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o = Z=ZHME = densephrase 22! S retrieverz, GPTL 22 MAEE A0 22 S Readerz
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e AIJI2 :QuerylossCl &% H1&, Dynamic retrieval
e == :Querylossl &2l HAH, Static retrieval, Optimization
DEHE 3 EN Y Yy

3.1. Timeline

WEEK18 WEEK19 , WEEK20 MYEEKZT
(7.3.~7.9) |4 (7.10. ~7.16.) 4 (7.17.~7.23) oo
oto|c|of FH| oto|c|of st oto|cjof & Z2HE He|
-E=ReR EG'0| |0k B - Query Side Fine-tuning - Ay 2 ez
- H|0|2210l FE 24 Oto|C|ofof] gt 27 &4 - Q24 cest 2| Z UH FH|
- Loss AAH 84 43 ARIZE 2y

Aokst ofolclof ZAE

(B4 &M 22, Multi unit - Distillation
retrieval, %HEI LIR*QF) - Multi unit retrieval
- static
- dynamic
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Data 2~
o Natural Questions Dataset : Question Answering Task 2| Benchmark Dataset =
StLIOICt.
o id:&&Zid
o question: &2 H©AE
o fitles: =22 0| £8t 2M M=
o sentence: BES0| H8 FH 2AE

o context: BES0| £& 2¢t
==

o answers: dEs=s2 FHE 2AE

id 2126085010748850659
question when does season 5 of bates motel come out
titles Bates Motel (season 5)
sentence [' The fifth and final season of "Bates Motel" premiered on February 20, 2017, and
concluded on April 24, 2017.']
' The fifth and final season of "Bates Motel" premiered on February 20, 2017, and
concluded on April 24, 2017. The season consisted of 10 episodes and aired on
Mondays at 10 p.m. ET/PT on A&E. The series itself is described as a "contemporary
context prequel” to the 1960 film "Psycho", following the life of Norman Bates and his mother
Norma prior to the events portrayed in the Hitchcock film. However, the final season of
the series loosely adapts the plot of "Psycho”. The series takes place in the fictional town
of White Pine Bay, Oregon.'
answers [‘February 20, 2017’]
IZNE a4 2t



5.1. Query-side fine-tuning(QSFT)

e Query loss2| &2 HE
o LossE CHGHH AFE3SHX query encoderE &H& 6L,
o J|ZE2| DensePhrasesOl M AtE3t= L_query2t L_doc2 retrieval = phraselt gold
phrase 2t & XI5t& = 3tH L gold phrase2| document?t & XI5tE = ot= S & & ==0|Ct.
o I ZHEO| pase retrieval unitO| sentence0| 2 Z gold sentenceE &= 20| ER6HCHD
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&9 =24 mAR
) =29 phraseJ} gold phrase® 2 XI5 X L o ZseS@rext(e=a P (F(5ID, 0)) 06316
ue uery — .
—QUeY oo e Y wesiq) P (f(sD,q))
. f(s.q)
Z= ==l phraseJt gold phraseJt 9| Xl 5t = Lo — ] ZSGS(Q)#(S)GD* €
L_sentence doc = — 108 7() 0.6251
gold sentence0ll L& EI =X 012 S A& Zse§(q) el
. f(s.q)
L toxt Z= ==l phraseJt gold phraseJt 9| XI5t = r log ZSGS(Q)@(S)GC* € 0.6322
text — .
—COMEXE | gold contextoll &&=/ 01522 H & contex Y csiq €09
_ f(s.q)
L d ZZ &l Phrase J} gold phrase J} 9| Xl 5t = r — _log 2865(4)755nt(8)€3* € 0.6351
oc sentence — .
- gold document 0l & EI=XI0 G2 S Hat S > eci(g ¢ D
o &Y ZN
065 =
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=
@ 055
é 0.50
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o LossC HAERA FIt

o L_query +L _doc QI1ZHUWA Lossl A RAE FIIEHC
o DensePhrases 2 & 2| Query Encoder?t Phrase Encoder= 22! start2t end2| 20t X
BIEE =50} 12l 1) start 21E{ 2t end HIEHE 2

2t =0t start logits 2 end logitsS
HA&ESECE. Ol 201Kl logitsE T ol dense logitsE M A 6101 & 3Dl logitsE AHE StHCH.
j==Ne]
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Query start
vector
Query end 1
N
vector (x) —
\>) start logits
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Ar indexing ( j/"‘
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c/ P Phrase En(oder / X) | end logits o _target
T ( 1 » Phrase start T K
.F“ 3 vector ‘/"\‘
. gz‘n vy N VE
e dense logits 2
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o Z1t gold phraseE X=Xl RotAS UL gold sentenceE retrievedt == ot= S XS

