

    
      
          
            
  
Reduced Order Modeling Framework
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The reduced order model (ROM) framework was created to build models to use for estimating
commercial building energy loads. The framework currently supports linear models,
random forests, and support vector regressions. The framework handles the building,
evalulation, and validation of the models. During each set of the process, the framework
exports diagnostic data for the user to evaluate the performance of the reduced
order models. In addition to building, evaluating, and validating the reduced order models, the framework
is able to load previously persisted model to be used in third-party applications (e.g. Modelica).

The project was developed focused on evaluating ambient loop distric heating and cooling systems.
As a result, there are several hard coded methods designed to evaluate and validate building
energy modeling data.

This documention will discuss how to build, evaluate, and validate a simple dataset focused on
commercial building energy consumption. The documentation will also demonstrate how to load and run an already
built ROM to be used to approximate building energy loads.


Instructions

The ROM Framework requires Python 3 [https://www.python.org/]. After installing Python and configuring Python 3,
the ROM Framework can be installed from source code (recommended) or from PyPI [https://pypi.python.org/pypi].
If you are planning on building, evaluating, and validating custom models, then it is preferred to checkout this
repository from Github. If the use case is to only run prebuilt models, then installing from PyPI is most
likely sufficient.






Installation from Source


	Install Python and pip


	Clone this repo


	Install the Python dependencies


	1

	pip install -r requirements.txt












	(Optional) install graphviz to visualize decision trees



	OSX: brew install graphviz














Building Example Models

A small office example has been included with the source code. The small office includes 3,300
hourly samples of building energy consumption with several characteristics for each sample. The
example shown here is only the basics, for further instructions view the complete documentation
on readthedocs [https://reduced-order-modeling-framework.readthedocs.io/en/develop/].


	1
2
3

	./rom-runner build -a smoff_test
./rom-runner evaluate -a smoff_test
./rom-runner validate -a smoff_test













Installation from PyPI

Not yet complete.


Contents:


	Getting Started

	Code Documentation








Indices and tables


	Index


	Module Index


	Search Page




Development




$ sphinx-apidoc -o docs/source/modules . rom
$ cd docs
$ make html








          

      

      

    

  

    
      
          
            
  
Getting Started




The structure of the ROM Framework is shown in the figure below.

[image: _images/fig_rom_build_flow_chart.png]




          

      

      

    

  

    
      
          
            
  
Code Documentation



	Source Code

	Analysis Definition









          

      

      

    

  

    
      
          
            
  
Source Code








          

      

      

    

  

    
      
          
            
  
Analysis Definition



	Analysis Definition - Single





The analysis definition module is used for loading an already generated reduced order and
running a subsequent analysis. The input is a JSON file that defines each of the
covariates of interest. The analysis can take of


	Single value analysis, see example


	Sweep values over a year (as defined by an EPW file)


	Sweep values over specified ranges




To run an analysis with a JSON file, first load a metamodel, then load the analysis defintion.

from rom.analysis_definition.analysis_definition import AnalysisDefinition
from rom.metamodels import Metamodels






Analysis Definition

Parser for analysis definition JSON files.


	
class rom.analysis_definition.analysis_definition.AnalysisDefinition(definition_file)

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Pass in a definition file and a weather file to generate distributions of models


	
as_dataframe()

	Return the dataframe with all the data needed to run the analysis defined in the
json file.

Note that the first field in the analysis definition json file must be a value or an EPW.


	Returns

	pandas dataframe










	
load_files(definition_file)

	




	
load_weather_file(weather_file)

	Load in the weather file and convert the field names to what is expected in the
JSON file
:return:












EPW File


	
class rom.analysis_definition.epw_file.EpwFile(filepath)

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
as_dataframe()

	Return the EPW file as a dataframe. This drops the data_source column for brevity.


	Returns

	pandas DataFrame










	
post_process_data()

	Add in derived columns


	Returns

	



















          

      

      

    

  

    
      
          
            
  
Analysis Definition - Single

This example configuration file shows setting all the covariates to a single value.

