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3UHYLRXV /HFWXUHV

● :KDW DUH HPRWLRQV" :KDW LV WKH UHODWLRQ WR DĳHFW"
+RZ FDQ HPRWLRQV EH RUJDQL]HG LQ SV\FKRORJLFDO PRGHOV"
● :KLFK DQQRWDWHG FRUSRUD H[LVW IRU HPRWLRQV"
+RZ FDQ WKH\ EH FUHDWHG"
● :KLFK GLFWLRQDULHV H[LVW IRU HPRWLRQV"
+RZ FDQ WKH\ EH FUHDWHG"
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'LFWLRQDULHV

● /,:&�
���� :RUGV ZLWK �� 3V\FKRORJLFDO &DWHJRULHV
● :RUG1HW $ĳHFW�≈ ���� ZRUGV� ���� PDQXDOO\ DQQRWDWHG
● 15& (PRWLRQ 'LFWLRQDU\�≈ ���� ZRUGV� ODEHOHG ZLWK FURZGVRXUFLQJ IRU HPRWLRQV
● 15& 9$'�≈ ����� ZRUGV� ODEHOHG ZLWK FURZGVRXUFLQJ YLD %:6
● 'HSHFKH0RRG�≈ ����� ZRUGV� ZHDNO\ DQQRWDWHG
● $1(:�≈ ���� ZRUGV� H[SHUW DQQRWDWHG IRU 9$'
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7DNH $ZD\

● 0RWLYDWLRQ IRU HPRWLRQ FODVVLıFDWLRQ● $SSURDFKHV IRU HPRWLRQ FODVVLıFDWLRQ● 'LFWLRQDULHV� )HDWXUHV� 1HXUDO● :HDN�'LVWDQW 6XSHUYLVLRQ� 7UDQVIHU /HDUQLQJ● 0XOWLWDVN OHDUQLQJ● =HUR�VKRW OHDUQLQJ
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7DVN 'HıQLWLRQ

(PRWLRQ FODVVLıFDWLRQ LV WKH WDVN WR DVVLJQ RQH RU PXOWLSOH
HPRWLRQV IURP D SUHGHıQHG HPRWLRQ LQYHQWDU WR D WH[WXDO XQLW�
H�J�� D GRFXPHQW� SDUDJUDSK� VHQWHQFH�
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'LFWLRQDU\�EDVHG 0HWKRGV

)LUVW DWWHPSW� 8VH D GLFWLRQDU\ 'H RI HQWULHV W ZLWK
HPRWLRQ VFRUHV VH(W) IRU HPRWLRQ H�

VFRUH(WH[W,H) = �
∣WH[W∣ ∑Z∈WH[WVH(Z)

● ,VVXHV" 1XPEHU RI ZRUGV LQ GLFWLRQDU\ DVVRFLDWHG ZLWK
HPRWLRQ PLJKW GLĳHU� 1RUPDOL]H�

VFRUH(WH[W,H) = �
∣'H∣

�
∣WH[W∣ ∑Z∈WH[WVH(Z)

● 'HFLVLRQ IRU DQ HPRWLRQ�

HPRWLRQ(WH[W) = DUJPD[
H∈(PRWLRQV

VFRUH(WH[W,H)
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/LPLWDWLRQV RI 'LFWLRQDULHV"
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/LPLWDWLRQV RI 'LFWLRQDULHV"

● 'LFWLRQDULHV DORQH PLJKW QRW FDSWXUH LQWHQVLıHUV� PRGLıHUV�
QHJDWLRQV
● ,URQ\ RU VDUFDVP� ıJXUDWLYH ODQJXDJH
● ,PSOLFLW IRUPXODWLRQV
● 5HIHUHQFHV WR HYHQWV
● &RYHUDJH DQG SUHFLVLRQ PLJKW EH OLPLWHG
● &RPSRVLWLRQDOLW\ LV QRW FDSWXUHG
● 1RW DOO HPRWLRQ H[SUHVVLRQV PLJKW EH FDSWXUHG HTXDOO\ ZHOO
● ő
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0DFKLQH OHDUQLQJ EDVHG

