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root@node2:~# cat sai nfs to default pvl.yaml

apiVersion:

kind: PersistentVolume

metadata:

name: karthik-pvl

spec:

capacity:

storage:

volumeMode:

vl

250G1
Filesystem

accessModes:

- ReadWriteOnce
persistentVolumeReclaimPolicy: Retain
storageClassName:

local:

path: /vectordbsc/milvus/milvusl

nodeAffinity:

required:

nodeSelectorTerms:

- matchExpressions:
- key: kubernetes.io/hostname
operator:

values:

root@node?2:~

node?2
node3
node4
nodeb5
nodeb6

#

s IR

70N

#&fEA Tkubectl get pvl B&

=2%
IS

Hiz

—

\



root@node2:~# for i in $¢(

sai nfs to default pvSi.yaml;

persistentvolume/karthik-pvl
persistentvolume/karthik-pv2
persistentvolume/karthik-pv3
persistentvolume/karthik-pvé
persistentvolume/karthik-pv5
persistentvolume/karthik-pv6
persistentvolume/karthik-pv7
persistentvolume/karthik-pv8
persistentvolume/karthik-pv9

seq 1 12

done
created
created
created
created
created
created
created
created
created

) 8

persistentvolume/karthik-pvl0 created
persistentvolume/karthik-pvll created
persistentvolume/karthik-pvl2 created

root@node2:~#

do kubectl apply -f

5. AT HEEREEE > Milvus ZEVIHREEMRRSE > FI%0 MinlO ~ Azure Blob #1 S3 o TEAERH » FHFIE
F S3 o LUFFEREAONTAP S3 #1StorageGRID¥I{4H#7F © FfFIER Helm KRIBE Milvus FHE o 1t
Milvus I E T &R ELE values.yaml o BEAFRMIEDRIEFREAR values.yaml X4 > 52 RIMIER ©

6. FE{REEZED A storageClass’s’RE A default” » B1EHEE « etcd » zookeeper F1 bookkeeper ©

7. £ MinlO 243 > 12 MinlO °

8. #XONTAPE(StorageGRID#I4H#ETFIZIL NAS #7748 > WERYHRHFREREEITEIMNE S3 F -

9. £33 Milvus B=E A1 »

FHHHHH S A AR
# External S3
# - these configs are only used when
HHHHHH A A H AR AR E SRS
externalS3:

enabled: true

host: "192.168.150.167"
port: "80"

accessKey: "24G4C1316APP2BIPDESS"
secretKey:

useSSL: false

bucketName: "milvusdbvoll"
rootPath: ""

useIAM: false
cloudProvider: "aws"
iamEndpoint: ""

region: ""

useVirtualHost: false

"externalS3.enabled’

HEHE{R PersistentVolumeClaim

is true

"72d28p43rgzalU44PX ftT279z9nt4jBSro97j87Bx"

(PVC) RAEMEMELRFENEIR

11



root@node2:~# kubectl get pvc
No resources found in default namespace.
root@node2:~#

10. A Helm # values.yaml sREHE L4 B ) Milvus 3£ ©

root@node2:~# helm upgrade --install my-release milvus/milvus --set

global.storageClass=default -f values.yaml

Release "my-release" does not exist. Installing it now.
NAME: my-release

LAST DEPLOYED: Thu Mar 14 15:00:07 2024

NAMESPACE: default

STATUS: deployed

REVISION: 1

TEST SUITE: None

root@node?2: ~#

11. B&3% PersistentVolumeClaims (PVC) BYAREE o
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root@node2:~# kubectl get pvc

NAME

VOLUME CAPACITY ACCESS MODES STORAGECLASS
data-my-release-etcd-0

karthik-pv8 250G1 RWO default
data-my-release-etcd-1

karthik-pv5 250G1 RWO default
data-my-release-etcd-2

karthik-pvi4 250Gi RWO default

AGE

3s

2s

3s

my-release-pulsar-bookie-journal-my-release-pulsar-bookie-0

karthik-pv10 250G1 RWO default

3s

my-release-pulsar-bookie-journal-my-release-pulsar-bookie-1

karthik-pv3 250G1 RWO default

3s

my-release-pulsar-bookie-journal-my-release-pulsar-bookie-2

karthik-pvl 250G1 RWO default

3s

my-release-pulsar-bookie-ledgers-my-release-pulsar-bookie-0

karthik-pv2 250G1 RWO default

3s

my-release-pulsar-bookie-ledgers-my-release-pulsar-bookie-1

karthik-pv9 250G1 RWO default

3s

my-release-pulsar-bookie-ledgers-my-release-pulsar-bookie-2

karthik-pvll 250G1 RWO default

my-release-pulsar-zookeeper-data-my-release-pulsar-zookeeper-0

karthik-pv7 250G1i RWO default
root@node2:~#

3s

3s

STATUS

Bound

Bound

Bound

Bound

Bound

Bound

Bound

Bound

Bound

Bound



12. 137 pod HIRKEE o

root@node2:~# kubectl get pods -o wide

NAME READY STATUS
RESTARTS AGE IP NODE NOMINATED NODE
READINESS GATES

<content removed to save page space>

sEHEfR Pod AAREZA TETEE(F) BUNTRHREF

13. AIE7E Milvus FINetApp ¥ #TE R B AFEINE K
° f“prepare_data_netapp_new.py’Python 2B A Bk o

root@node2:~# date;python3 prepare data netapp new.py ;date
Thu Apr 4 04:15:35 PM UTC 2024

=== start connecting to Milvus ===

=== Milvus host: localhost ===

Does collection hello milvus ntapnew updateZ sc exist in Milvus:
False

=== Drop collection - hello milvus ntapnew update2 sc ===
=== Drop collection - hello milvus ntapnew update2 sc2 ===
=== Create collection "hello milvus ntapnew update2 sc ===
=== Start inserting entities ===

Number of entities in hello milvus ntapnew update2 sc: 3000
Thu Apr 4 04:18:01 PM UTC 2024

root@node?2: ~i

Zaaze

° fE/A“verify_data_netapp.py’Python 1&ZE:EENE K} o

root@node2:~# python3 verify data netapp.py
=== start connecting to Milvus ===

=== Milvus host: localhost ===

Does collection hello milvus ntapnew updateZ sc exist in Milvus: True

{'auto_id': False, 'description': 'hello milvus ntapnew update2 sc',
'fields': [{'name': 'pk', 'description': '', 'type': <DataType.INT64:
5>, 'is primary': True, 'auto id': False}, {'name': 'random',
'description': '', 'type': <DataType.DOUBLE: 11>}, {'name': 'wvar',
'description': '', 'type': <DataType.VARCHAR: 21>, 'params':

{'max length': 65535}}, {'name': 'embeddings', 'description': '',
'type': <DataType.FLOAT VECTOR: 101>, 'params': {'dim': 16}}]}

Number of entities in Milvus: hello milvus ntapnew update2 sc : 3000

=== Start Creating index IVF FLAT ===
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=== Start loading ===
=== Start searching based on vector similarity ===

hit: id: 2998, distance: 0.0, entity: {'random': 0.9728033590489911},
random field: 0.9728033590489911

hit: id: 2600, distance: 0.602496862411499, entity: {'random':
0.3098157043984633}, random field: 0.3098157043984633

hit: id: 1831, distance: 0.6797959804534912, entity: {'random':
0.6331477114129169}, random field: 0.6331477114129169

hit: id: 2999, distance: 0.0, entity: {'random':
0.02316334456872482}, random field: 0.02316334456872482

hit: id: 2524, distance: 0.5918987989425659, entity: {'random':
0.285283165889066}, random field: 0.285283165889066

hit: id: 264, distance: 0.7254047393798828, entity: {'random':
0.3329096143562196}, random field: 0.3329096143562196

search latency = 0.4533s

=== Start querying with “random > 0.5 ===

query result:

-{'random': 0.6378742006852851, 'embeddings': [0.20963514,
0.39746657, 0.12019053, 0.6947492, 0.9535575, 0.5454552, 0.8236044¢0,
0.21096309, 0.52323616, 0.8035404, 0.77824664, 0.80369574, 0.4914803,
0.8265614, 0.6145269, 0.80234545], 'pk': 0}

search latency = 0.4476s

=== Start hybrid searching with “random > 0.5 ===

hit: id: 2998, distance: 0.0, entity: {'random': 0.9728033590489911},
random field: 0.9728033590489911

hit: id: 1831, distance: 0.6797959804534912, entity: {'random':
0.6331477114129169}, random field: 0.6331477114129169

hit: id: 678, distance: 0.7351570129394531, entity: {'random':
0.5195484662306603}, random field: 0.5195484662306603

hit: id: 2644, distance: 0.8620758056640625, entity: {'random':
0.9785952878381153}, random field: 0.9785952878381153

hit: id: 1960, distance: 0.9083120226860046, entity: {'random':
0.6376039340439571}, random field: 0.6376039340439571

hit: id: 106, distance: 0.9792704582214355, entity: {'random':
0.9679994241326673}, random field: 0.9679994241326673

search latency = 0.1232s

Does collection hello milvus ntapnew update2 sc2 exist in Milvus:
True

{'auto_id': True, 'description': 'hello milvus ntapnew update2 sc2',



'fields': [{'name': 'pk', 'description': '', 'type': <DataType.INT64:

5>, 'is primary': True, 'auto id': True}, {'name': 'random',
'description': '', 'type': <DataType.DOUBLE: 11>}, {'name': 'wvar',
'description': '', 'type': <DataType.VARCHAR: 21>, 'params':
{'max length': 65535}}, {'name': 'embeddings', 'description': '',

'type': <DataType.FLOAT VECTOR: 101>, 'params': {'dim': 16}}]}

Ei? EiBEEE > Kubernetes I MEE R ERER » FEiBFEANetAppl#ETFIESI23TE Kubernetes L&
Milvus 8% > AR PR TEKA  TiERASMHAREERHZEEEMRAS R - LR TEARPIRHET
BESEEERMIERE AWM I TEMET NG » FERAKRSIBRERMAISET(FEaHNE
ARG - HRBFEETHERIFAMMIEE (PV) > LENetApp ONTAPEIZE— NFS % > TIHE(R
BEE R BRNERBEIE o B85% PersistentVolumeClaims (PVC) # pod FIAREE LR A BRI AFE
IRHAREARFRMET TR A —RNERHEENREE o fFAONTAPZ StorageGRIDMIHHEER A ERIE
— S T BRI FEEMNZ 2N - EEME » EERTATPIRHET EEEMESHENERE
BFRASER > IEER R RENERIVENERMBAER o

Milvus £2Amazon FSx ONTAP for NetApp ONTAP - 1EZ2 ¥4 — o4

K EiEtsm{EAAmMazon FSx ONTAPZANetAppie = B ERRT ZH milvus FEER
E o

Milvus £Amazon FSx ONTAP for NetApp ONTAP — tgZE 844 — o4

EREF » RFIBENBEATEEEEZIRBERAEERE » UKE Docker A23HAIAmazon FSx ONTAP for
NetApp ONTAPHEEREERIE (milvus BEILAR) BITER o

EEHRPERNSENEALEBRENTRE RN EERESAEERMBITHELGHESHERER - 8%
» BN EIRSEBIRMH T AEEN » AFKKARE RUBEREREIERNENENEHEE - SREENERESN
BN ERIBIEZNNEXK - FRMREFSNEE c HX » DinIBRETSUAMMNKHER » RAERTUERERN
IR EEN » RAREMFEERIEXNEAR » MEFRMEERIIN SR AERERERTE - 5= A8
AN » AALREACERNERGE » I B LUIRBERIBAS4E/)VRE » MEREER LETAKEN
AR E - &8 > EEHIPEREERECLULRHE - RATUMEAM S ERMEZEE - EMIEEERE
BRA T EFI S ERENRYIRER o s5/EFIAmazon FSx ONTAP for NetApp ONTAP&E S HbE& 5 R FR{ERAY milvus 18

