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Preliminaries

Evaluationin IR

& Datasets: ¥ mteb/msmarco @ ©like 4 Follow i Massive Text Embeddi... 1.13k

Tasks: [ TextRetrieval Modalities: @ Text Formats: &} json Sub-tasks: multiple-choice-qa  Languages: @ English Size: 1M-10M  ArXiv arxiv:1611.09268 arxiv:2502.13595 arxiv:2210.07316
Tags: mteb  text Libraries: @ Datasets |dl pandas @ Croissant +1 License: @ other
# Dataset card B Data Studio 1= Files and versions 3¢ xet Community

B8 Dataset Viewer Auto-converted to Parquet | <> API| W Embed

Split (3)
v default (549k rows) train - 533k rows

corpus (8.84M rows)
queries (510k rows)

query-id corpus-id score
string - Iengths string - Iength floated

1 1 7 1 1
1185869 a
1185868 16
597651 49
403613 60
1183785 389
312651 616
80385 723
645590 944
645337 1854
Previous 1 2 3 5,328 Next »

MSMARCO

An MTEB dataset

Massive Text Embedding Benchmark

MS MARCO is a collection of datasets focused on deep learning in search

- Copy to bucket new Use this dataset

£ Edit dataset card

@ Duplicate B Data Studio

v
Downloads last month 2,996

Numberofrows:  Totalfile size:
9,901,233 35GB

1

1 # Models trained or fine-tuned on mteb/msmarco

1
@® arjungirish/all-mpnet-finetuned

1 i 0.1B - Updated Sep 15, 2025 3

1

1 Papers for mteb/msmarco

1

1 MMTEB: Massive Multilingual Text Embedding Be...

Paper - 2502.13595 « Published Feb 19, 2025 - & 50
1

MTEB: Massive Text Embedding Benchmark
Paper « 2210.07316 « Published Oct 13,2022 - ~ 8

MS MARCO: A Human Generated MAchine Readi...
Paper - 1611.09268 - Published Nov 28,2016 - & 2
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| Vector Database
b )
Content .

Vector Embeololing

L0234, 1.2, 0.34, 1.3, ... ~0.031.14]

Applica‘bion Query

Query Result
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Metrics

- M5:nDCGE@K, Recall@k
- 22k RAM (GB)

« Latency: p50, p95, p99

2l
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= gojLte] 25

+ X1 AFRE|= Indexing 7|HS 2| JHES 3ict,

O= —1 L—

* nlpai-lab/KURE-v1 222 miracl (query: 213, corpus: 1.5M) H|O|E{0]| CHal 2} indexing 7|HS A EH,
AH| ™ tradeoffs/7t Y=X| ATHELY,

_ A

| =2 g &4
IVF =1 Ml &4 IO95
HNSW = et &4 /22| Bt P95 + RAM
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Exhaustive Search (FlatIP)

FlatIP

« Approximate Nearest Neighbor (ANN)2 AFE5HX| ¢t AAM Al 2= HIEQ H|WE o= di'H

0)a

Y

Jiot

b (Al-'é'}) / CHY- O w2l

O - — d

« Cosine Similarity = HlE{Z Flat (normalize) + Inner Product (IP) = FlatIP

0.682 0.779 526.7ms 532.8ms 538.4ms 5.7GB
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Product Quantization (PQ)

PQ

HIE{Q| JH=7t BEOHX|H, H| 22| Fo17F 7{E = HIO|H Y=k

[A42] 21 (Indexing Documents)]

1. ZH HIEE S53% n7li2Q| subvectorZ Lts
(partition: 1, 2, ..., n)

2.2t HIE{Q| itHMY subvector’|2| K-Means clustering 5=
=> Zt subvectorOiC} k7H2| cluster centroidE 7+

