This is the corrigendum for “Multirate Training of Neural Networks” which appeared in: https://proceedings.
mlr.press/v162/vlaar22b.html. The authors wish to thank Katerina Karoni for providing valuable comments on
the original proof of Theorem B.4 that led to the creation of this corrigendum. To make the document self-contained we
provide the full proof below. The updated paper can be found on the arXiv: https://arxiv.org/abs/2106.10771.
Please do not hesitate to contact the authors for any further questions regarding this file or the paper itself.

Recall our main assumptions:

Assumption B.1. We assume function f : R™ — R to be L-smooth, i.e., f is continuously differentiable and its gradient is
Lipschitz continuous with Lipschitz constant L > 0

IVf(e) =VFO)ll2 < Llle — 0], V0, € R". (1)

Assumption B.2. We assume that the second moment of the stochastic gradient is bounded above, i.e., there exists a
constant M for any sample z; such that

”szl(e)ug < M, Vo € R". (2)
Lemma B.3. If f : R" — R is L-smooth then V0, p € R"

[f(0) = (f(O) + VF©O) (¢ —0))] < g\lwfﬁllg- ©)

As a starting point for our layer-wise multirate approach we partition the parameters as § = {0, 05}, with 0 € R"F g €
R"s, n = ng + ng. The multirate method update for base algorithm SGD is

0i = 0 — WV fo..,(0"), 4)

where ¢ € {F, S}, 6}, are the parameter groups at iteration ¢, h is the stepsize, and V f ,, denotes the gradient of the loss of
the 4th training example for parameters 0%, where V fr . (0") = V fr ., (6") and with linear drift: for any ¢ € [r, 7+ k — 1],
where 7 is divisible by k, V fs 2, (6") = V fs.2,(67). The total number of iterations T is always set to be a multiple of k.
In the following we denote V f,;, (0%) = {V fr 4, (0"), V fs.,(0)} and g, (6") = {V fr,(0"),V fsz,(07)}, such that the
parameter update rule becomes

0"t = 60" — hg,, (6"). )
Theorem B.4. Assume that Assumptions B.1 and B.2 hold. Then
T—1
1 2(£(9°) — £(67)) 1
= E O3] < =2 L hLM/{ | —hLE* +1
T ; [Iv£(#")113] < T +hLMU( ShLK* +1) ©

where 0 is the optimal solution to f(6).

Proof of Theorem B.4. Because f is L-smooth, from Lemma B.3 it follows that

PO < S0+ VF0) (07— 0 + 20— o3

t t t h*L ty||2
< f0%) = V") g2, (07) + =5 (|9 (0] ™
Taking the double expectation gives (because of unbiased gradient E,, ., x) [z, (6")] = g(0") and Assumption B.2):
E[f(0"7") = f(6")] < —RE[V£(0") - g(6")] + h*LM /2

for number of parameter groups ¢ and where E|..] is the expectation with respect to the parameters. So in 7" iterations we
have 07 such that (using a telescoping sum):

F(6°) — F(°) < BLF(67)] — F(0%) < —h S E[VF(0') - g(0)] + LM

T. ®)

T-1 2k—1 T+k—1 T-1

- k—1
For term A we get: A:Zat:Zat+Zat+~~+ Z ag+ -+ Z ag, )
t=0 t=0 t=k =T
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k=1 ..
where >, " T+E=1 4, is given by

T+k—1 T+k—1
STE[VH0O)-g0)] = Y E{VIR0"), VIs(0)} - {VIr(0"),VFs(07)}]
= Ti;‘rl T+k—1
= Y E[VIONE] + Y EVs0) - (Vs07) = Vis(0') + Vis(0)]
Tile 7'+:? Z
= Z E[IVFOE] + Y E[VIsO) - (Vis(07) — Vis(0))).

t=71

B
Because zy < %||z[3 + 3/|y/|3 (combination of Cauchy-Schwarz and Young’s inequality) (gives lst inequality) and
Assumption B.1 (gives 2nd inequality) we get for term B
‘r+k 1 ‘r+k 1

Z E[|Vfs(6")|3] +f Z E[IV£s(07) — Vfs(0")I3]

17'+k 1 2 T+k 1
<5 > E[VEs@IE] + FE| Y 107 - efng]

t=1 t=7+1
| —

c

a3 <m(larll3 + -+ [lam||3) (gives 1st inequality),
Assumption B.2 (gives 2nd inequality), and £ > 1 (final inequality):

C =107 —0TFHE + 107 — 0723 + -+ (|07 — 673

= 12 (192, (673 + 1192, (67) + g, 07 )3 + -+ [l 92 (67) + -+ + g2, (072

k—1 k—1
< (Z mllge, (07)3 + D m | ge ()5 + -+ (k1) ||gzi(9””>||§>

m=1 m=2
k—1
SIPME((k =12+ (k= 2)° + - +1) = h>MLY " m® = WM (k/6 — k*/2 + K /3) < h>MUK? /3.
m=1

So overall for term —h.A we get

T-1 -1
~h 3 EIVAE) o8] < —h 3B IVSE)IE] + |35
t=0 T
< —ETZIE IV F@)I3] + gh LM, (10)
B 2 t=0 6

Substituting this into Eq. (8) gives

F(67) = F(6°) <E[f(67)] — f(6°)
1

T—
h 1 h2LM{
<=5 D E[IVA@IE] + gh* 1 MOAT + =
t=0
h - IAYIP 1 2 1 2
=3 E[\\Vf(0)||2]+§h LMUT { ShLK* +1 ). (11)
t=0
This gives Theorem B.4
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