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» (TAERSEEIERE

ID Type Desprtion Author
0 Image A Short History of Nearly Everything Bill Bryson ® ﬁﬁAﬂ ] @lj;é/z% @ﬁﬁ% *ﬁ?éﬁ j:E 1
1 Text Silent Spring Rachel Carson J\Z %[IJ 7]_ :_Et 96 ;i 1:% *ﬁﬂ E @E’ ) 96 ;i E% 1:%
2 Video Holes Louis Sachar

SEE, RO ETFXRER

o MBEXERENZHRENTRE, B

Data UID: Vector representation . ", "

)|l F I BHRRIERSIE, FA
0 [-0.31, 0.53, -0.18, ..., -0.16, -0.38]

1 [0.58, 0.25, 0.61, ..., -0.03, -0.31] ;‘fT%FE—?-Sd‘E?éTEHR Embedding
2 [-0.07, -0.53, -0.02, ..., -0.61, 0.59] ﬁﬁ :_F é& }E 1@ % E"J ;-—B-—:_Etﬂ ;E @% )l_lu
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» (TAERSEEIERE
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Query results
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» Retrieval Augmented Generation(RAG)
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» HEEFENESA: RE%5]

Neighbor Search T A

Layer=1

ANNS: Approximate Nearest el /\_

R TSE I N\ B IR 45 76 [, LW°2%%///

%U%Graph, B2 HashZH ik
RimEHIZIIEIRUE

FIFSQ, PQEANSIM DR & v Ba IVF, SCANN, .. HNSW, DiskANN, ..
E RIS HIFBOANNEE HFERMANNEE

Decreasing characteristic radius

-
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» AT AT EREZRRE
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» BB DHIVAREFaICEE
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» BB DHIVAREFaICEE
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» BB DHIVAREFaICEE
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» BR: SHRSIEEENEEGER

- HEBERERSISIE, KhEHIAERR
51, XFIFARNGZR.
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» BR: GPURZFFAS!

Milvus-CAGRA vs Milvus-HNSW

| Queries Per Second
590
Cohere:
mres-dim s | :o::
vectors
voc [ --:
T4:6.7x Al10G: 9x
| Queries Per Second
590
OpenAl;
sook1sse-dim 4 | 33
vectors

T4:6.4x

Batch Size=1

Al0G: B.3x

2024 A+ 2 F1g
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AeanllE

Milvus-CAGRA vs Milvus-HNSW

| Queries PerSecond

650
Cohere:
vectors

Al0G 19410

T4:18.7x Al10G: 29.9x
| Queries Per Second
783
OpenAl;
vectors

Al0G 20230

T4:16.8x

Batch Size = 10

A10G: 25.8x

CPU: m6id.2xlarge  T4: g4dn.2xlarge A10G: g5.2xlarge Top 100 Recall: 98%
Dataset:: https://github.com/zilliztech/VectorDBBench

g SR AR Re

| QueriesPerSecond

Cohere:
IM 768-dim
vectors

| Queries PerSecond

OpenAl;
500K 1536-dim
vectors

Milvus-CAGRA vs Milvus-HNSW

659

+ [ =370
oo | 52<06

T4:23.3x Al10G: 49.2x

808

r+ | 7574

T4: 21.9x

Batch Size = 100

A10G: 48.9x




» BBR: GPUZFF3ATSIEREMR

Milvus-RAFT-FLAT vs Milvus-FLAT

CPU N T4 [ A10G

. 204.3x
~ 8
Q
c
]
2 )
= (o]
o
@ 81.1x 87.7x 89.7
3
Instance type Price($/h) 51.4x
1.3x 13.1x 1.2x12.6x
T4 g4dn.2xlarge 0.752 0 .
Cohere Cohere Cohere Openal OpenAl OpenAl
M 768-dim Vectors M 768-dim Vectors M 768-dim Vectors 500K 1536-dim Vectors 500K 1536-dim Vectors 500K 1536-dim Vectors
bateh size: 1 batch size: 10 batch size: 100 batch size: 1 batch size: 10 batch size: 100
A10G g5.2xlarge 1.212 Milvus-CAGRA vs Milvus-HNSW
CPU N T4 I A10G
CPU m6id.2xlarge 0.4746
- 19.2x
10
_ 18.3x
g ° 13.8x
[
(] 14.7x
£ 6 10.7x
i 11.8x11.7x 10.1x
7]
8 4
2 4.2X 3 gx .
0
Cohere Cohere Cohere OpenAl QpenAl OpenAl
1M 768-dim Vectors M 768~dim Veclors M 768-dim Vectors 500K 1536-dim Vectors 500K 1538-dim Vectors 500K 1536-dim Vectors
batch size: 1 batch size: 10 batch size: 100 batch size: 1 batch size: 10 batch size: 100
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» R FETHEBUER

Query vector
(user uploaded image)

ANNS results Query results
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» R FETHEBUER

o TIEAI
. Pre—FiItering B FEEE R DI
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& HERN 7 B EnEninl o] o] 0]
— = —H 1 = "milvus” 1 0} | 0]
° POSt‘F”terlng Eﬁﬂ%ﬁ%*ﬁ?gﬁ;}g —1 =1 1 [ fzazds L Delta ;TimeTravelL

(I IR ' ' ’ Predicator :D . :> . .

