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1.1 Term-matching Search vs. Vector Search
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1.1 Term-matching Search vs. Vector Search
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1.1 Term-matching Search vs. Vector Search

33 B0E2 et 2= 40P ZoCHgLCt

Term-matching Search Vector Search

"HS AZHEE] BHI o) 0] HI A"



Vector Search & Search Engine NAVER SDP

1.2 The Complexity of Vector Search

Exact Nearest Neighbor (ENN) Approximate Nearest Neighbor (ANN)
for (i=1%E| DBS| 2= H2|index N7}X|) { Hetr, 20 M AlAH|A 1SS H A

for (j=1%E| A& DNK[) {
score i += query j * DB ij

} 22 1 DBE A0l5}0] query2}
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= DB vector access
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1.2.1 ANN Method: subspace based (IVF)

query vector @ DB vector
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1.2.1 ANN Method: subspace based (IVF)

query vector @ DB vector (interested in) coarse quantizer (c.q.)
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1.2.1 ANN Method: subspace based (IVF)

query vector @ DB vector (interested in) coarse quantizer (c.q.)
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1.2.1 ANN Method: subspace based (IVF)

query vector @ DB vector (interested in) coarse quantizer (c.q.)
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1.2.1 ANN Method: subspace based (IVF)

query vector @ DB vector (interested in) coarse quantizer (c.q.)
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1.2.2 ANN Method: graph based (basic)

query vector @ DB vector
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1.2.2 ANN Method: graph based (basic)

query vector @ DB vector starting point
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1.2.2 ANN Method: graph based (NSW)

query vector @ DB vector starting point
olrHOo= FHe| Y= 0|R AHE, B4 = Il
R ® NSW = Navigable Small World
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1.2.2 ANN Method: graph based (HNSW)

HNSW = Hierarchical NSW
2l hierarchy?2t 2377
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1.2.2 ANN Method: graph based (HNSW)

query vector @ DB vector starting point

layer 2

layer 1

exponentialstA| St
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1.2.2 ANN Method: graph based (HNSW)

query vector @ DB vector starting point

layer 2
® topK = £|S= o £ Fo1d J1& It vectore| =

\/. ef = 23t HIE|E 021 71 37| Q8 F= B2
SR buffere| 37|

layer 1
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1.2.3 Comparison between IVF and HNSW

NAVER SDP

index size

query speed

build time

search accuracy

slow

faster than HNSW

moderate

slow

high (95% recall@1)
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1.3 Nexus++ Search Engine
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2.1 Our Scope

ColBERT 2X|& HzIX| X Almodel
ColBERT =& Let the black box remain as a black box
Nexus++0f| COIBERTE M3t Qo| X E |
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2.2 Recapturing ColBERT

ColBERT = multi-vector search

1 doc

@1 query —> term-wise vectors

X X! (100X 712K
NN vectors

"JAlA OHXI [{|0| E” (vecl,vec2,vec3)
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2.2.1 ColBERT Score
= [ENENER
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2.2.1 ColBERT Score
= [ENENE]

X 2 X ot} &k 5712 vector
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STEP 1. retrieval: element-wise ANN topK
X% O A0l A= topK=9
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2.2.1 ColBERT Score
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STEP 1. retrieval: element-wise ANN topK
X% O A0l A= topK=9
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2.2.1 ColBERT Score
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STEP 1. retrieval: element-wise ANN topK
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2.2.1 ColBERT Score
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2.2.1 ColBERT Score

—/

.76 0.84 0.97
.55 0.80 0.90

B 0.61 0.60 0.72 = 2.66
.’ 0.72 0.71 0.82 Sum of Maximum Similarity
0
0

STEP 3. ranking: (document vector) X (query vector) interaction= &t score A| 4!
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2.2.1 ColBERT Score
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2.3 The Complexity of Applying ColBERT

DEVIEW 2021
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2.4 So What's the Problem?
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ColBERT Zero-Expenditure Challenge
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2.6 Solution Overview

StA| S22 377

We present XTR, ContXextualized Token Retriever: a simplified and efficient method for multi-
vector retrieval, through re-thinking the role of token retrieval. The key insight of XTR 1is that the

token retrieval 1n multi-vector models should be trained to retrieve the most salient and informative
document tokens, so that the score between a query and document can be computed using only the
retrieved information, just like how single-vector retrieval models work. By doing so, the gathering J|NIR=1=| I\ =10 | Sp4A0rc]

employs a simple combination of distillation from

a cross-encoder and hard-negative mining (§3.2)
to boost quality beyond any existing method, and

then uses a residual compression mechanism (§3.3) IRE G E R EINE =1\ V-Xal Relo k)
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2.6 Solution Overview
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o denoised supervision
Approximate Score "