3L
- phrase_correct: £ & sentencelll B0l TN U1, 1 BEO0| ol Y sentenceS

= 20l H| &t phrase &<

ﬂH)I

- sent_correct: Z& &l sentencelfl 0| T AKX 2 1 HE0| Y sentenceS

£2{5})ll & phrases= 0t B2

phrase_correct sent_correct sum mAR Loss®] 4 B4
L_query 2,305 1773 4,278 0.6316 A+E+C
L_query+L_doc 2,385 1,825 4,310 0,6353 A+B+C+D+E
L_query+L_doc custom 2,302 1,893 4,295 0.6332 AtB+C+D+ETF

phrase_corect sent_correct sum mAR Loss9] 714 B4
L_query 2.305 1773 4,278 0.6316 AtE+C
L_query+L_context 2,105 2,187 4,292 0.6322 A+B+C+D+E
L_query+L_context custom 1.541 2,323 4,284 0.6289 A+B+C+D+E+F

Knowledge Distillation

o Query side fine tuning & & 0ll M pre-train & cross-encoder model = teacher model £ ,
densephrases 2 & = student model 2 & Z0t0{ knowledge distillation S ==

o Query encoder Jt context L0l Al gold phrase £ 20t =2 S EZ (IS = UES

StsolH 0I2 218t mAR &als S22 st

-~

Teacher model
(cross-encoder model) Densephrases

Gold context Retrieved phrases logits

logits
l Cross-encoder model
Student model 1 t
(DensePhrases) - )

o cross-encoder Ol A 24 &St logit It densephrases Ol Al Bt2F = top-k 2] logit & = LT
F&0t0 "Hlwdt, 1 Xt0| £ distillation loss 2 AHZ SHCH.
2:

- phrase_correct : & & sentencel A& 0| Z& & [0, 1 HEO| ol S sentenceS

Z 5t & phrased &2

i



- sent_correct: £ & sentencelfl A0 Z& T U

E 6t & phrase= Ot 22

X8t 1 B0l ol S sentenceS

phrase_correct sent_correct sum mAR Loss mAR
L_guery 2,505 1,773 4,278 0.6316 L_query 06316
L_query & Distillation 2,532 1,758 4,290 0.6311 L_query+L_sentence 0.6251
L_query+L_context 06322
phrase_correct sent_correct sum mAR
L_query+L_doc 06351
L_query+L_doc 2,385 1,925 4,310 0.6353
" ST
L_query+L_doc & Distillation 2,504 1,821 4,425 0.6362 ST LS 0.6362

&S @50 M phrase_correct SFAtS 2
mAR 0.6316 -> 0.6362
5.2. Multi Unit Retrieval
e Multi Unit Retrieval

T
Qﬂ
<)
(=

o DensePhrases2 inference &t H 0l Al = retrieval unit(phrase, sentence, paragraph,

document) 1t top KE & &St retrieval unit®il SH&dt=

KIH 2l textE retrieve &t}

Baseline 2 retrieval unitO| sentence& 2| =0, sentence2t &M 20|10t ECF &2

=S

phraseE 20| retrievectO prompt= 2 &stol= HE DHGHA &AL

o phrase®t sentenceE &M retrievect= LAl S multi unit retrievalOl2t1] 0|8 S XA N
NI =0l gtAl0f (2t staticdt dynamic 2HH 22 LHECH.

e Static

o phraseBt BtEtot= 2

P

|>

2 0l =Ch. p
phraseE HX F=1 sentenceE F= LA 2 Z retrieve &

o &g Z21t:

sentence2| &2 recall 4!

Phrase + Sentence

0.65 4

0.60 /—

0.55

Recall@LM

0.50 -
— phrase top 500

sentence top 200
—— phrase top 200 + sentence top 200

0.45

T T T T T T
0 500 1000 1500 2000 2500 3000
Collection length (# word)

mAR 0.6316 -> 0.6450
e Dynamic

o Dual query encoder : query 2t phrase2| 21 0Of T

ct =
<ol query encoderE unitlil [tet CHEJ AtESots 2

sentence0fl iSO 0424 encoder2 82 AlEGH=

B0l =2 RecallE JHAIXI2H 22 recall & SES JHAILCH BHH

o
hrase 2t sentence 252 &&= 01=5t| 2ol

HE MHEZsHCh

SEHOZ retrieval unitsS Z2 A 61D|

JeAotAH &I UL phrase 2t

Z 1, phrase 0l Al = L_query,
sentence 0l M= L_context2 L_doc query encoderdt =2

mARS 2R CH TetA queryS



2t unittll G2 S JHXICl o1RHZ 242+ 01 DL 6L index searchS & & 5F A CH. unitdt query

encoder(fl (1€ A& Z2t= LS 20

phrase sentence
L_query 0.5629 0.6316
L_query + L_context 0.5407 0.6322
L_query + L_doc 0.5509 0.6351

o Dynamic retrieval : L_query2 = phrase KJH £ retrievedt 1], L_context=2 = sentence KIHE

retrievedt0] & 2KIH 2| textE index scoreE keyx A 260! retrieval textS &I AL

DensePhrases w/ retrieve top K
—— L_query — ] phrase
Query Encoder

i
|
i
! i sort by index score retrieval
| "
Query i output
|
i
i
|

DensePhrases w/ retrieve top K
—— L_query+L_context ———————— sentence
Query Encoder

