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(57) Abstract: This associative training system has a plurality of model training devices, each of which is connected to
any one of other model training devices over a network. The model training device comprises a mini batch extraction unit,
a gradient calculation unit, a dual variable limiting unit, a model parameter update unit, a dual variable calculation/trans-
mission unit, a dual variable reception unit, and a dual variable setting unit. The model parameter update unit uses model
parameters, limited dual variables, a training rate, a dual variable training rate, the degree of contribution, the gradient of
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a cost function, constraint parameters, and the number of other model training devices connected to the model training
device to perform training, and updates the model parameters. The dual variable calculation/transmission unit uses, for
each of the other model training devices connected to the model training device, the updated model parameters, the dual
variable training rate, the limited dual variables, the degree of contribution, and the constraint parameters to calculate and
output the dual variables.
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Algorithm 2 RSA for Robust Distributed Learning
Master:
Input: 2. A > 0. a*. Attime k + 1:
Broadcast its current iterates x§ to all workers:
Receive all local iterates a¥ sent by regular workers or
faulty values :f‘ sent by Byzantine workers:
4: Update the iterate via (8) or (11).
Regular Worker i:
Input: 2%. A > 0. a*. Attime k + 1:
Send the current local iterate ¥ to the master:
Receive the master’s local iterate a5:
Update the local iterate via (7) or (10).

T

W -

e

il = kol (VF(J?,Z-}“.£f)+)\sign(.’rk—xé)) . ()

i i

;1‘§+1 = ;I‘S—ak+1 (Vfo(.r(’;‘) + )\( Z Sign(.Tg — 75‘)

iER

+Zsign(m§ —:é‘))) (8)

JEB

T = ok QT (W (b eF) - 20, 2k — 2h] ) (10)

1

where 0, ||x¥ — 2§, is a subgradient of [|z; — 2§ |, atz; =
a¥. Likewise. for the master. its update at time k + 1 is:

2h7h = b= (T folab) + A( D o b — 211
iR

£33 onleb==fl,)) b

i€B

X1
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L: > Setwi’ = U 0 ’\?UU 1|J =0,u,n =1/{pE:K), v =1+ an,.
2: forr € {0,..., R — 1} (Outer-loop round) do
3 forie N do
4 for & € {0,..., K — 1} (Inner-loop iteration) do
5: > Update local primal and dual variables
6: £:k ~ x; (Mini-batch data sampling).
-k ko ark
7 gi(w; ") & VIi(w " 677).
8 if » = O then !
T i ll2
Zi|] 1|]/ma‘x(1 A;)
9: else if 7 > 0 then N
— Z /mazL‘(l H?.\j”? )
215 ¢ 2 Syl R
10: end if
T k-rl i
1: Wi mﬁ(w —ugi (W) + 8 Y e, A2 u>
12: for j € £; do
k41 K1
13: '\le — Z(z2); — Agywy .
A rk+1 237 k+1
14: iz n Tl zzIJ
15: end for
16: > Procedure when communicated with j-th node
17: for j € &, (at random time) do
18: ’IYansmlthz(yhf“)
et 1
19: 2, < Y
20: end for
21: end for
22: w T e wi X g 2t 2.
23:  end for
24: end for

X6
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