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• The AI & Analytics Opportunity 

人工智能和分析存储项目机会



AI在液晶面板行业—AI之眼

华星光电导入了国内面板业缺陷判别的首例人工智能项目——ADC

项目（Auto Defect Classification 自动缺陷分类），实现对面板

质检环节的智能化；

在华星光电工厂的Monitor Room中，每名图片质检员每天需要面对1万张产品

图片进行检测，一名成熟的质检员，平均要花费2秒的时间完成对每张产品图片

的缺陷分类工作，同时人员需要确认缺陷是否落在线路上、对产品的影响严重程

度是否需要开立对应的生产异常单。

准确率：90%+；

识别速度：从2秒缩短到了500-600毫秒；

人工替代：140+人；

成本优化：降本超过1000万人民币；

https://tech.sina.com.cn/roll/2020-06-17/doc-iirczymk7506216.shtml



正在不断刷新对AI认知：生成式AI

NetApp’s 5+ Years AI 

Business with 100’s of 

Customers

Artificial 

Intelligence [AI]

Machine 

Learning [ML]

Deep 

Learning [DL]

Generative AI

任何使计算机能够模仿人
类行为的技术

模式识别和统计技术，随积累
经验逐步提升完成决策和任务
的能力。

使用多层神经网络和海
量数据算法，经过训练
和学习数据中的潜在特
征，使软件完成决策和
更复杂任务

通过从现有数据中学习
和训练，生成新数据Generative AI’s impact on productivity could add trillions of dollars in value to the 

global economy. Our latest research estimates that generative AI could add the 
equivalent of $2.6 trillion to $4.4 trillion annually across the 63 use cases we 
analyzed—by comparison, the United Kingdom’s entire GDP in 2021 was $3.1 trillion.

McKinsey, June 2023

Pharmaceutical companies 

use GenAI to shorten steps 

of drug discovery from 

months to weeks



AI is about uncovering new inputs and rethinking 

operations to reach new levels of productivity.  

While few organizations are realizing the productivity 

benefits of AI today, many are making the right moves.

One of the largest challenges organizations face is 

harnessing the latent potential of a company’s 

data estate. 

To do so, they must consider transforming their data 

environment and this is where NetApp can help. 

The Future of Work:

Maximizing Productivity with AI

Across 63 uses cases, generative AI 

has the potential to create 

in value though increased 

productivity across industries

$2.6 to $4.4 trillion

“The economic potential of generative AI”

McKinsey June 2023
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利用 AI 最大限度地提高生产力



AI对存储需求的预测
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The AI market can be ~30% of NetApp revenue in 3-5 years
AI storage market forecast
$B, CAGR (FY23-26)
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Note: [1] Includes storage and support revenue

Sources: (a) NetApp CSO, June 2023;  (b) 2022H1 IDC AI tracker; WW IaaS/PaaS workloads overview and trends, 2023; (c) WW Public Cloud IaaS and PaaS workloads forecast, 2021

TAM潜在市场

SAM可触达的市场
Growth Drivers for AI

 Rapid adoption of AI, increase in size of AI 

models, and increase in data

 Growth in demand and awareness for large 

language models (LLMs) – for e.g., ChatGPT

 Increase in model deployments from test to 

production

Market Trajectory

 Market expected to grow at 22% CAGR 

(FY23-26)

 Will reach $5.6B SAM by FY26

 On-prem will account for 55% of AI Storage 

SAM in FY26



Data fuels AI - 数据推动人工智能（Update）
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Data Aggregation

Data Labeling

Model TrainingModel Validation

Model 

Deployment
(Inferencing)

Data Sources
(Ingest/Signals, data 

lakes)

