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LTEHIETEEAD, 7R, t0FMERDE, GATK H—NMEBE, AILUE—4HATEMN / im<SEgiE—ie, M
—PNEENITER. [ XERENNEEI T :

T RRERAVR AR EA E Y,
s BERTBTEARAX4ERE of a disease HIATT TFEHE.
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* FIENVEFIERS 1EZS BT ERARIERT, &FiE, 9, T2%%
* KMATEREMBERARSHIEE (gnomAD ) RUFRAKFItEZ (K.
* EFERANBERE, 1SWHUET EMFEH.
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GATK #1 Broad Institute &, EFRANFNAAREFLIOEN—FMNY; SMESEBLEL TIHFMIZR, Mk

, AJEW, HEHARMLIEPEFERF—H, TER Broad Institute ZBiIXHN—ATE, EXFMAEE, BEEN
"GATK ig"s

FlexPod 18 &
HRAT N HIIEEIEMLFFIRIEE FlexPod BHZEHTF S, FlexPod FEEB SR AN, JLUUHILY E;
B0, AILUHILY B, FEMITE. FIVERLU TS Cisco WIEIKITHER{EASE R FRIKE

FlexPod If18: "SF VMware vSphere 7.0 #1 NetApp ONTAP 9.7 B9 FlexPod Datacenter", i#& 0T
FlexPod FFRIEERMR:

BEH1T FlexPod SERFIRE, BERUTHE:
1. FlexPod SEIOEIGEMIUEFERALLT IP4 FE8F0 VLAN o
IP Reservations

VLAN [P Range Subnet Mask Purpose
3281 172.21.25 [24 255.258.255.0 IB-MGMT
3282 172.21.26/24  255.255.255.0  wMotion
3283 172.21.27 [24 255.255.255.0 VM

3284 172.21.28 /24  255.255.255.0 NFS
3285 172.21.29/24  255.255.255.0  iSCSI-A

3286 1722130 /24  255.255.255.0  isSCSI-B

2. 7£ ONTAP SVM LEEE T iSCSI BEEN LUN 6
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0 R 8 & | infra_datastore_n

S
W vwCSA healthylife fp Summary Monitor Configure

8. {£F vCenter [\ ESXi AN NFS $IBTFHEE,

vSphere Client

9. &£ vCenter £ll# Red Hat Enterprise Linux (RHEL) 8.3 VM LUz{T GATK 6

10. NFS #URFEESIRMBEG BIWIHESRTE * /mnt/genomics’ 1, ATFFiE GATK AIHITXXMH, B, T
HIXTTIRGY (BAM ) X, SEXM, R5IXM, WEXHEMEEXXG, UWATFEERR.

GATK K EMHIT

7 RedHat Enterprise 8.3 Linux VM %3 I T afiR &4 :

* Java 8 ¢ SDK 1.8 SRES R4S

* M Broad Institute T GATK 4.2.0.0 "GitHub 55", BREBRFTIHIEEE LI—RTHEIRET 2P ASCI 71
R FE. BE, ASClI ZFEEMNEFEETEIARZ., Alt, — M MIINESZFINELT N BAM (\*, bam) X
. BAM XHLUESE, BRI ZHGEIFERE@ERTIEGE. i 'ETEH" —AHLQA AN BAM X4, BF
MEIT GA)TK "NEES BITETFHTHRSIXHE (s bai) , HEXHE (\*, dict) FM5|BEHEEXXHE (*
- FASAA) A%,

THE, GATK TEERKEE— JAR XHFM—ALIFMZ,

* gatk-package-4.2.0.0-local.jar AJHITXH
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* gatk A,
BITFEHT AKX, SMF *. bam XHHRNARTIF BAM XHEURENNERS], RHENSERRAN

o

RACEIRSIE

Cromwell E—3XFFFEI%, BATLH TIEASEORE TR, ALUE Cromwell 31 ESAFRMIETH 18
3, PR ERERa e TIEFuE(TRIR. BILUEMIEE] Cromwell 3I%8TH "Cromwell 3| B 14",

* * RSB, * B "RESTul" £ Cromwell 5| HITIIE .

* FETR. C BTRARESERCETRBITENIER, 'ref ERETREN TH—BERBIL,
BN MERARME/REIZEAMERITLIERMNEE, Cromwell 3IZRAAFKIFE "Workflow [RIFHHRIES" (
WDL) REHIAINES. Itih, EZIFEZNTERBAESnE, FFABAIERES (Common
Workflow Language , CWL) o ZEAEARIREH, FNFERT WDL., WDL &¥IEH ZHNERASTEE
HRFIFER, 8/ WDL TIERA] LOMid ZMEErE R, HAaiE:

© MR, RENX, £5 1 NEERBEARARIZEES 2,
* SNt X5AMHEEM, BASMESEAILUBES ML ENBANLEEIRESMES,

BRI, C XRREANCUNARFESER (EA) KEZ—, TEHERESGEMNEREPERN, &
MESUDBARNT, 8MESHAEBERSERL TR,

fiEF WDL 7RI R TiE1T GATK T BE=1:

1. fF womtool. jar IFEZE,

[root@genomicsl ~]# Jjava -jar womtool.jar validate ghplo.wdl

2. H g JSON

[root@genomicsl ~]# Jjava -jar womtool.jar inputs ghplo.wdl > ghplo.json

3. &R Cromwell 512H] cromwell. jar BT L{ER.

[root@genomicsl ~]# Jjava -jar cromwell.jar run ghplo.wdl —--inputs

ghplo.json

BILUMERAZMEERIT GATK ; ASUERIRITHAP=M7 %,

fE£/A JAR XHH1T GATK
TEHENRTHE—TTEAREM TS RARERRITE— TR EEN B .
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[root@genomicsl ~]# Jjava -Dsamjdk.use async_io read samtools=false \

-Dsamjdk.use _async_io write samtools=true \
-Dsamjdk.use async io write tribble=false \
-Dsamjdk.compression level=2 \

-jar /mnt/genomics/GATK/gatk-4.2.0.0/gatk-package-4.2.0.0-1local.jar \

HaplotypeCaller \

--input /mnt/genomics/GATK/TEST\ DATA/bam/workshop 1906 2-
germline bams father.bam \

--output workshop 1906 2-germline bams father.validation.vcf \
--reference /mnt/genomics/GATK/TEST\ DATA/ref/workshop 1906 2-
germline ref ref.fasta

EXMITAZES, FER GATK AT JAR X, FH— Java S5<EMAZ JAR X, i
ZBEZm T,

1. IWBMRTEINEEIAR tplotypecaller TERAAEFEE,

2. N IEERA BAM X1,

3. " -output’ ATRIFAAERIL (*o vef) FBEDMEEHSHE ("ref”) o

4. fEH " -reference’ 2B, FHATEEE—NESEZERA,

W1T/E, FILUESRD PHEREEIFAER EA JAR XFHAIT GATK BVt

£/ Jgatk BiZHIT GATK

GATK TEEMHAER "o /gatk’ BIZAHIT, iILFNKEBEBUTHL:

[root@genomicsl executionl# ./gatk \

-—java-options "-Xmx4G" \

HaplotypeCaller \

-I /mnt/genomics/GATK/TEST\ DATA/bam/workshop 1906 2-
germline bams father.bam \

-R /mnt/genomics/GATK/TEST\ DATA/ref/workshop 1906 2-
germline ref ref.fasta \

-0 /mnt/genomics/GATK/TEST\ DATA/variants.vcf

HiTzmmEEZ NS,
* WBHRTBENEEEE Hplotypecaller TEAREFEE,
* T - IBERAN BAM X5,
-0 UTRFREI (Yo vef) IBEZMEEHXE ("ref") o
* 1 -R S, BxEFE—1SEZEEASE,

HITIE, ATLUEEZRS ik i FAE R "016e203cf9beada735f224ab14d0b3af"
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https://software.broadinstitute.org/software/igv/viewing_vcf_files
https://software.broadinstitute.org/software/igv/viewing_vcf_files

£ Cromwell 5|Z#1T GATK

FNER Cromwell 5|ZEIE GATK Hi1T. HIMTKIEEGSITRESH.

[root@genomicsl genomics]# java -jar cromwell-65.jar \
run /mnt/genomics/GATK/seq/ghplo.wdl \
-—inputs /mnt/genomics/GATK/seq/ghplo.json

i, @I EE  -JAR SHREAR Java s, LUETENEHRIT JAR X, 90, Cromwell-
65.3ar o TR T—1EE (run) & Cromwell %I%IET“_?‘J&T, — P AIRERVIRTZ AR S5 28R, T
— BN . wdlh, BITRANERZSHRITEE, T—T2HEERITHIERN—ARASH,

UTRE ghplo.wdll XHEMNAR:

[root@genomicsl seql# cat ghplo.wdl
workflow helloHaplotypeCaller {
call haplotypeCaller
}
task haplotypeCaller {
File GATK
File RefFasta
File RefIndex
File RefDict
String sampleName
File inputBAM
File bamIndex
command {
java -Jjar S${GATK} \
HaplotypeCaller \
-R ${RefFasta} \
-I ${inputBAM} \
-0 S${sampleName}.raw.indels.snps.vcf
}
output {
File rawVCF = "${sampleName}.raw.indels.snps.vcf"

}

[rootQ@genomicsl seql#

THEZHEME JSON SXHLUR Cromwell 5| ZERTEIN,
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1]

[root@genomicsl seqgl# cat ghplo.json

{

"helloHaplotypeCaller.haplotypeCaller.GATK": "/mnt/genomics/GATK/gatk-
4.2.0.0/gatk-package-4.2.0.0-1ocal.jar",
"helloHaplotypeCaller.haplotypeCaller.RefFasta": "/mnt/genomics/GATK/TEST
DATA/ref/workshop 1906 2-germline ref ref.fasta",
"helloHaplotypeCaller.haplotypeCaller.RefIndex": "/mnt/genomics/GATK/TEST
DATA/ref/workshop 1906 2-germline ref ref.fasta.fai",
"helloHaplotypeCaller.haplotypeCaller.RefDict": "/mnt/genomics/GATK/TEST
DATA/ref/workshop 1906 2-germline ref ref.dict",
"helloHaplotypeCaller.haplotypeCaller.sampleName": "fatherbam",
"helloHaplotypeCaller.haplotypeCaller.inputBAM": "/mnt/genomics/GATK/TEST
DATA/bam/workshop 1906 2-germline bams father.bam",
"helloHaplotypeCaller.haplotypeCaller.bamIndex": "/mnt/genomics/GATK/TEST

