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Preface

The IBM® System Storage™ TS3500 Tape Library, also known as the IBM System Storage
3584 Tape Library, is designed for medium to large automated tape storage and backup
solutions and is part of a whole family of tape libraries for small to large tape automation
solutions. Originally designed for IBM Linear Tape Open Ultrium Technology drives, the
library was enhanced to also support the IBM System Storage Enterprise Tape Drive 3592 in
preparation of System z® server attachment. Together with the IBM System Storage 3953
Tape System, the TS3500 Tape Library attaches to System z servers as well as to Open
Systems hosts.

This book is intended for Hardware and Software Planners, System Programmers, Storage
Administrators, and anyone involved in planning, implementing, and operating the TS3500
Tape Library in a System z environment. It is also suitable for everyone seeking detailed
technical information about the TS3500 Tape Library and the IBM Tape System 3953 that
allow attachment to System z hosts.

In this IBM Redbooks® publication, we discuss the enhancements that allow attachment of
the IBM System Storage TS3500 Tape Library to System z host systems through the IBM
System Storage 3953 Tape System, which consists of the IBM System Storage 3953 Model
LO5 Library Manager and the Model FO5 Frame. The IBM 3953 Tape System significantly
broadens the attachment options of the TS3500 Tape Library, which is well established in
Open Systems environments, and they allow nearly all platforms to share a single tape
library.

The latest version of the IBM Redbooks publication has been updated with the TS1130 Tape
Drive (IBM 3592 Model EO6/EUB) and Controller and enhancements to the TS3500 Tape
Library, such as the High Density Frame that allows storage of up to 1320 cartridges in a
single library frame.

When referring to the TS7700 Virtualization Engine, this book includes information relevant
up to and including TS7700 Release 1.4a. For more information, refer to:

» TS7700 R1.4a and lower: IBM Virtualization Engine TS7700: Tape Virtualization for
System z Servers, SG24-7312

» TS7500 R1.5 and higher: IBM Virtualization Engine TS7740 R1.5 and TS7720: New
Virtualization Options for Mainframe Servers, SG24-7712

The team that wrote this book

This book was produced by a team of specialists from around the world working at the
International Technical Support Organization, San Jose Center.

Babette Haeusser is an IBM Certified IT Specialist at the International Technical Support
Organization, San Jose Center. She writes extensively and teaches IBM classes worldwide
on all areas of Enterprise and Open Systems Tape, Tape Libraries, Tape Encryption, and
Tape Virtualization. Babette joined IBM in 1973 as an application programmer. In 1987, she
became an MVS™ Systems Engineer and specialized on IBM Storage hardware and
software, which she has supported in various job roles since then. Before joining the ITSO in
early 2005, Babette worked in the Advanced Technical Sales Support EMEA. She led a team
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of specialists for Enterprise Storage. Babette focused on Enterprise Tape, including tape
libraries and Virtual Tape Servers.

Wolfgang Kessel is a Senior IT Specialist from Germany. He has almost 25 years of
experience in the field as a systems engineer with a focus on storage management, high-end
tape solutions, and virtualization hardware at high-end client sites all over Germany. He has
worked at IBM for almost 40 years. His areas of expertise include DFSMS™, the appropriate
other storage software, and high-end tape hardware and implementation. He has written
extensively on various IBM Redbooks publications, such as VTS and TS7700.

Mauro Silvestri is an IBM Senior Accredited Product Services Professional, working since
1981 in Technical Support roles in Italy. He has 26 years of experience in the Support Center.
In 1982, he provided the second level of support for 308X Systems during an international
assignment at the IBM European Product Support Group in Montpellier, France. Since 2002,
he has held a Specialist (CS) degree in High End Tape Solutions and High End DASD
Solutions from the IBM Professional Certification Program. His areas of expertise are disk
and tape systems in complex enterprise environments.

Claudio Villalobos is an IBM IT Specialist for System i® working at IBM Argentina. He has
17 years of experience in systems management, performance and tuning, Software and
Hardware configuration, logical partitioning (LPARs), Backup and Recovery, System i
installation, and Backup Recovery Management Services (BRMS) installation and
configuration. Claudio has experience on System/36™, AS/400®, and System i platforms.
In 2004, he joined IBM where he currently provides technical support and performs system
implementation and configuration for various clients around the world.

Chen Zhu is an IBM Senior System Services Representative at the IBM Global Services
branch in Shanghai, China. He has been working in the Technical Support Group (TSG) to
provide second level support for System z host and storage products since 2005. Chen joined
IBM in 1998 and maintained the System z products for clients in China. His expertise is on
System z host, disk, and tape systems in Sysplex environments.

IBM TS3500 Tape Library with System z Attachment



The team: Wolfgang, Claudio, Babette, Chen, and Mauro

Thanks to the following people for their contributions to this project:

Deanna Polm, Sangam Racherla
International Technical Support Organization, San Jose Center

Alex Osuna
International Technical Support Organization, Tucson Center

Ahmed Almoustafa, Jennifer Bappert, Erika Dawson, Lee Jesionowski, Jon Beard, Harold
Koeppel, Steve Wilkins, James Karp, Scott Fry, Dennis Byrne, James Johnson, Arthur
Colvig, Dan Watanabe, Stefan Lehmann, Lawrence Fuss, Lloyd Wiebe, Mike Noel, Cory
Smith, Jon Beard, Khanh V Ngo, John Newcom, and Jim Fisher

IBM Development and Marketing, Tucson

Antoinette Kaschner and Axel Melber
IBM Germany
Thanks to the authors of the previous editions of this book.

» Authors of the first edition, IBM TS3500 Tape Library with System z Attachment, published
in 2005, were:

Henrid Christensen, Christina Coutts, Babette Haeusser, and Simon Llinares

» Authors of the second edition, IBM TS3500 Tape Library with System z Attachment,
published in March 2007, were:

Preface  xvii



Katja Denefleh, Babette Haeusser, Pierre Hébert, Yotta Koutsoupias, Lynda Kunz, and
Paul Rizio

» Authors of the third edition, IBM TS3500 Tape Library with System z Attachment,
published in March 2008, were:

Soren Aakjar, Jim Fisher, Babette Haeusser, and Mauro Silvestri

Become a published author

Join us for a two- to six-week residency program. Help write a book dealing with specific
products or solutions, while getting hands-on experience with leading-edge technologies. You
will have the opportunity to team with IBM technical professionals, IBM Business Partners,
and Clients.

Your efforts will help increase product acceptance and client satisfaction. As a bonus, you will
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Summary of changes

This section describes the technical changes made in this edition of the book and in previous
editions. This edition can also include minor corrections and editorial changes that are not
identified.

Summary of Changes

for SG24-6789-03

for IBM TS3500 Tape Library with System z Attachment
as created or updated on October 15, 2008.

October 2008, Fourth Edition

This revision reflects the addition, deletion, or modification of new and changed information
described below.

New information
New information includes:
» The new TS1130 Tape Drive Model E06 and EU6
The new high-density frame S24™ for the TS3500 Library

>
» |Pv6 considerations
» TS3500 data gathering

Updated information
Updated information includes:

» Software implementation considerations for TS1130 for zZOS® and JES3
» TS7700 Release 1.4A

March 2008, Third Edition

This revision reflects the addition, deletion, or modification of new and changed information
described below.

New information
New information includes:

» We added information relative to TS7700 Releases 1.2, 1.3, and 1.4, including:
— Three Cluster Grid
— Copy Export
— Back-end tape encryption by pool
— Library Request host console command
— Secure Data Erase
— Support for TS7700 in the 3494 Tape Library

» We added the new TS3500 feature for a four door I/O station Dxx frame.
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March 2007, Second Edition

This revision reflects the addition, deletion, or modification of new and changed information
described below.

New information
New information includes:

» This book now includes the latest enhancements of the TS1120 Tape Drive and the
TS3500 Tape Library. This includes the Tape Encryption capability of the TS1120 Tape
Drive.

» We added information about the IBM System Storage Virtualization Engine™ TS7700
R1.1.

» We included information about sharing and partitioning tape libraries and a new chapter
about running a z/OS system.

Changed information
We changed this information:

» We updated and enhanced the software implementation information.
» We updated the operating information.
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IBM System Storage TS3500
Tape Library and IBM 3953 Tape
System

The IBM System Storage TS3500 Tape Library supports the attachment of IBM System z
host systems to IBM System Storage TS1130 (IBM 3592-E06/EUS6), IBM System Storage
TS1120 (IBM 3592-E05), and IBM TotalStorage® 3592 Model J1A installed inside the
TS3500. The System z hosts attach using either Enterprise System Connection (ESCON®)
or Fiber Connection (FICON®) to one of the following products:

IBM System Storage TS1120 Model C06 Tape Controller

IBM TotalStorage 3592 Tape Controller Model J70

IBM System Storage TS7700 Virtualization Engine (FICON only)

IBM TotalStorage 3494 Virtual Tape Server (VTS) models B10 and B20

\{

vvyy

The IBM TS3500 Tape Library is managed on behalf of the System z hosts by an external
Library Manager, the IBM 3953 Model L05. This Library Manager, the System z control units,
and various switches are housed in a special frame type, the IBM 3953 Model FO5 Frame,
which is located physically outside the library enclosure. These two components, the Library
Manager Model LO5 and the 3953-F05 Frame in which it resides, make up the IBM 3953
Tape System. The IBM 3953 Library Manager has common microcode with the Library
Manager that is used in the IBM 3494 Tape Library.

Beside the existing TS3500 attachment support for the Open Systems Fibre Channel
environments for Linear Tape-Open (LTO) and 3592 drives, the TS3500 together with the
IBM 3953 Tape System provides the additional attachment functionality for System z ESCON
and FICON environments. Both platforms can be used in an isolated manner, or they can be
consolidated into one shared library.

© Copyright IBM Corp. 2008. All rights reserved. 1



1.1 IBM System Storage TS3500 Tape Library

2

The TS3500 Tape Library is designed for medium to large automated tape storage and
backup solutions and is part of a whole family of tape libraries for small to large automated
tape storage and backup solutions. Originally delivered in 2000 as the IBM TotalStorage 3584
Tape Library at the same time as Linear Tape-Open (LTO) Ultrium technology, the TS3500
offers a robust enterprise library solution, which is available for mid-range and high-end Open
Systems. Since its introduction, the library has been enhanced to accommodate various drive
types and operating platforms, more recently including the attachment of System z
(mainframe) hosts and tape controllers.

Previously, mainframe-attached tape drives were housed in the IBM 3494, which is an
enterprise library designed for IBM 3490E, IBM 3590, and IBM 3592 Tape Drive technology in
both mainframe and Open Systems environments. Since 2005, the TS3500 Tape Library has
also been capable of connecting tape drives to host systems with FICON or ESCON
attachments using the System z attachment capability covered in this book, as well as any
combination of Fibre Channel and Ultra2/Wide Low Voltage Differential (LVD) Small
Computer System Interface (SCSI).

The TS3500 was designed and built on the strong foundation of the IBM 3494 robotics and
microcode. Physically, the designs look very similar (refer to Figure 1-1), but only
approximately three percent of the hardware components are truly common to both
machines.

Figure 1-1 Single L frame IBM 3494 (left) and TS3500 (right)

The combination of reliable tape handling with technology and functional enhancements has
resulted in an optimal design for a robust enterprise solution and outstanding retrieval
performance; typical cartridge move time is less than three seconds. Using IBM 3592 or
Linear Tape-Open (LTO) Ultrium high-density cartridge technology, the TS3500 provides a
powerful robust tape storage solution for the whole enterprise, yet it is contained in a minimal
footprint.

In summary, the TS3500 Tape Library provides:

» A modular, scalable, automated tape library, combining IBM tape and automation for
Open Systems and mainframe hosts, using a variety of IBM drive types

IBM TS3500 Tape Library with System z Attachment



» Attachment to IBM System z, IBM System i and i5, IBM System p® and p5, IBM System
X™ IBM zSeries®, IBM iSeries®, AS/400, IBM pSeries®, RS/6000®, IBM xSeries®,
Netfinity®, Sun™, Hewlett-Packard, and other non-IBM servers

» Connectivity using FICON, ESCON, Fibre Channel, Low Voltage Differential (LVD) SCSI,
and High Voltage Differential (HVD) SCSI

» IBM Multi-Path Architecture designed to support redundant control paths, mixed drive
configurations, and library sharing among multiple applications

1.2 System z and Open Systems tape consolidation

Attaching System z hosts to the IBM System Storage TS3500 Tape Library requires a
number of specific hardware elements. In this section, we highlight basic conceptual
differences in the requirements for mainframes and Open Systems hosts, and outline how the
TS3500 library has evolved to include support for mainframes.

The tape drives currently supported for System z attachment within the TS3500 are the IBM
System Storage TS1130 Model E06 Tape Drive, IBM System Storage TS1120 Model E05
Tape Drive, and IBM TotalStorage 3592 Model J1A Tape Drive, which can also be attached
to Open Systems hosts. However, System z attaches to the library differently than Open
Systems hosts attach:

» System z hosts attach to controllers, which in turn have a set of drives attached, rather
than each drive having a separate attachment to a host channel.

» System z-attached drives must be in a separate TS3500 logical library within the TS3500
Tape Library. Open Systems-attached drives are not supported within this TS3500 logical
library.

» The interface between the System z host and the library robotics is managed by a Library
Manager, which is physically external to the TS3500 Tape Library. The Library Manager
functionality and monitoring capabilities are not available to Open Systems attaching to
different partitions of the TS3500 Tape Library.

1.2.1 Channels, adapters, and protocols

The protocol used by System z servers is FICON or ESCON, which is different from the Fibre
Channel Protocol (FCP) or SCSI protocol used by Open Systems. Open Systems hosts with
FCP host bus adapters (HBAs) cannot be connected to FICON channels even if they are
attached through directors that support both protocols.

Each IBM 3592 Tape Drive offers two FCP host attachments. This means that they can be

connected to Open Systems hosts, directly or through switches or directors, but without the
need for any protocol conversion or gateway/router device. However, System z hosts use a
FICON or ESCON controller between the drives and the host channels.

1.2.2 System z tape controllers

System z-attached drives are normally addressed using a front-end controller'. FICON or
ESCON channels from the host are directly connected, often using a director, to the IBM
System Storage TS1120 Model C06 Controller or IBM TotalStorage 3592 Model J70 Tape
Controller. The IBM 3592 tape drives attach to the controller using their native FCP adapters.
You can connect up to 16 tape drives to a single controller.

' This discussion excludes the special case of Linux® logical partitions (LPARs) in System z machines to which FCP
drives can be directly attached.
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Note: Any drives connected to a System z controller are dedicated for System z use and
addressed only through the controller to which they are attached. Even though the IBM
3592 Tape Drive has additional native FCP adapters, they cannot be connected to Open
Systems hosts in addition to the mainframe controllers.

You can also view the IBM VTS or the IBM System Storage TS7700 Virtualization Engine in
this context as a special type of controller. The VTS is attached directly to the mainframe
FICON or ESCON host channels while the TS7700 only supports FICON attachment. Each of
those tape virtualization solutions supports connection through a director and emulates a set
of physical controllers and attached tape drives. The VTS and the TS7700 have real physical
tape drives attached to them, which are managed by them and not visible to the host
systems.

1.2.3 IBM TS3500 logical libraries and partitioning

4

The patented IBM Multi-Path Architecture enables simple SCSI medium changer libraries to
be shared by like or unlike host platforms without middleware or a dedicated server acting as
a Library Manager. This facility is implemented on a number of IBM libraries, including the
TS3500. The Multi-Path Architecture makes sharing possible by letting you partition the
library’s storage slots and tape drives into TS3500 logical libraries. Servers can then run
separate applications for each TS3500 logical library. Unlike hosts that share the library
robotics but have the physical library drives and slots divided between them, each host sees
the same accessor but has a different view of the physical attributes of the library.

This TS3500 concept of logical libraries is used to segregate the physical devices associated
with the tape controllers, VTS, and TS7700 systems from the Open Systems drives. Within a
TS3500 Tape Library, there can exist:

» A single mainframe logical library

A single Open Systems logical library

Multiple mainframe logical libraries, up to a maximum of four

Multiple Open Systems logical libraries, up to a maximum of 192

Multiple TS3500 logical libraries, some for Open Systems hosts and up to four for System
z hosts

>
>
>
>

The System z host always uses its own logical library within the TS3500. The minimum
requirement for a TS3500 logical library definition is to contain at least one drive and one
cartridge slot. Because you can install up to 192 tape drives in the IBM TS3500 (12 drives in
each of 16 frames), you can define up to 192 logical libraries in total. However, the TS3500
supports only a maximum of four System z logical libraries, each of which is managed by one
dedicated IBM 3953 Library Manager. For high availability, you can install a secondary
Library Manager per System z logical library.

In the TS3500 and 3953 Tape System configuration, a further level of logical partitioning is
available in which each TS3500 logical library managed by one dedicated Library Manager
can have up to three partitions defined to it (identical to the Library Manager partitions of a
3494).

Note: You can connect an IBM 3953 Library Manager only to one TS3500 logical library.
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1.2.4 Library control mechanisms

The IBM 3494 Tape Library is controlled entirely by an integrated Library Manager residing in
the IBM 3494 Model Lxx frame. Open Systems hosts connect directly to the Library Manager
through an Ethernet LAN or a direct serial connection using an IBM-supplied device driver.
The IBM 3494 Library Manager, the operational focal point of the IBM 3494, provides the
support to set up, maintain, configure, and operate the 3494 Tape Library.

In an Open Systems environment, the TS3500 is controlled entirely by the attached host,
which uses its own application code and the IBM-supplied device driver to send SCSI
Medium Changer commands directly to the library robotics. The host also maintains its own
cartridge inventory and does any partitioning at the hardware level, allocating drives and slots
to particular partitions in advance as defined by the user.

System z hosts control the IBM libraries through operating system components in z/OS,
z/VM®, and z/VSE™ by issuing the appropriate library control commands. In the IBM 3494,
the host sends these commands using the data path to a tape controller that routes them
internally to the integrated Library Manager. The TS3500 has no such integrated Library
Manager; so for System z attachment, a separate Library Manager, the IBM 3953 Model L05,
is provided, which is physically external to the library. Similar, but not identical in function to
the Library Manager in the IBM 3494 library, the IBM 3953-L05 provides the appropriate
System z library management interface to the TS3500.

1.2.5 IBM TotalStorage 3953 Library Manager and frame

You order the Library Manager for System z attachment to the TS3500 as a separate device
type and model number, IBM 3953 Library Manager Model L05. The Library Manager
translates requests from the System z hosts into SCSI move medium changer commands to
communicate with the TS3500 library. It shares common microcode with the Library Manager
used in the IBM 3494 library. It is the same PC used in the IBM 3494; however, the card
complement in the PC is different when it is used in an IBM 3494 compared with a TS3500.

The IBM 3953 Library Manager supports attachment of System z hosts to IBM 3592 tape
drives inside a TS3500 Tape Library through:

IBM 3494 VTS Model B10 or B20 and Peer-to-Peer VTS (PtP VTS)
IBM System Storage TS7700 Virtualization Engine

IBM System Storage TS1120 Model C06 Tape Controller

IBM 3592 Tape Controller Model J70

v

vvyy

The supported configurations are:

» Up to 16 subsystems per 3953 Tape System (of which two subsystems can be VTSs,
TS7700s, or a mixture of both)

» Up to four IBM 3953 Tape Systems per TS3500 Tape Library (a maximum of eight VTSs,
TS7700s, or a mixture of both)

Unlike the Library Manager in the IBM 3494, this IBM 3953 Library Manager does not control
any Open Systems drives.

You install the Library Manager in an independent frame, the IBM TotalStorage 3953 Tape
Frame Model FO5. This frame sits outside the TS3500 Tape Library enclosure and can be
physically located away from it. The IBM 3953 frame comes as a base frame and an
expansion frame. The base frame contains the IBM 3953 Library Managers and up to one
tape controller. Each expansion frame can house up to three tape controllers. For one
TS3500 logical library, there can be only one IBM 3953 base frame and up to five expansion
frames.
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1.2.6 Advanced Library Management System

The Advanced Library Management System (ALMS) for the TS3500 library is the next
generation of the Multi-Path Architecture. It provides a user-friendly Web interface to facilitate
the definition and management of multiple logical libraries.

Note: ALMS is an optional feature for the TS3500 Tape Library in general; however, it is a
mandatory feature for the library when you attach a System z host, or when you install the
IBM TS3500 Model HA1 (High Availability).

1.3 Basic components for System z attachment to TS3500
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Attaching System z to the IBM System Storage TS3500 Tape Library requires a number of
specific hardware elements. Here is a summary of equipment that is either required or
installed according to client system requirements:

» IBM TotalStorage 3953 Tape Frame Model FO5

A special frame, independent of the TS3500 library, that is used to house the Library
Manager, switches, and controllers for mainframe-attached tape:

— TS3000 System Console

The IBM System Storage TS3000 System Console (TSSC), formerly known as the
TotalStorage Master Console, enables remote monitoring by IBM Engineering of
attached units to expedite microcode updates, reduce service times, and enhance
local service. It is required for the IBM 3953 and can be ordered as an integrated
feature in the IBM 3953-F05 base frame. You can choose to attach an external
TotalStorage Master Console that is already installed for other IBM equipment in the
same physical location.

— Keyboard-Video-Mouse (KVM) switch

A folding keyboard, video monitor, and mouse are provided in the base frame for the
operator console of the Library Manager. If a TotalStorage Master Console or a second
Library Manager is installed in the base frame, a KVM switch is required, because they
all share the same keyboard, mouse, and monitor.

— Ethernet switches

Ethernet switches are provided for the internal communications between the Library
Manager, tape controllers, IBM 3494 VTSs, TS7700, and the TSSC.

» [IBM TotalStorage 3953 Library Manager Model L05

An industrial PC containing an Intel® processor that provides the mainframe interface to
the TS3500.

» |BM System Storage TS3500 models L23, D23, and S24

The library frames used for cartridge storage and to house IBM 3592 tape drives and
library robotics.

» |IBM 3592 tape drives
The physical tape drive used in the TS3500 and 3494 tape libraries.
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IBM System Storage TS7700 Virtualization Engine

An Enterprise virtual tape solution with a disk Tape Volume Cache (TVC), providing
FICON host connectivity and emulating up to 256 virtual tape drive addresses to the host.

IBM TotalStorage 3494 Virtual Tape Server models B10 and B20

An Enterprise virtual tape solution with a disk Tape Volume Cache (TVC) that provides
FICON or ESCON host connectivity and emulates up to 256 virtual tape drive addresses
to the host.

IBM System Storage TS1120 Model C06 Tape Controller or IBM TotalStorage 3592 Tape
Controller Model J70

They include a RISC processor controller that provides FICON or ESCON host
connectivity and that is capable of supporting up to 16 FCP-attached IBM 3592 tape
drives.

Fibre Channel switches

These switches are required to attach the IBM 3592 tape drives to the controllers. Each
controller can support one or, for redundancy, two switches.

Figure 1-2 shows a simple diagram of the overall System z attachment to the TS3500 Tape
Library.

3953-L05

Library Manager zSeries Host

l ESCON/FICON I I I I
S

C06 &Q or TS7700 —

250 LAN Switch | | [ 251 LAN Switeh | I
| ;J l

Fibre Channel

o

- Router
Master Console

edundant Fibre Switches

1 3592-E05
Tape Drives _}

o o e = = o o
e ESCON/FICON
e Fibre Channel
- Master Console Ethernet Network
= | ibrary Manager Ethernet Network

TS3500 Tape Library

One Logical Library within the 3584

Figure 1-2 System z attachment to the IBM TS3500 library

When a TS7700 is attached to the tape drives installed inside the TS3500 Tape Library, the
TS7700-specific equipment is installed inside the IBM 3952 Tape Frame.

An IBM 3952 Tape Frame can contain:

>

>
>
>
>

One TS7740 Node (3957-V06)

One TS7740 Cache Controller (3956-CC6)

One or three TS7740 Cache Drawers (3956-CX6)
Two Ethernet routers

Dual power
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For more details, refer to 5.3, “TS7700 Virtualization Engine” on page 127.

When a VTS is attached to the tape drives installed inside the TS3500 Tape Library, the
VTS-specific equipment is installed inside the IBM 3494 Model B10 or Model B20 frame.
When a System z-attached tape controller is installed together with drives inside a TS3500
Tape Library, the System z-specific equipment is housed in IBM 3953 Model FO5 frames,
where the following physical location and installation rules apply:

» An IBM 3953 base frame can contain:

— One or two IBM 3953-L05 Library Manager PCs

— Zero or one tape controller

— Zero or one TotalStorage Master Console

— Ethernet switches

— Up to six Fibre Channel switches

— Keyboard, video monitor, and mouse, with KVM switch if required
— Single or dual power

» An IBM 3953 expansion frame can contain:

Up to three tape controllers

Up to six Fibre Channel switches (one or two for each of the controllers)
Ethernet switches

Power for all components, including support for dual line cords

For more details, refer to Figure 2-9 on page 33 and Figure 2-10 on page 34.

1.4 Conclusion

The IBM System Storage TS3500 Tape Library with IBM 3592 tape drives has been
supported in a wide range of Open Systems environments. With the IBM System Storage
3953 Tape Frame Model FO5 and Library Manager Model LO5, the TS3500 library support
has been expanded to include System z enterprise host system environments.

This IBM 3953 tape system brings similar function and capabilities from the proven IBM 3494
Library Manager with a common code maintenance, update, development path, and
investment, while providing the enhanced functions and features of the TS3500 Tape Library.
The TS3500 library features include:

» Up to 20% less floor space requirement than the IBM 3494

» An increase in storage density of up to 87% when comparing a single frame of the IBM
3494 Model D22 frame with maximum drives and dual gripper against the TS3500 Model
D23 frame with maximum drives

» A single S24 high density frame has the capacity of 2.5 Model D23 frames

» A broad set of application support in both Open Systems and mainframe environments

» Design to incorporate best of breed reliability, availability, and serviceability characteristics
Additionally, use of common microcode in the IBM 3953 Library Manager and the IBM 3494

Tape Library enables enhancements to be synchronously incorporated and maintained in
both products.
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TS3500 Tape Library
components and architecture

The TS3500 Tape Library is designed as a highly scalable, automated tape library combining
IBM automation technology and high performance IBM tape drives for both System z and
Open Systems environments.

In this chapter, we provide a structural overview of the TS3500 Tape Library and a detailed
description of the hardware components, which were listed in 1.3, “Basic components for
System z attachment to TS3500” on page 6 and followed by an architectural overview.

We discuss the following topics:

» IBM TS3500 Tape Library
» IBM 3953 Model FO5 Tape Frame
» System design

For more information about the TS3500 Tape Library and its hardware components, software
support, and implementation specifics for Open Systems hosts, refer to The IBM System
Storage Tape Libraries Guide for Open Systems, SG24-5946.
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2.1 IBM System Storage TS3500 Tape Library

The IBM System Storage TS3500 Tape Library is part of a family of tape library storage
solutions designed to provide a highly scalable, automated tape library for large
environments. The IBM System Storage TS3500 Tape Library addresses the requirement for
unattended operation for midrange systems up to System z systems. Each aspect of the
subsystem is designed to help optimize access to data and reliability.

2.1.1 TS3500 highlights

10

The TS3500 supports the IBM TotalStorage Linear-Tape Open (LTO) Ultrium 1, 2, and 3 tape
drives, the IBM System Storage TS1040 Tape Drive (IBM LTO Ultrium 4), the IBM
TotalStorage 3592 Enterprise Tape Drive Model J1A, and the IBM 3592 Model E tape drives.
IBM 3592 Model E tape drives include TS1120 Tape Drive and TS1130 Tape Drive.

IBM LTO Ultrium tape drives are compact storage devices designed to support the highly
intensive read and write operations required by today’s Open Systems servers. The 3592
tape drives are designed to provide high levels of performance, functionality, and cartridge
capacity supporting the 3592 tape format. Write Once Read Many (WORM) media support is
included for both LTO and 3592 tape drives.

The 3592 Model E tape drives have the capability to encrypt data on tape cartridges. The
TS1130 Tape Drive is encryption-capable by default. Encryption enablement is still optional.
Note that in a C06 environment the drive will always be encryption-enabled. On 8 September
20086, this encryption capability became standard on all IBM TS1120 Model EO5 tape drives
and became a chargeable upgrade feature for IBM TS1120 Model E05 tape drives
manufactured prior to 8 September 2006.

Features of the TS3500 include:

» Support for 4 Gbps Fibre Channel drives (Table 2-1 on page 11)

» Library frames that include an enhanced power architecture and frame control assembly
» Support to intermix new frame models with currently installed frames in the TS3500

» Support for High Density (HD) Storage Frame Sx4 and High Density (HD) technology in a
storage-only frame

» Multi-path support that provides the capability for sharing library robotics

» Enhanced automation functionality with the Advanced Library Management System
(ALMS)

» Control Path Failover for enhanced availability

» Cartridge Assignment Policy (CAP) to handle the insertion process of media in the
TS3500

Note: Manual cartridge assignment using Insert Notification is not supported on a high
density library. For any partitioned library, we recommend that Cartridge Assignment
Policy is configured to provide automated assignment of all inserted cartridges.

The TS3500 Tape Library is designed to connect to host systems using any combination of
Fibre Channel, Ultra2/Wide Low Voltage Differential (LVD) Small Computer System Interface
(SCSI), or Ultra/Wide High Voltage Differential (HVD) SCSI interfaces when attaching to an
Open Systems host.
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The System z requires the IBM TotalStorage 3953 Library Manager Model L0O5 and Tape
Frame Model FO5 to allow attachment to the TS3500 Tape Library.

