Introducing Test-driven
Machine Learning

Our first test

ERROR: number_guesser_tests.given_no_information_when_asked_to_guess_t
est
Traceback (most recent call last):

File "/Users/justin/Envs/default/lib/python2.7/site-packages/nose/ca
se.py", line 197, in runTest

self.testixself.arg)

File "fUsers/justin/Documents/Code/Machine-Learning-Test—-by-Test/Cha
pter l1/number_guesser_tests.py", line 2, in given_no_information_when_
asked_to_guess_test

number_guesser = NumberGuesser()
MameError: global name 'MumberGuesser' is not defined

Ran 1 test in B.082s
FAILED (errors=1)
Ran 1 test in B.082s
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Quantifying the classification models

ROC curve

Tue Positive Rate

- — ROC curve (AUC = 0.79)
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Expected profit in dollars
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Getting started

2

Perceptively Testing a
Perceptron
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Training rate 0.25

Iteration Training 1 Training 2  Training label Weights 1  Weights 2 Weight 1 update Weight 2 update Predicted value

1 1 1 1 0.96857982 0.97171753 0.968579818 0.971717531 1
1 1 1] 1 0.96857982 0.97171753 0.968973818 0.971717531 1
1 0 1 1 0.96857982 0.97171753 0.968972818 0.871717531 1
1 0 1] 0 0.96857582 0.97171753 0.968579818 0.971717531 0

Wisy; = Wy +0xwy;* (5 — py)

_ A | B | c | D | E | F G H | 1 |
1 Training rate 0.25
2
3 |lteration Training 1 Training 2  Training label Weights 1  Weights 2  Weight 1 update Weight 2 update Predicted value

1l 1 1l 110.56897982] 0.57171753[=E4+5D51%[5D4-514)* B4
p_il = E WX =0

1 A [ B [ C | D [ E | F [ G [ H [— 1 I
1 Training rate 0.25
2

3 |lteration Training 1 Training 2  Training label Weights 1  Weights 2  Weight 1 update Weight 2 update Predicted value

1 i 1 1[0.96857982] 0.97171753]  0.96BI79818  0.971717531[=IF([B4°EA+C4*F4)>0,1,0)

5 1 1 0 1 096897582 0.57171753 0.568579818 0.971717531 1
6 | 1 1] 1 1 0.96897982 0.97171753 0.968879818 0.971717531 1
7 | 1 1] 0 0 096897982 0.97171753 0968579818 0.971717531 0

_ A | B [ - | D [ E [ F | G [ H | 1

_1 Training rate 0.1

2
I Iteration Training 1 Training 2  Training label Weights 1 Weights 2  Weight 1 update Weight 2 update Predicted value
4 | i 5 -1 1 0431 0.02 0.431 0.02 1
_5 | i 2 -1 0 0431 0.02 0.231 0.12 1
_6 | 1 0 -1 0 0.231 0.12 0.231 0.12 0
T i -2 -1 0 0.231 012 0.231 0.12 0
_8 | 2 5 -1 1 0.231 012 0.231 012 1
L9 | 2 2 -1 0 0.231 012 0.031 0.22 1
_10 | 2 1] -1 o 0.031 0.22 0.031 0.22 o
11 | 2 -2 -1 0 0,031 022 0.031 0.22 0
Az | 3 5 -1 1 0.031 0.22 0.531 0.12 0
13 | 3 2 -1 0 0.531 0.12 0.331 0.22 1
14 | 3 1] -1 o 0.331 0.22 0.331 0.22 o
15 | 3 -2 -1 0 0.331 0.22 0.331 0.22 0
16 | 4 5 -1 1 0.331 0.22 0.331 0.22 1
17 | 4 2 -1 o 0.331 0.22 0.131 0.32 1
18 | 4 0 -1 0 0,131 032 0,131 032 0
19 | 4 -2 -1 0 0131 0.32 0,131 0.32 0
_20 | 5 5 -1 1 0.131 0.32 0.131 0.32 1
2_1 5 2 -1 o 0.131 0.32 0.131 0.32 o
22 | 5 0 -1 0 0.131 0.32 0.131 0.32 0

23 5 -2 -1 0 0.131 0.32 0.131 0.32 0




FAIL: tests.detect_a_complicated_example_test
Traceback {(most recent call last):
File "/Library/Python/2.7/site-packages/nose-1.3.8-py2.7.ega/nose/ca
se.py", line 197, in runTest
self.testi{*xself.arg)
File "JUsers/justin/Documents/Code/test-driven—-machine-learning/Chap
ter 2 Redux/tests.py", Lline 75, in detect_a_complicated_example_test
“"Perceptron should be much better than random. {8} correct".format
{correctly_classified)
AssertionError: Perceptron should be much better than random. 1367 cor
rect