6WDWLVWLFDO PHWKRGV● $GYDQWDJHV�● 0RGHO DGDSWV ZHOO LI WUDLQLQJ GDWD DYDLODEOH● 0LJKW FDSWXUH DVSHFWV WKDW DUH GLĴFXOW WR HQFRGH LQ UXOHV● 0LJKW FDSWXUH DVSHFWV WKDW ZH GR QRW NQRZ● 'LVDGYDQWDJHV�● &RUSXV LV UHTXLUHG● 0LJKW QRW DGDSW ZHOO WR GRPDLQV RXWVLGH RI WUDLQLQJ GDWD● 1RW QHFHVVDULO\ WUDQVSDUHQW
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:KLFK IHDWXUHV FRXOG EH KHOSIXO"

● , DP KDSS\
● , DP QRW KDSS\
● +H LV LQ 'LVQH\ODQG
● 6KH KDV D GDWH
● 7KDW VXFNV
● 6XUH� 7KDWŖV UHDDDDOOOO\
FRRRRO���
● 6KH JRW D QHZ ELF\FOH
● 6KH QHHGHG WR EX\ D FDU
● +LV VRQ UDQ RQ WKH VWUHHW�
● , GLG QRW SDVV WKH H[DP�

)HDWXUHV LQ D 0/ VHWWLQJ"
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$OP ����� 7DOHV

● /HDUQ IXQFWLRQ WR PDS VHQWHQFH WR HPRWLRQ● 1HXWUDO YV� (PRWLRQDO● 1HXWUDO YV� 3RVLWLYH YV� 1HJDWLYH
● )HDWXUHV� )LUVW VHQWHQFH� FRQMXQFWLRQV� TXRWHG� VWRU\ W\SH�
VSHFLDO SXQFWXDWLRQ� FRPSOHWH XSSHU�FDVH ZRUGV� VHQWHQFH
OHQJWK� UDQJH RI VWRU\ SURJUHVV� QXPEHU RI --� 1� 9� 5%� YHUE
FRXQW� SRVLWLYH�QHJDWLYH FRXQW� ZRUG QHW HPRWLRQ ZRUGV�
LQWHUMHFWLRQV� EDJ RI ZRUGV
● &ODVVLıHU� 61R: �D UXOH OHDUQLQJ PHWKRG�● 5HVXOW�● 1�(� ��� )� IRU 1� ��� IRU (● 1�3�1(� ��� )� IRU 1� ��� )� 1(� ��� )� 3
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6WUDSSDUDYD ����� $ĳHFWLYH 7H[W +HDGOLQHV

● 'DWD VHW XVHG IRU VKDUHG WDVN
● 7KUHH WHDPV SDUWLFLSDWHG
● 0RVWO\ QR PDFKLQH OHDUQLQJ EXW UXOHV ZLWK GLFWLRQDULHV DQG
VLPLODULW\ PHDVXUHV RI ZRUGV WR RWKHU UHVRXUFHV
● 5HVXOWV EHWZHHQ �� DQG ��� )�
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$PDQ ����

● )HDWXUHV EDVHG RQ ZRUGV RQ GLFWLRQDULHV
�*HQHUDO ,QTXLUHU DQG :RUG1HW $ĳHFW�
● 3DSHU OHDYHV VRPH DPELJXLWLHV RSHQ KRZ WKHVH GLFWLRQDULHV
ZHUH XVHG DV IHDWXUHV
● &ODVVLıHUV� 1DLYH %D\HV DQG 6XSSRUW 9HFWRU 0DFKLQH
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0D[(QW� /LQHDU 690

● %DJ�RI�:RUGV

/670� %L/670

● ��� GLPHQVLRQDO HPEHGGLQJ● ��� GLPHQVLRQDO /670 OD\HU� ��� GURSRXW UDWH● �� GLPHQVLRQDO GHQVH OD\HU● � RXWSXW QHXURQV

&11

● &RQYROXWLRQ RI ZLQGRZ VL]H �����● 3RROLQJ RI OHQJWK �
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6KDUHG 7DVNV

● $ĳHFWLYH 7H[W �+HDGOLQHV�� ���� �6HP(YDO�
● (PRWLRQ ,QWHQVLW\� ���� �:$66$�� ���� �6HP(YDO�
�QRW GLVFXVVHG KHUH� VHH VHVVLRQ RQ LQWHQVLW\ QH[W \HDU�
● (PRWLRQ &ODVVLıFDWLRQ �(�F� ���� �6HP(YDO�
● ,PSOLFLW (PRWLRQV� ���� �:$66$�
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(PRWLRQ &ODVVLıFDWLRQ (�F 6HP(YDO� 6HWWLQJ

