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Guiding idea

1. Your existing architecture can benefit from contextual
representations.

2. finetuning.ipynb shows you how to bring in
Transformer representations:
É Simple featurization
É Fine-tuning

3. By extending existing PyTorch modules for this course,
you can create customized fine-tuning models with just a
few lines of code.

4. This is possible only because of the amazing work that
the Hugging Face team has done!
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Standard RNN dataset preparation

Examples
[a, b, a]
[b, c]
⇓

Indices
[1, 2, 1]
[2, 3]
⇓

Vectors

h

[−0.42 0.10 0.12], [−0.16 −0.21 0.29], [−0.42 0.10 0.12]
i

h

[−0.16 −0.21 0.29], [−0.26 0.31 0.37]
i

Embedding

1 −0.42 0.10 0.12
2 −0.16 −0.21 0.29
3 −0.26 0.31 0.37
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RNN contextual representation inputs

Examples
[a, b, a]
[b, c]
⇓

Vectors

h

[−0.41 −0.08 0.27], [0.17 −0.22 0.78][−0.46 0.24 0.12]
i

h

[−0.02 −0.56 0.11][−0.45 0.43 0.32]
i
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Code snippet: BERT RNN inputs
#2`in72�im`2bn`MM

�T`BH RR- kykR

(R), BKTQ`i iQ`+?
7`QK i`�Mb7Q`K2`b BKTQ`i "2`iJQ/2H- "2`ihQF2MBx2`
BKTQ`i Qb
7`QK iQ`+?n`MMn+H�bbB7B2` BKTQ`i hQ`+?_LL*H�bbB7B2`
BKTQ`i bbi

(k), aahn>PJ1 4 QbXT�i?XDQBMU]/�i�]- ]b2MiBK2Mi]V

(j), r2B;?ibnM�K2 4 ^#2`i@#�b2@+�b2/^

(9), #2`iniQF2MBx2` 4 "2`ihQF2MBx2`X7`QKnT`2i`�BM2/Ur2B;?ibnM�K2V

(8), #2`inKQ/2H 4 "2`iJQ/2HX7`QKnT`2i`�BM2/Ur2B;?ibnM�K2V

(e), /27 #2`inT?BUi2tiV,
BMTminB/b 4 #2`iniQF2MBx2`X2M+Q/2Ui2ti- �//nbT2+B�HniQF2Mb4h`m2V
s 4 iQ`+?Xi2MbQ`U(BMTminB/b)V
rBi? iQ`+?XMQn;`�/UV,

`2Tb 4 #2`inKQ/2HUsV
`2im`M `2TbXH�bin?B//2Mnbi�i2(y)Xb[m22x2UyVXMmKTvUV

(d), /27 7BinT`272�im`Bx2/n`MMUs- vV,
KQ/ 4 hQ`+?_LL*H�bbB7B2`U

pQ+�#4()- O LQ MQiBQM Q7 � pQ+�#c i?2 KQ/2H /2�Hb QMHv rBi? p2+iQ`bX
2�`HvnbiQTTBM;4h`m2-
mb2n2K#2//BM;46�Hb2V O 622/ BM p2+iQ`b /B`2+iHvX

KQ/X7BiUs- vV
`2im`M KQ/

(3), 2tT2`BK2Mi 4 bbiX2tT2`BK2MiU
bbiXi`�BMn`2�/2`Uaahn>PJ1V-
#2`inT?B-
7BinT`272�im`Bx2/n`MM-
�bb2bbn/�i�7`�K2b4bbiX/2pn`2�/2`Uaahn>PJ1V-
p2+iQ`Bx246�Hb2V O S�bb BM i?2 "1_h ?B//2M bi�i2b /B`2+iHv5

R
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Simple custom models

^iQH^)

6Q` /2b+`BTiBQMb Q7 r?�i i?2b2 T�`�K2i2`b /Q- TH2�b2 `272` iQ i?2 /Q+bi`BM; 7Q` i?2 +H�bbX

�HH Q7 i?2b2 T�`�K2i2`b +�M #2 BM+Hm/2/ BM ?vT2`T�`�K2i2` QTiBKBx�iBQM `mMb mbBM; iQQHb BM
bFH2�`MXKQ/2Hnb2H2+iBQM- �b r2ǶHH b22 #2HQrX

