
0IEVRMRK�%�'SRXMRYSYW�ERH�
6IGSRWXVYGXMFPI�0EXIRX�7TEGI�JSV�
,EVH[EVI�%GGIPIVEXSV�(IWMKR

5MNMRK�,YERK����'LEVPIW�,SRK��
.SLR�;E[V^]RIO����1ELIWL�7YFIHEV����=EOYR�7STLME�7LES

NIRR]LYERK$RZMHME�GSQ��GLEVPIWLSRK$FIVOIPI]�IHY�
LXXTW���KMXLYF�GSQ�LUNIRR]�ZEIWE�KMX������

�

mailto:jennyhuang@nvidia.com
mailto:charleshong@berkeley.edu
https://github.com/hqjenny/vaesa.git


1SXMZEXMSR��,EVH[EVI�EGGIPIVEXMSR�MW�IZIV][LIVI��

,EVH[EVI�EGGIPIVEXMSR�MW�XLI�HVMZMRK�JSVGI�JSV�QER]�MRRSZEXMSRW�

':

.]D]jh

�g][Ih

�kj][]Z]kh�
6IPQEYIh �I[]ZQEh

!]DQYI�
dP][Ih

�kOZI[jIG�
.I<YQjs �

%TTPI�%��


7HFK,QVLJKWV�FRP�$SSOH�L3KRQH����WHDUGRZQ

'RPDLQ�
6SHFLILF�
$FFHOHUDWRUV



1SXMZEXMSR��(IWMKRMRK�EGGIPIVEXSVW�MW�GLEPPIRKMRK

,EVH[EVI�HIWMKR�WTEGI�I\TPSVEXMSR��(7)
�GLEPPIRKIW��

�� ,MKL�HMQIRWMSREP�ERH�HMWGVIXI

�� 1YPXM�SFNIGXMZI�ERH�RSRPMRIEV

�� 'SWXP]�

�



'LEPPIRKI�����,MKL�HMQIRWMSREP�ERH�HMWGVIXI
�

³)$67��$�)XOO�VWDFN�$FFHOHUDWRU�6HDUFK�7HFKQLTXH�IRU�9LVLRQ�
$SSOLFDWLRQV�´�=KDQJ�HW�DO��������$63/26�

)URP�³$SROOR��7UDQVIHUDEOH�$UFKLWHFWXUH�([SORUDWLRQ�´�<D]GDQEDNKVK�HW�
DO��������

+DUGZDUH�
'HVLJQV

a����

*VSQ�7LES�IX�EP��ƈ7MQFE��7GEPMRK�(IIT�0IEVRMRK�-RJIVIRGI�[MXL�1YPXM�'LMT�1SHYPI�&EWIH�%VGLMXIGXYVI�Ɖ�1-'63������
�

3DUDPHWHU 0D[ ��RI�3RVVLEOH�9DOXHV
��RI�3(V �� �
��RI�0$&�XQLWV ���� ��
$FFXP��EXIIHU�VL]H ���.% ���
:HLJKW�EXIIHU�VL]H ��0% �����
,QSXW�EXIIHU�VL]H ����.% ����
*OREDO�EXIIHU�VL]H ����.% ������



