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Executive Summary

Years ago, most enterprises relied on batch processing to unlock the value of big d ata and achieved intelligence.

As data size and data sources grew, it also drove a demand for real - time analysis which was catered by Spark

and Spark streaming for business- critical decisions. | n t oday 6 s di g insos,lIntemet ofThngsKlbT@ r e
devices, social media, and online transactions are generating enormous amount of data and companies are

struggling to find ways how to better process this data to generate insights and innovation. This drove the next

generation of Hadoop which enables Atrtificial Intelligence and Machine Learning (AV/ML) with deep learning

allowing deep learning frameworks and faster compute with CPUs and GPUs to solve problems driving the next

generation of platforms.

The emerging trend of Atrtificial Intelligence requires large amounts of data for its training and Hadoop is a natural
fit for storing and retrieving these large amounts of data. Many machine learning tasks especially, deep learning
requires the use of GPUSs, a specialized, very high- performance processor that is massively parallel in nature. This
solution focuses on Hadoop accelerating Al natively where GPUs are part of a Hadoop cluster and are natively
scheduled by Hadoop schedulers to process massive amounts of data stored in the same cluster.

Building next- generation big data architecture requires simplified and centralized management, high performance,
and a linearly- scaling infrastructure and software platform. Cisco UCS Integrated Infrastructure for Big Data and
Analytics with Hortonworks Data Platform (HDP) is an optimal choice where world class performance and reliability
are base requirements. It is the strong foundation upon which solutions are built. The Cisco UCS reference
architecture has been designed to scale from a small starting solution to tho usands of servers and hundreds of
petabytes of storage with ease, and all managed from a single pane of glass. Cisco UCS reference architecture
also provides the customer with the flexibility an Al workload demands proving choice of server with 2,4,6 or 8
GPUs in a single server catering to different Al compute requirements.

The Hortonwor ks Data Pl atf or m-réatyDpeh-sdurse Apdehe Hadoog fiasnéwork 6 s €
for distributed storage and processing of large datasets. HDP 3.0 bring the ¢ apability of managing and scheduling

GPUs, Docker containers into Hadoop enabling Al workloads natively in Hadoop. HDP also enables agile

application deployment in a containerized micro- services architecture. Containerization makes it possible to run

multiple versions of applications for AI/ML/DL workloads. Furthermore, HDP also supports third- party applications

in Docker containers and native YARN containers.
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Introduction

Both big data and machine learning technology have progressed to th e point where they are being implemented
in production systems running 24x7. There exists a very clear need for a proven, dependable, high- performance
platform for the ingestion, processing, storage and analysis of the data, as well as the seamless dissemi nation of
the output, results and insights of the analysis.

This solution implements the Cisco UCS Integrated Infrastructure for Big Data and Analytics, a world- class
platform specifically designed for demanding workloads that is both easy to scale and eas y to manage, even as
the requirements grow to thousands of servers and petabytes of storage; and Hortonworks Data Platform, an
integrated set of tools designed to enable flexible, fast access to the entire data store , while enabling Al
workloads on servers with GPUs.

This CVD implements the following:
1 Hortonworks Data Platform 3.0 on Cisco UCS Integrated Infrastructure for Big Data and Analytics
Install and Enable Docker to be used by YARN 2.0
Enable CUDA for the GPUs
Enable GPU as a resource to the Docker Containers through NVIDIA docker v1
Enable GPU isolation and scheduling (with Docker Containers) through YARN 2.0
Downloading a TensorHow image from NVIDIACloud (NGC)

Adding trusted registries for Docker for YARN 2.0

=A =4 =4 =4 =4 -4 -4

Execute a sample TensorFlow job accessing data from Hadoop and running on a Docker container with
GPU as a resource scheduled by YARN 2.0

1 Installationand setup of the above through Apache Ambari

Caveats and Limitations

The following is beyond the scope of this CVD and therefore is not add ressed.

Docker Networking
YARN does not manage Docker networks or Docker multi- host networking. In the implementation of this CVD,
container(s) in one host cannot communicate with container(s) in another host.