AVES -
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FS)«’QP

Customer Data and Milvus config data /

Amazon FSXn for
NetApp ONTAP

Subcomponents
Query Coord Data Coord Index Coord Root Coord
uery Node Data Node Index Node Pro
) ity | | | Fiony Al Workloads
Fmmmmmmmmm e mm—————— e ——————
1
O ’ b ——
" 1
Reliable States ' 9
1
' [ User requests (image) ]
I Object Storage Key-Value-Meta-Store |
. . : !
: [ Recommendation system ]
i
1
: API calls for Similarity Similar images
L 4 4 T \| embeddings search recommended to user
h. 4 Y A 4 ¥ 3 H
1
1
Bucket  File \ : Y
E Milvus cluster
1

1. ZNetApp ONTAPEHI#IIAmazon FSx ONTAP » i F VPC ~ VPC Z2 M EHAM FAERRAVEEAMEN - 2

I EC2 TERER REULE o MR MTEILEIEIEZHME - https://us-east-

1.console.aws.amazon.com/fsx/home?region=us-east-1#file-system-create

2. @i —{E EC2 B » FEfR VPC » 2 MEHAT F4HEEEAmazon FSx ONTAP for NetApp ONTAPHTT{ERE

B9 VPC ~ ZEMEHEN FHERRARTT o

3. {#F#5% “apt-get install nfs-common”%#£ nfs-common » Mi{F“sudo apt-get update” B EHE o

4. Ey—EREBERRTEE EEEEBR NetApp ONTAP BJAmazon FSx ONTAP o

ubuntu@ip-172-31-29-98:~$ mkdir /home/ubuntu/milvusvectordb
ubuntu@ip-172-31-29-98:~$ sudo mount 172.31.255.228:/voll
/home/ubuntu/milvusvectordb

ubuntu@ip-172-31-29-98:~$ df -h /home/ubuntu/milvusvectordb
Filesystem Size Used Avail Use% Mounted on

172.31.255.228:/voll 973G 126G 848G 13% /home/ubuntu/milvusvectordb

ubuntu@ip-172-31-29-98:~$

5. A “apt-get install”Z % Docker #1 Docker Compose ©
6. 1#R#% docker-compose.yaml F2ZEE 37 Milvus £E8% > ZAEZ AL Milvus 4BIL T & -
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https://us-east-1.console.aws.amazon.com/fsx/home?region=us-east-1#file-system-create
https://us-east-1.console.aws.amazon.com/fsx/home?region=us-east-1#file-system-create

root@ip-172-31-22-245:~# wget https://github.com/milvus-
io/milvus/releases/download/v2.0.2/milvus-standalone-docker-compose.yml
-0 docker-compose.yml

--2024-04-01 14:52:23-- https://github.com/milvus-
io/milvus/releases/download/v2.0.2/milvus-standalone-docker-compose.yml
<removed some output to save page space>

7. 1£ docker-compose.yml #£Z2H) Tvolumes) B2 H > #ENetApp NFS HEEEE FER B FER Milvus BESERTE
» B8TE etcd * minio # standalone H o & "[f{&% D © docker-compose.ym|"B R yml BEXEIEEARE R

8. Bt B R EMERIRAIEE -

ubuntu@ip-172-31-29-98:~/milvusvectordb$ 1s -1ltrh
/home/ubuntu/milvusvectordb

total 8.0K

-rw-r--r-- 1 root root 1.8K Apr 2 16:35 s3 access.py
drwxrwxrwx 2 root root 4.0K Apr 4 20:19 volumes
ubuntu@ip-172-31-29-98:~/milvusvectordb$ 1s -1ltrh
/home/ubuntu/milvusvectordb/volumes/

total O

ubuntu@ip-172-31-29-98:~/milvusvectordb$ cd
ubuntu@ip-172-31-29-98:~$ 1s

docker-compose.yml docker-compose.yml~ milvus.yaml milvusvectordb
vectordbvoll

ubuntu@ip-172-31-29-98:~5

9. *EE docker-compose.yml 1EZRHIEER#TT docker-compose up -dJ ©
10. 187 Milvus BE3HTIRES o

17


ai-vdb-docker-compose.html
ai-vdb-docker-compose.html
ai-vdb-docker-compose.html
ai-vdb-docker-compose.html
ai-vdb-docker-compose.html
ai-vdb-docker-compose.html
ai-vdb-docker-compose.html

ubuntu@ip-172-31-29-98:~$ sudo docker-compose ps

Name Command State
Ports
milvus-etcd etcd -advertise-client-url ... Up (healthy)
2379/tcp, 2380/tcp
milvus-minio /usr/bin/docker-entrypoint ... Up (healthy)

0.0.0.0:9000->9000/tcp, :::9000->9000/tcp, 0.0.0.0:9001-
>9001/tcp, :::9001->9001/tcp

milvus-standalone /tini -- milvus run standalone Up (healthy)
0.0.0.0:19530->19530/tcp, :::19530->19530/tcp, 0.0.0.0:9091-
>9091/tcp, :::9091->9091/tcp

ubuntu@ip-172-31-29-98:~$

ubuntu@ip-172-31-29-98:~$ 1s -ltrh /home/ubuntu/milvusvectordb/volumes/
total 12K

drwxr-xr-x 3 root root 4.0K Apr 4 20:21 etcd

drwxr-xr-x 4 root root 4.0K Apr 4 20:21 minio

drwxr-xr-x 5 root root 4.0K Apr 4 20:21 milwvus
ubuntu@ip-172-31-29-98:~$

1. %7 E&3%Amazon FSx ONTAP for NetApp ONTAPH 8Bk EREERIMEEINAE » BFIER T Python
Milvus SDK 1z H PyMilvus BIEEHIF2T o M Tapt-get install python3-numpy python3-pip) ZEENER
#pefl > WA pip3 install pymilvusl Z4E PyMilvus ©

12. ExBmEEREFRAmazon FSx ONTAP for NetApp ONTAPRYE KI5 A FIEEUR(E o

root@ip-172-31-29-98:~/pymilvus/examples# python3
prepare data netapp new.py

=== start connecting to Milvus ===

=== Milvus host: localhost ===

Does collection hello milvus ntapnew sc exist in Milvus: True
=== Drop collection - hello milvus ntapnew sc ===

=== Drop collection - hello milvus ntapnew sc2 ===

=== Create collection "hello milvus ntapnew sc’ ===

=== Start inserting entities ==
Number of entities in hello milvus ntapnew sc: 9000
root@ip-172-31-29-98:~/pymilvus/examples# find

/home /ubuntu/milvusvectordb/
<removed content to save page space >
/home/ubuntu/milvusvectordb/volumes/minio/a-bucket/files/insert log

/448789845791611912/448789845791611913/448789845791611939/103/4487898457

18



91411923/b3def25f-cl117-4fba-8256-96cb7557cd6e
/home/ubuntu/milvusvectordb/volumes/minio/a-bucket/files/insert log
/448789845791611912/448789845791611913/448789845791611939/103/4487898457
91411923/b3def25f-c117-4fba-8256-96cb7557cd6c/part.1
/home/ubuntu/milvusvectordb/volumes/minio/a-bucket/files/insert log
/448789845791611912/448789845791611913/448789845791611939/103/4487898457
91411923/x1.meta
/home/ubuntu/milvusvectordb/volumes/minio/a-bucket/files/insert log
/448789845791611912/448789845791611913/448789845791611939/0
/home/ubuntu/milvusvectordb/volumes/minio/a-bucket/files/insert log
/448789845791611912/448789845791611913/448789845791611939/0/448789845791
411924
/home/ubuntu/milvusvectordb/volumes/minio/a-bucket/files/insert log
/448789845791611912/448789845791611913/448789845791611939/0/448789845791
411924/x1 .meta
/home/ubuntu/milvusvectordb/volumes/minio/a-bucket/files/insert log
/448789845791611912/448789845791611913/448789845791611939/1
/home/ubuntu/milvusvectordb/volumes/minio/a-bucket/files/insert log
/448789845791611912/448789845791611913/448789845791611939/1/448789845791
411925
/home/ubuntu/milvusvectordb/volumes/minio/a-bucket/files/insert log
/448789845791611912/448789845791611913/448789845791611939/1/448789845791
411925/x1 .meta
/home/ubuntu/milvusvectordb/volumes/minio/a-bucket/files/insert log
/448789845791611912/448789845791611913/448789845791611939/100
/home/ubuntu/milvusvectordb/volumes/minio/a-bucket/files/insert log
/448789845791611912/448789845791611913/448789845791611939/100/4487898457
91411920
/home/ubuntu/milvusvectordb/volumes/minio/a-bucket/files/insert log
/448789845791611912/448789845791611913/448789845791611939/100/4487898457
91411920/x1 .meta

13. {E verify_data_netapp.pyllAst& 2 :BEUR(E o

root@ip-172-31-29-98:~/pymilvus/examples# python3 verify data netapp.py
=== start connecting to Milvus ===

=== Milvus host: localhost ===

Does collection hello milvus ntapnew sc exist in Milvus: True

{'auto id': False, 'description': 'hello milvus ntapnew sc', 'fields':
[{'name': 'pk', 'description': '', 'type': <DataType.INT64: 5>,

'is primary': True, 'auto id': False}, {'name': 'random', 'description':
'', '"type': <DataType.DOUBLE: 11>}, {'name': 'var', 'description': '',

'type': <DataType.VARCHAR: 21>, 'params': {'max length': 65535}}, {'

19
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name': 'embeddings', 'description': '', 'type': <DataType.FLOAT VECTOR:
101>, 'params': {'dim': 8}}], 'enable dynamic field': False}
Number of entities in Milvus: hello milvus ntapnew sc : 9000

=== Start Creating index IVF FLAT ===

=== Start loading ===

=== Start searching based on vector similarity ===

hit: id: 2248, distance: 0.0, entity: {'random': 0.2777646777746381},
random field: 0.2777646777746381

hit: id: 4837, distance: 0.07805602252483368, entity: {'random':
0.6451650959930306}, random field: 0.6451650959930306

hit: id: 7172, distance: 0.07954417169094086, entity: {'random':
0.6141351712303128}, random field: 0.6141351712303128

hit: id: 2249, distance: 0.0, entity: {'random': 0.7434908973629817},
random field: 0.7434908973629817

hit: id: 830, distance: 0.05628090724349022, entity: {'random':
0.8544487225667627}, random field: 0.8544487225667627

hit: id: 8562, distance: 0.07971227169036865, entity: {'random':
0.4464554280115878}, random field: 0.4464554280115878

search latency = 0.1266s

=== Start querying with "random > 0.5 ===

query result:

-{'random': 0.6378742006852851, 'embeddings': [0.3017092, 0.74452263,
0.8009826, 0.4927033, 0.12762444, 0.29869467, 0.52859956, 0.23734547],
'pk': 0}

search latency = 0.3294s

=== Start hybrid searching with "random > 0.5° ===

hit: id: 4837, distance: 0.07805602252483368, entity: {'random':
0.6451650959930306}, random field: 0.6451650959930306

hit: id: 7172, distance: 0.07954417169094086, entity: {'random':
0.6141351712303128}, random field: 0.6141351712303128

hit: id: 515, distance: 0.09590047597885132, entity: {'random':
0.8013175797590888}, random field: 0.8013175797590888

hit: id: 2249, distance: 0.0, entity: {'random': 0.7434908973629817},
random field: 0.7434908973629817

hit: id: 830, distance: 0.05628090724349022, entity: {'random':
0.8544487225667627}, random field: 0.8544487225667627

hit: id: 1627, distance: 0.08096684515476227, entity: {'random':



0.9302397069516164}, random field: 0.9302397069516164

search latency = 0.2674s

Does collection hello milvus ntapnew sc2 exist in Milvus: True

{'auto id': True, 'description': 'hello milvus ntapnew sc2', 'fields':
[{'name': 'pk', 'description': '', 'type': <DataType.INT64: 5>,

