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Hamming Sphere Dimple in Binary Neural Networks and Its Linear Separability

YANG Juan! LU Yang' HUANG Zhen-Jin® WANG Qiang?

Abstract It is very important to analyze the logical meaning of neurons for extracting rules from binary neural networks
(BNNs). However, the problem is that the logical meaning of linear structure expressed by neurons has not been completely
solved and the structure of several linear functions is not clear. To solve this problem, we define a special structure called
Hamming sphere dimple and provide the judgment method for linear separability. Furthermore, we obtain the necessary
and sufficient condition for the equivalence between the linearly separable Hamming sphere dimple (LSHSD) and the
binary neurons. Finally, we propose a general method for judging the LSHSD. This method is validated to be effective to

judge the LSHSD through examples.
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WK b o= 005, XK MK H
E—ANZdmMaxh ey, /s w =
{0.3147, —0.5942,0.5270, 0.5134, 0.4324, —0.3525},

0 = 05785, WAL W %k 2. Hi, A =
TAS(W) + 1370w, = 1.7875. Wil fd: 4
d:zaﬁ 01 < 0 < 6,, HO < AS(W) +
13w — AS(WEH) = 0.6663, 0 > LAS(W) +
I3t wi — AS(W) = 0.1745, # Dy &AW
BRSE #éd = 2, EEPIUIE X°¢ = (1,0,1,1,1,0),
E— Jf Mﬁﬁ*ﬁﬁ?ﬂ\ S (0,0,1,0,1,1),
(0,0,0,1,1,1) F1(0,0,1,1,0,1).
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100

4 Dy FiEK
Fig.4 Karnaugh map of D,

K2 B2 EIERSHT

Table 2 Analyzing the result of Example 2
ASWE, ) Asowl,,) AT AT
AS(WH,)) AS(WE, )
d=20 0.3147 0.5942 1.1933 1.4728
d=1 0.6672 1.1212 0.6663 1.1203
d=2 1.0996 1.6346 0.1529 0.6879
d=3 1.6130 2.0670 —0.2795 0.1745
d=4 2.1400 2.4195 —0.6320 —0.3525
d=25 2.7342 2.7342 —0.9467 —0.9467
4 #ig

FEAT IR 2R TR oy, %l el o3 S5 K A7 4225 A
Ry 1A S R P AR S e — b 22 ki 2% b
LeVE W] 7 BRI BT I, St T — SR R L T 73 45
H AR, BIZEPERT 2 (DU ERSE. 155G, i et ]
oy I A JLIR, AL T bR g e i SR P
W Bea, W SRR TRk AT R, %
BN T Pl AT T I 2 W) S R PR 2k vl o) S5 R,
N HERR R TC KB A RS T A SO AR R
S: b, A8 By B ER TR LA T o S5 R A
SCHR IR 2k T 23 IO DT RS AL, A7 AE H A SR Y
(RIZe LR 70 ShH, SR b2 EIT AR
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