1 Docker Swarm and other docker container orch estration such as Kubernetes are not supported by HDP as
they might be competing with YARN

1 This document considers TensorFlow or other Al applications in only standalone container spawned and
scheduled through YARN 2.0. Distributed TensorFlow and other framework support is expected in later
release and will be added as part of addendum

NVIDIA:- Docker
1 As of this release of Hortonworks and this CVD, only nvidia- docker v1 is supported with HDP 3.0



Solution Overview

Many companies recognizing the immense potential of big data and Al/ML technology, are gearing- up to leverage
these new capabilities, building- out departments and increasing hiring. However, these efforts face a new set of

challenges:
1 Making the data available to the diverse set of people who need it
1 Enablingaccess to high- performance computing resources, GPUs, that also scale with data growth
1 Allowing people to work with the data using the environments in which they are familiar
1 Publishing their results so the organization can make use of it
1 Enablingthe automated production of those results
1 Managing the data for compliance and governance
9 Scaling the system as the data grows
1 Managing and administering the system in an efficient, cost- effective way

This solution is based on the Cisco UCS Integrated Infrastructure for Big Data and Analytics and includes
computing, storage, connectivity, and unified management capabilities to help companies manage the immense
amount of data being collected. It is built on the Cisco Unified Computing System (Cisco UCS) infrastructure using
Cisco UCS 6332 Series Fabric Interconnects and Cisco UCS C- Series Rack Servers. This architecture is
specifically designed for performance and linear scalability for big data and machine learning workloads.

Audience

The intended audience of this docume nt includes, but not limited to, sales engineers, field consultants,
professional services, IT managers, partner engineering and customers who want to deploy the Hortonworks Data
Platform (HDP 3.0) on Cisco UCS Integrated Infrastructure for Big Data and Analytics. You are assumed to have
intermediate level of knowledge for Apache Hadoop and Cisco UCS based scale - out infrastructure.

Purpose of this Document

This document describes the architecture and step by step guidelines of deployment procedures for Hortonworks
Data Platiorm (HDP) 3.0.1 on a 28- node Cisco UCS C240 M5 cluster based on Cisco UCS Integrated
Infrastructure for Big Data and Analytics.

Solution Summary

This CVD describes in detail the process for installing Hortonworks 3.0.1 with Apache Spark a nd Docker
containers including the configuration details of the cluster. The current version of Cisco UCS Integrated
Infrastructure for Big Data and Analytics offers the following configurations depending on the compute and
storage requirements as shown in Table 1.

Table 1 Cisco UCS Integrated Infrastructure for Big Data and Analytics Configuration Options

Performance Capacity High Capacity
(UCS- SP- C240M5 - A2) (UCS- SPC240M5L - S1) (UCS- SP- S3260- BV)
Servers 16 x Cisco UCS C240 M5 Rack 16 x Cisco UCS C240 M5 Rack 8 x Cisco UCS S3260
Servers with SFF drives Servers with LFF drives Storage Servers
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Performance
(UCS- SP- C240M5 - A2)

Capacity
(UCS- SPC240M5L - S1)

High Capacity
(UCS- SP-S3260-BV)

CPU 2 x Intel Xeon Processor Scalable | 2 x Intel Xeon Processor Scalable | 2 x Intel Xeon Processor
Family 6132 (2 x 14 cores, 2.6 Family 4110 (2x 8 cores, 2.1 Scalable Family 6132 (2 x 14
GHz) GHz) cores, 2.6 GHz)
Memory 6 x 32 GB 2666 MHz (192 GB) 6 x 32 GB 2666 MHz (192 GB) 6 x 32 GB 2666 MHz (192
GB)
Boot M.2 with 2 x 240 - GB SSDs M.2 with 2 x 240 - GB SSDs M.2 with 2 x 240 - GB SSDs
Storage 24 x 2.4 TB 10K rpm SFF SAS 12 x 8 TB 7.2K rpm LFF SAS 24 x 6 TB 7.2K rpm LFF SAS
HDDs or 12 x 1.6 TB Enterprise HDDs + 2 SFF rear hot- HDDs
Value SATA SSDs swappable 1.6 TB Enterprise
Value SATA SSDs
VIC 40 Gigabit Ethernet (Cisco UCS 40 Gigabit Ethernet (Cisco UCS 40 Gigabit Ethernet (Cisco
VIC 1387) VIC 1387) UCS VIC 1387)
Storage Cisco 12- Gbps SAS Modular Cisco 12- Gbps SAS Modular Cisco 12- Gbps SAS Modular
Controller RAID Controller with 4- GB flash- RAID Controller with 2- GB flash- RAID Controller with 4- GB
based write cache (FBWC) or based write cache (FBWC) or flash- based write cache
Cisco 12- Gbps Modular SAS Cisco 12- Gbps Modular SAS (FBWC)
Host Bus Adapter (HBA) Host Bus Adapter (HBA)
Network Cisco UCS 6332 Fabric Cisco UCS 6332 Fabric Cisco UCS 6332 Fabric
Connectivity Interconnect Interconnect Interconnect

