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1 PROOF OF THEOREM 1
At step k — 1, we have

W, = (OG0T T O DTV )

0:k—-1

Hence, at step k we have

" T - T i
W = (X D T )
In the paper, we let

T —
R, = ((Xgp_) ' Xgp_y +nD 7Y, ®)

To facilitate subsequent calculations, here we let,

T .

Q) = (Xgr_p' Yorh, )

Thus we can rewrite (1) as
1rav  _ pav av
Wk—l - Rk—lgk—l’ (5)
Therefore, at step k we have
W = REPOE, ©

From (3), we can recursively calculate Rl‘:” from RI‘:SI, ie.,

RE = ((REZ )™+ (X)) Y]
According to the Woodbury matrix identity, we have
(A+ucv)t=Aa"l-aluwatu+chvaTl,  (8)
Let A= (R% )71, U = (X#)T,C =1V =X, in (7), we have

R = Re? ) = RE2 OG0T OGPRES ()T + DTIXEREY - (9)

Hence, R%? can be recursively updated using its last-step counter-

part Ri” | and data from the current step (i.e., X;:°). This proves the
recursive calculation of RZ”.

Next, we derive the recursive calculation of WI:"’ To this end,
we first recursively calculate QZ“, ie.,

QZU — (X&Z)Tyot;(ain — szil + (sz)Tthrain (10)
Let Kj = (X2°Re° (Xg)T +1)~. Since
I=KeKy ! = K (XPPRE (XF)T +1) (11)
we have Ky = I - KeX"R” (X]‘:”)T. Therefore,
R O T (XEPRE (X T +D 7!
= R (X)) Ky
= RE?, (OG0T = K XPREZ, (068 T)
= (RE | = R¥ (X T KeXPORE ) (x¢)T
= RE(X)T, (12)
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Hence, Wlf“ can be rewritten as
17av _ pav Hav
Wk - Rk Qk
T .
= RO, + (XE9)Ty{reim)
— RZUQIczzil +RZU (XI?U)TYIérain’ (13)
By substituting (9) into RZ°Q' , we have
av ~aov — av ao
Rk Qk—l - Rk—IQk—l
av ao\T (y-av pav ao\T —1yravpav av
= R (XG0T (R OG0T + DX R Okl
. T T _ .
= WE,  RE, (XE)T (XGRS, (XEO)T 4 D)7 IXEWE,, (14)
According to (12), (14) can be rewritten as
- T yaoy;
RO, = W, - REOETXEE, )
By inserting (15) into (13), we have
Arav _ yxrav av (yao\T y-avyrrav av (yao\T y-train
W = Wl = RPGE) T XETWED + RP (XG0T 1,

which proves the recursive calculation of Wk“”.

2 PARAMETER STUDIES

In this section, we explore the impact of different settings of 1, and
Ay. Our experimental results, which can be found in Table 1, 2 and 3
for AVE, Kinetics-Sounds, and VGGSound100 datasets respectively,
demonstrate the effects of different settings of 1, and 1, on the
performance of the model.

Table 1: Parameter studies on the AVE dataset.

Accuracy
Ao Ao

stepl step2 step3 step4
01 1.0 | 79.81 7333 7397 70.56 74.42
03 1.0| 79.81 7476 7556 72.08 75.55
05 1.0| 79.81 7571 7619 72.33 76.01
0.8 1.0 | 80.77 76.19 7620 71.57 76.18
1.0 10| 7981 76.67 76.68 71.21 76.09
0.8 09| 80.77 77.14 7683 72.08 76.71
0.8 0.7 | 80.77 7619 7460 71.07 75.66
0.8 05| 8173 7571 7333 70.30 75.27
0.8 03| 8173 7476 7238 69.03 74.48
08 0.1 | 8173 73.81 7143 68.53 73.88

Mean Acc.
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Table 2: Parameter studies on the Kinetics-Sounds dataset.

Aa Mo Accuracy Mean Acc.
stepl step2 step3 step4d step5
0.1 1.0 | 9489 8273 75.65 69.71 67.57 78.11
03 1.0 | 9516 8338 76.08 70.36 68.33 78.66
0.5 1.0 | 9570 8273 76.17 71.00 69.31 78.98
08 1.0 | 9543 8234 75.65 71.07 69.20 78.73
1.0 1.0 | 9569 81.82 7548 70.61 68.54 78.42
0.5 09| 95.69 8233 76.08 70.61 69.00 78.74
05 08| 9543 8195 7556 70.61 68.84 78.48
0.5 05| 9489 8143 7522 69.51 66.60 77.53
0.5 03| 9516 80.00 7348 68.28 6542 76.47
05 0.1 | 9489 7844 7123 6595 6297 74.69

Table 3: Parameter studies on the VGGSound100 dataset.

Anonymous Authors

Accuracy
Ao Ao stepl step2 step3 step4 step5 step6 step7 step8 step9 step 10 Mean Acc.
0.1 1.0 | 89.80 86.90 84.53 79.05 7552 7080 68.28 6575 63.78  63.14 74.75
03 1.0 | 89.80 86.80 8560 79.85 76.60 7153 69.03 66.70 64.64  63.88 75.44
0.5 1.0 | 90.20 87.10 8587 80.45 77.36 72.07 69.71 67.20 65.18  64.44 75.96
0.7 1.0 | 9040 8730 8580 80.55 77.68 7230 69.80 67.67 65.69  64.66 76.19
1.0 10| 9040 8740 85.80 80.40 77.72 7220 69.68 67.68 6551  64.60 76.13
05 09| 90.40 8730 8567 80.20 77.60 7220 69.88 67.35 6540  64.54 76.05
0.5 08| 90.20 87.10 8533 79.85 77.64 7217 69.83 67.25 6556  64.60 75.95
05 05| 9040 8730 84.60 79.25 77.12 7200 6948 67.10 6529  64.28 75.68
0.5 03| 90.60 87.00 8453 79.05 76.48 7153 69.34 6690 64.64  63.88 75.39
0.5 0.1 | 90.60 86.50 84.13 78.65 7572 7093 6857 6577 63.73 = 62.96 74.76
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