7DVN 'HıQLWLRQ
(PRWLRQ &ODVVLıFDWLRQ �(�F�� *LYHQ D WZHHW� FODVVLI\ LW DV ŕQHXWUDO
RU QR HPRWLRQŖ RU DV RQH� RU PRUH� RI HOHYHQ JLYHQ HPRWLRQV WKDW
EHVW UHSUHVHQW WKH PHQWDO VWDWH RI WKH WZHHWHU

● $QQRWDWLRQ YLD FURZGVRXUFLQJ
● $JJUHJDWLRQ�
$FFHSW HPRWLRQ ODEHO ZLWK DW OHDVW ��� DQQRWDWLRQV
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● ,QSXW�
7ZHHW ZLWK HPRWLRQ V\QRQ\P UHSODFHG E\ XQLTXH VWULQJ
● 2XWSXW�
(PRWLRQ IRU ZKLFK WKH UHPRYHG ZRUG LV D V\QRQ\P

([DPSOH

b�/M2bb (la1_L�J1) +�M vQm b2M/ K2 � ir22i\ A^K
(Oh_A::1_qP_.O) #2+�mb2 A^K 722HBM; BMpBbB#H2 iQ vQm
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,PSOLFLW (PRWLRQV 6KDUHG 7DVN� 7RROV

● 'HHS OHDUQLQJ�● .HUDV� 7HQVRUĲRZ● 3\7RUFK RI PHGLXP SRSXODULW\● 7KHDQR RQO\ RQFH● 'DWD SURFHVVLQJ� JHQHUDO 0/�● 1/7.� 3DQGDV� 6FLNLW/HDUQ● :HND DQG 6SD&\ RI ORZHU SRSXODULW\● (PEHGGLQJV�6LPLODULW\ PHDVXUHV�● *OR9H� *HQ6LP� )DVW7H[W● (O0R OHVV SRSXODU
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● 1HDUO\ HYHU\ERG\ XVHG HPEHGGLQJV
● 1HDUO\ HYHU\ERG\ XVHG UHFXUUHQW QHXUDO QHWZRUNV
�/670�*58�511�
● 0RVW WRS WHDPV XVHG HQVHPEOHV �����
● &11V GLVWULEXWHG ≈ HTXDOO\ DFURVV UDQNV
● $WWHQWLRQ PHFKDQLVPV ��� WRS� QRW E\ ORZHU UDQNHG WHDPV
● /DQJXDJH PRGHOV XVHG E\ ��� WRS WHDPV
● :LQQHU� ?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vfqR3@ekydf
● 0RUH LQIRUPDWLRQ�

?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vfqR3@ekyef
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:HDN DQG 'LVWDQW /DEHOLQJ

:HDN�'LVWDQW /DEHOLQJ�
● 8VH DQ H[WHUQDO DXWKRULW\ IRU ODEHOLQJ LQVWDQFHV● ([DPSOH�● 8VH GDWD EDVH ZLWK HQWLWLHV IRU 1(5 DQQRWDWLRQ● 8VH GDWD EDVH ZLWK UHODWLRQV IRU UHODWLRQ DQQRWDWLRQ● 8VH GLFWLRQDU\ RI HPRWLRQ ZRUGV WR ODEHO LQVWDQFHV● &RPPRQO\ XVHG IRU ($ RQ VRFLDO PHGLD�
6HOI /DEHOLQJ�● 3UHGLFW DQ HOHPHQW IURP WKH WH[W IURP WKH UHVW● ([DPSOHV�● 3UHGLFW DQ HPRML� HPRWLFRQ● 3UHGLFW KDVKWDJ● 3UHGLFW D ZRUG �DV LQ ,PSOLFLW (PRWLRQV 6KDUHG 7DVN�
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6HOI�/DEHOLQJ