The 3584 Tape Library comes with several tape drive and frame options to meet your needs.
Table 2-1 provides an overview of supported tape drives.

Table 2-1 Tape drives that are supported in the TS3500 Tape Library

Type of drive Speed of Native data rate | Native capacity Other
connectivity information
TS1040 Tape 4 Gbps Fibre 120 MB/s 800 GB Known as the
Drive Model F4A Ultrium 4 Tape
Drive
TS1030 Tape 4 Gbps Fibre 80 MB/s 400 GB Both of these
Drive Model F3B drives are known
as the Ultrium 3
3588 Tape Drive | 2 Gbps Fibre 80 MB/s 400 GB Tape Drive
Model F3A
LTO Ultrium 2 2 Gbps Fibre 35 MB/s 200 GB Known as the
Tape Drive 160 MB/s (LVD Ultrium 2 Tape
SCSI) Drive
40 MB/s (HVD
SCSI)
LTO Ultrium1 1 Gbps Fibre 15 MB/s 100 GB Known as the
Tape Drive 80 MB/s (LVD Ultrium 1 Tape
SCSI) Drive
40 MB/s (HVD
SCSI)
TS1130 Tape 4 Gbps Fibre 160 MB/s 1000 GB? Known as the
Drive 640 GBP 3592 Tape Drive
128 GB® Model EO6/EU6
TS1120 Tape 4 Gbps Fibre 100 MB/s 700 GB 2 Known as the
Drive 500 GBP 3592 Tape Drive
100 GB® Model E0O5
3592 Tape Drive 2 Gbps Fibre 40 MB/s 300 GBP Withdrawn from
Model J1A 60 GB® marketing as of
September 2006

a. JB/JX cartridge
b. JA/JW cartridge
c. JJ/JR cartridge

2.1.2 TS3500 frame models

The TS3500 Tape Library has a modular design and can consist of one to sixteen frames
housing a maximum of 192 tape drives. A library must contain a base frame model (Model
Lxx) to which you can add optional expansion frames (Model Dxx or Sxx). An optional second
accessor is available through the addition of the High Availability (Model HA1) frame. Note
that adding the High Availability frame and service bay extends the total length of the library
by another two frames.

The left side of Figure 2-1 on page 12 shows an IBM System Storage TS3500 Tape Library
configured with the maximum number of 16 frames for data and cartridge storage. The image
on the right shows a minimum configuration, which is a single frame TS3500 Tape Library.
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Figure 2-1 TS3500 frame configurations

The TS3500 frames come in different models, depending on whether the TS3500 frame is the
first frame in the library, which contains the accessor, as well as tape drives and storage cells,
and on which type of tape drive is installed in the frame. Model Lxx and Dxx frames can be
intermixed with each other and installed frame models with the provision that there is only one
base frame in each library. Model S24 can be attached to a tape library that has 3592 drives
installed inside, and Model S54 can be attached to a tape library that has LTO drives installed
inside.

Note: Models L32 and D32 were withdrawn from marketing effective 1 October 2004.
models L22/D22 and L52/D52 were withdrawn from marketing effective 29 September
2006.

The following list describes the currently available frame models:

» TS3500 Tape Library Model L23: A base frame that contains up to twelve IBM 3592 tape
drives and up to 260 IBM TotalStorage 3592 tape cartridges.

» TS3500 Tape Library Model D23: An expansion frame that can house up to twelve IBM
3592 tape drives and up to 400 IBM TotalStorage 3592 tape cartridges. You can install up
to 15 expansion frames with a base frame.

» TS3500 Tape Library Model L53: A base frame that contains up to 12 Ultrium tape drives
and up to 287 Linear Tape-Open (LTO) Ultrium tape cartridges.

» TS3500 Tape Library Model D53: An expansion frame that contains up to 12 Ultrium
tape drives and up to 440 LTO Ultrium tape cartridges. You can install up to 15 expansion
frames with a base frame.

» TS3500 Tape Library Model S24: A driveless, high-density, storage-only expansion
frame for up to 1000 3592 tape cartridges. You can install up to 15 expansion frames with
a base frame. Advanced Library Management System (ALMS) is required for any library
with a Model S24 frame. This frame can optionally be configured as service bay B.
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» TS3500 Tape Library Model S54: A driveless, high-density, storage-only expansion
frame for up to 1320 Ultrium (LTO) tape cartridges. You can install up to 15 expansion
frames with a base frame. Advanced Library Management System (ALMS) is required for
any library with a Model S54 frame. This frame can optionally be configured as service
bay B.

» IBM TS3500 Model HA1: Optional High Availability Frame. In conjunction with service
bay features on the TS3500 Tape Library models D23 and D53, this IBM TS3500 Model
HA1 supports the installation of a second accessor in the TS3500.

The Lxx frames also contain an 1/O station for 16 cartridges. If both LTO and IBM 3592 tape
drives are installed inside the TS3500 Tape Library, the optional second I/O station is
required for the second media format. The second I/O station is installed below the first I1/O
station. The drive type in the Lxx frame determines which I/O station is in the top position. In
an L53 frame, this is the 1/O station for LTO cartridges, and in an L23 frame, the 1/O station for
3592 cartridges is in the top position.

2.2 TS3500 Tape Library for System z hosts

The TS3500 functions and capabilities in this section are a prerequisite for its attachment to
System z hosts through the IBM 3953 Library Manager. A TS3500 Tape Library, which
attaches only to System z hosts, contains the following components:

» One IBM System Storage TS3500 Model L23 Frame (base frame)

» Optionally, up to 15 IBM System Storage TS3500 Model D23 frames or 15 IBM System
Storage TS3500 Model S24 frames (expansion frames) or up to 15 mixed frames of Model
D23 and S24

» IBM TS3500 Model HA1 (optional High Availability frame)
» IBM System Storage 3953 Tape System

For a detailed description of the TS3500 Tape Library and its complete list of features, refer to
the IBM System Storage TS3500 Tape Library Introduction and Planning Guide, GA32-0559,
and to The IBM System Storage Tape Libraries Guide for Open Systems, SG24-5946, which
describes the TS3500 Tape Library in Open Systems environments.

2.2.1 IBM System Storage TS3500 Base Frame

IBM System Storage TS3500 Base Frame includes Model L23 Frame and Model L53 Frame.
TS3500 Tape Library Model L23 is a base frame containing IBM 3592 tape drives and
cartridges that attaches to System z or Open Systems hosts, while the TS3500 Tape Library
Model L53 is a base frame containing LTO tape drives and cartridges that attaches to Open
Systems hosts.

IBM System Storage TS3500 Model L23 Frame

The TS3500 Tape Library Model L23 is a base frame designed for IBM 3592 tape drives and
3592 data cartridges. The frame contains the accessor with dual grippers that can handle
both LTO and 3952 cartridges and supports up to 15 expansion frames. The Model L23 base
frame has 58 to 260 cartridge slots and supports up to 12 tape drives with an incremental
reduction of storage slots for more than four drives or with the additional 1/0 station installed.

This Model L23 base frame has a smaller footprint than the Model L32. The TS3500 Tape
Library Model L23 is designed with an optimized gripper for use with LTO or 3592 tape
cartridges. Up to 12 logical libraries (one per tape drive) can be configured for each frame.
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Each Model L23 library has a standard 16-slot cartridge 1/O station for importing and
exporting 3592 tape cartridges to and from the library without requiring an inventory
operation. An additional 16-slot cartridge I/O station is optionally available for either LTO or
3592 data cartridges. Libraries containing a mixture of LTO and 3592 drive technologies must
have one LTO I/O station and one 3592 1/O station. For bulk loading of tape cartridges, the
library door can be opened or D23 frames with optional I/O can also be used.

Each time that you close the library door, a barcode reader mounted on the autochanger is
designed to scan the cartridge labels, enabling a re-inventory of the cartridges in the library
frame in as little as 60 seconds. A door lock is included to help restrict physical access to
cartridges in the library.

For models L23, D23, L53, and D53, each base frame and expansion frame that contains
drives has its own enhanced frame control assembly, which receives ac power from two
client-supplied outlets and provides dc power to all tape drives within the frame, as well as to
the accessor. Like the frame control assembly, the enhanced frame control assembly and
tape drives have their own cooling, but they must have free airflow. Do not stack cartridges,
books, or other materials on the top of the library.

For libraries that include a second accessor and the high-availability Model HA1, at least one
D23 or D53 frame (not a service bay) must be equipped with an enhanced frame control
assembly (feature code (FC) 1451).

Figure 2-2 and Figure 2-3 on page 15 show interior and exterior views of the Model L23
Frame and note the features and enhancements of the L23 frame.

Provides:
=Robot
=Drives
=Cartridge Storage
*l/0 (16 or 32 Cartridges) Operator Panel w/ LCD
=Operator Controls .
Ope Touch-Screen Display
=Web Server
Auto-Calibrating
Auto-Inventory
SCSI Medium Changer Interface il
S e S| Lockable
\
,} m A Front
/ Door
M / ) Frame Inventory when Door closed
S \ - - Frame only
/ - not optional
O Station 2 Viewing
Window

Figure 2-2 TS3500 Model L23 Frame exterior view
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Architectural characteristics include:

» Enhanced frame controller assembly. There are two power supplies in each frame, which
supply power to the drives and the library.

» Dual Ethernet interfaces: one Ethernet interface for the Web user interface and the other
Ethernet interface dedicated to the connection to the TS3000 System Console (TSSC),
previously known as the TotalStorage Master Console.

L23

Enhanced Frame

Precise Controller Assembly

. (FCA)
Cartridge

i Redundant Power is standard
Location

Tape Drives
(up to 12 LTO or 3592)

o / Cartridge Storage
2 / Capacity Expansion Features

to activate additional storage cells

// Gripper

Full Servo control

of all Robotic Axes

Motor Driver Assembly
(MDA)

== |
= T
e

Figure 2-3 TS3500 Model L23 Frame interior view

IBM System Storage TS3500 Model L53 Frame

The TS3500 Tape Library Model L53 is a base frame designed for IBM TS1040 or other LTO
Ultrium Fibre Channel tape drives and LTO data cartridges. The Model L53 base frame has
64 to 287 cartridge slots and support for up to 12 tape drives with an incremental reduction of
storage slots for more than four drives or with the additional 1/O station installed. This model
has a smaller footprint than the Model L32.

The TS3500 Tape Library Model L53 is designed with an optimized dual gripper for use with
LTO or 3592 tape cartridges. Data capacity for the Model L53 depends on the types of LTO
Ultrium cartridges, which can provide up to 460 TB of physical capacity (at 2:1 compression)
using LTO data compression (LTO-DC) with Ultrium 4 data cartridges. Up to 12 logical
libraries (one per tape drive) can be configured for each frame.

Each Model L58 library has a standard 16-slot cartridge 1/O station for importing and
exporting LTO tape cartridges to and from the library without requiring another inventory. An
additional 16-slot cartridge I/O station is optionally available for either LTO or 3592 data
cartridges. Libraries containing a mixture of LTO and 3592 drive technologies must have one
LTO I/O station and one 3592 1/O station.

For bulk loading of tape cartridges, you can open the library door or use D53 frames with
optional I/0O. Each time that you close the library door, a barcode reader mounted on the
autochanger is designed to scan the cartridge labels, which enables another inventory of the
cartridges in the library frame in as little as 60 seconds. A door lock is included to help restrict
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physical access to cartridges in the library. The exterior of the frame looks like the TS3500
Tape Library Model L23; refer to Figure 2-2 on page 14 for reference.

Architectural enhancements include:

» Enhanced frame controller assembly. There are two power supplies in each frame, which
supply power to the drives and the library.

» Dual Ethernet interfaces: one Ethernet interface for the Web user interface and the other
Ethernet interface dedicated for the connection to the TS3000 System Console (TSSC),
previously known as the TotalStorage Master Console.

2.2.2 IBM System Storage TS3500 Drive Frame
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IBM System Storage TS3500 Drive Frame includes the Model D23 Frame and the Model D53
Frame. TS3500 Tape Library Model D23 is an expansion frame that can contain IBM 3592
drives and cartridges and attaches to System z or Open Systems hosts, while the TS3500
Tape Library Model D53 is an expansion frame that can contain LTO tape drives and
attaches to Open Systems hosts.

IBM System Storage TS3500 Model D23 Frame

The TS3500 Tape Library Model D23 expansion frame shown in Figure 2-4 on page 17 is
designed for TS1130 (3592-E06 and 3592-EU6), TS1120 (3592-E05), and 3592-J1A tape
drives and 3592 data cartridges. You can add up to 15 Model D23 expansion frames to the
TS3500 Model L22, L23, L32, L52, or L53 base frame to increase 3592 cartridge storage or
drive capacity. Each Model D23 supports up to 400 3592 cartridge slots and up to 12 3592
tape drives with an incremental reduction of storage slots for each installed set of four tape
drives. Each frame can have up to 12 logical libraries or 12 control paths (one per tape drive).

A Model D23 can be ordered from the plant with FC1656, which provides installed 1/0
stations that are comprised of four independently accessible I/O station doors with a total of
64 slots (16 in each 1/O station door). A maximum of three D23 I/O frames are allowed in any
TS3500 library string. This increases the maximum 1/O slot capacity from 32 to 224. There is
a loss of storage capacity of 160 cartridges for each Model D23 with optional 1/O capability.
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Figure 2-4 TS3500 Model D23 Frame

IBM System Storage TS3500 Model D53 Frame

The TS3500 Tape Library Model D53 expansion frame is designed for IBM TS1040 LTO
Ultrium Fibre Channel (FC) tape drives and LTO data cartridges. You can add up to 15 Model
D53 expansion frames to the TS3500 Tape Library Model L22, L23, L32, L52, or L53 base
frame to increase LTO cartridge storage or drive capacity.

Each Model D53 supports up to 440 LTO cartridge slots and up to 12 IBM LTO Ultrium 4 tape
drives with an incremental reduction of storage slots for each installed set of four tape drives.
Each frame can have up to 12 logical libraries or 12 control paths (one per tape drive).

You can order a Model D53 from the plant with FC1655, which provides installed I/O stations
that are comprised of four independently accessible 1/O station doors with a total of 64 slots
(16 in each /O station door). A maximum of three D53 I/O frames are allowed in any TS3500
library string.

This increases the maximum I/O slot capacity from 32 to 224. There is a loss of storage
capacity of 176 cartridges for each D53 with optional I/O capability. The exterior of the frame
is like the exterior of the TS3500 Tape Library Model D23. Refer to Figure 2-4 for reference.

2.2.3 IBM System Storage TS3500 Storage Frame

IBM System Storage TS3500 storage only frame includes the Model S24 Frame and the
Model S54 Frame. The TS3500 Tape Library Model S24 and S54 frames are High Density
(HD) storage only expansion frames compatible with existing TS3500 strings.

The Advanced Library Management System (ALMS) is required for support of HD frames,
even in an Open Systems only library.
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The TS3500 Tape Library Model S24 expansion frame is designed for 3592 data cartridges.
You can add up to 15 Model S24 expansion frames to the TS3500 Model L22 or L23 base
frame to increase 3592 cartridge storage. Each Model S24 Frame supports up to 1000 IBM
3592 cartridge slots.

The TS3500 Tape Library Model S54 expansion frame is designed for LTO data cartridges.
You can add up to 15 Model S54 expansion frames to the TS3500 Tape Library Model L32,
L52, or L53 base frame to increase LTO cartridge storage. Each Model S54 Frame supports
up to 1320 LTO cartridge slots.

Currently, up to 6887 slots are supported per single TS3500 library. Therefore, the limit of 15
active expansion frames is reduced as listed in Table 2-2. IBM plans to provide support for
greater than 6887 cartridges in a future release as has been previewed.1

Table 2-2 TS3500 active frames

Number of active S24 Number of active S54 Limit of total active expansion

frames frames frames
1 0 13 (reduce by 2)
0 1 13 (reduce by 2)
2 0 12 (reduce by 3)
0 2 11 (reduce by 4)
3 0 10 (reduce by 5)
0 3 9 (reduce by 6)
4 0 9 (reduce by 6)
0 4 7 (reduce by 8)
5 0 7 (reduce by 8)
0 5 5 (reduce by 10)
6 0 6 (reduce by 9)
0 6 not supported
7 0 not supported

High Density (HD) technology

The depth of a cartridge location in a HD frame is known as the tier. The cartridge
immediately accessible in the HD slot is a Tier 1 cartridge. Behind that is Tier 2 and so on.
The maximum tier in an LTO HD slot is Tier 5. The maximum tier in a 3592 HD slot is Tier 4,
because the 3592 cartridge is slightly longer than the LTO cartridge. The single-deep slots
on the door-side of HD frames and in non-HD frames are referred to as Tier 0 slots.

Figure 2-5 on page 19 shows a graphical exterior view of an S24 frame. An S54 frame has
the same exterior view; the difference is that an S54 frame has the Tier 5 slot inside.

! Previews provide insight into IBM plans and direction. Specific availability dates, ordering information, and terms
and conditions will be provided when the product functionality is announced.
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Figure 2-5 TS3500 Model S24 Frame

Figure 2-6 shows the side view of HD frame.

The S24 frame supports up to a total of five tiers (Tier 0 to Tier 4) with up to 200 IBM 3592

cartridge slots for each tier. The S54 frame supports up to a total of six tiers (Tier O to Tier 5)
with up to 220 IBM LTO cartridge slots for each tier.

Tier D Slots (220 or 200)

Tier 1 Siots (220 or 200)
Tier 2 Siots (220 or 200)
Tier 3 Siots (220 or 200)

Tier 4 Siots (220 or 200)
Tier 5 Siots (220 or NiA)
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Figure 2-6 TS3500 Model Sxx Frame side view
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LED lighting
New internal LED lighting as shown in Figure 2-7 has been added to the HD frame, because
the window at the top of the frame has been removed.

Figure 2-7 Internal LED lighting

Library configurations supported by HD frames
When installing HD frames in a TS3500, these configuration rules apply:

» HD frames are supported in mixed media, LTO media-only, and 3592 media-only libraries
without High Availability (HA) frames.

» HD frames are supported as active frames in HA LTO-only or 3592-only libraries.
» HD frames are supported as Service Bay B in HA LTO-only or 3592-only libraries.
» HD frames are not supported as active frames in an HA mixed media library.
» HD frames are not supported as Service Bay B in an HA mixed media library.

2.2.4 Frame capacity
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This section introduces the quantity of LTO Ultrium tape cartridges and 3592 tape cartridges
that the TS3500 Tape Library supports, depending on whether the Capacity on Demand
feature or Capacity Expansion feature is installed, the upper and lower I/O stations are used,
and a specified quantity of drives are installed.

Capacity of Model L23 and D23 frames

In this section, we show the types of eligible Capacity on Demand features and the quantities
of drives, I/O slots, and storage slots for L23 and D23. Refer to Table 2-3 on page 21 for
reference.
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Table 2-3 Quantity of storage cells in TS3500 models L23 and D23

Type of frame

Capacity on
Demand’ feature

Number of
drives installed

Number of I/0
station slots

Number of
storage slots

L23 Entry Oto 12 16 58

L23 Intermediate Oto 12 16 117
L23 Full Oto 4 16 260
L23 Full 5t0 8 16 248
L23 Full 9to 12 16 237
L23 Full Oto4 32 222
L23 Full 5t0 8 32 210
L23 Full 9to 12 32 199
D23 N/A 0 N/A 400
D23 N/A 1to4 N/A 383
D23 N/A 5t0 8 N/A 371
D23 N/A 9to 12 N/A 360

1. The initial (entry) capacity is enabled to use 58 cartridge slots for 3592 tape cartridges. If you
add the Intermediate Capacity or Full Capacity feature, you can enable additional storage ele-
ments. Refer to the IBM TotalStorage TS3500 Tape Library Introduction and Planning Guide,
GA32-0559-03, for more details.

Capacity of Model L53 and D53 frames
In this section, we show the types of eligible Capacity on Demand features and the quantities

of drives, I/O slots, and storage slots for Model L53 and D53 frames. Refer to Table 2-4 on

page 22 for reference.
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Table 2-4 Quantity of storage slots in Model L53 and D53 frames

Type of frame Capacity on Number of Number of I/O Number of
Demand’ feature drives installed station slots storage slots

L53 Entry Oto12 16 64

L53 Intermediate Oto12 16 129
L53 Full Oto 4 16 287
L53 Full 5t0 8 16 273
L53 Full 9to 12 16 261
L53 Full Oto4 32 245
L53 Full 5t0 8 32 231
L53 Full 9to 12 32 219
D53 N/A 0 N/A 440
D53 N/A 1to4 N/A 422
D53 N/A 5t0 8 N/A 408
D53 N/A 9to 12 N/A 396

1. The initial (entry) capacity is enabled to use 58 cartridge slots for 3592 tape cartridges. If you
add the Intermediate Capacity or Full Capacity feature, you can enable additional storage ele-
ments. Refer to the IBM TotalStorage TS3500 Tape Library Introduction and Planning Guide,
GA32-0559-03, for more details.

Capacity of Model S24 Frame

In this section, we show the quantity of cartridge storage slots available in the Model S24
Frame depending on the amount of licensed capacity. The quantity of storage slots available
depends on the total licensed capacity of the frame.

Table 2-5 Quantity of cartridge storage slots in the Model S24 Frame

Type of frame Available capacity Quantity of storage slots?
S24 Base (Tiers 0, 1, and 2) 600
S24 Full (Tiers 0, 1, 2, 3, and 4)° 1000

a. The actual number of slots available for storage is slightly lower, because some slots must
remain available for when a shuffle operation is required to access cartridges.

b. Base capacity for a Model S24 frame consists of the storage slots available in Tiers 0, 1, and
2. In order to use the additional capacity of Tiers 3 and 4, it is necessary to purchase license
keys for each HD frame on which you want to use Tiers 3 and 4.

Capacity of Model S54 Frame

In this section, we show the quantity of cartridge storage slots available in the Model S54
Frame, depending on the amount of licensed capacity. The quantity of storage slots available
depends on the total licensed capacity of the frame. Refer to Table 2-6 on page 23.
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Table 2-6 Quantity of cartridge storage slots in the Model S54 frame

Type of Frame

Available Capacity

Quantity of Storage Slots?

S54

Base (Tiers 0, 1, and 2

660

S54 Full (Tiers 0, 1, 2, 3, 4, and 5)° 1320

a. The actual number of slots available for storage is slightly lower because some slots must
remain available for when a shuffle operation is required to access cartridges.

b. Base capacity for a Model S54 frame consists of the storage slots available in Tiers 0, 1, and
2. In order to use the additional capacity of Tiers 3, 4 and 5, it is necessary to purchase license
keys.

Capacity on Demand for HD frames

HD frames support HD Capacity on Demand (CoD), so that you have the ability to add slot
capacity nondisruptively to Sx4 frames. FC1645 provides on demand activation of an
additional 400 slots of capacity (Tiers 3 and 4) for Model S24, and FC1646 provides on
demand activation of an additional 660 slots of capacity (Tiers 3, 4, and 5) for Model S54.

For a list of TS3500 feature codes that are required to attach System z hosts, refer to
Appendix G, “Feature codes” on page 511.

Table 2-7 gives the capacities of the supported frames.

Table 2-7 Frames that are supported in the 3584 Tape Library

Models Drives in frames Maximum Maximum capacity
cartridges? without compression
L52, D52, L53, and Ultrium tape drives 6887 5509 TB
D53
L32 and D32 Ultrium tape drives 6881 5509 TB
L22, D22, L23, and 3592 tape drives 6260 6260 TB (TS1130)
D23 4382 TB (TS1120)
1878 TB (J1A)
L23 and S24 3592 tape drives 15110 15110 TB (TS1130)
(3592 cartridge)b 10577 TB (TS1120)
4533 TB (J1A)
L53 and S54 Ultrium tape drives 19 889 15911 TB
(LTO cartridge)°®

a. Support for more than 6887 cartridges available after General Availability
b. Assuming a reserve of 1% of the slots per S24 frame for sufficient shuffle locations
c. Assuming a reserve of 1% of the slots per S54 frame for sufficient shuffle locations

2.2.5 High Availability frames

The IBM 3494 supports a High Availability Frame Option. It is specified by the single model
type IBM 3494 Model HA1. This single model delivers two frames: one left garage frame and
a right frame, which is functionally identical to the IBM 3494 installed L frame. Thus, the IBM
3494-HA1 provides not only a redundant robotic accessor, but also a redundant Library
Manager. In the case of a failure, the library will swap and use the alternate Library Manager
and accessor. You have the option to have both accessors active during normal processing,
or to keep one accessor in standby mode.
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The TS3500 Tape Library also supports a High Availability Option, but it is not functionally
equivalent to the IBM 3494 in a System z environment. Essentially, it provides two additional
frames, and dual accessors, both of which are always active. It is specified by including two
additional model types on the TS3500:

» IBM TS3500 Model HA1, which provides only one frame that serves as the left garage
frame or “Service Bay A” for the original accessor that came with the TS3500 Model L23.
Like the IBM 3494 HA1, it does not contain any tape drives or storage cells for client data
cartridges.

» An additional TS3500 Model D23 or S24 frame is required as the right unit or “Service Bay
B” for the second accessor. The service bay is a regular library frame without any drives,
power supplies, or node cards. Storage slots within the service bay are used only to test
service actions. This frame has a special feature code, FC1440, which provides the
second accessor and signifies its use as a service bay. The strength of this design is in the
ease of installing additional frames in the library when required. If you need to add one or
more D23 or S24 expansion frames, your IBM Systems Service Representative (IBM
SSR) can convert service bay B to an expansion frame, add the new frame or frames to
the right, and convert the last frame on the right to service bay B. To convert the existing
service bay to an expansion frame, the SSR removes the test slots and replaces them
with storage slots.

However, the High Availability units for the TS3500 do not provide a redundant Library
Manager; they only provide dual accessors.

As part of the System z attachment frames (3953 Model F05), you can configure a second
Library Manager for redundancy, which, together with the TS3500 High Availability Frame
Option, provides the same redundancy as the IBM 3494 for System z configurations.

2.2.6 IBM 3953 Tape System
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The IBM 3953 Tape System consists of the IBM 3953 Tape Frame Model FO5 and the IBM
3953 Library Manager Model L05. It is required for the attachment of System z hosts to the
TS3500 Tape Library.

The 3953 F0O5 Tape Frame is an independent frame used to house the 3953 LO5 Library
Manager and other components and provides an interface between the TS3500 Tape Library
and System z hosts. The System z hosts attach through either ESCON or FICON to one of
the following products:

» |IBM System Storage TS1120 Tape Controller (or 3592-J70)

» |IBM System Storage TS7700 Virtualization Engine (FICON only)

» [IBM TotalStorage 3494 Virtual Tape Server (VTS) Model B10 or B20

We explain the IBM 3953 Tape Frame Model FO5 and the IBM 3953 Library Manager Model

LO5 in detail in 2.3, “IBM TotalStorage 3953 Tape Frame Model FO5” on page 31 and 2.4,
“IBM TotalStorage 3953 Library Manager Model L0O5” on page 39.
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2.2.7 TS3500 features for library management

The TS3500 has distinctive features and functions that help in managing and operating Open
Systems-attached drives and that are also required when attaching System z hosts to drives
installed inside the TS3500. These features and functions are considerably different than the
previous methods of operation, communication, and management in the IBM 3494 Tape
Library. For a comparison of the TS3500 and IBM 3494 operational characteristics and
differences, refer to 7.6.3, “Mapping 3494 operation modes to TS3500 operation modes” on
page 196.

Multi-path support

The Multi-Path Architecture of the TS3500 Tape Library is designed to provide the capability
for sharing library robotics by partitioning the library into up to 192 logical libraries (up to the
number of drives installed). Each TS3500 logical library has its own separate and distinct
drives, storage slots, and control paths. I/O slots are shared on a first-come-first-served basis.
This virtualization of the library accessor makes it appear that there are more physical
libraries than actually exist and allows homogeneous (similar) and heterogeneous (dissimilar)
applications to share the library robotics independently of each other. Cartridges, under
library control, cannot be shared or moved among logical libraries. An example of
heterogeneous sharing is a Microsoft® Windows® 2000 Server application using the drive
and storage slots of one TS3500 logical library, while a UNIX® application uses the drive and
slots of another TS3500 logical library. You can also use logical libraries for separating
different generations of Ultrium tape drives and cartridges, or 3592 tape drives and
cartridges, for applications that do not support mixing the drives in the same TS3500 logical
library.

For System z attachment, the configuration rules for logical partitioning are different than the
rules for Open Systems hosts whose drives in the TS3500 attach directly to the host. Each
3953 Library Manager (required for System z hosts) attached to the TS3500 must be defined
as a separate TS3500 logical library (with its own separate and distinct drives, storage slots,
and control paths) in the TS3500 Tape Library. The TS3500 can have multiple 3953 Library
Managers (up to four), but each 3953 Library Manager must be defined as a separate
TS3500 logical library. Therefore, a TS3500 library that is used exclusively for System z can
have a maximum of four TS3500 logical libraries, each with its own set of tape drives and
storage slots.

