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IBM DS8884 and z13s: A new cost optimized solution

The IBM® zEnterprise® z13s server is the successor to the IBM zEnterprise BC12 (zBC12)
and is the fifth member of the zEnterprise central processor complex (CPC) family. It
combines nicely with the IBM DS8884 to provide a new entry point solution for enterprises of

all sizes.

This IBM Redpaper™ publication summarizes the key features of the z13s and the DS8884. It
also reviews the synergy functions and key integration points between the IBM z Systems™
and the DS8884 that provide a world-class high availability solution, delivering extraordinary

value.

Overview of the z13s

The z13s is the latest addition to the IBM z Systems family, as shown in Figure 1.

z9 Enterprise Class

+CP, IFL, ICF, ZAAP, zIIP
-Up te 512 GB Memory

«Up to 84 GB Memory

«Up to 248 GB Memeory

z10 Enterprise Class

-CP, IFL, ICF, ZAAP, zIIP
-Up to 1.5 TB Memory

-CP, IFL, ICF, ZAAP, zIIP
-Up to 3 TB Memory

«Up to 248 GB Memory

ZEnterprise 196 ZEnterprise EC12 IBM z13
-Announced 7/2005 -Announced 2/2008 -Announced 7/22/2010 -Announced 8/28/2012 -Announced 1/14/2015
=1.7 GHz -4.4 GHz -5.2 GHz -5.5 GHz -5.0 GHz
-Up to 54 assignable cores| | -Up to 64 assignable cores| | -Up to 80 assignable cores

I
]
29 Business Class z10 Business Class zEnterprise 114 ZEnterprise BC12 IBM z13s
-Announced 4/2006 -Announced 10/2008 -Announced 7/12/2011 -Announced 7/23/2013 -Announced 2/16/2016
-1.4 GHz -3.56 GHz -3.8 GHz +4.2 GHz -4.3 GHz
-Up to 7 assignable cores -Up to 10 cfg cores (5 CP) -Up to 10 cfg cores (5 CP) -Up to 13 cfg cores (6 CP) -Up to 20 cfg cores (6 CP)
-CP, IFL, ICF, ZAAP, zIIP -CP, IFL, ICF, ZAAP, zIIP -CP, IFL, ICF, ZAAP, zIIP

-Up to 101 assignable cores
-CP, IFL, ICF, ZAAP, zIIP
-Up to 3 TB Memory

-CP, IFL, ICF, ZAAP, zIIP
+Up to 496 GB Memory

-Up to 141 assignable coresy
-CP, IFL, ICF, zlIP
-Up to 10 TB Memory

-CP, IFL, ICF, zIIP
*Up to 4 TB Memory

Figure 1 IBM z Systems™ generations

In the single frame z Systems category, the IBM z13s is the successor to the IBM zBC12.
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Table 1lists the main characteristics of the IBM zBC12 Model H13 and the IBM z13s Model

N20.
Table 1 zBC12 and z13s characteristics
Characteristic zBC12 H13 z13s N20
Uniprocessor Performance 1064 MIPS 1430 MIPS (+34 percent)
IBM z/OS® Capacity 50 - 4958 MIPS 80 - 7123 MIPS
Total System Memory 496 GB 4TB
Customer Configurable Engines 13 20
(Processor Units)
Configurable CPs 0-6 0-6
LPARS /LCSS 30/2 40/3
PCle I/O drawer, I/O drawer, Max 2,1,3 2,1,3
I/O slots per I/O drawers/ PCle 8/32 8/32
I/O drawers
IBM FICON® Channels 128 128
OSA Ports 96 96
IFB host bus Bandwidth, 6.0 GBps (IFB), 6.0 GBps (IFB),
PCle Bandwidth 8.0 GBps (PCle Gen2) 16.0 GBps (PCle Geng3)
z Integrated Information Processors Upto 8 Up to 12
(zlIP)
Integrated Facility for Linux (IFL) Max 13 20
Internal Coupling Facilities (ICF) Max 13 20
Capacity Settings 156 156

The z13s features the following major improvements:

» With 4 TB of total usable system memory, it includes eight times more memory than the
zBC12 (496 GB).