RX8 *H�bbB}2`b

hQ +`2�i2 M2r +H�bbB}2`b- QM2 ivTB+�HHv Dmbi M22/b iQ bm#+H�bb hQ`+?a?�HHQrL2m`�H*H�bbB7B2` �M/
r`Bi2 � M2r #mBH/n;`�T? K2i?Q/ iQ /2}M2 vQm` +QKTmi�iBQM ;`�T?X >2`2 r2 BHHmbi`�i2 rBi? bQK2
`2T`2b2Mi�iBp2 2t�KTH2b- mbBM; i?2 A`Bb TH�Mib /�i�b2i 7Q` 2p�Hm�iBQMb,

(8), /27 B`BbnbTHBiUV,
/�i�b2i 4 HQ�/nB`BbUV
s 4 /�i�b2iX/�i�
v 4 /�i�b2iXi�`;2i
sni`�BM- sni2bi- vni`�BM- vni2bi 4 i`�BMni2binbTHBiU

s- v- i2binbBx24yXjj- `�M/QKnbi�i249kV
`2im`M sni`�BM- sni2bi- vni`�BM- vni2bi

(e), sn+Hbni`�BM- sn+Hbni2bi- vn+Hbni`�BM- vn+Hbni2bi 4 B`BbnbTHBiUV

RX8XR aQ7iK�t +H�bbB}2`

6Q` � bQ7iK�t +H�bbB}2`- r2 Dmbi M22/ iQ r`Bi2 � bBKTH2 #mBH/n;`�T? K2i?Q/,

(d), +H�bb hQ`+?aQ7iK�t*H�bbB7B2`UhQ`+?a?�HHQrL2m`�H*H�bbB7B2`V,

/27 #mBH/n;`�T?Ub2H7V,
`2im`M MMXa2[m2MiB�HU

MMXGBM2�`Ub2H7XBMTmin/BK- b2H7XMn+H�bb2bnVV

aBM+2 i?2 /�i� 7Q`K�i �M/ QTiBKBx�iBQM T`Q+2bb �`2 i?2 b�K2 �b 7Q`
hQ`+?a?�HHQrL2m`�H*H�bbB7B2`- r2 M22/MǶi /Q �Mvi?BM; #2vQM/ i?BbX

ZmB+F BHHmbi`�iBQM,

(3), bKnKQ/ 4 hQ`+?aQ7iK�t*H�bbB7B2`UV

bKnKQ/

(3), hQ`+?aQ7iK�t*H�bbB7B2`U
#�i+?nbBx24Ryk3-
K�tnBi2`4Ryyy-
2i�4yXyyR-
QTiBKBx2`n+H�bb4I+H�bb ^iQ`+?XQTiBKX�/�KX�/�K^=-

j
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Simple custom models

RX8Xk � /22T2` M2m`�H +H�bbB}2`

hQ`+?a?�HHQrL2m`�H*H�bbB7B2` Bb ǳb?�HHQrǴ BM i?�i Bi ?�b Dmbi QM2 ?B//2M H�v2` Q7 `2T`2b2Mi�iBQMX
�//BM; � b2+QM/ Bb p2`v bi`�B;?i7Q`r�`/X �;�BM- �HH r2 `2�HHv ?�p2 iQ /Q Bb r`Bi2 � M2r #mBH/n;`�T?-
#mi i?2 BKTH2K2Mi�iBQM #2HQr �HbQ BM+Hm/2b � M2r nnBMBinn K2i?Q/ iQ �HHQr i?2 mb2` iQ b2T�`�i2Hv
+QMi`QH i?2 bBx2b Q7 i?2 irQ ?B//2M H�v2`b,

(R9), +H�bb hQ`+?.22T2`L2m`�H*H�bbB7B2`UhQ`+?a?�HHQrL2m`�H*H�bbB7B2`V,
/27 nnBMBinnUb2H7- ?B//2Mn/BKR48y- ?B//2Mn/BKk48y-   #�b2nFr�`;bV,

bmT2`UVXnnBMBinnU  #�b2nFr�`;bV
b2H7X?B//2Mn/BKR 4 ?B//2Mn/BKR
b2H7X?B//2Mn/BKk 4 ?B//2Mn/BKk
O :QQ/ iQ `2KQp2 i?Bb iQ �pQB/ +QM7mbBQM,
b2H7XT�`�KbX`2KQp2U]?B//2Mn/BK]V
O �// i?2 M2r T�`�K2i2`b iQ bmTTQ`i KQ/2Hnb2H2+iBQM mbBM; i?2K,
b2H7XT�`�Kb Y4 (]?B//2Mn/BKR]- ]?B//2Mn/BKk])