'LEPPIRKI�����1YPXM�SFNIGXMZI�ERH�RSRPMRIEV

3HUIRUPDQFH�RI�5HV1HW����DV���RI�3(V�DQG�DFFXPXODWLRQ�EXIIHU�VL]H�FKDQJH

/DWHQF\ (QHUJ\

�



(YDOXDWLRQ�
7LPH

'LEPPIRKI�����'SWXP]�

+DUGZDUH�
'HVLJQV

:RUNORDGV

a���� a1

୛�)ZEPYEXMSR�8MQI�

�

3ODWIRUP (YDOXDWLRQ�7LPH

7LPHORRS ����V

9&6 ���PLQV

)3*$ ��PLQV�

!!����PLOOLRQ�\HDUV�
SHU�ZRUNORDG

୛� ""���1�
]IEVW�䠙



4VSFPIQ�7XEXIQIRX�

,S[�GER�[I�IƽGMIRXP]�REZMKEXI�XLI�EGGIPIVEXSV�
HIWMKR�WTEGI�JSV�HIIT�PIEVRMRK�EPKSVMXLQW#

�



4VMSV�[SVO��7IEVGL�WXVEXIK]�SVMIRXIH�

%ODFN�ER[�
2SWLPL]DWLRQ

%D\HVLDQ�2SW
$SROOR
1$$6

*UDGLHQW�EDVHG
2SWLPL]DWLRQ

(''
'LII7XQH
3ULPH

+HXULVWLF�'ULYHQ

,QWHUVWHOODU

�



2ULJLQDO
6SDFH

4VMSV�[SVO��7IEVGL�WXVEXIK]�SVMIRXIH�

%ODFN�ER[�
2SWLPL]DWLRQ

%D\HVLDQ�2SW
$SROOR
1$$6

*UDGLHQW�EDVHG
2SWLPL]DWLRQ

(''
'LII7XQH
3ULPH

+HXULVWLF�'ULYHQ

,QWHUVWHOODU

([LVWLQJ�ZRUN�IRFXVHV�RQ�
GHYHORSLQJ�HIIHFWLYH�VHDUFK�
VWUDWHJLHV�

�



2ULJLQDO
6SDFH

4VMSV�[SVO��7IEVGL�WXVEXIK]�SVMIRXIH�

%ODFN�ER[�
2SWLPL]DWLRQ

%D\HVLDQ�2SW
$SROOR
1$$6

*UDGLHQW�EDVHG
2SWLPL]DWLRQ

(''
'LII7XQH
3ULPH

+HXULVWLF�'ULYHQ

,QWHUVWHOODU

1HZ�
'HVLJQ
6SDFH

��



�� 6IHYGIH�HMQIRWMSREPMX]

�� 7QSSXL�WYVJEGI�

�� 6IGSRWXVYGXMFPI

(IWMVEFPI�LEVH[EVI�HIWMKR�WTEGI�TVSTIVXMIW

&DQ�ZH�DSSO\�0/�WR�OHDUQ�QHZ�
KDUGZDUH�UHSUHVHQWDWLRQV�IRU�
'6("�

����9DULDWLRQDO�$XWRHQFRGHU��9$(�
��

�� 6IHYGIH�
HMQIRWMSREPMX]

�� 6IGSRWXVYGXMFPI�� 7QSSXL�WYVJEGI



Ɣ 8VEMRMRK�QMRMQM^IW�VIGSRWXVYGXMSR�IVVSV��VIKYPEVM^IW�
ᶞ�ERH�ᶥ�XS[EVHW�XLI�WXERHEVH�RSVQEP

'LHGHULN�3�.LQJPD��0D[�:HOOLQJ��³$XWR�(QFRGLQJ�9DULDWLRQDO�%D\HV´��,&/5������

&EGOKVSYRH��:EVMEXMSREP�%YXSIRGSHIV��:%)
�

(QFRGHU 'HFRGHU
PHDQ

VWGGHY

,QSXW� 2XWSXW�

/DWHQW�6SDFH�

$�FRPSUHVVHG�UHSUHVHQWDWLRQ
������������������������������ZKHUH�

��

%�QSHIP�XLEX�PIEVRW�E�GSQTVIWWIH�VITVIWIRXEXMSR�]�SJ�MRTYX�HEXE�[



Ɣ 0IEVRW�YRHIVP]MRK��PEXIRX
�JIEXYVIW�F]�MHIRXMJ]MRK�WXVYGXYVI�MR�HEXE

&EGOKVSYRH��:EVMEXMSREP�%YXSIRGSHIV��:%)


-HUHP\�-RUGDQ��³9DULDWLRQDO�$XWRHQFRGHUV�´������
��



:%)�%TTPMGEXMSR��'LIQMGEP�(IWMKR

*yPH]�%RPEDUHOOL�HW�DO���$XWRPDWLF�FKHPLFDO�GHVLJQ�XVLQJ�D�GDWD�GULYHQ�FRQWLQXRXV�UHSUHVHQWDWLRQ�RI�PROHFXOHV���$&6�&HQWUDO�6FLHQFH�������
��



2ULJLQDO
6SDFH

3YV�[SVO��7IEVGL�WTEGI�SVMIRXIH�

%ODFN�ER[�
2SWLPL]DWLRQ

%D\HVLDQ�2SW
$SROOR
1$$6

*UDGLHQW�EDVHG
2SWLPL]DWLRQ

(''
'LII7XQH
3ULPH

+HXULVWLF�'ULYHQ

,QWHUVWHOODU

/DWHQW�
6SDFH

��

:%)�JSV�7TEXMEP�%GGIPIVEXSV�(IWMKR��:%)7%




3YV�*VEQI[SVO���:%)7%

��

(QFRGHU 'HFRGHU

,QSXW
+:�'HVLJQ�

2XWSXW
+:�'HVLJQ�

/DWHQW�'HVLJQ�6SDFH�

+RZ�GR�ZH�WUDLQ�WKH�9$(�WR�REWDLQ�WKH�
ODWHQW�GHVLJQ�VSDFH"