» Processor performance for the z/OS Uniprocessor is up 34 percent; 6CP performance is
up 43 percent.

» Although the zBC12 is a scalable symmetric multiprocessor (SMP) that can be configured
with up to 13 processor units that are running concurrent production tasks, the z13s
supports up to 20 processor units (PU).

» The z13s, as with zBC12, supports a PCle and InfiniBand (IFB) I/O infrastructure.
However, the PCle bandwidth is doubled in the z13s by using a PCle Gen3
implementation.

For storage connectivity, both devices offer a maximum of 128 FICON channels.
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Figure 2 shows the hardware components of the z13s.
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Figure 2 z13s Model N20 (one CPC drawer)

The z13s introduces the following new or improved FICON functions:
» Export/Import Physical WWPNs for FCP channels without NPIV support (point to point):
— Designed to simplify migration to a new-build IBM z13™ or z13s.

— Complements preservation of virtual (NPIV) WWPNs when migrating to z13/z13s for
switched FCP channels.

» Fibre Channel Read Diagnostic Parameters Extended Link Services (ELS)

Supports link failure diagnostics and predictive analysis for optics, cables, ports (except E
ports), as shown in Figure 3.

Syst _
iy SAN Director  SAN Director Storage Device
(ISL)
Ingress E port Egre55C0ntr;>l!tUn|t
FIcoN/Ecp . Fort Not Included Port P
(N Port) (N Port)
channel

Figure 3 Fibre Channel Read Diagnostic Parameters Extended Link Services

» Dynamic Channel path Management (DCM) support for FICON paths through cascaded
FICON Directors.

DCM was previously offered only for FICON paths when the channel and the control unit
port connected to the same dynamic switch. Adding support for cascaded switches is
expected to help improve resiliency for clients that use replication technologies, such as
Global Mirror (XRC).



Overview of the IBM DS8884
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The IBM DS8880 family offers business-critical, hybrid data systems that span a wide range
of price points. It includes two high-performance models (DS8884 Model 980 with its
associated DS8884 Expansion Unit Model 98B, and DS8886 Model 981 with its associated
DS8886 Expansion Unit Model 98E). Each model represents the most recent in this series of
high-performance, high-capacity, flexible, and resilient storage systems, which are aimed at
addressing the needs of the most demanding clients.

The DS8886 is the successor of the DS8870 Enterprise Class model and the DS8884 is the
successor of the DS8870 Business Class model. The IBM DS8880 models have an improved
19 inches high-density frame design, which allows for greater storage capacity in a smaller
footprint. Both models can be ordered with a one-year, two-year, three-year, or four-year
support period.

The DS8884 continues to support advanced functions, including encryption, 1/O Priority
Manager, and Easy Tier®.

As with its predecessors, the IBM DS8880 architecture is server-based. Powerful IBM
POWERBS8® processor-based servers manage the cache to streamline disk input/outputs
(1/0s), which maximizes performance and throughput. These capabilities are further
enhanced with the availability of High-Performance Flash Enclosures (HPFEs).

The IBM DS8886 and DS8884 excel in supporting the IBM zEnterprise server and IBM Power
server environments and ensure that clients are taking full advantage of the integration that is
delivered by these high-end enterprise systems. In the DS8880, the I/O enclosure that was
used for DS8870 is replaced by a new I/O enclosure, which is attached to the POWERS8
servers by using PCle Gen3.

The DS8884 configuration is available with a six-core processor complex, with up to eight
Fibre Channel/FICON host adapters in the base frame, and up to eight Fibre Channel/FICON
host adapters in the first expansion frame, for a total of up to 128 host ports in the system.

