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with �B, �& [AISTATS’18]

Spectral Normalization: GAN$?�'� 
with 24, E/, "� [ICLR’18]
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1. +/ !"*
2. !�-#���� 1�)%
3. !�-#�����7� (e.g., 1%�9�43�1&) 
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• L�5/��'* (e.g., 6(&8 �B)
• %5#$�:4���3H�?0>!A;
– ��� [AFNS09]
– <E)��'5 [Y. STOC’14] [Y. SODA’16]
– 1.KD27 [Y. STOC’11] [Chen-Valeriote-Y. FOCS’16]
– '=������ [Chen-Y. PODS’19]
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!",$,%,& ' = 1

*+ ', ,' + * ', diag % ' + * &, '

‖A‖max (:=	maxi,j|Aij|)	= ‖d‖∞ = ‖b‖∞ = O(1)���
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?∗ = min' !",$,%,& ' ���������
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+ " + "

# ⊂ 1,… , ( ( # = ")

+ ( + (

,|. /|0
1|0

,

/ 1

2 = min
6
78,9|:,/|:,1|0(6)

2∗ = min6 7<,9,/,1(6)
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[��] !∗, $!∗%	/�����	�"	�3&����*
�	% ∈ (0, 1)�������� + = 2.(//12)�����)
,0.99�!�1���

3∗ − 3 ≤ % ⋅ max !∗ :; , $!∗ :;

�� �
� ��
25$+ <(=>)
),7-� [B04] <(=?), ? ∈ ℕ t: (/� 
Nystrom'6 <(=+; + +>) k: ���
.+0#�4�� [CHW12] <(=/B;) !
simplex�
	�� C D E F = C(G)

25 '6
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����-! = 2$(&/())� �
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⇒*2�9: [JKM18]�5�/#poly(1/1)���

23����)!;���
⇒*2�9: [Levi->" APPROX’18]�24�������

+(�=���
⇒ 5 3 ≤ 1, 5 4 ≤ 1���,.8	$674

*<1�0����
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! ≈ !|$, & ≈ &|$, ' ≈ '|$

&$�)���.�������/*�,��

!�”&$”�(��-�%0��

[ +] '���(���

min,∈ℝ/ 01,2,&,'(,) ≈ min

,∈ℝ5
06,2|7,&|8,'|8(,)



[��] $�	�*! ∈ ℝ$×$
{1,2, … , +}	� &	���
	(�%- = (01, … , 01)�#��!��'���
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����� ! − !- □
= sup

:,;⊆ =,…,$
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min$∈ℝ'
1
2 *,,* − ., * + 02 * 11

• ,, .: ��� &.�'��";���� 
• 0: -9*�����

2 = 5000�)5
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��!��Nystrom$+��)��'�
• Nystrom$+�#&� ���
*	�!������

0.0001

0.001

0.01

0.1

1

20 40 80 160
k

Proposed
Nyström

Better



����

• ��!�
Nystrom���100�1000!��
• �������	���������� ���

0.001

0.01

0.1

1

10

20 40 80 160
k

Proposed
Nyström

Better



������

 $".�#&�����%�������

• �%����������

• (*�%"!���%��)0 (�-��, NIPS’16)
• �����'�
�/+�)0 (--1�, NIPS’17)

• ��	����,�



����

(��'#$�*����5-

����1	&)(,3
• 20
���� (=  3) X ∈ ℝN×N’

• 30
����X ∈ ℝN×N’ ×N’’

• 40
����X ∈ ℝN×N’ ×N’’ ×N’’’

30
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• %+: x4� y4�!"→+2/
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3������! ∈ ℝ$×$’ ×$’’�
• ������' ∈ ℝ(×(’×(’’
•  ��!) ∈ ℝ$×(, + ∈ ℝ$’×(’, , ∈ ℝ$’’×(’’
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• >H9? (OKI�G:��8P�@�*')
• EH + (AIC or BIC) �543
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• NPQF (CMI(;�*'�P)
• >R5L3N�<T)2�BS��-/����

EH�	+J�7A������→06-/�#�"� 
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• HOOI (Higher-Order Orthogonal Iteration) [LdMV00]
!, #,$��
*��-��2��������&9%
(.:5 )�84���)�=�3�

• RandSVD [ZCX14]
.:5 )�<>�������,�7��"6%

• MACH [T10]
/';��#+00���(��	����� )
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• sample!: ����(!�-*!"
• MACH�41� ��	�32&

HOOI�'+����RandSVD���������).�
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