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1 Unit test

Compare the output of scipy.stats.norm.pdf with hand-written gaussian normpdf to make sure

norm pdf unit test

November 7, 2019

the argument scaling is correct.

Notebook adapted from the scipy docs.

from scipy.stats import norm
import numpy as np
import matplotlib.pyplot as plt

Scipy defines the probability density function (PDF) for a normal distribution as the following:

Shifting or scaling norm. pfd is achieved by passing the loc and scale parameters, i.e. norm.pdf (x,
loc, scale). Where loc specifies the mean and scale specifies the standard deviation.
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# print 'percent point function (ppf, inverse of “cdf’) at quantile

# corresponding to the lower tail probability q of the given random variable'

print (norm.ppf (0.01))
print (norm.ppf (0.99))
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fig, ax =

ax.plot(x, norm.pdf(x),

NP, RFP,r PR, PR, OOOO

ax.legend(loc='best');
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# generate array of random variates of a given ‘size’

r
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= norm.rvs(size=1000)
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.28310740e-01, 1.
.12484740e-01,
.24437246e-01,
.40417497e-01, 1.
.356569631e-01, 1
.03414887e-02,
.64144108e-01,
.53170241e+00,
.97425089e-01,
.18817600e-01,
.05618007e-01,
.73306812e+00,
.47309489e-01,
.06265916e+00,
.97255192e+00,

94481345e+00,

79452421e-01, 1.
.34296360e-01,
.73088416e-01,
.55647858e-02, 1.
2.20244680e+00,
.71245961e-01,
.995631359e-01,
.94197270e-01,
1.01829789e+00,
1.94112742e+00,
1.27308446e+00,
.01396190e+00,
.92886889e-01,
.93965045e-02,

19976320e+00,

.80883815e-03,
.12588694e-01,
.08898166e+00,
.64584215e-02,
68242200e+00,
.14447311e+00,
05215370e+00,
.04830527e-01,
.96971115e-01,
33850408e+00,
.80262541e-01,
.73281204e-01,
.35603893e-01,
.12057270e-01,
.93159045e-02,
.67235444e-02,
.51332371e-01,
.21831573e-01,
.35417927e+00,
.92329178e-01,
.15785222e-01,
.69460652e+00,
.65725292e-01,
.28204742e-01,
.37699147e+00,
.68605969e-01,
.62433881e+00,
03887067e-01,
25385423e+00,
.01476329e-01,
14507704e+00,
.12878394e-01,
.21655306e-01,
54831040e+00,
.95752090e-01,
.85077698e-01,
.98387243e-01,
.07411871e-01,
.63176164e+00,
.78564310e-03,
.53999165e-01,
.58967102e+00,
.87699306e+00,
.03503754e+00,
.41335986e+00,
.57831774e-01,
.22214184e+00,



.12763404e+00,
.72014005e+00,
.27404940e+00,
.22326805e-01,
.68393776e-01,
.28266459e+00,
.68610673e-01,
.50989478e-01,
.03779002e-01,

2.16171650e-01,

.07395031e+00,
.03669121e-02,
.29508509e-01,
.28111168e-01,
.53927260e-01,
.68675401e-01,
.03364997e+00,
.15614826e-01,
.50339324e-01,
.34310709e-01,
.99361878e-01,
.40564867e-01,
.26122848e-01,
.00938864e-01,
.41694790e-01,
.67934699e-01,
.90803411e-01,
.56667709e-01,
.34557622e+00,
.44934244e-01,
.29875140e+00,
.15900605e-01,
.29106813e-01,
.36915053e-01,
.06548529e-01,
.02681080e+00,
.34105982e-01,
.39286846e-01,
.53997263e-01,
.42898855e-02,
.24577730e+00,
.88526992e-01,
.50453604e-02,
.20077292e+00,
.39912008e-02,