$SSURDFK�● 0DQXDOO\ DVVRFLDWH● KDVKWDJV ZLWK HPRWLRQV● HPRMLV ZLWK HPRWLRQV
● $VVXPH WKDW RFFXUUHQFH RI KDVKWDJ�HPRML PDUNV HPRWLRQ
● 3UHGLFW ŗVHOI�ODEHOHG HPRWLRQŘ IURP WH[W DIWHU UHPRYLQJ
KDVKWDJ�HPRML
● $SSO\ WR RWKHU WH[WV

$GYDQWDJH�
● (DV\ WR REWDLQ KXJH GDWD VHWV

'LVDGYDQWDJH�
● &RQFHSW RI HPRWLRQ /= HPRWLRQ KDVKWDJV�HPRMLV
● ([DPSOH� ��������6RFLDO&RP�3$66$7���������
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7UDQVIHU /HDUQLQJ

● ,GHD�● 3UHWUDLQ PRGHO RQ UHODWHG WDVN
�ZKHUH GDWD LV HDV\ WR JHW�● )LQH�WXQH PRGHO RQ DFWXDO WDVN

● &KDOOHQJH� &DWDVWURSKLF )RUJHWWLQJ● 5HODWHG PHWKRGV�● 'RPDLQ DGDSWDWLRQ
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*HQHUDO $SSURDFKHV WR 7UDQVIHU /HDUQLQJ

● 8/0)LW● 3UHWUDLQ /670�EDVHG ODQJXDJH PRGHO● )LQH�WXQH WR VSHFLıF WDVN● 7DFNOHV FDWDVWURSKLF IRUJHWWLQJ E\ JUDGXDO XQIUHH]LQJ● %(57● 7UDQVIRUPHU DUFKLWHFWXUH● 3UHWUDLQ MRLQW VHQWHQFH DQG FRQWH[WXDOL]HG HPEHGGLQJV● )LQH�WXQH WRS OD\HUV RQ VSHFLıF WDVN● (PEHGGLQJV� OLNH :RUG�9HF● 3UHGLFW D ZRUG IURP FRQWH[W● 3UHGLFW FRQWH[W IURP ZRUG● 8VH UHSUHVHQWDWLRQV WR VWDUW D FODVVLıHU ZLWK� ıQH�WXQH
HPEHGGLQJV IRU WDVN
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7UDQVIHU /HDUQLQJ� 'HHS0RML
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7UDQVIHU /HDUQLQJ� 'HHS0RML

● 'HYHORSV D GHHS OHDUQLQJ
PHWKRG IRU HPRWLRQ
FODVVLıFDWLRQ �DPRQJVW
RWKHU WDVNV�
● 3UHWUDLQ PRGHO RQ KXJH
GDWD VHW WR SUHGLFW WKH
RFFXUUHQFH RI DQ HPRML
● )LQH�WXQH� .HHS VXEVHW RI
SDUDPHWHUV ı[HG ZKLOH
OHDUQLQJ RQ DFWXDO GDWD VHW�
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7UDQVIHU /HDUQLQJ� 'HHS0RML

● %OXH� IUR]HQ● D� WXQH DQ\ QHZ OD\HUV● E� WKHQ WXQH �VW OD\HU● F� WKHQ WXQH QH[W OD\HU� XQWLO DOO KDYH EHHQ WXQHG● G� WXQH DOO WRJHWKHU
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'HHS0RML 'HPR DQG 5HIHUHQFH

%MDUNH )HOER� $ODQ 0LVORYH� $QGHUV 6ĉJDDUG� ,\DG 5DKZDQ� 6XQH
/HKPDQQ� 8VLQJ PLOOLRQV RI HPRML RFFXUUHQFHV WR OHDUQ
DQ\�GRPDLQ UHSUHVHQWDWLRQV IRU GHWHFWLQJ VHQWLPHQW� HPRWLRQ
DQG VDUFDVP� (01/3 �����
● 'HPR� ?iiTb,ff/22TKQDBXKBiX2/mf
● 3DSHU� ?iiTb,ff�+H�Mi?QHQ;vXQ`;f.Rd@RReNf
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)LQDO 5HPDUN RQ 5HVXOWV