3. 5H HIE{9| n7l2] subvector= Z+2Zk 71&E 717712
cluster®| HzE ZtOZ 74,

[RAM B2} (fp32, dim=1024, n_subvectors=4, K=256)
« 7|1Z:1024 x 4 (fp32 = 32bits=4byte) = 4096 bytes
« PQXE %: 4 (n_subvectors) x 1 (0~255=1byte) =

4bytes
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-

5k, HE| AlME &4 Q0] & == = E 8|50 ER

original vector

subvectors

svbvector °®
O closest ® .
centroids centroid @ ® clostering
@ ®

I DN DN e

B E H OB e

| | valves

PQ code
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Product Quantization (PQ)

[Z=2 2}’H (Inference)]

1. query £t S n7i9| subvectorsZ 2%

2.query?| Zf subvector2t document subevectorz H=

k70| cluster centroid=1t AT H|AFHA]
FAE matrix 2Hd (LookUpTable, LUT)

Calcvlate distances

dyo from gp to
centroids co TN

All centroids in All centroids in
subspace #0 subspace #1

do,o do,1 do,z do,a
d\,o dm du dl,J
dz,o dz,1 dZ,l d?,B

/ﬂ d = ds,o d!,l d:,z dJ.B

Stores partial 4 | | =
distances from query
subvectors to
centroids diao diy diaz dias .

deo do diz dis

doy-1 dog
dyr cha
dops dan
dspr dsp
diar o

dn-v-v dk—l,n

Oins din

f,,”b: Natural Language Processing

< & Artificial Intelligence

query vector

Qn query subvectors

k
(number of clusters)

All centroids in
subspace #n

d; = distancelg; c,)

diis the distance
between the i-th query
subvector to the j-th
centroid in subspace i

kxn
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Product Quantization (PQ)

* E = I‘l Cio Cn Ciz Ci3 Cina Cin
[—l— o J—I' (o) (Infe rence)] _ = = P o S

G e B e - R
3. 2t document HIE{O}C} cluster index?t OHEE|0] Y OL |, ~ . - = - —

Cx-12 Ck-13 Ck-in-1 Ck-1n

LUTE Z=2[6IHM querydl| CHet 2F doc| RAIEE e — — — - =
(Exhaustive Search 0|Al) E = B & B o

database vector

doo doy doz doa ... doma don
tho dy da di . diw dhe
o [doy doz das . died dan

_ choosing distances from query

d = d’P d’n‘ dsz d’-’ v g d’»" subvectors to quantized vectors
ding to PQ cod
EREE e corresponding to PQ code

dkao qu,) dk—u dk-u st dk—\,.
dio (dig (diz dis .. Oies [Ohn

ken
2 2 2 2 2 2
distance = dz,o + du,v + du + dkg + ...+ d;,.\ + do,.. computing total distance
K partial
distance
from g to cu
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PQ Experiment Setup
[Hyperparams]
« M: subvector 7H%= (& 7H2| subvectorsZ 2I4X|=X|?) - 32, 64,128, 256

- nbits: code H|E %= (# of centroid = 2™Ps) -2 4 6, 8

(M Of| A0 A= nbits=8 -> 2567H2| centroids)

14 / 35



257> Natural Language Processing
& Artificial Intelligence

Product Quantization (PQ)

PQ Experiment Results

7
081 e M pg=32 M256_nbitsg *
— i [ ]
. A M_pq=64 M256_nbitsa ®
° M. Su bveCtOI’ 7H_|_ ® Mpg=128 M i M128_nbits6 @ M256. nbits6 (SF_IggFE’”
® M pg=256 M128_nbits8
0.7 1 § m128 nbits4
e . A _ M256_nbits2
¢ nblts. COde HlE 1T VA rbited M&4_nbits6
| _ onbits @ 32_nbits8
(# Of CentrOId - 2 ) 0.6 1 M128_nbits2
0

0.5 A M32_nbits6

o

—

©

c

2 0.4 A M64_nbits2

[ ]
M32_nbits4
0.3 A
0.2
0.1
o
M32_nbits2 >
1(}'—2 0.02 0.03 0.05 l(}l_l 020 030 §s0” 5_‘-,- ']5 / 35
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Product Quantization (PQ)