The DS8884 configuration also uses a simplified standard drive enclosure cabling scheme to
reduce initial configuration costs. The DS8884 configuration increases device adapter
utilization, which prioritizes cost-effective storage capacity growth.

The DS8884 configuration can be configured with 64 GB - 256 GB of system memory. The
DS8884 configuration supports up to two model 98B expansion frames.The DS8884 base
frame accommodates two I/O enclosures. The 1/O enclosures provide PCle Gen3
connectivity from the 1/O adapters and the processor complexes. The I/O enclosures can
each house four 16 Gbps Fibre Channel host adapters (HA).

IBM DS8884 and z13s: A New Cost Optimized Solution



Table 2 lists the hardware features for the DS8884.

Table 2 DS8884 hardware features

Processor | System Max. I/O HAs? DA HPFEs | Max. Exp.
cores memory enclosure pairs standard frames
pairs drive

enclosure

pairs
6-core 64 GB 2 2-8 1-2 0-2 6 0
6-core 128 GB 2 2-16 1-4 0-2 18 0-2
6-core 256 GB 2 2-16 1-4 0-2 18 0-2

a. Host adapters can be 4 or 8 port, with a maximum of 16 ports per I/O enclosure.




6

Figure 4 shows a fully configured three-frame DS8884 configuration. The leftmost frame is a
base frame (model 980) that contains the processor complexes, I/0O enclosures, standard
drive enclosures, and HPFEs. The second frame is the first expansion frame (model 98B) that
contains 1/O enclosures, HPFEs, standard drive enclosures. The third frame is also an
expansion frame (model 98B) that contains only standard drive enclosures. A fully configured
system (as shown in Figure 4) has a maximum total of 768 disk drives and 120 flash cards.

1U Empt

1U Empt

DA 2 Disk Encl
isk Enclosure 11U Empty

DA 2 Disk Enclosure

DA 2 Disk Enclosure

DA 2 Disk Enclosure

DA 2 Disk Enclosure
DA 2 Disk Enclosure
DA 2 Disk Enclosure
DA 2 Disk Enclosure

HPFE 19
HPFE 18

110 1/10
Enclosure Enclosure

110 110
Enclosure Enclosure

Base Frame First Expansion Frame Second Expansion Frame

Figure 4 Front view of fully configured DS8884 configuration
Each frame contains two DC-UPSs that supply redundant power for all installed components.

With its Power8 processor, PCle Gen 3 attached HPFE, and by using 16Gbps FICON links,
the DS8884 can accelerate transactions to up to 1.6 times and achieve up to 30 percent more
IOPS when compared to the DS8870 Business Class.
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Simplified and convenient licensing

The DS8884 offers a simplified and convenient licensing model. The licensed functions are
now bundled into three groups.

The grouping of licensed functions facilitates ordering. This grouping is different from earlier
IBM DS8000® models for which licensed functions were more granular and ordered
specifically.

The three license bundles contain the following functions:
» Base function License (BF)

— Operating Environment License

— Logical Configuration support for FB (Open Systems)
— Thin Provisioning

— Easy Tier

— I/O Priority Manager

» Copy Services License (CS)

— IBM FlashCopy®

— Metro Mirror

— Global Mirror

— Metro/Global Mirror

— z/Global Mirror

— z/Global Mirror Resync
— Multi-Target PPRC

» z-Synergy Services License (zsS)

— FICON attachment

- PAV

— HyperPAV

— High-performance FICON (zHPF)
— IBM z/OS Distributed Data Backup

DS8884 and z Systems synergy

IBM owns the architecture of z Systems hardware and fundamental software, such as IBM
z/0OS, z/VNM®, Linux for System z®, z/TPF, or IBM z/VSE® with their components and
subsystems, such as I/O Supervisor, Channel Subsystem, and access methods to data on
connected disk storage systems.

With disk storage servers, IBM also has a rich history and extensive experience inventing and
developing advanced disk storage servers that culminate today with the DS8880.