GPU (Optional)

2 x NVIDIA TESLA V100 with 32G
memory each

2 x NVIDIA TESLA V100 with
32G memory each

Table 2 High D

ensity GPU Nodes for Data Nodes

based write cache (FBWC) or
Cisco 12- Gbps Modular SAS Host
Bus Adapter (HBA)

Starter High Performance

Servers 4 x Cisco UCS C480 M5 Rack 4 x Cisco UCS C480 ML M5 Rack
Servers Servers

CPU 2 x Intel Xeon Processor Scalable | 2 x Intel Xeon Processor Scalable
Family 6142 (2 x 16 cores, 2.6 Family 6142 (2 x 16 cores, 2.6
GHz) GHz)

Memory 12 x 32 GB DDR4 (384 GB) 12 x 32 GB DDR4 (384 GB)

Boot M.2 with 2 x 960 - GB SSDs M.2 with 2 x 960 - GB SSDs

Storage 24 x 1.8 TB 10K rpm SFF SAS 24 x 1.8 TB 10K rpm SFF SAS
HDDs or 12 x 1.6 TB Enterprise HDDs or 12 x 1.6 TB Enterprise
Value SATA SSDs Value SATA SSDs

VIC 40 Gigabit Ethernet (Cisco UCS 40 Gigabit Ethernet (Cisco UCS
VIC 1387) VIC 1387)

Storage Cisco 12- Gbps SAS Modular Cisco 12- Gbps SAS Modular

Controller RAID Controller with 4- GB flash- RAID Contrdler with 4- GB flash-

based write cache (FBWC) or
Cisco 12- Gbps Modular SAS
Host Bus Adapter (HBA)
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Starter High Performance
Network Cisco UCS 6332 Fabric Cisco UCS 6332 Fabric
Connectivity Interconnect Interconnect
GPU 4 x NVIDIA TESLA V100 with 32G | 8 x NVIDIA TESLA \00 with 32G
memory each memory each and with NVlink

Figure 1 illustrates a 16- node starter cluster. The first rack (left) has 16 Cisco UCS C240 M5 servers. Each link in
the figure represents a 40 Gigabit Ethernet link from each of the 16 servers directly connected to a Fabric
Interconnect. The second rack (right) has 8 x Cisco UCS C240 M5 servers and 4 x Cisco UCS C480 ML M5
Servers. Every server is connected to both Fabric Interconnects.

ﬁ High density GPU servers have higher storage for O S M.2 drives for docker volumes on the OS drives

Figure 1  Topology

2 X Cisco UCS 6332
Fabric Interconnect

16 x C240 M5
datanodes

8 x C240 M5 datanodes

4 x Cisco UCS C480 ML each with
Compute:

8 x V100 NVIDIA GPU each with
32G memory

2 x6132 CPU
Storage:

24 x 2.4 TB SFF drives
Networking:

2 x40G
GPU node + datanode

ﬁ Each Cisco UCS C480 ML M5 has 8 x NVIDIA SXM2 V100 32GB modules with NVLink interconnect. Each
Cisco UCS C240 M5 supports up to two PCle GPU adapters with NVIDIA Tesla V100. For more infor-
mation about Cisco UCS C240 M5 Sever installation and GPU card configuration rules, goto

https://www.cisco.com/c/en/us/td/docs/unified computing/ucs/c/hw/C240M5/in-

stall/C240M5/C240M5_appendix_0101.html
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& Power requirements per rack must be calculated  since the exact values will change based on the power
needs of the GPUs .