'is primary': True, 'auto id': True}, {'name': 'random', 'description':
'', '"type': <DataType.DOUBLE: 11>}, {'name': 'var', 'description': '',
'type': <DataType.VARCHAR: 21>, 'params': {'max length': 65535}}, ({'
name': 'embeddings', 'description': '', 'type': <DataType.FLOAT VECTOR:
101>, 'params': {'dim': 8}}], 'enable dynamic field': False}

14. IREFRVEFIB S HEFN GBI mEELIEFREN NFS BRILAR Al TE&H > BIRTUEARE
BBy Python 2TVEITEERE - —EHIFAIUERE S —ERAEINEGIELIHER - AHFHENER
SRR EIRVABER ©

root@ip-172-31-29-98:~/pymilvus/examples# sudo python3
/home/ubuntu/milvusvectordb/s3 access.py -1 172.31.255.228 --bucket
milvusnasvol —--access-key PY6UF318996I86NBYNDD --secret-key
hoPctr9aD88clj0SkIYZ2uPal03v1bgKAOc5feKo6F

OBJECTS in the bucket milvusnasvol are
R b b I b b b b b b b I b b b b b b b b b b b b b b (b b b b b b b b b b b b 4

<output content removed to save page space>

bucket/files/insert 1og/448789845791611912/448789845791611913/4487898457
91611920/0/448789845791411917/x1 .meta
volumes/minio/a-bucket/files/insert 1og/448789845791611912
/448789845791611913/448789845791611920/1,/448789845791411918/x1 .meta
volumes/minio/a-bucket/files/insert 1og/448789845791611912
/448789845791611913/448789845791611920/100/448789845791411913/x1.meta
volumes/minio/a-bucket/files/insert 1og/448789845791611912
/448789845791611913/448789845791611920/101/448789845791411914/x1 .meta
volumes/minio/a-bucket/files/insert 1og/448789845791611912
/448789845791611913/448789845791611920/102/448789845791411915/x1 .meta
volumes/minio/a-bucket/files/insert 1og/448789845791611912
/448789845791611913/448789845791611920/103/448789845791411916/1c48abbe-
1546-4503-9084-28c629216¢c33/part.1
volumes/minio/a-bucket/files/insert 1og/448789845791611912
/448789845791611913/448789845791611920/103/448789845791411916/x1.meta
volumes/minio/a-bucket/files/insert 1og/448789845791611912
/448789845791611913/448789845791611939/0/448789845791411924/x1 .meta
volumes/minio/a-bucket/files/insert 10g/448789845791611912
/448789845791611913/448789845791611939/1/448789845791411925/x1 .meta
volumes/minio/a-bucket/files/insert 1og/448789845791611912
/448789845791611913/448789845791611939/100/448789845791411920/x1 .meta
volumes/minio/a-bucket/files/insert 1og/448789845791611912

21



/448789845791611913/448789845791611939/101/448789845791411921/x1.meta
volumes/minio/a-bucket/files/insert 1og/448789845791611912
/448789845791611913/448789845791611939/102/448789845791411922/x1 .meta
volumes/minio/a-bucket/files/insert 10g/448789845791611912
/448789845791611913/448789845791611939/103/448789845791411923/b3def25f-
cll7-4fba-8256-96cb7557cd6c/part.1
volumes/minio/a-bucket/files/insert 10g/448789845791611912
/448789845791611913/448789845791611939/103/448789845791411923/x1 .meta
volumes/minio/a-bucket/files/stats 1og/448789845791211880
/448789845791211881/448789845791411889/100/1/x1.meta
volumes/minio/a-bucket/files/stats 1og/448789845791211880
/448789845791211881,/448789845791411889/100/448789845791411912/x1.meta
volumes/minio/a-bucket/files/stats 10g/448789845791611912
/448789845791611913/448789845791611920/100/1/x1.meta
volumes/minio/a-bucket/files/stats 1og/448789845791611912
/448789845791611913/448789845791611920/100/448789845791411919/x1.meta
volumes/minio/a-bucket/files/stats 1og/448789845791611912
/448789845791611913/448789845791611939/100/1/x1 .meta
volumes/minio/a-bucket/files/stats 10g/448789845791611912
/448789845791611913/448789845791611939/100/448789845791411926/x1.meta

KAKR KA KR A A A A AN A AR AR A AN A AR A A AR Ak A XA A XA Kk %k

root@ip-172-31-29-98:~/pymilvus/examplesi

REIAMMEBRT B FWATE Docker BasPEFEFIRIERILAY Milvus 528 > MF] A Amazon BINetApp
FSx ONTAP#1TNetApp ONTAPERM#TE © LR EAFF L AREE R ERR AR EIE S M E R
BITEMEN  FiEELE T UEIERBESM Docker BESIRIBEHSER o FBEIFE AR NetApp
ONTAPHITEREFFF AR EC2 HITEREAIAmMazon FSx ONTAP » BB A UBERENE R ARMER
EIE o FSx ONTAPEEAEE R EPER S AMEBEIRENRINIREATFIRET AIFE - —HHERHEEN
fRe8 o ILSh - 358 SI HEFIH (GEED) KRB Al TIEEEHERBISENILE T B aIEEUE - Eit » 5182
ERREAZRRMET —(EaKERMNEAS R » ARSEMMNARIEERR(E » WHAT Amazon
FSx ONTAP for NetApp ONTAPBIIHAE o

fEFSnapCenter& TR 2B R ERE
EN 4B {ERNetApp SnapCenter& & B R EIREERHMEE o

fEFANetApp SnapCenter’ TR EE R ERE o

Blgn - TEFEETE > FRABHARENRANEE » WAANSTIER - BRERKEEREMERNE
FHEXTEEHHEEESEARE  EEAACKEEHEEETHNEE - HMIBKBIZEEANTERNENR
SRR ERVRALNAEER - Fit - MRELEEEHENZE2MNTERUHZITEZMEE - T8 > M
R ABRET SnapCenterfNEl{Rs&5E M EONTAPH M AEE R EE R Milvus B o FELEEEIH » FHAIER TR
NFS ONTAPHEEE® (vol1) $TERI NAS #7F1& (milvusdbvoll) REEFEE R EIE - WEA T BB NFS HiiEE
(vectordbpv) ZKfETF Milvus BREEECE B o 8B F "= 42"Snapcenter &5 TIERIZ

1. RER AR #HITSnapCenteriE S HI T o
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6. E&
FH

root@node2:~# python3 prepare data netapp.py

=== start connecting to Milvus ===

=== Milvus host: localhost

Does collection hello milvus netapp sc test exist in Milvus: False

=== Create collection "hello milvus netapp sc test ===

=== Start inserting entities ===
Number of entities in hello milvus netapp sc test: 3000
=== Create collection "hello milvus netapp sc test2 ===

Number of entities in hello milvus netapp sc_test2: 6000

root@node2:~# for 1 in 2 3 4 5 6 ; do ssh node$i "hostname;
'sync executed';" ; done
node?2

sync executed
node3
sync executed
node4
sync executed
nodeb
sync executed
nodeb6
sync executed
root@node2 :~#

sync;

7% S3 NAS f#EFRPRIER - TERFIMVEHIT » THHERBBEC 12024-04-08 21:22) HIEEZ

lprepare_data_netapp.py) FIZSEEILAY o

echo
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root@node2:~# aws s3 1s —--profile ontaps3 s3://milvusdbvoll/
--recursive | grep '2024-04-08"

<output content removed to save page space>

2024-04-08 21:18:14 5656

stats 10g/448950615991000809/448950615991000810/448950615991001854/100/1
2024-04-08 21:18:12 5654

stats 10g/448950615991000809/448950615991000810/448950615991001854/100/4
48950615990800869

2024-04-08 21:18:17 5656

stats 10g/448950615991000809/448950615991000810/448950615991001872/100/1
2024-04-08 21:18:15 5654

stats 1og/448950615991000809/448950615991000810/448950615991001872/100/4
48950615990800876

2024-04-08 21:22:46 5625

stats 10g/448950615991003377/448950615991003378/448950615991003385/100/1
2024-04-08 21:22:45 5623

stats 10g/448950615991003377/448950615991003378/448950615991003385/100/4
48950615990800899

2024-04-08 21:22:49 5656

stats 1og/448950615991003408/448950615991003409/448950615991003416/100/1
2024-04-08 21:22:47 5654

stats 10g/448950615991003408/448950615991003409/448950615991003416/100/4
48950615990800906

2024-04-08 21:22:52 5656

stats 10g/448950615991003408/448950615991003409/448950615991003434/100/1
2024-04-08 21:22:50 5654

stats 10g/448950615991003408/448950615991003409/448950615991003434/100/4
48950615990800913

root@node2:~#

7. £/ Tmilvusdb) BEIRN—EME#4E (CG) REBREN D
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root@node2:~# python3 prepare data netapp.py

=== start connecting to Milvus ===

=== Milvus host: localhost ===

Does collection hello milvus netapp sc testnew exist in Milvus: False
=== Create collection "hello milvus netapp sc testnew ===
=== Start inserting entities ===
Number of entities in hello milvus netapp sc testnew: 3000
=== Create collection "hello milvus netapp sc testnew2 ===
Number of entities in hello milvus netapp sc testnew2: 6000
root@node?2 : ~f
9. 1t L—EREREIT S3 NAS fAFRINTREER o
Job Details
Restore 'scaleserver1.mssglanf.local\Storage\milvusdb’
« ¥ Restore ‘scaleserver1.mssglanflocai\Storage\mibvusdb’
v v scaleserverl.mssglanf.local
v Restore
v * Validate Plugin Parametars
L * Pre Restore Application
o ® File or Volume Restore
o ¥ Recover Application
v » Cleaning Storage Resources
o * Clear Catalog on Server
v » Application Clean-Up -
© Task Name: Restore Start Time: 04/08/2024 2:37:21 PM End Time: 04/08/2024 2:37:55 PM
View Logs Close
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10. {8 Python fIZAES:E2RE Thello_milvus_netapp_sc_test; #1 Thello_milvus_netapp_sc_test2] EE&MHE

root@node2:~# python3 verify data netapp.py

=== start connecting to Milvus ===

=== Milvus host: localhost ===

Does collection hello milvus netapp sc test exist in Milvus: True

{'auto 1id': False, 'description': 'hello milvus netapp sc test', '
fields': [{'name': 'pk', 'description': '', 'type': <DataType.INT64: 5>,
'is primary': True, 'auto id': False}, {'name': 'random', 'description':
'', 'type': <DataType.DOUBLE: 11>}, {'name': 'var', 'description': '',
'"type': <DataType.VARCHAR: 21>, 'params': {'max length': 65535}}, {'
name': 'embeddings', 'description': '', 'type': <DataType.FLOAT VECTOR:
101>, 'params': {'dim': 8}}1]}

Number of entities in Milvus: hello milvus netapp sc_test : 3000

=== Start Creating index IVF FLAT ===

=== Start loading ===

=== Start searching based on vector similarity ===

hit: id: 2998, distance: 0.0, entity: {'random': 0.9728033590489911},
random field: 0.9728033590489911

hit: id: 1262, distance: 0.08883658051490784, entity: {'random':
0.2978858685751561}, random field: 0.2978858685751561

hit: id: 1265, distance: 0.09590047597885132, entity: {'random':
0.3042039939240304}, random field: 0.3042039939240304

hit: id: 2999, distance: 0.0, entity: {'random': 0.02316334456872482},
random field: 0.02316334456872482

hit: id: 1580, distance: 0.05628091096878052, entity: {'random':
0.3855988746044062}, random field: 0.3855988746044062

hit: id: 2377, distance: 0.08096685260534286, entity: {'random':
0.8745922204004368}, random field: 0.8745922204004368

search latency = 0.2832s

=== Start querying with "random > 0.5 ===
query result:

-{'random': 0.6378742006852851, 'embeddings': [0.20963514, 0.39746657,
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0.12019053, 0.6947492, 0.9535575, 0.5454552, 0.82360446, 0.21096309],
'pk': 0}
search latency = 0.2257s