Furthermore, each of these 3953 logical Library Manager partitions can have up to three
logical libraries defined to it (identical to logical libraries of a 3494), two of which can be
TS7700 Virtualization Engines, VTSs, or a mixture of both. This capability is possible by the
3953 Library Manager supporting the configuration of 16 subsystems per 3953 Tape System.
A subsystem is a VTS or TS1120 Model C06 Controller or J70 Controller. If there are two
VTSs defined, the remaining 14 subsystems can be fourteen 3592 Model C06 or 3592-J70
Tape Controllers dedicated to native drive attachment (native library).

This configuration of logical Library Manager partitions and further subsystem attachment
allows a TS3500 Tape Library that is fully configured with four 3953 Tape Systems to house
up to eight TS7700 Virtualization Engines, VTSs, or a mixture of both. For more information,
refer to Chapter 6, “Basic concepts of sharing and partitioning” on page 149, which deals
exclusively with the concepts of sharing and partitioning.
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Drive and cartridge location

In the IBM 3494, tape drives attached to the same tape controller are also installed within the
same frame as the controller or in two adjacent frames, one of which contains the controller.
Tape drives dedicated to a Virtual Tape Server or TS7700 were also installed in their own,
unique frames and cannot share these frames with other drives attached to other tape
controllers or to Open Systems hosts.

When installing IBM 3592 tape drives inside a TS3500 Tape Library, the only requirement is
that you must install the drives and their data cartridges in either Model L22 or L23 frames,
Model D22 or D23 frames, or both. Within these frames, you can intermix IBM 3592 drives
attached to Open Systems, different tape controllers, and different VTS systems. The drives
are still dedicated to logical libraries in the TS3500, but the frames are not dedicated to
controllers or host platforms. We discuss logical libraries in the TS3500 in more detail in 6.2.2,
“TS3500 logical library” on page 152.

Cartridges are located in the frames where the appropriate drives that can process them also
are located. The TS3500 Tape Library without the HD frame operates in fixed home cell
mode, which means that the cartridges are returned to their home cell. The TS3500 Tape
Library with the HD frame operates in floating home cell mode.

Control path drives

In the TS3500 Tape Library, a control path is a logical path into the library, using the physical
channel path to the tape drives, through which a server sends SCSI move medium
commands to control the logical library. The control path is set up as Logical Unit Number 1
(LUN 1) on a drive; LUN 0 addresses the System z-attached drive. Obviously, whether you
use an Open Systems server or a System z server, there must be at least one drive defined
as a control path drive for each logical library. Additional control paths reduce the risk that
failure in one control path will cause the entire logical library to become unavailable.

For each subsystem (a TS1120 Model C06 Controller, 3592-J70 Controller, TS7700
Virtualization Engine, or a VTS), you must define four drives as control path drives. A tape
controller can have fewer than four control path drives if it has fewer than four drives installed.

Control Path Failover

Two types of path failover capabilities exist: Control Path Failover (CPF) and Data Path
Failover (DPF). Control refers to the command set that controls the library (the SCSI Medium
Changer command set on LUN 1 of the tape drives). Data refers to the command set that
carries the client data to and from the tape drives (the SCSI-3 Stream Commands (SSC)
device on LUN 0 of the tape drives). Path failover means the same thing in both types.
Where there is redundancy in the path from the application to the intended target (the library
accessor or the drive mechanism), the device driver transparently fails over to another path in
response to a break in the active path.

Both types of failover include host-side failover when configured with multiple host bus
adapter (HBA) ports in a switch, but CPF includes target-side failover through the control
paths that are enabled on more than one tape drive. DPF includes target-side failover for
3592 tape drives only by using the dual-ported interface of the drive.

You can use CPF for enhanced availability. This optional feature is designed to provide
automatic control path failover to a preconfigured redundant control path in the event of a loss
of a host adapter or control path drive without stopping the current job in progress. Today,
IBM provides support under AIX®, Solaris™, Windows, Hewlett-Packard Unix (HP-UX), and
Linux when you use the IBM device driver. Additional operating system support will be
provided in the future for installed CPF users.
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For an IBM 3953 Library Manager partition, CPF is free for that logical library. The driver
automatically uses CPF. However, CPF is not free for non-3953 logical libraries. For these
partitions, you must purchase CPF.

Data Path Failover and Load Balancing

Data Path Failover (DPF) and Load Balancing exclusively support native Fibre Channel
Ultrium tape drives and 3592 tape drives in the TS3500 Tape Library using the IBM device
driver. Today, IBM provides support for AlX, Linux, and Solaris. Additional operating system
support will be provided in the future for installed DPF users.

DPF is not applicable when attaching System z hosts to TS3500 tape libraries, because the
tape controllers function as the interface between the tape drive and the host, and therefore,
the host does not attach directly to the native Fibre Channel (FC) drive.

Advanced Library Management System

This section gives an overview of the Advanced Library Management System (ALMS), which
virtualizes the locations of cartridges in the 3584 Tape Library. Logical libraries can then
consist of unique drives and ranges of volume serial numbers instead of fixed locations.

ALMS is an extension of the IBM patented Multi-Path Architecture. With ALMS, the TS3500
Tape Library is the industry’s first standards-based tape library to virtualize the locations of
cartridges (called SCSI element addresses) while maintaining native storage-attached
network (SAN) attachment for the tape drives. ALMS enables logical libraries to consist of
unique drives and ranges of volume serial (VOLSER) numbers, instead of fixed locations.

When you enable ALMS with its license key, you can assign tape drives to any logical library
by using the Tape Library Specialist Web interface. Logical libraries can also be added,
deleted, or easily changed without disruption. Storage capacity can be changed without
impact to host applications.

An optional feature in Open Systems environments, ALMS offers dynamic management of
cartridges, cartridge storage slots, tape drives, and logical libraries. It enables the TS3500
Tape Library to achieve unprecedented levels of integration for functionality through dynamic
partitioning, storage slot pooling, and flexible drive assignment. ALMS eliminates downtime
when you add Capacity On Demand (COD) storage, add or remove logical libraries, or
change logical library storage allocation. ALMS also reduces downtime when you add
expansion frames, add or remove tape drives, or change logical drive allocation.

Note: ALMS is required for the attachment of System z hosts with the IBM 3953 Tape
System. ALMS is also required if HD frames are installed in the TS3500 library.

Capabilities of ALMS include:
» Dynamic Partitioning (storage slot pooling and flexible drive assignment)

» The ability to add or remove storage capacity with minimal or no disruption to host
applications

» The capability to configure drive or L frame storage capacity without taking the library
offline

» Virtual I/O slots to automatically manage the movement of cartridges between 1/O slots
and storage slots

For ALMS feature preinstallation planning, refer to 7.1.1, “Plan your hardware configuration”
on page 170.
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Storage slot pooling

With ALMS enabled on the TS3500, all storage slots are pooled (available on a first-come,
first-served basis) to each logical library based on cartridge insert operations. They are a
shared resource, which means that changes to the capacity allocation for each logical library
can occur without downtime or administrator involvement. The minimum logical library simply
has a name and can be thought of as a file folder that has no content. You can place drives in
the file folder by using the Drive Assignment panel of the Tape Library Specialist Web
interface. Cartridges can also be placed in the file folder, based on their volume serial
(VOLSER) numbers and by using one of the following methods (in priority order):

» Migration of static partitioning to dynamic partitioning (requires Web enablement of ALMS)
» Cartridge Assignment Policy (automatic at the time of insertion)

» Software application move from the I/O station (based on the source application that
issued the command), which is possible only on Open Systems environments.

» Manual assignment by an operator using the Tape Library Specialist Web interface

Flexible drive assignment

ALMS allows the assignment of drives through the Web interface and the capability of sharing
the drive between multiple hosts and unassigning and reassigning drives from one logical
library to another.

Note: This flexible drive assignment is not supported in System z environments. Do not
attempt to reassign System z-attached drives. In a System z environment, tape drives are
attached to a tape controller, TS7700 Virtualization Engine, or VTS, and they cannot be
dynamically reassigned to other logical libraries.

Transparent addition or removal of storage capacity

With ALMS, you can change the total logical library capacity (quantity of addressable storage
slots). The change is transparent to each host application, because the value in the Maximum
Number of Cartridges field in the Tape Library Specialist Web interface is not impacted by
changes to the quantity of storage slots. The additional storage slots are simply new
candidates to which to move cartridges upon insertion.

Configuration of storage capacity without disruption

With ALMS enabled, no downtime is required when you enable Intermediate Capacity On
Demand or Full Capacity On Demand for L frame models in the TS3500.

Cartridge Assignment Policy in the TS3500

As a means of identifying cartridges that are assigned to logical libraries, the TS3500 Tape
Library supports a Cartridge Assignment Policy (CAP). The policy is based on the volume
serial (VOLSER) label that is affixed to a cartridge, which an operator might have previously
assigned to a logical library.

The Cartridge Assignment Policy is media-type specific. It is based on the six most significant
characters of the cartridge label, and the ranges of VOLSERSs do not include the media-type
indicator (L2, L3, JA, and so forth). Therefore, two identical labels (except for the media-type
indicator) can be assigned to two different logical libraries, for example, libraries that contain
Ultrium or IBM 3592 tape drives.

When an unassigned cartridge is present in the /O station, the library reads its VOLSER label
and automatically assigns it to the logical library that is specified in the range of VOLSERSs
that was previously selected by the operator. Similarly, if you open and close the library’s
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front door, the library automatically performs an inventory, and, if it detects a newly inserted,
unassigned cartridge, it assigns the cartridge to the logical library of the VOLSER range that
was previously selected by the operator.

For unassigned cartridges that do not fall within a Cartridge Assignment Policy, you can
assign those cartridges by using one of these methods:

» If the unassigned cartridge is in the I/O station and Insert Notification is disabled, the
assignment is done automatically on a first-come, first-served basis.

» If the unassigned cartridge is in the 1/O station and Insert Notification is enabled, you can
assign the cartridge to a logical library by using the Insert Notification process on the
library’s Operator Panel, or you can keep the cartridge as unassigned and assign it later
by using the TS3500 Tape Library Specialist Web interface.

» Create a new VOLSER range, then perform a manual inventory to assign those cartridges
through the Cartridge Assignment Policy.

» Use the TotalStorage Tape Library Specialist Web interface to assign the cartridges
manually.

For more information about creating a new VOLSER range, performing a manual inventory,
assigning cartridges manually, or assigning cartridges to a logical library, refer to Chapter 13,
“Operation” on page 379.

Insert Notification

Manual cartridge assignment using Insert Notification is not supported on a high density
library. For any partitioned library, we recommend that Cartridge Assignment Policy is
configured to provide automated assignment of all inserted cartridges.

Virtual I/0

Virtual I/0 (VIO) provides the ability to enhance the number of available I/O slots in the
TS3500 Tape Library. The TS3500 has input/output (I/0O) stations and 1/O slots that allow you
to insert and eject up to 32 cartridges at any given time. The I/O slots are also known as
import/export elements (IEEs). Virtual I/O slots increase the quantity of available I/O slots by
allowing storage slots to appear to the host as I/O slots. Storage slots that appear to Open
Systems hosts as I/O slots are called virtual import/export elements (VIEEs). With Virtual I/O
slots, when cartridges are inserted into the 1/O station, the library works with the Cartridge
Assignment Policy or Insert Notification to assign a cartridge to the correct logical library VIEE
space, and cartridges will automatically be moved into library storage slots.

Support for Virtual I/O slots is provided at the latest released level of library microcode and
will be enabled by default when ALMS is enabled. For existing clients, who have a TS3500
library with ALMS already enabled, a newer level of library microcode that supports Virtual I/O
slots will be required, and virtual I/O slots will need to be manually enabled.

2.2.8 Remote support

Remote support for the TS3500 tape Library is available through the Call Home feature,
which can help improve availability of the library. When a failure occurs on the drive or the
library, Call Home can use either a modem or the TotalStorage System Console (TSSC) to
send information to an IBM support center about the nature of the problem and suggested
fixes. Call Home can also periodically send support information (such as configuration, library
and drive code versions, and error logs).
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Call Home has three capabilities:

» Problem Call Home: The TS3500 Tape Library or one of its drives detects a problem and
the library performs a Call Home operation to create a Problem Management Record
(PMR) in the IBM Remote Technical Assistance Information Network (RETAIN®). This
PMR is a single page of text data that enables the IBM Support Center personnel or the
IBM service support representative (SSR) to access an action plan and a list of parts
called field-replaceable units (FRUs). When servicing the library, the IBM SSR can issue
a test Call Home operation to RETAIN from the library’s Operator Panel. The library allows
the IBM SSR to include drive dumps in the test Call Home for analysis, rather than
collecting dumps by using CE-Tool and transmitting them through an IBM messaging
system. In this way, Support Center personnel can access a dump through the Call Home
database.

» Heartbeat Call Home: On a scheduled basis (once a week or one hour after a code
update has completed), the library sends home (to IBM) the following files: a Machine
Reported Product Data (MRPD) file, a library error log file, and a drive error log file. The
MRPD file contains information about the machine (library), including the number of
frames and drives, the model and serial number of each frame, the type and serial number
of each drive, the code version of the library and each drive, and any machine-detectable
features, such as additional I/O stations, capacity expansion, and so forth.

» Data Call Home: When a Problem Call Home or a Heartbeat Call Home is initiated, the
library also sends data files that might be helpful to Support Center personnel. In the case
of a Heartbeat Call Home, the library also sends the library error log and drive error log. In
the case of a Problem Call Home, the library sends any trace files that might be related to
the problem.

Remote support through a modem

Feature codes FC2710 and FC2712 provide the capability of the remote functions just
described through a modem.

Remote support through a TS3000 System Console

Where there is a TS3000 System Console (TSSC) present for a System z-attached TS3500
Tape Library, you can use it optionally to manage the Call Home facility on behalf of the
library in addition to the other managed units. Using the TSSC avoids the need for a
dedicated analog phone line for the library’s Call Home modem.

To perform a Call Home operation through the TSSC, the TS3500 sends Call Home
information across a private Ethernet connection to the TSSC, which then performs the Call
Home operation and sends the information to the IBM Remote Technical Assistance
Information Network (RETAIN). For remote support through the TSSC, the TS3500 Tape
Library needs a minimum of two Ethernet ports: one Ethernet port for the Web User interface
and one Ethernet port for attachment to the TSSC. Frame models L23 and D23 facilitate this
requirement by providing dual Ethernet interfaces in the Media Change Assembly of the
frame.

There is a benefit to calling home using the TSSC as opposed to using the remote support
features, because you need to provide fewer analog phone lines. In addition, in certain error
scenarios, calling home using the TSSC provides enhancements to first time data capture. As
an example, a situation might occur where a VTS tries to move a specific cartridge into a
drive, but then finds that the wrong cartridge appears to have been loaded. In this scenario,
the library and drive do not see any problem so they do not call home. But the VTS knows
something went wrong, and it calls home using the TSSC. As part of the call, the VTS notifies
the TSSC of all of the devices that are associated with the failure. If the TS3500 is connected
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to the TSSC, as a result of the VTS call, the TSSC can automatically pull library and drive
information covering the same time period.

For further information about the TSSC and its attachment options, refer to 2.3.5, “IBM
System Storage TS3000 System Console” on page 37.

2.3 IBM TotalStorage 3953 Tape Frame Model F05

The IBM 3953 TotalStorage Tape Frame is an independent frame that allows the attachment
of System z host systems to IBM 3592 tape drives (models J1A, TS1120, or TS1130) in an
IBM System Storage TS3500 Tape Library through IBM System Storage TS1120 Model C06
Controllers, 3592 Model J70 Tape Controllers, TS7700 Virtualization Engine, or VTS
systems. The IBM 3953 TotalStorage Tape Frame is controlled by the IBM 3953 Model L05
Library Manager.

Note: The 3592-J70 Tape Controller was withdrawn from marketing effective 29
September 20086, but it is still supported in the current 3953 Tape System configuration as
described for the TS1120 Model C06 Tape Controller in this section.

Figure 2-8 shows the front view of an IBM 3953-F05 Frame.

Figure 2-8 IBM 3953 Tape Frame Model FO5

The IBM 3953 Tape Frame is available in two versions:
» Base frame:

IBM 3953 Model FO5 base frame is the first 3953 frame in a configuration. It houses one
Library Manager or optionally two Library Managers for redundancy, multiple Ethernet
switches, up to six Fibre Channel switches when an IBM System Storage TS1120 Model
C06 Controller, IBM 3592 Model J70, TS7700 Virtualization Engines, or VTSs are
installed, one KVM Switch (which allows the operator to use the keyboard and monitor
with either the Library Manager or the TSSC), monitor, and keyboard. It can house one
TS1120 Model C06 Controller and the TSSC, if installed.

» Expansion frame:

IBM 3953 Model FO5 expansion frame can be used to install additional TS1120 Model
C06 Controllers or IBM 3592-J70 Controllers. A single expansion frame can house up to
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three TS1120 Model C06 Controllers or 3592-J70 Controllers or up to two Ethernet
switches, and up to six Fibre Channel switches.

Both the base frame and the expansion frame have the same Model type, F05, but they are
differentiated by having a descriptive feature code.

There can be up to six frames in total associated with one 3953 Tape System and one
TS3500 logical library. You do not need to physically install the 3953 frames adjacent to the
TS3500 library frames. The first frame in the 3953 Tape System must be a base frame, and it
houses the Library Manager.

The Library Manager controls all or part of the TS3500 Tape Library according to how the
logical libraries are set up; for example, you can divide the physical library between Open
Systems hosts, as well as System z servers. One Library Manager controls one logical
library, but there can be up to four Library Manager-controlled logical libraries in one TS3500
Tape Library, as well as a number of Open Systems-controlled logical libraries. We describe
the IBM 3953 Library Manager in detail in 2.4, “IBM TotalStorage 3953 Library Manager
Model LO5” on page 39.

2.3.1 IBM 3953 Model FO5 base frame
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The base frame is signified by adding a special feature code, FC5505, Base User Interface,
which designates it as a base frame and provides:

» Two Ethernet switches
» A keyboard, mouse, and video monitor
» The mounting hardware for one Library Manager

Note that you must order the Library Manager separately in addition to the frame.
As illustrated on the left side of Figure 2-9 on page 33, which shows the maximum
configuration, the base frame can house:

» One or two IBM 3953 Library Manager Model L05s

» Zero or one IBM System Storage TS1120 Model C06 Tape Controller (or J70)
» Zero or one IBM TS3000 System Console

» Keyboard, monitor, mouse, and KVM switch

» Two Ethernet switches, which are required for internal communications

» Up to six Fibre Channel switches to attach the tape drives to the controller, TS7700
Virtualization Engines, or VTSs (one or two for the controller and two each for the TS7700
Virtualization Engines or VTSs)

» One Ethernet router for communication among the IBM 3953 Library Manager, IBM 3592
Controller, and the TS3000 System Console

» Power for all components including support for dual line cords
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Figure 2-9 Components housed in the IBM 3953 Model FO5 base frame

The picture shown on the right in Figure 2-9 shows the rear view of a fully equipped Model

FO5 base tape frame.

2.3.2 Model F05 expansion frame

You signify the expansion frame by adding a special feature code, FC5506, Expansion
Connectivity, to the IBM 3953-F05. This designates the tape frame as an expansion frame
and provides two Ethernet 8-port routers and the capability of installing up to three IBM
System Storage TS1120 Model C06 or 3592-J70 Tape Controllers.

The maximum configuration of an expansion frame as shown on the left in Figure 2-10 on

page 34 can contain up to:

>

| 2

Three TS1120 Model C06 or 3592-J70 Tape Controllers

Two Ethernet routers for communication among the IBM 3953 Library Manager, tape
controllers, and the TotalStorage System Console

Up to six Fibre Channel switches for connecting the IBM 3592 tape drives (3592-J1A,
TS1120, or TS1130) to the tape controllers (up to two for each controller)

Power for all components including support for dual line cords
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Figure 2-10 Components housed in the IBM 3953 Model FO5 expansion frame

The photograph shown on the right in Figure 2-10 shows the rear view of a Model FO5
expansion frame equipped with three TS1120 Model C06 Controllers. CO6#1 has two Fibre
Channel switches installed, and C06#2 and C06#3 each have one Fibre Channel switch
installed.

Two 8-port routers in the top of the frame interface with the internal local area networks
(LANSs). The top router is designated as the 250 LAN Network. The lower router is designated
as the 251 LAN Network as described in 2.5.4, “Ethernet network topology” on page 48.

You can install up to five IBM 3953-F05 expansion frames in addition to the base frame. The
complete system can contain up to 16 controllers: one controller in the base frame and three
controllers in each of five expansion frames, as illustrated in Figure 2-11 on page 35.
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Figure 2-11  Maximum IBM 3953 configuration with 16 TS1120 Model C06 Tape Controllers

2.3.3 Tape controllers

In Figure 2-11, note that the two TS7700/VTS Fibre Channel switches installed in the base
frame for attachment of TS7700/VTS#1 and TS7700/VTS#2 are the same color as the tape
controllers C06#15 and C06#16. The color shading coding indicates that if you have TS7700
Virtualization Engines or VTSs attached to the subsystem, they also count as controllers; so,
for example, if you have the maximum two VTSs in the subsystem, in addition, you can only
have up to 14 TS1120 Model C06 Controllers.

A TS7700 Virtualization Engine is installed in a dedicated IBM 3952 Tape Frame, which is a
multipurpose frame that can contain components of various tape offerings. In a TS7700
Virtualization Engine configuration, you use the IBM 3952 Tape Frame for the installation of
the TS7740 Node, the TS7740 Cache Controller, and the TS7740 Cache Modules. Two
Ethernet routers provide the infrastructure for the TS7700 Virtualization Engine to
communicate with the IBM 3953 Library Manager through an internal Ethernet network.

A VTS that is attached to a TS3500/3953 Tape Library configuration resides inside the same
dedicated frame (IBM 3494 Model B10 or B20) in which it resides when it is installed in an
IBM 3494 Tape Library. The VTS communicates with the IBM 3953 Library Manager through
an internal Ethernet network.

The TS1120 Model C06 Tape Controllers are installed in each IBM 3953 frame from the
bottom upward. The IBM SSR configures the control unit based on the frame in which it is
installed (Frame 1 through 6 where Frame 1 is the Base Frame) and then based on the
position within this frame (either bottom, middle, or top). The last digits (10, 20, 30, ... 140) of
the IP addresses for the internal LAN are then derived from this configuration.
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Note that you do not have to fully configure each frame with TS1120 Model C06 Controllers
before you add an additional expansion frame. The IP addresses for each position in an
expansion frame are reserved. The base TS1120 Model C06 Controller in an expansion
frame must be one of 20, 50, 80, 110, or 140. If a TS1120 Model C06 Controller is not
installed, the reserved IP address is skipped. If the first expansion frame only has two
TS1120 Model C06 Controllers, their IP addresses are 192.168.25x.020 and 192.168.25x.30.
The IP address 192.168.25x.40 is reserved. The second expansion frame’s bottom TS1120
Model C06 Controller IP address is 192.168.25x.50. Leaving C06 slots empty does not give
you any performance degradation or benefits.

2.3.4 Fibre Channel switches
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The Fibre Channel switches in the base frame provide the following functions:

» To route data between the tape controllers in the base frame and its associated tape
drives

» To route data between any attached TS7700 Virtualization Engine or VTS and its
associated tape drives

An Ethernet connection transmits diagnostic information from the Fibre Channel switch to its
associated tape controller, TS7700 Virtualization Engine, or VTS.

The base frame can house up to six Fibre Channel switches. Each TS7700 Virtualization
Engine or VTS must have two Fibre Channel switches. There must be at least one Fibre
Channel switch per tape controller; however, two Fibre Channel switches can be associated
with each controller for increased reliability. If only one Fibre Channel switch is used with a
tape controller, the switch is installed in the lower position of the two positions in the frame
and is connected to the 251 24-port Ethernet switch. The upper position of the two positions
remains empty to allow for future expansion.

The Fibre Channel switches in the expansion frame route data between the tape controllers
in the expansion frame and their associated tape drives. An Ethernet connection transmits
diagnostic information from the Fibre Channel switch to its associated controller. The
expansion frame can house up to six Fibre Channel switches.

The following feature codes (FCs) are available when installing a TS1120 Model C06 Tape
Controller in a 3953 Tape Frame. For features for the 3592-J70 Controller, refer to IBM
System Storage TS1120 Tape and Controller, Introduction and Planning Guide, GA32-0555.
The FCs are:

» 2 Gb Fibre Channel switch, FC3487: This feature provides a 2 Gb Fibre Channel switch
for the attachment of up to sixteen 3592 tape drives.

» 4 Gb Fibre Channel switch, FC3488: This feature provides a 4 Gb Fibre Channel switch
for the attachment of up to sixteen 3592 tape drives to a TS1120 Model C06 Controller.
Maximum of two 4 Gb Fibre Channel switches for each TS1120 Model C06 Controller.

Note: When attaching a TS7700 Virtualization Engine to a 3953-F05, two FC3488s
(4 Gb Fibre Channel switches) are required for each TS7740 attachment.

» Fibre Channel switch Mount Kit, FC4888: This feature provides the mounting hardware
for up to 2 of the 2 Gb or 4 Gb Fibre Channel switches in a 3953-F05 tape frame that
contains one or more TS1120 Model C06 Tape Controllers.
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» Client-supplied 2 Gb Fibre Channel switch, FC4889: This feature allows a 2 Gb Fibre
Channel switch provided by the client to attach to the 3592 tape drives. We recommend
two Fibre Channel switches for each controller for redundancy, but only one Fibre
Channel switch is required. However, if only one switch is installed per controller, the
switch must be installed in the lower position of the two positions. You can order this
feature in any quantity from one to six 2 Gb Fibre Channel switches for each frame. You
must order one FC4888, Fibre Channel switch Mount Kit, for each TS1120 Model C06
Controller for which FC4889 will be ordered.

» Client-supplied 4 Gb Fibre Channel switch, FC4897: This feature allows a 4 Gb Fibre
Channel switch provided by the client to attach to the 3592 tape drives. We recommend
two Fibre Channel switches for each controller for redundancy, but only one Fibre
Channel switch is required. However, if only one switch is installed per controller, the
switch must be installed in the lower position of the two positions. You can order this
feature in any quantity from one to six 4 Gb Fibre Channel switches for each frame. You
must order one FC4888, Fibre Channel switch Mount Kit, for each TS1120 Model C06
Controller for which FC4897 will be ordered.

2.3.5 IBM System Storage TS3000 System Console

IBM System Storage TS3000 System Console (TSSC) is the current version of what was
previously known as the TotalStorage Master Console (TSMC). Attachment to the TSSC is
an installation requirement for any TS7700 Virtualization Engine, VTS, TS1120 Model C06
Controller, or 3592-J70 Controller attached to a TS3500 Tape Library. Attachment to the
TSSC is also required for the Library Manager. The TSSC can provide remote support for as
many as 43 attached tape systems using feature-provided switches and Ethernet cabling.

The IBM 3953 Library Manager is enhanced to support the TSSC and can join the dedicated
LAN. The TSSC attaches to each installed IBM 3953 Model LO5 Library Manager, TS1120
Model C06 Controller or 3592-J70 Controller, TS7740 Node (3957-V06), IBM 3494 B10 or
B20 VTS, and also to the TS3500 Tape Library. The TSSC monitors these components for
early detection of unusual conditions. Error information is sent automatically to IBM RETAIN
(remote support).

Remote support capabilities
The Master Console support includes:

» Call Home problem reporting capability with staged, error-specific data gathering for
support (using a modem)

» Call In capability with authenticated access (using a modem), including file transfer and
multiple connections with attached systems

» Simultaneous Call Home and Call In capabilities using dual modems (Stand-alone Master
Console only)

» Automatic wellness checking for attached systems
» Ability to defer disposition code 2 Call Home activity to specific business hours

» Automatic archival of log files for most attached tape systems for subsequent support
reference

» Automatic download and storage of new tape drive code images through a modem
connection with IBM RETAIN
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Additionally, the TSSC provides a convenient focal point for local service activities within the
data center. It provides the following local service tool applications:

» Ability to Telnet to multiple tape systems and simultaneously perform multiple service
tasks from the TSSC

» Graphic user interface for tape system and tape drive service diagnostic utilities

» Ability to broadcast control unit and tape drive code images to tape systems for
subsequent activation from the TSSC

» Diagnostic tools for verifying communications with tape systems and IBM RETAIN
» Graphic user interface for configuring, backing up, and restoring Master Console settings
» One-time authentication for logging in to multiple attached subsystems

FC2730 for the IBM TotalStorage 3953 Tape Frame Model FO5 provides the enhanced
rack-mountable TS3000 System Console, an Ethernet switch, a cable, and connectors for
connection of one machine to an IBM-supplied modem to enable remote enhanced service.
This feature is an enhanced replacement of the IBM TotalStorage Master Console for Service
(FC2718). FC5505 on the IBM 3953 Model FO5 Frame, as well as FC5511 or FC5510, is
required. FC2720 provides the TS300 desktop model.

Attached subsystems
The same TSSC can be shared among the following units, up to a maximum of 43 units:

IBM TS7740 Node (3957-V06) installed in an IBM 3952 Tape Frame
IBM 3494 B10, B18, B20, HA1, L10, L12, L14, L22, or L23 frames
VTC in an IBM 3494-CX1 Frame

IBM 3592-J70 Tape Controller

TS1120 Model C06 Controller

IBM 3953 Library Manager

TS3500 Tape Library

YyVVyVYyVYVYVYYyY

Existing TotalStorage System Console

If you already have a TSSC attached to your tape system, it is possible to connect it to your
IBM 3953 Tape System, but you are not able to use the keyboard, video, and KVM switch
inside the IBM 3953 base frame, because the existing TSSC is located outside the IBM 3953
Frame.