PQ Experiment Results

« M: subvector 7 ® M pg=32
M_pq=64 *
0??5 1 g M_pq:128 M256.rllbit58 FlatlP (533ms)
L] . A _ |
e nbits: code H|E % ® M_pg=256
. - 0.750 A
(# of centroid = 2mPits) °
M128_nbits8
0.725 1
M&4_nbitss
[an]
[ |
® 0.700 -
‘©
[
<
0.675 1
0.650 A
0.625 -
®
M32_nbits8
0.600 A 219 ms
20 30 50 16 2 200 300 500

latency p95 (ms, log scale)
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Inverted File Index (IVF)

IVF

« Document vectors2 clustering Sl =11, query time0l| 2t cluster centroid2t kNN search ¢t &,

717112 cluster0l| = vector=1t2E KNN search o= 24

query vector

with nprobe == 1, scope restricted
to magenta cell only 18 /35



Inverted File Index (IVF)

IVF

[Hyperparams]
« nlist: corpus vector =2| partition 74 - 1024, 4096, 16384

 nprobe: query?t 7t& 777t H 712 clusterE & AQIX| -1, 4, 16, 64, 256

search scope

- O

Xq

search scope

______ probe = 8
. -

& Artificial Intelligence
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IVF

® nlist=1024
® nlist=4096 .
[HyperparamS] 0.8 A ® nlist=16384 nlist4096_nprobe256 nlist1024 nprobe256
_ ® o *
nI|5t4096_.nprobe64 ® @ Mist1024_nprobe64 FlatlP (533ms)
(3 . . L] A .
° J nlist16384 nprobe256
nlist: partition 7H=~ o MiEt1024 nprobete
0.7 - @
MliSLAntE nprobels nlist16384_nprobe64
« nprobe: ZM Al & 712 cluster nlist16384_nprobe1s
® @
nlistl024_nprobed
g 0.6 -
search scope = " .
2 R S = nPrObe g g nlist4096_nprobed nlist16384_nprobed
0.5 A
®
nlist1024_nprobel
0.4
&
nlist4096_nprobel 4
nlist16284 nprobel
0.3 1 150 ms
4 ML 4 T T T 4 L N T N 4 T LA | T T N T 4 LA
10° 10! 10° 107

latency p95 (ms, log scale)
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HNSW

1. Skip List
« &% -> 519 20|} = O|SE+F & L EZIe| HEO| S0{Lt= list

« O(logN) A|IZIEEE

looking for 11...

lager 3 > >
layer 2 > > >
layer 1 > g > >
layer O — —> — — —> —> — —>
start 3 5 7 & 14 19 21 end
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2. Navigable Small Worlds (NSW)

- Al #o]z42e] A A
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2. Navigable Small Worlds (NSW)

Regular Small-world Random

Increasing randomness
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2. Navigable Small Worlds (NSW)

A
®

A

S

AN

N
\X
F<./

X
F</

AN
\x
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Preliminaries T S—

lagers L o
layer 2 : A " "
H N SW layer 1 + N\ ks ) \o \ ‘
~[— N RN R X

layer © — [:] - = e D — — D — ey J
7 14 21 end

start > s

11 149

HNSW = Skip-List + NSW

layer 2
entry
neorest point on
‘ neighbour on layer L =2
: layer 1 = 2
layer 1
: nearest
‘ neighbour on e——— O
_ layer L =1 . T entry
point on
layer 1 =1
layer O

nearest
neighboor on

loger =0 point on

layer =0
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HNSW

HNSW 12 Build (Explanation Ver.)