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

	{
  "variables": [
    {
      "name": "Month",
      "data_source": "value",
      "value": 6
    },
    {
      "name": "Hour",
      "data_source": "value",
      "value": 12
    },
    {
      "name": "DayofWeek",
      "data_source": "value",
      "value": 3
    },
    {
      "name": "SiteOutdoorAirDrybulbTemperature",
      "data_source": "value",
      "value": 35
    },
    {
      "name": "SiteOutdoorAirRelativeHumidity",
      "data_source": "value",
      "value": 50
    },
    {
      "name": "ETSInletTemperature",
      "data_source": "value",
      "value": 20
    },
    {
      "name": "lpd_average",
      "data_source": "value",
      "value": 9.4
    },
    {
      "name": "epd_average",
      "data_source": "value",
      "value": 6.6
    },
    {
      "name": "hvac_mode",
      "data_source": "value",
      "value": 2
    }
  ]
}
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A


  	
      	AnalysisDefinition (class in rom.analysis_definition.analysis_definition)


      	anova_plots() (rom.generators.model_generator_base.ModelGeneratorBase method)


  

  	
      	apply_cyclic_transform() (in module rom.shared)


      	as_dataframe() (rom.analysis_definition.analysis_definition.AnalysisDefinition method)

      
        	(rom.analysis_definition.epw_file.EpwFile method)


      


  





B


  	
      	build() (rom.generators.linear_model.LinearModel method)

      
        	(rom.generators.model_generator_base.ModelGeneratorBase method)


        	(rom.generators.random_forest.RandomForest method)


        	(rom.generators.svr.SVR method)


      


  





C


  	
      	convert() (in module rom.shared)


  





E


  	
      	EpwFile (class in rom.analysis_definition.epw_file)


      	evaluate() (rom.generators.linear_model.LinearModel method)

      
        	(rom.generators.model_generator_base.ModelGeneratorBase method)


        	(rom.generators.random_forest.RandomForest method)


        	(rom.generators.svr.SVR method)


      


  

  	
      	evaluate_process_all_model_results() (in module rom.evaluate_helpers)


      	evaluate_process_cv_results() (in module rom.evaluate_helpers)


      	evaluate_process_model_results() (in module rom.evaluate_helpers)


      	export_tree_png() (rom.generators.random_forest.RandomForest method)


  





I


  	
      	is_int() (in module rom.shared)


  





L


  	
      	LinearModel (class in rom.generators.linear_model)


  

  	
      	load_files() (rom.analysis_definition.analysis_definition.AnalysisDefinition method)


      	load_weather_file() (rom.analysis_definition.analysis_definition.AnalysisDefinition method)


  





M


  	
      	ModelGeneratorBase (class in rom.generators.model_generator_base)


  





P


  	
      	pickle_file() (in module rom.shared)


  

  	
      	post_process_data() (rom.analysis_definition.epw_file.EpwFile method)


  





R


  	
      	RandomForest (class in rom.generators.random_forest)


      	rom (module)


      	rom.analysis_definition.analysis_definition (module)


      	rom.analysis_definition.epw_file (module)


      	rom.evaluate_helpers (module)


      	rom.generators.linear_model (module)


  

  	
      	rom.generators.model_generator_base (module)


      	rom.generators.random_forest (module)


      	rom.generators.svr (module)


      	rom.shared (module)


      	rom.validation_helpers (module)


      	rom.version (module)
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      	save_cv_results() (rom.generators.random_forest.RandomForest method)

      
        	(rom.generators.svr.SVR method)


      


  

  	
      	save_dataframe() (rom.generators.model_generator_base.ModelGeneratorBase method)


      	save_dict_to_csv() (in module rom.shared)


      	SVR (class in rom.generators.svr)


  





T


  	
      	train_test_validate_split() (rom.generators.model_generator_base.ModelGeneratorBase method)


  





U


  	
      	unpickle_file() (in module rom.shared)


  





V


  	
      	validate_dataframe() (in module rom.validation_helpers)


      	validation_plot_energy_temp() (in module rom.validation_helpers)


  

  	
      	validation_plot_timeseries() (in module rom.validation_helpers)


      	validation_save_metrics() (in module rom.validation_helpers)


  





Y


  	
      	yy_plots() (rom.generators.model_generator_base.ModelGeneratorBase method)


  





Z


  	
      	zipdir() (in module rom.shared)


  







          

      

      

    

  

    
      
          
            
  
Example Analyses


Submodules




CLI Example




Analysis Example

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

	# /usr/bin/env python
# -*- coding: utf-8 -*-
"""
Example analysis script demonstrating how to programatically load and run already persisted
reduced order models. This example loads two response variables (models) from the small office
random forest reduced order models. The loaded models are then passed through the
swee-temp-test.json analysis definition file. The analysis definition has few fixed
covariates and a few covariates with multiple values to run.