FC2714, Console Expansion, allows you to attach the IBM Model LO5 Library Manager to an
existing TSSC. The feature provides an attachment cable and mounting hardware for
connection of an existing TSSC mounted externally to the base frame. This feature also
supplies a rack-mountable 16-port TSSC Ethernet switch. This feature is only available for a
base frame and can be ordered in place of FC2720, TS3000 System Console.

TS3000 System Console configuration

The TSSC attaches to all installed IBM 3953-L05 Library Managers, TS1120 Model C06
Controllers, 3592-J70 Controllers, IBM TS7740 Node (3957-V06), IBM 3494-B10 and B20
VTSs, and the TS3500 Tape Library. The TSSC monitors these components for early
detection of unusual conditions, and it transmits error information to IBM RETAIN.
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When attaching System z to the TS3500, it is mandatory to have a TSSC available. There are
two ways to have a TSSC available:

» Integrate it into the IBM 3953-F05 Frame as FC2720, which provides the TS3000 System
Console, a 16-port Ethernet switch, and a cable and connectors for connection of one
subsystem. You then need to add the KVM switch, because you only have one monitor,
keyboard, and mouse, which are shared with the Library Manager operator interface. The
frame must also have FC5505 to indicate that it is a base frame and one of the KVM
switch installation feature codes, either FC5510 or FC5511. The KVM switch is required
for the integrated TSSC so that it can share the use of the operator interface with the
Library Manager.

» Use an external TSSC by adding the console expansion FC2714 to the IBM 3953-F05
base frame, which provides an attachment cable for a client-supplied TSSC that is
external to the base frame. This feature also supplies a rack-mountable 16-port Ethernet
switch. This feature is only available for a base frame, and you order it in place of FC2720.
The frame must also have FC5505 to indicate that it is a base frame, but no KVM switch is
required, because the external TSSC has its own dedicated monitor, keyboard, and
mouse and can support the attachment of up to 43 units.

2.3.6 Ethernet routers

Ethernet routers are installed in both the IBM 3953 base and the expansion frames.

The 8-port Ethernet router in the base frame

The 8-port tape controller Ethernet router is placed in the bottom of the base frame and
connects the controller to the TSSC and one of the 24-port Ethernet switches.

The 8-port Ethernet router in the expansion frame

In the expansion frame, the routers are located in the top of the frame. The two 8-port
Ethernet routers communicate between the tape controllers in the expansion frame and the
IBM 3953-L05 Library Managers in the base frame and route diagnostic information from the
Fibre Channel switches in the expansion frame to their associated tape controllers. FC5506,
Expansion Connectivity, installs both 8-port Ethernet routers in the expansion frame.

2.4 IBM TotalStorage 3953 Library Manager Model L05

The IBM 3953 Library Manager controls the System z part of the TS3500 Tape Library in the
same way that the integrated Library Manager controls the IBM 3494 Tape Library. It is
housed outside the TS3500 Tape Library in the IBM 3953-F05 base frame. It provides the
appropriate interface between the TS3500 Tape Library and the System z host.

The front view of an IBM 3953 Model FO5 Frame is in the middle of Figure 2-12 on page 40.
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Figure 2-12 IBM 3953 Frame front and rear views

The IBM 3953 Library Manager has common microcode with the Library Manager used in the
IBM 3494 Tape Library. The IBM 3953 Library Manager uses the same hardware as the IBM
3494 Library Manager. However, the card complement in the PC is different when it is used
within an IBM 3494 Tape Library than when it is used with a TS3500 Tape Library. It includes:

v

1.26 GHz processor
» 512 MB RAM

» Two 80 GB hard drives

» Mirroring card

» Three Ethernet cards

The IBM 3953 Library Manager automates the storage, retrieval, and control of cartridges in
defined logical libraries in the TS3500 Tape Library. It also provides the operator with error
recovery, operational status, and several service options. You can install either one or two
IBM 3953-L05 Library Managers in the base frame. The second 3953-L05 Library Manager, if
installed, increases system reliability by acting as a standby for the first.

The following IBM 3953 Library Manager configuration rules apply:

» |IBM 3953 Model LO5 can be connected to only a single TS3500 logical library.

» The TS3500 Tape Library can have up to four IBM 3953s attached to it. However, each
IBM 3953 must have its own logical library.

» Each IBM 3953 Model LO5 can manage up to two TS7700 Virtualization Engines or two
VTSs, or a mixture of both, which means that up to eight TS7700 Virtualization Engines or
VTSs can be attached to one physical TS3500 Tape Library.
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» Not all the drives in a frame must be associated with a single TS7700 Virtualization
Engine, VTS, or controller. For instance, a frame of 12 drives can have six drives attached
to a TS7700 Virtualization Engine and six drives attached to a TS1120 Model C06
Controller. Also, all the drives attached to a TS7700 Virtualization Engine, VTS, or TS1120
Model C06 Controller do not necessarily need to reside in the same frame.

Note: It is a good practice to have TS7700 Virtualization Engine or VTS drives installed
in two separate frames to increase availability.

» The maximum number of subsystems per IBM 3953 is 16. Each controller, TS7700
Virtualization Engine, or VTS counts as one subsystem.

2.4.1 Display and controls

The IBM 3953 base frame contains a display and keyboard that are used as the operator
station. The operator uses this interface to interact with the IBM 3953 Library Manager and
with the TS3000 System Console (TSSC). The display consists of a color flat-panel monitor.
The monitor incorporates a standby function for power conservation and increased reliability
purposes. Pressing any key on the keyboard activates the display if it is standby. The
keyboard incorporates a trackpoint pointing device located near the center of the keyboard.
The monitor is able to fold down flat against the keyboard. The shelf containing the monitor
and keyboard can be retracted into the base frame when the monitor is folded down.

The display and keyboard are provided automatically when you specify FC5505, Base User
Interface. However, if you install a second Library Manager or a TSSC in the base frame, you
must also specify the KVM switch so that these units can all share the same operator station.
The operator cannot access the IBM 3953-L05 Library Managers and the TSSC
simultaneously with the display and keyboard but must select one at a time. Refer to the IBM
TotalStorage 3953-L05 Library Manager Operator Guide, GA32-0558, for more information.

2.4.2 Licensed Internal Code

Microcode for IBM 3953 Library Manager is the same as the microcode used in the IBM 3494
Library Manager. Several library-related functions are not required with IBM 3953 Library
Manager, because TS3500 library hardware handles them. For example, barcode interface
code, library inventory code, or code that generates accessor motion commands is not used
in the IBM 3953 Library Manager.

The Operator Panel is reduced but looks similar to the IBM 3494. On the Operator Panel,
approximately 67% looks the same, 18% has been changed, and 5% is no longer required.
Similarly in the Service panels, 50% is removed; for example, the accessor-related and I/O
station-related menus are not included, because they are handled through the IBM TS3500
Tape Library.

The IBM 3953 Library Manager creates and maintains a database that contains:

» The configuration of the Library Manager

» The inventory of the physical cartridge volumes and logical volumes that a S7700
Virtualization Engine or VTS manages, also information about their use and current status

» The status of each physical tape drive and IBM 3490 virtual device

As operations progress, the IBM 3953-L05 Library Manager updates the database
dynamically on the disk drive to reflect the current system status.
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2.4.3 Dual Library Managers
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You have the option of installing an extra IBM 3953 Model LO5 Library Manager in the base
frame for improved reliability in the event of a Library Manager failure. The second Library
Manager provides the same functionality as the dual Library Managers on the IBM 3494
library, except for the control of a second accessor. The second IBM 3953 Library Manager
can be used without regard to the number of accessors in the TS3500 Tape Library.

You can also install dual accessors in the TS3500. However, the two redundancy features
(dual Library Managers and dual accessors) do not have to be installed together to allow
more flexible configurations; you can install two Library Managers and one accessor, or two
accessors and one Library Manager. This flexibility might be applicable, for example, in a
TS7700 Dual Cluster Grid configuration where a client might prefer to have dual Library
Managers at one or both sites, but might think that dual accessors on each library are not
required.

Figure 2-13 shows the internal connections with two Library Managers installed in the
subsystem.
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Figure 2-13 Dual Library Manager configuration

During normal operation with no failed or degraded components, the lower Library Manager in
the base frame (Library Manager A, or LMA, shown in its position in the base frame in
Figure 2-12 on page 40) is the active Library Manager by default. The status of the active
Library Manager is changeable. The active Library Manager processes host requests
received through either the “251” or the “250” Ethernet network from attached VTSs and
controllers. The active Library Manager also updates its library database as required based
on library activity.

The upper Library Manager in the base frame during normal operations is the standby Library
Manager (Library Manager B, or LMB, shown in its position in the base frame in Figure 2-13)
by default. It maintains a copy of the active library database. The standby database is
updated to match the active database through the “250” Ethernet network during normal
operation. The “250” Ethernet network also passes heartbeat messages from the active to the
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standby Library Manager. These heartbeat messages inform the standby Library Manager
that the active Library Manager is functioning normally.

A loss of the heartbeat messages indicates that the active Library Manager has failed. When
this occurs, the standby Library Manager automatically becomes the active Library Manager,
continuing library operations. The operator can also switch the active Library Manager to
standby from the base frame operator station if desired or required (refer to the IBM
TotalStorage 3953 Library Manager Model LO5 Operator Guide, GA32-0558, for more
information).

For dual Library Manager support, there is a nonvolatile random access memory (NVRAM)
card; this card is installed in the base frame but is not illustrated. The memory on the card
stores information regarding the validity of the databases in each Library Manager. The
Library Managers use this information during their initialization to determine whether one or
both of them is capable of becoming the active Library Manager. If a Library Manager’s
database is valid as determined from the information on the NVRAM card, it is capable of
becoming the active Library Manager.

For example, assume that both Library Managers are operating and Library Manager A is the
active Library Manager. The information stored on the NVRAM card indicates that the
database for each Library Manager is valid. If both Library Managers are shut down at the
same time, the information stored on the NVRAM card indicates that either Library Manager
is capable of becoming the active Library Manager. Assume now that both Library Managers
are shut down, and that both Library Managers have valid databases. If only Library Manager
B is initialized, it becomes the active Library Manager. Library Manager B modifies the
information on the NVRAM card to indicate that Library Manager A’s database is no longer
valid, because it is now out-of-date. This action prevents Library Manager A from becoming
the active Library Manager until its database is made equivalent to Library Manager B’s
database. When the databases are equal, the information on the NVRAM card is updated to
indicate that the databases of both Library Managers are now valid.

2.4.4 Features for redundant IBM 3953 Model L05

A second Library Manager option is available to provide redundancy and improve reliability in
the event of a Library Manager failure. During normal operation, the first Library Manager is

the active Library Manager by default, and the second Library Manager is the standby (refer
to 2.4.3, “Dual Library Managers” on page 42).

You must specify the High Availability Option for dual accessors (described in 2.2.5, “High
Availability frames” on page 23), as well as a second IBM 3953 Library Manager Model L05,
in order to provide the same redundancy as the IBM 3494 for System z configurations.

You specify the second Library Manager by including an additional Model LO5 with these
installation features on the IBM 3953:
» Installation features required on the IBM 3953-F05 base frame are:

— Plant installation FC5065 if the second Library Manager is part of the original base
frame order

— Field install FC5067 if the second Library Manager is added later to an already
installed base frame

— Field merge FC5066 if a client-supplied Library Manager is to be added to a new base
frame
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» A second IBM 3953-L05 Library Manager with the following feature codes:

— Plant installation FC9065 if the second Library Manager is part of the original base

frame order

— Field merge FC9066 if a new Library Manager is added later to an already installed

base frame

Note that these features are not valid for the expansion frames.

2.4.5 Environmental specifications

Table 2-8 lists the physical specifications and dimensions of the IBM 3953 models.

Table 2-8 IBM 3953 physical specifications

Specifications Model FO5 Frame Model LO5 Library Manager
Width 1102 mm (43.4 inches) 431.8 mm (17.0 inches)
Depth 644 mm (25.4 inches) 495.3 mm (19.50 inches)
Height 1804 mm (71.0 inches) 177.8 mm (7.0 inches)
Weight 282 kg (620.4 Ibs.) 21 kg (46.2 Ibs.)

Table 2-9 shows the operating characteristics of the IBM 3953 models.
Table 2-9 IBM 3953 operating characteristics

Specifications

Model FO5 Frame

Model LO5 Library Manager

Temperature

16° to 32°C (60.8° to 89.6°F)

16° to 32°C (60.8° to 89.6°F)

Relative humidity

20% to 80% non-condensing

20% to 80% non-condensing

Wet bulb (caloric value)

23°C (73.4°F)

23°C (73.4°F)

Electrical power

1.5 kVA

0.9 kVA

Maximum acoustical noise
sound power levels LwAd in
bels

7.4/7.4

N/A

Heat output

250 watts, 875 BTU/hr.

330 watts, 1160 BTU/hr.

Note also that each Fibre Channel switch weighs 8.2 kg (18 Ibs.) and has a heat output of 100
kw, 350 BTU/hr. maximum, and an electrical power requirement of 0.125 kVA.

2.5 IBM TS3500 and IBM 3953 system design

You can use the TS3500 Tape Library for both System z and Open Systems host
attachments. Using the Multi-Path Architecture and Advanced Library Management System
functions in the TS3500, you can partition the library into logical libraries. Refer to Chapter 6,
“Basic concepts of sharing and partitioning” on page 149. Each host sees only the drives and
cartridges belonging to it, but it shares the library robotic accessors and the storage slots with
other unlike hosts. The System z host uses drives in its own dedicated logical library, and
ALMS is required, even if the library has only a single System z-attached logical library

allocated.
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2.5.1 Architectural overview

In Figure 2-14, we show an architectural overview of an IBM 3953 Library Manager with one
System z-attached TS7700 Virtualization Engine, one System z-attached VTS system, and
one System z-attached TS1120 Model C06 Tape Controller attached to one TS3500 logical

library.
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Figure 2-14 TS3500 and 3953 architectural overview

In Figure 2-14, we see that the TS7700 Virtualization Engine, the VTS system, and the
TS1120 Model C06 Tape Controller in the host logical library are all controlled by one or a pair
of Library Managers. In addition to this TS3500 logical library, the TS3500 has defined
another logical library for Open Systems with SCSl-attached drives, which are controlled
directly by the Open Systems host. Up to three additional Library Manager logical libraries
can exist within the same physical TS3500 Tape Library. A single TS3500 logical library
controlied by a Library Manager within a TS3500 Tape Library is in a way comparable to what
a Library Manager inside an IBM 3494 supports. You can install the following subsystems
inside one Library Manager logical library in a TS3500 Tape Library:

» Up to a total of two virtualization solutions:

— Up to two VTS models B10 or B20
— Up to two TS7700 Virtualization Engines

» Upto 16 TS1120 Model C06 (or 3592 Model J70) Controllers, depending on the number
of TS7700 Virtualization Engines or VTS systems attached to the same IBM 3953:

— Up to 14 with two TS7700 Virtualization Engines or VTSs
— Up to 15 with one TS7700 Virtualization Engine VTS
— Up to 16 with no TS7700 Virtualization Engine or VTS
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Figure 2-15 shows an overview of the basic connections among the components.
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Figure 2-15 TS3500 Tape Library connections

As shown in Figure 2-15, the System z components are contained in their own logical library
within the TS3500, using the Multi-path capability of the library. The hosts connect to the
TS3500 Tape Library only through the TS1120 Model C06 Controller, the TS7700
Virtualization Engine, or through the IBM VTS Model B10 or B20. The supported connection
types are ESCON or FICON except for the TS7700 Virtualization Engine, which supports only
FICON connections.

One IBM 3953 Model L0O5 Library Manager (or a pair of separate Library Managers), which
manages the TS3500 logical library on behalf of the System z host, is provided. The IBM
39583-L05 is similar in function to the Library Manager in the IBM 3494 Tape Library.

The controllers, TS7700 Virtualization Engines, and VTSs in the subsystem communicate
with the IBM 3953 Model LO5 Library Manager or the pair of Library Managers, which control
the library on behalf of the System z hosts. The Library Managers send simple SCSI
commands to the TS3500 library robotics using the controller, TS7700 Virtualization Engine,
or VTS path to the logical unit number 1 (LUN 1) address of the drives.

2.5.2 Communication paths
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The means of communication between the System z host and the Library Manager, in either
the IBM 3494 library or the TS3500 library, is through a controller, a TS7700 Virtualization
Engine, or a VTS. The ESCON or FICON connections from the System z host to the
controllers, TS7700 Virtualization Engine (FICON only), or VTSs are used for both data and
library commands. There is no requirement for a separate channel or communication link to
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the Library Manager from each attached System z host, because existing channels to the
tape subsystems are used to pass commands to the Library Manager.

Figure 2-16 summarizes the communication paths among the TS1120-E05 drives, the
TS3500 Tape Library, and the System z hosts.

System z System z
Host Host
ESCON or FICON ESCON or FICON

TS7700
(FICON only)

TS1120 Ethernet
Controller | Ethemet-TCPIP Switch Ethemet - TCR/IP

Fibore Channgl Ethernzt - TCRIP

Fibre 3953 LOS
Channel Library Channel
switch Manager switch

3953 FO5 Frame
Fitre Channel Fibre Channel

TS1120 Medium TS1120
Tape e Changer Tape
Drives Assembly Drives

TS3500 Tape Library

Figure 2-16 Communication paths

The bold frame in the middle of Figure 2-16 includes the components installed in the IBM
3953 base frame, and the bold frame at the bottom of Figure 2-16 includes the components
installed in the TS3500 Tape Library.

The IBM 3953 Library Manager translates the library commands received from the host into
SCSI move medium commands. It then sends them back through the TS1120 Model C06
Controller or IBM 3592-J70 Controller, TS7700 Virtualization Engines, or VTSs and on to the
Medium Changer Assembly (MCA) in the library using LUN 1 of an attached drive. In order to
use a drive for this communication, you must define the drive as a control path drive (refer to
“Control path drives” on page 26); define the drive as a control path drive when you set up the
drives using the TS3500 Operator Panel or the Web interface. Obviously, whether you use
Open Systems or System z, you must have at least one drive defined as a control path drive
for each logical library. Four control path drives are required per subsystem (J70, TS7700, or
VTS), unless the subsystem has fewer than four drives installed.

When a drive is ready for transfer of the data, the Library Manager communicates this drive
readiness to the host. The host then begins the data transfer to the controller and onto the
tape drive, which is addressed using LUN 0.
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2.5.3 Control path drives

In the TS3500, a control path is a logical path into the library through which a server sends
SCSI move medium commands to control the logical library.

Setting up control path drives is part of hardware installation and implementation; it is not
addressed when the system is specified. Any attached drive can be defined as a control path
drive. For the procedure to enable, disable, or modify control paths, refer to the IBM System
Storage TS3500 Tape Library Operator Guide, GA32-0560.

For Open Systems hosts, the library has an optional control path failover (CPF) hardware
feature, FC1680. This feature code enables the IBM device driver to resend the command to
an alternate control path defined for the same logical library; this failover is transparent to any
attached host application. In the TS3500 Open Systems partitions, the internal microcode
checks the installed features before attempting control path failover. This feature works only if
the hardware feature and supported IBM device drivers are installed.

In the TS3500 System z architecture, the control path failover is actually handled by the
device driver on the host, tape controller, TS7700 Virtualization Engine, or VTS. For Open
Systems, the key is entered at the TS3500, then the host driver checks for this key when
deciding to use control path failover. For System z, the driver in the tape controller, TS7700
Virtualization Engine, or VTS automatically uses CPF without looking for a key from the
TS3500 library.

Note: You do not have to order FC1680 for System z attachment.

2.5.4 Ethernet network topology

The communication between the IBM 3953 Library Manager and the tape controllers is
through an internal LAN. The Ethernet connections are supported with an IBM-supplied
standard length cable of 31 m (100 ft) between the frames as shown in Figure 2-17 on
page 49. You can, however, provide your own longer cable.
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Figure 2-17 IBM 3953 Ethernet connection

Use Ethernet attachments for the following functions:

» Transfer library information and commands among the IBM 3953 Model L05, the TS7740
nodes, the VTSs, and the IBM 3592 Model J70 Controllers

» Allow the two IBM 3953 Model LO5 Library Managers to exchange database information

» Send “heartbeat” diagnostic information from the IBM 3953-L05 Library Managers, the
TS7740 nodes, the VTSs, the tape controllers, and the TS3500 Tape Library to the TSSC

» Connect the IBM 3953-L05 Library Managers, the tape controllers, the TS7740 nodes, the
VTCs in a Peer-to-Peer VTS configuration, and the TS3500 Tape Library to a client LAN
(these connections are used by the Specialist to allow system monitoring through a Web
browser)

The Ethernet network topology consists primarily of four networks. Two of these networks are
parallel. They provide redundancy and prevent a single network from becoming a single point
of failure. The third network serves as the TSSC network. The fourth network is the client’s
intranet, which we do not discuss here. We describe the other three networks next.

192.168.250.xxx network
This network provides:

» The primary (preferred) path between the IBM 3953-L05 Library Managers (if there are
two installed) for library database information exchange

» The secondary (alternate) path connecting the IBM 3953-L05 Library Managers, the tape
controllers, the TS7740 nodes, and the VTSs

The 250 8-port Ethernet router expands this network to the expansion frame.
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192.168.251.xxx network
This network provides:

» The primary (preferred) path connecting the 3953 Library Manager and its subsystems
(the tape controllers, TS7740 nodes, and the VTSs)

» The path connecting the TSSC and the tape controllers
» The path connecting to the tape controllers and the 8-port tape controller Ethernet router
in the base frame

The 251 8-port Ethernet router expands this network to the expansion frame. Figure 2-18
outlines this network for the Library Manager (see the thin lines), as well as the network for
the IBM System Storage TS3000 System Console.
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(TSSC)

Switch

|—| Router | | Router | | Router | | Router | | Router

Switch J

FS FS FS Fs FsS
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Fs Fs Fs Fs Fs

Figure 2-18 The 192.168.251.xxx and 172.31.1.xxx networks

Figure 2-18 shows the two 24-port Ethernet switches that route the communications among
the IBM 3953-L05 Library Managers and any attached TS1120 Model C06 Controller,
TS7740 node, and IBM 3494 VTS Model B10 or B20. Two 24-port Ethernet switches are
required in order to provide a redundant communications network. FC5505, Base User
Interface, installs both 24-port Ethernet switches in the base frame. The TS1120 Model C06
Controllers are connected internally in the IBM 3953 subsystem using a LAN; there is no
option for serial connections (with RTIC cards) as there is in the IBM 3494,

172.31.1.xxx network

This network serves as the TSSC network and is shown in Figure 2-18 (see the bold lines).
The TSSC connects to the 16-port System Console Ethernet switch. The following
components connect to the 16-port System Console Ethernet switch:

» TS7740 nodes
» VTS systems
» Library Manager A
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Library Manager B (if installed)
Base frame tape controller (through its 8-port tape controller Ethernet router)

Expansion frame and tape controllers (through the 251 network 8-port Ethernet router in
the expansion frame)

TS3500 Tape Library directly to the IBM 3953-L05 Library Managers through the 8-port
Ethernet router

IP Address assignment
In the parallel 250 and 251 networks, the IP addresses are assigned as follows:

>

The 24-port Ethernet switches are assigned IP addresses of 192.168.251.244 and
192.168.250.244.

Each tape controller is assigned two IP addresses of the form 192.168.25x.yyy, where xis
0 and 1. The yyy component is assigned as:

— Tape controller in base frame (Frame 1): yyy =010

— Three tape controllers in first expansion frame (Frame 2): yyy = 020, 030, and 040

— Three tape controllers in second expansion frame (Frame 3): yyy = 050, 060, and 070
— Three tape controllers in third expansion frame (Frame 4): yyy = 080, 090, and 100

— Three tape controllers in fourth expansion frame (Frame 5): yyy = 110, 120, and 130

— The first tape controller in the fifth expansion frame (Frame 6): yyy = 140. If no TS7740
or VTS systems are installed, two more tape controllers can be installed in this frame
(values 150 and 160). If TS7740s or VTSs are installed:

e For the first TS7740 or VTS installed: yyy = 150
¢ For the second TS7740 or VTS installed: yyy = 160

The 8-port 3592-J70 Ethernet router in the base frame is assigned IP address
192.168.251.015. Each 8-port Ethernet router in the expansion frames is assigned two IP
addresses of 192.168.250.yyy and 192.168.251.yyy where yyy can be:

025 Router in the first expansion frame
055 Router in the second expansion frame
085 Router in the third expansion frame
115 Router in the fourth expansion frame
145 Router in the fifth expansion frame

Dual Ethernet network

The network communications between the IBM 3953 Library Manager Model LO5 and the
TS7740 node, VTS, or IBM 3592 Tape Controller Model J70s must have a redundant path. It
is required in both single and dual IBM 3953 Library Manager configurations.

IPv6 functionality

The TS3500 Tape Library supports Internet protocol (IP) addresses in both IPv4 and IPv6
format. IPv6 is designed to allow the Internet to grow steadily, both in terms of the number of
hosts connected and the total amount of data traffic transmitted. For detailed information
about IPv6, refer to Appendix B, “IPv6 overview” on page 465.
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2.5.5 Reliability and availability
IBM supplies a number of redundant features as part of the TS3500/3953 Tape System:

52

>

Dual Fibre Channel switches

Each tape controller, TS7740 node, or VTS has two Fibre Channel switches provided in
the IBM 3953 frames. These Fibre Channel switches connect the IBM 3592 tape drives to
the control units, TS7740 nodes, or VTSs, which offers redundancy and avoids single
points of failure in accessing the attached tape drives. Note that the second switch is
optional when specifying the Model J70 controller.

Dual networks and paths

There are two Ethernet networks for internal communications within the library subsystem.
Each frame has two Ethernet switches, or hubs, supporting a primary and secondary
network (the “250” and “251” networks). This design avoids single points of failure in the
communications network between the components.

Dual power
A number of dual power features are available in the components that make up the
subsystem:

— The IBM 3953 base frame optionally provides the power switching units with the
capability to automatically switch to a backup power supply if the main power supply is
lost. This capability protects the internal components, which have only one available
power connection. You can optionally specify an additional power distribution unit
(PDU) to connect the power supply to two independent branch power circuits.

— The IBM 3953 expansion frame optionally provides an additional PDU; all the units in
the expansion frames can be connected to independent power supplies.

— A Frame Model L23 and any D23 that contains drives have their own enhanced frame
control assembly, which has two power supplies for redundancy and supplies power to
the drives and the library.

— The 2 Gb and 4 Gb Fibre Channel switches, which are supplied to attach the tape
drives to the controllers or VTSs, have dual power connections for optional connection
to separate power supplies.

Dual line cord
The units listed above under “Dual Power” have the option of dual line cords, or power
distribution units (PDUs), to allow connection to two independent branch power circuits.

Dual Library Managers

You can order a second Library Manager for installation in the base frame. The active unit
maintains a heartbeat with the standby, which, if the active unit is lost, allows the standby
machine to take over operations. The two Library Managers maintain current copies of the
database; the status and currency of the copies are protected on nonvolatile memory
cards.

Dual accessors

You can specify a High Availability Option for the TS3500 Tape Library, which provides two
always-active robots. The Model HA1 supplies a left garage for a failing robot, and an
additional D frame with special features provides the right garage and the second robot.

Drive redundancy

IBM 3592 tape drives have both available dual power supplies cross-configured between
the drives. They also have two external Fibre Channel adapters that you can use to
provide redundant paths.
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» TS7700 Virtualization Engine
Two TS7700 Virtualization Engines, which are attached to physically separate IBM
TS3500 Tape Libraries, can be connected together into a TS7700 Dual Cluster Grid to
offer data redundancy and availability for disaster recovery.

» Peer-to-Peer VTS
You can combine two VTSs (either IBM 3494 Model B10 or Model B20) installed inside
two physically separated IBM 3494 or TS3500 Tape Libraries into one Peer-to-Peer VTS
(PtP VTS) to provide a fully automated, fully redundant system without single points of
failure.

» TS3000 TotalStorage System Console
This is a Linux-based Intel unit for use by IBM engineering, offering enhanced support
capabilities. Although it is primarily for maintenance use, the TSSC is becoming a key
feature in tape installations. You can attach a number of different devices to it through a
private dedicated LAN so that it can manage error reporting and enable remote support.
The TSSC can remotely monitor each attached device to determine if it is working
properly and report any error alerts for the early detection of problems. Use of the TSSC
can expedite microcode updates, reduce service times, and enhance local service.
The same TSSC can be shared among the following units:

— IBM System Storage TS7700 Virtualization Engine

— IBM 3494 Model VTC, B10, B20, HA1, L10, L12, L14, and L22
— Peer-to-Peer VTC in an IBM 3494 Model CX1

— IBM 3592 Model J70 Tape Controller

— IBM TS1120 Model C06 Tape Controller

— IBM TS3500 Tape Library

— IBM 3958 Library Manager Model L05

2.5.6 TS3500 performance

Here, we introduce the performance of cartridge move time and mount throughput in TS3500
Tape Library.