Because IBM owns all of these building blocks and their respective architectures, it can
integrate these components into a complete solution that delivers the best overall efficiency.
This integration is what is called synergy and is based on the fact that each component
understands the potential of other components and can make the best use of it. Integrating
the DS8880, z Systems, and communication components results in a combination that offers
more than the sum of its individual components.

The following section gives a brief overview of these synergy items.
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System optimized caching

In addition to sophisticated caching algorithms, the 4 KB cache slot size in the DS8884
matches the 4 KB page size on z/OS, which allows the most efficient use of the available
cache and optimizes cache hits.

Parallel access volume
Parallel access volume (PAV) is included in the DS8880 z-Synergy Services license group for
the z/OS and z/VM operating systems.

As shown in Figure 5 on page 8, PAV allows you to run multiple I/O requests to a volume
simultaneously. With dynamic PAV, the z/OS Workload Manager (WLM) controls the
assignment of alias addresses to base addresses. The number of alias addresses defines the
parallelism of I/Os to a volume.

ConcurrentlOs to volume 100 using
different/alias Unit Control Blocks (UCB)

APPL. A APPL.B APPL.C

44 &

UCB 1FE UCB 100 UCB 1FF
aliasto alias to
UCB 100 UCB 100
Each 10 is processed at the same time
no one is queued

\

100

DS8880
with
PAV

Figure 5 z/OS behavior with PAV

HyperPAV

HyperPAV is an extension to PAV where any alias address from a pool of addresses can be
used to drive the I/O, without WLM involvement. For each /O, an alias address can be
automatically picked from a pool of alias addresses within the same logical control unit (LCU).

This capability also allows multiple HyperPAV hosts to use one alias to access different
bases, which reduces the number of alias addresses that are required to support a set of
bases in an IBM z Systems environment, with no latency in assigning an alias to a base.

It is worth noting that in addition to WLM not getting involved, each z/OS system image has its
own view and “set” of HypePAV aliases, which reduces the overall need for aliases in the plex,
as shown in Figure 6 on page 9.
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Figure 6 HyperPAV: Basic operational characteristics

Multiple Allegiance

If any z Systems host image (server or LPAR) performs an I/O request to a device address for
which the storage disk system is already processing an I/O that came from another z
Systems host image, the storage disk system sends back a device busy indication.

The DS8000 can accept multiple I/O requests from different hosts to the same device
address, which increases parallelism and reduces channel affect. With Multiple Allegiance,
the requests are accepted by the DS8000 and all requests are processed in parallel, as

shown in Figure 7.

APPL. A

UCB 100 ‘

Z Systems

108

Parallel 10
/ \

Multiple

NAIIegiance,

————

DS8000
with
PAV

APPL. C

UCB 100 ‘

Z Systems

10S

Figure 7 Multiple Allegiance
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DS8000 I/O Priority Manager with z/0S Workload Manager

I/O Priority Manager with z/OS Workload Manager (zZWLM) enables more effective storage
consolidation and performance management when different workloads share a common disk
pool (extent pool). This function, which is tightly integrated with zZWLM, is intended to improve
disk 1/O performance for important workloads. It drives 1/O prioritization to the disk system by
allowing WLM to automatically give priority to the system’s resources (disk arrays) when
higher priority workloads are not meeting their performance goals.

I/O of less prioritized workloads to the same extent pool are slowed down to give the higher
prioritized workload a higher share of the resources, mainly the disk drives. Integration with
ZWLM is exclusive to DS8000 and z Systems. For more information about I/O Priority
Manager, see DS8000 I/O Priority Manager, REDP-4760.

I/O priority queuing

I/Os from different z/OS system images can be queued in a priority order. It is the z70OS WLM
that uses this priority to privilege I/Os from one system against the others. You can activate
I/O priority queuing in WLM Service Definition settings. WLM must run in Goal mode.