[Macdonald and Tonellotto, CIKM 2021] better objective function

f ——Model NAVER-1
COI B E RTVZ e tre bbb bR R AR AR R R AR AR AR bbb
[Santhanam et a|.’ NAACL 2022] < 1

: ~ —Model NAVER-2

Approx. score ranking —

XTR Multi-vector ANN retrieval -—
[Lee et al., NeurlPS 2023] S
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3.1.1 Motivation: ColBERTVZ2 approx. score ranking

Retrieval &=l vector@t HX}

85 0.64 0.82  retrieval £|X| @42 vectora2 similarity?} X0},
61—06:-66—0-72 - CHELEO| AL max S0l A sratst ZHojate Da
72 0.71 0.82
76 0.84 0.97
55 0.80 0.90
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3.1.1 Motivation: ColBERTVZ2 approx. score ranking

0.82

n_rn
V. /

0.82
0.97
0.90

approx score(q,doc) = 0.85 + 0.84 + 0.97
2.66

approx score A4t 2%t

.
o

CoIlBERT score

Profile Ranking 5ms
ColBERTV2 approx. score
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3.1.2 Experimental Results

ColBERT score Ci{H| ColBERTV2 approx.score =z

(topK, ef) model gndcg@S gndcg@lO -mrr@10 grecall@S recall@10 preczswn@S

----------------------------------------------------------------------------',------------------------------------------------------------------------------------------------------------------------------------------------.:-----------------------------------------------------------q----------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

COIBERT 02385 0.2640 0.3760§ 0.2171; 0.2901§ 0.1585
(320,800) CoIBERTvV2 approx.score = 02264  0.2484 03617 02040 0.2689 0.1499

COIBERT 02385 02640 03760 02171  0.2901 0.1585
(640,1600) CoIBERTV2 approx.score =~ 0.2314 02544 03675  0.2095  0.2769 0.1535

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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3.2.1 Further Improvements

065 '0 64 0 82 ‘.
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R e W et ;
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'0.76 0.841 097! B
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3.2.1 Further Improvements 1: XTR basic
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conteXtualized Token Retriever

XTR basic score(q,doc) = 0.85 + null + 0.97 = NA [Lee et al,, NeurlPS 2023]

(0.85 + 0.97)

= 0.85 + 5 +0.97 =2.73
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3.2.2 Further Improvements 2: MSI (Missing Similarity Imputation)
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3.2.2 Further Improvements 2: MSI (Missing Similarity Imputation)
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The First Solution, Model NAVER-1
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3.2.3 Further Improvements 3: MSi++
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XTR MSI advanced score(q,doc) = 0.85 + 0.87a + 0.97 = ColBERT score
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3.2.4 Experimental Results

Scoring WAI0]| [[k2 £[CH RPS(request per sec) S SEAIZ

ColBERT

ColBERTVZ2
approx. score

XTR basic

XTR MSI

topK

40

40

40

40

ef

100

100

100

100

Z=|CH RPS

289.32

484.03

490.10

489.51

NAVER SDP
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3.2.4 Experimental Results

Scoring BHAI0)| 2 X[CH RPS(request per sec) Bl A2t

ColBERT

ColBERTVZ2
approx. score

XTR basic

XTR MSI

topK

40
100
40
100
40

40

100
100
100
100
100

100

Z=|CH RPS
289.32
185.57
484.03
458.38
490.10

489.51

NAVER SDP
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3.2.4 Experimental Results

Scoring BHAI0)| 2 X[CH RPS(request per sec) Bl A2t

topK ef =|ICH RPS WA SEA|ZE (ms)

4() 100 289.32 86.58

ColBERT
100 100 185.57 125.00
ColBERTV2 4.0 100 484.03 43.09
dpprox. score 100 100 458.38 44.21
4.0 100 490.10 41.33

XTR basic
100 100 473.42 43.97
4.0 100 489.51 41.45

XTR MSI

XTR MSI|++
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3.2.4 Experimental Results

ndcg@5 ndcg@10 mrr@10
BM25 0.1244 0.1629 0.1484
ColBERT 0.2097 0.2331 0.3357
XTR MSI++ 0.1974 0.2178 0.3209
X (topK,ef) = (100,100) Xa=0.7

P Retrieval SOmS .................................................

recall@5
0.0970
0.1919
0.1789

NAVER SDP
recall@10 precision@5
0.1663 0.0649
0.2581 0.1392
0.2378 0.1304
Ranking 50mMS e,

ColBERT score pmmrrrrmom—m——ot—oroioi —

Ranking 5ms

Profile  ColBERTv2 approx. score pb——m—m—m——————1—

XTR score p———————m—m—m—m—mv-—
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3.3 Advantages

