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Problem Setup: Open-Domain QA
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EMDR! : End-to-End Training of Multi-
Document Reader and Retriever
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EMDR! : End-to-End Training of Multi-
Document Reader and Retriever
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Dual Encoder Retriever
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Dual Encoder Retriever

score(q,di;�) = fq(q;�q)
>fd(di;�d)

<latexit sha1_base64="AHGZxC6vEpBOFCQrfZU4Pwg3W7A="></latexit>

Z = {z1, . . . , zK}

<latexit sha1_base64="xIRAbqNKXGt3NgSw2bmnmYQSbmY="></latexit>
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D = {d1, . . . ,dM}

<latexit sha1_base64="OtPtULmRhcoiuRM0D4p9hJr7qkE="></latexit>
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Dual Encoder Retriever

score(q,di;�) = fq(q;�q)
>fd(di;�d)

<latexit sha1_base64="AHGZxC6vEpBOFCQrfZU4Pwg3W7A="></latexit>

Z = {z1, . . . , zK}

<latexit sha1_base64="xIRAbqNKXGt3NgSw2bmnmYQSbmY="></latexit>
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D = {d1, . . . ,dM}

<latexit sha1_base64="OtPtULmRhcoiuRM0D4p9hJr7qkE="></latexit>
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Evidence Documents
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Top-K Documents Retrieval
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EMDR! : Top-K Retrieval
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EMDR! : End-to-End Training of Multi-
Document Reader and Retriever
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Multi-Document Reader: Fusion-in-Decoder
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FiD!"generative approach for answer extraction based on T5
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<latexit sha1_base64="nJs8sNhExsf1SK7M7YmzJv+7WWY="></latexit>
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Fusion-in-Decoder: Self-Attention

x k = [CLS]q[SEP]t z k [SEP]zk [SEP]

<latexit sha1_base64="nJs8sNhExsf1SK7M7YmzJv+7WWY="></latexit>
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Fusion-in-Decoder: Inter-Attention

XZ = [ge(x1); . . . ; ge(xK)] 2 R(N⇥K)⇥H

<latexit sha1_base64="kGfdEgsNNw6SwQst3dO18wrHyJg="></latexit>
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Fusion-in-Decoder: Training

p(a | q,Z;⇥) =
TY

t=1

p (at | a<t, q,Z;⇥)

<latexit sha1_base64="NEIWtRkrUcGrYHNqXrAaOVbgRGA="></latexit>
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EMDR! : Fusion-in-Decoder
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End-to-End Training: Formulation

Marginal Likelihood

p(a | q;⇥,�) =
X

Z2S

p(a | q,Z;⇥)p(Z | q;�)

<latexit sha1_base64="ydVpVgBwVNSN+f/f2KVlz6FKaow="></latexit>

Z

<latexit sha1_base64="d7wVLVgrK+AVezbALTcr/QK/2xI="></latexit>
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End-to-End Training: Formulation

Marginal Likelihood

Z

<latexit sha1_base64="d7wVLVgrK+AVezbALTcr/QK/2xI="></latexit>

• =4%".*%)9"<%'<(%0%/"/)1$2%*'&"""""""""(&"."8.'%*'"0.<(.>8%K

• :88"7)&&(>8%"0.8$%&")9"""""""""".<%"/0123"(%043(5(*"*.'$<%K

S =

✓
M

K

◆

<latexit sha1_base64="1AwfpJ/lbtpg3oufwh/+z40PQdE="></latexit>

Z

<latexit sha1_base64="d7wVLVgrK+AVezbALTcr/QK/2xI="></latexit>

p(a | q;⇥,�) =
X

Z2S

p(a | q,Z;⇥)p(Z | q;�)

<latexit sha1_base64="ydVpVgBwVNSN+f/f2KVlz6FKaow="></latexit>
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End-to-End Training: Formulation

!"#$one %&#'()*+&#$,&+*-$".$$$$$$$/$+"01+(2-+(3""4$5-)"6-7

logp(a | q; ! ) ! logp(a | q, Z ; ! )p(Z | q; " )

! logp(a | q, Z ; ! ) + log p(Z | q; " )

<latexit sha1_base64="/zRuAh7MUZ8YlxPC+fpxd5tkxhA="></latexit>

Z

<latexit sha1_base64="d7wVLVgrK+AVezbALTcr/QK/2xI="></latexit>



End-to-End Training: Formulation

L = log p(a | q,Zreader;⇥)| {z }
FiD training

+ log p(Zretriever | q;�)| {z }
Dual Encoder training

<latexit sha1_base64="apxnM24Zy2YQenwfuxyeYze6xWY="></latexit>

Log-Likelihood



L = log p(a | q,Zreader;⇥)| {z }
FiD training

+ log p(Zretriever | q;�)| {z }
Dual Encoder training

<latexit sha1_base64="apxnM24Zy2YQenwfuxyeYze6xWY="></latexit>

score(q,di;�) = fq(q;�q)
>fd(di;�d)