AVer=obie SR FINEE HHHH = Ricat bk
e [ ]
EnEREEE Bitmask  Vec 1] 1] a

- Validationi#{Lmz{ ) T ’ nile offset 2

egmen 0] ]
¢ B i t S et 1— —— Knowhere offset 3
N . \ . \?:cig'r And | And | I:D offset 4 Segment Offset
Overhead® X, EEUIRERKNG=R nlln
1
° E X p r E : offset 8

BXAITRIE, EAaTRERNMNIGSR
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» R FETHEBUER

- WMITEE AT EERN R

Without candidates (&gt %)
BZENS AR

With candidates(zEIdX):
MBEAERE, HeEREONE
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» R FETHEBUER

Query

MNTESEENARRERFEEHT, B
J o rEiED ENERTTEE M

Entry point

scalar - ordinal

T IELSEE, RONEN, EFERRE redundant graph
IZINARE/INE Z BRI EE % redundant graph
base graph

BB ZHRERAND, OrEalNMNEE, HaERTT2-10x
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» SR SCHIEFEREERAEE

@ HNSWLIB
@ vamMaNA
SCANN
¢ +  SCATMEFMBE A BT 315
'E @ FAISS-HNSW N " . - =z s
2 « REDREFIEEISIFEERZRFERHNSW, BT
® AnNoY R4 SE AT M R BN B P RU M e
FAISS-FASTSCANN
FAISS-IVFFLAT ®
P ® FAISS-IVFSQ8 >
NO INDEX Throughput

2024 AlI+TREHFIES | AR RIS KT A




» SR SCHIEFEREERAEE

Shard
Message Queue
JIIBESS'E/=EEPAN
Channel Channel
| shar | shar
Shard Shard Se gme Nt

Milvus I E R EIERTT

Growing Segment
HzMNBEY B2 BEEIIRHRIER
e N =, ERWRRRNES

Build ndex FERAImmutable RS | LURIEEERE

FlndexNode ° Sealed Segment




» SR SCHIEFEREERAEE

Big Segment

A Time to Build

Massaga Qusis
Channel channel
| shara | shard Segment Size
>
Srowes D - EERMBEIFT
- BRS|EEE
- °”er}”°"e Q"e”TN"de - RBENMAIYE
F - - WTFoverheadidk
- Failure RecoverygE 1T E
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» SR SCHIEFEREERAEE

Message Queue

%)D(@§93§§§23%§§9

Channel Channel
| Shard | Shard Size 0.25M 0.5M 0.75M 1M
) ) ) QPS ~9.7K ~10K ~10.9K ~9.9K
C ) ) C )
C ) ) C )
= | = — SHFERI], AT AT TR,
— = o BB NS S SEE R B

! I

IndexNode
Build Index
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» SR SCHIEFEREERAEE

| QueryNode
] ) C )
QueryNode

;

-0

~—{ IndexNode

Uit
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DataNode&iEB/NAISegment Compactfai X
Segment, FHIndexNodeEF1FiEZ S|

QueryNode&iBKRISegmentiN#k LR E
/MNYSegment

Britb 2z 4, Compactioni®a] LA B 4%
CompactionkBRiTEEZIE, BN BRAYZES
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» SR SCHIEFEREERAEE

Growing Index

| QueryNode ] fEGrowing Segment i {E MR IEE K
REURS IMARRE
) ) )
D D D E2E Segment-Indexing Insert Performance
20 y
QueryNode 15 ;
~— IndexNode T ém |
= D
N 5
= .
0 200 400 600 800 1000

Insert Rows/K
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» ARXETA

Key Considerations for Selecting a Vector Database

- EBRANERRE 80
- EFRIERERMERE
- EFERIENX
- BEREHNEELR

Percentage

- ESHMEMNTE
- FIRAVEICER
- LEEENRKRER

Gathering feedback from 1000 GenAl developers from Milvus community, 2024.
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» EHIF KRERGS:

TF-1DF

Sparse

« TF(Term Frequency, {@30)RRARKENX

AR H LAY

IDF(Inverse Document Frequency, i#

XFF)ﬁ?)?ET?é%LﬂEI’J SRR, QD%@/\
ZHIN D, JIDFfE_jC Ui BEiZ A5 B

(7

TF -|DF 1s a measore of

" J’ua ov

TF \DF

- ar fu ot o ;,M,l;,;if,.,rgl ‘p <;rmo!u'wg,,

TF (+ A) . lDFO)