Ran 5 tests in B.BB2s

FAILED (failures=1}

Perceptron accuracy vs training iterations
2500

2000

1500
Mumber of inputs
correctly classified

1000

i) 1000 2000 3000 4000 5000 6000 Fo00

Mumber of Training Iteraticns



3

Exploring the Unknown with
Multi-armed Bandits

Simulating real world situations

Money made by different strategies
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A randomized probability matching algorithm

Distribut%g of means for N{35,5] distribution (sampling 100 vs 500 data points)
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The problem with straight bootstrapping
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Multi-armed armed bandit throw down

SimpleBandit: 22443.9230864
RPMBandit: 24567.9045708

Payoffs of SimpleBandit vs RPMBandit

25

B SimpleBandit
B RPMBandit

Chservations

] I i i i
22000 22500 23000 23500 24000 24500 25000 0 25500

Total Payoff
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Predicting Values with

Building the foundations of our model

OLS Regression Results

Dep. Variable: dependent_var

R-squared:

-B41.836
-7.515

1251.084
5.125

Model: OLS
Method: Least Squares
Date: Thu, 1% Feb 2815
Time: ZB:57:08
Mo. Observations: 3
Df Residuals: 2B
Df Model: 1
Covariance Type: nonrobust
coef std err
Intercept 224.5848 528.6808 B
ind_wvar_d -1.1846 3.BB5 -8.
Omnibus: B.p43
Prob{Omnibus): @.979
Skew: -8.817
Kurtosis: 2.787

Adj. R-squared:
F-statistic:
Prob (F-statistic):
Log-Likelihood:
AIC:
BIC:

t P=|t|
431 B.6RY
3B7 B.78z2
Durbin-Watson:

Jarque-Bera (JB):
Prob(JB):
Cond. MNo.

@.971

11



OLS Regression Results

Dep. Variable: dependent_var R-squared: B.182
Model: oLS Adj. R-squared: B.152
Method: Least Squares F-statistic: b.215
Date: Thu, 19 Feb 2815 Prob (F-statistic): B.0188
Time: 21:16:15 Log-Likelihood: -219.98
Mo. Observations: 38 AIC: 444.8
Df Residuals: 2B BIC: 446.8
DT Model: 1
Covariance Type: nonrobust

coef std err t P=|t| [95.8% Conf. Int.]
Intercept 33.4182 70,806 B.477 B.637 -189.882 176.819
ind_wvar_a 3.8475 1.222 2.493 B.819 B.544 5.551
Omnibus: B.175 Durbin-Watson: 1.811
Prob{Omnibus): B.916 Jarque-Bera (JB): B.B23
Skew: -@.853 Prob{JB): B.0EE
Kurtosis: 2.915 Cond. No. 57.3

OLS Regression Results

Dep. Variable: dependent_var R-squared: B.B1B
Model: oLs Adj. R-squared: B.BR4
Method: Least Squares F-statistic: BB.62
Date: Thu, 19 Feb 2815 Prob (F-statistic): 1.84e-18
Time: 21:19:56 Log-Likelihood: -197.44
Mo. Observations: 38 AIC: 40@8.9
Df Residuals: 27 BIC: 4085.1
Df Model: 2
Covariance Type: nonrobust

coef std err t P=|t| [05.8% Conf. Int.]
Intercept 04,5498 34,216 763 B.ale 24,344 164.754
ind_wvar_a 2.7758 B.5B8 728 B.aea 1.568 3.881
ind_wvar_b 115.1181 11.853 712 B.aea 9@.791 139.438
Omnibus: B.248 Durbin-Watson: 2.831
Prob{Omnibus]): B.8E3 Jarque-Bera (JB): B.442
Skew: -p.181 Prob{JB): B.BRZ
Kurtosis: 2.441 Cond. No. 5B.5
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OLS Regression Results

dependent_wvar

Dep. Variable:
Model:

Method:

Date:

Time:

No.
Df Residuals:

Df Model:
Covariance Type:

Observations:

oLs

Least Squares

Thu,

15

Feb 2815
21:33:11
38
25
4
nonrobust

R-squared:

34.12
B.64e-18
-1595.08
408.8
487.8

[95.8% Conf. Int.]

Adj. R-squared:
F-statistic:

Prob (F-statistic):
Log-Likelihood:
AIC:

BIC:

t P=|t|
271 B.216
453 Bb.oBa
Bl4 Bb.oBa
B73 B.o40
327 B.747

Intercept 2BB
ind_wvar_a 2.
ind_wvar_b 112
ind_wvar_c -B
ind_wvar_d -8
Omnibus:
Probi{Omnibus):
Skew:

Kurtosis:

Durbin-Watson:
Jarque-Bera (JB):
Prob{JB):

Cond. No.