=== Start hybrid searching with "random > 0.5° ===

hit: id: 2998, distance: 0.0, entity: {'random': 0.9728033590489911},
random field: 0.9728033590489911

hit: id: 747, distance: 0.14606499671936035, entity: {'random':
0.5648774800635661}, random field: 0.5648774800635661

hit: id: 2527, distance: 0.1530652642250061, entity: {'random':
0.8928974315571507}, random field: 0.8928974315571507

hit: id: 2377, distance: 0.08096685260534286, entity: {'random':
0.8745922204004368}, random field: 0.8745922204004368

hit: id: 2034, distance: 0.20354536175727844, entity: {'random':
0.5526117606328499}, random field: 0.5526117606328499

hit: id: 958, distance: 0.21908017992973328, entity: {'random':
0.6647383716417955}, random field: 0.6647383716417955

search latency = 0.5480s

Does collection hello milvus netapp sc test2 exist in Milvus: True
{'auto_id': True, 'description': 'hello milvus netapp sc test2', '
fields': [{'name': 'pk', 'description': '', 'type': <DataType.INT64: 5>,
'is primary': True, 'auto id': True}, {'name': 'random', 'description':
v 'type': <DataType.DOUBLE: 11>}, {'name': 'var', 'description': '"',
'"type': <DataType.VARCHAR: 21>, 'params': {'max length': 65535}}, {'
name': 'embeddings', 'description': '', 'type': <DataType.FLOAT VECTOR:
101>, 'params': {'dim': 8}}1}

Number of entities in Milvus: hello milvus netapp sc test2 : 6000

=== Start Creating index IVF FLAT ===

=== Start loading ===

=== Start searching based on vector similarity ===

hit: id: 448950615990642008, distance: 0.07805602252483368, entity: {
'"random': 0.5326684390871348}, random field: 0.5326684390871348
hit: id: 448950615990645009, distance: 0.07805602252483368, entity: {
"random': 0.5326684390871348}, random field: 0.5326684390871348
hit: id: 448950615990640618, distance: 0.13562293350696564, entity: {
"random': 0.7864676926688837}, random field: 0.7864676926688837
hit: id: 448950615990642314, distance: 0.10414951294660568, entity: {
'random': 0.2209597460821181}, random field: 0.2209597460821181
hit: id: 448950615990645315, distance: 0.10414951294660568, entity: {



'random': 0.2209597460821181}, random

hit: id: 448950615990640004, distance:

0.7765521996186631}, random
search latency = 0.2381s

'random':

=== Start querying with "random > 0.5°

query result:
-{'embeddings"':

0.7820620141382767}
search latency = 0.3106s

'random':

field: 0.2209597460821181

0.11571306735277176, entity:

field: 0.7765521996186631

[0.15983285, 0.72214717, 0.7414838, 0.44471496,
0.50356466, 0.8750043, 0.316556, 0.7871702],

=== Start hybrid searching with "random > 0.5 ===

hit: id: 448950615990642008, distance:

'random': 0.5326684390871348}, random
hit: id:
'random' :
hit: id:
'random' :
hit: id:
'random' :
hit: id:
'random' :
hit: id:

'random':

0.5326684390871348}, random
0.7864676926688837}, random
0.7765521996186631}, random
0.7765521996186631}, random
0.9742541034109935}, random

search latency = 0.4906s
root@node2 :~#

N BEENEPABFEET BRI EENES -

448950615990645009, distance:

448950615990640618, distance:

448950615990640004, distance:

448950615990643005, distance:

448950615990640402, distance:

0.07805602252483368, entity:

field: 0.5326684390871348

0.07805602252483368, entity:

field: 0.5326684390871348

0.13562293350696564, entity:

field: 0.7864676926688837

0.11571306735277176, entity:

field: 0.7765521996186631

0.11571306735277176, entity:

field: 0.7765521996186631

0.13665105402469635, entity:

field: 0.9742541034109935

'pk': 448950615990639798,
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root@node2:~# python3 verify data netapp.py

=== start connecting to Milvus ===

=== Milvus host: localhost

Does collection hello milvus netapp sc testnew exist in Milvus: False
Traceback (most recent call last):
File "/root/verify data netapp.py", line 37, in <module>
recover collection = Collection(recover collection name)
File "/usr/local/lib/python3.10/dist-
packages/pymilvus/orm/collection.py"”, line 137, in  init
raise SchemaNotReadyException (
pymilvus.exceptions.SchemaNotReadyException: <SchemaNotReadyException:
(code=1, message=Collection 'hello milvus netapp sc testnew' not exist,
or you can pass in schema to create one.)>
root@node?2 : ~4

M2 > £ NetApp BISnapCentersR{rz£5L BEONTAPHRY R E B RIEERIA Milvus BRI UARZE PR

BENED > FHIREBEHNTEUEEREZNTE > HIIERR(E o SnapCenter SESIR T —HHIE DL AT

BHVERIRE - BRAREN (BINBRARRANSIER) FERERKEHEMBREMESR - EFERILU
EEE > B UPIEERMFFEK o

EARED > HFIREUNFEIEIE SnapCenter R{FEE BIEONTAPHIENE » BIIETHEMIETE « BIFAEMLEN
ALE » URFABETRBREBAREENERIER - Bt ERIAER —RIEEHRIRBHITHEHR MBS S3
NAS #EEFERFPINER o

LESh » BFIER T HDRBBFAVERRNBENESHIENR c TEREIER T > SnapCenter #ESLATHIIRIBEI TR
BERNENTRFREENELUERIIFMEES 2 HIAREE » #MERFERENTEY - S ERIREE

SERFERIIIERNERRRIFEHES > ©RMPHRM T FE > BEMFANENAERZE > MERSEIERNGE
5% o [Allt > NetApp BYSnapCenterEmm & iRt 7T @A B A e ERMREM EIEMRTE -

fEFINetApp SnapMirrori&E1TKEE R
KEIFTFREASnapMirrorANetAppBIRAEE R EMF RS R DR (KHER) o

{£EFANetApp SnapMirrori& T K EER
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FERETSEEM - S 2B ENtAppBEHERE S SnapMirror BEAREIMIEME  EEABPIIHEEZIEEITIR
8 o At » KEEBERNEER—BREREN > MEREET BRENHEENESENEEHEMID

NetApp BYSnapMirror (1t —{EINetApp ONTAP{#TFIZEHISSZI 5 —BEfEFIERIZERHER » TEANKHE
7 (DR) MEGHRSE - TFREEMENTRT » ZTABPNBREMEAMMEIRIRE Z MR FIREE -
ERESERTAENESHIEAENERNTER » KMES T EZETAENEEOREMEEE
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2. RN | NetApp R RS EEA A RCEBEARNSERREEER TSI ETRERZNERER
BERARECAZE - SEEBHNEENEENetApp instaclustr [RFEERETUBIRBE IR AN T o LA
N FERIRARFS AR > instaclustr IR ZEM L o

3. EEM © NetApp RURSERE A U BMIERE AR EIEER o fI4 - LR EERIEEHR ERARERNA
#BMITIRE R ERF > MAESRTRITRAREERIRE -

4. EFEEM  MRBEKE > BERMREENApp RS ER A UBFREREEN - MREHNAMERZ IR
2 Ta] UREYIAEE IR o FFIrTUAFIFINetApp SnapMirrorf& B EHE A MIRFE BB T » R ZIRA ©

S. BT : NetApp BUR & EMR S BIEALUE BRI H R IGE GRS MM FEREIRFIRIIAIFT o NetApp
EEmRSEIHAIAIF > FIf1Amazon FSx ONTAP for NetApp ONTAP ~ Azure NetApp Files#1Google Cloud
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MEAEEREE

AR EMEENEMNFFRARATHEEERNEZNGR » FEAREEFNSNERTBHHMERR - mE
BRELRESHEESEMPITHUMEESMES - FERGSWAKES SEIRERMEIEEME o WA
s A BICERIARSE « MERECE IR AMASURIETRAI G MM A SIHEARFmE - Bk > ERERKT - MEER
AR EFRENSNFEFNERERER - T EHIRAER EXRANMAEREEMENRIE - EEABINERH
FERRIEF L ETHRNE B MHPAERRE - Bt - MEERERRAREENERLHE » HEFSRERE - &
ERENBRAKAIEEAEREM -

TEAET » HPIETRARTEEERE (FIE0 Milvus 0 pgvecto.rs) BIRKAEEESE > BRARAEEMIMVRETEIIEE
150 > BIG0 1/0 BREFEH NetApp HETFIERIERTE LLM £ apiBEIASZIE RAG MR TIFR#HHITH - EBELER
EEELONTAPRFRER S GG » RFIRSHEL B MEMMEEEEZRR - TMINDITRERBIREEER - 6
e ERENEHE (QPS) o

AR E TEAR mivus FEEERNE ©

AmEn Milvus (EBH&FIEREE) Postgres (pgvecto.rs) #
HRZs 2.3.2 0.2.0
EERR iSCSI LUN &Y XFS
TEEaEELES "VectorDB-Bench"—v0.0.5
LGS S LAION E#}£ * 1000 BEERA *
768 {E4ERE * BRIE R/ 300GB
fEEFEESEs AFF 800 * hR7s — 9.14.1 * 4 x

100GbE — FI1L milvus » 2x
100GbE F#? postgres * iscsi

#%A Milvus HIIFE5ER VectorDB-Bench

FAPIfEE A vectorDB-BenchfEmilvus I =5 1T 7 LU TMAEERET © milvus B E £ AR ARESELZ N
Fo
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https://github.com/zilliztech/VectorDBBench

EZREH > HFIDZRE Milvus B BRI EBERERERMER o o FFIEIE DiskANN 1EAELAIRMNZES |48

Bl o o $ZEY ~ BIEFNEEILARLY 100GB BRIEMRS I KLNEE 5 B/\F o TEILIFERRER ARSI RFEE » B
20 @izl (BY B4R T2EEE T 40 {8 vCPU) B Milvus [ERRESERUE SR A CPU B & 100% &E1T - MR
DiskANN HN BB AMLIBRANNARENELHEE o o TEAME > HARRISHEHRE (QPS) &
10.93 > [E[A8KA 0.9987 - TEHIMIE 99 BB D IEERES 708.2 ZF) o

REEFAERE » BERETERI - HARRELCMESEIIFEERZEHA 1,000 TIR(EF) o TEHPEER » ©ES
=70 32,000 ZIR1E o

BUF BB AR EET IR ©

TEEHPEE: Al &
EEHEERAEA RSB SREA S RE < 1,000
IEE < 400 fHFb
TEE BERE EEREA
ey, VIN 64KB
GiliS @A/ H R I#{E#32,000
IR < 400 fFD
T 100% TREXGEEX
(e, vIN E%8KB

VectorDB-bench #58RINTF
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Vector Database Benchmark

Filtering Search Performance Test (5M Dataset, 1536 Dim, Filter 1%) A

Qps (more is better)

Milvus

10.93

Recall (more is better)

Vi L5 09987

Load_duration (less is better)

M a5 15,3605

Serial_latency_p99 (less is better)

i L5 708.2ms

WIBIL Milvus BFIRIAEERERE » BAINRE R BUZIE 500 BERE -« 4EE# 1536 WEKE - RIEH
ERFHEA EHNER > FERMARIRE -

#A milvus #5089 VectorDB-Bench

EAREP » HIEIRTE Kubernetes IRIEAERE Milvus F£ © IIE Kubernetes :2ERE L VMware vSphere Z3E
2L > ZEREFTE Kubernetes T EB5F] T VERNEY o

LUFER 7148 VMware vSphere #1 Kubernetes ZPEBVEEANE T ©
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Management network

wle-A800-A-01

wle-A800-A-02

iSCSI 100Gbps network

VMware vSphere

A

vm-kube-worker-14

vm-kube-worker-15

vm-kube-worker-16

vm-kube-master-01 vm-kube-master-02 vm-kube-master-03

vm-kube-worker-17

vm-kube-worker-18

vm-kube-worker-19
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0000
& T -=

my-release-eted my-release-minio my-release-milvus-indexnode

|
|
|
|
|
|
|
|
| A, E= o T T T T T T m T ' |
I I ' '

| my-release-pulsar-bookie  my-release-pulsar-broker : E
| : querynode-0 querynode-1 querynode-2  querynode-3 querynode-d'