Mes ranking H|€ ®|7{, &S E 50% FA
X S XISt Sl= approx. score H=tE gkl BIEH 2I1X]

1. Retrieval candidate ’:7F topK << ef — topK = ef
2. XTRrankingscore R'd:MSIEQ, o = 0.7

CoIBERT CHH| 95% £Z=0| =&l QX
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4.1.1 Motivation: ColBERTV2

approx. score

)

NAVER SDP

multi-vector &¥=d retrieval

query vectors @ docvectors

LLET
\

CoIlBERTVZ2 [Santhanam et al., NAACL 2022]
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NAVER SDP

4.1.2 Revisiting ColBERTv2 approx. score

query vectors

® doc1 vectors

ColBERT score

maximum similarity

Z|CH 100702] vector, e. g, dy, d,, ..., d1g0
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4.1.2 Revisiting ColBERTv2 approx. score
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query vectors @ doc1 vectors
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4.1.3 Multi-vector 2t=35d retrievalO|2}?

® queryvectors @ doc1 vectors

q1
‘ [ )
®dly Retrieval
23 Qe M S S M= 50
ranking 2272 Z23st= b
d12‘
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a, e ol Ranking
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4.1.3 Multi-vector
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The Second Solution, Model NAVER-2

=91 retrievalO|Zl

query vectors
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4.1.3 Multi-vector

aoLrzxa
=~
query vectors

retrievalO|&

' IVF c.q.

approx. score topM

maximum similarity

multi-vector Br=

o retrieval
= ranking2} €2}Ql k| = retrieval
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4.1.4 "3rE5 retrieval”0| 2ff Br=5ial))?
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4.1.4 "9r=91 retrieval”0| 2] St=3i2ln}?

——————————

@ queryvectors @ doc3vectors { IVFcg. smglevectorANN topK
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——————————

@ queryvectors @ docd4vectors ¢ IVFcq. { ;singlevector ANN -topK
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4.1.6 ColBERTVZ2 retrieval in detall

group-by doc

\ J

6 lists = 3X2 = #query X nprobe

NAVER SDP

approx. score
_

topM

.
,
(I o
J
.
.

—/

X IVFPQ = IVF + HIE{ 2}3 (PQ)

multi-vector 3f=d retrieval = IVFPQ c.q. + approx. score topM
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4.1.7 &l HNSW= ot Elp}?

query vector @ DB vector starting point

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
.
*
*
*
*

layer O ok=E3 retrieval2 Qlsl| IVFPQ X &t
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4.1.8 NAVER-2 prototype

ColBERT score topN

approx. score topM
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4210|122 2 = E¥U=...

approx. score

ColBERT score

dimension X (#query) X 5

dimension X (#query) X 3

T'_'*-I HE:I score j:llt =
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4.2.2 2l 2HX|7F El=7F: b/c we are 15t ranker

NAVER SDP
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=| =] =] |= | 1st ranker SEF A| 2}

= IVFPQ c.q. S approx. score = ColBERT score
=[ =] |E] |E “NO” topK HIBE topM = == topN
===l 2 e _approx. score A&t XA Il = H w|c =7t
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B Query Encoding B Decompression NAVER_Z
Candidate Generation BN Scoring ...........................................................................................................................................................................................

B Index Lookup
IVF

200 ~ ColBERT(HNSW) CHH|

Latency (ms)
AHO| AJO| = 2HH ZtA
CoIBERTV2 profile R it ik

Practicality 2lsl| IVFPQ CH4l IVF 41EH

Image from [Santhanam et al., CIKM 2022]
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4.2.4 ol| & 2or2: finer granularlty MER

nlist(= #cell) « \/ (Hvector) nlist >> \/ (Hvector)

- IVF A% dF R0t LS cluster £
~ approx. score A|£HH|E Z£F &K

Qll-

X e.q., nlist = (#vector) x 0.006
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4.2.5 finer granularity2| side-effect

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

IVF-HNSW &8

- IVF centroidof| CHH HNSW AHQ1 A4
IVF C.q. EFHH BHAL ANN f

-------------------------------------------------------------------

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Index MM £ X5}

- Index time 2| A&+
. overhead

* >
--------------------------------------------------------------------------------------------

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Practicality 95l IVF-HNSW i EH
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4.2.5 finer granularity2| side-effect
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Query X2| £ X5}
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4.2.6 HNSW vs. IVF-HNSW

ColBERT w/ HNSW NAVER-2 w/ IVF-HNSW
ANN 201 AtO|= 2 X (#vector) (#vector) + 2 X nlist
ANNretrievalcompleXity.log( ________ — e
ANN retrieval resutt topK affordable w/ finer granularity