● 5HVXOWV GLĳHU D ORW EHWZHHQ GDWD VHWV
● 'DWD VHWV DUH SUHWW\ LQFRPSDUDEOH
● 'R QRW DVVXPH D KLJK QXPEHU LV D JRRG UHVXOW RU D ORZ
QXPEHU LV D EDG UHVXOW ZLWKRXW XQGHUVWDQGLQJ WKH GDWD VHW�
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)LQDO 5HPDUN RQ 5HVXOWV

&URVV�FRUSXV H[SHULPHQW

● 6SOLW FRUSRUD LQ
WUDLQ�YDO
● 7UDLQ
%2:�0D[(QW�/� RQ
DOO WUDLQ SDUWV� DSSO\
RQ DOO YDO SDUWV
● -RLQ DOO WUDLQ SDUWV�
DSSO\ RQ HDFK YDO
SDUW

�?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vf*R3@RRdNf�
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� :HDN DQG 'LVWDQW /DEHOLQJ
2EWDLQLQJ $XWRPDWLFDOO\ $QQRWDWHG &RUSRUD
7UDQVIHU /HDUQLQJ

� 0XOWL�WDVN OHDUQLQJ

� =HUR�6KRW /HDUQLQJ

2XWOLQH



� �� �� �� �� �� �� �
5HFDS

� �� �� �� �� �� �
,QWURGXFWLRQ

� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �
0/ 0HWKRGV

� �� �� �� �� �� �� �� �� �� �� �� �
:HDN /DEHOLQJ
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2EHUYDWLRQV

7DVN VSHFLıF GHYHORSPHQWV
● (PRWLRQ GLFWLRQDU\ IHDWXUHV
● +DQGOH LQWHQVLıHUV�QHJDWLRQV
● $GDSW LQSXW UHSUHVHQWDWLRQV �H�J�� UHWURıWWLQJ�
● 3UHWUDLQLQJ RI SDUWLFXODUO\ UHOHYDQW SUR[\ WDVN

*HQHUDO GHYHORSPHQWV
● 1HXUDO QHWZRUNV ZRUN EHVW
● 0HWKRGV WKDW ZRUN ZHOO DFURVV GLĳHUHQW FODVVLıFDWLRQ WDVNV
ZRUN ZHOO IRU HPRWLRQ DQDO\VLV

8QLYHUVLW\ RI 6WXWWJDUW 5RPDQ .OLQJHU 1RY ��� ���� �� � ��



� �� �� �� �� �� �� �
5HFDS

� �� �� �� �� �� �
,QWURGXFWLRQ

� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �
0/ 0HWKRGV

� �� �� �� �� �� �� �� �� �� �� �� �
:HDN /DEHOLQJ

� �� �� �� �� �� �
0XOWL�WDVN OHDUQLQJ

� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �
=HUR�6KRW /HDUQLQJ

2YHUYLHZ RI 0XOWLWDVN OHDUQLQJ

Task A Task B Task C

Task-specific
Layers

Shared Layers
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7DVNV LQ 0XOWLWDVN /HDUQLQJ DQG (PRWLRQV

● $NKWDU HW DO� 1$$&/ ����� 0XOWL�WDVN /HDUQLQJ IRU
0XOWL�PRGDO (PRWLRQ 5HFRJQLWLRQ DQG 6HQWLPHQW $QDO\VLV
?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vfLRN@Ryj9XT/7
● &KDXKDQ HW DO� $&/ ����� 6HQWLPHQW DQG (PRWLRQ KHOS
6DUFDVP" $ 0XOWL�WDVN /HDUQLQJ )UDPHZRUN IRU 0XOWL�0RGDO
6DUFDVP� 6HQWLPHQW DQG (PRWLRQ $QDO\VLV
?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vfkykyX�+H@K�BMX9yRXT/7
● 'DQNHUV HW DO� (01/3 ����� 0RGHOOLQJ WKH LQWHUSOD\ RI
PHWDSKRU DQG HPRWLRQ WKURXJK PXOWLWDVN OHDUQLQJ
?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vf.RN@RkkdXT/7
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7DVNV LQ 0XOWLWDVN /HDUQLQJ DQG (PRWLRQV