DATA/bam/workshop 1906 2-germline bams father.bai"
}

[root@genomicsl seql#

AR, Cromwell fERRBFEIEERNIT. H1T/HE, WMEBAERERE—TH "EA Cromwell 5IZEHIT GATK

Y%,

B

XUNEIHIT GATK F—HRE L, 1EE N "GATK 4",

"F—%: FH JAR XHH1T GATK BV%at. "

fEF JAR X117 GATK HyHiH

"F—R BRAF— GATK &EMHIT, "

R Jar XHHIT GATK SER LU TRl L.
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[rootl@genomicsl execution]# java -Dsamjdk.use async io read samtools=false
\

-Dsamjdk.use async io write samtools=true \
-Dsamjdk.use _async_io write tribble=false \
-Dsamjdk.compression level=2 \

-jar /mnt/genomics/GATK/gatk-4.2.0.0/gatk-package-4.2.0.0-1local.jar \
HaplotypeCaller \

--input /mnt/genomics/GATK/TEST\ DATA/bam/workshop 1906 2-
germline bams father.bam \

—--output workshop 1906 2-germline bams father.validation.vcf \
--reference /mnt/genomics/GATK/TEST\ DATA/ref/workshop 1906 2-
germline ref ref.fasta \

22:52:58.430 INFO NativeLibraryLoader - Loading libgkl compression.so
from jar:file:/mnt/genomics/GATK/gatk-4.2.0.0/gatk-package-4.2.0.0-


https://gatk.broadinstitute.org/hc/en-us/articles/360036194592
https://gatk.broadinstitute.org/hc/en-us/articles/360036194592
https://gatk.broadinstitute.org/hc/en-us/articles/360036194592
https://gatk.broadinstitute.org/hc/en-us/articles/360036194592
https://gatk.broadinstitute.org/hc/en-us/articles/360036194592

local.jar!/com/intel/gkl/native/libgkl compression.so

Aug 17, 2021 10:52:58 PM

shaded.cloud nio.com.google.auth.oauth2.ComputeEngineCredentials
runningOnComputeEngine

INFO: Failed to detect whether we are running on Google Compute Engine.
22:52:58.541 INFO HaplotypeCaller -

22:52:58.542 INFO HaplotypeCaller - The Genome Analysis Toolkit (GATK)
v4d.2.0.0

22:52:58.542 INFO HaplotypeCaller - For support and documentation go to
https://software.broadinstitute.org/gatk/

22:52:58.542 INFO HaplotypeCaller - Executing as
root@genomicsl.healthylife.fp on Linux v4.18.0-305.3.1.el18 4.x86 64 amd64
22:52:58.542 INFO HaplotypeCaller - Java runtime: OpendDK 64-Bit Server
VM v1.8.0 302-b08

22:52:58.542 INFO HaplotypeCaller - Start Date/Time: August 17, 2021
10:52:58 PM EDT

22:52:58.542 INFO HaplotypeCaller -

22:52:58.542 INFO HaplotypeCaller - HTSJDK Version: 2.24.0
22:52:58.542 INFO HaplotypeCaller - Picard Version: 2.25.0
22:52:58.542 INFO HaplotypeCaller - Built for Spark Version: 2.4.5
22:52:58.542 INFO HaplotypeCaller - HTSJDK Defaults.COMPRESSION LEVEL : 2
22:52:58.543 INFO HaplotypeCaller - HTSJDK
Defaults.USE_ASYNC IO READ FOR SAMTOOLS : false

22:52:58.543 INFO HaplotypeCaller - HTSJDK
Defaults.USE_ASYNC IO WRITE FOR SAMTOOLS : true

22:52:58.543 INFO HaplotypeCaller - HTSJDK
Defaults.USE _ASYNC IO WRITE FOR TRIBBLE : false

22:52:58.543 INFO HaplotypeCaller - Deflater: IntelDeflater
22:52:58.543 INFO HaplotypeCaller - Inflater: IntelInflater
22:52:58.543 INFO HaplotypeCaller - GCS max retries/reopens: 20
22:52:58.543 INFO HaplotypeCaller - Requester pays: disabled
22:52:58.543 INFO HaplotypeCaller - Initializing engine

22:52:58.804 INFO HaplotypeCaller - Done initializing engine
22:52:58.809 INFO HaplotypeCallerEngine - Disabling physical phasing,
which is supported only for reference-model confidence output
22:52:58.820 INFO NativelLibraryLoader - Loading libgkl utils.so from
jar:file:/mnt/genomics/GATK/gatk-4.2.0.0/gatk-package-4.2.0.0-
local.jar!/com/intel/gkl/native/libgkl utils.so

22:52:58.821 INFO NativelLibraryLoader - Loading libgkl pairhmm omp.so
from jJar:file:/mnt/genomics/GATK/gatk-4.2.0.0/gatk-package-4.2.0.0-
local.jar!/com/intel/gkl/native/libgkl pairhmm omp.so

22:52:58.854 INFO IntelPairHmm - Using CPU-supported AVX-512 instructions



s
1=

22:52:58.854 INFO IntelPairHmm - Flush-to-zero (FTZ) is enabled when

running PairHMM

22:52:58.854 INFO IntelPairHmm - Available threads: 16

22:52:58.854 INFO IntelPairHmm - Requested threads: 4

22:52:58.854 INFO PairHMM - Using the OpenMP multi-threaded AVX-

accelerated native PairHMM implementation

22:52:58.872 INFO ProgressMeter - Starting traversal

22:52:58.873 INFO ProgressMeter - Current Locus Elapsed Minutes

Regions Processed Regions/Minute

22:53:00.733 WARN InbreedingCoeff - InbreedingCoeff will not be

calculated at position 20:9999900 and possibly subsequent; at least 10

samples must have called genotypes

22:53:08.873 INFO ProgressMeter - 20:17538652 0.2

58900 353400.0

22:53:17.681 INFO HaplotypeCaller - 405 read(s) filtered by:

MappingQualityReadFilter

0 read(s) filtered by: MappingQualityAvailableReadFilter

0 read(s) filtered by: MappedReadFilter

0 read(s) filtered by: NotSecondaryAlignmentReadFilter

6628 read(s) filtered by: NotDuplicateReadFilter

0 read(s) filtered by: PassesVendorQualityCheckReadFilter

0 read(s) filtered by: NonZeroReferencelengthAlignmentReadFilter

0 read(s) filtered by: GoodCigarReadFilter

0 read(s) filtered by: WellformedReadFilter

7033 total reads filtered

22:53:17.681 INFO ProgressMeter - 20:63024652 0.3

210522 671592.9

22:53:17.681 INFO ProgressMeter - Traversal complete. Processed 210522

total regions in 0.3 minutes.

22:53:17.687 INFO VectorLoglessPairHMM - Time spent in setup for JNI call
0.010347438

22:53:17.687 INFO PairHMM - Total compute time in PairHMM

computeLogLikelihoods () : 0.259172573

22:53:17.687 INFO SmithWatermanAligner - Total compute time in java

Smith-Waterman : 1.27 sec

22:53:17.687 INFO HaplotypeCaller - Shutting down engine

[August 17, 2021 10:53:17 PM EDT]

org.broadinstitute.hellbender.tools.walkers.haplotypecaller.HaplotypeCalle

r done. Elapsed time: 0.32 minutes.

Runtime.totalMemory ()=5561122816

[root@genomicsl execution]#

AR, BESXHITHRITEEENLE,

"fb08e15744€912200b45cf04b5fce2ad”
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fEF .Jgatk I 1T GATK A5

"previous : fFF JAR XHHIT GATK AYiait, "

£ "o /gatk’ BIZHIT GATK &, EmT T RAIHIL,

[root@genomicsl gatk-4.2.0.0]# ./gatk —--java-options "-Xmx4G" \
HaplotypeCaller \
-I /mnt/genomics/GATK/TEST\ DATA/bam/workshop 1906 2-
germline bams father.bam \
-R /mnt/genomics/GATK/TEST\ DATA/ref/workshop 1906 2-
germline ref ref.fasta \
-0 /mnt/genomics/GATK/TEST\ DATA/variants.vcf
Using GATK jar /mnt/genomics/GATK/gatk-4.2.0.0/gatk-package-4.2.0.0-
local.jar
Running:

java -Dsamjdk.use async io read samtools=false
-Dsamjdk.use async io write samtools=true
-Dsamjdk.use async io write tribble=false -Dsamjdk.compression level=2
-Xmx4G -jar /mnt/genomics/GATK/gatk-4.2.0.0/gatk-package-4.2.0.0-1local.jar
HaplotypeCaller -I /mnt/genomics/GATK/TEST DATA/bam/workshop 1906 2-
germline bams father.bam -R /mnt/genomics/GATK/TEST
DATA/ref/workshop 1906 2-germline ref ref.fasta -O /mnt/genomics/GATK/TEST
DATA/variants.vcf
23:29:45.553 INFO NativelibrarylLoader - Loading libgkl compression.so
from jJar:file:/mnt/genomics/GATK/gatk-4.2.0.0/gatk-package-4.2.0.0-
local.jar!/com/intel/gkl/native/libgkl compression.so
Aug 17, 2021 11:29:45 PM
shaded.cloud nio.com.google.auth.oauth2.ComputeEngineCredentials
runningOnComputeEngine
INFO: Failed to detect whether we are running on Google Compute Engine.
23:29:45.686 INFO HaplotypeCaller -
23:29:45.686 INFO HaplotypeCaller - The Genome Analysis Toolkit (GATK)
v4d.2.0.0
23:29:45.686 INFO HaplotypeCaller - For support and documentation go to
https://software.broadinstitute.org/gatk/
23:29:45.687 INFO HaplotypeCaller - Executing as
root@genomicsl.healthylife.fp on Linux v4.18.0-305.3.1.el8 4.x86 64 amd64
23:29:45.687 INFO HaplotypeCaller - Java runtime: OpendDK 64-Bit Server
VM v11.0.12+7-LTS
23:29:45.687 INFO HaplotypeCaller
11:29:45 PM EDT
23:29:45.687 INFO HaplotypeCaller -