Ran 1 test in B.414s

0K
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Dep. Variable:
Model:

Method:

Date:

Time:

No. Observations:
DT Residuals:

Df Model:
Covariance Type:

OLS Regression Results

1.87e-21
-138.16
32B.3
336.7

Int.]

Intercept
ind_var_a
ind_var_b
ind_var_c
ind_var_e
ind_wvar_b:ind_var_c

[95.0% Conf.

Omnibus:
Prob(0Omnibus):
Skew:
Kurtosis:

14

dependent_wvar
oLs

Least Squares
Thu, 19 Feb 2815
22:82:83

kL]

24

5

nonrobust

coef std
25.6266 24.
2.7083 a.
-1.5527 B.
-B.3917 1.
-B.2006 8.
5.6458 8.
B.697

B.706

-B.318

2.758

R-squared:

Adj. R-squared:

F-statistic:

Prob (F-statistic):

Log-Likelihood:

AIC:

BIC:
err t P=|t]
8459 1.825 B.316
171 15.828 B.288
798 -B.176 B.Bel
B36 -B.378 B.709
a3z -6.231 B.oon
371 15.225 B.oon

Durbin-Watson:

Jarque-Bera (JB):

Prob(JB):

Cond. No.



Making Decisions Black and
White with Logistic Regression

Generating logistic data

Logit Regression Results

Dep. Variable: |y MNo. Observations: | 1000

Moedel: Logit Df Residuals: 998

Method: MLE Df Model: 1

Date: Sun, 01 Mar 2015 | Pseudo R-squ.: 0.1476

Time: 16:02:11 Log-Likelihood: -588.61

converged: True LL-Mull: -681.69

LLR p-value: 2.598e-46

coef std err |z P=>|z| |[95.0% Conf. Int.]

Intercept (-1.8773 |0.156 |-12.055|0.000 |-2.182 -1.572

X 0.0348 (0.003 |12.887 (0.000)0.0300.040
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Measuring model accuracy

16

True positive rate
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ROC Curve for Generated Data
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Generating a more complex example

Test driving our model

Traceback (most recent call last):

File "/fLibrary/Python/2.7/site-packages/nose-1.3.0-py2.7.ego/noseSca
se.py", line 187, in runTest

self.test({xself.arg)

File "fUsers/justin/Documents/Code/Machine-Learning-Test-by-Test/Cha
pter 5/logistic_regression_tests.py", line 13, in logistic_regression_
test

assert auc = .6, 'AUC should be significantly above random'
AssertionError: AUC should be significantly above random
———————————————————— == begin captured stdout <= ———-"m-ou——-——o
Optimization terminated successfully.
Current function wvalue: B.426BB6
Iterations B
AUC score: B.5187916545878

Ran 1 test in B.527s

FAILED (failures=1)

Logit Regression Results

Dep. Variable: W MNo. Obserwvations: lae@
Model: Logit Df Residuals: oog
Method: MLE Df Model: 1
Date: Sun, @1 Mar 2815 Pseudo R-squ.: B.o@a1yeo
Time: 21:16:85 Log-Likelihood: -426.89
converged: True LL-Mull: -426.16
LLR p-value: B.6062

coef std err z P=|z| [95.8% Conf. Int.]

Intercept 1.8273 B.292 B.258 B.age 1.255 2.408
variable_d -B.8167 B.843 —-B.308 B.696 -B.181 B.8e7
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Logit Regression Results

Dep. Variable: W Mo. Observations: leee
Model: Logit Df Residuals: 597
Method: MLE Df Model: 2
Date: Sun, 81 Mar 2815 Pseudo R-squ.: B.B6B133
Time: 21:36:58 Log-Likelihood: -488.83
converged: True LL-Mull: -426.16
LLR p-wvalue: 4.464e-12

coef std err z P=|z| [85.8% Conf. Int.]

Intercept -2.78924 B.B52 -3.278 B.eal -4.462 -1.123
variable_b B.B87E B.814 6.445 B.eae B.861 B.114
variable_c -B.1242 B.845 -2.783 B.2a5 -B.212 -B.837

AUC score: B.678741888457

Dep. Variable: Y MNo. Observations: 1808
Model: Logit Df Residuals: o6
Method: MLE Df Model: 3
Date: Sun, B1 Mar 2015 Pseudo R-squ.: B.Z2RBE
Time: 21:44:45 Log-Likelihood: -337.19
converged: True LL-Mull: -426.16
LLR p-value: 2.458e-38

coef std err z P=|z| [85.8% Conf. Int.]