To run this example

.. code-block:: bash

    python analysis_ex1.py

.. moduleauthor:: Nicholas Long (nicholas.l.long@colorado.edu, nicholas.lee.long@gmail.com)
"""

# Add the parent directory to the path so the metamodel and analysis definitiona libraries
# can be found.
import sys

sys.path.append("..")  # Adds higher directory to python modules path.

from rom.metamodels import Metamodels
from rom.analysis_definition.analysis_definition import AnalysisDefinition

# Load in the models for analysis
rom = Metamodels('./smoff/metamodels.json')
rom.set_analysis('smoff_parametric_sweep')

# Load the exising models
if rom.models_exist(
        'RandomForest',
        models_to_load=['HeatingElectricity', 'DistrictHeatingHotWaterEnergy'],
        root_path='smoff'):
    rom.load_models(
        'RandomForest',
        models_to_load=['HeatingElectricity', 'DistrictHeatingHotWaterEnergy'],
        root_path='smoff')
else:
    raise Exception('ROMs do not exist')

# Load in the analysis definition
analysis = AnalysisDefinition('sweep-temp-test.json')

# convert the analysis definition to a dataframe for use in the rom
data = analysis.as_dataframe()
data = rom.yhats(data, 'RF', ['HeatingElectricity', 'DistrictHeatingHotWaterEnergy'])

# view all the data
print(data)

# describe the data
print(data.describe())

# view a couple single rows
print(data.iloc[0])
print(data.iloc[7])







Example analysis script demonstrating how to programatically load and run already persisted
reduced order models. This example loads two response variables (models) from the small office
random forest reduced order models. The loaded models are then passed through the
swee-temp-test.json analysis definition file. The analysis definition has few fixed
covariates and a few covariates with multiple values to run.

To run this example

python analysis_ex1.py








Modelica Example







          

      

      

    

  

    
      
          
            
  
ROM Generators


Model Generator Base


	
class rom.generators.model_generator_base.ModelGeneratorBase(analysis_id, random_seed=None, **kwargs)

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
anova_plots(y_data, yhat, model_name)

	




	
build(data_file, metamodel, **kwargs)

	




	
evaluate(model, model_name, model_moniker, x_data, y_data, downsample, build_time, cv_time, covariates=None, scaler=None)

	Generic base function to evaluate the performance of the models.


	Parameters

	
	model – 


	model_name – 


	x_data – 


	y_data – 


	downsample – 


	build_time – 






	Returns

	Ordered dict










	
save_dataframe(dataframe, path)

	




	
train_test_validate_split(dataset, metamodel, downsample=None, scale=False)

	Use the built in method to generate the train and test data. This adds an additional
set of data for validation. This vaildation dataset is a unique ID that is pulled out
of the dataset before the test_train method is called.

# :param dataset: dataframe, data to process
# :param covariates: list, dict of covariates and information
# :param responses: list, of responses to keep in the dataset
# :param validation_id: str, unique ID of model to extract
:param kwargs: downsample - fraction of dataframe to keep (after validation data extraction)
:return: dataframes, dataframe: 1) dataset with removed validation data, 2) validation data






	
yy_plots(y_data, yhat, model_name)

	Plot the yy-plots


	Parameters

	
	y_data – 


	yhat – 


	model_name – 






	Returns

	
















Linear Model


	
class rom.generators.linear_model.LinearModel(analysis_id, random_seed=None, **kwargs)

	Bases: rom.generators.model_generator_base.ModelGeneratorBase


	
build(data_file, metamodel, **kwargs)

	




	
evaluate(model, model_name, model_type, x_data, y_data, downsample, build_time, cv_time, covariates=None, scaler=None)

	Evaluate the performance of the forest based on known x_data and y_data. If the
model was scaled, then the test data will already be scaled.












Random Forest Model


	
class rom.generators.random_forest.RandomForest(analysis_id, random_seed=None, **kwargs)

	Bases: rom.generators.model_generator_base.ModelGeneratorBase


	
build(data_file, metamodel, **kwargs)

	




	
evaluate(model, model_name, model_type, x_data, y_data, downsample, build_time, cv_time, covariates=None, scaler=None)

	Evaluate the performance of the forest based on known x_data and y_data.


	Parameters

	
	model – 


	model_name – 


	model_type – 


	x_data – 


	y_data – 


	downsample – 


	build_time – 


	cv_time – 


	covariates – 






	Returns

	










	
export_tree_png(tree, covariates, filename)

	




	
save_cv_results(cv_results, response, downsample, filename)

	Save the cv_results to a CSV file. Data in the cv_results file looks like the following.

