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Outline

= MSE

= Cross Entropy Loss

= Hinge Loss

O
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MSE

= loss = %Z(y — out)?

"Ly _norm = \/Z(y — out)?




tf.constant([1, 2, 3, 0, 21)
tf.one_hot(y, depth=4)
tf.cast(y, dtype=tf.float32)

= tf.random.normal([5, 41)

loss1 = tf.reduce_mean(tf.square(y-out))
loss2 = tf.square(tf.norm(y-out))/(5«L)

loss3 = tf.reduce_mean(tf. losses.MSE(y, out))

tf.Tensor(1.0918376, shape=(), dtype=float32)
tf.Tensor(1.0918376, shape=(), dtype=float32)
tf.Tensor (1.0918376, shape=(), dtype=float32)




Entropy

= Uncertainty

" measure of surprise

= lower entropy — more certainty

Entropy = — Z P(2) log P(1)

Claude Shannon

https://towardsdatascience.com/demystifying-cross-entropy-e80e3ad54a8



Lottery

In [3]: a=tf.fiLl([4],0.25)

In [6]: axtf.math.log(a)/tf.math. log(2.)

Outl[6]: <tf.Tensor: id=13, shape=(4,), dtype=float32, numpy=array([-0.5, -0.5,
-0.5, -0.5], dtype=float32)>

In [7]: -tf.reduce_sum(axtf.math. log(a)/tf.math. log(2.))

Outl[7]: <tf.Tensor: id=22, shape=(), dtype=float32, numpy=2.0>

In [8]: a=tf.constant([0.1,0.1,0.1,0.71)
In [9]: -tf.reduce_sum(axtf.math. log(a)/tf.math. log(2.))
Out[9]: <tf.Tensor: id=32, shape=(), dtype=float32, numpy=1.3567796>

In [10]: a=tf.constant([0.01,0.01,0.01,0.971)
In [11]: -tf.reduce_sum(axtf.math. log(a)/tf.math. log(2.))
Out[11]: <tf.Tensor: id=42, shape=(), dtype=float32, numpy=0.24194068>




Cross Entropy

Hp,0) = = ) p(x)1ogq(x)
H(p,q) = H(p) + Dxu(plq)-
 forp = ¢

= Minima: H(p,q) = H(p)

= for p: one-hot encoding
= h(p:[0,1,0]) = —1logl =0
= H([0,1,0], [po, p1,P2]) = 0+ Dk (plq) = —1logq,




Binary Classification

= TwWO cases

Input
Outpu




Single output

H(P,Q) = —P(cat)log Q(cat) — (1 — P(cat))log(1l — Q(cat))

P(dog) = (1 — P(cat))
HPP,Q)=- Y  P(i)logQ(i)
i=(cat,dog)

= —P(cat)log Q(cat) — P(dog)log Q(dog)

—(ylog(p) + (1 — y)log(1 —p))




Classification

- H([O,l,O], [pO; P1, pZ]) =0+ DKL(plq) — _1logq1

Input
Outpu




Classification E- o

=1 0 0 0 0

Qi =004 03 005 0.05 0.2]

H(Py, Q1) = ZPI (i) log Q1 (i)

= —(1 log 0.4 + 0log 0.3 + 01og 0.05 + 01log 0.05 + 0log 0.2)
—log 0.4

~ (0.916 =[0.98 0.01 0 0 0.01]

H(P, Q1) = Z Py (i) log Q1 (i)

—(1 log 0.98 + 0log 0.01 + 0log 0 + 0log 0 + 0log 0.01)
= — log 0.98
~ (0.02




Categorical Cross Entropy

In [15]:
Out[15]:

In [16]:
Out[16]:

In [17]:
Outl[171]:

In [181]:
Out[181]:

tf. losses.categorical_crossentropy([0,1,0,01,[0.25,0.25,0.25,0.251)
<tf.Tensor: 1d=98, shape=(), dtype=float32, numpy=1.3862944>

tf. losses.categorical_crossentropy([0,1,0,0]1,[0.1,0.1,0.8,0.11)
<tf.Tensor: id=117, shape=(), dtype-float32, numpy=2.3978953>

tf. losses.categorical_crossentropy([0,1,0,01,[0.1,0.7,0.1,0.11)
<tf.Tensor: id=136, shape=(), dtype=float32, numpy=0.35667497>

tf. losses.categorical_crossentropy([0,1,0,0]1,[0.01,0.97,0.01,0.011)
<tf.Tensor: id=155, shape=(), dtype=float32, numpy=0.030459179>




In [20]: criteon([0,1,0,0]1,[0.1,0.7,0.1,0.11)
Out[20]: <tf.Tensor: id=186, shape=(), dtype=float32, numpy=0.35667497>

In [21]: criteon([0,1]1,[0.9,0.1])
Out[21]: <tf.Tensor: id=216, shape=(), dtype=float32, numpy=2.3025851>

In [22]: tf.losses.BinaryCrossentropy()([1],[0.1])
Outl[22]: <tf.Tensor: id=254, shape=(), dtype=float32, numpy=2.3025842>

In [23]: tf.losses.binary_crossentropy([1],[0.1]1)
Out[23]: <tf.Tensor: id=281, shape=(), dtype=float32, numpy=2.3025842>




Why not MSE?

= sigmoid + MSE

= gradient vanish

= converge slower

= However

= e.g. meta-learning

log loss

10

Log Loss when true label = 1

1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
predicted probability

https://ml-cheatsheet.readthedocs.io/en/latest/loss functions.html




logits—CrossEntropy

WPUT

X &

uwveRR

AoLEL

—)

W %s b

6\ ¥
\'i f)o?}-
Y S
2.0 o-T 6231?:091
) =
|-O Y 0. 2 D( / L)
o o .|

0.0




Numerical Stability

In [24]: x=tf.random.normal([1,784])
In [25]: w=tf.random.normal([784,2])
In [26]: b=tf.zeros([2])

In [27]: logits=x@w+b
Out[29]: <tf.Tensor: id=299, shape=(1, 2), dtype=float32, numpy=array([[-26.27812,
28.630381], dtype=float32)>

In [30]: prob=tf.math.softmax(logits,axis=1)
Out[31]: <tf.Tensor: i1d=301, shape=(1, 2), dtype=float32,
numpy=array([[1.4241021e-24, 1.0000000e+00]1], dtype=float32)>

In [34]: tf.losses.categorical_crossentropy([0,1], logits, from_logits=True)
Out[34]: <tf.Tensor: id=393, shape=(1,), dtype=float32, numpy=array([0.],
dtype=f loat32)>

In [35]: tf.losses.categorical_crossentropy([0,1],prob)
Out[35]: <tf.Tensor: id=411, shape=(1,), dtype=float32, numpy=array([1.192093e-
071, dtype=float32)>
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Thank You.
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