Start Date/Time: August 17, 2021 at

23:29:45.687 INFO HaplotypeCaller -

23



23:29:45.687 INFO HaplotypeCaller
23:29:45.687 INFO HaplotypeCaller

- HTSJDK Version:

- Picard Version:

2.24.0
2.25.0

23:29:45.687 INFO HaplotypeCaller - Built for Spark Version: 2.4.5
23:29:45.688 INFO HaplotypeCaller - HTSJDK Defaults.COMPRESSION LEVEL : 2
23:29:45.688 INFO HaplotypeCaller - HTSJDK
Defaults.USE _ASYNC IO READ FOR SAMTOOLS : false

23:29:45.688 INFO HaplotypeCaller - HTSJDK
Defaults.USE_ASYNC IO WRITE FOR SAMTOOLS : true

23:29:45.688 INFO HaplotypeCaller - HTSJDK
Defaults.USE ASYNC IO WRITE FOR TRIBBLE : false

23:29:45.688 INFO HaplotypeCaller - Deflater: IntelDeflater
23:29:45.688 INFO HaplotypeCaller - Inflater: IntelInflater
23:29:45.688 INFO HaplotypeCaller - GCS max retries/reopens: 20
23:29:45.688 INFO HaplotypeCaller - Requester pays: disabled
23:29:45.688 INFO HaplotypeCaller - Initializing engine

23:29:45.804 INFO HaplotypeCaller - Done initializing engine
23:29:45.809 INFO HaplotypeCallerEngine - Disabling physical phasing,
which is supported only for reference-model confidence output
23:29:45.818 INFO NativeLibraryLoader - Loading libgkl utils.so from
jar:file:/mnt/genomics/GATK/gatk-4.2.0.0/gatk-package-4.2.0.0-
local.jar!/com/intel/gkl/native/libgkl utils.so

23:29:45.819 INFO NativeLibraryLoader - Loading libgkl pairhmm omp.so
from jJar:file:/mnt/genomics/GATK/gatk-4.2.0.0/gatk-package-4.2.0.0-
local.jar!/com/intel/gkl/native/libgkl pairhmm omp.so

23:29:45.852 INFO IntelPairHmm - Using CPU-supported AVX-512 instructions
23:29:45.852 INFO IntelPairHmm Flush-to-zero (FTZ) is enabled when
running PairHMM

23:29:45.852 INFO IntelPairHmm - Available threads: 16

23:29:45.852 INFO IntelPairHmm - Requested threads: 4

23:29:45.852 INFO PairHMM - Using the OpenMP multi-threaded AVX-
accelerated native PairHMM implementation

23:29:45.868 INFO ProgressMeter - Starting traversal

23:29:45.868 INFO ProgressMeter - Current Locus Elapsed Minutes
Regions Processed Regions/Minute

23:29:47.772 WARN InbreedingCoeff - InbreedingCoeff will not be
calculated at position 20:9999900 and possibly subsequent; at least 10

samples must have called genotypes

23:29:55.868 INFO ProgressMeter - 20:18885652 0.2
63390 380340.0

23:30:04.389 INFO HaplotypeCaller - 405 read(s) filtered by:
MappingQualityReadFilter

0 read(s) filtered by: MappingQualityAvailableReadFilter

0 read(s) filtered by: MappedReadFilter

0 read(s) filtered by: NotSecondaryAlignmentReadFilter

6628 read(s) filtered by: NotDuplicateReadFilter



0 read(s) filtered by: PassesVendorQualityCheckReadFilter

0 read(s) filtered by: NonZeroReferencelLengthAlignmentReadFilter
0 read(s) filtered by: GoodCigarReadFilter

0 read(s) filtered by: WellformedReadFilter

7033 total reads filtered

23:30:04.389 INFO ProgressMeter - 20:63024652 0.3

210522 681999.9

23:30:04.389 INFO ProgressMeter - Traversal complete. Processed 210522

total regions in 0.3 minutes.

23:30:04.395 INFO VectorLoglessPairHMM - Time spent in setup for JNI call
0.012129203000000002

23:30:04.395 INFO PairHMM - Total compute time in PairHMM

computeLogLikelihoods () : 0.267345217

23:30:04.395 INFO SmithWatermanAligner - Total compute time in java

Smith-Waterman : 1.23 sec

23:30:04.395 INFO HaplotypeCaller - Shutting down engine

[August 17, 2021 at 11:30:04 PM EDT]

org.broadinstitute.hellbender.tools.walkers.haplotypecaller.HaplotypeCalle

r done. Elapsed time: 0.31 minutes.

Runtime.totalMemory ()=2111832064

[root@genomicsl gatk-4.2.0.0]1#

HAR, WX UTHRITEREENIE,

"F—&: A Cromwell 5|ZH 1T GATK BV4it. "

{E/H Cromwell 5|ZH# 1T GATK BVt

"11fffe01d469840980d9b9a5f45bf9ed"

£ Cromwell 5|ZH1T GATK &, &/ 7 AT RAEIHIH,

[root@genomicsl genomics]# java -jar cromwell-65.jar run
/mnt/genomics/GATK/seq/ghplo.wdl —--inputs
/mnt/genomics/GATK/seq/ghplo. json

[2021-08-18 17:10:50,78] [info] Running with database db.url =
jdbc:hsgldb:mem:856a1f0d-9a0d-42e5-9199-

5e6cl1d0£f72dd; shutdown=false;hsgldb.tx=mvcc

[2021-08-18 17:10:57,74] [info] Running migration
RenameWorkflowOptionsInMetadata with a read batch size of 100000 and a
write batch size of 100000

[2021-08-18 17:10:57,75] [info] [RenameWorkflowOptionsInMetadata] 100%
[2021-08-18 17:10:57,83] [info] Running with database db.url =
jdbc:hsgldb:mem: 6afe0252-2dc9-4e57-8674-

ce63c67aald2; shutdown=false;hsgldb.tx=mvcc

[2021-08-18 17:10:58,17] [info] Slf4jLogger started
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[2021-08-18 17:10:58,33]
{

"cromwellId"

[info]

"heartbeatInterval"

Workflow heartbeat configuration:

"cromid-41b7e30",

"2 minutes",

"tEl" "10 minutes",

"failureShutdownDuration" "5 minutes",

"writeBatchSize" 10000,

"writeThreshold" 10000
}
[2021-08-18 17:10:58,38] [info] Metadata summary refreshing every 1
second.
[2021-08-18 17:10:58,38] [info] No metadata archiver defined in config
[2021-08-18 17:10:58,38] [info] No metadata deleter defined in config
[2021-08-18 17:10:58,40] [info] KvWriteActor configured to flush with
batch size 200 and process rate 5 seconds.
[2021-08-18 17:10:58,40] [info] WriteMetadataActor configured to flush

with batch size 200 and process
[2021-08-18 17:10:58,44]
with batch size 100 and process
[2021-08-18 17:10:58,44]

[info]

[warn]

rate 5 seconds.
CallCacheWriteActor configured to flush
rate 3 seconds.
'docker.hash-lookup.gcr-api-queries-per-

100-seconds' is being deprecated, use 'docker.hash-lookup.gcr.throttle'
instead (see reference.conf)

[2021-08-18 17:10:58,54] [info] JobExecutionTokenDispenser - Distribution
rate: 50 per 1 seconds.

[2021-08-18 17:10:58,58] [info] SingleWorkflowRunnerActor: Version 65
[2021-08-18 17:10:58,58] [info] SingleWorkflowRunnerActor: Submitting
workflow

[2021-08-18 17:10:58,64] [info] Unspecified type (Unspecified version)

workflow 3e246147-b1a9-41dc-8679-319f81b7701le submitted

[2021-08-18 17:10:58,66] [info] SingleWorkflowRunnerActor: Workflow
submitted 3e246147-b1a9%9-41dc-8679-319£f81b7701e

[2021-08-18 17:10:58,66] [info] 1 new workflows fetched by cromid-41b7e30:
3e246147-b1a9-41dc-8679-319f81b7701e

[2021-08-18 17:10:58,67] [info] WorkflowManagerActor:
3e246147-b1a%9-41dc-8679-319f81b7701e

[2021-08-18 17:10:58,68] [info] WorkflowManagerActor:
WorkflowActor-3e246147-b1a9%9-41dc-8679-319£f81b7701e

Starting workflow

Successfully started

[2021-08-18 17:10:58,68] [info] Retrieved 1 workflows from the
WorkflowStoreActor
[2021-08-18 17:10:58,70] [info] WorkflowStoreHeartbeatWriteActor

configured to flush with batch size 10000 and process rate 2 minutes.
[2021-08-18 17:10:58,76]
[3e246147]: Parsing workflow as WDL draft-2
[2021-08-18 17:10:59,34]
[3e246147]: Call-to-Backend assignments:

helloHaplotypeCaller.haplotypeCaller -> Local

[info] MaterializeWorkflowDescriptorActor

[info] MaterializeWorkflowDescriptorActor



[2021-08-18 17:11:00,54] [info] WorkflowExecutionActor-3e246147-bla9-41dc-
8679-319f81b7701le [3e246147]: Starting
helloHaplotypeCaller.haplotypeCaller
[2021-08-18 17:11:01,56] [info] Assigned new job execution tokens to the
following groups: 3e246147: 1
[2021-08-18 17:11:01,70] [info] BackgroundConfigAsyncJobExecutionActor
[3e246147helloHaplotypeCaller.haplotypeCaller:NA:1]: java -jar
/mnt/genomics/cromwell-executions/helloHaplotypeCaller/3e246147-bla9-41dc-
8679-319f81b7701e/call-haplotypeCaller/inputs/-179397211/gatk-package-
4.2.0.0-1local.jar \

HaplotypeCaller \

-R /mnt/genomics/cromwell-executions/helloHaplotypeCaller/3e246147-
bl1a9-41dc-8679-319f81b7701le/call-
haplotypeCaller/inputs/604632695/workshop 1906 2-germline ref ref.fasta \

