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Fewer Examples per Step

Noisy Gradients, Mini-batches, and Epochs
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Full-Gradient Cost
SHC}
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HHX] BAFSHE

DEFINITION

HiX] ZAFst2H (batch gradient descent)

of to| ZHofl Xtz TA|e| W JC|AES A= Uy

o

BX3600087-140 / DS3600087-140 / AB3600087-140 - 7Z|AEHEHE 4141



BESn Alakzkel 33 np e
1,000 1,000 x p 1
60,000 60,000 x p 1

Caution 43 @] J2HCIYIE AAS O(np)OICk. p7t 2 1 B2 47+ 60U ALSE oF GOHICH

BX3600087-140 / DS3600087-140 / AB3600087-140 - Z|AEH&7H2 5/41



HH| 2fC|AER Hilst= B2

R(6)
3

-1.0 -05 0.0 05 10
Z2 SH ot A i7HHS0IM T TN E = SHtZ HlTIT. 7t2=2 25 27} OfL 2t O{7HEA =Tt

=

Source: James et al. (2023), Figure 10.17.
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Checkpoint
Full-Gradient Cost
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Section2 . Stochastic Gradient Descent

One Example at a Time
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Source: Zhang et al. (2023), Stochastic Gradient Descent.
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DEFINITION

2N A5 (stochastic gradient descent, SGD)
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Source: Zhang et al. (2023), Stochastic Gradient Descent.
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g e Z200llMe] =2t
1 g1 =-2

2 g =1

3 g3 =4

LS HEE BOHE[g) = (—2+ 1 +4)/3 = 10|C}
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Hlm g5 x| Bkt SGD

MY DHo| MM HIE O(np) O(p)
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Zog B2 B2l
Adapted from Zhang et al. (2023), Section 12.4.
BX3600087-140 / DS3600087-140 / AB3600087-140 J|AEEN=

14/41



43, X=1

— 7

o

Alstc}

—

OlZ3(Xt2 HAIE B H F= TRI)0ICH &M E M2 Fl batch_sizeZH¥| T2 O|L|UHX| = ZHLIBHC}

1 for epoch in range(num_epochs):

2 rng.shuffle(order)

3 for start in range(0, n, batch_size):

4 idx = order[start:start + batch_size]

5 grad = grad_loss(X[idx], y[idx], theta).mean(axis=0)
6 theta -= learning_rate * grad

Adapted from Zhang et al. (2023), Minibatch Stochastic Gradient Descent.
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Checkpoint

One Example at a Time
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Section 3 - Stochastic Gradient Descent

Mini-Batches and Epochs

A=z dFE |0 22C|AE ZLbat AlMES ZHotrt
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DEFINITION
O|L|HHX](mini-batch)
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Source: Zhang et al. (2023), Minibatch Stochastic Gradient Descent.
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Checkpoint

Mini-Batches and Epochs
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Section4 . Stochastic Gradient Descent

Convergence Under Noise

J2HC|AE U0 ST M £20] ZE0{==X| Hotetrt
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DEFINITION
22 (convergence)
20| ZISYE|ny oi7f
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Source: Zhang et al. (2023), Minibatch Stochastic Gradient Descent.
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Checkpoint

Convergence Under Noise
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Can One Mistake Move the Boundary?

Next Lecture: The Perceptron
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