will only be used after
        the optimization is complete
    return_model : bool, optional (default=False)
        if True, then objective function will return the built model. This
        argument will only be used after the optimization is complete
    epochs : int, optional
        the number of epochs for which to train the model
    verbosity : int, optional (default=1)
        determines the amount of information to be printed
    predict : bool, optional (default=False)
        whether to make predictions on training and validation data or not.
    seed : int, optional
        random seed for reproducibility. During optimization, its value will
        be None and we will use the value from SEEDS. After optimization,
        we will again call the objective function but this time with fixed
        seed.
    suggestions : dict
        a dictionary with values of hyperparameters at the iteration when
        this objective function is called. The objective function will be
        called as many times as the number of iterations in optimization
        algorithm.

    Returns
    -------
    float or Model
    """
    suggestions = jsonize(suggestions)
    global ITER

    # build model
    _model = Model(
        model=LSTM(units=suggestions['units'],
                   num_layers=suggestions['num_layers'],
                   activation=suggestions['activation'],
                   dropout=0.2),
        batch_size=suggestions["batch_size"],
        lr=suggestions["lr"],
        prefix=prefix or PREFIX,
        train_fraction=1.0,
        split_random=True,
        epochs=epochs,
        ts_args={"lookback": 14},
        input_features=data.columns.tolist()[0:-1],
        output_features=data.columns.tolist()[-1:],
        x_transformation="zscore",
        y_transformation={"method": "log", "replace_zeros": True, "treat_negatives": True},
        verbosity=verbosity)

    # ai4water's Model class does not fix numpy seed
    # below we fix all the seeds including numpy but this seed it itself randomly generated
    if seed is None:
        seed = SEEDS[ITER]
        SEEDS_USED.append(seed)

    _model.seed_everything(seed)
    SUGGESTIONS[ITER] = suggestions

    # train model
    _model.fit(data=data)

    # evaluate model
    t, p = _model.predict_on_validation_data(data=data, return_true=True)
    metrics = RegressionMetrics(t, p)
    val_score = metrics.rmse()

    for metric in MONITOR.keys():
        val = getattr(metrics, metric)()
        MONITOR[metric].append(val)

    # here we are evaluating model with respect to mse, therefore
    # we don't need to subtract it from 1.0
    if not math.isfinite(val_score):
        val_score = 9999

    print(f"{ITER} {val_score} {seed}")

    ITER += 1

    if predict:
        _model.predict_on_training_data(data=data)
        _model.predict_on_validation_data(data=data)
        _model.predict_on_all_data(data=data)

    if return_model:
        return _model

    return val_score







2) define parameter space


parameter space




param_space = [
    Integer(10, 15, name="units"),
    Integer(1, 2, name="num_layers"),
    Categorical(["relu", "elu", "tanh"], name="activation"),
    Real(0.00001, 0.01, name="lr"),
    Categorical([4, 8, 12, 16, 24], name="batch_size")
]







3) initial state


initial values




x0 = [14, 1, "relu", 0.001, 8]







4) run optimization algorithm


initialize the HyperOpt class and call fit method on it




optimizer = HyperOpt(
    algorithm="bayes",
    objective_fn=objective_fn,
    param_space=param_space,
    x0=x0,
    num_iterations=num_iterations,
    process_results=False, # we can turn it False if we want post-processing of results
    opt_path=f"results{SEP}{PREFIX}"
)

results = optimizer.fit()





dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
0 523884732.9733869 714
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
1 6583039.795916777 288
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
2 6753422.45793642 271
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
3 5950490.696894164 205
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
4 8825502.838275902 6
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
5 7454927.891606732 90
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
6 6334369.644302106 362
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
7 14551102.11724954 816
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (4, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/scipy/stats/stats.py:961: RuntimeWarning: overflow encountered in multiply
  s *= a_zero_mean
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/scipy/stats/stats.py:959: RuntimeWarning: overflow encountered in square
  s = s**2
8 8240782918148.917 465
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (4, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
9 6637346.830008509 468
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
10 7099087.363433697 902
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
11 7135103.557971391 170
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
12 6307560.721090206 785
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
13 8397534.250823868 421
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
14 7241680.506631592 8
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/skopt/optimizer/optimizer.py:449: UserWarning: The objective has been evaluated at this point before.
  warnings.warn("The objective has been evaluated "
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
15 8291178.198967865 332
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
16 8513380.563411457 281
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
17 7215784.696814616 531
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
18 7783264.154127624 404
/home/docs/checkouts/readthedocs.org/user_builds/hyperopt-examples/envs/latest/lib/python3.7/site-packages/skopt/optimizer/optimizer.py:449: UserWarning: The objective has been evaluated at this point before.
  warnings.warn("The objective has been evaluated "
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
19 7013211.76037798 800
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
20 6021461.3236589 439
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
21 7103595.978997679 549
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
22 33269573.857774135 699
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
23 6353615.268115626 196
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
24 10460735.739808744 321





best_iteration = optimizer.best_iter()

seed_on_best_iter = SEEDS_USED[int(best_iteration)]

print(f"optimized parameters are \n{optimizer.best_paras()} at {best_iteration} seed {seed_on_best_iter}")





optimized parameters are
{'units': 11, 'num_layers': 2, 'activation': 'elu', 'lr': 0.004531349711775078, 'batch_size': 12} at 3 seed 205





we are interested in the minimum value of following metrics

for key in ['mse', 'nrmse', 'pbias']:
    print(key, np.nanmin(MONITOR[key]), np.nanargmin(MONITOR[key]))





mse 35408339533824.0 3
nrmse 0.16509043815368105 3
pbias -99.99984282620667 11





we are interested in the maximum value of following metrics

for key in ['r2', 'nse']:
    print(key, np.nanmax(MONITOR[key]), np.nanargmax(MONITOR[key]))





r2 0.6848985450318372 18
nse 0.13201932970768548 3





# we can now again call the objective function with best/optimium parameters







train with best hyperparameters

model = objective_fn(prefix=f"{PREFIX}{SEP}best",
                     seed=seed_on_best_iter,
                     return_model=True,
                     epochs=200,
                     verbosity=1,
                     predict=True,
                     **optimizer.best_paras())





[image: hpo lower nn]            building DL model for
            regression problem using Model
Model: "model"
_________________________________________________________________
 Layer (type)                Output Shape              Param #
=================================================================
 input_1 (InputLayer)        [(None, 14, 13)]          0

 LSTM_0 (LSTM)               (None, 14, 11)            1100

 Dropout (Dropout)           (None, 14, 11)            0

 LSTM_1 (LSTM)               (None, 11)                1012

 Flatten (Flatten)           (None, 11)                0

 Dense_out (Dense)           (None, 1)                 12

=================================================================
Total params: 2,124
Trainable params: 2,124
Non-trainable params: 0
_________________________________________________________________
dot plot of model could not be plotted due to ('You must install pydot (`pip install pydot`) and install graphviz (see instructions at https://graphviz.gitlab.io/download/) ', 'for plot_model/model_to_dot to work.')

********** Removing Examples with nan in labels  **********

***** Training *****
input_x shape:  (174, 14, 13)
target shape:  (174, 1)

********** Removing Examples with nan in labels  **********

***** Validation *****
input_x shape:  (44, 14, 13)
target shape:  (44, 1)
Epoch 1/200
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)
assigning name input_1 to IteratorGetNext:0 with shape (None, 14, 13)

 1/15 [=>............................] - ETA: 22s - loss: 181.2920
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Computation times

11:33.835 total execution time for auto_examples files:








	HyperOpt for neural networks (hpo_lower_nn.py)

	06:47.340

	0.0 MB



	hyperparameter optimization with Model class for NNs (hpo_upper_nn.py)

	03:46.639

	0.0 MB



	hyperparameter optimization using HyperOpt (hpo_lower.py)

	00:30.211

	0.0 MB



	hyperparameter optimization with Model class (hpo_upper.py)

	00:29.646

	0.0 MB
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