= = '

1 I :

| my-release-pulsar-proxy — my-release-pulsar-recovery '
| '
|
|
|
|
|
|

|
|
|
|
|
. querynode-5 querynode-68 querynode-7  querynode-8 qunrynodn—ﬂ |

"—'-.'; "-'-n‘l v
|t|:| lt}i» ________________________________________________________ . |
|

|

|

|

my-release-pulsar-zookeeper my-release-milvus-querynode

-----

kube-worker-14 kube-worker-15 kube-worker-16 kube-worker-17 kube-worker-18 kube-worker-19

| |
0-0-0

kube-master-01  kube-master-02 kube-master-03

EAET » FHFINAE T AR Milvus BRIERBRRERMGER o * EANEKRSILELE DiskANN o * FRIERTE
FRIE 500 BEmE (MEEA 1536) RIEIMEMEHIBHER - WAEARE > TREMED - BRHEREAGE
ABRR(ECFRRAR REAE - AJIIREMRLL - REMEREHNE 00 EEDIEERREL TRE - * BERE
BEFHNSVEBR (QPS) RS » BAREZITAHAKE -

Metric | Milvus Standalone | Milvus Cluster

QPS @ Recall 10.93 @ 0.9987 18.42 @ 0.9952 +40%
p99 Latency (less is better) 708.2 ms 117.6 ms -83%
Load Duration time (less is better) 18,360 secs 12,730 secs -30%

TERME T SBRHFERORE - QEREEEEENE IOPS (BMWEAMBLIRIE) -
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Summary

Cluster Latency

800 ps
600 ps

400 ps

200 ps ﬁk fi
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Total OPS

50K ops |
A \(A\
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= b \_\j ‘ ‘[\
0ops /U -
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< 400 fFD
BERE EERRA
64KB
I&{E#4147,000
< 400 fHFb
100% TRENGEEN
B 738KB

B Milvus 1 Milvus S25ERVRAERRRE » FRPIRT T @77 /0 SREAERISFAAE o * HFIREER] /0 RERE
R AEMBREREBPFRT R o * 1BH IOPS HNRRINERIURRARBENETNERFHHERS -

117 Postgres fYvectorDB-Bench (pgvecto.rs)

B AFIfERA VectorDB-Bench ¥t PostgreSQL (pgvecto.rs) EITHIUNTIZIE :
» pgvecto.rs) BIAEREFEIARSIEARFIBNT ¢

Management network

wle-A800-A-01

l I

wle-A800-A-02

 ww i O 50 TR

iSCSI 100Gbps network

PostgreSQL (EB&Z:R

Postgres
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EAREIS > FHFIDZERIE PostgreSQL BERIE (355 21FH pgvecto.rs) BIVERZRFNLESR o * FFIEEE HNSW E
AEEAIRMZES 4R > RATERIER > DiskANN BRI pgvecto.rs o * EERHFEENPEES » HFIHAT
Cohere BRIE » ZERERS 1,000 BERE > #HEA 768 o :ZBIR KLIFERF 4.5 /\BF o * (T EHPEEL > Flf
HZ= TSI EHRE (QPS) %4 1,068 > [EIA8FA 0.6344 - THE 99 EEDMIERRIBA 20 ZF) o TAZH
BITRREN 0 ERiE CPU L4 100% B EE(E o

TERHT SBFHEFEFENEE  SEHEFRELEEE IOPS (BR#MAMLIRE) -

Summary

The following section presents the key storage performance metrics.
image:pgvecto-storage-perf-metrics.png["IEREREA / BHEEERREMAR"]

milvus 2 postgres 7E[AE &R EEZEAE LRI AEELE
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Vector Database Benchmark

Note that all testing was completed in July 2023, except for the times already noted.

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

Qps (more is better)

PgVectors-20c_250g 001 | 1068

Milvus-20c_250g 002 [ 106

Recall (more is better)

Mitvus-20c_250g_002 |, 0.9842
Pgvectors-20c_250g 001 | 0. 344

Serial_latency_p99 (less is better)

Mitvus-20c_250g 002 | 15.8ms
PgVectors-20c_250g 001 |, 20ms

RIBFFAIER VectorDBBench ¥ Milvus #1 PostgreSQL #1TRIRKAEER S » FPIERIIUTIER :

* Z&5|#ER | HNSW
- BRlE 85 768 EER 1000 EERE

FAP9253R pgvecto.rs BIEFIEHEL (QPS) EZF 1,068 » BIEIEA 0.6344 » M Milvus FISFEHE (QPS) ZZ!
106 > B[E1FE% 0.9842 °

MBRBLEZEEHRNSHEE » Milvus FIRITER pgvecto.rs » AAEEESEEATIERIES LLAIAIIERTIE
B - BE  NMESVNEHRBE—(EEREHEIEZR > FEE pgvecto.rs FLEBIA T Milvus - BEFIENE » T8
pgvecto.rs R ERRERIE > 49 37% NESER IS FIERNIER -

RIS HNERER

RIBEFFIRMEAEERE > I T TR ¢

7 Milvus | > 1/O RENEE OLTP TIE&HIEFEELL » H/40 Oracle SLOB AT E& & - B2 A B =1ER
E% : BRHEE ~ BRE(CHEH o FIERETEL 64KB EAREAISE > MEHAMEETEHE 8KB B &
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37 ZONTAPSES AR EZ I Milvus 1/0 B1E o

PostgreSQL I/0 SREEFEHRAENEIENRELFEH - BN BRIELETHCISRER » RfEEHRRE
LR B BRR MR 1/0 -

DiskANN R {# 77 & D RIRIEEA - EESREFN ELSEMBUARTIRRETETEVRER - AT > £
AFISEZEBIRIETHEEBRHERS| (FII HNSW) BIEFMAEESE o

SIMEFERBIRE » ER5I4ERA HSNW K » RFE SRR A EREIER - MEMPEREXE RAG FEA
MREENEREZIVRIEER - EENSREMTFUETTREXEELRARENBEENEE

£/ PostgreSQL A Instaclustr =& 1}E : pgvector

K EIETs® instaclustr ZE il EANetAppRIZEERHERR T ZH B postgreSQL HY pgvector
IhEE R &R ERSAHER o

£/ PostgreSQL Y Instaclustr AIEEK}E : pgvector

EARET > HAFWEFEART instaclustr ZE@INMAITE pgvector THAE_EEE postgreSQL AR B RFE4MES - KI5 —
{E&EH TaN{afEA PGVector 1 PostgreSQL ZRigE LLM ZEREMFIEE - BR AR NH] PGVector IEMA © 35
BEIPER UENE S S -

mEEERS
AREHRL T NetAppl B KRR S SEHIFH o

FEEFERS
AT > BFETRMERD > FUNERARES SRR EMNNetApD IT IREEA o

ERAREESRE (LLM) ETRRIGRER (RAG)

Retrieval-augmented generation, or RAG, is a technique for enhancing the
accuracy and reliability of Large Language Models, or LLMs, by augmenting
prompts with facts fetched from external sources. In a traditional RAG
deployment, vector embeddings are generated from an existing dataset and
then stored in a vector database, often referred to as a knowledgebase.
Whenever a user submits a prompt to the LLM, a vector embedding
representation of the prompt is generated, and the vector database is
searched using that embedding as the search query. This search operation
returns similar vectors from the knowledgebase, which are then fed to the
LLM as context alongside the original user prompt. In this way, an LLM can
be augmented with additional information that was not part of its original
training dataset.

NVIDIA Enterprise RAG LLM Operator @ ¥ HEf RAG WEBRT A o IR EEr AR IPETEMN RAG B
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https://www.instaclustr.com/blog/how-to-improve-your-llm-accuracy-and-performance-with-pgvector-and-postgresql-introduction-to-embeddings-and-the-role-of-pgvector/
https://www.instaclustr.com/blog/how-to-improve-your-llm-accuracy-and-performance-with-pgvector-and-postgresql-introduction-to-embeddings-and-the-role-of-pgvector/
https://www.instaclustr.com/blog/how-to-improve-your-llm-accuracy-and-performance-with-pgvector-and-postgresql-introduction-to-embeddings-and-the-role-of-pgvector/
https://www.instaclustr.com/blog/how-to-improve-your-llm-accuracy-and-performance-with-pgvector-and-postgresql-introduction-to-embeddings-and-the-role-of-pgvector/
https://www.instaclustr.com/blog/how-to-improve-your-llm-accuracy-and-performance-with-pgvector-and-postgresql-introduction-to-embeddings-and-the-role-of-pgvector/
https://www.instaclustr.com/blog/how-to-improve-your-llm-accuracy-and-performance-with-pgvector-and-postgresql-introduction-to-embeddings-and-the-role-of-pgvector/
https://www.instaclustr.com/blog/how-to-improve-your-llm-accuracy-and-performance-with-pgvector-and-postgresql-introduction-to-embeddings-and-the-role-of-pgvector/

B o RAG BERIUESEAEA Milvus ¢ pgvecto fEREFAHERANMEERE - BRFHAER > 5
2EX M o

NetApp has validated an enterprise RAG architecture powered by the NVIDIA
Enterprise RAG LLM Operator alongside NetApp storage. Refer to our blog
post for more information and to see a demo. Figure 1 provides an overview
of this architecture.
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MM 2 » AXEZEREL T ENetAppEEFRRAA R LIEMEEREERE (FIE0 Milvus #1 pgvector) ©
fIs3:% 7 1 FINetApp ONTAPFIStorageGRID¥IHHATFRVE R MiTER » B BERMYHHEERE T AWS
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1. Sathish Thyagarajan > NetApp ONTAP Al B34k i1 T84 TH26M
NetApp#: i1 T8 T2EM Mike Oglesby

NetAppEF42E: AJ Mahajan

NetApp L{EE &34 8t LIZ4EIE Joe Scott

NetApp Fsx EfmEIEE #4285 Puneet Dhawan

NetApp FSx EmE K& FEMEIE Yuval Kalderon

o o & w N

EMEAIUKRIEZER
ETHRERAXEPINEENESER » FEEFUTXEN/F AL
* Milvus X#& - https://milvus.io/docs/overview.md
* Milvus &3 3#E - https://milvus.io/docs/v2.0.x/install_standalone-docker.md

* NetAppZEmXEhttps://www.netapp.com/support-and-training/documentation/[]

* instaclustr -"installclustr SZ4g"
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fiE% A : Values.yaml
RETRHENetAppA EE R E#FR A ZPRFEANERES YAML F230H ©
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https://www.instaclustr.com/support/documentation/?_bt=&_bk=&_bm=&_bn=x&_bg=&utm_term=&utm_campaign=&utm_source=adwords&utm_medium=ppc&hsa_acc=1467100120&hsa_cam=20766399079&hsa_grp=&hsa_ad=&hsa_src=x&hsa_tgt=&hsa_kw=&hsa_mt=&hsa_net=adwords&hsa_ver=3&gad_source=1&gclid=CjwKCAjw26KxBhBDEiwAu6KXtzOZhN0dl0H1smOMcj9nsC0qBQphdMqFR7IrVQqeG2Y4aHWydUMj2BoCdFwQAvD_BwE
https://www.instaclustr.com/support/documentation/?_bt=&_bk=&_bm=&_bn=x&_bg=&utm_term=&utm_campaign=&utm_source=adwords&utm_medium=ppc&hsa_acc=1467100120&hsa_cam=20766399079&hsa_grp=&hsa_ad=&hsa_src=x&hsa_tgt=&hsa_kw=&hsa_mt=&hsa_net=adwords&hsa_ver=3&gad_source=1&gclid=CjwKCAjw26KxBhBDEiwAu6KXtzOZhN0dl0H1smOMcj9nsC0qBQphdMqFR7IrVQqeG2Y4aHWydUMj2BoCdFwQAvD_BwE
https://www.instaclustr.com/support/documentation/?_bt=&_bk=&_bm=&_bn=x&_bg=&utm_term=&utm_campaign=&utm_source=adwords&utm_medium=ppc&hsa_acc=1467100120&hsa_cam=20766399079&hsa_grp=&hsa_ad=&hsa_src=x&hsa_tgt=&hsa_kw=&hsa_mt=&hsa_net=adwords&hsa_ver=3&gad_source=1&gclid=CjwKCAjw26KxBhBDEiwAu6KXtzOZhN0dl0H1smOMcj9nsC0qBQphdMqFR7IrVQqeG2Y4aHWydUMj2BoCdFwQAvD_BwE