AI/ML Data 

Creation Flywheel

AI数据创新飞轮



数据架构不够灵活，无法跟上人工智能的快速发展

Complexity Scaling AI projects

 Uncertainty and difficulty of 
DIY infrastructure​

 Fast evolving software stack

 Scaling across multiple AI projects

 Handling multiple data sources 
especially across clouds

Data Integration Data Security

 AI Environment troubleshooting, ROI, 
visibility-monitoring​

 Support for multivendor 
technology stack​

 Outdated policies and frameworks

 Tools that find attacks rather than 
prevent them

65% of NetApp 

customers seek help with 

these storage and data 

management challenges *

* Source: Internal analysis of pre-sales requests for expertise

The root of the problem: overly streamlined and simplified data environments  
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Driving Flash and Object

FY19 FY20 FY21 FY22 FY23

Revenue ($M) 13 33.3 101 170 261
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人工智能和分析：增长最快的市场之一



Data fuels AI. We fuel data（Update）

NetApp AI has won eight AI industry awards since 2019

4 years of AI experience with hundreds 
of published documents and 30+ 
dedicated AI team members

Top NVIDIA partner, 4 years of continual 
development with NVIDIA

Over 400 customers worldwide

>50% year-over-year revenue growth

5x
Run 5 times more data 

through your pipeline.

<60 seconds
Copy datasets in seconds 

rather than in hours or days.

~20 minutes
Quickly configure your AI infrastructure 

with Ansible integration.

A Leader in Gartner Magic Quadrant 
for Primary Storage Arrays

A Leader in Cloud File Systems

A Leader in Object Storage

A Leader in File-Based Storage

数据为人工智能提供动力。我们NetApp为数据提供动力。



• NetApp AI 解决方案



NetApp AI 在2023年关键更新

I N N O V A T I O N  S T R E A M

Modernize Hadoop
Unlock PBs of storage for 

AI and Analytics

Solution Update
NVIDIA BasePOD with NetApp AI 

Reference Architecture, 

DGX A100 & DGX H100 

AI Training & Hybrid MLOps
Hybrid MLOps platform provides consistent 

experience for data scientist

Domino Data Labs and Red Hat OpenShift AI

SageMaker, Kafka, Spark

FSxN S3
Optimized workloads on Object

ML/DL Training 

Performance Improvement
NFS over RDMA with GDS 

Keeps scare GPUs processing

C-Series QLC

AFF A900 platform

pNFS

GDS

C-Series QLC

AI Training & Hybrid MLOps
Reduced cost Flash

NFS over RDMA with GDS
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2023年新发布AFF-C系列增强



边缘-核心-云无缝的Data Fabric数据流动管理

NetApp® 

ONTAP® Select
Cloud Sync

NetApp 
SnapMirror®

NetApp StorageGRID®

NetApp 
Snapshot™

NetApp 

FlexClone®
Storage 

Efficiency
FlexGroup All-Flash ArrayFlexCache

FabricPool
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在满足可靠性、性能、敏捷性要求的同时，减少了数据副本数量，降低了数据流动成本

混合云主数据中心边缘设备和物联网设备

Cloud 
Volumes

互联网

直连专线

抽取

云服务

统一存储平台

1 2 3 训练推理系统
开发测试

数据湖

……



NetApp 平台与 AI 数据管道的一致性(更新)
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AI Data Pipeline (simplified)

• Aggregation

• Normalization

• Data collection

• Edge-level AI
• Exploration

• Training

• Deployment

• Model serving
• Cloud AI (GPU instances)