:%)7%�8VEMRMRK�

'DWDVHW

,QSXW

3UHGLFWHG�
+:�&RQILJ

(QFRGHU 'HFRGHU

/DWHQW�6SDFH�+:�&RQILJ

/DWHQF\�	�
(QHUJ\

3UHGLFWHG�
/DWHQF\�	�
(QHUJ\

/RVV�)XQFWLRQ

/DWHQF\�	�(QHUJ\�
3UHGLFWRU

'11�/D\HU

��



:%)7%�8VEMRMRK�

3UHGLFWHG�
+:�&RQILJ

'HFRGHU

3UHGLFWHG�
/DWHQF\�	�
(QHUJ\

/RVV�)XQFWLRQ

/DWHQF\�	�(QHUJ\�
3UHGLFWRU

'DWDVHW

,QSXW

(QFRGHU

+:�&RQILJ

/DWHQF\�	�
(QHUJ\

'11�/D\HU

7XIT����)RGSHI�XS�E�GSQTEGX��GSRXMRYSYW�
WIEVGL�WTEGI�

/DWHQW�6SDFH�

��



:%)7%�8VEMRMRK�

3UHGLFWHG�
+:�&RQILJ

'HFRGHU

/RVV�)XQFWLRQ

'DWDVHW

,QSXW

(QFRGHU

+:�&RQILJ

/DWHQF\�	�
(QHUJ\

/DWHQW�6SDFH�

/DWHQF\�	�(QHUJ\�
3UHGLFWRU

7XIT����4IVJSVQERGI�TVIHMGXMSR�JVSQ�PEXIRX�
JIEXYVIW

��

3UHGLFWHG�
/DWHQF\�	�
(QHUJ\'11�/D\HU



3UHGLFWHG�
/DWHQF\�	�
(QHUJ\

'DWDVHW

,QSXW

(QFRGHU

+:�&RQILJ

/DWHQF\�	�
(QHUJ\

'11�/D\HU

:%)7%�8VEMRMRK�
/RVV�)XQFWLRQ

/DWHQF\�	�(QHUJ\�
3UHGLFWRU

7XIT����6IGSRWXVYGX�XS�EGXYEP�LEVH[EVI�
GSRƻKYVEXMSRW

3UHGLFWHG�
+:�&RQILJ

'HFRGHU

/DWHQW�6SDFH�

��



:%)7%�8VEMRMRK�

'DWDVHW

,QSXW

(QFRGHU 'HFRGHU

/DWHQW�6SDFH�

/DWHQF\�	�(QHUJ\�
3UHGLFWRU

'11�/D\HU

��

/RVV�)XQFWLRQ

+:�&RQILJ

/DWHQF\�	�
(QHUJ\

3UHGLFWHG�
+:�&RQILJ

3UHGLFWHG�
/DWHQF\�	�
(QHUJ\7XIT����&EGOTVSTEKEXI�:%)�ERH�

TVIHMGXSV�PSWW�JYRGXMSRW



:%)7%�:MWYEPM^EXMSR���(

0IEVRIH�PEXIRX�WTEGI��

��

E
�2YQFIV�SJ�1%'�YRMXW F
�+PSFEP�FYJJIV�WM^I G
�)RIVK]�HIPE]�TVSHYGX��


�RQ�5HV1HW���



:%)7%�:MWYEPM^EXMSR���(

4VIHMGXIH�TIVJSVQERGI��)RIVK]��

��
3HUIRUPDQFH�YDOXHV�IRU�5HV1HW���



3YV�*VEQI[SVO���:%)7%

��

(QFRGHU 'HFRGHU

,QSXW
+:�'HVLJQ�

2XWSXW
+:�'HVLJQ�

/DWHQW�'HVLJQ�6SDFH�

('3

+RZ�GR�ZH�OHYHUDJH�WKH�ODWHQW�GHVLJQ�
VSDFH�WR�REWDLQ�EHWWHU�GHVLJQ�SRLQWV"



:%)7%�-RJIVIRGI

/DWHQW�6SDFH�
+:�(YDOXDWRU�
�7LPHORRS�

6FKHGXOHU
�&R6$� /DWHQF\

(QHUJ\
'HFRGHU

*HQHUDWHG�
+:�&RQILJ

'11�/D\HU'11�/D\HU'11�/D\HU

��

2SWLPL]HU

���%D\HVLDQ�2SW�
�%2�
���*UDGLHQW�'HVFHQW�
�*'�

+XDQJ�HW�DO��³&R6$��6FKHGXOLQJ�E\�&RQVWUDLQHG�2SWLPL]DWLRQ�IRU�6SDWLDO�$FFHOHUDWRUV�´�,6&$������
3DUDVKDU�HW�DO��³7LPHORRS��$�6\VWHPDWLF�$SSURDFK�WR�'11�$FFHOHUDWRU�(YDOXDWLRQ�´�,63$66������

https://arxiv.org/pdf/2105.01898.pdf


:%)7%�-RJIVIRGI
&E]IWMER�3TXMQM^EXMSR��&3
�

Ɣ &3�MXIVEXMZIP]�YTHEXIW�E�WXEXMWXMGEP�QSHIP�XS�ETTVS\MQEXI�XLI�YRORS[R�
SFNIGXMZI�JYRGXMSR�ERH�YWIW�ER�EGUYMWMXMSR�JYRGXMSR�XS�HIGMHI�[LMGL�
MRTYX�XS�WEQTPI�RI\X�

��
*KDKUDPDQL��=RXELQ���3UREDELOLVWLF�PDFKLQH�OHDUQLQJ�DQG�DUWLILFLDO�LQWHOOLJHQFH���1DWXUH��������������������������



:%)7%�-RJIVIRGI
:%)7%�&3

6WDWLVWLFDO�3HUIRUPDQFH�
0RGHO

/DWHQW�6SDFH�
+:�(YDOXDWRU�
�7LPHORRS�

6FKHGXOHU
�&R6$� /DWHQF\

(QHUJ\
'HFRGHU

*HQHUDWHG�
+:�&RQILJ

'11�/D\HU'11�/D\HU

)HHGEDFN�IURP�
+:�6LPXODWLRQ

'11�/D\HU

$FTXLVLWLRQ�)XQFWLRQ

%D\HVLDQ�2SWLPL]DWLRQ

%ODFN�ER[�RSWLPL]DWLRQ�
RQ�WKH�ODWHQW�VSDFH

��



6IWYPXW
:%)7%�&3�'SQTEVMWSR�

9$(6$�%2�LPSURYHV�WKH�VDPSOH�HIILFLHQF\�RI�%2�
DQG�ILQGV�RSWLPDO�DFFHOHUDWRU�GHVLJQV�� ��



:%)7%�-RJIVIRGI
+VEHMIRX�(IWGIRX��+(
�
Ɣ +(�MW�ER�MXIVEXMZI�QIXLSH�JSV�STXMQM^MRK�ER�SFNIGXMZI�JYRGXMSR�[MXL�

WYMXEFPI�WQSSXLRIWW�TVSTIVXMIW�F]�XEOI�VITIEXIH�WXITW�MR�XLI�STTSWMXI�
HMVIGXMSR�SJ�XLI�KVEHMIRX�SJ�XLI�JYRGXMSR�EX�XLI�GYVVIRX�TSMRX�

3
UH
GL
FW
HG
�

+
:
�3
HU
I

/DWHQW�)HDWXUHV ��



:%)7%�-RJIVIRGI
:%)7%�+(

3UHGLFWRU�EDVHG�VHDUFK�
RQ�WKH�ODWHQW�VSDFH�

/DWHQW�6SDFH�

3UHGLFWHG�('3�
0LQLPL]DWLRQ�Z��*'

+:�(YDOXDWRU�
�7LPHORRS�

6FKHGXOHU
�&R6$� /DWHQF\

(QHUJ\
'HFRGHU

*HQHUDWHG�
+:�&RQILJ

'11�/D\HU'11�/D\HU'11�/D\HU

��



6IWYPXW
:%)7%�+(�'SQTEVMWSR�

$YHUDJH�('3�LPSURYHPHQW�RI�*'�FRPSDUHG�WR�
UDQGRP�VHDUFK�RYHU����WHVW�OD\HUV��([SHULPHQWV�
UHSHDWHG�IRU���UDQGRP�VHHGV�

*'�RQ�WKH�ODWHQW�
VSDFH�DFKLHYHV�

EHWWHU�GHVLJQ�SRLQWV�
IDVWHU�WKDQ�*'�RQ�
WKH�RULJLQDO�VSDFH�

��



'SRGPYWMSR

-R�:%)7%��

Ɣ ;I�MRXVSHYGI�ER�(7)�JVEQI[SVO�[LIVI�XLI�WIEVGL�MW�TIVJSVQIH�SR�E�
GSRXMRYSYW�ERH�VIGSRWXVYGXMFPI�PEXIRX�WTEGI

Ɣ ;I�XVEMR�E�VMKSVSYW�:%)�QSHIP�ERH�YWI�XLI�XVEMRIH�QSHIPW�XS�IRLERGI�
X[S�WXEXI�SJ�XLI�EVX�EPKSVMXLQW��XLI�FPEGO�FS\�&3�ERH�XLI�
TVIHMGXSV�FEWIH�+(�EPKSVMXLQ

��

(PDLO��NIRR]LYERK$RZMHME�GSQ��GLEVPIWLSRK$FIVOIPI]�IHY
+MXLYF��LXXTW���KMXLYF�GSQ�LUNIRR]�ZEIWE�KMX����

mailto:jennyhuang@nvidia.com
mailto:charleshong@berkeley.edu
https://github.com/hqjenny/vaesa.git