<latexit sha1_base64="AHGZxC6vEpBOFCQrfZU4Pwg3W7A="></latexit>

EMDR! : FiD Training
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! B-&)3-#1."#)(90$'#&(9(90$".$!(C

Z

<latexit sha1_base64="d7wVLVgrK+AVezbALTcr/QK/2xI="></latexit>



EMDR! : FiD Training
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L = log p(a | q,Zreader;⇥)| {z }
FiD training

+ log p(Zretriever | q;�)| {z }
Dual Encoder training

<latexit sha1_base64="apxnM24Zy2YQenwfuxyeYze6xWY="></latexit>

EMDR! : Retriever Training

• L$&'")7'(2(D(*I"'4%"&%1)*/"'%<2"8%./&"')"7))<"<%&$8'&
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We use posterior as it contains dependence on answer (a)

'31#53673")+8..$1#%30"!""2.B"7<)>.>(8('J")9"."&%'"C"2.B")9"'4%"')'.8"7<)>.>(8('J")9"('&"%8%2%*'&

EMDR! : Retriever Training

max p(Zretriever | q,a;⇥,�) = max
KX

k=1

p(zk | q,a;⇥,�)

<latexit sha1_base64="vjp+Et2TazNJnSos8lv1ue2QDio="></latexit>



We use posterior for better training as it contains dependence on answer (a)

N<)2 90":3%30"(5+;(7*.+<$5*=

p(zk | q,a;⇥,�) / p(a | q, zk;⇥)| {z }
T5

p(zk | q;�)| {z }
Dual Encoder

<latexit sha1_base64="C+/5PdwN4LcVWbuM8pSaUlWpYLc="></latexit>

EMDR! : Retriever Training



N<)2 90":3%30"(5+;(7*.+<$5*=

p(zk | q,a;⇥,�) / p(a | q, zk;⇥)| {z }
T5

p(zk | q;�)| {z }
Dual Encoder

<latexit sha1_base64="C+/5PdwN4LcVWbuM8pSaUlWpYLc="></latexit>

EMDR! : Retriever Training

N(<&'"7.<'"1.*">%"1)27$'%/"9<)2"=O



EMDR! : Retriever Training
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>402(2353%7+06+(+:0/$1*"%+?k 6401+:$(5+*"/0:*4

p(zk | q,Ztop-K ;�) ⇡ exp(score(q, zk)/⌧ ;�)PK
j=1 exp(score(q, zj)/⌧ ;�)

<latexit sha1_base64="XZjPJaIx7zx1N3TrERitRTpsQks="></latexit>

EMDR! : Retriever Training

p(zk | q,a;⇥,�) / p(a | q, zk;⇥)| {z }
T5

p(zk | q;�)| {z }
Dual Encoder

<latexit sha1_base64="C+/5PdwN4LcVWbuM8pSaUlWpYLc="></latexit>

8##57+(+.06%1(@+A3%B+%*1#*4(%$4*+0C*4+%B*+%0#DE+./04*.



EMDR! : Retriever Training

�7�����(�Q�F�R�G�H�U
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�'�R�F���,�Q�G�H�[���R�Y�H�U���*�3�8�V
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�,�Q�Q�H�U���3�U�R�G�X�F�W

�5�H�D�G�H�U���7�U�D�L�Q�L�Q�J
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EMDR! Training Objective

L = log p(a | q,Ztop-K ;⇥)
| {z }

T5 training

+ log
KX

k=1

SG (p(a | q, zk;⇥)) p(zk | q,Ztop-K ;�)

| {z }
Dual Encoder training

<latexit sha1_base64="+TQOJChlppUwvjDX3kUfiWxPI58="></latexit>

'F !"P')7"Q<./(%*'")7%<.'()*"(K%KM"*)">.167<)7.I.'()*



EMDR! Training Objective: EM View

L = log p(a | q,Ztop-K ;⇥)
| {z }

T5 training

+ log
KX

k=1

SG (p(a | q, zk;⇥)) p(zk | q,Ztop-K ;�)

| {z }
Dual Encoder training

<latexit sha1_base64="+TQOJChlppUwvjDX3kUfiWxPI58="></latexit>

G+'%*#=

H+'%*#=

score(q,di;�) = fq(q;�q)
>fd(di;�d)