-I /mnt/genomics/cromwell-executions/helloHaplotypeCaller/3e246147-
b1a9-41dc-8679-319f81b7701le/call-
haplotypeCaller/inputs/604617202/workshop 1906 2-germline bams father.bam
\

-0 fatherbam.raw.indels.snps.vcf
[2021-08-18 17:11:01,72] [info] BackgroundConfigAsyncJobExecutionActor
[3e246147helloHaplotypeCaller.haplotypeCaller:NA:1]: executing: /bin/bash
/mnt/genomics/cromwell-executions/helloHaplotypeCaller/3e246147-bla9-41dc-
8679-319f81b7701le/call-haplotypeCaller/execution/script
[2021-08-18 17:11:03,49] [info] BackgroundConfigAsyncJobExecutionActor
[3e246147helloHaplotypeCaller.haplotypeCaller:NA:1]: job id: 26867
[2021-08-18 17:11:03,53] [info] BackgroundConfigAsyncJobExecutionActor
[3e246l47helloHaplotypeCaller.haplotypeCaller:NA:1]: Status change from -
to WaitingForReturnCode
[2021-08-18 17:11:03,54] [info] Not triggering log of token queue status.
Effective log interval = None
[2021-08-18 17:11:23,65] [info] BackgroundConfigAsyncJobExecutionActor
[3e246147helloHaplotypeCaller.haplotypeCaller:NA:1]: Status change from
WaitingForReturnCode to Done
[2021-08-18 17:11:25,04] [info] WorkflowExecutionActor-3e246147-bla9-41dc-
8679-319f81b7701e [3e246147]: Workflow helloHaplotypeCaller complete.
Final Outputs:

{

"helloHaplotypeCaller.haplotypeCaller.rawVCEF": "/mnt/genomics/cromwell-
executions/helloHaplotypeCaller/3e246147-b1a9-41dc-8679-319f81b7701le/call-
haplotypeCaller/execution/fatherbam.raw.indels.snps.vct"

}

[2021-08-18 17:11:28,43] [info] WorkflowManagerActor: Workflow actor for
3e246147-b1a%9-41dc-8679-319f81b7701le completed with status 'Succeeded'.
The workflow will be removed from the workflow store.

[2021-08-18 17:11:32,24] [info] SingleWorkflowRunnerActor workflow
finished with status 'Succeeded'.
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"outputs": {

"helloHaplotypeCaller.haplotypeCaller.rawVCFE":

"/mnt/genomics/cromwell-executions/helloHaplotypeCaller/3e246147-blad-
41dc-8679-319f81b7701e/call-
haplotypeCaller/execution/fatherbam.raw.indels.snps.vcf"

by

"id":
}
[2021-08-18 17:11:33,45] [info]
[2021-08-18 17:11:33,46] [info]
[2021-08-18 17:11:33,46] [info]
= 5 seconds
[2021-08-18 17:11:33,46] [info]
Timeout = 5 seconds
[2021-08-18 17:11:33,46] [info]
Timeout = 5 seconds
[2021-08-18 17:11:33,46] [info]
[2021-08-18 17:11:33,46] [info]
[2021-08-18 17:11:33,46] [info]
[2021-08-18 17:11:33,47] [info]
[2021-08-18 17:11:33,47] [info]
Timeout = 3600 seconds
[2021-08-18 17:11:33,47] [info]
finished
[2021-08-18 17:11:33,47] [info]
[2021-08-18 17:11:33,64] [info]
[2021-08-18 17:11:33,64] [info]
Timeout = 1800 seconds
[2021-08-18 17:11:33,64] [info]
1800 seconds
[2021-08-18 17:11:33,64] [info]
Timeout = 1800 seconds
[2021-08-18 17:11:33,64] [info]
[2021-08-18 17:11:33,64] [info]
Timeout = 1800 seconds
[2021-08-18 17:11:33,64] [info]
1800 seconds
[2021-08-18 17:11:33,64] [info]
seconds
[2021-08-18 17:11:33,64] [info]

queued messages to process

[2021-08-18 17:11:33,64] [info]
[2021-08-18 17:11:33,64] [info]
[2021-08-18 17:11:33,64] [info]
messages to process

"3e246147-b1a9-41dc-8679-319£81b7701e"

Workflow polling stopped
0 workflows released by cromid-41b7e30
Shutting down WorkflowStoreActor - Timeout

Shutting down WorkflowLogCopyRouter -

Shutting down JobExecutionTokenDispenser -

Aborting all running workflows.
JobExecutionTokenDispenser stopped
WorkflowStoreActor stopped
WorkflowLogCopyRouter stopped
Shutting down WorkflowManagerActor -
WorkflowManagerActor: All workflows
WorkflowManagerActor stopped
Connection pools shut down

Shutting down SubWorkflowStoreActor -

Shutting down JobStoreActor - Timeout

Shutting down CallCacheWriteActor -

SubWorkflowStoreActor stopped
Shutting down ServiceRegistryActor -

Shutting down DockerHashActor - Timeout

Shutting down IoProxy - Timeout 1800

CallCacheWriteActor Shutting down: 0

JobStoreActor stopped
CallCacheWriteActor stopped

KviWriteActor Shutting down: 0 queued



[2021-08-18 17:11:33,64] [info] IoProxy stopped
[2021-08-18 17:11:33,64] [info] WriteMetadataActor Shutting down: 0 queued
messages to process

[2021-08-18 17:11:33,65] [info] ServiceRegistryActor stopped
[2021-08-18 17:11:33,65] [info] DockerHashActor stopped
[2021-08-18 17:11:33,67] [info] Database closed

[2021-08-18 17:11:33,67] [info] Stream materializer shut down
[2021-08-18 17:11:33,67] [info] WDL HTTP import resolver closed
[root@genomicsl genomics]#

"F—#%: GPUi&H&, "
GPU %8

"previous : f#F Cromwell 51217 GATK BY%it, "

BHELRMEY, GATK TARXFHEIRNEHITET GPU NRE, HNEHE T UTIREMIE

S, FEINEE T RER GATK PCle XEREEEBLEER NVIDIA Tesla P6 GPU _EfEF
FlexPod BB EIEE,

FIMEALLT Cisco IiiEigit ( Cisco Validated Design , CVD ) {EANSZERMMRELRIEERIEE
FlexPod ¥4, LUERILUEITHER GPU BN AR,

* & F AI/ML By FlexPod 3B O 5iEAFREF B Cisco UCS 480 ML"
THRILSER BN —HES:

1. ZA'17E UCS B200 M5 A28 EHEfER{ER T PCle NVIDIA Tesla P6 GPU ,

Equipment /| Chassis /| Chassis 1 [ Servers | Server1

Motherboard IMC CPUs m Memory Adapters HEA: NICs ISCS| viNICS Securty

Y, Advanced Fitor 4 Export A Print .[}

Mame 10 icdel Seral

Ar@pnCs Larnd £ L
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Equipment /| Chassis / Chassis 1 /| Servers | Server 2

MFUIRE, FHAIEE NVIDIA SERATIF EEMR, HRET —MEEIFNE (BN , LUEES
FIERNTER GPU .

FHATM NVIDIA S1EINHFMLE T2 T FrEEfY NVIDIA vGPU R4,
FHATM NVIDIA SEINEMIE TETEN  * o bin® X4,

FA1RET— NVIDIA vGPU FrliEARSS 28, FHEAM NVIDIA SIEFIERTERN " * o bin® XHIEE
BCRNNENFAEARSS 230

HB{RTE NVIDIA SEUEETTR L N ERIEREEIREHERY NVIDIA vGPU EhRAs, 7RG ES, FKIVERM
IXEhAZRFRR N7 460.73.02

It E$IE %% "NVIDIA vGPU Manager" #£ ESXi &,

[root@localhost:~] esxcli software vib install -v
/vmfs/volumes/infra datastore nfs/nvidia/vib/NVIDIA bootbank NVIDIA-
VMware ESXi 7.0 Host Driver 460.73.02-10EM.700.0.0.15525992.vib
Installation Result

Message: Operation finished successfully.

Reboot Required: false

VIBs Installed: NVIDIA bootbank NVIDIA-

VMware ESXi 7.0 Host Driver 460.73.02-10EM.700.0.0.15525992

VIBs Removed:

VIBs Skipped:

EEE) ESXi BRS8/E, BITU TS URIE GPU NREHNEHIBI TN,


https://docs.omniverse.nvidia.com/prod_deployment/prod_deployment/installing-vgpu-manager.html

[root@localhost:~] nvidia-smi
Wed Aug 18 21:37:19 2021

| NVIDIA-SMI 460.73.02 Driver Version:

| GPU Name Persistence-M| Bus-Id
Uncorr. ECC |

460.73.02 CUDA Version:

Volatile

GPU-Util

o\°

| Fan Temp Perf Pwr:Usage/Cap| Memory-Usage
Compute M. |

| |

MIG M |

e e e L e e
======|

| 0 Tesla P6 On | 00000000:D8:00.0 Off
0 |

| N/A 35C P8 ow / 90w | 15208MiB / 15359MiB
Default |

| |

N/A |

e e e e L L e
- ———— +
o
—————— +

| Processes:

|

| GPU GI CI PID Type Process name
Memory |

| ID ID

|

| ==——=——=————————————————————————————————————————=—======—=—
======|

| 0 N/A N/A 2812553 C+G RHELO1

15168MiB |
o
—————— +

[root@localhost:~]

9. &/ vCenter , "ELE" BEIfZIREIRE N "shared direction" o
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Hardwars “ Vs associated with the graphics device "NVIDIATesla P&

Uate v Susn ¥ Procesd Laes

Edit Graphics Device 0000:d8:00.0 X
Settings

10. R B RedHat VM Z2ELLBEM,
M. 1R VM BohEMESFIEE RN EF1 ("ref") o
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https://docs.vmware.com/en/VMware-vSphere-Bitfusion/3.0/Install-Guide/GUID-2005A8C6-4FDC-46DF-BB6B-989F6E91F3E2.html

Edit Settings

12. RERFUTEERMNE VM SRR REEEH, pciPassthru
GPU RFM D ECLA EHWIEY GPU &, fIa0:

a. MBAEMNSET 4 4 32 GB V100 GPU , MItkER S 128 .
b. tNERFEIINHEZT 4 D 16 GB P6 GPU , MILtL{ERF 64

.64bitMMIOSizeGB SEMEEURT
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Edit Settings = RHELOY <