● 7DIUHVKL HW DO� &R1// ����� (PRWLRQ 'HWHFWLRQ DQG
&ODVVLıFDWLRQ LQ D 0XOWLJHQUH &RUSXV ZLWK -RLQW 0XOWL�7DVN
'HHS /HDUQLQJ
?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vf*R3@Rk9eXT/7
● 5DMDPDQLFNDP HW DO� $&/ ����� -RLQW 0RGHOOLQJ RI (PRWLRQ
DQG $EXVLYH /DQJXDJH 'HWHFWLRQ
?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vfkykyX�+H@K�BMXjN9XT/7
● 6DKD HW DO� $&/ ����� 7RZDUGV (PRWLRQ�DLGHG 0XOWL�PRGDO
'LDORJXH $FW &ODVVLıFDWLRQ
?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vfkykyX�+H@K�BMX9ykXT/7
● &DVHO HW DO� .219(16 ����� (PRWLRQ 5HFRJQLWLRQ XQGHU
&RQVLGHUDWLRQ RI WKH (PRWLRQ &RPSRQHQW 3URFHVV 0RGHO�
?iiTb,ff�+H�Mi?QHQ;vXQ`;fkykRXFQMp2Mb@RX8f
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6XPPDU\

● )HDWXUH�EDVHG HPRWLRQ DQDO\VLV UHVHDUFK FDPH XS ZLWK ULFK
VHWV RI WDVN�VSHFLıF SURSHUWLHV
● 'HHS OHDUQLQJ� WUDQVIHU OHDUQLQJ RXWSHUIRUPV VXFK
DSSURDFKHV PRVWO\� EXW LV VRPHWLPHV DOVR FRPELQHG�
● &XUUHQW UHVHDUFK LV D ORW DERXW ıQGLQJ EHQHıFLDO SUR[\ WDVNV
DQG WR DGDSW LQSXW UHSUHVHQWDWLRQV

8QLYHUVLW\ RI 6WXWWJDUW 5RPDQ .OLQJHU 1RY ��� ���� �� � ��



� 5HFDS

� ,QWURGXFWLRQ

� 0/ 0HWKRGV
)HDWXUH�EDVHG 0DFKLQH /HDUQLQJ
1HXUDO 1HWZRUN�EDVHG $SSURDFKHV
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5HFHQW GHYHORSPHQWV� =HUR�6KRW /HDUQLQJ IRU
(PRWLRQ &ODVVLıFDWLRQ

● 6RPHWLPHV� GLFWLRQDU\�EDVHG HPRWLRQ FODVVLıFDWLRQ LV FDOOHG
XQVXSHUYLVHG● 7KDW LV REYLRXVO\ ZURQJ� LI VXSHUYLVLRQ ZHQW LQWR WKH

GLFWLRQDU\�FUHDWLRQ SURFHVV�● 6WLOO� WKLV WHUP KLJKOLJKWV D GHVLGHUDWXP� DVVLJQ ODEHOV
ZLWKRXW WUDLQLQJ GDWD�● 6LPLODU� *LYHQ GHYHORSPHQW GDWD ZLWK HPRWLRQ ODEHOV�

GHYHORS D PRGHO� WKDW FDQ SUHGLFW XQVHHQ ODEHOV�
⇒ =HUR�6KRW /HDUQLQJ
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:K\ VKRXOG =HUR�6KRW /HDUQLQJ EH SRVVLEOH"

Deer Fish

Training Data with labels: Deer, Fish, Rabbit

Photos Attribution: Rabbit: David Ili↵, Fish: Diego Delso, Deer: Frank Liebig, Whale: Whit Welles. Licenses: CC
BY-SA 3.0, Moose: Public Domain

Rabbit

Test Data with unseen labels: Moose, Whale

Moose Whale

● +RZ GR ZH PDNH
WKHVH DVVLJQPHQWV"
● :H GHFLGH RQ
SURSHUWLHV RI WKH
LQVWDQFHV WR FODVVLI\�
● :H FRPSDUH WKH
H[WUDFWHG SURSHUWLHV
WR WKRVH RI WKH
FODVVHV�
● :H QHHG VRPH NLQG
RI IHDWXUH
YHFWRU�HPEHGGLQJ RI
HDFK LQVWDQFH DQG
ODEHO�
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)HDWXUH�EDVHG *HQHUDOL]DWLRQ

Deer Fish

Labels during training: Deer, Fish, Rabbit

Rabbit

Unseen labels: Moose, Whale

Moose Whale

Features: (eats-grass, has-lungs, lives-in-water, is-cute)