m: M == EEAl (k= 71 &2 8l0|0E Z2F5k= TiEt0|H

M: ==7F MZ 2f|o]ofof] i = | HZE S edge M=

Z|CH edge 7l B MEE = E7}
A N EfE edgeE HZ

Moy  =E71 71 = U=

HZE[ Mgy ELHedge =7t B

ef Construction: 2= A| 0|2 LESS MEe I AIZSt= 2H

7H== (heap?| 27()

ot ==Jt O layerd| 2 EE[=X]: [ = |-m, * In(w)]
o u:0~1A0|9 uniform =&

* my = (M: edge 7li=)

In(M)

Ot L E 71 =2 M=2 OI2t0|E 2

ARIEIUS To| B

layer 4

layer 3

layer 2

layer 1

layer O
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nearest neighboor
onlayer L= 4

becoming the entry

point on loyer 1 = 3

1 \
: entry
point 1

starting from this

loyer | = 2 we insert
the new node and

M = 2 edges to its

nearest neighbours

1

!

!

1

M=2 | .

nearest 1
neighbours-\x O

I
1 |
!insertigM=2 !

1 edges to the i : : :

! new node : | . i

| ! )

| T 1 1
1

1

1

inserting the !
new node on . / :

i

loyer =2

Each node can
have no more
than Mma= 3
edges

Eachnode on layer | = 0
con hove no more than
Muaaxo = 4 edges
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HNSW

HNSW 12 Build (Explanation Ver.)

[L=4] A2 E! ol & ol II2tA L- =7} entry pointOllA] Al

2[00 20 4 E o|H 0|2 = 2i|0|0 40fl= edgeE THEX| 43,
CHEE entry pointRE EMM S A|ZFSHA, (M E o™ Ql) DhetA =
ot X|Ch$t 7172 == GreedydHA| EFAH,

SH=t 2i[0] 0ol A Z|CHt 717t0| O| SR ™ of2f 2{|0| 0= 0=

[L=3] 9| b g

[L=2] OfztA L =71 AN 2 A E M 2|0]0] 20)| A THetM L=
o % It =ES AT, IR E J|F T4 It == 27
(M=2)2} edgeE A&

[L=1] ¢ 2t EI=

[L=0] 9| B HHRSHEC], My (2 max0 = 2 « M)
%] b= Mol edge HZ

layer 4

layer 3

layer 2

layer 1

layer O

%7 Natural Language Processing
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starting from this
loyer L = 2 we insert
the new node and
M = 2 edges to its
nearest neighbours

Eachnode on layer | = 0
con hove no more than
Muaaxo = 4 edges
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HNSW

HNSW 12{Z Build (Practical Ver.)

- my: M == QA YEE= JrE =2 30[01E 2FE o= Ti2tO|E

e M: L 7FMZ 0|0 LHE i HEAS e edge B

* Munay: =E747HE 2 U= 2|t edge i3, B 2R =7}

HZBE|O| Mpayy 2L edge 7H2=7t BEOFX|H EfE edgeE HE
« efConstruction: YA 0|2 LESS MUY I AFESH= H
44 (heap?| 37])

1. 5 queue (min heap): "2 = EMMYE L EE"
2. 23} queue (max heap): "XIZ7HX| &ASH It £E2 L E

=n

€ efConstruction

layer 4

layer 3

layer 2

layer 1

layer O
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nearest neighboor
on layer L =4

becoming the entry

point on loyer 1 = 3

1 \
| entry
point 1

starting from this
loyer | = 2 we insert
the new node and

M = 2 edges to its
nearest neighbours

1

!

!

1

M=2 | .

nearest 1
neighbours_\x O

I
1 |
!insertigM=2 !

1 edges to the i : : :

! new node : | . i

| ! )

| T 1 1
1

1

1

inserting the !
new node on . / .