FisE A : Values.yaml

root@node2:~# cat values.yaml
## Enable or disable Milvus Cluster mode
cluster:

enabled: true

image:
all:
repository: milvusdb/milvus
tag: v2.3.4
pullPolicy: IfNotPresent
## Optionally specify an array of imagePullSecrets.
## Secrets must be manually created in the namespace.
## ref: https://kubernetes.io/docs/tasks/configure-pod-container/pull-
image-private-registry/
#4
# pullSecrets:
# - myRegistryKeySecretName
tools:
repository: milvusdb/milvus-config-tool
tag: v0.1.2
pullPolicy: IfNotPresent

# Global node selector

# If set, this will apply to all milvus components

# Individual components can be set to a different node selector
nodeSelector: {}

# Global tolerations

# If set, this will apply to all milvus components

# Individual components can be set to a different tolerations
tolerations: []

# Global affinity

# If set, this will apply to all milvus components

# Individual components can be set to a different affinity
affinity: {}

# Global labels and annotations
# If set, this will apply to all milvus components
labels: {}

annotations: {}

# Extra configs for milvus.yaml
# If set, this config will merge into milvus.yaml
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# Please follow the config structure in the milvus.yaml

# at https://github.com/milvus-io/milvus/blob/master/configs/milvus.yaml
# Note: this config will be the top priority which will override the
config

# in the image and helm chart.

extraConfigFiles:
user.yaml: |+

# For example enable rest http for milvus proxy
# Proxy:
# http:
# enabled: true
## Enable tlsMode and set the tls cert and key
# tls:
# serverPemPath: /etc/milvus/certs/tls.crt
i serverKeyPath: /etc/milvus/certs/tls.key
# common :
# security:
# tlsMode: 1

## Expose the Milvus service to be accessed from outside the cluster
(LoadBalancer service).
## or access it from within the cluster (ClusterIP service). Set the
service type and the port to serve it.
## ref: http://kubernetes.io/docs/user-guide/services/
#4
service:
type: ClusterIP
port: 19530
portName: milvus
nodePort: ""
annotations: {}
labels: {}

## List of IP addresses at which the Milvus service is available

## Ref: https://kubernetes.io/docs/user-guide/services/#external-ips
#+4

externallIPs: []

# - externallpl

# LoadBalancerSourcesRange is a list of allowed CIDR values, which are
combined with ServicePort to

# set allowed inbound rules on the security group assigned to the master
load balancer

loadBalancerSourceRanges:

- 0.0.0.0/0

# Optionally assign a known public LB IP



# loadBalancerIP: 1.2.3.4

ingress:
enabled: false
annotations:
# Annotation example: set nginx ingress type
# kubernetes.io/ingress.class: nginx
nginx.ingress.kubernetes.io/backend-protocol: GRPC
nginx.ingress.kubernetes.io/listen-ports-ssl: '[19530]"'
nginx.ingress.kubernetes.io/proxy-body-size: 4m
nginx.ingress.kubernetes.io/ssl-redirect: "true"
labels: {}
rules:
- host: "milvus-example.local"
path: "/"
pathType: "Prefix"

# - host: "milvus-example2.local"
# path: "/otherpath"
# pathType: "Prefix"
tls: []
# - secretName: chart-example-tls
# hosts:
# - milvus-example.local
serviceAccount:

create: false
name:
annotations:
labels:

metrics:
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enabled: true

serviceMonitor:

# Set this to “true’ to create ServiceMonitor for Prometheus operator

enabled: false

interval: "30s"

scrapeTimeout: "10s"

# Additional labels that can be used so ServiceMonitor will be
discovered by Prometheus

additionallabels: {}

livenessProbe:
enabled: true
initialDelaySeconds: 90
periodSeconds: 30



timeoutSeconds: 5
successThreshold: 1
failureThreshold: 5

readinessProbe:
enabled: true
initialDelaySeconds: 90
periodSeconds: 10
timeoutSeconds: 5

=

successThreshold:
failureThreshold: 5

log:

level: "info"

file:
maxSize: 300 # MB
maxAge: 10 # day
maxBackups: 20

format: "text" # text/json

persistence:
mountPath: "/milvus/logs"

## If true, create/use a Persistent Volume Claim
## If false, use emptyDir
#4
enabled: false
annotations:
helm.sh/resource-policy: keep
persistentVolumeClaim:
existingClaim: ""
## Milvus Logs Persistent Volume Storage Class
## If defined, storageClassName: <storageClass>
## If set to "-", storageClassName: "", which disables dynamic
provisioning
## If undefined (the default) or set to null, no storageClassName
spec is
#4 set, choosing the default provisioner.
## ReadWriteMany access mode required for milvus cluster.
##
storageClass: default
accessModes: ReadWriteMany
size: 10Gi
subPath: ""

## Heaptrack traces all memory allocations and annotates these events with

stack traces.
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## See more: https://github.com/KDE/heaptrack
## Enable heaptrack in production is not recommended.
heaptrack:
image:
repository: milvusdb/heaptrack
tag: v0.1.0
pullPolicy: IfNotPresent

standalone:

replicas: 1 # Run standalone mode with replication disabled
resources: {}
# Set local storage size in resources
# limits:
# ephemeral-storage: 100Gi
nodeSelector: {}
affinity: {}
tolerations: []
extrakEnv: []
heaptrack:

enabled: false
disk:

enabled: true

size:

enabled: false # Enable local storage size limit

profiling:

enabled: false # Enable live profiling

## Default message queue for milvus standalone
## Supported value: rocksmg, natsmg, pulsar and kafka
messageQueue: rocksmg
persistence:
mountPath: "/var/lib/milvus"
## If true, alertmanager will create/use a Persistent Volume Claim
## If false, use emptyDir
#4
enabled: true
annotations:
helm.sh/resource-policy: keep
persistentVolumeClaim:
existingClaim: ""
## Milvus Persistent Volume Storage Class
## If defined, storageClassName: <storageClass>
## If set to "-", storageClassName: "", which disables dynamic
provisioning
## If undefined (the default) or set to null, no storageClassName

spec is
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#H set, choosing the default provisioner.
#4

storageClass:

accessModes: ReadWriteOnce

size: 50Gi

subPath: ""

Proxy:
enabled: true
# You can set the number of replicas to -1 to remove the replicas field
in case you want to use HPA
replicas: 1
resources: {}
nodeSelector: {}
affinity: {}
tolerations: []
extrakEnv: []
heaptrack:
enabled: false
profiling:
enabled: false # Enable live profiling
http:
enabled: true # whether to enable http rest server
debugMode:
enabled: false
# Mount a TLS secret into proxy pod
tls:
enabled: false
## when enabling proxy.tls, all items below should be uncommented and the
key and crt values should be populated.
# enabled: true
# secretName: milvus-tls
## expecting base64 encoded values here: i.e. S$(cat tls.crt | base6cd -w 0)
and $(cat tls.key | base64 -w 0)
key: LSOtLS1CRUJJTiBQU--REDUCT
crt: LSOtLS1CRUJJTiBDR--REDUCT
volumes:
- secret:
secretName: milvus-tls
name: milvus-tls
volumeMounts:

- mountPath: /etc/milvus/certs/

H H= FH H H= FH H = FHE

name: milvus-tls

rootCoordinator:
enabled: true
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# You can set the number of replicas greater than 1, only if enable
active standby

replicas: 1 # Run Root Coordinator mode with replication disabled

resources: {}

nodeSelector: {}

affinity: {}

tolerations: []

extrakEnv: []

heaptrack:

enabled: false
profiling:

enabled: false # Enable live profiling
activeStandby:

enabled: false # Enable active-standby when you set multiple replicas

for root coordinator

service:
port: 53100
annotations: {}
labels: {}
clusterIP: ""

queryCoordinator:

enabled: true

# You can set the number of replicas greater than 1, only if enable
active standby

replicas: 1 # Run Query Coordinator mode with replication disabled

resources: {}

nodeSelector: {}

affinity: {}

tolerations: []

extrakEnv: []

heaptrack:

enabled: false
profiling:

enabled: false # Enable live profiling
activeStandby:

enabled: false # Enable active-standby when you set multiple replicas

for query coordinator

service:
port: 19531
annotations: {}
labels: {}
clusterIP: ""
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queryNode:
enabled: true
# You can set the number of replicas to -1 to remove the replicas field
in case you want to use HPA
replicas: 1
resources: {}
# Set local storage size in resources
# limits:
# ephemeral-storage: 100Gi
nodeSelector: {}
affinity: {}
tolerations: []
extrakEnv: []
heaptrack:
enabled: false
disk:
enabled: true # Enable querynode load disk index, and search on disk
index
size:
enabled: false # Enable local storage size limit
profiling:
enabled: false # Enable live profiling

indexCoordinator:
enabled: true
# You can set the number of replicas greater than 1, only if enable
active standby
replicas: 1 # Run Index Coordinator mode with replication disabled
resources: {}
nodeSelector: {}
affinitys: {}
tolerations: []
extrakEnv: []
heaptrack:
enabled: false
profiling:
enabled: false # Enable live profiling
activeStandby:
enabled: false # Enable active-standby when you set multiple replicas

for index coordinator

service:
port: 31000
annotations: {}
labels: {}
clusterIP:

mwn
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indexNode:
enabled: true
# You can set the number of replicas to -1 to remove the replicas field
in case you want to use HPA
replicas: 1
resources: {}
# Set local storage size in resources
# limits:
# ephemeral-storage: 100Gi
nodeSelector: {}
affinity: {}
tolerations: []
extrakEnv: []
heaptrack:
enabled: false
profiling:
enabled: false # Enable live profiling
disk:
enabled: true # Enable index node build disk vector index
size:
enabled: false # Enable local storage size limit

dataCoordinator:
enabled: true
# You can set the number of replicas greater than 1, only if enable
active standby
replicas: 1 # Run Data Coordinator mode with replication
disabled
resources: {}
nodeSelector: {}
affinity: {}
tolerations: []
extrakEnv: []
heaptrack:
enabled: false
profiling:
enabled: false # Enable live profiling
activeStandby:
enabled: false # Enable active-standby when you set multiple replicas
for data coordinator

service:
port: 13333
annotations: {}
labels: {}
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clusterIP:

dataNode:
enabled: true
# You can set the number of replicas to -1 to remove the replicas field
in case you want to use HPA
replicas: 1
resources: {}
nodeSelector: {}
affinity: {}
tolerations: []
extraEnv: []
heaptrack:
enabled: false
profiling:
enabled: false # Enable live profiling

## mixCoordinator contains all coord
## If you want to use mixcoord, enable this and disable all of other
coords
mixCoordinator:
enabled: false
# You can set the number of replicas greater than 1, only if enable
active standby
replicas: 1 # Run Mixture Coordinator mode with replication
disabled
resources: {}
nodeSelector: {}
affinity: {}
tolerations: []
extrakEnv: []
heaptrack:
enabled: false
profiling:
enabled: false # Enable live profiling
activeStandby:
enabled: false # Enable active-standby when you set multiple replicas

for Mixture coordinator

service:
annotations: {}
labels: {}
clusterIP: ""
attu:
enabled: false
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name: attu
image:
repository: zilliz/attu
tag: v2.2.8
pullPolicy: IfNotPresent
service:
annotations: {}

labels: {}
type: ClusterIP
port: 3000

# loadBalancerIP: ""
resources: {}
podLabels: {}
ingress:
enabled: false
annotations: {}
# Annotation example: set nginx ingress type
# kubernetes.io/ingress.class: nginx
labels: {}
hosts:
- milvus-attu.local

tls: []

