IBM LinuxONE

A portfolio of hardware,
software, and services for an
enterprise-grade Linux operating
environment

Marcel Mitran — DE, CTO IBM LinuxONE
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°~ Enterprise-grade Linux
The best of

ENTERPRISE COMPUTING

« Dynamic Resource Allocation Freedom & Agility

« Non-Disruptive Scalability Standards Based

« Continuous Business Availability Speed of Innovation

» Operational Efficiency Developer Productivity

» Trusted Security Community Collaboration
» Data and Transaction Serving Quality of Software
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IBM LinuxONE Announcements - August 2015

IBM LINUXONE SYSTEMS Open Source & ISV Ecosystem

IBM LinuxONE IBM LinuxONE
Emperor™ Rockhopper™
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m LinuxONE — Under the Hood

Compose high-performance scalable applications. Dynamically and seamlessly re-allocate
resources between guests. Provide right-time analytics and powerful engagement

Linux guest

LPAR2

.mongo

HiperSocket LAN / Shared OSA

Extreme Virtualization and Scale

* Hypervisor partitioning built into firmware
e Complete isolation — EAL5+
» Supports as many as 85 hypervisor instances — z/VM or KVM
e 1k Linux guests/hypervisor
* +1 million docker containers
» Hypervisor communication is via fast, in-memory TCP/IP
* Hipersockets or Shared-OSA — 3x less latency than discrete servers
» Massive dedicated I/0O — 640 power cO-processors
* 960Meg L4 cache, 5Ghz core, dual-TLBs, crypto acceleration

Super Elastic System

» Combine horizontal and vertical scaling

* Non-disruptively add/remove resources from Linux guests

* Non-disruptively add/remove Linux guests O
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LiInuxONE Is designed for large, cache-intensive

business workloads

f E Core

Latency is minimized —
all cores have equal
accessto L3, no
frequency boundaries

LinuxONE chip

(representation)

Latency introduced by (7 AN
(1) hop across multiple [ Core Core ][ Core [ Core]
L3 rings, and (2) CPU-to- bared |(E o
L3 frequency differences [ cord Li | ][ cord Li cache [ore |
[ Core Core ][ Core [ Core]
9y I ch [Core Core ][ Core [Core]
aswell cnip
E5 2600 V3 \H Core
(representation)
Total Per Core | Total Per Core
L1 cache 64 KB : 224 KB
L2 cache 256 KB : 4 MB
L3 cache 45 MB 2.5 MB : 64 MB 8 MB
http://www.anandtech.com/show/6355/intels-haswell-architecture/10
http://www.anandtech.com/show/8423/intel-xeon-e5-version-3-up-to-18-haswell-ep-cores-/4
- o

LinuxONE also has
960 MB

per drawer off-chip
L4 cache o



http://www.anandtech.com/show/6355/intels-haswell-architecture/10
http://www.anandtech.com/show/8423/intel-xeon-e5-version-3-up-to-18-haswell-ep-cores-/4
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LinuxONE is designed for high 1/0O TEE
bandwidth business workloads

dedicated to 1/0
processing
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IBM LinuxONE™

F
________ 24 cores for both

________ business and I/O
processing

: 4 1/0O channel
i processors
: (2 PCle slots)

\_ HP BL460c Gen9 )

= 10-40% of typical business applications
processing is estimated to be I/O processing*

= Only z Systems have specialty cores

dedicated to I/O processing
/

= LinuxONE has about 80X more 1/0O channel
processors than typical scale-out servers
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cassandra

CouchDB

2x Better Data-Serving with LinuxONE

. mongoDB

MariaDB 10.1.5

MongoDB 3.0.4 (WiredTiger, no sharding)
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Single MongoDB node on LinuxONE scales up to ZTBS with
sustained throughputand FESPONSE time <5ms, while
supporting +4 Billion documents, 460,000
reads+writes/second, with no sharding required!