2.17330224e+00,

.99102923e-01,

[y

.72588584e-01, -5
.37266255e-01, -1
.14987604e-01, 6
.41387186e-02,
.96123404e-01,
.82117684e-01, 1.
.93873532e-01, 1.
.98316377e-02,
.26678697e-01,
.66808030e-01,
7.19085331e-01,
.49067920e+00,
.895651602e-01, 4.
.58784010e-01,
.11559963e-01,
.27965111e-01, 4.
.00268927e+00, 2.
.31596195e+00,
.35717868e-01, 7.
.03190755e-01,
.76260820e-01,
.36689769e-01, 1.
4.77987269e-01, 1.
.61685614e-01,
4.15973140e-01,
.80839616e-01,
.14320961e+00, 3.
.13216639e+00,
.74018618e-01, 1.
.850566181e-01,
.89170282e+00, 5.
.87903943e+00,
.86136652e-01,
.00445732e+00, 1.
.44730573e-01,
.33844133e+00,
.48149719e-01,
4.93696644e-01,
.93226120e-01, 1.
.65595099e+00,
.46981112e+00,
.58638974e-01,
.27663923e-01, 1.
.73394274e+00,
.30615980e+00,
.09171492e-01,
.26883592e+00, 2.

9.77980579e-02,

.51304971e-01, 1.
.52588027e-01,
.67528332e-01,
.91191545e-01, 3.
5.72643828e-01, 7.
05290842e+00, 1.

.35280356e-01,
.68225121e-01,

22241267e+00,

.98432283e-01,

.83819917e-01,
.19121544e-01,

.32449507e-01,

01340111e+00,
43640370e-02,
.65615510e-02,

.45620025e-01,

.03684855e+00,

.26523031e-02,
.14471849e+00,

.02874262e-01,
34173590e-01,
.85480734e-02,
.15897870e+00,
.71047349e-01,
01533634e-01,

.96565590e-01,
.14506145e+00,
67048144e-01,

R RN R OO N e

74097008e-01,

63814349e-01,
86824700e-01,
52998412e-02,

.12042472e-01,
.66671237e-01, 7.
1.41237796e+00, 6.
1.09236653e+00,

29328454e-01,
44578419e-02,

.76195332e-01,
.06044347e-01,
.73997521e-01, 3.
38186483e-01, 3.
.14270291e+00,
.24727384e-01,
67983661e-02, 1.
21706330e+00, 8.
.50165580e+00, 2.
66084598e-01, 1.
.35236247e+00,
.63200519e-02, 3.
.93877872e-01,
.84990368e-01,
.36177908e-01,
.40308084e+00, 1.
.07093212e-01, 1.
52292063e-01, 6.
8.32994924e-01,
42508723e+00, 1.
.97990931e-01,
48987120e-01, 7.
.41565243e-01, 1.
.75952239e-02,
12629092e+00, 2.
.80005534e-01,
.08229451e-01,
.20326908e+00, 2.
.39277345e+00,
.77250861e+00,
.34555108e+00,
.656343814e-01,
.74869026e-01,
.14182878e-01,
.135683609e+00,
.09639174e-01,
.57552514e+00,
.55088330e+00,

90154661e-01,
31137789e-01,

21269553e+00,
33231568e-01,
16007491e-01,
01115612e+00,

67790902e-01,

38153394e+00,
52436940e+00,
05267354e-01,

.10039263e+00,

88241459e-01,

87420785e-01,
68230490e+00,

41493999e+00,

76736253e+00,



4.01320542e-01, 9.98839029e-01, -4.20892273e-01, 1.49898101e+00,
-1.27018692e+00, -5.27810087e-01, -1.19056971e+00, 1.27793976e+00,
3.34485526e-01, -5.21944476e-01, 9.34276566e-01, -6.95940720e-01,
-1.93681134e+00, -1.61990033e+00, -5.04849392e-01, -1.58228839e+00,
-3.89028311e-02, -1.26627960e+00, -1.37182305e+00, 9.74814813e-01,
2.56523244e-01, 1.05781820e+00, 1.09600714e+00, 6.54190063e-01,
2.93812914e-01, 1.76804428e+00, -4.21391475e-01, -6.41860939e-01,
-4.52408383e-01, 7.33252584e-01, -5.36001987e-02, 3.47766404e-01,
-3.29461561e-01, -4.53123619e-01, 1.31227385e-01, 1.02212148e+00,
-4.15653235e-01, 1.63430944e+00, 1.14109937e-02, 1.16216423e+00,
-3.853156269e-01, -2.41762749e+00, 4.23173132e-01, -8.31690789e-01,
1.5656275269e+00, -1.93501979e+00, -4.95002663e-01, 4.06190129e-01,
2.08730800e+00, -6.32749043e-01, -1.57292606e+00, 3.48881543e-01,
-2.23165746e+00, -4.91042921e-01, 6.22289152e-01, -2.74777094e+00,
6.08125875e-02, -3.69147990e-01, -1.68662821e-01, 1.89352695e-01])