# - secretName: chart-attu-tls
i hosts:

# - milvus-attu.local

## Configuration values for the minio dependency
## ref: https://github.com/minio/charts/blob/master/README .md
#4

minio:
enabled: false
name: minio
mode: distributed
image:
tag: "RELEASE.2023-03-20T20-16-18z"
pullPolicy: IfNotPresent
accessKey: minioadmin
secretKey: minioadmin
existingSecret: ""
bucketName: "milvus-bucket"
rootPath: file
useIAM: false
iamEndpoint: ""

region: ""



useVirtualHost: false
podDisruptionBudget:
enabled: false
resources:
requests:

memory: 2Gi

gcsgateway:
enabled: false
replicas: 1
gcsKeyJson: "/etc/credentials/gcs key.json"
projectId: ""

service:
type: ClusterIP
port: 9000

persistence:
enabled: true
existingClaim: ""
storageClass:
accessMode: ReadWriteOnce
size: 500Gi

livenessProbe:
enabled: true
initialDelaySeconds: 5
periodSeconds: 5
timeoutSeconds: 5
successThreshold: 1
failureThreshold: 5

readinessProbe:
enabled: true
initialDelaySeconds: 5
periodSeconds: 5
timeoutSeconds: 1
successThreshold: 1
failureThreshold: 5

startupProbe:
enabled: true
initialDelaySeconds: 0
periodSeconds: 10
timeoutSeconds: 5
successThreshold: 1
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failureThreshold: 60

## Configuration values for the etcd dependency
## ref: https://artifacthub.io/packages/helm/bitnami/etcd
#4

etcd:

enabled: true

name: etcd

replicaCount: 3

pdb:
create: false

image:
repository: "milvusdb/etcd"
tag: "3.5.5-r2"
pullPolicy: IfNotPresent

service:
type: ClusterIP
port: 2379
peerPort: 2380

auth:
rbac:
enabled: false

persistence:
enabled: true
storageClass: default
accessMode: ReadWriteOnce

size: 10G1i

## Change default timeout periods to mitigate zoobie probe process
livenessProbe:

enabled: true

timeoutSeconds: 10

readinessProbe:
enabled: true
periodSeconds: 20

timeoutSeconds: 10

## Enable auto compaction
## compaction by every 1000 revision
##

autoCompactionMode: revision



autoCompactionRetention: "1000"

## Increase default quota to 4G

##

extraknvVars:

- name: ETCD QUOTA BACKEND BYTES
value: "4294967296"

- name: ETCD HEARTBEAT INTERVAL
value: "500"

- name: ETCD ELECTION TIMEOUT
value: "2500"

## Configuration values for the pulsar dependency
## ref: https://github.com/apache/pulsar-helm-chart
##

pulsar:
enabled: true

name: pulsar

fullnameOverride: ""
persistence: true

maxMessageSize: "5242880" # 5 * 1024 * 1024 Bytes,

message in pulsar.

rbac:
enabled: false
psp: false
limit to namespace: true

affinity:
anti affinity: false

## enableAntiAffinity: no

components:
zookeeper: true
bookkeeper: true
# bookkeeper - autorecovery
autorecovery: true
broker: true
functions: false
proxy: true
toolset: false
pulsar manager: false

Maximum size of each
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monitoring:
prometheus:
grafana:

node exporter:

alert manager:

images:
broker:
repository:
pullPolicy:
2.8.2

autorecovery:

tag:

repository:
2.8.2
pullPolicy:

tag:

zookeeper:
repository:
pullPolicy:
tag: 2.8.2

bookie:
repository:
pullPolicy:
tag: 2.8.2

Proxy:
repository:
pullPolicy:

tag: 2.8.2

false

false

false
false

apachepulsar/pulsar
IfNotPresent
apachepulsar/pulsar
IfNotPresent
apachepulsar/pulsar

IfNotPresent

apachepulsar/pulsar
IfNotPresent

apachepulsar/pulsar
IfNotPresent

pulsar manager:

repository:
pullPolicy:
tag:

zookeeper:

volumes:

persistence:

data:
name :

size:

resources:
requests:
memory:

0.3
configData:

cpu:

PULSAR MEM:
-Xmsl1l024m
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data
20Gi
storageClassName:

apachepulsar/pulsar-manager

IfNotPresent

true

#SSD Required
default

1024M1i

>



- Xmx

1024m

PULSAR GC: >

-Dc
_Dj

-XX:
-XX:
-XX:
-XX:
-XX:

-Dz
pdb:
usePol

bookkeeper
replicaC
volumes:
persis
journa
name
size
stor
ledger
name
size
stor
resource
reques
memo
cpu:
configDa

om.sun.management. jmxremote
ute.maxbuffer=10485760
+ParallelRefProcEnabled
+UnlockExperimentalVMOptions
+DoEscapelAnalysis
+DisableExplicitGC
+PerfDisableSharedMem
ookeeper.forceSync=no

icy: false

ount: 3

tence: true

1:

: journal

: 100Gi

ageClassName: default
S:

: ledgers

: 200Gi

ageClassName: default
S

€88

ry: 2048Mi

1

ta:

PULSAR MEM: >

-Xms
- Xmx

4096m
4096m

-XX:MaxDirectMemorySize=8192m
PULSAR GC: >

-Dio
-Dio
-XX:
—-XX:
-XX:
-XX:
-XX:
-XX:
-XX:
-XX:
-XX:

.netty.leakDetectionLevel=disabled
.netty.recycler.linkCapacity=1024
+UseG1GC -XX:MaxGCPauseMillis=10
+ParallelRefProcEnabled
+UnlockExperimentalVMOptions
+DoEscapeAnalysis
ParallelGCThreads=32
ConcGCThreads=32
GlNewSizePercent=50
+DisableExplicitGC

-ResizePLAB
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-XX:+ExitOnOutOfMemoryError
-XX:+PerfDisableSharedMem
-XX:+PrintGCDetails
nettyMaxFrameSizeBytes: "104867840"
pdb:
usePolicy: false

broker:
component: broker
podMonitor:
enabled: false
replicaCount: 1
resources:
requests:
memory: 4096Mi
cpu: 1.5
configData:
PULSAR MEM: >
-Xms4096m
-Xmx4096m
-XX:MaxDirectMemorySize=8192m
PULSAR GC: >
-Dio.netty.leakDetectionlLevel=disabled
-Dio.netty.recycler.linkCapacity=1024
—-XX:+ParallelRefProcEnabled
-XX:4UnlockExperimentalVMOptions
-XX:+DoEscapeAnalysis
-XX:ParallelGCThreads=32
-XX:ConcGCThreads=32
-XX:G1lNewSizePercent=50
-XX:+DisableExplicitGC
-XX:-ResizePLAB
-XX:+Exi1tOnOutOfMemoryError
maxMessageSize: "104857600"
defaultRetentionTimeInMinutes: "10080"
defaultRetentionSizeInMB: "-1"
backlogQuotaDefaultLimitGB: "8"
ttlDurationDefaultInSeconds: "259200"
subscriptionExpirationTimeMinutes: "3"
backlogQuotaDefaultRetentionPolicy: producer exception
pdb:
usePolicy: false

autorecovery:
resources:

requests:



memory: 512Mi
cpu: 1

pProxy:
replicaCount: 1
podMonitor:
enabled: false
resources:
requests:
memory: 2048Mi
cpu: 1
service:
type: ClusterIP
ports:
pulsar: 6650
configData:
PULSAR MEM: >
-Xms2048m -Xmx2048m
PULSAR GC: >
-XX:MaxDirectMemorySize=2048m
httpNumThreads: "100"
pdb:
usePolicy: false

pulsar manager:
service:
type: ClusterIP

pulsar metadata:
component: pulsar-init
image:
# the image used for running “pulsar-cluster-initialize’
repository: apachepulsar/pulsar
tag: 2.8.2

## Configuration values for the kafka dependency
## ref: https://artifacthub.io/packages/helm/bitnami/kafka
#4

kafka:
enabled: false
name: kafka
replicaCount: 3
image:
repository: bitnami/kafka

Jjob
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tag: 3.1.0-debian-10-r52

## Increase graceful termination for kafka graceful shutdown

terminationGracePeriodSeconds:
pdb:
create: false

"90"

## Enable startup probe to prevent pod restart during recovering

startupProbe:
enabled: true

## Kafka Java Heap size

heapOpts: "-Xmx4096m -Xms4096m"

maxMessageBytes: 10485760
defaultReplicationFactor: 3
offsetsTopicReplicationFactor:
## Only enable time based log
logRetentionHours: 168
logRetentionBytes: -1

extrakEnvVars:

3

retention

- name: KAFKA CFG MAX PARTITION FETCH BYTES

value: "5242880"

- name: KAFKA CFG MAX REQUEST

value: "5242880"

SIZE

- name: KAFKA CFG REPLICA FETCH MAX BYTES

value: "10485760"

- name: KAFKA CFG_FETCH MESSAGE MAX BYTES

value: "5242880"

- name: KAFKA CFG LOG ROLL HOURS

value: "24"

persistence:
enabled: true
storageClass:
accessMode: ReadWriteOnce
size: 300Gi

metrics:

## Prometheus Kafka exporter:

exporter
kafka:
enabled: false

image:

exposes complimentary metrics to JMX

repository: bitnami/kafka-exporter
tag: 1.4.2-debian-10-r182

## Prometheus JMX exporter:

exposes the majority of Kafkas metrics



jmx:
enabled: false
image:
repository: bitnami/jmx-exporter
tag: 0.16.1-debian-10-r245

## To enable serviceMonitor, you must enable either kafka exporter or
Jjmx exporter.

## And you can enable them both

serviceMonitor:

enabled: false

service:
type: ClusterIP
ports:
client: 9092

zookeeper:
enabled: true
replicaCount: 3

FHASH A AR
# External S3
# - these configs are only used when "externalS3.enabled’ is true
FHAFH A AR
externalS3:
enabled: true
host: "192.168.150.167"
port: "80"
accessKey: "24G4C1316APP2BIPDESS"
secretKey: "Zd28p43rgzalU44PX ftT279z9nt4jBSro97j87Bx"
useSSL: false
bucketName: "milvusdbvoll"
rootPath: ""
useIAM: false
cloudProvider: "aws"
iamEndpoint: ""
region: ""

useVirtualHost: false

FHAFH A H AR
# GCS Gateway
# - these configs are only used when "minio.gcsgateway.enabled® is true
FHAFH A H A
externalGces:
bucketName: ""



FHAFH A H AR
# External etcd
# - these configs are only used when “externalEtcd.enabled’ is true
FHEHHHHH A AR HA AR HA A AR FH RS AR AHA
externalEtcd:

enabled: false

## the endpoints of the external etcd

##

endpoints:

- localhost:2379

FHAFHHEHHH AR AR
# External pulsar
# - these configs are only used when “externalPulsar.enabled’ is true
iigdstassstdasatdasataaa AR LA RARER
externalPulsar:

enabled: false

host: localhost

port: 6650

maxMessageSize: "5242880" # 5 * 1024 * 1024 Bytes, Maximum size of each
message in pulsar.

tenant: public

namespace: default

authPlugin: ""

authParams: ""