IBM LinuxONE™

Scaling-up with MongoDB on LinuxONE

Announcing
MongoDB 3.2

A GIANT LEAP

LEARMN MORE =

“We are committed to make MongoDB available on all major
platforms and are excited to add support for IBM LinuxONE
Enterprise Grade Linux and LinuxONE Platform. This
announcement is a leap forward for customers who want to
deploy modern, mission-critical applications built with

MongoDB and take advantage of the performance, scalability
and securlty of IBM ’s LinuxONE platform h@iware

products. ” .
--- Eliot Horowitz CTO & Founder, Mon oDB
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Scaling-out with Node.js on LinuxONE

acmeair-node.js average
“LinuxONE can scale to Up to 30B RESTful web interactions/day with Dockerized throughput
Node.js and MongoDB, driving over 470K database read and writes per second, e
while maintaining response-times that are 2x better than alternative

platforms.”
negee ¢
StronglLoop’

An IBM Company
Node.js v0.12
http://www.ibm.com/developerworks/web/nodesdk 10000.00
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Throughput jwebfhttp requests / sec)

1 2 4 8 12 16

High Performance JavaScript for LinuxONE

« Highly scalable, event-driven platform with non-blocking 1/0 IBM API Connect
» Thousands of concurrent connections with minimal overhead

« Up to 2.1x more RESTful web interactions with AcmeAir in node.js

Number of cores assigned to node.js

BAlternative piatiormB Z13 SMT:

9
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http://www.ibm.com/developerworks/web/nodesdk

7\ SOR+SOI+SOE-In-a-Box with LinuxONE

Co-located SOR, SOI, and SOE for right-time insights and powerfull engagement

TPC-E Database Aggregation Query

14
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10

Million Rows/Minute
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I LinuxONE g x86

3.1x

1 2

# Spark Partitions

Apache Spark co-located on LinuxONE drove

up to 3X faster than Spark running
off- platform on x86

10
IBM LinuxONE™

Twitter |

L) gl
SF toAa o

WebSphere

SRR
App Server _
i Business Logic
e Persistent Layer DB2

Co-locating Node.js on LinuxONE vs. x86 results in

60% Faster Response Time 2.5X better
Throughput
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LinuxONE is desighed to ensure highest
availability and lowest downtime

Comprehensive,
multi-layered strategy
includes...

Error Prevention

= Hardware and firmware designed to
protect against outages

= Built-in redundancy eliminates single
points of failure

= Extensive testing and failure analysis
at every level

= Error detection embedded in components

= Built-in automated diagnostics; problem

= Non-disruptive installation, upgrades and

Error Detection
and Correction

determination and isolation

maintenance avoids
outages

Error Recovery

Automated failover to speed
recovery and minimize system impact

Business continuity and disaster
recovery solutions — GDPS,
HyperDispatch, Call Home, etc.
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LinuxONE is designed for minimal

unplanned downtime

Unplanned Downtime of >four (4) hours on each server hardware platform (2015)

Oracle x86 10%

HP Proliant Servers 10%
Dell PowerEdge x86 Servers
Oracle SPARC

Fujitsu SPARC

Toshiba Magnia

Fujitsu Primequest

HP Integrity
Cisco UCS

ITIC survey shows IBM
2% LinuxONE had no - 0% -
unplanned system downtime
due to inherent flaws in
hardware

Fujitsu Primergy
IBM Power Systems
Lenovo

IBM LinuxONE

Source: ITIC 2015 - 2016 Global Server Hardware, Server OS Reliability
Survey
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Recent IDC study concludes clients who
leverage LinuxONE can virtually eliminate lost
productivity caused by downtime

89% 45% 94%

Unplanned Time to resolve  Productivity hours
downtime instances unplanned lost per year per
per year downtime user (}J)




A If a core fails, a spare can be “turned on”
without system or program interruption

Core0 || Core2

* Each LinuxONE server has two cores designated as spare

Shared

e Core failover (called sparing) is transparent to applications coret |
* Spares need not be local to the same chip, node or drawer \ Corea \ cores | core?

e Any core can failover to a spare

Core0 || Core2

X86 servers
do not have core
sparing
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<4 IBMLinuxONE™

O IBM LinuxONE is a better choice if...