(approx. score 7|4t H| )

X nlist(= #cell) > ./ (#vector)
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4.3.1 NAVER-2 vs. ColBERT (A491)

NAVER-22| IVF-HNSW ColBERTS| HNSW

nlist A0l ALO|X (GiB) 449l A4 AJZt(s) Mol MO|= (GiB) Aol 414 A2t (s)
22K 6.88 97.25
44K 6.89 143.69
..................................................................................................................... .................................................................................................................... 1435 6222
88K 6.91 283.79
176K 6.96 629.53

X (#vector) = 30M



The Second Solution, Model NAVER-2 NAVER SDP

4.3.2 NAVER-2 vs. ColBERT (2E} A|ZH

NAVER-2 8 sEiiztims) ¥nlist =176k COIBERT @a S Az
86.58

..........................................................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................................................................................................................................................................................
............................................................................................................................................................................................................................................................................................................................................
............................................................................................................................................................................................................................................................................................................................................
............................................................................................................................................................................................................................................................................................................................................
............................................................................................................................................................................................................................................................................................................................................
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4.3.3 NAVER-2 vs. ColBERT (Z%!)

X nlist = 176K

..............................................................................................................................................................................................................................................................................................................................................................................................................
..........................................................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................................................................................................................................................................................

............................................................................................................................................................................................................................................................................................................................................

g 228 169 118 84 | A A3} R ColBERT score
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ AR o ColBERT

............................................................................................................................................................................................................................................................................................................................................
............................................................................................................................................................................................................................................................................................................................................
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4.3.4 Nexus++ vs, Faiss
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X nlist = 176K
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NAVER SDP

1

nlist=22K

nlist=44K nlist=88K nlist=176K
B Nexus++ M Faiss

X (#vector) = 30M
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4.3.5 NAVER-2 2 29

-~ WEY Retrieval L RANKING e
IVF-HNSW c.q
1
i ColBERT score topN
approx. score topM :
= :
r ¥ f 4 .
¥ 2N 215 24
el 3] IVE-HNSW AF2 HNSW CHH| AHQl 37| 28l Z+A

A
=0 -24&] trade-off  query time Lf2[0[|E{Ql nprobe, topMS A{H|A HRO| 2} MEH Ihs

NAVER SDP
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5. Solution Comparison
& Future Work

CoIBERT vs. NAVER-1 vs. NAVER-2 vs. -+



What's Next?

5.1 Our Model Comparison

NAVER SDP

ColBERT NAVER-1 NAVER-2
,L,I,?__,g_%g:. _____ A rOIE ________________________________________________ HNSW’ _____ 1HNSW’ _____ 1 _______________________________________________________________________ | VF_HNSW’ _____ 049 ______________________
Remeval _____ Egﬁ_SinglevectorANN_ _____________ SmglevectorANN ______________________________________________________ .%%QANN ________________________________________
Rankmg _____ %H;! __________________________________________________________________________________________ COIBERTscore ________________________________ a pproxscore ___________________________________________________________ C OlBERTscore ___________________________
qps _________________________________________________________________________ 1 _______________________________________________________________________________________________________________________________________ 2 _____ 02 ___________________________________________________________________________________________________ 072 _____ _ 369 ______________________________________
=3 - daecc_:jcrz%?clijcﬁ* adjustablet

"ndcg@5, mrr@10 7|2 95%  TH|l score 7|&-392 ~ +151
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5.2 So What's the Solution?

Q. QO wEeciokisseie oz

o D M AP £ It aX| = Z4at

HAIE (0|2 APY) “FHIZ=0IIksana?”

B2« “NAVER-1"

"SHIE J~E 2HZ 52|31 40 K7

Q. O
Q D (22| 10002 HIE| 2 A{tl &]ah)

DR (OJ250| AFY) “BH 42 oL

"“NAVER-2"

NAVER SDP



What's Next?

.3.1 What's Next: short term

centroid interaction score

,———

EEC

cened

query vectors @ doc vectors

retrieval

PLAID [Santhanam et al,,

CIKM 2022]

centroids

NAVER SDP
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5.3.2 What's Next: long term

-------------------------------------------------------------------------------------------

Multimodal Query - N-way Retrieval -~ . ~Ranking ————————

multi-vector
— |

union = ranking = =

single-vector .
P e——————————

term-matching

’------------------—
~_------------------’

\\\\\\\\
-------------------------------------------------------------------------------------------------------------------------------------------------------------------

___________________________________________________________________________________________
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5.3.2 What's Next: long term

8
’

Multimodal Query -N-way Retrieval —. ~Merging — . ~Ranking —— \‘I

@ multi-vector
@ single-vector

term-matching

~~~~~
_______________________________________________________________
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