• Cloud tiering / bursting

Ingest Data Prep Training Cluster Deployment Analysis / Tiering

Hybrid & Capacity Flash

FAS and AFF C-Series

Capacity & Performance Flash

AFF C-Series and AFF A-Series

1P & 3P

FSxN/ANF/GCNV and CVO

Range of price/performance packaging & deployment localities

Key

Value-Adds
File/

NFS

Object/

ONTAP S3

File/Object 

Duality

NVIDIA 
GPU Direct

SuperPOD/BasePod

Data Ops

Toolkit
FlexCache BlueXP

Object – StorageGRID



NetApp ONTAP AI with DGX A100/A800 参考架构

4节点DGX配置为例

• DGX A100/A800  服务器

• 8x A10/A800 0 SXM2 GPUs –

• 55k CUDA cores, 3456 TensorCores –高达5 PFLOPs FP16

• 600GB/s NVLink

• 8x HDR IB端口, 2x 100Gb 以太网端口

• AFF A800 / C800 存储系统

• 1x HA Pair / 4 A100 节点

• 48x NVMe SSD

• 100GbE 网络

• 独立网络设计

• 2x Mellanox QM8700 计算网络

• 200GB HDR InfiniBand

• 2x Mellanox SN3700 存储和客户端访问网络

• 100GB Ethernet （NFS网络）



C系列让参考架构可灵活配置

Starter Small Medium Large

GPU Compute 1x DGX A100 2x DGX A100 4x DGX A100 8x DGX A100

File Storage 1x NetApp C400 1x NetApp C400 1x NetApp C800 2x NetApp C800

Networking 1x SN3700, 1x AS4610 2x Mellanox SN3700, 2x Mellanox QM8700, 1x Mellanox AS4610

Infrastructure Mgt Svrs, 1x Rack, PDUs Management servers, racks, PDUs

In addition to the 4 standard configurations above, customers can now specify any number of DGXs 1-8, and their choice of an A400, A700, or 

A800. Arrow will quote pricing on this custom configuration plus the additional BOM elements necessary for the ONTAP AI integrated solution.



AI客户首选NFS数据协议

基于用户选择的调研数据

 数据类型（随机小文件和顺序大文件）

 传感器数据

 日志

 图片（激光雷达、高清摄像头）

 激光点云、地图、决策

 数据库(RDBMS/NoSQL）

应用场景
充足的
读缓存 DGX缓存能力 推荐网络类型 网络文件系统选择

数据分析 NA 10Gbe
对象存储，NFS，或其他并发读及小文件性能优的存 储

HPC NA 10/40/100Gbe IB
NFS，或其他支持大量客户端，单点存储性能优的
HPC并行存储系统

DL 256x256图片 Yes 63 million images 10Gbe NFS或小文件读写效率高的存储

DL 1080p 图片 Yes 13 million images 10/40Gbe IB 高性能NFS，HPC存储系统，高并发

DL 4K 图片 Yes 5 million images 40Gbe IB 高性能NFS，HPC存储系统，高并发，单节点3GB/s+

DL 无压缩图片 Yes 1 million images IB 40/100Gbe 高性能NFS，HPC存储系统，高并发，单节点3GB/s+

DL 不缓存数据集 no NA IB 10/40/100Gbe 性能同上, 总的性能需要满足所有应用并发使用的需求

https://docs.nvidia.com/dgx/bp-dgx/index.html#storage_scaling

https://docs.nvidia.com/dgx/bp-dgx/index.html#storage_scaling


适合海量存储的FlexGroup卷组
技术原理对比

FlexVol volumes常规卷

• 隶属单一节点，单一Aggr

• 最大支持100TB、20亿个文件

• 基于单个文件系统的管理方式

FlexGroup volumes 分布式卷组

 单一命名空间，统一管理

 跨越整个集群所有节点

 最大支持20PB、4000亿个文件

 充分利用集群内部硬件资源，实现负载均衡

 4KB文件块、分布式metadata存储，性能线性增长

/FlexGroup

/vol1 /vol1/vol2

集中管理



全闪高性能AI数据分层到大容量S3对象存储
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Before

Active data Inactive data

Private 

Cloud

Public 

Cloud
Snapshots

• 自动分层

• Zero-touch管理

• 更低的拥有成本



全面支持NVIDIA GPUDirect Storage – GDS显卡直接访问存储

GDS - GPU Direct Storage直接存储技术，使本地或远程存储和 GPU 内存之间实现了直接数据路径。
GPU 直接 RDMA 和 GPU 直接存储器，避免了通过 CPU 内存中缓冲区的额外拷贝，并使 NIC 或存储器的
直接内存访问（ DMA ）引擎，能够在直接路径上将数据移入或移出 GPU 内存，因此，所有这些都不会
给 CPU 或 GPU 带来负担。