When a channel program with a higher priority comes in and is put in front of the queue of
channel programs with lower priority, the priority of the low-priority programs is increased, as
shown in Figure 8.

10 from A PrX’FF’

.
.

10 from B PrX’9C’

Execute

10 with
priority
X'80

10 from B PrX’21’

Figure 8 /O priority queuing

Extended Address Volumes

This capability can help relieve address constraints to support large storage capacity needs
by addressing the capability of z Systems environments to support volumes that can scale up
to approximately 1 TB (1,182,006 cylinders).

IBM DS8884 and z13s: A New Cost Optimized Solution



Modified Indirect Data Access Word

The Modified Indirect Data Address Word (MIDAW) facility was introduced in the IBM z9®
processor to improve FICON performance, especially when accessing IBM DB2® on z/0OS
(z/0OS 1.7 and above). This facility provides a method of gathering data into and scattering
data from fragmented storage locations during an I/O operation.

High Performance FICON for z

High Performance FICON for z (zZHPF) is an enhancement of the FICON channel
architecture. You can reduce the FICON channel I/O traffic effect by using zHPF with the
FICON channel, the z/OS operating system, and the storage system. zHPF allows the
storage system to stream the data for multiple commands back in a single data transfer
section for I/Os that are started by various access methods, which improves the channel
throughput on small block transfers.

zHPF extended distance, as initially introduced, does not provide results as good for larger
writes over greater distances than conventional FICON 1/O. This situation is corrected by
Extended Distance Il support that is available with z Systems server z13 and DS8870 with
firmware release 7.5 and later. To allow for increased distances of up to 300 km (186.4 miles),
Metro Mirror and its variations zHPF introduced the concept of pre-deposit writes that reduce
the number of round trips of standard FCP 1/Os to a single round trip. Although zHPF
Extended Distance (ED I) already uses this concept of pre-deposit writes, the benefits are
limited to writes that are less than 64 KB. zHPF Extended Distance Il (ED II) goes beyond the
capabilities of the FCP by allowing the channel to burst up to the whole write data length for
an operation.

With 16 Gbps host adapters on DS8880 and z Systems server z13 channels, zHPF Extended
Distance Il supports heavy write I/Os over an extended distance of up to 100 km (62.1 miles).
The result is an increase of the write throughput by 50 percent or better.

zHPF was also enhanced to support DB2 list prefetch. The enhancements include a new
cache optimization algorithm that can improve performance and hardware efficiency. When
combined with the latest releases of z/OS and DB2, it can demonstrate up to a 14X - 60X
increase in sequential or batch-processing performance. All DB2 1/Os, including format writes
and list prefetches, are eligible for zZHPF. In addition, DB2 can benefit from the new caching
algorithm at the DS8000 level, which is called List Pre-fetch Optimizer (LPO). For more
information about list prefetch, see DB2 for z/OS and List Prefetch Optimizer, REDP-4862.

zHPF is an optional feature of the DS8880 that is included in the z-Synergy Services license
group. Recent enhancements to zZHPF include Extended Distance capability, zZHPF List
Pre-fetch, Format Write, and zHPF support for sequential access methods.

Quick volume initialization for z Systems

DS8880 supports quick volume initialization for z Systems environments, which can help
customers who frequently delete volumes by allowing capacity to be reconfigured without
waiting for initialization. Quick initialization sets the data logical tracks or block within a
specified extent range on a logical volume with the appropriate initialization pattern for the
host.

Normal read and write access to the logical volume is allowed during the initialization
process. Depending on the operation, the quick initialization can be started for the entire
logical volume or for an extent range on the logical volume.

Quick initialization improves device initialization speeds and allows a Copy Services
relationship to be established after a device is created.
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zHyperwrite
In a Metro Mirror environment, all writes (including DB2 log writes) are mirrored
synchronously to the secondary device, which increases transaction response times.

