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N
Introduction

@ We found that existing software may use different
momentum update rules.

@ Here we summarize the differences.

@ Both simpleNN/MATLAB /opt/sgd.m and
tf.keras.optimizers.SGD use one update rule, which
is the same as the paper (Polyak, 1964; Sutskever et
al., 2013).

@ PyTorch and
tf.compat.vl.train.MomentumOptimizer use

another.
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https://github.com/cjlin1/simpleNN/blob/master/MATLAB/opt/sgd.m
https://www.tensorflow.org/api_docs/python/tf/keras/optimizers/SGD
https://pytorch.org/docs/stable/optim.html
https://www.tensorflow.org/api_docs/python/tf/compat/v1/train/MomentumOptimizer

-
Two Update Rules

@ Suppose g is the gradient, 7 is the learning rate,
and the parameter a € [0, 1) are introduced.

e Update rule in simpleNN/MATLAB /opt/sgd.m:

vV <« av—r1ng
0 «— 60+ v

@ PyTorch update rule in torch.optim.SGD:

V <~ av+g
0 <— 06—nv

Chih-Jen Lin (National Taiwan Univ.)

3/12



|
First Rule: v <—av —ng;0 < 0 + v

Vi=aVo—1181 = — 1181
01 =600 —mg;
Vo = —Qig; — 128>
0> =00 — (m + ani)g, — 28>
V3 = —0427718’1 — Q7282 — 1383
03 = 0o — (m + o + o’m)gy — (2 + an2)g2 — 1383
Vi = —Q°1g1 — O°1p8) — (1383 — g4
04 =60 — (m + am + o’n1 + a’m)g,
— (m+ am + a®n2)gs — (13 + an3)gs — g
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|
Second Rule: v <~ av +g;0 < 0 —nv

Vi=avo+ 81 =81
01 =00 — 18,
Vo =ag;+ 82
0, =0y — (m + an)gr — 128>
vs = a’g + ag, + 83
03 = 00 — (1 + anp + o’n3)gy — (12 + anz)gy — 1383
Vs =a’g) + a8, +ags+ 8,
04 = 00 — (m1 + amp + o’z + °14) g,
— (2 + anz + o’na)gs — (13 + )83 — gy
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-
Compariton of the Fourth lteration

@ Rule 1: weight for g, depends only on 7.
Ve = —a’mgi — a’1ngy — a13gs — 1484
04 =60 — (1 + i + o’ + a’)gy
— (m2+ ama + a®n2)gy — (13 + )@
— 1484
@ Rule 2: weight for g, depends on 7y, nk41, - - -
Ve =a’g+a’g, +ags+ gy
04 =00 — (11 + o + P13 + @14 gy
— (2 + anz + a®1a)gs — (13 + )@
— /)28 4
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|
First Update Rule: from 0,_; to @

e Update rule

vV < av—r1g
0 «— 0+ v

Ok =0, 1+ v
=0k 1 — N8y + aVi_1
= 041 — 8k + aaVk_2 — Mk-18k_1)
= Ok 1 — k) — Mk 18k_1 + Vi
= Ok-1— K8k — ANk 18k_1 — 04277k—2gk—2

3,
— Q) 38K—3 —
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Second Update Rule: from @,_; to 6

o Update rule

V <~ av+g
0 <~ 06—nv

Ok = 0,1 — iV
= 01 — (Vi1 + gk)
=0k 1 — kB — ANk V-1
=01 — N8k — ami(avi_o+ g, 1)
= 0k-1— k8K — QIkBy_1 — Oézflkgk—z

3
— k8,3 T
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]
Differences |

@ Rule 1's 1), affects the importance of g, while 7, 4
affects the importance of ag,_; and so on

Ok = 011 — N — Ok 181 — Tk 28k p — -

e Rule 2's 1), affects g,, ag, 1, a’gy -

Ok =041 — 118k — ANiGr_1 — 04277kgk—2 —

=01 — (g +agy 1+ gy o+

@ For rule 2, if 7, is decreased from 7), 1, weights for
past gradients are immediately affected
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]
Differences |l

@ For rule 1, weights of past gradients changed only
because of o'

@ Both formulas are the same if NO learning-rate
scheduling
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