Efﬁﬁ?ﬂ’] Al X o 8E

. TF IDFRYEEZF - BM25, H— 9%}737
um@WE,HﬁA%$Y$krﬁﬂ
UEI 14, ARG LE B R A< 34

\nverse decwoment

‘Frc%uen"‘é & of:e "
AocwMeENn
L e

]31+ 4 (4, )

Document fmfvw Y9
of theterm T

Te,rm {'re% qaig:

Number of +imes term +
OPPQQ(’S in a doc/ a
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» B KAHEZERE: Sparse

BERT

vou () () (o) () ) ) o)) ) (i ()

E?nkfgddmgs E[CLS] Emy Edog E; . E[SEP] = i Eplay Eming E[SEP]
+ + + + o+ + + o+ +* + +
. . - gfngbrgggfngs EA EA EA EA EA EA EB EB EB EB EB
« BERTE| ATransformerfdfil|Zx., ;= ” + + + + + O+ + o+ o+ o+ o+
DNHEEREREXTEN LT, it emveadngs | Fo || By || B || Ba || B || Es || B || & || & || & |[ By
N - 2>
G EERENHERNEBHEEINTS .
- BARERRENFR, FXK7I1ENIERFEE
jj MS MARCO Passage
Development Test
Method MRR@10 MRR@10
BM25 (Microsoft Baseline) 0.167 0.165
IRNet (Deep CNN/IR Hybrid Network)  January 2nd, 2019 0.278 0.281
BERT [Nogueira and Cho, 2019] January 7th, 2019 0.365 0.359

Table 1: The state of the leaderboard for the MS MARCO passage ranking task in January 2019,
showing the introduction of BERT and the best model (IRNet) just prior to it. This large gain in
effectiveness kicked off the “BERT revolution” in text ranking.
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» B KAHEZERE: Sparse

AERRARERZXRBHACRNEN, MEKR

Original Data

——> | Vector Search \

L

Keywords Search

EHRXBANEERIBIMER. THIEICHEERM
BENEEERXTIIENER

213 579 325 77 490 238
splade bge splade bge
792 904 567 728
NFCorpus Dataset FIQA Dataset

Performing top-10 retrieval of all queries in NFCorpus/FIQA dataset based on embeddings generated by SPLADE
and BGE-M3.

Red: number of ground truth documents that are only found by SPLADE
Green: number of ground truth documents that are only found by BGE-M3

Yellow: number of ground truth documents that are found by both models
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» B KAHEZERE: Sparse

BeERT
BsEe RRF
Ew\laeolding Module oPle."\AI Ranking Module HybﬁdScor‘e_
Se ade be_ePRomking
Bmas
« All in one, fRRAEIREIFRE
\>.< RENERE
e R - AHEKRMEMbeddingiEy, B
Scalar Dense embeddh ng Spo-rs.e, emfae_riol "“_‘1
==
,—_01030?5 P L'4B: 0.5, '4cD"0.8..] mBM25, ALEBM25
[ Parser ]
Denselndex SPasrs.e,Inolex N . N
[ Execution J @ HNSW WAND ¢ ﬂﬁﬁ%ﬁgRerankmgﬁﬂ
knowhere
ScalN SparseSraph
( Scalar J Faiss
Execution Milvus
O J
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» SBIFAHNHESFS: Hybrid Search

[ : Dense + Dense
Final Results J

A C EAEN: WS HARmANRELE
Reranking éﬁﬁ
|
- BABE: tLUE—"ARNARERAE

Scalar + Dense
Hybrid S h N } — =
Text Search Vector Search Vector Search Query or Hy ‘I‘I earc . E i ;E— EII‘J KTL\ ? : I:lf, tl[l Z: H EE = EI‘J f|] IJ_'_I ? ,

arse Vector ense Vector ense Vector . Array, Bool, Int, Float, Strin ig)‘{jﬁﬂ,l glﬁtbz:lﬁl
[Sp v J (D v ] [D v ] [JSON Array, Bool, Int, Float, S 9] - BLERNMER: CNESIEHS+ A
faLEC(E R
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» B KRIHEZERE: Range Search

FENEREN
TOP-K ANN RANGE Search
e
o o ©°
oo ° o
o o ¢ .
\ \ @ e

WEpmEPRZEFRKEHENLEDN, MENERNERE. BARHEKE
EHHEIER, MAREBSHIER

- EBRERHEFAEXNER

- REHEBIRAMANYER
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» ERKANEERSE: Groupby

[ £ (L 20 1E =V X R FH g

@ SELECT TOP1(image) GROUPBY name ORDER

MRBAVERRE =M AR /NTEAT BY score LIMIT 3

MEBREIZEEnamedEALN?