/27 #mBH/n;`�T?Ub2H7V,
`2im`M MMXa2[m2MiB�HU

MMXGBM2�`Ub2H7XBMTmin/BK- b2H7X?B//2Mn/BKRV-
b2H7X?B//2Mn�+iBp�iBQM-
MMXGBM2�`Ub2H7X?B//2Mn/BKR- b2H7X?B//2Mn/BKkV-
b2H7X?B//2Mn�+iBp�iBQM-
MMXGBM2�`Ub2H7X?B//2Mn/BKk- b2H7XMn+H�bb2bnVV

(R8), /22TnKQ/ 4 hQ`+?.22T2`L2m`�H*H�bbB7B2`UV

/22TnKQ/

(R8), hQ`+?.22T2`L2m`�H*H�bbB7B2`U
#�i+?nbBx24Ryk3-
K�tnBi2`4Ryyy-
2i�4yXyyR-
QTiBKBx2`n+H�bb4I+H�bb ^iQ`+?XQTiBKX�/�KX�/�K^=-
Hknbi`2M;i?4y-
;`�/B2Min�++mKmH�iBQMnbi2Tb4R-
K�tn;`�/nMQ`K4LQM2-
p�HB/�iBQMn7`�+iBQM4yXR-
2�`HvnbiQTTBM;46�Hb2-
MnBi2`nMQn+?�M;24Ry-
r�`Knbi�`i46�Hb2-
iQH4R2@y8-
?B//2Mn�+iBp�iBQM4h�M?UV-
?B//2Mn/BKR48y-
?B//2Mn/BKk48yV

(Re), n 4 /22TnKQ/X7BiUsn+Hbni`�BM- vn+Hbni`�BMV

8
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Simple custom models

r�`Knbi�`i46�Hb2-
iQH4R2@y8-
?B//2Mn�+iBp�iBQM4h�M?UV-
?B//2Mn/BKR48y-
?B//2Mn/BKk48yV-

BB/4^/2T`2+�i2/^- MnDQ#b4LQM2-
T�`�Kn;`B/4&^?B//2Mn/BKR^, (8- Ry)- ^?B//2Mn/BKk^, (8- Ry)'-
T`2n/BbT�i+?4^k MnDQ#b^- `27Bi4h`m2- `2im`Mni`�BMnb+Q`246�Hb2-
b+Q`BM;4LQM2- p2`#Qb24yV

RXe _2;`2bbBQM

Ai Bb �HbQ 2�bv iQ r`Bi2 `2;`2bbBQM KQ/2HbX 6Q` i?2b2- r2 rBHH hQ`+?JQ/2H"�b2- bBM+2 bQK2 7mM/�@
K2Mi�H i?BM;b �`2 /Bz2`2Mi 7`QK i?2 +H�bbB}2`b �#Qp2X

6Q` BHHmbi`�iBQMb- r2ǶHH mb2 � `�M/QK bTHBi Q7 i?2 "QbiQM ?Qmb2 T`B+2b /�i�b2i,

(kk), /27 #QbiQMnbTHBiUV,
/�i�b2i 4 HQ�/n#QbiQMUV
s 4 /�i�b2iX/�i�
v 4 /�i�b2iXi�`;2i
sni`�BM- sni2bi- vni`�BM- vni2bi 4 i`�BMni2binbTHBiU

s- v- i2binbBx24yXjj- `�M/QKnbi�i249kV
`2im`M sni`�BM- sni2bi- vni`�BM- vni2bi

(kj), sn`2;ni`�BM- sn`2;ni2bi- vn`2;ni`�BM- vn`2;ni2bi 4 #QbiQMnbTHBiUV

RXeXR GBM2�` `2;`2bbBQM

6Q` HBM2�` `2;`2bbBQM- r2 +`2�i2 �M MMXJQ/mH2 bm#+H�bb,

(k9), +H�bb hQ`+?GBM2�`_2;`2bbBQMJQ/2HUMMXJQ/mH2V,
/27 nnBMBinnUb2H7- BMTmin/BKV,

bmT2`UVXnnBMBinnUV
b2H7XBMTmin/BK 4 BMTmin/BK
b2H7Xr 4 MMXS�`�K2i2`UiQ`+?Xx2`QbUb2H7XBMTmin/BKVV
b2H7X# 4 MMXS�`�K2i2`UiQ`+?Xx2`QbURVV