...You're running very large I/O- or cache-intensive workloads like
database applications or transaction processing

...Your insights and engagement are time-sensitive
...You're looking to consolidate large numbers of servers
...Your software license costs are unsustainable

..Even the smallest system failure is unacceptable

...A security breach would be catastrophic to your business

...You're looking to reduce overall operational expenses
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Thank You

Marcel Mitran — CTO IBM LinuxONE
mmitran@ca.ibm.com

IBM LinuxONE

IBM LinuxONE™



N\ Extreme Virtualization with Docker®!

N
A single LinuxONE Emperor ran more than 1 Million

Docker containers
Workload: busybox httpd server (no NAT)

LinuxONE Emperor runs 2000+ Docker containers on avg

2.0x better than a compared Haswell-based system
Workload: Apache Solr

LinuxONE Emperor can host over 10k Docker containers
Workload: 4k Apache Solr + 6k busybox httpd server (no NAT)

IBM LinuxONE™
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LinuxONE
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LinuxONE
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The throughput and response-time for a single '
Linux host running 4096 containers
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Cloudant + LiInuxONE delivers o0

T 3500

DBaaS with 2x better g

performance, un-matched
resiliance, enterprise scalability, :

o
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500

virtiualization and security.
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IBM LinuxONE™
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The Do More Data Layer

w DBaaS with Cloudant and LinuxONE

Throughput Comparison YCSB read-mostly

1 3 3 16

#Cores [ #IFI

W Alternative Platform 1-node W IBM LinuxONE Emperor 1-node

Throughput Comparison YCSB write-heavy

| |I II III o

Hcor ,HIIFL .

m Alternative Platform 1-node W BM LinuxONE Emperor 1-node
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maintenance. Compared prices exclude applicable taxes, and are subject to change without notice. Competitor configuration: Eighth Unit including competitor recommended software options and features. IBM configuration: z13 platform with 32 IFLs with SMT2 enabled with 512 GB memor|

|l
"l“

1
i
qll
[
!

ﬂ BLU Acceleration v11(beta) on LinuxONE Beats Pre-integrated
Competitor in Operational Analytics 100 Mixed Workload

Standalone
Pre-integrated
Competitor V5

ot BLU DB2 BLU Acceleration
Acceleration on LinUXONE

Eighth Unit LinuxONE Faster by
Simple Reports per Hour (RpHs) 907 Simple Reports per Hour (RpHs) 5028 [ 5.5x v/

Intermediate Reports per Hour (RpHi) 15 Intermediate Reports per Hour (RpHi) 302| 20x v

Complex Reports per Hour (RpHc) 6 Complex Reports per Hour (RpHc) g| 1.3x v

Competitor Eighth Unit $3,776,901 LinuxONE (32 IFLs, 512GB memory, HW+SW+ $3,533,393 6%
(HW+SW+Storage) Storage) using DB2 BLU TB pricing - 3 yr TCA
3yr TCA at no discount no discount Lower cost

Based on IBM sponsored and internal tests comparing DB2 11.1 with BLU Acceleration on z13 with a comparably sized, comparably tuned competitor Eighth Unit configuration (version available as of 02/01/2016), executing a materiallyidentical 2.5 TB operational analytics workload in a controlled laboratory environment. :est
measures geometric average of throughput for executing 100 queries consisting of simple, intermediate and complex reports using 40 concurrent connections for 2 hours . Price comparison based on a 3YR Total Cost of Acquisition (TCA) using U.S. prices current as of February 1st, 2016, including hardwarejsoftware, and
‘ 145TB SSD storage . Results may

not be typical and will vary based on actual workload, configuration, applications, queries and other variables in a production environment. Users of this document should verify the applicable data for their specific environment.
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