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Algorithm 1: IDBD with Gradient Normalization

Initialize h;,v; and f; to 0 and w;,n and B; as desired.;
for new example (x1, 2, , Tn,y*);
do

Yy= Z?:1 W; T3

b=y -y

fori=1,2,--- n;

do

Bi = Bi + 06x;:hy;

a; = eﬁ";

v; = nui + (1 —n)o%a ;

Wi = Wi + 0T ;

fi=nfi =200 = n)x}dhs;

end

end

hi = hi + (Zeree {(\/UTJr €)(aid — a;z;h;) — Q%ﬁe ;

1 Derivation

RMSProp uses a running average of the squared gradient for normalizing the

gradient update size. The running average is computed as:
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vi(t+ 1) = ni(t) + (1 — ) (6()z4(t))?

whereas the weight update is given by:
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Gradient update for the step size is given by:
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Define h;(t) to be 8157,8(’5) We know —%gf((?) = §(t)z;(t). Implies:
We can update h recursively as follows:
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Using quotient rule for differentiation we get:

hi(t'f'l):hi(t)'f'(lf(l()ti_e)Q-( Ui(t)—ke)aaﬁi[eﬁiS(t)]—eﬁié(t)aaﬁi( vi(t)-i-e)}
' (12)
_ . xl(t) i Vs € 9 ePi — b 1 iv,
—hz(t)+( D) £ )2 _( i(t) + )8&[ o(t)] 5(15)2%8& z(t)]
(13)
PP ) N P e v SO OPNRRRCLIOY U]
= hi(t) (Vo D) £ )2 _( i(t) + )8&[ 6()] 2 /o) ]
(14)



Where f;(t) is defined to be a%ivi(t)' Then:

filt 1) = a%@,»(t 1) (15)
- a%[nmt) (1= B0 (0) (16)
— i)+ (1= a0 25 (17)
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Sutton (1992) showed that for the LMS update, 5z 9_eBig(t) ~ elis(t) —
ePiz;(t)hi(t). This approximation can be used to update h as:

. ~ h; xli(t) Vs e)(ePi — Pig, . _ M
hz(t+1)~hl(t)+( OFPE (Vvi(t) + €)(eP15(t) J()hi(t)) N0
(20)
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