\

loyer 1= 2

Each node can
have no more
than M= 3
edges

Eachnode on layer | = 0
con hove no more than
Muao = 4 edges
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Preliminaries

HNSW

layer 4
HNSW 12X Build (Practical Ver.) s
nearest neighboor ; \
« efConstruction = max heap?| 37| = 4 Roabosy | Pt
« [L=2] off T2t L =T} entry pointo]l & Ras

1. 27|t SEl

« ZH F (Min-Heap, 7t& 7112 £): [(0.5, =& 4)]

starting from this
loyer | = 2 we insert

the new node and

layer 2 M = 2 edges to its
nearest neighbours

M=2
nearest

° 7é'J_l_l' ﬁ' (MaX_Heap, 7|-§>|- I|:|_1 _i_): [(0.5, iE 4)] corting th E neighbours
new nodgeon . / .
loyer 1= 2 1

) 1
! insertingM = 2 :
1 edges to the

! new node

2. et
Each node can
[STEP1] X 1 212 7L A bl
layer1 ‘“'; dges &
«  SH Jo|M Pop: 71& 7R €= LE 4 (2] 0.5)
o Zut FO|M Max &2l 7HE H F= & 4 (7{2] 0.5)

« 35 U Ak cel AH2](0.5) > Fe| AH2((0.5) elot?
> False. EMY ZI3Y Hgek o

e O|REM:LC 49/ 0|2 LE 5 (72] 0.2), == 3 (712] 0.7)2 & 7ol Z5F =x|
o ®iM EE F:[(0.2, =E 5), (0.7, == 3)]
o @ A1 F:[(0.7, £E 3), (0.5, £ 4), (0.2, .E 5)]

Eachnode on layer | = 0
con hove no more than
Muao = 4 edges
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H N SW S S F:[(0.2, £ 5), (0.7, =E 3)]

Xl 20t 7:[(0.7, £ 3), (0.5, .LE 4), (0.2, == 5)]

HNSW 12z Build (Practical Ver.)

[Step 2] & Hmj =& JHLHA] H|?

& FOM Pop: 71& 7Pt €= == 5 (2] 0.2)
At 7o M Max =2tel: 7k M F= =& 3 (#2] 0.7)

5 X7 AAE €9l H2|(0.2) > Fe| AH2[(0.7) 2l17t?
=> False. EfA ZISH

ot

0|2 EMY: I 59 0|22 = 491K, 2t 70j 0l0] YUS. =C 53+ i FoAf

S 3R S8 F: [(0.7), LE3]

[Step 3] Ml H® =H THLHA] H|w

SH F0||M Pop: 71 7112 €= LE 3 (7421 0.7)
Zat FoIM Max &l 7Fa H F= L& 3 (712] 0.7)

gz X7 dAE 9l AH2|(0.2) > Fe| 72((0.7) 2l17}?

= False. EfH Il

0| EMH: LLE 39| 0|2 LE 4, == 19IH|, == 4521 70 0[0] IS, == 12t H|w
. R S 7 [(0.8, L 1)]
. SR 23 F:[(0.8, == 1), (0.7, '.E 3), (0.5, =E 4), (0.2, =E 5)]

layer 4

layer 3

layer 2

layer 1

layer O
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nearest neighboor . \
on layer L =4 ! entry O
becoming the entry T
point on loyer L = 3

point :

starting from this

loyer | = 2 we insert
the new node and
M = 2 edges to its

nearest neighbours

M=2
nearest

neighbours
inserting the ! i
new node on . / ; .
loyer 1= 2
i
i

U |
! insertingM = 2 :
1 edges to the

1

Each node can new node

have no more
than M= 3
edges

Eachnode on layer | = 0
con hove no more than
Muao = 4 edges
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H NSW SiXY S (0.8, =5 1)]

&Iz 2ot 7:[(0.8, =E 1), (0.7, £ 3), (0.5, .LE 4), (0.2, tE 5)]

HNSW 12{Z Build (Practical Ver.)