As shown in Figure 9, zHyperwrite enables DB2 log writes to be done to the primary and
secondary volumes in parallel, which reduces DB2 log write response times. Implementation
of zHyperwrite requires that IBM HyperSwap® be enabled through IBM Geographically
Dispersed Parallel Sysplex™ (IBM GDPS®) or IBM Copy Services Manager.

Z Systems
DB2
i/o DFSMS
1/ 1/0
iifo DS8880 Write /O to DB2 lo DS8880

in parallel over
Ficon channel

" Duplex Duplex
DB2 DB2
Log ; _ Log

Metro Mirror/PPRC inactive

wlLe Duple
DB2 2 ; DB2
Data Metro Mirror/PPRC active Bas

Figure 9 zHyperWrite active: DB2 logs updated by DFSMS

Easy Tier support

IBM Easy Tier is an intelligent data placement algorithm in DS8000, which is designed to
support open systems and z Systems workloads. Having the right data on the right tier to
provide exception quality of service (performance and cost) to a client’s data is the main Easy
Tier goal. It is common among z Systems clients that 10 percent of TO drives (Flash/SSD)
manages 90 percent of the I/Os.

Specifically for z Systems, IBM Easy Tier provides an API through that z Systems
applications (zDB2 initially) can communicate performance requirements for optimal data set
placement. The application hints set the intent, and Easy Tier then moves the data set to the
correct tier.

Improvements to storage 10 networking between DS8880 and z Systems
The available 16 Gbps adapters offer the following end-to-end z Systems and DS8880
synergy items:

» Forward Error Correction (FEC) is a protocol that captures errors that are generated
during data transmission. z Systems z13 or z13s and DS8880 extend the use of FEC to
complete end-to-end coverage for 16 Gbps links and preserve data integrity with more
redundancy.

IBM DS8884 and z13s: A New Cost Optimized Solution



» FC Read Diagnostic Parameters (RDP) improve the end-to-end link fault isolation for
16 Gbps links on z Systems z13, z13s and DS8880. RDP data provides the optical signal
strength, error counters, and other critical information that is crucial to determine the
quality of the link. z Systems channels and the IOP code provide a means to read this
extra diagnostic data for all the ports that are accessed in the 1/0 configuration and make
the data available to a z Systems partition, as shown in Figure 10.

READ OPTICAL
POWER ELS READ OPTICAL SIGNAL POWER ELS + READ
READ LESB LESB + READ PORT SPEED and CAPABILIY

— - DS8880
.‘l

LIR — BER, Link failur re—

FICON Switches
responsible for

P
UCK,SNS=HEALTH CHECK

detecting internal ISL
failures, signal strength

degradation and link
error counts

—_—
DIAGNOSTIC READ

Figure 10 Read Diagnostic Parameters used to improved fault isolation

» FICON Dynamic Routing (FIDR) is a Systems z13, z13s and DS8880 feature that
supports the use of dynamic routing policies in the switch to balance loads across Inter
Switch Links (ISLs) on a per I/O basis, as shown in Figure 11. FIDR supports the dynamic
routing policies that are provided by the FICON Director manufacturers; for example,
Brocade's Exchange Based Routing (EBR) and Cisco's Open Exchange ID Routing
(OxID).

1/0 for some source
and destination port Ds8880
use differentISLs

z13

Channels

ISLs assigned at 1/0 request time

Figure 11 Dynamic routing, Brocade Exchange Based Routing, and CISCO Open Exchange ID routing

FICON Dynamic Routing on IBM DS8884 enables clients to use SAN dynamic routing
policies across cascaded FICON Directors to simplify configuration and capacity planning,
and to provide persistent and repeatable performance and higher resiliency. In Peer to
Peer Remote Copy, configurations that share switches are simplified and hardware costs
can be reduced by allowing FICON and FCP to share switch infrastructure. IBM’s Metro
Mirror technology uses FCP as the transport. Therefore, now FICON and Metro Mirror can
flow over the same ISLs and be managed with consistent fabric priority.
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For more information, see IBM DS8870 and IBM z Systems Synergy, REDP-5186, and Get
More Out of Your IT Infrastructure with IBM z13 I/O Enhancements, REDP-5134.