=if:
@ SELECT TOP1(image) GROUPBY image ORDER
BY score LIMIT 3
R
od BEZAJAggregator: AVG, COUNT, etc
name: Snoopy Goofy  Pluto EZWHEF A AVG, UDF, etc.

Top1 Top2 Top3
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» BIFAITENEE : Zilliz Cloud

TIEJE%Q:EEEDEE#
Zilliz Cloud2ZillizBEFHFIRRZ=£E 3
EMilvusiTiERNEIEE W RAEERNER
iﬂ&% aws
7Serverless, SaaSFABYOC="‘h | =
A, HRAABRBXKOABEIBEIAIE S— A
REXEEWRINEE, BIHOBERPREW
%iZ4E
BEIDEBMAWS, GCP, Azure, [

BR. BINaF5KT
CWEx

W,
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» BIFRIIEMNEL: Zilliz Cloud - Saas

SaasZEiy

Control Plane

Resource Observability Data Service

=
M RO A0 R RS O A B A l“’“ APT, Open API

Data Plane (K8s)

K8s namespacefBHIRFRIRE £
HIEEEECTAERERT R LIRSS
ﬁ%1\5\\

EFIEBEAERR, AE=EHNE
BHEEMGHRERSE

REIEETERERK

Tenantl Tenant2 Resource Pool
Index Build

Backup

Compaction

Meta Storage WAL Storage Object Storage
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Logic Clusters

FrBT mstateless, A{ERElogic
clusteri2fifizss, AP RBAAR

TR
Proxy: EREHRAFiIEX, Rii
StreamingNode: SCHEIEE S
QueryNode: FARHIEEIH
Resource Pool: #{78 %3],
CompactionZbatch job
Storage: logfimetaf&fz

FMTRRER
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RIERBNT B85

&4 | AIIXEHER & B

L ical
Clus‘ters

Physical
c lus‘te_r‘

g SR AR Re

» BIFRITENEL: Zilliz Cloud - Serverless

Py

// Proxies Coordinators

~ (@ 0 © 0

D ( Streoming nodes Query nodes Resource Pool

Ol oo OO | O3 me

D L[_J J l J J [ ] C ] (:) Compaction
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» BIFRITENEL: Zilliz Cloud - Serverless

n EFiE

Cold Data

>
RAM
. ~53% 6B, ~100ns (atenct/, ~1006B limit <
Tierl

Local Disk Object Storage

Storage Media Hierarchy

NVME SSD
~0.05% &B, ~100us [a\‘tenc:y, ~5TR limit

Tier2

ERS
0.053 6B, ~ 0.2ms latency, 16TB -
riers S © MRamZIS3ZRETRF
S3
. [ > =5 5 (4 £ 4 NE b AN
0,023 6B, > 10ms latency, no it ANMHFENRRE, ZRNGESAT
Tier4 Eevict
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» BIFRITENEL: Zilliz Cloud - Serverless

RIREES B

Select where tenant = tenantl && vector close to [x,x,x]

[ j =
[4 J[’ ) - RIEARtenanty BEIE

- f—
S AV . RIBRR S EE
o e e O . REARSEH S ELIR
e SRE
) C )| |23
i e — Pre-Warm

) )

Tenantl Data Tenant2 Data Tenant3 Data

\
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» SRUFRITEANEL :

IRERYTEEL

T &35 S F A IEBE U

Zilliz Cloud - Serverless

Cold Search Warm Search Hot Search
1M 768Dim 2.3s 80ms Ums
Total Response Time
Seconds to Output 10@ Tokens; Lower is better 10M 768Dim Ts 150ms Tms
preificistinatysts. ot host: 1CU ZillizCloud
IIII...HHHM $915 $228 $16
@ b
é@ (?k ’*‘f n) ‘? o;;. -\’? wo’éé\ §§ QQ‘? 33&7
N & & o 5 o i & I
# § & & & ¢ & 7 & Performance Capacity Serverless

https://artificialanalysis.ai/models

HEHER
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Cost per Month for 1T0M 768Dim Data in ZillizCloud



» BN5%HA: Zilliz Cloud Pipeline

« Zilliz Cloud Pipeline2E%2Zilliz Cloud3$TiEH— it XA EIRER S

- XIFEMARER, LMERIRE
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» FiEthEN%EE: Cardinal

Search Performance Test (10M Dataset, 768 Dim) A

Qps (more is better)

ZillizCloud-8cu-perf

Pinecone-p2.x1-8node _ 303.2

Milvus-16c64g-hnsw 178.7

ZillizCloud-2cu-cap -1?0.6
QdrantCloud-4c16g-5node - 110.2

2,215

Milvus-4c16g-disk 61.07
Pinecone-s1.x1-2node | 8.668

Recall-Queries per second (1/s) tradeoff - up and to the right is better
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