Dual Query Encoder index score : Query vector®} phrase vector®| inner product Zf

o L_query encoderE AFEZ6t0] sentence top 2004 E retrieve$t mAR 0.6316 0l M phrase=

L_query, sentence= L_contextE & &36t0 2t2f 20004 £ retrievest & IHE Z 8 mAR
Z 1021 0.6564 2 2t 0.022] mAR &S0] ARUCH F 2 25 =04 3000 & JIE2=2
mARS HlAHGHACE

Optimization
o phraseE Etetot= &2 01X 0l Lt phraselil MZ L2+ phraselt £&t &= <0t UL
Old FR0 = ChA| Bt 2RI e 22 0|E MO retireve 2 S THE Z 8T
o A" Zt:
phrase200 + sentence 200
0.68
0.66
0.64
0.62
3
@ 0.60 1
£ 0.58
0.56
0.54 1 —— phrase+sentence
) phrase+sentence(no_dup)
052 4 —— phrase+sentence(no_subset)

T T T T T T T
0 500 1000 1500 2000 2500 3000
Collection length (#word)

mAR 0.6450 -> 0.6505

Result

mAR

static 0.6450



static + Opt 0.6505
dynamic 0.6564
static + Opt + Dual 0.6583
dynamic + Opt 0.6609

o Opt: ZIHsHS=RKH, subset HIH) HE

o Dual : Dual query encoder & &

6. Conclusion
6.1. Result
o 7ItX JIE0IM B &4&t9
e QSFT
o Query loss2| &2l HA

& ACH.

21

i

0.6316

L_query + L_doc
L_query + L_sentence

L_query + L_context

o Loss 74 @4 FI} I

o Knowledge Distillation 0.6609
e Multi Unit Retrieval
o Static
m Single Encoder

Multi Unit Retrieval - Static (Dual encoder)
L_query + L_context

m Dual Encoder
o Dynamic
m Dual Encoder

o XHg}t

7. XXl EOF 2lA
e 2|9

o Retriever0l M recall 2t length2| trade-offE 112460 retrieval model2 S8 &AHAI3]D|

= T
o EZEIZEQ HSE Sdll reader model2| H it HIS2 2 A50IH 852 FAE = U3
o SH

-

o AE0N AHESE NQ Dataset2| &t
i. NQDataset2 HEe 22220 2HEN UL, 222 2HIt &= source documentIt
Stz Zaid UAS
i.  Zleflh AR A=uAdE1) ©@E22 oiZ IS8 complex queryS0| Z&E JHs A0l

AU, 2) B 22| 271I} &= source documentI)} 02 ZRE & U



ji.  MctA &N &&= BtEot= datas OLLIZE, ==0 0218t StHESSE 26t 0dd
dataSE A= M BRI US
o Indexing It 2 AJ|Jt UL 3 -> QSFT Al &£R&I= AlZ2H0l S S(1epoch & Bz 3AI2H)
i A OEES SEE ZUE WA 2
i. 2JESS O PHEoHK =&
8. ¥ =&

e Jinhyuk Lee, Mujeen Sung, Jaewoo Kang, and Dangi Chen. 2021. Learning Dense
Representations of Phrases at Scale. In Proceedings of the 59th Annual Meeting of the
Association for Computational Linguistics and the 11th International Joint Conference on Natural
Language Processing (Volume 1: Long Papers), pages 6634—-6647, Online. Association for
Computational Linguistics.

e Jinhyuk Lee, Alexander Wettig, and Dangi Chen. 2021. Phrase Retrieval Learns Passage

Retrieval, Too. In Proceedings of the 2021 Conference on Empirical Methods in Natural Language

Processing, pages 3661-3672, Online and Punta Cana, Dominican Republic. Association for

Computational Linguistics.
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retrievedt= A &Lt phrase AHAICF retrievect= 2401 ZMEOICH S HIHZ query 2t 2t
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sentenceE retrievedt= 210 recall HO0lA O|SOICH 5 1R 22| phrase= L_query 2Lt larger
granularity0fl CHSt loss@! L_context query encoderdt O & &0t 2d0(2t0 B ACH A HZ 2 unittfl CHoHo
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kIl 2| phrase 2t sentenceE retrievest £ LI index scoreE EUIE MAZE &SI retrieval output@ 2
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o LisSts=H 242 <ol AlEst (2L &S fIoi AlESt )
o 1.24YH : Knowledge distillation (mAR 0.6316 -> 0.6362)
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