[Step 4] Y| HYj == THLHA] H|w

= FO0M Pop: 71& 7M1H2 €= £ 1 (712 0.8)
Znt Jol| A Max &ol: 71&H H F= I E 1 (7{2] 0.8)
& 7 Ak €2 72((0.8) > F2| H2|(0.8) 217}?
=> False. B TI&Y
O EfM: =E129| 0|22 £ 2 (2] 0.9)

- 2o 7 EH (efC=4)

e LE2(72/0.9), =1 (2] 0.8) H|Z = == 10| O 7PN, 2t 7ol LE 2
ke X

o SR =H F:[()] > 0
« O 20 F:[(0.8, =E 1), (0.7, =E 3), (0.5, =E 4), (0.2, =E 5)]

o FH J L5 stop condition Al

layer 4

layer 3

layer 2

layer 1

layer O
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nearest neighboor . \

on layer L =4 ! entry O
becoming the entry o
point on loyer L = 3

point :

starting from this

loyer | = 2 we insert
the new node and
M = 2 edges to its
nearest neighbours

M=2
nearest

neighbours
inserting the ! i
new node on . / ; .
loyer 1= 2
'
i

U |
! insertingM = 2 :
1 edges to the

1

Each node can new node

have no more
than Mma= 3
edges

Eachnode on layer | = 0
con hove no more than
Muao = 4 edges
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HNSW

HNSW 12 Build (Practical Ver.)

efConstruction = max heap?| 27| =4

[L=2]
. At queue: [(0.8, == 1), (0.7, =E 3), (0.5, =E 4), (0.2, =E 5)]
« LCSK0AMZEE

[L=1] Of o}2tM L= =7} entry pointd]] AF
« ZI} queue: (0.4, =E4), (0.3,=E7), (0.2, =E 5), (0.1, =E 8)]
- LCE80MZ=E

[L=0]
« ZA queue: [(0.2, =E 5), (0.15, == 9), (0.1, =E 8), (0.02, ==10)]

> =10, = =81t edge HZ!

loyer 4

layer 3

layer 2

layer1

layer O
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nearest neighboor . \
A entry

onlager L = 4
becoming the entry
point on loyer L = 3

starting from this
layer | = 2 we insert

the new node and
M = 2 edges to its
nearest neighbours

have no more
than Mmac = 3
edges

Eachnode on layer L = O
con hove no more than
Muaxo = 4 edges
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Preliminaries

H NSW Z1} queue: [(0.2, =E 5), (015, =E 9), (0.1, =E 8), (0.02, =E10)]

HNSW 12 Build (Practical Ver.)

=10, = =87t edge HZ!N...0|H ZZX[TH AlA2 TEX] X
' Skip!
G G
Skip!

Skip! C
D
aKip

B Target
Skip!
F F
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Preliminaries

HNSW

Heuristic Selection

« ZI} queue: [(0.2, =E 5), (015, == 9), (01, £ 8), (0.02, =E10)]
« XHYJOF St= £|F queue (2Xt2]): [(), 0] layer 0

1. 7E 72 =10 i3 = [(0.02, =E10), ()]

Each node on layer L = 0
c

2. LE81tH|W
an have no more than

- d(IALE, LE8) < d(E10, i E8) & UHsH= ZRUMST st
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HNSW

HNSW EHM
« efSearch: MMt | At235H= efConstruction If2t0|E

- B A0l = HZO| Ot topKIH Hhet
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layer 2
entry
neorest point on
. neighbour on layer =2
- layer 1 =2 . -
i !
! !
!
layer 1 i
nearest v
. neighbour on “— ( )
- lager 1 =1 . T entry
/ ! \ | point on
' 1 logerl=1
' \ ¢
1
layer O

nearest
neighbour on

layer\=0 point on

layer =0
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HNSW

« M: 2E A| AES= edge 7=
« efC = efConstruction

« efS = efSearch

(23]
. 45 Xjo| 25 0jo|

.« Z'2 efCOIM efS HZLZ latency St

Recall@10
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  u


   m L =  1  ln ⁡ ( M )


   M  m a x 0
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