» Cartridge move time

Move time is the time required for the cartridge accessor to pick a cartridge from a random
slot, move the cartridge to a drive, pivot (if required), and insert the cartridge into the drive.
In a single-frame IBM TS3500 Tape Library, the typical time to move a cartridge from a
cartridge storage slot to a tape drive, for example, is less than 2.7 seconds; for a six-frame
configuration, it only increases to 3.8 seconds; for the maximum 16 frames, the average
move time is still only 6.2 seconds, as shown in Table 2-10 on page 54. For maximum
performance, as demonstrated in the table, drives must be centrally located and as close
together as possible. The table does not apply to libraries that contain dual accessors.
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Table 2-10 Library performance without dual accessor

Library configuration Average move times with all | Average move times with all
drives in frame 1 drives in central frame

1 frame 2.7 seconds N/A

2 frames 2.6 seconds N/A

4 frames 3.3 seconds 2.9 seconds

6 frames 3.8 seconds 3.3 seconds

8 frames 4.4 seconds 3.7 seconds

12 frames 5.3 seconds 4.3 seconds

16 frames 6.2 seconds 4.7 seconds

» Mount throughput

Mount throughput is a measure of the overall capability of the cartridge accessor and tape
drives. It is defined as the number of cartridges that the tape library can mount in one
hour. A mount, often called the mount/demount cycle, involves removing the cartridge from
a drive, returning it to its storage slot, collecting another cartridge from a random storage
slot, moving it to the drive, and loading the cartridge into the drive.

Table 2-11 shows the mount throughput performance for the UliraScalable Tape Library
with and without dual accessors. The table demonstrates that to maximize performance
with dual accessors, each accessor must have drives centrally located in its preferred

zone.

Table 2-11 Library mount throughput

Library Without dual accessor With dual accessor

configuration
Mounts per hour | Mounts per Mounts per hour | Mounts per
with all drives in | hour with all with all drives in | hour with all
frame 1 drivesincentral | frame 1 drives in central

frame frame

1 frame 550 N/A N/A N/A

2 frames 520 N/A N/A N/A

4 frames 410 430 N/A 1000

6 frames 350 380 N/A 900

8 frames 310 350 N/A 800

12 frames 255 300 N/A 700

16 frames 215 260 N/A 600

Note: The dual accessor mount throughput assumes that the library is partitioned into at
least two logical libraries so that each of the cartridges located in the two zones are
mounted in drives within each zone with no accessor path overlap.
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2.5.7 HD Frame performance considerations

In HD frames, the cartridge accessor performs a shuffle operation in order to access the
cartridges stored in Tier 2 and beyond. A shuffle is the process of moving cartridges in lower
tiers into the gripper, or other available slots, in order to access cartridges in higher tiers (Tier
2 or greater). In order to reduce the occurrence of shuffle operations and to take advantage of
repeated accesses of certain cartridges, the role of cartridge cache is assigned to all
single-deep (Tier 0) slots in an HD library. In order to maintain efficient shuffle operations, the
library performs a load balancing of the tiers, which stores cartridges across all HD slots in
the library string. In other words, all HD slots are filled to a minimum tier level until that tier is
full across the library, which reduces the need to access cartridges in higher tiers.

The mount performance for a TS3500 Tape Library that includes HD frames is dependent on
the library configuration and cartridge usage. For most configurations, the impact is not
noticeable. For configurations with high accessor utilization (as measured in mounts per
hour), the overall reduction in mount performance compared to a TS3500 Tape Library
without HD frames can range from no impact to a worst-case 50% reduction in mounts per
hour (for a 99% full library in which all expansion frames are HD frames). This reduction in
mount performance is determined by the distribution of tiers from which cartridges are
mounted and the need to destage least-recently-used (LRU) cartridges from the cartridge
cache. The library configuration and cartridge usage influence the reduction in mount
performance in the following ways:

» Each non-HD frame in the configuration increases the mounts from Tier 0.

» Unlicensed capacity decreases the mounts from the highest tiers and decreases the time
required for shuffle operations (load balancing ensures the highest tiers are the last ones
utilized).

» Lower capacity utilization decreases the mounts from the highest tiers and decreases the
time required for shuffle operations (load balancing ensures the highest tiers are the last
ones utilized).

» A higher ratio of cartridges that are mounted more than once (cartridge cache hits)
increases the mounts from Tiers 0 and 1.

» Cartridge eject operations prior to mount operations reduce the need to destage LRU
cartridges, because eject operations empty some Tier 0 slots.

Eject and insert performance can also be impacted for a TS3500 Tape Library that includes
HD frames. The impact to eject performance is determined by factors similar to mount
performance (distribution of tiers from which cartridges are ejected). The impact to insert
performance is different, because inserts tend to go to HD frames since Tier 0 slots are
nominally kept full. This impact to insert performance is determined by the following factors:

» A shorter time delay between eject and insert operations increases the inserts to non-HD
frames (this is because eject operations will empty some number of Tier O slots).

» A shorter distance between the |/O stations used for inserts and the HD frames decreases
the insert move time to those frames.
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Tape drives and controllers

This chapter describes the tape drives and controllers supported by the IBM System Storage
TS3500 Tape Library. It describes the hardware, features, and integration of these
components into the TS3500 Tape Library, as well as the media types supported by the 3592
tape drives.

We describe these models:

IBM System Storage TS1130 Model EO6/EU6 Tape Drive
IBM System Storage TS1120 Model EQ5 Tape Drive

IBM TotalStorage Enterprise 3592 Model J1A Tape Drive
IBM Enterprise Tape Controller 3592 Model J70

IBM System Storage TS1120 Model C06 Tape Controller

vyvyvyyy

Note: The 3592 Model J70 was withdrawn from marketing effective 29 September 20086. It
is still currently supported in the TS3500 Tape Library, so we describe it briefly in this
chapter.
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3.1 IBM System Storage TS1100 Tape Drive family

The IBM System Storage TS1120 and TS1130 tape drives (machine types 3592-E05 and
3592-E06/EUG6) offer a design focused on high capacity, performance, and high reliability for
storing mission critical data. With the September 2003 introduction of the first generation of
the new family of tape drives, IBM advanced its high-end half-inch cartridge tape technology
to a new level. The second generation of the 3592 family enhanced the capacity and
performance characteristics, which now become increased again by the IBM System Storage
TS1130 Model EQ6/EU6 Tape Drive, the third generation of the 3592 family, which provides a
capacity of 1 TB of uncompressed data.

3.1.1 The 1 TB background

On 5 April 2002, IBM achieved an unprecedented feat; 1 TB of data was recorded, without
compression, to a tape contained in a half-inch format tape cartridge. This technological
accomplishment set the foundation for the 3592 Tape Drive family. By using the evolutionary
progression of technology building blocks that IBM had set in place over the preceding five
years, an enterprise tape drive roadmap was laid out that reached and exceeded 1 TB in
native cartridge capacity over several tape drive generations.

The 3592 Model J1A became the first tape drive generation of the enterprise tape family. It
enabled storage of 300 GB of data to a cartridge even if it is incompressible (900 GB with 3:1
compressible data). An even more innovative achievement was that these same cartridges
are designed to be reused by the second generation of 3592 tape drives, the TS1120 Model
EQ5, to store significantly more data; using the JA media, we can store 500 GB and with the
high capacity cartridge, 700 GB without compression. Now with the third generation of IBM
3592 Tape Drive, IBM kept its promise documented in the roadmap for 3592 tape drives. The
TS1130 Tape Drive is not just a new drive, but it is the IBM commitment to further tape
technology development.

Note: The 3592 Model J1A is no longer being marketed, but it is still currently supported in
the TS3500 Tape Library, so we describe it in this chapter.

3.1.2 Nomenclature
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The TS1130 Tape Drive actually has several naming attributes similar to the 3592-E05:
» Machine type and model
3592 Model E06 and 3592 Model EUG6 are the device models:

— The Model EO6 is the factory build model.
— The Model EUG is the field miscellaneous equipment specification (MES) upgrade
model for EO5 to EO6 conversions.

The 3592 Model E06 and EU6 drives display as a 3592-3E, which indicates that this is the
third generation 3592 drive and has the encryption feature enabled.

» Product name

TS1130 is the product name.
Because of so many common considerations for the TS1120 and the TS1130 tape drives and
in order to simplify this material, we use the name 3592-J14 for the first 3592 generation and

3592 Model E for the IBM System Storage TS1120 Tape Drive and IBM System Storage
TS1130 Tape Drive in the following chapters.
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3.2 Common characteristics of the 3592 Tape Drive family

We make you familiar with the common characteristics of the 3592 Tape Drive family in terms
of technology enhancements, reliability and availability improvements, features for
performance and capacity, and the media, which is reusable by all three generations.

3.2.1 Technology enhancements

The key features of the 3592 Tape Drive family include:

» Virtual backhitch, which is the optimum adaptive format and algorithm designed for
improved start/stop write synchronize performance (refer to “Virtual backhitch (nonvolatile
caching)” on page 66).

» High performance and robust dual microprocessor architecture. One microprocessor
operates the host attachment interface (running what is essentially proven 3590 host
attach microcode), while the other microprocessor is allowed to focus strictly on writing
data and reading data from tape. Each microprocessor is designed to reset the other
microprocessor to act as a fail-safe.

» S/390® and System z attachment through ESCON and FICON by means of the existing
J70 controller, as well as the TS1120 Tape Controller.

» Statistical Analysis Recording System (SARS) algorithm with extended mount count.

» Fast random access performance when operating on any of the Short Length Cartridge
(SLC™) types.

» Support of an enhanced capacity scaling and segmentation format when operating on the
full length Read/Write (R/W) cartridge types JA and JB, enabling very fast locate and read
times.

» Streaming Lossless Data Compression (SLDC) algorithm (enhancement of the
Ziv-Lempel (LZ1) algorithm).

» Cartridge memory of 4K designed for the 3592 to support advanced features.

3.2.2 Recording format

The IBM 3592 Tape Drive uses an advanced interleaved bidirectional serpentine recording
technique that writes eight or 16 (depending on the drive) data tracks at a time on a 3592
cartridge. The 3592 cartridge is a half-inch, advanced metal particle, dual layer tape, and the
tape layout consists of five servo bands (which are prerecorded on the tape) and four data
bands where the data is written. Refer to Figure 3-1 on page 60. The servo bands provide
location information to control the positioning of the head as it writes and reads data within
the data band. We explain this function in detail in “Servo tracks” on page 62.
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Figure 3-1 The layout of the servo and data bands on the 3592 media

As shown in Figure 3-1, the area between adjacent servo bands is a data band. There are
four data bands, each with a number of data tracks (128 - 288, the number of data tracks
differs for each model), on the 3592 media. The data bands are numbered 2, 0, 1, and 3, with
data band 2 nearest the Tape Reference Edge and data band 3 farthest from the Tape
Reference Edge.

As Figure 3-2 on page 61 shows (here, for example, a J1A written cartridge), each data band
is actually composed of eight data sub-bands, one for each of the eight write heads. Each
sub-band is written by a given write-head position in a technique called a linear serpentine,
which means that the tape moves back and forth longitudinally while the head is indexed up
or down laterally at each pass. This design makes it possible to write multiple distinct tracks in
a given data sub-band.
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Figure 3-2 Section of tape showing one data band and its surrounding servo bands

Figure 3-3 on page 62 shows an even closer look at a data band. It demonstrates the
serpentine method that is used to write data. The numbers on the right indicate the tracks,
which are written simultaneously on each data sub-band in a converging spiral in 16 passes
for J1A, 14 passes for E05, and 18 passes for E06: down (tape outbound from cartridge) and
back (tape inbound to cartridge), each at a different lateral offset. Given the eight or 16
channel heads, eight or 16 tracks of data are written simultaneously in this linear serpentine
pattern, each track in separate data sub-bands. After a given data band is full, a
coarse-actuator motor moves the head to another quarter of the tape. This process continues
until all four data bands are filled.
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Figure 3-3 Close-up view of two data sub-bands here for J1A with eight tracks and one servo band

Servo tracks
Servo tracks enable accurate positioning of the tape drive head over the data track, ensuring

that the head does not stray onto an adjacent track. They are necessary to support high-data
densities on the tape where the tracks are very close together. The servo tracks are written at
the time of cartridge manufacture, before the cartridge is usable for data storage and retrieval.
Each tape write head has two servo heads, one servo head for each of the two servo bands
that it spans. As shown in Figure 3-1 on page 60, five servo bands numbered 0 through 4
make up the servo tracking mechanism on the 3592 tape. They are each located at specific
distances from the tape reference edge1. Within the servo bands are servo stripes, groups of
which make up servo bursts. Four servo bursts make up a servo frame; the first two bursts (as
written in the forward tape-motion direction) contain five servo stripes, and the second two

bursts contain four servo stripes.

Track following
Each pair of servo bursts is at an angle to each other, and the servo heads move so that they

keep a constant value for the distance between the bursts by measuring the time taken
between each burst (timing-based servo (TBS)). In this way, the servo is able to follow a
straight line within the servo band; any small deviation away from the correct path causes a
variation (plus or minus) in the gap between the bursts (refer to Figure 3-4 on page 63).
Provided that the servo head element follows a straight line along the servo band, then the

distance “x” shown in the figure remains constant.
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Figure 3-4 Diagram of the timing-based servo track

Two servo bands are used simultaneously to provide two sources of servo information for
increased accuracy. For this format, there are control positions within the servo band used to
reposition the head in order to write forward and reverse wraps, within each of the four data
bands. This timing-based servo technology can be finely tuned and is capable of supporting
extremely high-track densities, because more than eight positions can be defined within the
same servo band, thus expanding the potential track densities. In addition to the significant
advances in the tape coating process using the high-quality metal particle media, we can
confidently fulfill the road map design for reformatting this same media at higher densities.

3.2.3 Reliability and availability

The 3592 drive incorporates and expands on the high reliability and function of previous IBM
drives developed over many years of experience. It builds on proven technologies to both
enhance as well as apply new techniques to ensure high reliability and availability.

Improved availability
Improved availability characteristics include:

» Single field-replaceable unit (FRU)

When you place a service call, the IBM service support representative (SSR) does not
replace any parts or subassemblies inside the canister. The new smaller drive unit means
that for any failure within the drive, the IBM SSR quickly exchanges the entire unit rather
than perform lengthy diagnostics or component replacement in the field.

» Redundant, hot-pluggable power supplies

In all configurations, the drives are seated in cradles that contain two power supplies.
Each pair of power supplies can be used by one or two drives. One of these power
supplies is sufficient to run both drives, and the second power supply is provided for
redundancy.

» Retention of Fibre Channel Worldwide Name ID during service action

When a failed drive is exchanged, you do not have to reconfigure the attached hosts to
recognize a replacement drive. This function also eliminates any issues with SAN hosts
finding incorrect addresses during a system restart.
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Advanced technology
Advanced technology characteristics include:

» Robust loader mechanism

The loader mechanism has been designed to be suitable for the heavy duty cycle usage in
mainframe systems. The leader block on the tape cartridge is replaced by a metal pin,
which is enhanced over previous drive implementations for increased robustness.

» Elimination of drive pneumatics and mechanical adjustments

The aerodynamic movement of the tape over the flat lap head pulls the tape very close to
the head while the tape is moving and provides maximum efficiency in reading and writing.
Because of the shape of the head, particles do not accumulate on the tape, eliminating the
possibility of debris contaminating the tape surface. Air-bearing heads effectively cushion
the tape moving across the head, but whenever the tape stops, it relaxes toward the head
surface. The head has a two stage actuator: one mechanism for moving to the required
tape wrap and another finer actuator for adjustments to the track-following servo.

» Straighter and shorter tape path for better tape tracking

Tape tracking is improved by using grooved rollers to provide surface-controlled guiding.
This characteristic not only decreases potential wear or damage on the edges of the tape,
but in conjunction with the shorter tape path, lateral movement is decreased.

» Speed matching to reduce backhitching. Refer to 3.2.4, “Features designed for capacity
and performance” on page 65 for further details.

Buffering, speed matching, and virtual backhitch algorithms all serve to eliminate physical
backhitching, which not only improves performance, but reduces the wear on the drive
mechanics that is caused by continually braking and reversing direction.

» Channel calibration to optimize performance and data integrity

The drive uses individual R/W data channel calibration, exploiting sophisticated
techniques that were originally implemented in disk technology.

Enhanced service functions
These service functions include:

» Enhanced Statistical Analysis Recording System (SARS) recording. The tape drive uses
the SARS to assist in isolating failures between media and hardware. The SARS uses the
cartridge performance history saved in the cartridge memory (CM) module and the drive
performance history kept in the drive flash EEPROM to determine the more likely cause of
failure. The SARS can cause the drive to request a cleaner cartridge (based on usage) to
mark the media as degraded and to indicate that the hardware is degraded. SARS
information is reported through the TapeAlert flags and through media information
messages (MIMs) and Service Information Messages (SIMs).

» Diagnostic information

The drive maintains logs to assist engineering or service personnel. The logs are included
in drive dumps and are accessible to service personnel in a number of ways, including
through the new hot-pluggable service panel. Dumps are maintained over Power On
Reset (POR).

» Additional temperature and voltage sensors to improve error isolation

The drive contains sensors and circuits to detect errors. A temperature sensor monitors
the temperature of the drive electronics. Voltage sensors detect when the power supply is
out of tolerance. Other errors, such as tape velocity checks, Read/Write data integrity
checks, and servo checks, are performed using circuitry and sensors. The drive microcode
is designed to check for logic errors to handle hardware-detected errors and to detect and
report microcode-related errors.
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» Drive status indicators and reliability, availability, and serviceability (RAS) functions on the
library drive interface

The drive provides indicators for Fibre Channel status, whether the power is good, and
faults. However, the drive hot-pluggable service panel is the key service tool to perform
test procedures and interpret results. You can now access many functions and information
from this panel that were previously only available from the 3494 Library Manager
interface. This panel is more convenient and accessible to clients, as well as service
personnel.

» Concurrent microcode update and switch new/old copy of drive code
» Backup drive Vital Product Data (VPD card) stored from the drive

When a drive is replaced, you can quickly download the VPD to the drive using the
backup, which reduces the time taken for repair.

» Functional microcode updates through the Library Manager broadcast

You can update the firmware (microcode) in the 3592 Tape Drive in several ways, and the
update no longer requires an Field Microcode Replacement (FMR) tape. You can update
the firmware by using the:

FMR cartridge that contains the updated code

Host attachment (Fibre Channel (FC) bus) using the write buffer command
RS-422 port to the drive if supported by the library automation

RS-232 debug port at the rear of the canister

» Preventive maintenance

The 3592 Tape Drive requires no preventive maintenance beyond the use of the cleaning
cartridge. The 3592 media cartridges require proper care and appropriate handling and
shipping procedures.

3.2.4 Features designed for capacity and performance

As we have mentioned previously, the unique features and specifications of the 3592 make it
a true enterprise tape drive in both performance and reliability. We describe these industry
leading features in detail in the following sections.

Data buffer

The drive has a large data buffer with read-ahead buffer management, which addresses the
lowest band of data rates, effectively collecting more blocks of data together in the buffer
before writing the data out at a higher speed to the drive. As a result of this data buffer, the
drive stops and starts less often, which in general improves the overall performance and
reliability of the drive and tape.

Speed matching

For medium data rates when operating from a host that cannot sustain the maximum 3592
data rate, the drive performs dynamic speed matching. The drive adjusts the native data rate
of the drive as closely as possible to the net host data rate (after data compressibility has
been factored out). The 3592 drive operates at different speeds (between six and seven
speeds depending on the drive used) when reading or writing the 3592 format in an attempt
to match the effective host data rates. If the net host data rate is between two of the speed
matching native data rates, the drive calculates at which of the two data rates to operate.
Speed matching reduces the number of required backhitches. In certain environments, the
drive’s backhitch is completely masked by the drive’s data buffer, and thus, the system
throughput is not improved or reduced by speed matching.
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Cartridge memory (CM)

Contained within the cartridge is the cartridge memory (CM), which is a passive, canticles
silicon storage device (4096 bytes) that is physically a part of the cartridge. The CM holds
information about that specific cartridge, the media in the cartridge, and the data on the
media. It is designed to support the high resolution tape directory feature (refer to “High
resolution tape directory” on page 66). Communication between the drive and the CM occurs
through a non-contact passive radio frequency interface, which eliminates the need for
physical connections to the cartridge for power or signals.

High resolution tape directory

The 3592 drive maintains a tape directory structure with a higher granularity of information
about the physical position of data blocks and file marks on the media. This feature gives the
3592 drive improved nominal and average access times for locate operations. Locate times
are therefore uniform; they are based on the position of the block or file mark on the tape
independently of the uniformity of the block size or file mark distribution along the length of
the tape. The 3592 locate and space performance therefore is targeted to be completely and
singly dependent upon the longitudinal position on tape of the target block or file mark. This
might be specified as follows:

» Locate time to any block or file mark on tape = longitudinal position/locate speed.

» A block located at physical end-of-tape (EOT) on a J1A Tape Drive requires less than 82
seconds to retrieve. No block needs to exceed this locate time.

» A block closer to beginning-of-tape (BOT) takes a linearly proportionate shorter time to
retrieve.

Virtual backhitch (nonvolatile caching)

The 3592 stages write data through an intermediate DRAM buffer on its way to tape. This
buffer is volatile, because it does not retain what is stored in it if power is lost. For streamed
writes (or reads), this buffer yields considerably improved performance. When a pre-3592
drive performs a streamed write to tape and the buffer empties, or if a synchronizing
command is received that forces the buffer to be written to tape, the streamed writing ceases
for want of data. Any non-immediate write-type command (such as how file marks are
typically written) is considered a synchronizing command. Non-immediate write-type
commands require the drive to store data to tape before returning command complete (with
good status) in response to that command, which by definition forces all the data in the
volatile buffer to be written to tape.

When streaming writes cease, a pre-3592 Tape Drive halts the tape and repositions it
upstream of where the writing ended. This action allows subsequently received data to be
written immediately following the previously written data to eliminate the waste of the
considerable length of tape from the point at which good status is returned to the host, to the
point at which the host has subsequently sent enough data to resume writing. For example, if
tape is streaming at 4.74 m/s when the buffered data falls below the threshold, an entire
meter of tape can pass unwritten in about 210 milliseconds. Substantial lengths of unwritten
tape can significantly reduce capacity. Here, a backhitch has been used by typical tape drives
to eliminate this capacity loss following a synchronizing write to tape.

Nonvolatile Caching (NVC) is a 3592 feature that can help greatly improve write performance
through backhitch reduction. This feature temporarily reserves portions of physical tape for
cache areas. Data received from the host is written to the volatile buffer as usual and also to
nonvolatile tape cache areas with the exception that no backhitch is typically necessary when
writing temporary copies to cache areas of tape. This temporary capacity loss is easily
recouped. The data is written to temporary cache areas and is not released in the volatile
buffer, but instead it accumulates. This accumulation typically continues until the buffer is
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nearly full. At this time, the accumulated data in the buffer is rewritten through a streamed
write to the standard area of tape. When the rewrite is complete, the temporary cache areas
of tape are released so that they can be overwritten. Writing temporary copies to the cache
areas of tape without backhitching until the buffer is nearly full and then streaming a rewrite of
the data to the standard area of tape can help significantly improve the average write
throughput to tape.

As an example, if a synchronizing event occurs after every 256 KB of data, the best that the
3590 can average is about 0.4 MB/s; basically, 256 KB divided by the backhitch time plus
some system overhead. The 3592-J1A, for example, can average about 2.9 MB/s under the
same conditions, which is more than a factor of eight better in write throughput because of the
backhitches eliminated by NVC writing. Aside from the potentially improved write throughput
performance, the second effect of NVC writing is to recover the capacity lost by the standard
writing technique. Data received between synchronization events fills containers of data to be
written to tape called device blocks or datasets. The standard writing technique calls for
padding out the last partially filled dataset. This padding on average typically amounts to half
the size of the last dataset. Given the large dataset sizes of modern tape drives, this loss can
be substantial.

For example, some systems write as little as 64 KB of data between synchronizations. The
minimum dataset size of the 3592 Tape Drive can hold about 400 KB of data. The 64 KB of
data might compress to about 20 KB of data. If so, then the dataset containing this 20 KB of
compressed data is going to be written with 380 KB of unused space, which amounts to a
95% capacity loss in that dataset. The streaming rewrite of the data that is accumulated in a
buffer causes nearly all the datasets written to a standard area of tape to be written out in full,
which can be thought of as dataset packing. For example, NVC written data might allow in
excess of 900 GB of 3:1 compressible data to be written to JA media on a J1A drive, even if
the data written is synchronized every 64 KB.

Writing in NVC mode is automatically invoked by the drive when host writing behaviors are
detected that get better performance when in NVC writing mode. Similarly, NVC writing is
discontinued when host commands are received that do not benefit from NVC writing, or
when commands, such as rewind, are received. When NVC writing is exited, the drive writes
any packed datasets that are accumulated in its buffer before beginning execution of the
command that caused NVC mode to be exited. Because it is automatically invoked and
exited, NVC writing is designed to be transparent to host applications. The only indication that
NVC writing occurs is the improved capacity and performance that can result from this new
mode of writing.

The two components of nonvolatile caching, backhitch reduction and dataset packing, are
designed to provide major performance and capacity improvements over a standard tape
drive, such as 3590, or Linear Tape-Open (LTO) writing of synchronized data. Dataset
packing improves overall tape capacity. Backhitch reduction decreases the frequency of
mechanical repositions. Nonvolatile caching provides an innovative approach to increasing
both capacity and write performance in a way that is designed to be transparent to host
applications.
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3.2.5 Performance or capacity scaling

68

The 3592 drives support scaling and segmentation modes on the Read/Write (R/W) (JA/JB)
cartridges (3592-J1A supports JA only) to allow clients to trade off capacity for improved
access times. While 256 settings of capacity are supported on the 3592 drive, there are
basically three primary settings used:

» Full capacity default mode
» 20% scaled fast access mode (capacity scaled, front of tape through an x'35' setting)
» Performance scaling for 87% capacity (segmented format, capacity scaling setting x'EQ')

Performance scaling, also known as capacity scaling, is a function that allows you to contain
data in a specified fraction of the tape, yielding faster locate and read times. This function is
made possible through the action of modifying internal formatting indicators in the medium
(and in the CM chip), so that the normal serpentine track format is altered in such a way as to
limit the recorded portion of the tape to a specified fraction of the linear dimension of the
medium (illustrated for 3592-J1A in Figure 3-5). The 3592 allows an application to issue a
command to scale an individual cartridge (Mode Select command). It pertains only to the
cartridge that is currently loaded; it is not persistent.

The result of performance scaling a tape to a percentage value (for example, 20%) is that the
maximum number of recordable gigabytes is reduced to 20% of the normal value, and the
average time to locate a random record on a full tape starting from load point is (very roughly)
20% of the time to locate a random record from load point for a full, unscaled tape. To
compare, the average time to locate a random record on an unscaled (serpentine) tape that
has only been filled to 20% capacity is nearly the same as the average time to locate a
random record on an unscaled tape that has been filled to 100%. Scaling cuts the access
time proportionately, and it also introduces normal end-of-tape programmatic warnings when
approaching the scaled capacity limit in the same sense that those indicators are returned at
end-of-tape when unscaled.

M AlA

Beginning of Tape

A

100% >

Not used

ALNANAN

Beginning of Tape

v

> 20%

Figure 3-5 Examples for a 100% tape and scaled tape by 20%

The details of how different capacities are set are:

» The 3592 drive does not change current cartridge scaling unless a SCSI Mode Select
command (CDB) specifying Mode Page X'23' (with appropriate non-default parameter
settings) is received while the cartridge is positioned at the beginning of tape. The drive
can sense and report the scaling state of the current medium through a Mode Sense
command specifying Mode Page X'23'".
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The cartridge can be rescaled from any current value to any supported new value. Tape is
logically erased by this rescaling (the end of data mark is written at the beginning of the
tape), but not physically erased as with the long erase command. Scaling or rescaling one
cartridge does not cause rescaling of the next cartridge; you must issue an explicit
command for each cartridge to be scaled or rescaled.

The drive provides the option of setting scaling values of N/256ths of full capacity, where
N ranges from x'16' (22 decimal equals about 8% capacity) to x'EB' (236 decimal equals
about 92%). Refer to Table 3-1 on page 70 for a complete list of capacity scaling options.

For scaling factors N greater than x'4B', the drive scales to the specified amount and
creates a fast access segment in the beginning of the scaled region.

At all scaling factors, the drive supports early warning at the end of the scaled region
(appropriate unit attention message to inform software that it needs to flush buffers and
close the volume) and reports the physical end-of-tape check condition at the end of the
scaled region just as it does at the actual physical end-of-tape if the region is unscaled.

Performance segmentation

Performance segmentation provides fast access and capacity by allowing the tape to be
divided into two segments: one segment as a fast access segment to be filled first and the
other segment as additional capacity to be filled after the first segment. So, it is high
performance in two ways. It has segmentation so it has high performance random access in
the first segment as though it was a scaled cartridge, while still providing an additional larger
capacity as shown in Figure 3-6.

Implications:

>

If host systems provide a means to limit the amount of data that a client places on the
media, for example, with a % utilization construct, the user gets much faster average
access time to the first data; also, additional locates on the same volume improve
significantly.

With segmentation, there is a small, less than 1% degradation in the data rate due to the
increased number of wrap changes. Segmentation also reduces the nominal cartridge
capacity by approximately 10%.

