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Course Outline 

ÅRegression Problem ð quick overview  

ÅClassical OLS ð the starting point  

ÅRIDGE/LASSO/GPS ð regularized regression  

ÅMARS® ð adaptive non -linear regression  
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ÅCART® Regression tree  
ÅRandom Forest® ensembles  

ÅTreeNet® Stochastic Gradient Boosting  

ÅHybrid  TreeNet/GPS models  

Todayôs Webinar:   Hands-on companion session 

 

Follow Up Webinars 



Regression Challenges 

Å Preparation of data ð errors, missing values, etc.  

Å Determination of predictors to include in model  
o Hundreds, thousands, even tens and hundreds of thousands available  

Å Transformation or coding of predictors  
o Conventional approaches consider logarithm, power, inverse, etc..  

Å Detecting and modeling important interactions  

Å Possibly huge number of records  

Å Complexity of underlying relationship  

Å Lack of external knowledge  
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Boston Housing Data Set 
Å Concerns the housing values in Boston area  

Å Harrison, D. and D. Rubinfeld .   Hedonic Prices and the 
Demand For Clean Air.  Journal of Environmental 
Economics and Management,  v5, 81-102 , 1978 

Å Combined information from 10 separate governmental 
and educational sources to produce this data set 

Å 506 census tracts in City of Boston for the year 1970  
o Goal :  study relationship between quality of life variables and property values  

o MV  median value of owner -occupied homes in tract ($1,000õs) 

o CRIM per capita crime rates  

o NOX concentration of nitric oxides ( pp  10 million)  

o AGE percent built before 1940  

o DIS weighted distance to centers of employment  

o RM average number of rooms per house  

o LSTAT % lower status of the population  

o RAD accessibility to radial highways  

o CHAS borders Charles River (0/1)  

o INDUS percent non -retail business  

o TAX property tax rate per $10,000  

o PT  pupil teacher ratio  
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Open Data and First Look 
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File..Open 
Å Displays recently opened files 
Å Options for opening different SPM files  
Å Specific file format options for major database 

formats (SAS, SPSS, R, Excel, CSV) 
Å ODBC connectivity to RDBMS 



Quick Metadata and View Data  
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Click View Data  



Ready To Model 
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Å From Menu choose Model  
Å From Toolbar choose modeling icon 
Å From Activity Window below left, select Model  
Å Model dialog starts with tab in red until target has been chosen  



Setting Up the Regression 
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Å Select MV as the target 
(dependent variable) 

Å Select allowed predictors (check 
none=select all) 

Å Analysis Type: Regression 
Å Analysis Method: MARS  

 
 

Å Click, Shift, highlight to select 
groups of predictors and then 
click Select Predictors for groups 
of predictors  
 

Å This is all that is required to run 
an SPM analysis 
Å Open file 
Å Select target 
Å Click START 

 
Å Rest is just options and controls 



Classical Regression Results 
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Å 20% random test partition  
Å Out of the box regression 
Å No attempt to perfect  
Å Test MSE=27.069 



Residual Box Plots 
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Learn Data 

Test Data 



Fraction of MSE Due to Largest Residuals 

Salford Systems  ©2013 11 

Largest Residual Accounts for 13.4% of the total MSE 
We consider a lift (%MSE / %Residuals) >20 to be evidence of extreme 
outliers  



BATTERY PARTITION: Rerun 80/20 Learn test 100 times 
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Note partition sizes are constant 
All three partitions change each cycle 
Mean MSE=23.80 



BATTERY BOOTSTRAP 

Å Other options to obtain measures of what could reasonably 

expected when predicting from other samples drawn from 

same population  
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Model Setup, Bootstrap Options, Results 



MARS Modeling  
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Select MARS from 
Analysis Method  
 
"ÓÐÊÒɯɁ1ÌÎÙÌÚÚÐÖÕɂɯÍÖÙɯ
Analysis Type 
 
Select MV as the target 
 
Can explicitly select all 
other variables as 
allowed predictors  



MARS Modeling Options  
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Å We will start with MARS 
defaults 

 
Å Most important controls are: 

Max Basis Functions 
 Degree of Interaction 
 

Å Defaults: 
 