解放CPU转发压力，大幅降低GPU和存储之间的访问延时



ONTAP+GDS实现卓越的性能表现



NetApp AI TCO评估工具



NetApp AI TCO评估工具



NetApp AI TCO评估工具



国内头部基于激光雷达自动驾驶用户

硬盘

硬盘

硬盘

上传服务器

拷贝
数据

拷贝
数据

容量存储

数据处理

生产
数据

AFF性能存储

上传服务器

归档
数据

归档
NFS/S3存储

模型训练 仿真测试

边
缘

核心1 云/近云核心2

① ② ③ ④ ⑤ ⑥

数据
传输 GPU GPU

SnapMirror
复制

现有FAS8700，用于

存放原始数据和清洗
后数据

本次项目推荐A900全闪存储，
极致性能满足仿真训练需求
参考架构：Nvidia basepod

认证架构ONTAP AI

客户仿真训练存储平台性能要求高
带宽低延时，带宽需求最终确认为
19GB/s；我们方案可以提供
33GB/s, 满足现在及未来需求。

我们现有一台FAS8700，从整体数

据流数据流转方便性的角度出发，
我们推荐集中式全闪存储架构
（Volume Move)，并且该架构符
合ONTAP AI 的官方认证。

同时，GPU 服务器之间采用高速
RoCE网络（100Gb)。

方案设计同时帮客户考虑未来边端、
云端的数据打通路径！

https://www.nvidia.cn/data-

center/dgx-basepod/

https://www.nvidia.cn/data-center/dgx-basepod/


总结：为什么选用NetApp ONTAP-AI ？

79PB
> 25x Raw storage capacity

versus competition

#1 NFS
DGX systems usage

NFS by default

Storage efficiency
Deduplication 

Compression

Compaction

Leader

validated architectures

FlexPod® 10 years and going

Cloud connected

AWS

Microsoft Azure

Google Cloud

Cold data 

tiering
Unified data lake for AI with 

NetApp StorageGRID®

Edge 

solutions
NetApp® ONTAP®

Select Lenovo

50%
reduction in operating costs

16x
storage capacity 

reduction

6x~12x
Reduction in time to develop and 

deploy new AI services



• NVIDIA DGX SuperPOD 

with NetApp



经过认证的SupperPOD参考架构
Storage Building Block Overview: BeeGFS + EF600
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1 Storage Building Block Contains:

2x 2U x86 BeeGFS Servers (400Gb in Gen2)

2x 2U NetApp EF600 all flash storage

NVIDIA DGX A100 Systems
20-140 systems for SuperPOD

Each system contains 8x A100 GPUs

NVIDIA Quantum Switches
400 / 200Gb HDR InfiniBand



NetApp BeeGFS Pod Building Blocks

Per Building Block Performance / Capacity

Metadata + Storage Option (Converged)

Bandwidth R/W GB/s 66 / 22

IOPS R/W 1.3M / 900K

MLPerf Training img/sec 155K

Est. Max Usable Capacity 431 TB

Storage Option (Standalone)

Bandwidth R/W GB/s 74 / 24

IOPs R/W -

MLPerf Training img/sec -

Est. Max Usable Capacity 538.6 TB

Storage Building Block:

2-socket x86 servers

EF600 storage arrays

HDR (200Gb) IB

8U rack density



NetApp BeeGFS Pod Building Blocks(Gen2)
Replicated for each EF600/SR665 building block Gen2 Building Block Diagram (8U)

NetApp EF600 
(Array 1)

NetApp EF600 
(Array 2)

