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Section1 -« Gradient Descent

Objective Surface
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Source: MIT 6.390 (2026), Gradient Descent.

BX3600087-140 / DS3600087-140 / AB3600087-140 - 7Z|AEHEHE 3/42



Oi7HiH 45 HHH X4 210| HRRICE

Age 0% 07} M
HFX| gt 2|7t 15 £ Ct
—>

-

J(0)
o0tk stLtel 2t

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

4/42



B

0.06
I

0.03
I

5 6 7 9
Bo
F H2 0i7HHS 0 = (Bo, B1)0ICt. SM2 RSS7HZ2 HES 0|2 MO, AZO= A== RSS/} XOHX| 1 F2 FHoilAM 2|27t ElCh HME
EHO|H J = RSS/n0|2t S 2t £|AFo| 2Tt

Source: James et al. (2023), Figure 3.2.
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0 = arg mein J(9), J@) = r%in J(9)
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Checkpoint

Objective Surface
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Section2 - Gradient Descent

One-Dimensional Descent
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Source: MIT 6.390 (2026), Gradient Descent.
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Checkpoint
One-Dimensional Descent
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Section 3 - Gradient Descent
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t X f(x) CH x
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2 10 16 10 — 1.5(16) = —14
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Source: Zhang et al. (2023), Convexity.
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Source: James et al. (2023), Figure 10.17.
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Checkpoint

Learning Rate and Minima
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Section4 - Gradient Descent

Multivariate Descent
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Source: MIT 6.390 (2026), Matrix Calculus.
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jc=z £I|H

1 Y = np.asarray(Y).reshape(-1, 1)

2 theta = np.zeros((X.shape[1], 1))

3 for t in range(T):

4 grad = 2 / n * X.T @ (X @ theta - Y)
5 theta = theta - eta * grad
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=)= BEE &4 JECIAE (92 22 2Y)
M 83 xE it 2XT (X0 — Y)
EX|AE 9|7 EX|AE &Y IXT(o(X0) — Y

EX|AE] &4(logistic loss)2 O|Z! Wit AEZT|(binary cross-entropy)2tl= 220, 2 6tLte| 2| 21 RCt

Source: MIT 6.390 (2026), Classification. James et al. (2023), Section 4.3.2.
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EX|AE 2HE IEE JIIH

Default Xt=20llA ZH Eap TH(H EH2{)S X2 F

1 Y = np.asarray(Y) .reshape(-1, 1)

2 theta = np.zeros((X.shape[1], 1))

3 for t in range(T):

4 prob = 1 / (1 + np.exp(-(X @ theta)))
5 grad = X.T @ (prob - Y) / n

6 theta = theta - eta * grad
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10,0008 5 0 = (0o, 01) = (—10.640, 5.492)0|1, A|HLE AHZS (—10.651, 5.499)Ct
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AAtstzd ZUS HESHH 22 2 4+ JEHC|AHE A Ltap Al 2=

ol: x = (1,2,3), y = (1,2, 2)2 AaHFHE (Bo, B1) = (0.667, 0.5)Ch n = 0.1, SHEJO|A AIZFSHH 1008 F| (0.634, 0.514), 500
£l (0.667, 0.500)0|Ct
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Checkpoint

Multivariate Descent
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What If You Only Look at Part of the Data?

Next Lecture: Stochastic Gradient Descent
- SOl MO Xt= LETEMT|
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