Å Max BF=15 
Å Max Interaction Level=1 
 
Å Will always want to 

experiment but can start 
with this relatively simple 
set up 



Quick MARS Result 
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Å Observe that sample partition is as expected: 92 records in test partition 
Å We are guaranteed that this partition will not change if we do not change random 

number seed in preferences 
Å Two models are identified as optimal: one based on test sample performance 

(Prediction squared Error) and one based on an internal penalty on model complexity 
(no reference to the test sample) 



Summary displays optimal model details  
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Å.ÉÚÌÙÝÌɯÙÌÚÜÓÛÚɯËÐÚ×ÓÈàÌËɯÈÙÌɯÍÖÙɯÛÏÌɯƕƙɯɁÉÈÚÐÚɯÍÜÕÊÛÐÖÕɂɯÔÖËÌÓ 
Å MSE on test sample is a remarkably lower 14.663 
ÅWe have access to similar results for all other models of any size (later) 



MARS Selector: Access to all available models 
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Å Access to 15 models starting with the largest with 15 basis functions (regressors) 
Å Progressively smaller models all the way to no model (which might be best)  
Å Double click on any row to bring up its details  



Residual Box Plots MARS Model 
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Learn Data 

Test Data 



How Did MARS do so well?  
By Transforming the predictors  

Salford Systems  ©2013 20 

Å Curves and Surfaces Displays the transforms 
Å  ÓÓɯÈÙÌɯÌÚÚÌÕÛÐÈÓÓàɯɁÉÙÖÒÌÕɯÓÐÕÌɂɯÙÌÎÙÌÚÚÐÖÕÚ 



Remaining Graphs 
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Remaining Graphs 
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Most predictors subjected to rather simple transforms  
Here we see either one line segment (no transform) or two segments 
allowing a change of slope in the regression at some critical point (knot) 



MARS Model with ONE Predictor  
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Å Use LSTAT as lone predictor 
Å Look at graph for each sized model 

 
Å Repeatedly double click on different 

rows of selector table  



Variations of the MARS Model  
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MARS Uses a forward growing and  
a backward pruning strategy  

Å  Forward Stepwise Knot Placement   

 

Å  BasFn(s)      GCV  IndBsFns  EfPrms  Variable             Knot        

Å   

Å      0       88.91059    0.0    1.0  

Å    2   1     29.60895    2.0    5.0 LSTAT             5.91000  

Å    4   3     20.91182    4.0    9.0 RM                6.34100  

Å    6   5     17.51269    6.0   13.0 DIS               1.41300  

Å    8   7     15.28806    8.0   17.0 CRIM             10.67180  

Å      9       14.28085    9.0   20.0 PT               12.60000  

Å   11  10     13.55913   11.0   24.0 TAX             233.00003  

Å   13  12     13.06352   13.0   28.0 RAD               3.00000  

Å     14       12.81004   14.0   31.0 NOX               0.38500  

Å     15       12.92013   15.0   34.0 B                 0.32001  
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Å Classic Output reports the forward stepping progress of model construction  
Å $ÈÊÏɯÚÛÌ×ɯÐÕÝÖÓÝÌÚɯÈɯ×ÙÌËÐÊÛÖÙɯÈÕËɯÈɯɁÒÕÖÛɂɯÞÏÌÙÌɯÙÌÎÙÌÚÚÐÖÕɯÚÓÖ×ÌɯÊÏÈÕÎÌÚ 
Å A predictor broken via knot contributes TWO predictors to model (two regions)  
Å See our MARS course for a detailed discussion of all elements above 



Backstepping 

ÅWe backstep  from largest model to smallest possible  

ÅEach step eliminates a òregressoró which may be a 

region of a raw variable  

Å Backstep  all the way to the null model  

Å Evaluate test sample performance of each model 

extracted from the backstepping  sequence  

ÅMARS also offers an internal method based on a penalty 

placed on model complexity if no test data available  

ÅReport òoptimaló model but give access to all models in 

the sequence  
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Model Details and Selection Reveals 
Backstepping. Starts with Largest Model 
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MARS Model as Code 
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Basis Function tab displays the model detail 
Includes code that would allow model to be rebuilt on same or new data  



Can we improve the model? 
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28 built-in MARS experiments designed to help you find the right settings and 
modeling strategy  



BATTERY BASIS 
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