FHEHHHH AR A AR A AR HA A AR
# External kafka
# - these configs are only used when “externalKafka.enabled® is true
FHEHHHHH A AR A AR HAASHA AR F A
externalKafka:

enabled: false

brokerList: localhost:9092

securityProtocol: SASL SSL

sasl:

mechanisms: PLAIN

username: ""
password: ""

root@node2:~#

Mit% B : prepare_data_netapp_new.py
KREMR AR EHEREEREERIBIPythonIZEEF) o
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Fi$% B : prepare_data_netapp_new.py

root@node2:~# cat prepare data netapp new.py

# hello milvus.py demonstrates the basic operations of PyMilvus, a Python
SDK of Milvus.

1. connect to Milvus

create collection

insert data

create index

search, query, and hybrid search on entities

delete entities by PK

7. drop collection

S e S S o S o
o U W N

import time

import os

import numpy as np
from pymilvus import (

connections,

utility,
FieldSchema, CollectionSchema, DataType,
Collection,
)
fmt = "\n=== {:30} ===\n"
search latency fmt = "search latency = {:.4f}s"
#num entities, dim = 3000, 8

num entities, dim = 3000, 16

it ss s s E s A AR AR ERAEEEAEEA R AR ERR SRR ER AR AR RS EE LRSS EE
LR &

# 1. connect to Milvus

# Add a new connection alias “default® for Milvus server in
"localhost:19530°

# Actually the "default" alias is a buildin in PyMilvus.

# If the address of Milvus is the same as "localhost:19530°, you can omit
all

# parameters and call the method as: “connections.connect ()
#

# Note: the ‘using’ parameter of the following methods is default to
"default".

print (fmt.format ("start connecting to Milvus"))

host = os.environ.get ('MILVUS HOST')
if host == None:
host = "localhost"
print (fmt.format (£f"Milvus host: {host}"))
#connections.connect ("default", host=host, port="19530")
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connections.connect ("default", host=host, port="27017")

has = utility.has_collection("hello milvus ntapnew update2 sc")
print (f"Does collection hello milvus ntapnew update2 sc exist in Milvus:
{has}")

#drop the collection

print (fmt.format (f"Drop collection - hello milvus ntapnew update2 sc"))
utility.drop collection("hello milvus ntapnew update2 sc'")

#drop the collection

print (fmt.format (f"Drop collection - hello milvus ntapnew update2 sc2"))
utility.drop collection("hello milvus ntapnew update2 sc2")

FHH A A R R R R
FHAHHHE

# 2. create collection

# We're going to create a collection with 3 fields.

# -+ Fo— - fom

# | | field name | field type | other attributes | field description

=
+

|
+

|
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|
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|
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|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

11 "pk" | Tnt64d \ is primary=True | "primary field"

auto id=False |

= — HE — =

S+
N
=
Q
=
Q.
O
B—
)
@]
o
O
H
0}

"a double field"

# |3|"embeddings" | FloatVector| dim=8 "float vector with dim

fields = [
FieldSchema (name="pk", dtype=DataType.INT64, is primary=True, auto id
=False),
FieldSchema (name="random", dtype=DataType.DOUBLE),
FieldSchema (name="var", dtype=DataType.VARCHAR, max length=65535),
FieldSchema (name="embeddings", dtype=DataType.FLOAT VECTOR, dim=dim)

schema = CollectionSchema (fields, "hello milvus ntapnew update2 sc")



print (fmt.format ("Create collection "hello milvus ntapnew update2 sc™ "))
hello milvus ntapnew update2 sc = Collection (
"hello milvus ntapnew update2 sc", schema, consistency level="Strong")

FHAFH AR A AR
FH#HH#H

# 3. insert data

# We are going to insert 3000 rows of data into

"hello milvus ntapnew update2 sc®

# Data to be inserted must be organized in fields.

#
# The insert () method returns:
# - either automatically generated primary keys by Milvus if auto id=True

in the schema;
# - or the existing primary key field from the entities if auto id=False
in the schema.

print (fmt.format ("Start inserting entities"))
rng = np.random.default rng(seed=19530)
entities = [
# provide the pk field because "auto id' is set to False
[i for i in range (num entities)],
rng.random(num entities).tolist(), # field random, only supports list
[str(i) for i in range(num entities)],
rng.random( (num entities, dim)), # field embeddings, supports
numpy.ndarray and list

]

insert result = hello milvus ntapnew update2 sc.insert(entities)

hello milvus ntapnew update2 sc.flush()

print (f"Number of entities in hello milvus ntapnew update2 sc:

{hello milvus ntapnew update2 sc.num entities}") # check the num entites

# create another collection
fields2 = |
FieldSchema (name="pk", dtype=DataType.INT64, is primary=True, auto id
=True),
FieldSchema (name="random", dtype=DataType.DOUBLE),
FieldSchema (name="var", dtype=DataType.VARCHAR, max length=65535),
FieldSchema (name="embeddings", dtype=DataType.FLOAT VECTOR, dim=dim)

schema2 = CollectionSchema (fields2, "hello milvus ntapnew update2 sc2")

69



print (fmt.format ("Create collection "hello milvus ntapnew update2 sc2 "))
hello milvus ntapnew updateZ sc2 = Collection
"hello milvus ntapnew update2 sc2", schema2, consistency level="Strong")

entities2 = [
rng.random(num entities).tolist(), # field random, only supports list
[str(i) for i in range(num entities)],
rng.random( (num entities, dim)), # field embeddings, supports
numpy.ndarray and list

]

insert result2 = hello milvus ntapnew update2 sc2.insert(entities2)
hello milvus ntapnew update2 sc2.flush()
insert result2 = hello milvus ntapnew updateZ sc2.insert(entities2)
hello milvus ntapnew update2 sc2.flush()

# index params = {"index type": "IVF FLAT", "params": {"nlist": 128},
"metric type": "L2"}

# hello milvus ntapnew update2 sc.create index("embeddings", index params)
#

hello milvus ntapnew updateZ sc2.create index(field name="var", index name=

"scalar index")

# index params2 = {"index type": "Trie"}

# hello milvus ntapnew update2 sc2.create index("var", index params2)

print (f"Number of entities in hello milvus ntapnew update2 sc2:

{hello milvus ntapnew update2 scZ.num entities}") # check the num entites

root@node2:~#

i#%C : verify_data_netapp.py

Jf*iﬁﬁ@ﬁ_@%ﬁ% Python iiZs » P ERsENetAppRIEE R ERR A ZFHNMEER
$ o

ft#%C : verify_data_netapp.py

root@node2:~# cat verify data netapp.py
import time
import os
import numpy as np
from pymilvus import (
connections,
utility,
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FieldSchema, CollectionSchema, DataType,

Collection,
)
fmt = "\n=== {:30} ===\n"
search latency fmt = "search latency = {:.4f}s"

num entities, dim = 3000, 16
rng = np.random.default rng(seed=19530)
entities = [
# provide the pk field because "auto id  1is set to False
[i for i in range (num entities)],
rng.random(num entities).tolist(), # field random, only supports list
rng.random( (num entities, dim)), # field embeddings, supports
numpy.ndarray and list

]

igd stz sz EEEE S LA EEEREEAEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
FHH#HH
# 1. get recovered collection hello milvus ntapnew update2 sc
print (fmt.format ("start connecting to Milvus"))
host = os.environ.get ('MILVUS HOST')
if host == None:
host = "localhost"
print (fmt. format (f"Milvus host: {host}"))
#connections.connect ("default", host=host, port="19530")

connections.connect ("default", host=host, port="27017")

recover collections = ["hello milvus ntapnew update2 sc",
"hello milvus ntapnew update2 sc2"]

for recover collection name in recover collections:

has = utility.has_collection(recover collection name)

print (f"Does collection {recover collection name} exist in Milvus:
{has}")

recover collection = Collection(recover collection name)

print (recover collection.schema)

recover collection.flush()

print (f"Number of entities in Milvus: {recover collection name}
{recover collection.num entities}") # check the num entites

A A
FHFEHHH
# 4. create index

# We are going to create an IVF FLAT index for
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hello milvus ntapnew update2 sc collection.

# create index() can only be applied to "FloatVector and
"BinaryVector fields.

print (fmt.format ("Start Creating index IVEF FLAT"))

index = {
"index type": "IVF FLAT",
"metric type": "L2",

"params": {"nlist": 128},
recover collection.create index ("embeddings", index)

FHAFH AR H AR AR H AR H AR H AR E AR HS A R A E
#HAHHH
# 5. search, query, and hybrid search
After data were inserted into Milvus and indexed, you can perform:
- search based on vector similarity

#

#

# - query based on scalar filtering(boolean, int, etc.)

# - hybrid search based on vector similarity and scalar filtering.
#

# Before conducting a search or a query, you need to load the data in
"hello milvus ™ into memory.

print (fmt.format ("Start loading"))

recover collection.load()

# search based on vector similarity
print (fmt.format ("Start searching based on vector similarity"))
vectors to search = entities[-1][-2:]

search params = ({
"metric type": "L2",
"params": {"nprobe": 10},
}
start time = time.time ()
result = recover collection.search(vectors to search, "embeddings",
search params, 1limit=3, output fields=["random"])
end time = time.time ()

for hits in result:
for hit in hits:
print(f"hit: {hit}, random field: {hit.entity.get('random')}")



print (search latency fmt.format(end time - start time))

# query based on scalar filtering(boolean, int, etc.)
print (fmt.format ("Start querying with “random > 0.5 "))

start time = time.time ()

result = recover collection.query(expr="random > 0.5", output fields=
["random", "embeddings"])

end time = time.time ()

print (f"query result:\n-{result[0]}")
print (search latency fmt.format (end time - start time))

# hybrid search
print (fmt. format ("Start hybrid searching with “random > 0.5 "))

start time = time.time ()

result = recover collection.search(vectors to search, "embeddings",
search params, 1limit=3, expr="random > 0.5", output fields=["random"])

end time = time.time ()

for hits in result:
for hit in hits:

print (f"hit: {hit}, random field: {hit.entity.get('random')}")
print (search latency fmt.format(end time - start time))

igaddssadisassaaddiadsdsasdaaadssadiaasdiisasiaaadaaadisadiaaadaaddiaaanid
HH#HH

# 7. drop collection

# Finally, drop the hello milvus, hello milvus ntapnew update2 sc
collection

#print (fmt.format (f"Drop collection {recover collection name}"))
#utility.drop collection (recover collection name)

root@node2:~#
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fi$% D : docker-compose.yml
NEREL ZNetAppRI BB RHEMR 7 ZMEH] YAML F2T085 ©

Fi$% D : docker-compose.yml

version: '3.5'"

services:
etcd:
container name: milvus-etcd
image: quay.io/coreos/etcd:v3.5.5
environment:
= ETCD_AUTO_COMPACTION_MODE=reviSion
- ETCD AUTO COMPACTION RETENTION=1000
- ETCD_QUOTA BACKEND BYTES=4294967296
= ETCD_SNAPSHOT_COUNT=5000O
volumes:
- /home/ubuntu/milvusvectordb/volumes/etcd:/etcd
command: etcd -advertise-client-urls=http://127.0.0.1:2379 -listen
-client-urls http://0.0.0.0:2379 --data-dir /etcd
healthcheck:
test: ["CMD", "etcdctl", "endpoint", "health"]
interval: 30s
timeout: 20s

retries: 3

minio:
container name: milvus-minio
image: minio/minio:RELEASE.2023-03-20T20-16-18%
environment:
MINIO ACCESS KEY: miniocadmin
MINIO SECRET KEY: minioadmin
ports:
- "9001:9001"
- "9000:9000"
volumes:

- /home/ubuntu/milvusvectordb/volumes/minio:/minio_data

command: minio server /minio data --console-address ":9001"
healthcheck:
test: ["CMD", "curl", "-f",

"http://localhost:9000/minio/health/live"]
interval: 30s
timeout: 20s

retries: 3
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standalone:
container name: milvus-standalone
image: milvusdb/milvus:v2.4.0-rc.1
command: ["milvus", "run", "standalone"]
security opt:
- seccomp:unconfined
environment:
ETCD_ENDPOINTS: etcd:2379
MINIO ADDRESS: minio:9000
volumes:
- /home/ubuntu/milvusvectordb/volumes/milvus: /var/lib/milvus
healthcheck:
test: ["CMD", "curl", "-f", "http://localhost:9091/healthz"]
interval: 30s
start period: 90s
timeout: 20s
retries: 3
ports:
- "19530:19530"
- "9091:9091"
depends on:
- "etcd"

- "minio"

networks:
default:

name: milwvus
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