[6]: fig, ax = plt.subplots(l, 1)
ax.plot(x, norm.pdf(x), 'k-', lw=2, label='norm.pdf')
ax.hist(r, density=True, histtype='stepfilled', alpha=0.2)
ax.legend(loc='best');
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1.1 Define hand-written function for PDF of a normal distribution




[7]1:

[8]:

[9]:

Where p is the mean and o is the standard deviation.

def normpdf (x, mu=0, sigma=1.):
"""Return the mormal pdf evaluated at "z ."""
assert sigma > O
u = (x-mu)/sigma
y = 1/(np.sqrt(2*np.pi)*sigma) *np.exp (-u*ru/2)
return y

fig, ax = plt.subplots(l, 1)

ax.plot(x, normpdf(x), 'r-', lw=2, label='normpdf')
ax.hist(r, density=True, histtype='stepfilled', alpha=0.2)
ax.legend(loc='best"');
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Overlay plots:

fig, ax = plt.subplots(l, 1)

ax.plot(x, normpdf(x), 'ro', ms=4, label='normpdf')
ax.plot(x, norm.pdf(x), 'k+', ms=4, label='norm.pdf')
ax.hist(r, density=True, histtype='stepfilled', alpha=0.2)
ax.legend(loc='best');
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1.2 Test scaling of norm.pdf

[10]: sigma = 0.1
mu = 2

fig, ax = plt.subplots(l, 1)

ax.plot(x, normpdf(x, mu=mu, sigma=sigma), 'ro', ms=4, label='normpdf')
ax.plot(x, norm.pdf(x, loc=mu, scale=sigma), 'k+', ms=4, label='norm.pdf')
ax.set_x1im(0, 3)

ax.legend(loc='best');
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[11]:

4.0 1 * s normpdf

35 4 s ¥ +  norm.pdf

3.0
2.5 1 *

2.0 1

10 A

0.5 1

0.0 et *a

0.0 0.5 10 15 20 25 30

Note that there are no explicit requirements on the parameter scale in norm.pdf:

sigma = 0
mu = 2

fig, ax = plt.subplots(l, 1)

#axz.plot (z, normpdf(z, mu=mu, sigma=sigma), 'ro', ms=4, label='normpdf')
ax.plot(x, norm.pdf(x, loc=mu, scale=sigma), 'k+', ms=4, label='norm.pdf')
ax.set_x1im(0, 3)

ax.legend(loc='best');

/Users/maya/anaconda3/envs/py37-fb/1ib/python3.7/site-
packages/scipy/stats/_distn_infrastructure.py:1720: RuntimeWarning: divide by
zero encountered in true_divide

x = np.asarray((x - loc)/scale, dtype=dtyp)
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[12]:

10 1

+  norm.pdf
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while normpdf will give return an AssertionError:

sigma = 0
mu = 2

fig, ax = plt.subplots(l, 1)

ax.plot(x, normpdf(x, mu=mu, sigma=sigma), 'ro', ms=4, label='normpdf')
ax.plot(x, norm.pdf(x, loc=mu, scale=sigma), 'k+', ms=4, label='norm.pdf')
ax.set_x1im(0, 3)

ax.legend(loc='best');

AssertionError Traceback (most recent call,
—last)

<ipython-input-12-e153823a3b9a> in <module>
3
4 fig, ax = plt.subplots(1l, 1)
----> 5 ax.plot(x, normpdf(x, mu=mu, sigma=sigma), 'ro', ms=4,
—label='normpdf"')

6 ax.plot(x, norm.pdf(x, loc=mu, scale=sigma), 'k+', ms=4, label='norm.
p
p g
7 ax.set_x1im(0, 3)
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<ipython-input-7-2b1de40437aa> in normpdf (x, mu, sigma)
1 def normpdf(x, mu=0, sigma=1.):

[]:

2 """Return the normal pdf evaluated at “x~."""
-——=> 3 assert sigma > O

4 u = (x-mu)/sigma

5 y = 1/(ap.sqrt(2*np.pi)*sigma) *np.exp (-u*u/2)
AssertionError:
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