/27 7Q`r�`/Ub2H7- sV,
`2im`M sXK�iKmHUb2H7XrV Y b2H7X#

h?2 2biBK�iQ` Bib2H7- � bm#+H�bb Q7 hQ`+?JQ/2H"�b2- M22/b i?2 7QHHQrBM; K2i?Q/b,

Ç #mBH/n;`�T?, iQ mb2 hQ`+?GBM2�`_2;`2bbBQMJQ/2H 7`QK �#Qp2X
Ç #mBH/n/�i�b2i, 7Q` T`Q+2bbBM; i?2 /�i�X
Ç T`2/B+i, 7Q` K�FBM; T`2/B+iBQMbX
Ç b+Q`2, i2+?MB+�HHv QTiBQM�H- #mi `2[mB`2/ 7Q` bFH2�`MXKQ/2Hnb2H2+iBQM mb�;2X

d
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Simple custom models
(k8), +H�bb hQ`+?GBM2�`_2;`2bbQMUhQ`+?JQ/2H"�b2V,

/27 nnBMBinnUb2H7-   #�b2nFr�`;bV,
bmT2`UVXnnBMBinnU  #�b2nFr�`;bV
b2H7XHQbb 4 MMXJa1GQbbU`2/m+iBQM4]K2�M]V

/27 #mBH/n;`�T?Ub2H7V,
`2im`M hQ`+?GBM2�`_2;`2bbBQMJQ/2HUb2H7XBMTmin/BKV

/27 #mBH/n/�i�b2iUb2H7- s- v4LQM2V,
]]]
h?Bb 7mM+iBQM rBHH #2 mb2/ BM i`�BMBM; Ur?2M i?2`2 Bb � <v<V
�M/ BM T`2/B+iBQM UMQ <v<VX 6Q` #Qi? +�b2b- r2 `2Hv QM �
<h2MbQ`.�i�b2i<X
]]]
s 4 iQ`+?X6HQ�ih2MbQ`UsV
b2H7XBMTmin/BK 4 sXb?�T2(R)
B7 v Bb LQM2,

/�i�b2i 4 iQ`+?XmiBHbX/�i�Xh2MbQ`.�i�b2iUsV
2Hb2,

v 4 iQ`+?X6HQ�ih2MbQ`UvV
/�i�b2i 4 iQ`+?XmiBHbX/�i�Xh2MbQ`.�i�b2iUs- vV

`2im`M /�i�b2i

/27 T`2/B+iUb2H7- s- /2pB+24LQM2V,
]]]
h?2 <nT`2/B+i< 7mM+iBQM Q7 i?2 #�b2 +H�bb ?�M/H2b �HH i?2
/2i�BHb �`QmM/ /�i� 7Q`K�iiBM;X AM i?Bb +�b2- i?2
`�r QmiTmi Q7 <b2H7XKQ/2H<- �b ;Bp2M #v
<hQ`+?GBM2�`_2;`2bbBQMJQ/2HX7Q`r�`/< Bb �HH r2 M22/X
]]]
`2im`M b2H7XnT`2/B+iUs- /2pB+24/2pB+2VX+TmUVXMmKTvUV

/27 b+Q`2Ub2H7- s- vV,
]]]
6QHHQr bFH2�`M BM mbBM; <`knb+Q`2< �b i?2 /27�mHi b+Q`2`X
]]]
T`2/b 4 b2H7XT`2/B+iUsV
`2im`M `knb+Q`2Uv- T`2/bV

(ke), H` 4 hQ`+?GBM2�`_2;`2bbQMUV

H`

(ke), hQ`+?GBM2�`_2;`2bbQMU
#�i+?nbBx24Ryk3-
K�tnBi2`4Ryyy-
2i�4yXyyR-

3
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Code: BERT fine-tuning with Hugging Face
}M2imMBM;

�T`BH RR- kykR

(jR), +H�bb >7"2`i*H�bbB7B2`JQ/2HUMMXJQ/mH2V,
/27 nnBMBinnUb2H7- Mn+H�bb2b- r2B;?ibnM�K24^#2`i@#�b2@+�b2/^V,

bmT2`UVXnnBMBinnUV
b2H7XMn+H�bb2b 4 Mn+H�bb2b
b2H7Xr2B;?ibnM�K2 4 r2B;?ibnM�K2
b2H7X#2`i 4 "2`iJQ/2HX7`QKnT`2i`�BM2/Ub2H7Xr2B;?ibnM�K2V
b2H7X#2`iXi`�BMUV
b2H7X?B//2Mn/BK 4 b2H7X#2`iX2K#2//BM;bXrQ`/n2K#2//BM;bX2K#2//BM;n/BK
O h?2 QMHv M2r T�`�K2i2`b @@ i?2 +H�bbB7B2`,
b2H7X+H�bbB7B2`nH�v2` 4 MMXGBM2�`U