‘& 2 x Cisco UCS 6454 Fabric Interconnects can also be used in  this reference design. For more infor-
mation about Cisco UCS 6454 FI, go to https://www.cisco.com/c/en/us/products/collateral/servers - uni-
fied - com puting/datasheet -c78-741116.html . Cisco UCS 6332 series FI supports 40 Gb end -to-end and
is a good choice for higher bandwidth and faster connections. Cisco UCS 6454 can be considered, if you
prefer to use 10/25Gb connections and get faster 40/100 Gb upli nks or move to 25Gb in the future

Scaling the Solution

Figure 2 illustrates how to scale the solution. Each pair of Cisco UCS 6332 Fabric Interconnects has 28 Cisco

UCS C240 M5 servers connected to it. This all ows for four uplinks from each Fabric Interconnect to the Cisco

Nexus 9332 switch. Si x pairs of 6332 FI s c anfouculnkportsteach. With28 si ngl
servers per Fl, a total of 168 servers can be supported. Additionally, the can scale to thousands of nodes with the

Nexus 9500 series family of switches.

Figure 2  Scaling the Solution

Up to 6 FI pairs per switch
* 28servers per Fl pair

» 168 total servers

* 11 total racks

2 Cisco Nexus 9332

4 uplink ports
per Fl pair
(40G links)

2 x Cisco UCS 6332
Fabric Interconnect

16 x C240 M5
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Cisco UCS Integrated Infrastructure for Big Data and Analytics

The Cisco UCS Integrated Infrastructure for Big Data and Analytics solution for Hortonworks Data Platform on
Cisco UCS Integrated Infrastructure for Big Data and Analytics, is a highly scalable architecture designed to meet
a variety of scale- out application demands with seamless data integration and management integration
capabilities built using the components described in this section.

Cisco Unified Computing System

Cisco Unified Computing System is a next- generation solution for blade and rack server computing. Cisco UCS
integrates a low- latency; lossless 10 and 40 Gigabit Ethernet unified network fabric with enterprise - class, x86-
architecture servers. Cisco UCS is an integrated, scalable, multi- chassis platform in which all resources
participate in a unified management domain. Cisco UCS accelerates the delivery of new services simply, reliably,
and securely through end- to- end provisioning and migration support for both virtualized and non- virtualized
systems. Cisco UCS fuses access layer networking and servers. This high- performance, next- generation server
system provides a data center with a high degree of workload agility and scalability.

Cisco UCS 6300 Series Fabric Interconnects

Cisco UCS 6300 Series Fabric Interconnects provide high - bandwidth, low- latency connectivity for servers, with
integrated, unified management provided for all connected devices by Cisco UCS Manager (UCSM). Deployed in
redundant pairs, Cisco fabric interconnects offer the full active - active redundancy, performance, and exceptional
scalability needed to support the large number of nodes that are typical in clusters serving big data applications.
Cisco UCS Manager enables rapid and consistent server configuration using service profiles, automating ongoing
system maintenance activities such as firmware updates across the entire cluster as a single operation. Cisco

UCS Manager also offers advanced monitoring with options to raise alarms and send notifications about the health
of the entire cluster.

The Cisco UCS 6300 series Fabric interconnects are a core part of Cisco UCS, providing low- latency, lossless
10 and 40 Gigabit Ethernet, Fiber Channel over Ethernet (FCoE), and Fiber Channel functions with management
capabilities for the entire system. All servers attached to Fabric interconnects become part of a single, highly
available management domain.

Figure 3 Cisco UCS 6332 UP 32 - Port Fabric Interconnect
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Cisco UCS C- Series Rack- Mount Servers

Cisco UCS C- Series Rack- Mount Servers keep pace with Intel Xeon processor innovation by offering the latest
processors with increased processor frequency and improved security and availability features. With the
increased performance provided by the Intel Xeon Scalable Family Processors, Cisco UCS C- Series servers offer
an improved price- to- performance ratio. They also extend Cisco UCS innovations to an industry- standard rack-
mount form factor, including a standards - based unified network fabric, Cisco VN - Link virtualization support, and
Cisco Extended Memory Technology.