» Boot Oplions Espand far baot otk
- oeat L]
i~ B ) EC A
Configuration Parameters X
|
Hame T Yalue ”

13. 7£ vCenter F135 vGPU {ERFTRY PCI & & ARMNEEIAAET, 15HRIZEREE NVIDIA GRID vGPU EA PCI i&%&
R,

14. JFESFA GPU , GPU REMERBMMER GPU EEEXH: i, BESITE,
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Edit Settings = R+

riusl Hasdhware

NVIDHA GRID wiEPL grd_pe-16c

15. £ RedHat Linux VM L, AILUBITLAFan<R%EE NVIDIA KEHiEF:

[root@genomicsl genomics]#sh NVIDIA-Linux-x86 64-460.73.0l-grid.run

16. IBITUT®H<, WIERERE T EWN vGPU ELEX 4!

[root@genomicsl genomics]# nvidia-smi —query-gpu=gpu_name
-format=csv,noheader —-id=0 | sed -e ‘s/ /-/g’

GRID-P6-16C

[root@genomicsl genomics]#

17. EfFEGE, RIEEEIRE T EMB NVIDIA vGPU LURIREHIERE AR,
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[root@genomicsl genomics]# nvidia-smi
Wed Aug 18 20:30:56 2021

o
—————— +

| NVIDIA-SMI 460.73.01 Driver Version: 460.73.01 CUDA Version:
11.2 |

| oo
o +

| GPU Name Persistence-M| Bus-Id Disp.A | Volatile
Uncorr. ECC |

| Fan Temp Perf Pwr:Usage/Cap| Memory-Usage | GPU-Util
Compute M. |

| | |

MIG M |

e ————— e —————————————
======|

| 0 GRID P6-16C On | 00000000:02:02.0 Off |

N/A |

| N/A N/A P8 N/A / N/A | 2205MiB / 16384MiB | 0%

Default |

| | |

N/A |

et it o
o +

o
—————— +

| Processes:

|

| GPU GI CI PID Type Process name GPU
Memory |

| D ID Usage
|

| ————— e e e e e e
======|

| 0 N/A N/A 8604 G /usr/libexec/Xorg

13MiB |

o
—————— +

[root@genomicsl genomics]#

18. HAIRETE vGPU MIIRECE X R VM LECEVFAIEARSS 2R IP o
a. EHRR.
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[root@genomicsl genomics]# cp /etc/nvidia/gridd.conf.template

/etc/nvidia/gridd.conf

b. YRIES 4 * /etc/nvidialrid® , FRNNFEIEARSS 2R IP Hudlk, HIGTHREREISE N 1,

ServerAddress=192.168.169.10

FeatureType=1

19. EMRTIEIWIGE, EBREFEHIRSSRFH " BEFRIEFE " TEH—1%E, 0T

20. HXTH GATK # Cromwell REFEVFAER, BEN " BRHRRE " —T
21. 7£ GATK AILAEMERfEA GPU 2fa, TIEREEERIESN *. WL AFETHEME, MTR.
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task ValidateBAM {
input {
# Command parameters
File input bam
String output basename
String? validation mode
String gatk path
# Runtime parameters
String docker
Int machine mem gb = 4
Int addtional disk space gb = 50
}
Int disk size = ceil(size(input bam, "GB")) + addtional disk space gb
String output name = "S${output basename} S{validation mode}.txt"
command {
${gatk path} \
ValidateSamFile \
--INPUT ${input bam} \
--OUTPUT ${output name} \
--MODE S${default="SUMMARY" validation mode}
}
runtime {
gpuCount: 1
gpuType: "nvidia-tesla-p6"
docker: docker
memory: machine mem gb + " GB"
disks: "local-disk " + disk size + " HDD"
}
output {
File validation report = "S{output name}"

"B S5 "
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"t—%: GPUIKRE, "

2T ZETRIEALREIE FlexPod EA—MBRFES#1T T inE. &8 FlexPod , &
B AR R B E TR EETHAE. S FE NetApp ONTAP B9 FlexPod #RBC, BENZENZEENFR it
ShE—2B 1TV NI, T ATE BB BITTERAFERIEKREB M, FlexPod &
EAREC T BIREME, ADAEME, STAMAAY B, 7E FlexPod FF& LRI ENRE, €l
M EBERM,
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MEREHIEMES
BTYREXAXHEFAMEENESER, BER TSR,
* EAT A/ML B FlexPod BIEHILSERTREFSH Cisco UCS 480 ML

"https://lwww.cisco.com/c/en/us/td/docs/unified_computing/ucs/UCS_CVDs/flexpod_480ml_aiml_deployme
nt.pdf"

* B VMware vSphere 7.0 1 NetApp ONTAP 9.7 B9 FlexPod Datacenter

"https://lwww.cisco.com/c/en/us/td/docs/unified_computing/ucs/UCS_CVDs/fp_vmware_vsphere_7_0_onta
p_9 7.html"

* ONTAP 9 XAHH(
"http://docs.netapp.com"

* BiEEM— FlexPod dNfAIERNEUEFR OILAIL
"https://www.flexpod.com/idc-white-paper/"

* BT RBSIEIA TSR
"https://www.netapp.com/us/media/na-369.pdf"

* FlexPod for HealthCare RJ#EBh& RSN FEEY
"https://flexpod.com/solutions/verticals/healthcare/"

* Cisco #1 NetApp BY FlexPod
"https://flexpod.com/"

* EATETRERN A 92 (NetApp )
"https://www.netapp.com/us/artificial-intelligence/healthcare-ai-analytics/index.aspx"

* BT REEEEEMEMERPNATERE M FEISEARML)
https://www.netapp.com/pdf.html?item=/media/7410-wp-7314.pdf

* XA ONTAP 9.8 B FlexPod 71, &M T Cisco Intersight B9 ONTAP 72{ii%$%28#] Cisco Intersight
RERR.

https://www.netapp.com/pdf.html?item=/media/25001-tr-4883.pdf

* XA Red Hat Enterprise Linux OpenStack Platform BY FlexPod Datacenter

"https://www.cisco.com/c/en/us/td/docs/unified_computing/ucs/UCS_CVDs/flexpod_openstack_osp6.html|"

AR EIER
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https://www.netapp.com/pdf.html?item=/media/7393-na-369pdf.pdf
https://flexpod.com/solutions/verticals/healthcare/
https://flexpod.com/
https://www.netapp.com/us/artificial-intelligence/healthcare-ai-analytics/index.aspx
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version Date NXHEhRAAE IR
k7~ 1.0 2021F118 kRS
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iEAFFE MEDITECH T
ERERNT RER (X
HRARSS 23S, MURIRS 28
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SREET —NES, FEERIREAREZFNIZEITZ> MEDITECH %7~
T EF3IE MEDITECH TEfE, SHEEAR IOP EXXKAJRE
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&N 5 NetApp ZFHIBA

ARSSEIF B

ENER
BTHBAXSIXEFIREENESER, BS R XALEMs:

* 3XH FC Cisco I&IFi&1T8Y FlexPod #IEHCrs

"https://www.cisco.com/c/en/us/td/docs/unified_computing/ucs/UCS_CVDs/flexpod_esxi65u1_n9fc.html"
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"https://fieldportal.netapp.com/content/248456" (FBE NetApp F =)

* (&AM T MEDITECH 1%/ NetApp MIREEEN) o

49


https://www.cisco.com/c/en/us/td/docs/unified_computing/ucs/UCS_CVDs/flexpod_esxi65u1_n9fc.html
https://fieldportal.netapp.com/content/248456

"www.netapp.com/us/media/tr-4190.pdf"
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* FlexPod &3t X313
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* /3 NetApp AFF , vSphere 6.5U1 #1 Cisco UCS Manager ®WEH FC 776 ( MDS Z##l) #J FlexPod
DC

"https://lwww.cisco.com/c/en/us/td/docs/unified_computing/ucs/UCS_CVDs/flexpod_esxi65u1_n9fc.html"

* Cisco EfF{Rf2

https://www.cisco.com/c/en/us/solutions/industries/healthcare.html?dtid=0sscdc000283

B

T ARARIEFENEES ML EME 7 53k,
* NetApp FAREHIRMH=5 - W5
* NetApp EJTREZPIIRR S 2T John Duignan
* NetApp F=iaEIE Ketan Mota

* Cisco Systems , Inc ARG LT Jon Ebmeier

* Cisco Systems , Inc =4I Mike Brennan

(GEFF MEDITECH B FlexPod #U3ERO\EFZEIEE)

TR-4753 : (3EFF MEDITECH B9 FlexPod #EFR\EFZ155)

NetApp A E]HY Brandon Agee , John Duignan , Mike Brennan 1 Cisco 2E]#Y Jon Ebmeier

st iat]es
suranuy: GISCO

BRI BIRNTE

EIE7E FlexPod Ze¥gELht_FIZ1T MEDITECH Ifi%, BHETRBAABERSRIIERE, HEDEERNIE
E3%ZiH, &MATF MEDITECH B FlexPod #iEHR ORI T Efr REITISHERIZ TN, @?E

*  EIREHERRNE. BIERERMANT BRNAERRRBARETS, NMERRETarMZA
MEZME, NMARKEERMHZR, TIEXEFEUTAL, FERSEARSRFEANAE, MMEEK
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e 1t REo
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HEMEPLIAERIRS R, XLEREA U TR HRMRENE, HEMTRENEHIRIZNA
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* MEERERE PR RTF AR "NetApp 7 & 1 TFEERIBLR
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PRORMIME W 5518 3K, XLV SR EIEM MEDITECH &HMIECE & ZMIRXFIE MR R A A O RREE
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*IRET IR, REBEMNYT RIEFRASR, URERERKREERLRF K,
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&, NetApp Data Fabric & IR A O TE R PREIEIRE B TEE. BIEREZ MIERIEME
By, BEEEENRASHMUE, WARFMEMENEZHE EEE—HMH—NEERNHIEEER
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* 5 MEDITECH 5B BT aRE—%
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Cisco #1 NetApp # LR FlexPod fER ARG LS, BRI, FUERIE, BiE, B, 5%, Ay EER
ZFERNTEE. Tieft:

* * ERRUERM,  * FlexPod ARSI MIELIERH T ITJECERY FlexPod &R #E MEDITECH #&1R

HERMNETHER. FMEAMEIERRSES, FREENSEHN— M R—NEERTASHITIER,

ARSI RIIF AT AR, * Cisco, NetApp, VMware #1 Microsoft Windows 7RS35 28,

M%%, FEMRERFENE DL PIWITL D RIMITFNE —TE,

* * FREAREN, RIERYIT RIPIRHE, * FlexPod SEZRMBIFUNFT mhk A EH, FHIFSHITIARAVERR

PRI, LOERRFFARTHE L,

* AT ZBIRRREITRREIEIE, * FlexPod Bl ZREMNEEER, BERE, NARREFNELM

DRV RITAT A AN EX S I0IE, LT MEDITECH ZEF 4L,

ZI63FHY FlexPod ZEMF1 & 1EL4F

FlexPod 2 —RREIERVEIEROMRS R, AHREREHNHZEMEN, AIRNRY BLUAEFEMERKI TR
HER, MASKMREFEAEREH, BIFAE FlexPod 2244, LHARRFSRAIIZH FlexPod LI, B

* * MEEER] A E MEDITECH TR HER, * RIEER MEDITECH BHEREREZER, FAILUHNEFRRR

ONTAP F &R HBIEFAER 1/0 FIERER,

* A RMEATRIMENIGRBIEE K. * AIHRESST REMIL (VM) , RSBNEHEEE, MARES
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RETHER, AR EIMCEMIRIDZEE EIENEIHFE TCO , XMEMRMERS TEE, it

FiEEUE, FRIFIA MEDITECH B4HiE=1EaE,

**BRRXPL, * FAETEXRZRWRAITCIIERN TS, AR DI SHET, HREBRNHE

R FF SRR TR R IE,
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Customer*
98% of issues

Customer contacts vendor
who might own the issue

solved with first
l vendor

Cisco Technical

NetApp Technical
Support

NetApp and Cisco work

Support . )
cooperatively to resolve issue

endor assists customer to
open cases with other
vendors if needed

If cross-vendor support cooperation required

i l

Cisco Sypport NetApp Support Cooperative cross-company
Escalation or Escalation or engineering and development
Engineering Engineering efforts

*Valid customer support contracts with all companies required

FRT XL E 2SN, A MEDITECH /R ZEM FlexPod #IEF O#ERME N AHSE N MEDITECH EHR T
ERRE TR EMS.

Cisco Unified Computing System

Cisco Unified Computing System ( Cisco UCS) B— 1T BEREMRNEERRMNAS, A— 1 EIERAR, ZE
B 55— 110 BRI EE, N7 EEMENEBRERIBANXRESERES, EHTF MEDITECH IFER
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ZARFAUMBA—IHZNBIERE T, XEFERTABREHT BIIZNTIA RS VA, VIZRIRS:S,
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RIGEWNIB . EERRSGEF, LUK FC &R UL EEIEERENRIEEENZEE LM, Cisco
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AN B AT
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BYE R AETIE], BARS L E X SRR S 2R X B R R BHIT & EHIE(E, BIaERERARS 228
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%5, MEFEXNTAYIEEE,. BT HEFRNRSSHFRELEERM,
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©  EMZREEYT R, BiIME, SRBENER, BN B, SRENSEREIFESMAEIE
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, USEMES XRENAEFNREERE.
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BYa]#] IOPS . ONTAP X #F£NEFEIESEMEEE, rIeliEHE MEDITECH EXRMREEFEFE S, NetApp A
FINR AL EIRTS MEDITECH BYIRIEFIAME, RIA{E/N MEDITECH B F BSR4 REFMINIEE /], XEXIE
IRBUREY MEDITECH iIZERI X, BEE—NEETLIEZ NS, NetApp RAEEA LIBE=SIEEFIR
BEFE, Ltk4h, NetApp RZHEEILUIEA ONTAP QoS M T fEfa iR RRIERERE, MR/ IERERIRL,
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Hftth NetApp FAS mAR5IFTEBNSHIIEESE. 2NFTFS ONTAP FIXMHEIAS, @IITIkMAes
ONTAP B4 RE, NERNEFFERHMIRE —BBRIEEMS IOPS .

© > FENE, C FIRAESHIEMPR, NetApp FlexClone BUEE A, LEESE, SCREIBG R, HEEEH
, FREECE, MEBAESLUEMER.

NetApp EE HIEMIFRAITE NetApp FlexVol B EIEM D EPIRMRFES HIEMIEF. MAEH LR, EEH
ERER=MFRES IR, MMXIE FlexVol BB 7D B PFEM—IIIR,

EEHIERPRINIERS, HET FlexVol EHEIEM DS ENXHRA LIETT. ERNAEFER;
Fitb, ERILAEREXER NetApp RENERIN BZFERNEIEH#HITES HUERPR. BoILEEEEN
EMRIBRIEASCELHFZIETT (M ONTAP 8.3.2 Fi8) . BHWAILIKEEANGEHIZETT, EUUKEEER
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TEESRT NetApp EEHUERFERS RS IH TIERE,
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. Deduplication General Data
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Metadata : Metadata

**NETERRE, * 8B FlexClone ThEE, &L FrILIENRIEIERZ, UXFEHMNAIFERT. 6
BRTENE, XERESORESEHE,
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BT, SRt—EERNESERSMNERER, LIRSHIErI WHFRAZR D, SIMEEIRRE
I AREIERIPAZ 2 M. NetApp 5 Amazon Web Services (AWS) , Azure , Google Cloud
Platform #1 IBM Cloud Cloud Cloud Cloud Cloud Cloud 18R, AR HZR%ER,

TEIERTIERTF MEDITECH T{EfEHY FlexPod 2244,

Purpose-Configured
FlexPod Cluster

MEDITECH File, o
Transaction, and MEDITECH Application,
Data Repository Proxy, and Scan Archive II
— l I Servers Servers
More compute
Higher performance \ / Less storage
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P

MEDITECH Background
Job Client Connection,
Print, and Web Servers

N

DP/ Backup

3

Less compute
More storage

T
(LLEF] i
& |

= CPU
e Memory
mmm Capacity
el === |OPS
Entry system
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MEDITECH #iR

Medical Information Technology , Inc. GEE#A MEDITECH ) B—REAUFIFEEEMNUEAT, 7
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TEARIREHE. EEWECREERBRFAORITES, &H, &Y, XREMAER,; BRAFER, UK

FiR, SENEEEIAEE.

ISR ZIT4E MEDITECH 3R SIHFRIT 2ThEE. MR AR 7B XX 72/ MEDITECH IhAESRVIFAR(E
Bo Meditech NAREFFEES T VM KZHXETNEE, BEEXENAER, BS MEDITECH BV,

MERRZRERE, XTENEE, FiE MEDITECH R RAMEE— NP HINUBE AP LREIE
Ff. Meditech BB B ST B HRIERE, ZEIEEER Windows #1FFR 5.

bridgehead 1 Commvault @ MR PRGN BER, ¥HIE@EE NetApp #1 MEDITECH BYIAIE, ZASXXEAR=TT
BXLEFNDNAEFIIE,

AXHENEEERE, £ FlexPod #t% (ARS32B8MTFAE) AEHZIRE MEDITECH HiERERYIEREIXEH R R LUK
EHR EHREHER,
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Meditech R ERS 2R, MEHEEEG, BN BEEREFHIRERS; E2, SHEMZEEERNEINAE
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Ef) " (EE NetApp BER) o
* 2 MREERMMELEISE,
BEXIFMESR, B8 "TR-4190 . (iEFHTF MEDITECH IF1EHY NetApp FIIREEAEND "

* f£/A NetApp SnapMirror H AR EPFIARMEIRE EK,
* &M NetApp 1ZEZBEFER.

ATRET—NEERS, EFESEMRNESERELR, HIIH T EMMEMIRMEEAAAR A LR &R X
fE RIS,

mLE

TEZETT MEDITECH &8 32 Gb FC/40GbE 1R$ME,

Cisco Unified Computing System 10 GbE only
Cisco UCS 6454 Fabric Interconnects 40 GbE only
SFO Interconnect

Cisco UCS Blade Rack Mount Servers

32 GbE FC

Cisco Nexus 9332PQ

NetApp
AFF A200/300

Cisco MDS 9132T

BIRAER "EIRFIERTAE (IMT) " BIEREXFHAIEMRANIREFME M. FTIHAIR "Meditech IEIRFNA
" FUIH T R TS =M AP e AR BB A ZRADBE A A AR AR

"R EMZRAERE.

BhtZRECE
R
EECERMIRMZ AT, SR LT MEERE:

* [FAmOEEMEINFEO@EE ( Virtual Port Channel , vPC) MISIREATERERMFEDREH, MM
Eat e A AR

> \VPC FBF Cisco FI #1 Cisco Nexus #4128,
o SMNRESREEEEIMMLIEZEOE ( Virtual Network Interface Card , vNIC ) , HE @ RRiEEE)
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F—WKEM, 7E CLI Z[B){ER NIC PEHZRILIMITR.
c BPIRSBEAEEEMTN L ERS (VHBA) , H55—MKREMBIITRIERE,
* Cisco UCS FI SRBENEENXIHEVIRT, LUER vNIC shEEIE ) BT 1R o

iR
HEEREMIMZ R, DRI EER:

* FfEmOEO4 (ifgroups , vPC)
© BRI NOK-A B9 10 Gb HEES
* EIEEITHA NOK-B B89 10 Gb FERR
TRERE (E5h - WHHE) -
° 1 GB EIBEIMA NOK-A FIFEER
° 1 GB EIEIEITHA NOK-B RYFERR
* i@id Cisco MDS RIEHSLH 32 Gb FC ixEimiERk; BT 2N EiEF S X
* FC SAN Bapal eI TKREITE; IRSEIM AFF FEER LREMNBIEFHI LUN Bap
* Fi8 MEDITECH T Hi#f#EEE FC LUN L, X LUN HEEFiEsH ST St