b2H7X?B//2Mn/BK- b2H7XMn+H�bb2bV

/27 7Q`r�`/Ub2H7- BM/B+2b- K�bFV,
`2Tb 4 b2H7X#2`iU

BM/B+2b- �ii2MiBQMnK�bF4K�bFV
`2im`M b2H7X+H�bbB7B2`nH�v2`U`2TbXTQQH2`nQmiTmiV

(jk), +H�bb >7"2`i*H�bbB7B2`UhQ`+?a?�HHQrL2m`�H*H�bbB7B2`V,
/27 nnBMBinnUb2H7- r2B;?ibnM�K2-  �`;b-   Fr�`;bV,

b2H7Xr2B;?ibnM�K2 4 r2B;?ibnM�K2
b2H7XiQF2MBx2` 4 "2`ihQF2MBx2`X7`QKnT`2i`�BM2/Ub2H7Xr2B;?ibnM�K2V
bmT2`UVXnnBMBinnU �`;b-   Fr�`;bV
b2H7XT�`�Kb Y4 (^r2B;?ibnM�K2^)

/27 #mBH/n;`�T?Ub2H7V,
`2im`M >7"2`i*H�bbB7B2`JQ/2HUb2H7XMn+H�bb2bn- b2H7Xr2B;?ibnM�K2V

/27 #mBH/n/�i�b2iUb2H7- s- v4LQM2V,
/�i� 4 b2H7XiQF2MBx2`X#�i+?n2M+Q/2nTHmbU

s-
K�tnH2M;i?4LQM2-
�//nbT2+B�HniQF2Mb4h`m2-
T�//BM;4^HQM;2bi^-
`2im`Mn�ii2MiBQMnK�bF4h`m2V

BM/B+2b 4 iQ`+?Xi2MbQ`U/�i�(^BMTminB/b^)V
K�bF 4 iQ`+?Xi2MbQ`U/�i�(^�ii2MiBQMnK�bF^)V
B7 v Bb LQM2,

R
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Code: BERT fine-tuning with Hugging Face

( ),

( ),

( ),

( ),

( ),

( ),

( ),

( ),

( ),

(jk), +H�bb >7"2`i*H�bbB7B2`UhQ`+?a?�HHQrL2m`�H*H�bbB7B2`V,
/27 nnBMBinnUb2H7- r2B;?ibnM�K2-  �`;b-   Fr�`;bV,

b2H7Xr2B;?ibnM�K2 4 r2B;?ibnM�K2
b2H7XiQF2MBx2` 4 "2`ihQF2MBx2`X7`QKnT`2i`�BM2/Ub2H7Xr2B;?ibnM�K2V
bmT2`UVXnnBMBinnU �`;b-   Fr�`;bV
b2H7XT�`�Kb Y4 (^r2B;?ibnM�K2^)

/27 #mBH/n;`�T?Ub2H7V,
`2im`M >7"2`i*H�bbB7B2`JQ/2HUb2H7XMn+H�bb2bn- b2H7Xr2B;?ibnM�K2V

/27 #mBH/n/�i�b2iUb2H7- s- v4LQM2V,
/�i� 4 b2H7XiQF2MBx2`X#�i+?n2M+Q/2nTHmbU

s-
K�tnH2M;i?4LQM2-
�//nbT2+B�HniQF2Mb4h`m2-
T�//BM;4^HQM;2bi^-
`2im`Mn�ii2MiBQMnK�bF4h`m2V

BM/B+2b 4 iQ`+?Xi2MbQ`U/�i�(^BMTminB/b^)V
K�bF 4 iQ`+?Xi2MbQ`U/�i�(^�ii2MiBQMnK�bF^)V
B7 v Bb LQM2,

/�i�b2i 4 iQ`+?XmiBHbX/�i�Xh2MbQ`.�i�b2iUBM/B+2b- K�bFV
2Hb2,

b2H7X+H�bb2bn 4 bQ`i2/Ub2iUvVV
b2H7XMn+H�bb2bn 4 H2MUb2H7X+H�bb2bnV
+H�bbkBM/2t 4 /B+iUxBTUb2H7X+H�bb2bn- `�M;2Ub2H7XMn+H�bb2bnVVV
v 4 (+H�bbkBM/2t(H�#2H) 7Q` H�#2H BM v)
v 4 iQ`+?Xi2MbQ`UvV
/�i�b2i 4 iQ`+?XmiBHbX/�i�Xh2MbQ`.�i�b2iUBM/B+2b- K�bF- vV

`2im`M /�i�b2i
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