Segmented Tape Processing

—~<—~60 GB—* -a—~200 GB—m

Figure 3-6 Example for a segmented tape on 3592-J1A

Table 3-1 on page 70 summarizes which capacity settings yield segmentation for JA media.
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Table 3-1 Capacity scaling settings

Capacity scaling 3592-J1A 3592-E05 3592-E06 Segmentation
setting capacity in GB capacity in GB capacity in GB

0x00 300 500 640 NO

0x01 - 0x15 27 45 60 NO

0x16 — Ox4A 27 - 87 45 - 145 58 - 185 NO

0x4B — OXEOQ 88 - 262 145 - 437 185 - 560 YES

OxE1 - OXEB 263 - 275 437 - 460 560 - 585 YES

OXEC - 0xFO 281 470 600 NO

0xF1 — OxFF 300 500 640 NO

Performance scaling and segmentation support

You implement performance scaling and segmentation functions in z/OS using the Data
Class attributes in Interactive Storage Management Facility (ISMF). For information about
how to implement these functions, refer to 9.2.8, “Defining SMS constructs through ISMF” on
page 260.

3.2.6 Host attachment

In a System z environment, the IBM 3592 tape drives do not attach directly to the host. They
are either attached to a TS7700 Virtualization Engine, a VTS Model B10 or B20, or they are
attached to an IBM 3590-J70 Tape Controller or TS1120 Model C06 Controller. The 3592
tape drives come with dual-ported switched fabric 2 Gb (Model J1A) and 4 Gb Fibre Channel
attachments (3592 Model E) to attach to the TS7700 Virtualization Engine, VTS, or tape
controllers. Support for the TS1130 Tape Drive with TS7700 will be available post-GA of the
TS1130. VTS does not support the 3592-E06 tape drives. The 3592 Model E drives attempt
to connect at 4 Gb (FC-4) but auto-negotiate down to 2 Gb (FC-2) and then 1 Gb (FC-1) if the
system or switch to which it is connected cannot support 4 Gb. Similarly, the 3592-J1A Tape
Drive attempts to connect at 2 Gb but auto-negotiates down to 1 Gb if the system or switch to
which it is connected cannot support 2 Gb.

The 3592 tape drives can operate either as an NL port (FCAL support) or as an N port
(supporting direct connection to a Brocade switch for example, also known as point-to-point).
The 3592 drive auto-negotiates to either an N or an NL port depending on whether it sees a
loop or a point-to-point connection when the drive starts up, unless it has been set to force an
explicit setting of these configurations. Regardless of whether the 3592 connects as an NL
port or an N port, it auto-negotiates to be a public device (attached to a switch) or a private
device (attached to another N port, such as directly to a host). If a library drive is replaced, an
IBM SSR can select that the replacement unit does automatically inherit the configuration
attributes of the failed unit. This selection helps you avoid having to reconfigure the zoning in
the switches. Alternatively, you can use the panels to change these fields directly at any time.

The 3592 drives can attach to the 3592 Model J70 Controller or the TS1120 Model C06
Controller for attachment to ESCON or FICON channels on ES/3090™, ES/9000®, S/390, or
System z.

For the latest information about applications and the levels that support 3592 tape drives,
refer to the Independent Software Vendor (ISV) matrixes at:

http://www.storage.ibm.com/tape/conntrix/pdf/3592 isv_matrix.pdf
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You can obtain information about host bus adapter (HBA) support for the 3592 drive at:
http://knowledge.storage.ibm.com/HBA/HBASearchToo]l

For a detailed description of Fibre Channel attachment planning, refer to IBM System Storage
TS1120 Tape Drive and Controller Introduction and Planning Guide, GA32-0555.

3.2.7 3592 Cartridges and media

Users are faced with the need to cost-effectively store more digital information than ever
before, often to meet growing regulatory and legal requirements. The 3592 tape drives are
designed to help meet these needs with the IBM System Storage Tape Cartridge 3592. The
3592-J1A, 3592-E05, and 3592-E06 use the 3592 tape cartridge, which offers various
capacity options depending on the drive and recording format that you use or the cartridge
model that you order (Data, WORM, or Economy).

These capabilities expand the range of client data workloads that can be addressed with the
3592 tape drives. The economy cartridge can help lower the cartridge cost for users with
smaller capacity needs and provide faster access to data. The WORM cartridges provide
non-erasable, non-rewritable storage media. Users with regulatory or legal requirements to
store electronic records for long periods of time might be able to use the 3592 tape drives to
provide cost-effective storage.

The 3592 cartridges have a form factor similar to the 3590 tape cartridge. They are supported
in the IBM TotalStorage 3494 Tape Library, IBM System Storage TS3500 Tape Library, and
StorageTek™ Automated Cartridge System (ACS) automation environments.

The 3592 cartridge contains 0.5 inch tape media with a new dual-coat, advanced-particle
media and has improved areal density capabilities that differ from the tape media in any
previously shipped cartridge. The 3592 cartridge is designed to have the strength and
durability of an enterprise cartridge. Enhanced assembly strengthens the cartridge at critical
locations and helps to make the 3592 cartridge less susceptible to damage, for example, if
you drop it.

The tape is pulled from the cartridge by means of a leader pin rather than a leader block as in
the 3590, and a sliding door covers the area formerly occupied by the leader block in a 3590
cartridge. A locking mechanism prevents the media from unwinding when the cartridge is not
located within a drive. A special mechanical design provision prevents the 3592 cartridge
types from being loaded into 3590 or 3490 drives; if inadvertently loaded into a 3590, the
cartridge present sensor does not change state and the drive does not attempt to load.

Media types

The 3592-J1A uses four media cartridge types: JA, JJ, JW, and JR. The 3592-E05 and the
3592-E06 use six media cartridge types: JA, JJ, JW, JR, JB, and JX. All six cartridge types
contain the same dual-coat, advanced-particle media. Capacity on these media types
depends on whether the cartridge is used by Model 3592-J1A, 3592-E05, or 3592-E06.
Table 3-2 on page 72 shows the six media types and the capacity options that are available
with 3592 tape drives.

Chapter 3. Tape drives and controllers 71


http://knowledge.storage.ibm.com/HBA/HBASearchTool
http://knowledge.storage.ibm.com/HBA/HBASearchTool
http://knowledge.storage.ibm.com/HBA/HBASearchTool
http://knowledge.storage.ibm.com/HBA/HBASearchTool

Table 3-2 IBM TotalStorage Enterprise 3592 media types

Media type Media | Length | Native Native Native Native Native

and type capacity capacity capacity capacity capacity

description 3592-J1A 3592-E05 3592-E05 3592-E06 3592-E06
(E1 format) | emulating J1A | (E2 format) | (E3 format) | (writing in

(E1 format) format E2)

MEDIA5 JA 609 m 300 GB 300 GB 500 GB 640 GB 500 GB

DATA

MEDIA6 JJ 246 m 60 GB 60 GB 100 GB 128 GB 100 GB

ECONOMY

MEDIA7 Jw 609 m 300 GB 300 GB 500 GB 640 GB 500 GB

WORM

MEDIA8 JR 246 m 60 GB 60 GB 100 GB 128 GB 100 GB

ECONOMY

WORM

MEDIA9 JB 825 m N/A N/A 700 GB 1000 GB 700 GB

EXTENDED =1TB

DATA

MEDIA10 JX 825 m N/A N/A 700 GB 1000 GB 700 GB

EXTENDED =1TB

WORM

Figure 3-7 shows four of the media types. The WORM cartridges pictured on the left have a

platinum-colored shell, and the R/W cartridges on the right have a black shell. The write
protect tab, door, and label for the full length cartridges (both WORM and R/W) are dark
blue.The write protect tab, door, and label for the extended length cartridges (both WORM

and R/W) are dark green. The write protect tab, door, and label for the economy (short length)

cartridges are light blue.

Figure 3-7 IBM TotalStorage Enterprise 3592 WORM and R/W cartridges

Figure 3-7 shows two WORM cartridges on the left and two R/W cartridges on the right.
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Labels

The 3592 cartridges use a media label to describe the cartridge type. Figure 3-8 shows a
3592 cartridge with a JA label. In tape libraries, the library vision system identifies the types of
cartridges during an inventory operation. The vision system reads a volume serial number
(VOLSER), which appears on the label on the edge of the cartridge. The VOLSER contains
from one to six characters, which are left-aligned on the label. If fewer than six characters are
used, spaces are added. The media type is indicated by the seventh and eighth characters.

Figure 3-8 View of the 3592 cartridge label

Cleaning cartridges

There is one cleaning cartridge designed specifically for the 3592 drives. As with the data
cartridges, the 3592 cleaning cartridges are not interchangeable with any other model
cleaning cartridges (that is, LTO), so you must have both types of cleaning cartridges if you
have both types of drives in your environment. The cleaning cartridge also contains a
cartridge memory (CM) device, which automatically tracks the number of times that it has
been used. Cleaning cartridges need to be replaced after 50 uses. The physical
characteristics of the 3592 cleaning cartridge can be used to distinguish it from the 3592 data
cartridges. The product label on the top of the cartridge is white with the word “cleaning”
printed on it. Instead of the write-protect switch, there is a non-moveable light gray block. The
cartridge door is also light gray. If you order cleaning cartridges with pre-attached labels, the
first three characters of the volume serial number (VOLSER) are CLN.

3.2.8 3592 WORM functionality

The IBM TotalStorage Enterprise Tape Cartridge 3592 Write Once Read Many (WORM) data
cartridges are designed to provide non-alterable, non-rewritable tape media for long-term
records retention. WORM characteristics include:

» WORM cartridges are available as 300 GB or 60 GB native capacity for E1 format
(3592-J1A), 700 GB, 500 GB, or 100 GB native capacity for E2 format (3592-E05), and
1000 GB, 640 GB, or 128 GB native capacity for E3 format (3592-E06).

» Non-reversible screws are used to secure the media housing.

» WORM and R/W cartridges can be intermixed within the same IBM TotalStorage
Enterprise Automated Tape Library 3494, IBM System Storage TS3500 Tape Library, or
StorageTek Automated Cartridge System (ACS) solutions.

» When the drive senses that a cartridge is a WORM cartridge, the microcode prohibits
changing or altering user data already written on the tape. The microcode tracks the last
appendable point on the tape by means of an overwrite-protection pointer stored in the
cartridge memory (CM).

» Each WORM cartridge is identified using a Unique Cartridge Identifier (UCID).
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Basic WORM

The 3592 tape drives support both the 3592 R/W cartridges, as well as 3592 WORM
cartridges. The WORM cartridge is geometrically identical to a R/W cartridge and uses the
same rewritable media formulation. The servo format, which is mastered onto the tape at
manufacturing, is different for WORM cartridge types, however. The WORM function comes
not from any inherent non-reversible media characteristic (such as permanent WORM on
optical media or such as compact disc recordable (CD-R) or ablative optical WORM), but
rather by the way that the 3592 drive’s microcode handles a WORM cartridge. The drive’s
microcode does not allow overwrite or erasure of previously written user data, such as
records or file marks; however, the drive’s microcode supports appending new data following
existing data.

Unique cartridge identifier

Each IBM TotalStorage Enterprise 3592 Tape WORM cartridge is identifiable through a
unique cartridge identifier (UCID). The intent of the UCID is that it is constructed to guarantee
that it is unique worldwide. This identifier is derived from a concatenation of the 4 byte unique
CM serial number of the CM chip in the 3592 WORM cartridge and the 8 byte unique tape
serial number created from information mastered into the timing-based servo (TBS) at the
time that the cartridge is manufactured. The parts of UCID that come from this serial number
are written to a locked part of the CM. This additional level of security supports legal audit
requirements. Furthermore, the UCID allows unique cartridge tracking and can be the
differentiator to other WORM tape providers.

Drive operation to prevent overwrite

A WORM drive handles a WORM cartridge differently than a R/W cartridge. In general, it
responds to a subset of the Small Computer System Interface (SCSI) commands that work
on a R/W cartridge. For example, an Erase command is rejected with the appropriate error
posted. Additionally, a WORM drive rejects certain command sequences of otherwise valid
commands. For example, if a cartridge is not empty, a Rewind command followed by a Write
command is rejected with the appropriate error posted. In general, the drive prevents
overwrite. There are, however, exceptions, which the drive has to support to be flexible and
“application software transparent.” Specifically, the drive has to support certain overwrite
cases.

WORM permits overwrite for the following scenarios:
» WORM permits overwrite in order to allow extending files.
» It permits overwrite to allow appending files.

» WORM permits overwrite in order to allow relabeling a new scratch tape. It then overwrites
the VOL1 record if there are no subsequent records on the tape.

» WORM relies on known header/trailer constructs.

» Statistical Analysis and Reporting System (SARS) data can be written and updated on
WORM tapes, because the SARS data is not in the user area of the tape.

Final destruction of WORM cartridges

You cannot reuse a WORM cartridge after you have written to it; therefore, you need to
destroy it when it is no longer of use. If the WORM cartridge has sensitive data, you need to
bulk-erase it, which erases everything on the tape, including the mastered servo pattern,
rendering it useless, before you send it to the landfill or the incinerator.
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3.3 The IBM System Storage TS1130 Tape Drive

The IBM System Storage TS1130 Tape Drive (also referred to as the 3592 Model E06 and
EUB) is the third tape drive generation of the IBM 3592 tape family. This generation provides
higher capacity and performance compared to the predecessor, 3592 Model E05. The
TS1130 records in two recording formats, supporting both encryption and non-encryption.
Enterprise format 3 (EFMT3) is used to represent the non-encrypted recording format, and
enterprise encrypted format 3 (EEFMT3) is used to denote the encrypted recording format.
With these recording formats, the non-compressed capacity of the extended length MEDIA9
and MEDIA10 cartridges is increased from 700 GB to 1 TB. The 3592 Model EO06 is
downward-read compatible (n-2) to the 3592 Model J1A format (EFMT1), and the 3592 Model
EO06 is downward-write compatible (n-1) to the 3592 Model EO5 formats (EFMT2/EEFMT2).
All current media types are supported.

Host interfaces to System z and Open Systems platforms are maintained; the System
Storage TS1130 Tape Drive is supported by IBM 3592 Model J70 Tape Controller, the
System Storage TS1120 Tape Controller Model C06, and the TS7700 Virtualization Engine
using 4 Gb dual port fiber cards. It allows for the integration into the IBM TotalStorage 3494
library, the TS3500 library, the TS3400 library, a stand-alone rack, and the Sun Silo. There is
no support for the 3494 Model B10 or B20 Virtual Tape Server.

Figure 3-9 shows the front view of the IBM TS1130 Tape Drive.

-

Figure 3-9 Front view of the TS1130 Tape Drive

The TS1130 Tape Drive maintains the same features and technology enhancements
introduced with the 3592 Model J1A and extended by the TS1120. In addition, the TS1130
offers several enhancements over the predecessor models, which we explain in more detail
on the following pages.

Features introduced with the 3592-J1A and 3592-E05 include:

Digital speed matching

Channel Calibration

High resolution tape directory

Recursive Accumulating Backhitchless Flush or Nonvolatile caching (NVC)
Backhitchless backspace

Streaming Lossless Data Compression (SLDC)

Capacity scaling

Single field-replaceable unit (FRU)

vVVyVYyVYVYVYYVYY

Chapter 3. Tape drives and controllers 75



vyvyvyvYyYyvyy

Error detection and reporting
Statistical Analysis and Reporting System (SARS)
Encryption support

Dual stage 16-head actuator
Offboard data string searching
Enhanced logic to report logical end-of-tape

3.3.1 Multiple subsystem and automation support

As with the previous models, the 3592-E06 supports all the same subsystems and
automation environments. The 3592-E06 and 3592 cartridges support multiple automation
libraries and can be easily transported between environments. These systems are
summarized in Table 3-3.

Table 3-3 Subsystem support summary

Subsystem 3592-E06 3592-E05 3592-J1A
3494-1.22 4 drives per frame 4 drives per frame 4 drives per frame
3494-D22 12 drives per frame 12 drives per frame 12 drives per frame
3494-D24 8 drives per frame 8 drives per frame 8 drives per frame

Support within a frame

Must be all of the same
model

Mix with 3592-J1A is
allowed?

Mix with TS1120 is
allowed®

3584-L23

12 drives per frame

12 drives per frame

12 drives per frame

3584-D23

12 drives per frame

12 drives per frame

12 drives per frame

Support within a frame

Full mix of all models
allowed

Full mix of all models
allowed

Full mix of all models
allowed

J70 Controller

Only homogenous drive
types

Only homogenous drive
types

Only homogenous drive
types (or EO5 in J1A
Emulation mode)

TS1120-C06 Controller

Only homogenous drive
types

only homogenous drive
types

Only homogenous drive
types (or EO5 in J1A
Emulation mode)

(12 drives/frame)

(12 drives/frame)

VTS Not supported Supported in J1A mode Supported

TS7700 Not supported® Supported Supported

SUN Silo Full mix of all models Mix of EO5 and J1A models | Mix of EO5 and J1A models
allowed (20 drives/C20) allowed (20 drives/C20) allowed (20 drives/C20)

ADIC Scalar 10000 Supported Supported Supported

TS3400 Supported (2 drives/unit) Supported (2 drives/unit) Not supported

Rack-mounted Supported Supported Supported

(12 drives/frame)

a. As long as the TS1120 is running in J1A Emulation mode.
b. As long as the TS1120 is running in J1A Emulation mode.

c. It is the intent of IBM to provide this support after general availability of the TS1130.
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3.3.2 Media reuse

We provide capacity and performance improvements with the TS1130 Tape Drive on existing
media:

» The TS1130 Tape Drive reuses all TS1120 supported media types:

MEDIAS5: IBM 3592 Enterprise Tape Cartridge
MEDIAG: IBM 3592 Enterprise WORM Tape Cartridge
MEDIA7: IBM 3592 Economy Tape Cartridge
MEDIAS8: IBM 3592 Economy WORM Tape Cartridge
MEDIAQ: IBM 3592 Extended Tape Cartridge
MEDIA10: IBM 3592 Extended WORM Tape Cartridge

» The TS1130 improves capacity and performance by writing and reading the EO06 logical
format utilizing higher track density and higher linear density on the same media types.

» The TS1130 supports downward-reading of 3592-J1A and TS1120 native formats and
downward-writing of the TS1120 format: n-2 for read and n-1 for R/W.

» You must apply the appropriate microcode levels available for 3592-J1A and TS1120,
which enable the recognition of the E06 format and allow reuse of the media in the older
formats. Thus, a Model J1A or EQ5 drive is able to reformat media previously written in the
E06 format and to write on it in the appropriate format.

Note: This reformatting allows a common scratch pool by media type regardless of last
written format or allocation target drive.

3.3.3 Capacity and performance

Capacity and performance have been improved compared to the TS1120 Tape Drive for all
media types and for all formats that the TS1130 reads or writes.

Capacity improvement
We get a capacity improvement using the 3592-E06 logical format:

» A 42% capacity uplift for JB/JX (extended length media) from 700 GB to 1 TB
» A 28% capacity uplift for JA/JW (standard length media) from 500 GB to 640 GB
» A 28% capacity uplift for JU/JR (economy short media) from 100 GB to 128 GB

Performance improvement

The overall performance is increased by multiple improvements, such as increased data rate,
larger buffer, better backhitching, improved speed matching, read ahead, faster locate, and
improved communication links.

Higher data rates
Performance is improved from the TS1120 up to 60% in TS1130 mode, 50% in TS1120 mode

for reads and writes, and 50% in 3592-J1A mode for reads only:

» The EO06 format data rates go up to 160 MB/s maximum native and to 360 MB/s maximum
compressed.

» The EO05 format data rates go up to 150 MB/s maximum native and to 360 MB/s maximum
compressed.

» The J1A mode for reads only go up to 70 MB/s maximum native and to 360 MB/s
maximum compressed.
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The maximum compressed data rate numbers might be similar for all modes, but the
compression ratio required to reach the data rate is different.

Capacity and performance characteristics are summarized in Table 3-4.

Table 3-4 Capacity and performance summary

Media EO06 format EO5 format J1A format
capacity capacity capacity
data rate (minimum | data rate (minimum | data rate (minimum
- maximum) - maximum) - maximum)

JB/JX 1TB 700 GB N/A

40 MB/s - 160 MB/s 40 MB/s - 150 MB/s

JA/JW 640 GB 500 GB 300 GB (read only)
40 MB/s - 140 MB/s | 40 MB/s - 140 MB/s | 30 MB/s - 70 MB/s

JJJR 128 GB 100 GB 60 GB
40 MB/s - 140 MB/s 40 MB/s - 140 MB/s 30 MB/s - 70 MB/s

Larger buffer

The main buffer size is increased to 1 GB. This increase improves the drive agility, the file
access, and small file handling, which might still be a requirement on z/OS platforms.
Furthermore, the buffer reduces backhitches for all workloads and improves the overall write
and read performance.

Speed matching

The speed matching function is improved on the TS1130 drive. Both the number of speeds
and the range of data rates supported are improved, while the data rate range depends on
the logical format and the media typed used:

» Seven R/W speeds are supported for JB media:

— For the EFMT3/EEFMTS3 format, the range is 31 MB/s to 163 MB/s.
— For the EFMT2/EEFMT2 format, the range is 29 MB/s to 150 MB/s.

» Seven R/W speeds are supported for JA media:

— For EFMT3/EEFMT3 and EFMT2/EEFMT2, the range is 27 MB/s to 139 MB/s.
— For the EFMT1 format, the range is 14 MB/s to 70 MB/s.

Virtual backhitch

The small file write synchronize feature is improved, so we get a 30% - 50% net data rate
improvement for write synchronize workloads. Learn more about write synchronization in
“Virtual backhitch (nonvolatile caching)” on page 66.

Faster high speed space/locate

The load times and unload times have been slightly improved. The maximum locate/rewind
speed is increased to 12.4 m/s. With these enhancements, the average first file access time
has improved. Refer to Table 3-5 on page 80.
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Increased library interface link speed

For the TS3500 library attachment and for the TS3400 libraries, the LDl RS-422 interface
speed has been increased to 922 KBAUD. This increase provides faster code downloads and
dump uploads from the library. In the 3494 libraries, the BAUD rate remains at the current
operating defaults.

Read ahead

On sequential reads, we automatically read ahead and fill the buffer with data sequentially
beyond the target block (N). If one of these blocks is a target of the next command (such as
N+200), it is already in the buffer, and thus, transfer is extremely fast. And we then
automatically fill the buffer sequentially with data past (N+200). Due to the large data buffer,
the 3592-E06 supports read ahead of approximately 1000 MB of compressed data from tape.
So for applications that issue many repeating sequential short-hop locates (skipping over files
and reading the file headers, for example), we outperform competitive drives, which simply
stop and wait for the next command, with this unique functionality.

Performance scaling and segmentation

As with the 3592 Model J1A and the 3592 Model E05, performance scaling and performance
segmentation are supported with MEDIA5 and MEDIA9 cartridges on the TS1130. Using the
recording formats EFMT3/EEFMT3, a MEDIAS5 cartridge can be scaled to 128 GB and a
MEDIA9 cartridge can be performance scaled to 200 GB. Then, using performance
segmentation, a MEDIAS cartridge can be segmented into a 128 GB fast access segment
and a 426 GB slower access segment, and a MEDIA9 cartridge can be scaled to a 200 GB
fast access segment and a 666 GB slower access segment. Cartridges that are performance
scaled or performance segmented can be reused (reformatted) to their full capacity, to the
performance-scaled capacity or to the performance segmentation format as indicated through
the assigned data class.

Note: You might not want to scale JB media because of the higher waste of capacity.
There is still no software available to use any other segment except the first segment.

3.3.4 Access performance specifications and drive characteristics

Table 3-5 on page 80 summarizes the improvements in the access performance, that is, the
time to first data, block locate time from load point, or random locate times, and the drive
characteristics.
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Table 3-5 Access performance specifications and drive characteristics

load point average

11 s for 20% scaled JA/JW
11 s for JU/JR

11 s for 20% scaled JA/JW
11 s for JJ/JR

Parameter 3592-E06 3592-E05 3592-J1A
EFMT3 or EEFMT3 EFMT2 or EEFMT2 EFMTA

Tape speed: 12.4 m/s 10 m/s 8 m/s

locate/rewind

Drive load/ready time 12s 13s 19s

Block locate time from | 27 s for JA/JJW 33 s for JAIJW 39 s for JA

11 s for 20% scaled JA

time

9 s for 20% scaled JA

10 s for 20% scaled JA

36 s for JB/JX 45 s for JB/JX
15 s for 20% scaled JB 15 s for 20% scaled JB
Time to first data 39 s for JA/IJW 46 s for JA/JW 39 s for JA
average (load/ready + | 24 s for 20% scaled JA/JW 24 s for 20% scaled JA/JW 11 s for 20% scaled JA
locate) 24 s for JU/JR 24 s for JU/JR
48 s for JB/JX 58 s for JB/JX
28 s for 20% scaled JB 28 s for 20% scaled JB
Random block locate 20s for JAIJW 23s for JA/JJW 27 s for JA

9 s for 20% scaled JA

27 s for JB/JX 31 s for JB/JX
12 s for 20% scaled JB 12 s for 20% scaled JB
Unload time 23 s for JA/JJW/JR/JJI/IB/IX 23 s for JA/JJW/JR/JJI/IB/IX 21 s for JA
Rewind maximum 66 s for JAIJW 66 s for JA/JJW 77 s for JA
18 s for 20% scaled JA 18 s for 20% scaled JA 18 s for 20% scaled JA
18 s for JU/UR 18 s for JJ/JR
90 s for JB/JX 90 s for JB/JX
24 s for 20% scaled JB 24 s for 20% scaled JB
Read/write speed 8.551 m/s 6.21 m/s 4.74 m/s
maximum
Number of tracks 1152 896 512
Linear density 321 kbpi 282 kbpi 282 kbpi
Servo regions 5) 5 5
Data tracks recorded 16 16 8
simultaneously
Buffer size 1GB 512 MB 128 MB

3.3.5 Emulation mode

The 3592 Model E06 does not support any emulation modes. Because the drive cannot write

the J1A logical format, it cannot fully emulate all of the format behaviors of a TS1120 or
3592-J1A drive.
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3.3.6 TS1130 physicals

The TS1130 drive comes with the identical form factor and is plug-compatible with existing
3592 models. It maintains low power and improves power management. The maximum
continuous operating power has increased by 2 watts from the TS1120 because of faster
motor speeds:

» 39 watts drive-only compared to 37 watts for the TS1120
» Standby power is less than 20 watts

The TS1130 has a standby cooling management feature, which reduces the fan speed when
idle, to further reduce power and reduce airborne debris contaminants. The fan operating
mode is controlled by a single input signal called “Full speed mode and variable speed mode”.
In full speed mode, the fan/blower runs at full speed. In variable mode, the blower adjusts its
speed based on the ambient temperature down to a minimum of about 50% of its full speed.
Additional characteristics include:

» 3592-E06 drive code enables variable speed mode under the following conditions:

— The drive has been unloaded and idle for five minutes
— The internal temperature is at least 3 degrees below the “Full speed required”
temperature limit

» The drive code reverts to full speed mode as soon as:

— A cartridge is placed in the loader or loaded
— The internal temperature of the drive rises above the “Full speed required” temperature
limit

The internal temperature sensor is sampled at a five minute interval.

3592 packaging

Like previous models, the TS1130 is a canister with a drive packaged inside. Unique model
markings on the front and rear of the canister allow the identification of an EO6/EU6 from a
EO5 or J1A drive. The canister enclosure provides mounting, connections, fiducial labels for
calibration, and status LEDs for use in automation frames. The canister is mounted in various
forms of mounting hardware for use in different automation systems. Inside of the canister is
the drive unit. The 3592-E06 drive itself has the same physical form factor as the TS1120 and
the 3592-J1A drive. Thus, you can change the drive only instead of the complete canister.

The 3592-E06 canister no longer has an RS-232 serial port, which remains if you
miscellaneous equipment specification (MES) an existing 3592-E05 to a EO6 model. An
Ethernet service port has been added to the drive, which currently is used only for service. It
is a single, standard RJ-45 connector at the rear of the canister, supports only the IPv4
protocol, and supports online service and debug functions to a non-client network. Both
features are not available on the TS1120 model with the MES.

3.3.7 Upgrade considerations

A drive field-MES conversion feature is available to allow for a 3592-E05 to 3592-EU6 model
conversion to a TS1130. If you choose this way to replace your TS1120 drive, only the drive
will be changed and the canister will remain. This model EUB is identical to model E06 with
the following exceptions:

» Standby fan speed control feature is not available
» The drive Ethernet service port is not available
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The serial number of the original drive will be written by the library into the vital product data
(VPD) of the replacement drive. The MES is valid for TS3500, IBM 3494 Tape Library, a C20
frame attached to a silo, and a rack-mounted drive.

3.3.8 Firmware updates

Next, we describe the minimal changes to the firmware update mechanisms for the TS1130.

Note: Do not attempt to update drive firmware in a System z environment in which all of
the drives are attached to a controller or TS7700/VTS and a change of the drive code has
implications on the code of the controller and library.

The changes are:

» All four mechanisms currently supported for microcode updates on the 3592-E05 also
provide support on the EO6/EU6:

Host interface

Debug interface

Library interface

Field microcode replacement (FMR) cartridge

» The TS1130 continues to support concurrent microcode load with deferred activation.
» The TS1130 has a single microcode image that is unique from previous models.

3.3.9 RAS

The reliability, availability, and serviceability features are improved or maintained with the
TS1130 Tape Drive. As with its predecessor models, the TS1130 is a single field-replaceable
unit (FRU), hot pluggable without a maintenance window, and allows for nondisruptive code
load. Fan speed management and unique device microcode file management are available
through a LOAD ID. Support is maintained for a larger service display panel. The end of life
usage alert for media became activated on full file pass usage. Nearing Media Life (alert x13)
is given at 19 900 mounts or 295 full file passes, and media Life (alert x07) is given at 20 000
mounts or 300 full file passes.