13
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It is designed to operate both in standalone environments and as part of Cisco UCS managed configuration, these
servers enable organizations to deploy systems incrementallyfiusing as many or as few servers as neededfion a
schedul e that best meets t he Cisco@@G- Redds seoverdoffer inviestmemt g a n d
protection through the capability to deploy them either as standalone servers or as part of Cisco UCS. One

compelling reason that many organizations prefer rack- mount servers is the wide range of I/O options available in

the form of PCle adapters. C- Series servers support a broad range of I/O options, including interfaces supported

by Cisco and adapters from third parties.

Cisco UCS C240 M5 Rack - Mount Server

The Cisco UCS C240 M5 Rack- Mount Server (Figure 4) is a 2- socket, 2- Rack- Unit (2RU) rack server offering

industry- leading performance and expandability. It supports a wide range of storage and I/O - intensive

infrastructure workloads, from big data and analytics to collaboration. Cisco UCS C- Series Rack Servers can be
deployed as standalone servers or as part of a Cisco Unified Computing System managed environment to take
advantage of Cibsacsoedds uwrntiafnidead dcsomputi ng i nnovations that
Ownership (TCO) and increase their business agility.

In response to ever- increasing computing and data- intensive real- time workloads, the enterprise - class Cisco
UCS C240 M5 server extends the capabilities of the Cisco UCS portfolio in a 2RU form factor. It incorporates the
Intel Xeon Scalable processors, supporting up to 20 percent more cores per socket, twice the memory capacity,
and five times more

Non- Volatile Memory Express (NVMe) PCI Express (PCle) Solid State Disks (SSDs) compared to the previous
generation of servers. These improvements deliver significant performance and efficiency gains that will improve
your application performance. The Cisco UCS C240 M5 delivers outstanding levels of storage expandability with
exceptional performance, along with the following:

1 Latest Intel Xeon Scalable CPUs with up to 28 cores per socket
1 Upto 24 DDR4 DIMMs for improved performance

1 Upto 26 hot - swappable Small- Form- Factor (SFF) 2.5- inch drives, including 2 rear hot- swappable SFF
drives (up to 10 support NVMe PCle SSDs on the NVMe - optimized chassis version), or 12 Large - Form-
Factor (LFF) 3.5- inch drives plus 2 rear hot- swappable SFF drives

1 Support for 12 - Gbps SAS modular RAID controller in a dedicated slot, leaving the remaining PCle
Generation 3.0 slots available for other expansion cards

1 Modular LAN- On- Motherboard (mLOM) slot that can be used to install a Cisco UCS Virtual Interface Card
(VIC) without consuming a PCle slot, supporting dual 10- or 40- Gbps network connectivity

1 Dual embedded Intel X550 10GBASE- T LAN- On- Motherboard (LOM) ports
1 Modular M.2 or Secure Digital (SD) cards that can be used for boot

Figure4  Cisco UCS C240 M5 Rack- Mount Server 8 Front View
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Cisco UCS C480 M5 Rack - Mount Server

The Cisco UCS C480 M5 Rack- Mount Server is a storage and I/O- optimized enterprise- class rack- mount server
that delivers industry- leading performance for in- memory databases, big data analytics, virtualization, Virtual
Desktop Infrastructure (VDI), and bare- metal applications. The Cisco UCS C480 M5 (Figure 6) delivers
outstanding levels of expandability and performance for standalone or Cisco Unified Computing System managed
environments in a 4RU form- factor. Because of its modular design, you pay for only what you need. It offers
these capabilities:

il

f
f

Latest Intel Xeon Scalable processors with up to 28 cores per socket and support for two - or four-
processor configurations

2666 - MHz DDR4 memory and 48 DIMM slots for up to 6 Terabytes (TB) of total memory
12 PCI Express (PCle) 3.0 slots

- Six x 8 full- height, full length slots

- Six x16 full- height, full length slots

Flexible storage options with support up to 32 Small - Form- Factor (SFF) 2.5- inch, SAS, SATA, and PCle
NVMe disk drives

Cisco 12- Gbps SAS Modular RAD Controller in a dedicated slot
Internal Secure Digital (SD) and M.2 boot options

Dual embedded 10 Gigabit Ethernet LAN- On- Motherboard (LOM) ports

Figure 6  Cisco UCS C480 M5 Rack - Mount Server & Front View
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