(1,1,0,0) (0,0,1,0) (1,1,0,1)

(1,1,0,1) (0,1,1,0)

⇒ ,I ZH KDG D PRGHO ZKLFK SUHGLFWHG WKHVH IHDWXUH YHFWRUV� ZH
FRXOG MXVW VHOHFW WKH PRVW DSSURSULDWH ODEHO EDVHG RQ D
QHLJKHVW�QHLJKERU DSSURDFK
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=6/ DV (PEHGGLQJ 3UHGLFWLRQ

Fish

Rabbit
Deer labels in training data

labels to be predicted

Moose
Whale

test instance

● 9HFWRUV EDVHG RQ FRQFHSW
IHDWXUHV
● *HW IHDWXUH YHFWRU IRU D
QHZ LQVWDQFH

● ,Q =6/� ZH ZRXOG DVVLJQ
ŗZKDOHŘ�
● ,Q *HQHUDOL]HG =6/� ZH DVVLJQ
ŗıVKŘ�
● +XEQHVV SUREOHP� ,WŖV PRUH
OLNHO\ WR SUHGLFW YHFWRUV WKDW
KDYH EHHQ VHHQ DW PRGHO
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Abstract

We present a novel generalized zero-shot algorithm to rec-
ognize perceived emotions from gestures. Our task is to map
gestures to novel emotion categories not encountered in train-
ing. We introduce an adversarial autoencoder-based repre-
sentation learning that correlates 3D motion-captured gesture
sequences with the vectorized representation of the natural-
language perceived emotion terms using word2vec embed-
dings. The language-semantic embedding provides a repre-
sentation of the emotion label space, and we leverage this
underlying distribution to map the gesture sequences to the
appropriate categorical emotion labels. We train our method
using a combination of gestures annotated with known emo-
tion terms and gestures not annotated with any emotions. We
evaluate our method on the MPI Emotional Body Expres-
sions Database (EBEDB) and obtain an accuracy of 58.43% .
We see an improvement in performance compared to current
state-of-the-art algorithms for generalized zero-shot learning
by 25–27% on the absolute. We also demonstrate our ap-
proach on publicly available videos from the internet and
movie scenes, where the actors’ pose has been extracted and
map to their respective emotive states.

1 Introduction

Emotion recognition as an area of research is integral
to a variety of domains, including human-computer inter-
action, robotics (Liu et al. 2017) and affective comput-
ing (Yates et al. 2017). Existing research in emotion recog-
nition has leveraged aspects such as facial expressions (Liu
et al. 2017), speech and gaits (Bhattacharya et al. 2020) to
gauge an individual’s emotional state. Gestures have also
been used in psychological studies to identify emotions by
using affective features such as arm swing rate, posture, fre-
quency of movements, etc. Recent work by (Bhattacharya
et al. 2020) has leveraged spatial-temporal graph convolu-
tion networks (ST-GCN) (Yan, Xiong, and Lin 2018) to cap-
ture pose dynamics and generate a mapping between the ex-
tracted features and the labeled emotions.

A major challenge in machine learning-based emotion
recognition algorithms is the requirement for significantly-

Copyright © 2022, Association for the Advancement of Artificial
Intelligence (www.aaai.org). All rights reserved.

Figure 1: Generalized zero-shot Emotion Recognition from

gestures. Gesture sequences from both seen and unseen

classes of emotions are used as the input to our AAE-based

representation learning algorithm. We capture the spatial-

temporal representation of 3D motion-captured gesture se-

quences in our network and correlate them with the seman-

tic representation of the corresponding perceived emotion

term. Our network can accurately recognize emotions not

seen during training and has an overall accuracy of 58.43%
.

sized, well-labeled datasets to build classification algorithms
on previously labeled emotions. However, considering the
wide spectrum of emotions for humans (Zhou et al. 2016)
and different emotion representations, it is tedious and often
prohibitively expensive to develop datasets with an adequate
number of instances for every emotion. Zero-shot learning
has recently drawn considerable attention to overcome such
issues where labels of different classes are unavailable. It
provides an alternative methodology that does not rely on
existing labels. Instead, it relies on utilizing the different re-
lationships between various seen and unseen classes to de-
termine the appropriate labels.