Intercept -B.9958 B.932 -1.B68 B.2B6 -2.823 B.B32
variable_a -B.8392 B.op4 -0.828 B.opa -B.847 -B.831
variable_b B.8996 B.815 B.677 B.aea B.a7e B.129
variable_c -B. 1487 B.8409 -3.048 B.ap2 -B.244 -B.853

AUC score: B.B13B42167329
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Optimizing by Choosing a New
Algorithm

Upgrading the classifier

ERROR: naive_bayes_ftests.given_two_classes_with_two_dimension_inputs_t
est
Traceback (most recent call last):

File "/Library/Python/2.7/site-packages/nose-1.3.0-py2.7.egg/nose/ca
se.py", line 197, in runTest

self.testixself.arg)

File "fUsers/justin/Documents/Code/Machine-Learning-Test—-by-Test/Cha
pter 7/naive_bayes_ftests.py", Lline 7B, in given_two_classes_with_two_d
imension_inputs_test

assert results['class b'] = results['class a'], "Should classify a
s class b because of dimension 2."
ValueError: The truth value of an array with more than one element is
ambiguous. Use a.any() or a.all()
———————————————————— »» begin captured stdout <« ——————mmn ———————
{'class b': array({[ ©.379657 , ©.99954911]), 'class a': array([ 6.2
B342985e-81, 4,50B030925e-04])1}

Ran 7 tests in B.157s

FAILED (errors=1)
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Traceback {most recent call last):

File "/Library/Python/2.7/site-packages/nose-1.3.0-pyZ.7.e00/nose/ca
se.py", line 197, in runTest

self.test{+self.arg)

File "/Users/justin/Documents/Code/Machine-Learning-Test-by-Test/Cha
pter 7/naive_bayes_tests.py", line 76, in given_two_classes_with_two_d
imension_inputs_test

assert results['class b'] = results['class a'l, "Should classify a
5 class b because of dimensionm 2."
AssertionError: Should classify as class b because of dimension 2.
———————————————————— »>»> begin captured stdout << ———--r-meee———
{'class b': B.5, 'class a': B.5}

Ran 7 tests in B8.151s

FAILED (failures=1)
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Applying our classifier

———————————————————— »» begin captured stdout =< ———————————-
{'F': [{'mean': 63.62621B0@RAARRR2Z, 'variance': 12.162B9021B4759903},
{'mean': 164.5354BEAAQARRAR2, 'variance': 1653.EBA43173B1B5E},
{'mean': 2B.520B72000000001, 'variance': 46.772180127615992}],
'M': [{'mean': 69.163281999999984, 'variance': 13.695821797198},
{'mean': 10B.34125400000002, 'variance': 15B89.B334BB4R54B30},
{'mean': 29.133306000000001, 'variance': 2B.6738361563635940}]}

Ran 18 tests in 1.288s

FAILED (failures=1)

assert False

AssertionError:

———————————————————— »>> begin captured stdout <= ———m—m———m—m—————

Correct rate: B.7936, Total: 5888

{'F': [{'mean': 63.595@82@512820511, ‘'wvariance': 16.Z4@5063568B44183},
{'mean': 166.52730487179485, 'variance': 1994,8113539388934},
{'mean': 36.486458119658124, 'variance': 30504.141355082436}],

'M': [{'mean': B9.0B2157831325292, 'variance': 24,52B815720761930},

{'mean': 198.3530R722B01566, 'variance': 1782.11449230030894},
{'mean': 37.555443373493979, 'variance': 26226.362753873291}]}

————————————————————— =» end captured stdout === ———————

Ran 11 tests in 20.608s

FAILED (failures=1)
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Upgrading to Random Forest

———————————————————— == begin captured stdout <= -——-"-"1--——-—-"——-
Correct rate: 8.8, Total: 5088

————————————————————— »» end captured stdout << ————————

Ran 12 tests in 21.B13s

FAILED (errors=1)
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Exploring Scikit-learn Test First

Getting choosey

———————————————————— == begin captured stdout =< ————---——-—

Classifier: <choosey.CopyCatClassifier instance at @x187433F3B=; Number right: @
Classifier: <libs.MaiveBayes.Classifier instance at @x187433T88>; Mumber right: B1l1l
Classifier: <libs.RandomForest.Classifier instance at @x187433FcB=; MNumber right: B@9S
<libs.RandomForest.Classifier instance at @x1@7433fcB>

Developing testable documentation

Decision trees

———————————————————— »=> begin captured stdout =< ———————r——m—m————

Classifier: =choosey.CopyCatClassifier instance at @x10481bBed>; Number right: @
Classifier: <libs.MaiveBayes.Classifier instance at @x104B1blZ8>; MNumber right: B27
Classifier: <libs.RandomForest.Classifier instance at Ox1R84B81bl78=; Mumber right: BRE
Classifier: <libs.DecisionTree.Classifier instance at @x1P4B8lblb&=; Mumber right: 780
=libs.DecisionTree.Classifier instance at @x1@84BlblbB=>

*Chapter 6 & 9 do not have images
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