<latexit sha1_base64="AHGZxC6vEpBOFCQrfZU4Pwg3W7A="></latexit>

DE 85'&(9$'"%1:$4")*6-9'7$$$$$$$$$5&7-4$"9$)*##-9'$#-'#(-,-#$%&#&6-'-#7

FE 85'&(9$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$5&7-4$"9$)*##-9'$BG$%&#&6-'-#7

Z

<latexit sha1_base64="d7wVLVgrK+AVezbALTcr/QK/2xI="></latexit>

p(a | q, zk;⇥)

<latexit sha1_base64="Sg7W9Up2LXPIq4G+tTw/BvwkNF0="></latexit>



EMDR! : Modeling Components
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EMDR! : Other Implementation Details

! @'(;#A/'BC)>6D/'.-
• ?278%2%*'%/"$&(*I"Rmegatron-lmS"'))86('

! !"#$%&' C)7E)F7GG)=>?1H)#(.-)A+0-)IG=J)KF:

! L)=>?1)M/');/&#5)0'(+%+%,)N7st O'/.#11),'/3OP

! L)=>?1)M/')(16%.-'/%/31)#$+&#%.#)+%&#Q+%,NRnd O'/.#11),'/3OP
• <%,$(<%/">%1.$&%"%0(/%*1%"%2>%//(*I&"I%'"&'.8%
• 7%<9)<2%/"%0%<J"OTT"'<.(*(*I"&'%7&

! F55)7E)=>?1)M/')0/O!S)&/.3;#%0)'#0'+#$(5)N9rd O'/.#11),'/3OP8



EMDR! : Asynchronous Evidence Indexing
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Comparison of Open-Domain QA Approaches



Experimental Setting

! /'%)*-#012(3,'&2#0*#1*!4*'05*/67!*89:;*52<*.255)0*%2=)>

! !"#$%&'$($)*#*(+?*@@AB*8*!4$CCAB**D**7)&,2)E),$CCAB*>

! ,$#-.&/01*?*:@

! !"' 23&4"-5)*6#+?*4A

! 78$%5$#0"6?*6F'-&*B'&-.*86B>



EMDR! : Unsupervised Pre-Training

! G)H+%*&#*2<+,#E)*202&2'H*,)&,2)E'H*'--3,'-IJ
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,)&,2)E),J

�7�K�H���>�0�$�6�.�@���D�W���W�K�H���W�R�S���R�I���W�K�H���S�\�U�D�P�L�G

�0�D�V�N�H�G���6�H�Q�W�H�Q�F�H

�5�H�W�U�L�H�Y�H�U�����,�&�7���,�Q�L�W�L�D�O�L�]�H�G��

�)�L�'�����7�����,�Q�L�W�L�D�O�L�]�H�G��

�>�0�$�6�.�@�¬��� ���S�\�U�D�P�L�G�L�R�Q

�*�H�Q�H�U�D�W�H�G���$�Q�V�Z�H�U

�(�Y�L�G�H�Q�F�H

�3�U�H���W�U�D�L�Q�L�Q�J
�F�R�U�S�X�V

O12?:#%0#:1E#0%A:6=%BM??%#&%'()*%+,+,)%/P7CNQ%/#&:1#E'(<7?2=#$&#0%C'$2?'2#%N60#(%L:#<R:'1$1$2E



Datasets

Dataset Train Dev Test
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Results: EMDR! Training 

;<=>
;?=@

A;=B

BC=>

<D=@

BC=;

<;=<

?>=B

B@=?

C

>C

;C

AC

BC

<C

EC

?C

@C

!" #$%&%'"( )*+"

F
G

$-
3%

H
$3

-.
%

!-
4,

'

T5 (topk = 0) FiD (MSS retriever) EMDR2 (MSS retriever)

V*CU') U"*C+'87(*(*D+L8)>(C"&+
D))C+L"8S)8N7*B"+D7(*&+)>"8+
J(K+A('R+WFF+8"'8(">"8



Comparison with Other Approaches
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Effect of Retriever Initialization

QBB-*%)I,/")*4B%-,+!
>9 G%/8,+"A%&0,(5"AB%("2GAA3"B-,15-%0(0(6
<9 #,(/,"M%//%6,"P,5-0,@%&"2#MP3"5-%0(0(6

R9 GAA"B-,15-%0(0(6"S"#MP"5-%0(0(6



Review: Dense Passage Retrieval (DPR)

! P3'H$)0-#5),*<#5)H

! !,'20*1,#<*+5'*(80+*<Q3)%&2#0$-#0&)F&*+'2,%

L = � log
esim(qi,b

+
i )

esim(qi,b
+
i ) +

Pn
j=1 e

sim(qi,b
�
ij)