7|

ENEREF
AT SE LU TR
* ESXi &3ETE Cisco UCS T1K RSS2
s BREHEE VMware vCenter (B vCenter FEMFRE £41)

* B7F VMware vCenter & EEH T A1 VSC
* BACE NetApp £8F

" F3K: Cisco UCS J1F NRSZ e F A ELE, "

Cisco UCS JT]A RS 25 N3N ACE

&M T MEDITECH B FlexPod B ER MY ERBHEINEE. RAFRFERHE
AT IRGRIENMRE, Cisco BINERASZATIF RS 28,

AMRYIRME T B X MEDITECH AR E FlexPod MIEMBRIES. EATH, RIMEHENB—LSBLUK
—Ef), LU FlexPod EEEFH Cisco UCS HETAER. AEMNAIRAHE, REBRHOREY

FlexPod ECE#H{THIZE L%, HEMAHL "EH VMware vSphere 6.5 Update 1, NetApp AFF A Z&%I|# Cisco
UCS Manager 3.2 BSR4 BB ZER FlexPod #3EHL"CVD o

Cisco Nexus 3B E

NIRRT REE T —X A Cisco Nexus 9300 AT LIKMR M. SN IRIBHPFTR XL AL "HLLE"
#8493, Cisco Nexus EeE B BN TR/ MEDITECH MNAREFMILUAKXMRE,

. RRAERENSAE, BTN THSERL I LEELRRESK:
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spanning-tree port type network default
spanning-tree port type edge bpduguard default
spanning-tree port type edge bpdufilter default
port-channel load-balance src-dst l4port

ntp server <global-ntp-server-ip> use-vrf management
ntp master 3

ip route 0.0.0.0/0 <ib-mgmt-vlan-gateway>

copy run start

2. FR2RBEBERAES MR L ARG EEE VLAN !

vlan <ib-mgmt-vlan-id>
name IB-MGMT-VLAN

vlan <native-vlan-id>
name Native-VLAN

vlan <vmotion-vlan-id>
name vMotion-VLAN

vlan <vm-traffic-vlan-id>
name VM-Traffic-VLAN
vlan <infra-nfs-vlan-id>
name Infra-NFS-VLAN

exit

copy run start

3. IEMEREY (NTP) 2&#EO, WEE, ik@ESEMRONERLHITHRIERRR A8 VMware

vSphere 6.5 Update 1 , NetApp AFF A &%!#] Cisco UCS Manager 3.2 FIR AL @E &R FlexPod
#IBHIL"CVD 6

Cisco MDS 9132T Ei&

Cisco MDS 9100 %! FC 34/ AT7E NetApp AFF A200 5§ AFF A300 $541I325 Cisco UCS BRI 8]

1Rt 32 Gb TR FC i&E#, ENIRIRPAmRERX gLk "Lt E" 35,
1. NE MDS ZTHNANERI & £, BT TR UBRRRAS =PTERNTEE:
configure terminal

feature npiv
feature fport-channel-trunk

2. $%FFR FlexPod Cisco MDS SR BHHRES MEL, MOEEFIHEA A FC Cisco WIFI&HHH

FlexPod ##EE L\
3. ERNMRRAZCIEFMEMNEINSAN (VSAN) , EE2BRBEX TERUTSE:
a. 3F Fabric-A MDS 34, BT &<
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vsan database

vsan <vsan-a-id>

vsan <vsan-a-id> name Fabric-A

exit

zone smart-zoning enable vsan <vsan-a-id>
vsan database

vsan <vsan-a-id> interface fcl/1

vsan <vsan-a-id> interface fcl/2

vsan <vsan-a-id> interface port-channelllO
vsan <vsan-a-id> interface port-channelll?2

LRAEMITHNROEERS EEEASEXEEES MR, WknOEEMRAN IR,

b. 3tF Fabric-B MDS 3##l, BT TH<:

vsan database

vsan <vsan-b-id>

vsan <vsan-b-id> name Fabric-B

exit

zone smart-zoning enable vsan <vsan-b-id>
vsan database

vsan <vsan-b-id> interface fcl/1

vsan <vsan-b-id> interface fcl/2

vsan <vsan-b-id> interface port-channellll
vsan <vsan-b-id> interface port-channelll3

LREMITTNIROEERS EEEASEXEEER MR, WknOEEMNRAN IR,

Z;F.F%’l\ FC #Hl, BEASEXHEPHNFAEEIRIRENR, UEEAEREFEVMIRAE MR

EHo

&G, FRESE 4 P AEN MDS KIENSIERMNIZESIZEIE FC X, INTFFR:
a. 3F Fabric-A MDS Z#i#l, BT &<



configure terminal

zone name VM-Host-Infra-01-A vsan <vsan-a-id>
member device-alias VM-Host-Infra-01-A init
member device-alias Infra-SVM-fcp 1if0Ola target
member device-alias Infra-SVM-fcp 1if02a target
exit

zone name VM-Host-Infra-02-A vsan <vsan-a-id>
member device-alias VM-Host-Infra-02-A init
member device-alias Infra-SVM-fcp 1ifOla target
member device-alias Infra-SVM-fcp 1if02a target
exit

zoneset name Fabric-A vsan <vsan-a-id>

member VM-Host-Infra-01-A

member VM-Host-Infra-02-A

exit

zoneset activate name Fabric-A vsan <vsan-a-id>
exit

show zoneset active vsan <vsan-a-id>

b. XF Fabric-B MDS #i#/l, izfTAFa<:

configure terminal

zone name VM-Host-Infra-01-B vsan <vsan-b-id>
member device-alias VM-Host-Infra-01-B init
member device-alias Infra-SVM-fcp 1if0lb target
member device-alias Infra-SVM-fcp 1if02b target
exit

zone name VM-Host-Infra-02-B vsan <vsan-b-id>
member device-alias VM-Host-Infra-02-B init
member device-alias Infra-SVM-fcp 1if0Olb target
member device-alias Infra-SVM-fcp 1if02Z2b target
exit

zoneset name Fabric-B vsan <vsan-b-id>

member VM-Host-Infra-01-B

member VM-Host-Infra-02-B

exit

zoneset activate name Fabric-B vsan <vsan-b-id>
exit

show zoneset active vsan <vsan-b-id>

Cisco UCS EdE&f5m

fE/9 MEDITECH &/, &R ARIAMES, FAEMITE UM EH L SREIZRRAENR, UERBENKES
KREHFIR, CUEXLRBNRIRG, FTURBXERBEAERASEIRSEEXAH, LUERN Cisco 1A TARSS

67



BONERIRS B[R E—H, TEE, TRHERENIHE,
Cisco UCS 1T =#E&EIE Cisco UCS RZ&M A%, FRAE:

* Cisco UCS Manager HTML5 B2 P R &
* Cisco UCS 21T @
* IEATF ZIHIFIER Cisco UCS Central

TEIERT Cisco UCS Manager F SAN 1 2 REEHERA.

"dee UCS Manager

@ m % m R

& W

EAREEER, AILUGEIRIA Cisco UCS 15, LUETEEER MEDITECH ThaeH 4R 7| LM E R B FHEE

o

FAEERINHELSHIBERONEERHEIZITH, Cisco UCS Central FEi& B2/ 2 FHRSECE X4 LR
ENEWVAENZEN—EESELIES XBIER.

EiGE Cisco UCS ItHEF A&, 1AM TidFE, 7E Cisco UCS 5108 AC JTIH RS 28# %%k Cisco UCS
B200 M5 JJA ARS8 E, BRITUTESE. I, BESBASHRNALERBITRS "HLE" 5.

1. % Cisco UCS Manager B H%&EI 3.2 (2f) HESRDS,

2. BEEERIIRE, Cisco BENERINAEN NTP I8 E,

3. EEEEMEY LEC B RS 28 F L1 THERR IR O,
4. fRENAELIERE,
5

- QIEATFHINSIERHbHE Y, BAME—FRISAT (UUID) , MAC #blt, ARS3EE, 2IKEATAEMR (
WWNN ) fle@RimO&# (WWPN) .

BIEZ LKA FC _ETHERR IR @B VSAN -
- 79 SAN &R, WSKIEH|, IRSFIJ/MITMIAE, BIRITH], ARS328 BIOS SIRERES FERINLER.

N o
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8. Bl vNIC # vHBA &R,

9. 8l vMedia 1 FC BahkE&,
10. A§1 MEDITECH F &R SRS ELE X RAR AR S B B S 1o
M. BARSERE X SR T]F TUARSS 28818 XX,

BX N FlexPod B2E Cisco UCS IRBEEEXHHE N XBERNIFALTE, 5EN "FH VMware vSphere 6.5
Update 1, NetApp AFF A &%IF1 Cisco UCS Manager 3.2 BIR LA @iEZ(ER FlexPod $3E40,"CVD X

o
"F—#: ESXiBREHRERK. "
ESXi ECERIERE

XTF ESXi EWmACE, RRizTRAEVEEEIFAZENASINEE VMware 41

* IEFF VMware vSphere B9 VSC 210EHISERIEE NetApp FERFAR ESXi TN ZHFIKE HBA 8
IR E. VSC IREMEET NetApp BI &AM o

* BIRIEREGFMMEE, 15EBEAXIF VMware vStorage API - [EFIER (VAAI) WIFMEREE, ERATF
VAAI B9 NetApp $EE2— MR, T©ERT ESXi TH EREMN VMware EBINEERE, &Z VMware
VAAI 346, AR LS MY A ENE ZZERES o

e ATERE SRS ATIE G EC BB IRFES, LU ESXi EN LM TEHE, BIZAREEINGEN=IE
?E%IJJ%EEH?ET% VSC 12ERMERE. R LAM NetApp 25w FRIEH RE B HIREULIE I RER
8o

VSC FIig & ESXi EMBEY, ZHIFIREM HBA BIISE UNEME, USSIMREMREHMINIT NetApp
BT HIZR B THIERS TS, BRI T S BI(E:

a. M VMware vSphere Web Client EFITEH, %E#F vCenter > EH1o
b. ARPELEENEN, RAEEFIZIE > NetApp VSC > I BERINE.
C. 7£ NetApp BIGGEIIEER, MEERESENARKNE,

AINER T RIRENERIE.

nmmm Seftings {x

(] HBAICHA Adapter Seltings
Sels the recommended HBA imeout settings for MetApp storage syslems
[ MPIC Seftings

Configures prafarred paths for Netapp storage systems. Determines which of the available paths are

optimized paths (as opposed to non-optimized paths that traverse the interconnect cabie), and sets the
preferred path to one of those paths

] NFS Seftings
Sets the racommended NFS Heartbeat setlings for Netapp storage systems.
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73 MEDITECH BRI 1R ERZ R NetApp TFE(ER S A AMEXMEC B PRIFEETIEE. DN
B FC B EiE M MERI 28R H4s MEDITECH BUBERS 28, LEZE AR EIm
ERISEEE, UEEESRFREYSFENRERF A H.