In the generalized zero-shot learning (GZSL) paradigm,
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Abstract

Zero-shot text classification (0SHOT-TC) is a
challenging NLU problem to which little at-
tention has been paid by the research com-
munity. 0SHOT-TC aims to associate an ap-
propriate label with a piece of text, irrespec-
tive of the text domain and the aspect (e.g.,
topic, emotion, event, etc.) described by the
label. And there are only a few articles study-
ing 0SHOT-TC, all focusing only on topical
categorization which, we argue, is just the tip
of the iceberg in 0SHOT-TC. In addition, the
chaotic experiments in literature make no uni-
form comparison, which blurs the progress.

This work benchmarks the 0SHOT-TC problem
by providing unified datasets, standardized
evaluations, and state-of-the-art baselines. Our
contributions include: i) The datasets we pro-
vide facilitate studying 0SHOT-TC relative to
conceptually different and diverse aspects: the
“topic” aspect includes “sports” and “politics”
as labels; the “emotion” aspect includes “joy”
and “anger”; the “situation” aspect includes
“medical assistance” and “water shortage”. ii)
We extend the existing evaluation setup (label-
partially-unseen) – given a dataset, train on
some labels, test on all labels – to include
a more challenging yet realistic evaluation
label-fully-unseen 0SHOT-TC (Chang et al.,
2008), aiming at classifying text snippets with-
out seeing task specific training data at all.
iii) We unify the 0SHOT-TC of diverse aspects
within a textual entailment formulation and
study it this way. 1

1 Introduction

Supervised text classification has achieved great
success in the past decades due to the availability
of rich training data and deep learning techniques.
However, zero-shot text classification (0SHOT-TC)

1 https://cogcomp.seas.upenn.edu/page/
publication_view/883

The SlagXe iQ MRQgRlia, RccXUUiQg laVW Zeek,
haV caXVed mRUe WhaQ a WhRXVaQd iVRlaWiRQ

health, ÀQaQce, SRliWicV, 
VSRUWV, eWc.

aQgeU, jR\, sadness,
fear eWc.
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Figure 1: A piece of text can be assigned labels which
describe the different aspects of the text. Positive labels
are in blue.

has attracted little attention despite its great po-
tential in real world applications, e.g., the intent
recognition of bank consumers. 0SHOT-TC is chal-
lenging because we often have to deal with classes
that are compound, ultra-fine-grained, changing
over time, and from different aspects such as topic,
emotion, etc.

Existing 0SHOT-TC studies have mainly the fol-
lowing three problems.

First problem. The 0SHOT-TC problem was
modeled in a too restrictive vision. Firstly, most
work only explored a single task, which was
mainly topic categorization, e.g., (Pushp and Sri-
vastava, 2017; Yogatama et al., 2017; Zhang et al.,
2019). We argue that this is only the tiny tip of
the iceberg for 0SHOT-TC. Secondly, there is of-
ten a precondition that a part of classes are seen
and their labeled instances are available to train a
model, as we define here as Definition-Restrictive:

Definition-Restrictive (0SHOT-TC). Given la-
beled instances belonging to a set of seen classes
S, 0SHOT-TC aims at learning a classifier f(·) :
X ! Y , where Y = S [ U ; U is a set of unseen
classes and belongs to the same aspect as S.

In this work, we formulate the 0SHOT-TC in a
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● �G�HQVHPEOH LV D 'H%(57D�EDVHG HQVHPEOH RI DOO SURPSWV
PHQWLRQHG EHIRUH�
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2EVHUYDWLRQ�

7KHVH PRGHOV DUH DOO SUHWW\ QRQ�NQRZOHGJHDEOH DERXW WKH
FRQFHSW RI HPRWLRQV�
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7DNH $ZD\

● 0RWLYDWLRQ IRU HPRWLRQ FODVVLıFDWLRQ● $SSURDFKHV IRU HPRWLRQ FODVVLıFDWLRQ● 'LFWLRQDULHV� )HDWXUHV� 1HXUDO● :HDN�'LVWDQW 6XSHUYLVLRQ� 7UDQVIHU /HDUQLQJ● 0XOWLWDVN OHDUQLQJ● =HUR�VKRW OHDUQLQJ
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