<latexit sha1_base64="34UnsayAz9apVVn8z/EoSddT59w="></latexit>

�4�X�H�V�W�L�R�Q�����T���¬�&�R�Q�W�H�[�W���%�O�R�F�N�����E���¬
D = qi ,

p+
i ,

p!
i,j

<latexit sha1_base64="GpS22KbeGT7kQhVHjda2Oo+nLx4=">AAACC3icbZDLSsNAFIYn9VbjLerSzdAiCNaSSEU3QlEXLivYCzRpmEyn7djJxZmJUEL3bnwVNy4UcesLuPNtnLRZaOsPAx//OYcz5/ciRoU0zW8tt7C4tLySX9XX1jc2t4ztnYYIY45JHYcs5C0PCcJoQOqSSkZaESfI9xhpesPLtN58IFzQMLiVo4g4PuoHtEcxkspyjcIVPIf3Li1B24Z65NLOYYqKElq6G3eObNs1imbZnAjOg5VBEWSqucaX3Q1x7JNAYoaEaFtmJJ0EcUkxI2PdjgWJEB6iPmkrDJBPhJNMbhnDfeV0YS/k6gUSTtzfEwnyhRj5nur0kRyI2Vpq/ldrx7J35iQ0iGJJAjxd1IsZlCFMg4FdygmWbKQAYU7VXyEeII6wVPHpKgRr9uR5aByXrUr55KZSrF5kceTBHiiAA2CBU1AF16AG6gCDR/AMXsGb9qS9aO/ax7Q1p2Uzu+CPtM8fNRKYBw==</latexit>
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Recall @ 50 of NQ Dev

Before Training After Training

Effect of Retriever Initialization

! ;??/$C>L/$&94$;??$M$C>L$#-'#(-,-#$(9('(&+(N&'("9$#-7*+'7$(9$'3-$7&6-$.(9&+$#-'#(-,&+$&))*#&)OE
! L-'#(-,-#$'#&(9(90$5O$C>L$6&O$9"'$5-$-77-9'(&+$."#$"%-914"6&(9$HKE



Alternative Training Objective 1

Lalt-1 = log p(a | q,Z; ! )
! "# $

FiD reader

+
K%

k=1

log p(zk | q,Z; " )

! "# $
retriever

<latexit sha1_base64="DyH4Wm4XSWxpdb9lRkAA6Kz6GgU="></latexit>

U)"9%%/>.16"9<)2"N(3"<%./%<"')"<%'<(%0%<

p(Z | q; ! ) =
K!

k=1

p(zk | q; ! )

<latexit sha1_base64="RjVvVY3x3xaHQdFcfVYt9G7LEfw="></latexit>
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Alternative Training Objective 2

÷p(a | q, zk ; ! ) =
p(a | q, zk ; ! )

! K
j =1 p(a | q, z j ; ! )

<latexit sha1_base64="4bWw8ml7VfBjp/1cdskfQ4WNw6A="></latexit>

L alt-2 = log p(a | q, Z ; ! ) + KL (SG(÷p(a | q, zk ; ! )) || p(zk | q, Z ; " ))

<latexit sha1_base64="YRajsdl2ZGJHXbXKlR/KKuBN4jk="></latexit>
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Future Work

>9 QBB&0)%50*("5*"8(*7&,+6,16-*$(+,+"+0%&*6$,"6,(,-%50*(9

<9 G$&50&0(6$%&"*B,(1+*4%0("C$,/50*("%(/7,-0(69



Thank you and Questions!

T*+,"5*"H,"-,&,%/,+"%5!"I55B/!UU605I$H9)*4U#,@A0(6IA%)I%(U,4+-<

https://github.com/DevSinghSachan/emdr2


Extra Slides: Dual Encoder Initialization by ICT
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T-C##%#&%'()*%+,-D)%C'&#$&%/#&:1#E'(%A6:%3#'4(F%G?5#:E18#0%;5#$%H6='1$%>?#8&16$%7$89#:1$2



Things which didn’t work

! .0#!")*()%5,(%50(6"5I,"5*B1X"+*)$4,(5/"5*6,5I,-"%(+"0()-,%/0(6"5I,"
B*/050*(",4H,++0(6/"5*"><===9

! .0#!")*()%5,(%50(6"5I,"5*B1X"+*)$4,(5/"5*6,5I,-"%(+"0(5-*+$)0(6"X"
/,64,(5",4H,++0(6/9

! Q/O()I-*(*$/",4H,++0(6"$B+%5,/"705I"<Y="/5,B/"(*5"4$)I"
04B-*@,4,(5/9