Volume Configuration

Data

storage_tgt_101
storage_tgt_102
storage_tgt_201
storage_tgt_202

Meta
metadata_01
metadata_02

BeeGFS Services and 

Preferred IB Ports

(NUMA 0)

ib1 Storage Service 1
Metadata Service 1

ib7
Storage Service 2
Metadata Service 2

BeeGFS Services and 

Preferred IB Ports

(NUMA 1)

ib3 Storage Service 3
Metadata Service 3

ib5
Storage Service 4
Metadata Service 4

Volume Configuration

Data

storage_tgt_301
storage_tgt_302
storage_tgt_401
storage_tgt_402

Meta
metadata_03
metadata_04

Lenovo SR665 (Host 1)

2A

i1a i1b i2a i2b

2B 2A 2B 2A 2B 2A 2B

i3a i3b i4a i4b i1a i1b i2a i2b i3a i3b i4a i4b

Controller B:Controller A: Controller B:Controller A:

Note: All volumes are mapped to both hosts allowing for optional creation of a shared-disk high availability cluster.

BeeGFS Services and 

Preferred IB Ports

(NUMA 0)

ib1 Storage Service 5
Metadata Service 5

ib7
Storage Service 6
Metadata Service 6

BeeGFS Services and 

Preferred IB Ports

(NUMA 1)

ib3 Storage Service 7
Metadata Service 7

ib5
Storage Service 8
Metadata Service 8

Lenovo SR665 (Host 2)

Volume Configuration

Data

storage_tgt_501
storage_tgt_502
storage_tgt_601
storage_tgt_602

Meta
metadata_05
metadata_06

Volume Configuration

Data

storage_tgt_701
storage_tgt_702
storage_tgt_801
storage_tgt_802

Meta
metadata_07
metadata_08

Host Connections to IB Switch 2

Host Connections to IB Switch 1



NetApp BeeGFS Pod Building Blocks

InfiniBand (HDR)  

Direct Connects

200Gb HDR InfiniBand Network

File 

Layer

Block 

Layer

0 1 2 3 4 5 6 7

ID

SR655

0 1 2 3 4 5 6 7

ID

SR665

Lenovo SR665

Lenovo SR655

0 1 2 3 4 5 6 7

ID

SR655

0 1 2 3 4 5 6 7

ID

SR665

Lenovo SR665

Lenovo SR655

0 1 2 3 4 5 6 7

ID

SR655

0 1 2 3 4 5 6 7

ID

SR665

Lenovo SR665

Lenovo SR655

0 1 2 3 4 5 6 7

ID

SR655

0 1 2 3 4 5 6 7

ID

SR665

Lenovo SR665

Lenovo SR655

…
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高可用架构兼顾线性的性能和容量扩展

Scale Out (Capacity + Performance)

Performance / Capacity 1 Block 2 Blocks 3 Blocks …

Bandwidth R/W GB/s 66 / 22 132 / 44 198 / 66 …

IOPS R/W 1.3M / 900K 2.6M / 1.8M 3.9M / 2.7M …

MLPerf Training img/sec 155K 310K 465K …

Est. Max Usable Capacity 431 TB 862 TB 1293 TB …



EF600提供超低延时下的超高带宽
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EF600  HPC 超算架构下 NVMe 极低延时下性能输出. 

One EF600 with 24 SSDs Delivers

44GB/s
throughput

50M IOPS*  250us avg latency 

Delivering the Data 
Bandwidth

2M
IOPS*

2
5

E
F

6
0
0
 

S
y
s
te

m
s

raw capacity

250µs
latency

1,100GB

* 4K block random reads dual parity



全面支持NVIDIA GPUDirect Storage – GDS显卡直接访问存储

© 2022 NetApp, Inc. All rights reserved.  — NETAPP CONFIDENTIAL —
Source:https://developer.nvidia.com/blog/gpudirect-storage/

提升带宽

降低延时

提升训练速度
ML / sec

解放CPU转发压力，大幅降低GPU和存储之间的访问延时

BeeGFS并行文件 + 200Gbps IB



国内首个SupperPOD成功案例

Infiniband HDR

Storage Build Block-1 Storage Build Block-2 Storage Build Block-7

4X200Gb HDR 4X200Gb HDR 4X200Gb HDR

合计横向扩展7个Build Block

AFF A250
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