3.3.10 Improved media SARS
The media SARS function is improved for the TS1130:

» MIMs and tape alerts now are generated when media passes usage life, as determined by
full file passes, meters of tape proceeded, or write pass count, in addition to the total
number of mounts, which was already supported.

» The media SARS summary is maintained in the cartridge memory (CM) in a manner in
which it can be rebuilt on tape in the event SARS records on tape cannot be read and
must be re-initialized. This CM copy is also readable on a down-level 3592-J1A drive to
preserve SARS information between logical format conversions.

3.3.11 Encryption

The TS1130 Tape Drive automatically is encryption-enabled in a System z environment when
attached to a tape controller. There is no need to enable the drive explicitly as was the case
with the TS1120 Tape Drive. Refer to Chapter 4, “Tape Encryption” on page 103.
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3.3.12 Tracking written data

Today, an application can track in KBs, the number of logical bytes written, the number of
physical bytes written, the amount of free space remaining on a volume, the capacity of the
volume, the number of logical bytes deleted, and so forth. Now with a 1000 GB tape
(non-compressed), the 3592 Model E06 might overflow some of the 4-byte fields that
contained these values. Of particular concern are the logical data-related fields that (with
compression) deal with an amount of data that might be larger than the physical capacity of
the tape. Applications that use, store, and display this type of information might need to
account for and determine how best to handle an overflow situation.

3.4 The IBM System Storage TS1120 Model EO5 Tape Drive

IBM System Storage TS1120 Tape Drive Model E05 is the second generation of the 3592
tape drives. It has the same machine type as the 3592-J1A, with the model type, EO5, and is
designed for applications that require high capacity and fast access to data across a wide
range of environments. The TS1120 Tape Drive provides you with the ability to encrypt your
data at the drive. For more information about encryption, refer to Chapter 4, “Tape
Encryption” on page 103. The TS1120 Tape Drive features dual 4 Gb Fibre Channel
interfaces, a native data rate of up to 100 MB/s, and a native physical capacity of up to

500 GB on the JA cartridge or 700 GB on a JB cartridge. As with the previous 3592-J1A, the
3592-E05 includes an RS-422 library interface port for communication with the TS3500 Tape
Library. The 3592-E05 has support for attachment to ESCON and FICON channels on
System z servers through the following tape subsystems:

TS1120 Tape Controller

3592-J70 Tape Controller

TS7700 Virtualization Engine’

B10 and B20 Virtual Tape Servers (VTSs) (in J1A Emulation mode)

v

vvyy

Figure 3-10 shows the front view of the IBM TS1120 Tape Drive.

Figure 3-10 TS1120 Model E05

3.4.1 Features for reliability, availability, and performance

The TS1120 Tape Drive maintains the same form factor and reliability specification of the
previous model 3592-J1A, as well as the features and technology enhancements introduced
with the 3592 Model J1A. In addition, the 3592-E0Q5 offers several enhancements over the
J1A model.

' You can configure TS1120 Model E05 in native EO5 mode or J1A Emulation mode. All drives have to operate in the
same mode behind a given tape subsystem. You must configure all drives in native EO5 mode to enable the support
of the 3592 Extended Data cartridge (JB media). You can intermix encryption-capable and non-encryption-capable
drives. However, all drives must be encryption-capable to enable Encryption for the TS7700.
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Features introduced with the 3592-J1A and incorporated into the 3592-E05 include:

Digital speed matching

Channel Calibration

High resolution tape directory

Recursive Accumulating Backhitchless Flush or Nonvolatile caching (NVC)
Streaming Lossless Data Compression (SLDC)

Capacity scaling

Single field-replaceable unit (FRU)

Error detection and reporting

Statistical Analysis and Reporting System (SARS)

VVYyVYVYVYVYVYYVYY

These features are described in detail in 3.2.4, “Features designed for capacity and
performance” on page 65.

To further improve performance and capacity, the TS1120 Tape Drive offers additional
enhancements over the 3592 Model J1A. The following section describes these
enhancements in detail. Table 3-5 on page 80 shows a comparison of the 3592-J1A, the
TS1120, and the TS130 Tape Drive characteristics.

Large internal buffer

The 3592-E05 has a 512 MB internal data buffer compared to the 128 MB maximum on the
3592-J1A. In addition to offering higher performance characteristics, the data buffer offers a
Read Ahead feature of approximately 500 MB of compressed data from tape. When the drive
processes a command to locate or read a block from tape, in parallel with returning the
requested block or locate status to the host, the drive automatically continues to stream down
the tape and read ahead until the buffer is full. This feature allows subsequent Locate or
Read commands of relatively close proximity blocks to be fulfilled from the data buffer at
higher speeds than if access to the tape is required.

Dual stage 16-head actuator

The 16-head actuator is designed to improve precision head alignment to help support higher
track density. The 3592-E05 uses the Enterprise Format 2 (EFMT2 or E2) recording
technology (896 tracks, 16 channels), which increases the data capacity of all four cartridge
types to 500 GB for types JA and JW and 100 GB for types JR and JJ. When using the IBM
Tape Cartridge 3592 Extended Data (JB and JX media type), the data capacity is 700 GB.
The 3592-E05 can also read and write in Enterprise Format 1 (EFMT1 or E1) when emulating
the 3592-J1A.

Offboard Data String Searching

The 3392-E05 can search the data content of host records for string matches. This function is
called Offboard Data String Searching, because the data search might be performed
offboard from the host. This feature allows the tape drive to search for records on a tape that
contain a particular ASCII or EBCDIC character string (1 to 16 bytes in length) at a maximum
data rate of 100 MB/s. It takes longer if the host performs this function, because the host
server needs to read the data, buffer the data to disk, and then parse the actual data stream
with host software routines. You can program the compare string search content and options
through the Mode Select or Send Diagnostic command. For information about these
commands and details of the programming fields, refer to IBM System Storage TS1120 Tape
Drive SCSI Reference, GA32-0562.
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Enhanced logic to report logical end-of-tape

The 3592-E05 uses enhanced logic to report the logical end-of-tape (LEOT), which is based
on a combination of capacity-based LEOT (CB-LEOT) and position-based LEOT (PB-LEOT)
indicators. Position-based LEOT is reported based on reaching a physical position on the
tape. With capacity-based LEOT, the 3592-E05 monitors the total accumulated number of
physical datasets written to the volume and reports LEOT when 505 GB of uncompressed
data has been recorded. In the event that the 3592-E05 is unable to record the number of
datasets before reaching the PB-LEOT physical landmark, LEOT is reported immediately
upon reaching this physical position. A minimum capacity buffer of 5 GB is guaranteed
between LEQT reporting and physical end-of-tape, beyond which no data can be recorded.
The effect of this LEOT function is to reduce the variation in the amount of data recorded
before LEOT is issued, and therefore for applications that use LEOT to stop the write
process, a more consistent capacity is recorded to the media.

Encryption support

The IBM System Storage TS1120 Tape Drive provides you with an option to use drive-based
data encryption, which is now standard on all TS1120 tape drives. A chargeable upgrade
feature to enable your drive for encryption is available for existing installed TS1120 tape
drives. All 3592 media, including Write Once Read Many (WORM) and extended cartridges,
can be encrypted. Based on the Data Class that you have defined, the TS1120 Tape Drive
can write in either encrypted or non-encrypted format.

Note: When using Tape Drive Encryption, all the TS1120 tape drives that are attached to a
single 3592-J70 or TS1120 Tape Controller must be encryption-enabled.

J1A emulation

The 3592-E05 has an emulation mode that enables it to emulate the previous 3592-J1A
Model. When attached to a TS7700 Virtualization Engine, a 3592-J70, or a TS1120 Model
C06 Tape Controller in heterogeneous frames containing J1A drives, the 3592-E05 drives
automatically operate in J1A Emulation mode in these subsystems, even when they are set to
operate as native E05 drives. When attached to a VTS, the E05 tape drives always operate in
J1A Emulation mode. In this mode, the 3592-E05 drives read and write only in E1 format at
the J1A performance and capacity ratings. When removed from these subsystems, the drives
automatically revert to native E05 operation, and no action is necessary to restore normal
mode.

In J1A Emulation mode, the TS1120 cannot be enabled for Encryption. It can read and write
in a format that is compatible with the 3592 Model J1A Tape Drive:

» The TS1120 Tape Drive can read and append to cartridges written by the 3592 Model J1A
Tape Drive.

» The TS1120 Tape Drive can write cartridges in a 3592 Model J1A format that can be read
and appended to by the 3592 Model J1A Tape Drive.

» The TS1120 Tape Drive cannot read cartridges written by the 3590 or 3490. Cartridges
written by the TS1120 Tape Drive cannot be read by the 3590 or 3490. Even though the
cartridges are similar in size, they contain different media and thus are not
interchangeable.

» The 3592-J1A cannot read or append to cartridges that were created on a TS1120 Tape
Drive in either EFMT2 or EEFMT2 mode.

» The TS1120 Tape Drive can be attached to the same 3592 Model J70 or C06 Controller,
TS7700 Virtualization Engine, or 3494 VTS Model B10 or B20 with 3592 Model J1A tape
drives. This attachment is only supported when the TS1120 is running in J1A Emulation
mode. After TS1120 drives are set to run in EO5 native mode, intermix is not supported.
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3.4.2 Performance scaling and segmentation

The 3592-E05 provides the same support for performance scaling and segmentation on the
JA and JB cartridge as the 3592-J1A does for the JA cartridge; however, the higher density
E2 format used by the 3592-E05 results in different data capacity for scaled and segmented
cartridges than the 3592-J1A.

For example, with the 3592-E05 and EFMT2 format, a JB cartridge can be segmented into a
140 GB fast access segment and a 466 GB slower access segment and a JA cartridge can
be scaled to a 100 GB fast access segment and a 330 GB slower access segment.

Like the 3592-J1A, 256 capacity settings are supported on the 3592-E05 drive. We
recommend the following three primary settings for use; they are available as labeled and
initialized part-numbered cartridges:

» Full capacity default mode: 500 GB
» 20% scaled fast access mode (capacity scaling setting x'35'): 100 GB
» Performance scaling for 87% capacity (segmented format, capacity scaling setting x'EQ")

The tapes can subsequently be scaled back to full capacity as needed.

3.5 IBM TotalStorage Enterprise 3592 Model J1A Tape Drive
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The 3592 Model J1A is the first offering in the 3592 Tape Drive family that was designed for
enterprise applications. Introduced in 20083, it is designed to provide unprecedented levels of
cartridge capacity, performance, and reliability. The 3592 surpasses the capabilities of its
predecessors by providing up to five times the capacity and two and a half times the data
transfer rates of the IBM 3590 series. It is capable of storing 300 GB of native capacity and
supporting a native data rate of up to 40 MB/s. Figure 3-11 shows an IBM TotalStorage
Enterprise Tape Drive 3592 Model J1A.

Figure 3-11 IBM TotalStorage Enterprise Tape Drive 3592 Model J1A

For its high capacity capability, the 3592 uses the IBM TotalStorage Enterprise Tape
Cartridge 3592 (Model 3599), which provides a native cartridge capacity of up to 300 GB. The
3599 media models include:

» Read/Write (R/W) 300 GB data cartridge

» R/W Economy 60 GB data cartridge

» Write Once Read Many (WORM) 300 GB data cartridge
» WORM Economy 60 GB data cartridge

IBM TS3500 Tape Library with System z Attachment



3.5.1 3592-J1A characteristics

The first generation of the 3592 family of tape drives outperformed the IBM 3590 family with
its performance and capacity characteristics:

» 40 MB/s native streaming data rate
» 300 GB native cartridge capacity

» Dual active FC-2 ports to support enterprise environments that use dual paths for failover
or load balancing

» Support of four cartridge types: JA, JJ, JW, and JR

» Write Once Read Many (WORM) functionality when operating on one of the two WORM
cartridge types: JW or JR

» 128 MB data buffer

3.5.2 Performance scaling

The 3592-J1A drive introduced the support for scaling and segmentation modes on the 300
GB Read/Write (R/W) (JA) cartridge only. There are two primary settings used:

» 300 GB default mode
» 60 GB fast access mode (capacity scaled through a '0x35’ setting to 20% capacity)

The result of performance scaling to a percentage value (for example, 20%) is that the
maximum amount of recordable data is reduced to 60 GB, and the average time to locate a
random record on a full tape starting from load point is (very roughly) 20% of the time to
locate a random record from load point for a full, unscaled tape.

Using segmentation results in a first segment of 60 GB and a slower access segment of 200
GB of capacity.

3.6 IBM System Storage TS1120 Tape Controller

The IBM System Storage TS1120 Tape Controller (TS1120 Model C06 Controller) is the
replacement of the IBM 3592-J70. The TS1120 Model C06 Controller is designed to attach to
ESCON and FICON channels on System z servers or through a FICON/FC switch with the
appropriate levels of system software. The TS1120 Model C06 Controller (shown in

Figure 3-12 on page 88) is 442 mm (17.4 inches) wide, 573 mm (22.6 inches) deep and

172 mm (6.8 inches) in height. It weighs 28.1 kg (62 Ib.) and 39 kg (86 Ib.) with mounting
hardware.
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Figure 3-12 TS1120 Model C06 Controller

These configurations support the TS1120 Model C06 Controller:

» TS3500: Attachment is the same as the 3592-J70 using the 3953 Tape Frame Model F05.
You can intermix these controllers in the 3953-F05 expansion frames.

» IBM 3494 Tape Library: The TS1120 Model C06 Controller resides in an IBM 3952 Tape
Frame Model FO05.

» Silo: The TS1120 Model C06 Controller resides in a rack or in a 3952-F05 Frame (it
replaces the 3590-C10 frame). This controller is then connected to the 3592 drives
residing in a 3592-C20 frame.

» Stand-alone: Resides in a rack or in a 3952-F05 Frame. This controller is then connected
to the 3592 drives residing in a rack.

Note: The TS1120 Model C06 Controller supports 3592-J1A, TS1120, and TS1130 tape
drives; it does not support 3590 tape drives.

Different TS1120 Model C06 Controllers within a single 3952 Tape Controller Model FO5
Frame can be connected to tape drives in different libraries.

3.6.1 TS1120 Model C06 Controller characteristics

88

The TS1120 Model C06 Controller is designed to offer ESCON and FICON attachment to
3592-J1A and 3592 model E drives. It also provides 3494 Library Manager, StorageTek ACS,
and stand-alone support through the 3952 Tape Frame. The Model C06 Controller further
exploits the performance and functions of the 3592 tape drives, including increased capacity
to 500/700 GB when written with a 3592-E05 Tape Drive in EFMT2/EEFMT2 format or

640 GB/1 TB when written with a 3592-E06 Tape Drive in EFMT3/EEFMTS3 format on JA/JB
media.

You can intermix 3592-J1A and 3592-E05 tape drives behind a single controller, but the
3592-E05 drives operate in 3592-J1A Emulation mode.

You cannot mix TS1130 drives with TS1120 or J1A drives behind the same controller.

Note: To support Tape Encryption, the TS1120 Tape Drive needs to run in EO5 mode, not
in J1A Emulation mode. Therefore, if you want to use Tape Encryption, you cannot
intermix 3592-J1A and TS1120 tape drives behind the same TS1120 Tape Controller.
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Enhancements incorporated into the TS1120 Tape Controller include:

» Up to four 4 Gbps FICON attachments

» Up to eight ESCON attachments

» Support for an intermix of ESCON and FICON attachments

» Up to sixteen attached 3592 Model E (or 3592-J1A) tape drives

» Two 4 Gbps Fibre Channel adapters for attaching 3592 tape drives or switches
» Support for 3592 drive hot swap capabilities

» Support for capacity scaling/segmentation with the 3592 tape drives

» Support for WORM capabilities with the 3592 tape drives

» Support for an outboard search interface for increased performance of certain
applications. Currently, Data Facility Storage Management Subsystem (DFSMShsm™)
audit is the only application written to take advantage of this support.

» Support for IPv6 by FC5248. FC5248 for the TS1120-C06 provides a network switch for
IPv4/IPv6 connection to the client network. It provides connectivity to the TS3400 libraries
and the TS1120 Model C06 Controller.

Note: For Encryption support, the minimum level of microcode firmware for the TS1120
Controller is 1.21.x.x.

When using Tape Encryption in a library that has a mix of controlier models, you need to
upgrade the microcode firmware of your controllers if you intend to use tape cartridges
from a common tape cartridge scratch pool.

When using Tape Encryption, you can only have TS1120 tape drives that are
encryption-enabled attached to a single TS1120 Tape Controller.

3.6.2 Installation in a TS3500 Tape Library

To support the 3592-J1A or 3592 model E drives in the TS3500 Tape Library, you install the
TS1120 Model C06 Controller in an external frame, the 3953-F05 Frame. There are two
versions of the 3953 Tape Frame: the base frame and the expansion frame. Both frames
have the same FO5 model number and can contain one to three controllers, depending on
whether it is a base frame or expansion frame as shown in Table 3-6.

Table 3-6 TS1120 Tape Controllers in 3953 tape frames

Frame Attachments
39583 Tape Frame Model F05 (base) Zero to one TS1120 Tape Controllers
39583 Tape Frame Model FO5 (expansion) One to three TS1120 Tape Controllers

A fully configured 3953 Tape System (3953-F05 Frames and 3953-L05 Library Manager) can
have up to sixteen subsystems attached (tape controllers or VTSs/VEs). If there are two
VTSs or TS7700s attached (maximum), there can only be 14 TS1120 Model C06 Controllers
additionally.

Figure 3-13 on page 90 shows a sample of a TS1120 Model C06 Controller installation and
configuration in a 3953-F05 base frame with two 3953-F05 expansion frames.
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Figure 3-13 Sample configuration of TS112-CO06 iape controllers in 3953 frames

In this sample configuration in Figure 3-13, communications among the TS1120 Model C06
Controller and other library components and tape drives are handled by the Ethernet switches
or routers and the Fibre Channel switches in the frames:

»

Two 24-port Ethernet switches in the top of the base frame direct communications to and
from the Library Manager and any attached controllers.

The 8-port tape controller Ethernet router at the bottom of the base frame attaches to the
tape controller in the base frame and connects the controller to the IBM System Storage
TS3000 System Console (TSSC) and one of the 24-port Ethernet switches.

Fibre Channel switches in the base frame direct data between the tape controller in the
base frame and its associated tape drives.

Note: You can directly attach one to four 3592 drives without any switch.

The 8-port Ethernet routers in the top of the expansion frames allow communication
between the tape controllers in the expansion frame and the Library Manager in the base
frame. The routers also route diagnostic information from the Fibre Channel switches in
the expansion frame to their associated tape controllers.

Fibre Channel switches in the expansion frames route data between the tape controllers in
the expansion frame and their associated tape drives. An Ethernet connection transmits
diagnostic information from the Fibre Channel switch to its associated tape controller.
There must be at least one Fibre Channel switch per tape controller; however, two Fibre
Channel switches can be associated with each tape controller for increased reliability.
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3.6.3 Attachment features

The IBM TS1120 Tape Controller (like the 3592-J70) has a number of attachment options at
the “front end” (that is, to the host) and to the “back end” (that is, to the drives):

» Host attachment:

— ESCON
— FICON
— Mixture of both

» Drive attachment:
Fibre Channel:

— Using a 4 Gbps switch with LC connectors
— Using a 2 Gbps switch with SC connectors

Host attachment

The TS1120 Model C06 Controller has been designed to provide greater throughput and
connectivity than previous IBM controllers, offering up to eight ESCON attachments or up to
four FICON attachments. An intermix of ESCON and FICON attachments is also available in
either short wavelength or long wavelength on the same controller. Table 3-7 shows how you
can intermix the attachments.

Table 3-7 Permitted combinations of FICON and ESCON attachments

TS1120 Tape Controller Model C06 3592-J70 Controlier

FICON (4 Gbps) ESCON FICON (2 Gbps) ESCON
4 0 4 0

3 2 3 2

2 4 2 4

1 6 1 6

0 8 0 8

Apply the following feature codes to the TS1120 Model C06 Controller to order either ESCON
attachments, FICON attachments, or a mixture of the two types. You must have at least one of
these features:

» FC3440: Dual ESCON attachment

Each feature provides dual-ported ESCON host adapters. Up to four of these features can
be ordered for a total of up to eight ESCON port attachments. Each port can support up to
64 logical paths and, by using ESCON directors, can be up to 43 km (26.7 miles) from the
host system.

» FC3441: 4 Gbps FICON short wavelength attachment

Each feature provides one FICON adapter with an LC duplex connector for attachment to
a FICON host system long wave channel, utilizing a 50-micron multimode fibre cable. The
total length of the cable cannot exceed 150 m (452 ft.) and can connect up to 128 logical
paths.
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» FC3442: 4 Gbps FICON long wavelength attachment

Each feature provides one FICON adapter with an LC duplex connector for attachment to
a FICON host system long wave channel utilizing a 9-micron multimode fibre cable. The
total length cannot exceed four km (2.5 miles) and can connect up to 128 logical paths.

» FC3443: 4 Gbps FICON 10 km long wavelength attachment

Each feature provides one FICON adapter with an LC duplex connector for attachment to
a FICON host system long wave channel utilizing a 9-micron single mode fibre cable. The
total length cannot exceed ten km (6.2 miles) and can connect up to 128 logical paths.

Drive attachment

The TS1120 Model C06 Controller can attach up to sixteen 3592-J1A or 3592 Model E tape
drives. For this attachment, there must be at least one Fibre Channel switch per tape
controller in a 3953-F05 Frame to route data between the controller and its associated tape
drives. For reliability, two Fibre Channel switches can be associated with the single controller.
The tape drives connected to a particular controller do not need to reside in the same frame.
They can be spread across multiple frames in the TS3500 Tape Library Frames as shown in
Figure 3-14. In Figure 3-14, one TS1120 Model C06 Tape Controller has 16 tape drives
attached, 12 of which reside in one frame and four in another frame. Another controller also
has 16 drives attached with four tape drives in each of four separate frames.

3953-F05
O L2x - D2x

HH
HH
HE|BHB

L2x D2x  D2x D2x

16 Drives

BHBE|BEH BB BB

16 Drives

Figure 3-14 Drive placement in the TS3500 Tape Library frames

Feature codes

Order the feature codes for the installation of the TS1220-C06 in the 3953 frame against the
controller or against the 3953 Model FO5 Frame, depending on the feature required. For more
information about feature codes, refer to Appendix G, “Feature codes” on page 511.

3.6.4 Reliability and availability
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The IBM System Storage TS1120 Model C06 Tape Controller is designed to provide
availability and reliability for IBM System z clients. This controller has many of the reliability
and availability characteristics that the 3592 Model J70 offered, such as redundant power
supplies with automatic failover, hot swap capabilities, and redundant cooling.
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Call Home

The TS1120 Model C06 Controller supports the Call Home function by providing support for
the IBM System Storage TS3000 System Console (TSSC) attachment, which was previously
known as the IBM TotalStorage Master Console (TSMC).

The Call Home function can report any error alerts for early detection of problems, expedite
microcode updates, reduce service times, and enhance local service. FC2720, TS3000
System Console, replaces FC2713, Master Console for Service. Call Home functionality with
FC2714, FC2715, and FC2720 connected through Ethernet to the various automated tape
library (ATL) frames sends wellness monitoring data through the TSSC. Your IBM SSR can
activate the Call Home function during the installation of the controller. The following
environments support Call Home:

» TS1120 Model C06 Controller or 3592-J70 in a stand-alone frame or rack

» TS1120 Model C06 Controller or 3592-J70 in a StorageTek Automated Cartridge System
environment

» TS1120 Model C06 Controller or 3592-J70 in the 3494 Tape Library
» TS1120 Model C06 Controller or 3592-J70 in the 3952 Tape Frame
» TS1120 Model C06 Controller or 3592-J70 in the 3952-F05 Tape Frame

3.6.5 Compatibility considerations for upgrade and migration

You can use the IBM System Storage TS1120 Tape Controller and 3592 tape drives in
various combinations, which provides the flexibility to maximize your configuration when
upgrading or adding to your existing tape installations. You must be sure to obey the
configuration rules in mixed environments:

» TS1120 Model EO5 and J1A tape drives can be attached to the same controller when
TS1120-E05 drives emulate 3592-J1A drives?.

» 3592 Model E tape drives cannot be attached to the same 3592-J70 Controller with 3590
tape drives.

» You cannot intermix 3590 models B, E, or H on the same 3592-J70 Controller.
» The TS1120 Model C06 Controller does not support 3590 tape drives.

» The 4-Gbps or 2-Gbps Fibre Channel switch must be used exclusively by the TS1120
Tape Controller.

» The 4-Gbps or 2-Gbps Fibre Channel switch or 2109 Model F16 or S16 switch must be
used exclusively by the 3592-J70 Controller.

» External fabric is supported.

» TS1120 tape drives that are encryption-enabled are not supported under the same
3592-J70 or C06 controller with TS1120 tape drives that are not encryption-enabled.

» TS1120 tape drives that are encryption-enabled are not supported under the same
3592-J70 or C06 controller with 3592-J1A tape drives.

» No intermix of TS1130 drives with any other 3592 drives is allowed.

2 To take advantage of the performance improvements of the TS1120 Model E05 drive, only native TS1120-E05
drives must be attached to the TS1120 Model C06 Controller.

Chapter 3. Tape drives and controllers 93



Compatibility considerations include:

» The TS1120 Model C06 Controller must be installed in a 3952 Tape Frame Model FO5 to
be able to control 3592 tape drives in a 3494 Tape Library. This frame is external to the
3494 Tape Library and can hold up to three TS1120 Model C06 Controllers.

» Ensure that you have the correct features depending on where your tape drives are
located within your 3494 Tape Library.

3.6.6 Performance overview

The following charts in this section show the performance of the TS1120 Model C06
Controller using the 2 Gbps and 4 Gbps Fibre Channel adapters, as well as a comparison
between the 3592-J70 Controller and 3592-J1A Tape Drive.

CO06/E05 Write Performance - 2 Gbps
Single Drive
250
200 -
[%]
@ —e—9%4:1
@ 150 - '
£ —m— 31
[] .
8 100 - ® ° ° —A—21
© —o— 111
®
(=] 50 4
0 4
4 8 16 32 64 128 256
Block Size (KB)
Figure 3-15 TS1120 Model C06 Controller write streaming performance with 2 Gbps
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Figure 3-16 TS1120 Model C06 Controller write streaming performance with 4 Gbps
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Figure 3-17 Write performance comparison
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Figure 3-18 Aggregate throughput for DFSMSdss™ full volume dump
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DFSMSdss Full Volume Restore
Aggregate Throughput
600
_. 500 A
[ S
3 400 - —
= [EJ70/E05 2Gb FICON
5 300 [] |— | m CO6/E05 2Gb FICON
.g [CO6/E05 4Gb FICON
3 200
=
" 100 -
0- |
1 2 4 8 12 16
# of Tasks

Figure 3-19 Aggregate throughput for DFSMSdss full volume restore

Summary

The TS1120 Model C06 Controller has been designed to provide 1.7 times the throughput of
the 3592-J70. It has built on the success of the 3592-J70 while adding extra features and
reliability. Although designed to complement the high capacity and high performance
TS1120-E05 Tape Drive, it can also use the existing 3592-J1A Tape Drive. The TS1120
Model C06 Controller can be utilized in an existing IBM TotalStorage 3494 Tape Library,
protecting the investment made in this infrastructure. It can be used in concert with the
3592-J70 to further utilize already implemented tape infrastructure.

3.7 3592 Model J70 Tape Controlier
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The Enterprise Tape Controller 3592 Model J70 is designed for environments with
ESCON-attached or FICON-attached servers. The 3592-J70 Controller can be installed in the
3494 frames, 3590 Model C10, 3590 Model A14, and stand-alone racks. In the TS3500 Tape
Library, the J70 is installed in the 3953-F05 Frame. The J70 (shown in Figure 3-20 on

page 97) is 445 mm (17.5 inches) wide, 603 mm (23.8 inches) deep, and 222 mm (8.7
inches) in height. It weighs 29 kg (63 Ib.) and 39 kg (86 Ib.) including mounting hardware.
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Figure 3-20 3592-J70 Controller

In a TS3500 Tape Library configuration, the J70 supports the attachment of 3592-J1A,
3592-E05, and 3592-E06 tape drives.

Enhancements incorporated into the 3592 Model J70 Tape Controller include:

» Support for an intermix of ESCON and FICON attachments

» Attachment of up to sixteen 3592 (J1A, EO05, or E06) or twelve 3590 B, E, and H tape
drives

» Up to 1.5 times the throughput of the 3590-A60, with FICON attachment using the 3592
Tape Drive

» Support for capacity scaling with the 3592 tape drives
» Support for 3592 drive hot swap capabilities
» Dual-mirrored hard drive for redundancy

» Redundant, hot-swappable power supplies and cooling components with automatic
failover

Note: When using Tape Encryption in a library that has a mix of controller models, you
need to upgrade the microcode firmware of your controllers if you intend to use tape
cartridges from a common tape cartridge scratch pool.

When using Tape Encryption, all TS1120 or TS1130 tape drives attached to a single
3592-J70 Tape Controller must be encryption-enabled.