ONTAP ECE

AT AERIEX ONTAP SIS EMNREIRTA. ERRETMRER UL NetApp BINHEHH

B, EZhEERER AMEGIZEN. ONTAP NEEREZ ——BEBEAEMIE S BIENER FHITIER
TR

ONTAP IFA]IE

REFEIETIERE, MAFRELS B NetApp #iY#7 ONTAP IhgE, MEDITECH T{EfAERIIFRIIEEE FC
, CIFS #1 NetApp Snapshot , SnapRestore , FlexClone , #1 SnapMirror 2R,

ERCEFAIIE, IBFTFF NetApp ONTAP R4EIERE, BERE T ONE, ARRIMMERAYF A,

&, WAILERSGLTREEITU TS RANIFRILE:

license add -license-code <code>

AutoSupport it &

NetApp AutoSupport TR A@id HTTPS [ NetApp AXHEELIFES. EBLE AutoSupport , IFIE{TUT
ONTAP &%

autosupport modify -node * -state enable

autosupport modify -node * -mail-hosts <mailhost.customer.com>
autosupport modify -node prodl-01 -from prodl-0l@customer.com
autosupport modify -node prodl-02 -from prodl-02@customer.com
autosupport modify -node * -to storageadmins@customer.com
autosupport modify -node * -support enable

autosupport modify -node * -transport https

autosupport modify -node * -hostnamesub]j true

I mBRERE

AR L, BREFHERE, UEERERFISRSENRR TR AEMEERREMFINE, BicE
BHHENRE, BT R:

1. FLLT ONTAP &SiEfTEI xxX o

B E TS B N prodl-01 WEREHROM IP ok,
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MEDITECH: :> storage failover modify -node prodl-01 -hwassist-partner-ip
<prodl-02-mgmt-ip>
2. 3% LU ONTAP &3 $iEfT5) xxx

BRI EEITISE N cluster1-02 NERiROR IP ik,

MEDITECH: :> storage failover modify -node prodl-02 -hwassist-partner-ip
<prodl-0l-mgmt-ip>

3. IBTLAN ONTAP &%, 7E prod1-01 # prod1-02 HA 5283t Lo REHHENIEE,

MEDITECH: :> storage failover modify -node prodl-01 -hwassist true
MEDITECH: :> storage failover modify -node prodl-02 -hwassist true

"F—%. BAEE, "

RAicE
NetApp RAID DP

NetApp ZiSU& NetApp RAID DP % AR{EI NetApp FAS 5{ AFF ZZFFRER AR RAID 28, 6iEEM
NetApp Flash Pool &, Meditech X#HRIGERTEEEA RAID 10 , {8 MEDITECH Bt/ RAID DP,

RAID £HK/)\fl RAID A% =

AIN RAID BARNA 16 o AN FHRE LS MEDITECH ENMNREFGERREN, ARREREN.
BX NetApp ZITE RAID HPERRHEHRE, 55N "NetApp TR-3838 | (FEFARAEERER) "

RAID AR/ FFET RIFEEE, EN NetApp BIWERHE RN —IREH, ZREGEE— 1 HSZT5
RAID AX/VESHHEELE, RAID ARVREEUR THIEHEZRIEREN RAID BRIK/)N. BHEFPMHIEUEHRE
&, 15/ NetApp System Performance Modeler (SPM) MELETEH, WEHIEHEHRER, B
RAID X/, LURHEREHEHRERES MEAEEER RAID AX/NEICEER.
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* PNRIETE ESXi PMERRITBEF S HIIEMNY ( Challenge-Handshake Authentication Protocol , CHAP )
HITEREMRIIE, NERTIE ONTAP A EH#HITARLE, FRAMPITHRME (vserver iscsi security
create ) Y NetApp ONTAP R4 EIE2: (£ "Storage">"SVM">"SVM Settings">"Protocols">"iSCSI" 47
EEEFTEMN) .
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7£ iISCSI SAN F&hH, AE1 Cisco UCS fREZ 2 D ECA N iSCSIVNIC (81> SAN REEH—1) , LUEERE
FEFENEMIIEPIRHSIERE, REIFEEER Cisco Nexus 3T MITZMEIHO E2A F1 e2e B HAIE—iE
, FeR— M RaAEO4 (ifgrp) BZiERE (FELLRFIF ada) . iSCSIVLAN 7£ igroup 683, iSCSI
LIF £ iSCSI iM% (fElt =I5 a0a-<iscsi-a-VLAN> ) 67, iSCSI Bz LUN &g iSCSI LIF /48
igroup AFFLA RS 88, WA N A FENARS2ZIFRED) LUN . BXIEOH LIF %6F, B8R TE,

) L T I i I 1 i
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Node 1 Node 2

5 NAS W£&ZOARE, SAN WEEOKREENELEREHEFHITRERS. Bk, MRMLZZEORTA,
M EHREE— MR IR RIGR AT ARSI, ALUA Z NetApp 2 —MinE, AIRMEEX SCSI
BRRIES, MMEEVREBHE RIEFERRZ.

FEMENIEEEE

NetApp FEFMER I A E—BERTFIT AL, FIENE RN ETIEAFRITESSUERER, U@k
B R AE I SR AR E A H = X AF 8/ VSR 1/0 o ONTAP 2L S ES IR, UNENMEE%
HEESE,

EEHIMER LI ES HIERRMME, S LUN #HITHEBERE. RE VM BER{IAA LUN SR TEE
ENARE, BESHENRTANTESREFEFURTFEMER, NetApp BIVEZE XL LUN ZFEE
FlexVol &1, XLEEMRBERBIRE, HAER LUN A/NBIRE, XEEFE LUN i, FlexVol H&{X7 Y
%, LUN 5 BMEHESTE FlexVol EREFFBESHHITIRS,
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o Eitt, HBERT, EREHEITRIEERONEE (FISER) , EBMEMIETT, R OELIEHE
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Quality of service

i51T ONTAP BB R A AT LUER ONTAP FEIRESFREEERRHIEHE (LIEFIKIER (MBps) HE1I)
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ARBENITEREE, WA LUERAXERESNEHITRE, b, EIFET I0PS NRRARSZHA, LUE
77 ONTAP FIRY SAN X RIZHARE —EHIMERE,
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HNRELE
NetApp SnapCenter FiF VM fIEIEES1. NetApp EBINKAU T &M E&RELE:

* B8 SnapCenter LABI3ZAFHIDEY Snapshot &IZsBY, EXHEEE VM FN BIEFEIED FlexVol 89
Snapshot 1t%,

* AEHNEEN LUN 12 %L A FlexVol o
* WEBHEFERER VM EREMERE D SR,

* BN IEAHER GRS E NSRS, FIa0, XNFAESIERELIEA R EAEMAIRES, WEERE,
Web fk358%, &RELAF EMNEESERRERRES,

* 1£ SnapCenter F /2 B &{DIIE,
* BeE¥ 19 Snapshot BlZs)314E] NetApp SnapVault FFRRG =,
* IRIBVIIRIEEEE LR ESHRE.

B2 R (ESCER

WK B (E LR

NetApp 2K LTS ez ESE:

103



* BRENRRRESRATEFNEHAENTRYENIC
* NItEMEFHEZIER ISCSI, NFS #l SMB/CIFS jRZ53% VLAN .
* BRENRFZLE—NETH VLAN , BFEFRLRETIRERES.

&8 LATE FlexPod EREZRIEIHANEEBIsf P B MK RIEL K.
TR ERERE
NetApp BINERAUTITERELE:

* RS MEER vCPU & —MIEZ 0 3 5o

REMUER ST
NetApp ZIFA LT B aR{ESSEL:

* f£/A VMware vSphere 6 B E SRS,
* ¥ ESXi MRS 28 BIOS HIRI1ERLAEIKE S Custom Controlled — High Performance
* FIESIEETER B

EFTERRARELE
BES NHBETT RS RFH A T RESLRAM —LEEK:

* EDIEFERENAT.

* 1R vCPU BEFTHIE CPU M &,

* MEIMRIRAK, WEZELZH VLAN,

* ERATA HASEEERIEE VM

* stk VM OS VMDK HEEEIRIRE 1 BEMHEF.
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* EAFA VMware API N&EMHEAR; &HBTEINEESEFIEIZSN,
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BAER
BTHRAXEXEFIRMERNESER, BERMT AL :

* (3RHE Cisco UCS 480 ML 89 FlexPod Datacenter for Al/ML 3R E 3 S)i&1tH15RT)

"https://lwww.cisco.com/c/en/us/td/docs/unified_computing/ucs/UCS_CVDs/flexpod_c480m5I_aiml_design.
html"

* 3XF VMware vSphere 6.7 U1, Cisco UCS SEIUXH] NetApp AFF A &%!|fY FlexPod $tiER OB At 224

"https://www.cisco.com/c/en/us/td/docs/unified_computing/ucs/UCS_CVDs/flexpod_datacenter vmware _n
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"https://www.cisco.com/c/en/us/td/docs/unified_computing/ucs/UCS_CVDs/flexpod_orc12cr2_affaseries.ht
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"https://www.cisco.com/c/en/us/td/docs/unified_computing/ucs/UCS_CVDs/flexpod_orcrac_12c_bm.html"

* I&FHTF Microsoft SQL Server B FlexPod
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"https://www.netapp.com/us/media/tr-4700.pdf"

* NetApp F=ia3ty

"https://www.netapp.com/us/documentation/index.aspx"

* ERETEMEEEZEM FlexPod (VDI) iR F R

"https://flexpod.com/solutions/use-cases/virtual-desktop-infrastructure/"
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