The CV results are the results of the GridSearch k-fold cross validation. The form of the
results take the following from:

{
    'param_kernel': masked_array(data=['poly', 'poly', 'rbf', 'rbf'],
                                 mask=[False False False False]...)
    'param_gamma': masked_array(data=[-- -- 0.1 0.2],
                                mask=[True  True False False]...),
    'param_degree': masked_array(data=[2.0 3.0 - - --],
                                 mask=[False False  True  True]...),
    'split0_test_score': [0.8, 0.7, 0.8, 0.9],
    'split1_test_score': [0.82, 0.5, 0.7, 0.78],
    'mean_test_score': [0.81, 0.60, 0.75, 0.82],
    'std_test_score': [0.02, 0.01, 0.03, 0.03],
    'rank_test_score': [2, 4, 3, 1],
    'split0_train_score': [0.8, 0.9, 0.7],
    'split1_train_score': [0.82, 0.5, 0.7],
    'mean_train_score': [0.81, 0.7, 0.7],
    'std_train_score': [0.03, 0.03, 0.04],
    'mean_fit_time': [0.73, 0.63, 0.43, 0.49],
    'std_fit_time': [0.01, 0.02, 0.01, 0.01],
    'mean_score_time': [0.007, 0.06, 0.04, 0.04],
    'std_score_time': [0.001, 0.002, 0.003, 0.005],
    'params': [{'kernel': 'poly', 'degree': 2}, ...],
}






	Parameters

	
	cv_results – 


	filename – 






	Returns

	
















Support Vector Regression


	
class rom.generators.svr.SVR(analysis_id, random_seed=None, **kwargs)

	Bases: rom.generators.model_generator_base.ModelGeneratorBase


	
build(data_file, metamodel, **kwargs)

	




	
evaluate(model, model_name, model_moniker, x_data, y_data, downsample, build_time, cv_time, covariates=None, scaler=None)

	Evaluate the performance of the forest based on known x_data and y_data.






	
save_cv_results(cv_results, response, downsample, filename)

	Save the cv_results to a CSV file. Data in the cv_results file looks like the following.


	{

	
	‘param_kernel’: masked_array(data=[‘poly’, ‘poly’, ‘rbf’, ‘rbf’],

	mask=[False False False False]…)



	‘param_gamma’: masked_array(data=[– – 0.1 0.2],

	mask=[True  True False False]…),



	‘param_degree’: masked_array(data=[2.0 3.0 - - –],

	mask=[False False  True  True]…),





‘split0_test_score’: [0.8, 0.7, 0.8, 0.9],
‘split1_test_score’: [0.82, 0.5, 0.7, 0.78],
‘mean_test_score’: [0.81, 0.60, 0.75, 0.82],
‘std_test_score’: [0.02, 0.01, 0.03, 0.03],
‘rank_test_score’: [2, 4, 3, 1],
‘split0_train_score’: [0.8, 0.9, 0.7],
‘split1_train_score’: [0.82, 0.5, 0.7],
‘mean_train_score’: [0.81, 0.7, 0.7],
‘std_train_score’: [0.03, 0.03, 0.04],
‘mean_fit_time’: [0.73, 0.63, 0.43, 0.49],
‘std_fit_time’: [0.01, 0.02, 0.01, 0.01],
‘mean_score_time’: [0.007, 0.06, 0.04, 0.04],
‘std_score_time’: [0.001, 0.002, 0.003, 0.005],
‘params’: [{‘kernel’: ‘poly’, ‘degree’: 2}, …],





}


	Parameters

	
	cv_results – 


	filename – 






	Returns

	



















          

      

      

    

  

    
      
          
            
  
Reduced Order Models


Submodules




Evaluate Helpers


	
rom.evaluate_helpers.evaluate_process_all_model_results(data, validation_dir)

	




	
rom.evaluate_helpers.evaluate_process_cv_results(cv_result_file, response, output_dir)

	




	
rom.evaluate_helpers.evaluate_process_model_results(model_results_file, output_dir)

	






Metamodels




rom.rom module




rom.shared module


	
rom.shared.apply_cyclic_transform(row, column_name, category_count)

	




	
rom.shared.convert(name)

	




	
rom.shared.is_int(value)

	




	
rom.shared.pickle_file(obj, filename, gzipfile=False)

	
	Parameters

	
	obj – 


	filename – Filename, without the extension


	gzipfile – 






	Returns

	










	
rom.shared.save_dict_to_csv(data, filename)

	




	
rom.shared.unpickle_file(filename)

	




	
rom.shared.zipdir(path, ziph, extension=None)

	Flattened zip directory
:param path:
:param ziph:
:param extension:
:return:








rom.validation_helpers module


	
rom.validation_helpers.validate_dataframe(df, metadata, image_save_dir)

	Take the dataframe and perform various validations and create plots


	Parameters

	df – Contains the actual and modeled data for various ROMs



	Returns

	










	
rom.validation_helpers.validation_plot_energy_temp(melted_df, filename)

	




	
rom.validation_helpers.validation_plot_timeseries(melted_df, filename)

	




	
rom.validation_helpers.validation_save_metrics(df, output_dir)

	






rom.version module




Module contents
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