All of those features are available with the z13s and the DS8884, which allows a new entry
point for an optimized infrastructure solution, as shown in Figure 12.
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Figure 12 z Systems and DS8880 synergy
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Notices

This information was developed for products and services offered in the US. This material might be available
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that language in order to access it.
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IBM may have patents or pending patent applications covering subject matter described in this document. The
furnishing of this document does not grant you any license to these patents. You can send license inquiries, in
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IBM Director of Licensing, IBM Corporation, North Castle Drive, MD-NC119, Armonk, NY 10504-1785, US
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WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE. Some jurisdictions do not allow disclaimer of express or implied warranties in
certain transactions, therefore, this statement may not apply to you.

This information could include technical inaccuracies or typographical errors. Changes are periodically made
to the information herein; these changes will be incorporated in new editions of the publication. IBM may make
improvements and/or changes in the product(s) and/or the program(s) described in this publication at any time
without notice.

Any references in this information to non-IBM websites are provided for convenience only and do not in any
manner serve as an endorsement of those websites. The materials at those websites are not part of the
materials for this IBM product and use of those websites is at your own risk.

IBM may use or distribute any of the information you provide in any way it believes appropriate without
incurring any obligation to you.

The performance data and client examples cited are presented for illustrative purposes only. Actual
performance results may vary depending on specific configurations and operating conditions.

Information concerning non-IBM products was obtained from the suppliers of those products, their published
announcements or other publicly available sources. IBM has not tested those products and cannot confirm the
accuracy of performance, compatibility or any other claims related to non-IBM products. Questions on the
capabilities of non-IBM products should be addressed to the suppliers of those products.

Statements regarding IBM's future direction or intent are subject to change or withdrawal without notice, and
represent goals and objectives only.

This information contains examples of data and reports used in daily business operations. To illustrate them
as completely as possible, the examples include the names of individuals, companies, brands, and products.
All of these names are fictitious and any similarity to actual people or business enterprises is entirely
coincidental.

COPYRIGHT LICENSE:

This information contains sample application programs in source language, which illustrate programming
techniques on various operating platforms. You may copy, modify, and distribute these sample programs in
any form without payment to IBM, for the purposes of developing, using, marketing or distributing application
programs conforming to the application programming interface for the operating platform for which the sample
programs are written. These examples have not been thoroughly tested under all conditions. IBM, therefore,
cannot guarantee or imply reliability, serviceability, or function of these programs. The sample programs are
provided “AS 1S”, without warranty of any kind. IBM shall not be liable for any damages arising out of your use
of the sample programs.
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Trademarks

IBM, the IBM logo, and ibm.com are trademarks or registered trademarks of International Business Machines
Corporation, registered in many jurisdictions worldwide. Other product and service names might be
trademarks of IBM or other companies. A current list of IBM trademarks is available on the web at “Copyright
and trademark information” at http://www.ibm.com/1egal/copytrade.shtmi

The following terms are trademarks or registered trademarks of International Business Machines Corporation,
and might also be trademarks or registered trademarks in other countries.

DB2® IBM® z Systems™

DS8000® IBM z Systems™ z/OS®

Easy Tier® Parallel Sysplex® z/NM®

FICON® POWERS8® z/NSE®

FlashCopy® Redbooks® z13™

GDPS® Redpaper™ z9®

Geographically Dispersed Parallel Redbooks (logo) (@ ® zEnterprise®
Sysplex™ System Storage®

HyperSwap® System z®

The following terms are trademarks of other companies:
Linux is a trademark of Linus Torvalds in the United States, other countries, or both.

Other company, product, or service names may be trademarks or service marks of others.
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