3.7.1 Model characteristics

In the TS3500 Tape Library, the J70 Controller offers ESCON and FICON attachment of 3592
tape drives. The 3592-J70 Controller is installed in the 3953-F05 base frame. Additional
controllers are installed in the 3953-F05 expansion frames, which can each house up to three
J70 tape controllers. Figure 3-21 on page 98 shows a sample configuration of three 3953-F05
frames containing the 3592-J70 tape controllers.
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Note: The 3592-J1A and 3590 drive models cannot be intermixed behind a single

3592-J70 Controller.

TS1120 tape drives running in Enterprise Tape Format 2 (EFMT2) and TS1120 tape drives
running in Enterprise Tape Format 1 (EFMT1), which is also called J1A Emulation mode,
cannot be intermixed behind a single 3592-J70 Controller.

TS1120 tape drives running in Enterprise Tape Format 2 (EFMT2) and TS1120 tape drives
running in Enterprise Tape Format 2 with encryption-enabled (EEFMT2) cannot be
intermixed behind a single 3592-J70 Controller.

TS1130 tape drives cannot be intermixed with other 3592 drive models behind a single

3592-J70 Controller.

To assist in data migration to new, more cost-effective technologies, the 3592-J70 with its
associated tape drives can be installed in the same IBM 3494 Library with existing 3490 or
3590 models. It can also be intermixed in the same 3494 Library with the predecessor 3590
Model A60, A50, or AOO controllers, offering a unique and flexible growth opportunity. It can
also be installed in the same 3590 Model C10 Frame with a 3590 Model A60 Controller.

Note: IBM 3590 models A14, C10, and C12 were withdrawn from marketing effective

29 September 2006.

The 3592-J70 Controller was withdrawn from marketing effective 1 December 2006.
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Figure 3-21 3953-F05 frames with 35692-J70 tape controllers
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3.7.2 Attachment features

The IBM 3592-J70 Controller (like the Model A60) has a number of attachment options at the
“front end” (that is to the host) and to the “back end” (that is to the drives):

» Host attachment:

— ESCON
— FICON
— Mixture of both

» Drive attachment:
— Fibre Channel:

e Using a 2 Gbps switch with LC connectors
e Using a 1 Gbps switch with SC connectors

— SCSI (for 3590 drives only)

Host attachment

The J70 Controller has been designed to provide greater throughput and connectivity than
previous IBM controllers, offering up to eight ESCON attachments, up to four FICON

attachments, or an intermix of ESCON and FICON attachments.

The following feature codes apply to the Model J70 to order either ESCON attachments,
FICON attachments, or a mixture of the two types of attachments. You must have at least one

of these features:

» 3413 dual ESCON attachment

Each feature provides a dual-ported ESCON host adapter. You can order up to four of
these features for a total of up to eight ESCON port attachments. Each port can support
up to 64 logical paths.

» 3434 2-Gbps FICON long wavelength attachment feature

Each feature provides one FICON adapter that can support up to 128 logical paths
(maximum of four features).

» 3435 2-Gbps FICON short wavelength attachment feature

Each feature provides one FICON adapter that can support up to 128 logical paths
(maximum of four features).

Table 3-8 shows how you can intermix the attachments. Note that FICON columns show the
number of FICON channels, which is equal to the number of FICON features. The ESCON
columns show the number of ESCON channels, which is double the number of ESCON

features.

Table 3-8 Permitted combinations of FICON and ESCON attachments

3592-J70 3590-A60

FICON ESCON FICON ESCON
4 0 2 0

3 2 2 2

2 4 2 4

1 6 1 6

0 8 0 8
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Feature conversions are available to convert an installed FC3413 to FC3434 or FC3435, as
well as to convert an installed FC3434 to FC3435, or FC3435 to FC3434.

Drive attachment

The 3592-J70 can attach up to 16 3592-J1A or 3592 Model E tape drives. For this
attachment, there must be at least one Fibre Channel switch per tape controller in a 3953-F05
Frame to route data between the controller and its associated tape drives. For reliability, two
Fibre Channel switches can be associated with one controller. The tape drives connected to a
particular controller do not need to reside in the same frame. They can be scattered
throughout the TS3500 Tape Library frames. The J70 supports an intermix of 3592-J1A and
3592-E05 tape drives; however, this intermix results in the 3592-E05 running in J1A
Emulation mode. TS1130 cannot be mixed with other 3592 models.

For further information about feature codes for the 3592-J70 Tape Controller, refer to
Appendix G, “Feature codes” on page 511 or IBM System Storage TS1120 Tape Drive and
Controller Introduction and Planning Guide, GA32-0555.

3.7.3 Reliability and availability

The J70 Controller is built from IBM components, including the System p, AIX operating
system, and PCI-X bus architecture. Redundant, hot-swappable power supplies and cooling
components with automatic failover help provide high availability for the controller. In addition,
the J70 Controller provides support for the IBM TotalStorage System Console (TSSC), which
allows administrators to remotely monitor the J70 Controller for early problem detection and
to enable service notification, including automatic event-driven service notification to IBM. For
more details about the application performance and capacity enhancements, refer to the IBM
System Storage Tape System 3592 Introduction and Planning Guide, GA32-0464.

Call Home

The IBM 3592 Model J70 Controller supports the Call Home function. The Call Home function
opens a service alert in the event that a problem occurs with the Model J70 Controller. A
service representative can then respond to fix the problem. Standard feature codes (FC2710,
FC2711, or FC2712) provide base remote support in the event of a Model J70 Controller
service alert. In addition to error alerts, you can enhance Call Home functionality with
additional features (FC2713, FC2714, and FC2715). Enhanced Call Home functionality
sends “wellness” monitoring data through the TotalStorage System Console. Your IBM SSR
can activate enhanced Call Home functionality during the installation of the Model J70
Controller. The following environments support Call Home:

v

Model J70 Controller in stand-alone frames

» Model J70 Controller in StorageTek (ACS) environments
Model J70 Controller in the 3494 Tape Library

Model J70 Controller in the TS3500 Tape Library

vy

Service menus provide the means to deactivate the remote support, for example, for
installations that have extremely restricted security access.

3.7.4 Compatibility considerations for upgrade and migration
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You can use the 3592 Model J70 in combination with either 3592 or 3590 tape drives.
However, you must be sure to obey the configuration rules in mixed environments:

» You cannot intermix SCSI-attached (3590) and Fibre Channel-attached (3590 or 3592)
tape drives behind a single controller. The TS3500 Tape Library does not support 3590
tape drives.

IBM TS3500 Tape Library with System z Attachment



You cannot attach 3592 Model J1A drives to the same controller with 3590 tape drives,
and 3590 models B, E, or H cannot be intermixed on the same controller.

You can attach 3592-E05 and 3592-J1A tape drives to the same J70 Controller when
3592-E05 drives emulate 3592-J1A drives.

The 4-Gbps or 2-Gbps Fibre Channel switch or 2109 Model F16 or S16 switch must be
used exclusively by the 3592-J70 Controller. The 2109 S16 switch is not supported in the
3953 FO5 tape frame.

External fabric is supported as of 23 October 2004.
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Tape Encryption

In this chapter, we discuss basic encryption and cryptographic terms and concepts. We
introduce you to the IBM Tape Drive Encryption solution, including the IBM Encryption Key
Manager. The focus of this chapter is Tape Drive Encryption in a System z environment.

We also outline the hardware and microcode firmware that you will need to upgrade in order
to implement Tape Drive Encryption.

For more information about the IBM Tape Drive Encryption solution, refer to the IBM System
Storage TS1120 Tape Encryption Planning, Implementation, and Usage Guide, SG24-7320.
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4.1 Tape Encryption concepts

The IBM System Storage TS1130 and TS1120 tape drives both have the encryption feature
installed as a standard and are encryption-capable. When attached to a tape controller, the
TS1130 Tape Drive is automatically encryption-enabled while the TS1120 Tape Drive has to
be defined as encryption-enabled before it can write encrypted data. A chargeable upgrade
feature is available to enable your existing TS1120 drives that were built before September
2006 for encryption. You can encrypt all 3592 media, including WORM and extended
cartridges. You need the new IBM Encryption Key Manager component for the Java™
Platform (Encryption Key Manager) that supports the generation and communication of
encryption keys for the tape drives across your enterprise. You can easily exchange
encrypted tapes with business partners or data centers that have the necessary key
information to decrypt the data key.

The IBM Tape Encryption solution utilizing the IBM System Storage TS1130 and the TS1120
tape drives offers a cost-effective solution for tape data encryption by off-loading encryption
tasks from the servers, leveraging existing tape infrastructure incorporated in standard IBM
tape libraries, and eliminating the need for unique appliance hardware. While other
encryption solutions require hardware appliances or processor power for software encryption,
Tape Encryption is done with very little impact on the performance of the 3592 Model E
drives.

4.1.1 Introduction to Encryption
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3592 Model E-based encryption and the associated Encryption Key Manager (EKM)
component are supported in a wide variety of operating system environments, including
z/0S, i5/0S®, AlX, Hewlett-Packard UNIX (HP-UX), Sun, Linux, and Windows. The three
methods of encryption are:

» Application-Managed: The TS1130 and TS1120 tape drives support
Application-Managed Encryption (AME) for Open Systems environments. The application
controls the Encryption process and generates and provides keys to the 3592 Model E
tape drives. Tivoli® Storage Manager has been enhanced to support this capability.
Currently, Application-Managed Encryption support is only available on IBM Tivoli Storage
Manager.

» System-Managed: With System-Managed Encryption (SME), the Encryption policy is
passed between the server and the drives. This is the way that System z encrypts data,
and it requires the Encryption Key Manager program. Data Facility Storage Management
Subsystem (DFSMS) supports the Encryption Key Manager component.
System-Managed Encryption is also available for AIX servers. This support requires a
new AlX tape device driver, as well as the Encryption Key Manager program. Sun Solaris
is also supported through the IBM Tape device driver.

> Library-Managed: Encryption by volume and drive policy is supported with the TS1130
and TS1120 tape drives. You set up and control the Encryption process through the library
interface. This method of Encryption is supported for the TS3500 Tape Library in Open
Systems environments. The Encryption Key Manager component is required for this
support. Library-Managed Encryption is available for AlX, i5/0S, Linux, Linux on System z
Fibre Channel Protocol (FCP)-connected tape drives, HP-UX, Sun Solaris, and Windows.

The Encryption Key Manager (EKM) is a software program designed to complement IBM
encryption-enabled tape drives in generating, protecting, storing, and maintaining encryption
keys that are used to encrypt information written to and decrypt information read from 3592
tape media. The EKM operates on multiple platforms and is designed to be a shared resource
deployed in multiple locations within an enterprise serving IBM encryption-enabled tape
drives, regardless of where those drives reside.
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The Encryption Key Manager (EKM) component uses standard key repositories on supported
platforms. This software must be installed on a supported server and interface with the tape
drive to support Tape Encryption in a System-Managed or Library-Managed Encryption
implementation.

Encryption Key management

During Encryption, a single data key is used to encrypt the data and, later on, to decrypt the
data. Each Encryption method uses a key manager and a keystore to manage and store the
keys that are used to encrypt the data key.

When a scratch cartridge is loaded, for System-Managed and Library-Managed Encryption,
the drive communicates with the key manager that provides the key to encrypt the data.
When data is appended, it must be encrypted with the same key as the existing data on the
cartridge.

The data key must stay with the data and cannot be stored unencrypted. The data key is
stored in the Cartridge Memory (CM) of the cartridge at the beginning of the tape in an
encrypted format and in several places on the tape cartridge.

The data key is encrypted with another set of keys, known as Key Encrypting Keys (KEKs).
The KEKSs are also provided by the EKM and are referenced by key labels that you define.
You can share these labels with authorized external users of the data cartridge. To decrypt
the data, you need the matching key to the public key (=KEK) that was used for encrypting
the data key in order to decrypt the data. If you want to exchange encrypted cartridges with a
partner, you have to use one of the partner’s public keys to encrypt the data key.

How Tape Encryption works

Encryption, implemented in the tape drive, encrypts the data before it is written to the
cartridge. The tape drive first compresses the data to be written and then encrypts it. To
encrypt the data, the tape drive needs an encryption key. This key is provided by the EKM,
and it is provided in an encrypted form to make the Tape Encryption solution secure.

1. Load cartridge, specify

encryption

2. Tape drive requests a data key

I Encrypted “Data Key”

5. Tape drive writes encrypted

4.Encrypted keys data and stores encrypted data

3. Key manager
transmitted to tape drive key on cartridge

generates key and
encrypts it

Encrypted “Data Keys”

Figure 4-1 Process flow summary for Tape Encryption

The IBM Tape Drive Encryption solution encrypts the data in the drive using the 256-bit
Advanced Encryption Standard (AES) algorithm, rather than receiving previously encrypted
data. There are several advantages to this approach. By encrypting data in the drive, the
drive can offer the most efficient data compression. The drive first compresses the data and
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then encrypts it, thus providing more efficient data storage and media usage. Encrypting in
the drive eliminates the need for any additional machines or appliances in the environment.
The TS1130 and TS1120 tape drives can also process non-encrypted workloads, further
simplifying your IT environment.

For an encrypted tape cartridge, the cartridge stores both the encrypted user data and the
critical key management-related information needed to interact with the EKM when
decrypting data on the cartridge. A mix of data written in encrypted and non-encrypted
formats is not supported on the same tape cartridge. Whether the data on a cartridge is
written in encrypted format or in the clear is determined during OPEN processing, when the
first file sequence on the tape is written. If the first file written to a tape is in encrypted format,
all subsequent files written to the same tape cartridge must be written in encrypted format. All
files written to a single cartridge in encrypted format are encrypted using the same data key.
The exception to this rule is the volume label structure for the first file sequence, which is
encrypted using a key known to all encryption-enabled 3592 Model E tape drives, which
means it is effectively in a non-encrypted format.

Data exchange with business partners or other platforms

It is common practice to share tapes with other organizations for joint development,
contracting services, or other purposes. To facilitate this practice, the EKM can store two sets
of wrapped Encryption keys on the tape. A wrapped Encryption key contains the data key
plus identifying information that allows the EKM to locate the key. This capability allows
another organization to read that specific tape without your providing them any shared secret
information or compromising the security of your certificates and keys. This ability to read the
tape is done by adding the public part of the other organization’s public/private certificate and
keys to your EKM keystore using a second alias (or key label).

When the tape is written, the Encryption key is stored on the tape in several places and
protected by two sets of public/private keys: your public/private keys and the other
organization’s public/private keys. The other organization is then able to use their EKM and
their private key to unwrap the data key that allows them to read that specific tape. To
reiterate, your EKM must have the certificate and public key of the partner organization added
to your key store to allow you to exchange encrypted data with the partner organization. The
partner organization must have the associated private key in the keystore used by the partner
organization’s EKM to decrypt the data key. This capability gives you the flexibility to make a
specific tape readable by both your organization and another organization.

4.1.2 Encryption on z/0S
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In a System z environment, the Encryption capability is implemented through TS1130 and
TS1120 tape drive hardware, microcode additions, and changes to the Library Manager and
tape controller, and a new software component called the Encryption Key Manager (EKM).

z/OS DFSMS provides device allocation and media management in the 3494 and TS3500
tape libraries. You need this full support for automated or manual tape library environments
for encryption-enabled 3592 Model E tape drives. This full support is required when
encryption-enabled tape drives are installed in an IBM tape library environment.
Encryption-enabled TS1130 or TS1120 tape drives can coexist in the same library with
TS1130 or TS1120 drives that are not encryption-enabled, as well as with 3592-J1A drives
and within a 3494 Tape Library with 3590 Model B1x, 3590 Model E1x, or 3590 Model H1x.

The z/OS DFSMS support for tape subsystem Encryption allows you to specify by Data Class
that data is to be encrypted when stored by encryption-enabled 3592 Model E tape drives. In
addition, the key label-related information that is used to encrypt the data key (of a tape
cartridge) can be specified through the DD statement (JCL, dynamic allocation, and TSO
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ALLOCATE), Data Class, or Encryption Key Manager component for the Java platform
(EKM) defaults. The communication path to the EKM is across TCP/IP with the choice to go
either in-band or out-of-band for the key management flow. With out-of-band key
management, the communication path to the EKM is handled by the control unit going directly
to the EKM. For in-band key management, the communication path to the EKM is handled
across ESCON/FICON with an z/OS proxy interface, which handles the key exchange
(across TCP/IP) with the EKM.

In-band and out-of-band

With System-Managed Encryption, the Encryption policy is passed between the server and
the drives. System-Managed Encryption is the vehicle used for z/OS environments and
requires the Encryption Key Manager program.

System-Managed Encryption on z/OS has two configuration options:

» [In-band is where the tape drive requests to the Encryption Key Manager component travel
over the ESCON/FICON channels to the server proxy that is TCP/IP-connected to the
EKM. IPv6 support is available with APAR OA22271. In-band is the preferred method for
z/OS.

» QOut-of-band is where the tape controller establishes the communication to the EKM server
over TCP/IP connections. The TS7700 Virtualization Engine provides the means to
manage the use of Encryption and which keys are used on a storage pool basis. It acts as
a proxy between the tape drives and the EKMs, using Ethernet to communicate with the
EKMs and Fibre Channel connections with the drives. Encryption support for the TS7700
Virtualization Engine is enabled with Feature Code (FC) 9900.

Note: In-band and Out-of-band Encryption can be used with System Managed Storage
(SMS). Out-of-band Encryption currently is only used for the TS7700 and for non-z/OS
operating systems, such as z/VSE, where the tape controller acts as a proxy.

For ESCON/FICON System z environments utilizing out-of-band support for Encryption, a
router is required to allow the tape controller to communicate with the Encryption Key
Manager. FC5593, Router for EKM Attach, provides dual routers to allow redundant
connections between the tape controller and the EKM.
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Figure 4-2 z/OS in-band and out-of-band centralized key management

The in-band z/OS proxy allows key management information to be exchanged with a tape
drive over existing ESCON/FICON, instead of requiring the deployment of a secondary IP
network. The reliability and physical security of the existing I/O attachments are important
reasons that many clients choose to use the in-band key management path to the EKM. The
z/OS proxy interface communicates with the tape drive (through the control unit) in the
current data path and then uses a TCP/IP connection to communicate with the EKM.
Because in-band is managed by the 1/0 supervisor (10S), it also allows you to display and
alter EKM primary and secondary server addresses from the operator console. With
out-of-band, the EKM server addresses are only visible on the Library Manager Console, or
with the TS7700, EKM server addresses are visible in the TS7700 Management Interface
(MI). One other consideration is that with out-of-band, any z/OS image using a drive also
must use the EKM for which that drive was set up. With in-band, you can potentially have
each z/OS image point to a different EKM, with each pointing to a different keystore. This
method allows images sharing drives to be able to use different keystores. You might find this
useful if you have a need to support a client or an application where each client requires its
own keystore for security or regulatory reasons.

For z/OS Tape Encryption, both methods allow you to configure whether to encrypt the data
based on Data Class definitions. You might specify their key labels through the Data Class or
through the DD statement (JCL, dynamic allocation, or TSO ALLOCATE). You can also use
the EKM-assigned defaults if the key labels are not provided through z/OS. For tapes that will
be encrypted or decrypted, you must define and keep track of the key information to be used.
DFSMSrmm™ also keeps track of the key labels that were used for a given cartridge.

4.1.3 Encryption with TS7700 on z/OS
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When the TS1130 or TS1120 tape drives are used for stacked volumes on an IBM
Virtualization Engine, Encryption policies are managed on the TS7700, and Encryption is not
based on Data Class as described for a native TS1130 or TS1120. Encryption concepts for
the TS7700 are described in 5.3.6, “Tape Encryption” on page 133.
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4.2 Encryption Key Manager

The IBM Encryption Key Manager component for the Java Platform (Encryption Key
Manager) is a software program designed to provide, protect, store, and maintain Encryption
keys that are used to encrypt information written to and decrypt information read from 3592
tape media. The IBM Tape Encryption solution provides an enterprise key management
solution with common software for Open Systems and mainframe environments that allows
sharing of a common keystore across platforms. Integration with z/OS policy, key
management, and security capabilities provides a proven, highly secure infrastructure for
encryption key management.

The Encryption Key Manager (EKM) component uses standard key repositories on supported
platforms. This software must be installed on a supported server and interface with the tape
drive to support Tape Encryption in a System-Managed Encryption or Library-Managed
Encryption implementation.

4.2.1 Tivoli Key Lifecycle Manager

As an enhancement and follow-on to the Encryption Key Manager, the Tivoli Key Lifecycle
Manager (TKLM) can be used to encrypt your data with the TS1130 and TS1120 tape drives.

Like the Encryption Key Manager, the TKLM serves data keys to the tape drive. The first
release of TKLM focuses on ease of use and provides a new graphical interface (GUI) to help
with the installation and configuration of the key manager. It also allows for the creation and
management of the key encrypting keys (certificates). If you already use the existing
Encryption Key Manager, you easily can migrate to the new TKLM.

Host software, including the IOS proxy, has no direct knowledge of which key manager is
being used. Specification of either key manager is handled the same way, using the EKM
keyword on existing IOS commands. For additional information about the TKLM, refer to the
IBM Tivoli Key Lifecycle Manager Information Center.

4.2.2 Overview

References in this document to Encryption Key Manager also apply to the Tivoli Key Lifecycle
Manager.

For an encrypted tape cartridge, the cartridge stores not only the encrypted user data, but
also critical key management-related information needed to interact with the EKM. The EKM
communicates over TCP/IP connections with the tape drive (in-band or out-of-band) to
provide the key information required by the tape drive to encrypt or decrypt the data. This
TCP/IP connection needs to be secure, and the security can be achieved either by physical
security or with IP security protocols, such as Virtual Private Network (VPN). The method for
securing this TCP/IP connection relies on existing system capabilities and is outside of the
scope of the key management system. The EKM is a common platform application written in
JAVA that runs under the Java Virtual Machine (JVM™). The EKM interfaces with an existing
keystore, which under z/OS can be one of the hardware-based keystores (JCE4758KS
(JCECCAKS) or JCE4758RACFKS (JCECCARACFKS)) that works with the Integrated
Cryptographic Service Facility (ICSF), or it can be one of the software-based keystores
(JCEKS or JCERACFKS). If the EKM resides outside of the z/OS environment, you can use
the JCEKS and IBMi50SKeyStore software-based keystores or the PKCS11IMPLKS
hardware-based keystore.
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Encryption process for System-Managed and Library-Managed
Encryption

Figure 4-3, illustrates the flow of encrypted data to tape, communication of the keys to the
tape drive, and how the keys are stored on the tape media. In this example, we assume that a
certificate from a business partner has been imported into this keystore, and it only has a
public key associated with it. This public key is the key used to encrypt the data key. The
business partner has the corresponding private key needed to decrypt the data key.
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% Encrypts write data using DK
Crypto Services =

Figure 4-3 Data and encryption key flow

The server sends a write request to the drive. The drive is encryption-enabled, and the host
requests that the data is encrypted. As part of the initial write, the drive obtains two Key
Encrypting Key (KEK) labels from the host or a proxy, which are aliases for two
Rivest-Shamir-Adleman (RSA) KEKs.

When an encryption-enabled tape drive needs a key to perform an encrypted write, a data
key is generated by the EKM. The data key (DK) used to encrypt the data on a tape cartridge
is encrypted (using the public key of the public/private key pair) with either one or two key
encrypting keys (KEKSs) stored in the keystores. The KEKs are maintained by the EKM
through an existing keystore and are pointed to by the appropriate KEK label, also referred to
as the key label. The drive requests that the EKM send it a data key (DK) and encrypts the
DK using the public KEKs aliased by the two KEK labels.

The EKM can reside on that same z/OS system, on another z/OS system, or even on another
platform server. The drive request for the data key and the passing of key
management-related information can be done in-band between the drive and the Encryption
Key Manager (through the control unit and host across ESCON/FICON), or it can be done
out-of-band (through the control unit across TCP/IP). The EKM only has a TCP/IP interface,
so in-band communication to the EKM is handled by the z/OS proxy interface. The z/OS
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proxy interface receives the request from the drive across ESCON/FICON and then
interfaces with the established EKM for that system across TCP/IP. The z/OS proxy then
communicates back to the drive (through the control unit across ESCON/FICON), providing
the key management-related information that the drive needs. With z/OS, the recommended
communication path to the EKM is in-band across ESCON/FICON under the same system
that initiated the read or write request.

The EKM validates that the drive is in its list of valid drives. After validation, the EKM obtains
a random DK from crypto services. The EKM then retrieves the public halves of the KEKs
aliased by the two KEK labels. The EKM then requests that crypto services create two
encrypted instances of the DK using the public halves of the KEKSs, creating two Externally
Encrypted Data Keys (EEDKSs). The encoding mode (label or Hash) provides instructions that
the EKM will use to build the EEDKSs that are stored on the tape cartridge.

There are two modes for creating the EEDK:

» CLEAR or LABEL: In this mode, the key label is stored as part of the EEDK structure on
the tape cartridge.

» HASH: In this mode, a hash of the public key referenced by the key label is stored as part
of the EEDK structure on the tape cartridge.

Storing the Hash value rather than the key label allows for greater flexibility when tape
cartridges are exported to another location, especially if that location might be using a
different key label (than the originating site) to refer to the same key.

When sharing business partner KEKs, we recommend that you use the HASH mode. The
HASH mode lets each party use any KEK label when importing a certificate into their
keystore. The alternative is to use the CLEAR or LABEL mode and then have each party
agree on a KEK label.

The EEDKs are passed from the EKM to the drive in a secure manner and stored on the tape
cartridge. The drive stores the EEDKSs at several locations on the tape and in the Cartridge
Memory (CM). The EKM also sends the DK to the drive in a secure manner. It is the
separately secured DK that the drive uses to encrypt the data.

On subsequent mounts of the cartridge, the drive passes the EEDKs to the EKM so that the
EKM can extract the data key that was used. The EKM then passes that data key back to the
drive in another encrypted form that the drive can decrypt. Remember that all data on a single
cartridge must be encrypted using the same key. This passing of the EEDKSs to the EKM is
the process to ensure that the same key is used.

The role of DFSMS and policy management is to indicate to the drive during OPEN
processing (file sequence 1, DISP=NEW) that the mounted tape volume is to be encrypted
(as indicated through the System Managed Storage (SMS) Data Class policy and the
specification of EEFMT3 for the recording format on TS1130 Tape Drive and of EEFMT2 for
the recording format on TS1120 tape drive). OPEN processing will also pass to the drive
critical key management-related information, such as the key encrypting key (KEK) labels
and the encoding mechanism (label or public key Hash) specified through Data Class or
through the DD statement (JCL, dynamic allocation, or TSO ALLOCATE). The values
specified through the DD statement will override any Data Class specification. If the key
management-related information is not specified through the DD statement or Data Class,
Encryption Key Manager-established defaults will be used that can be specified on both a
global and a drive level. Refer to “Defining Data Classes” on page 262 for more information
about how to specify the Data Classes that contain information to be encrypted.
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Decryption process for System-Managed and Library-Managed
Encryption

Figure 4-4 illustrates how the encrypted data key is retrieved from the media, communicated
to the EKM, the data key sent from the EKM to the drive, and the data decrypted. In this
example, we are decrypting data that was encrypted at another site, as outlined in Figure 4-3
on page 110. The tape has two EEDKSs stored in its cartridge memory. We will call these
EEDK1 and EEDK2. EEDK1 was stored with the CLEAR (or LABEL) mode selected, and
EEDK2 was stored with the HASH mode selected.

‘ Read EEDKs from tape or CM ‘

4—‘ Request unwrap of DK from EEDKs ‘

Validate drive in Drive Table ‘

a

} Request KEK/KEKSs for EEDKs ‘

v

Retrieves KEK pair/pairs ;

Request unwrap of DK from EEDKs
— — using KEKs

Keystore

‘ Unwrap DK from EEDKs )—}
Send DK

0
EKM Encrypts/Decrypts data using DK

v

Crypto Services =

Figure 4-4 Data and decryption key flow

An encrypted tape is mounted for a read or a write append. The two EEDKSs are read from the
tape. The drive asks the EKM to decrypt the DK from the EEDKs. The EKM validates that the
tape drive is in its list of valid drives. After validation, the EKM requests that the keystore
provide the private halves of each KEK used to create the EEDKs. The KEK label associated
with EEDK1 cannot be found in the keystore, but the HASH of the public key for EEDK2 is
found in the keystore.

The EKM asks crypto services to decrypt the DK from EEDK2 using the private half of the
KEK associated with EEDK2. The EKM then sends the DK to the drive in a secure manner.
The drive either decrypts the data for a read operation or uses the DK to encrypt data for a
write-append.

For additional information about the Key Manager, refer to the IBM System Storage
Encryption Key Manager Introduction, Planning and User’s Guide, GA76-0418, and the IBM
System Storage Tape Encryption Planning, Implementation, and Usage Guide, SG24-7320.
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Management interfaces

You will need to configure whether to use a direct TCP/IP connection between the storage
devices and the Encryption Key Manager (out-of-band) or use the in-band proxy. Under z/OS,
the in-band proxy is defined using the IECIOSxx PARMLIB member (or the SETIOS EKM
command). For z/OS tapes, you can configure whether to encrypt based on Data Class
definitions. Furthermore for z/OS, you can specify the key labels through Data Class or
through the DD statement (JCL, dynamic allocation, or TSO ALLOCATE). In addition,
Encryption Key Manager-assigned defaults can also be used if the key labels are not
provided through z/OS. For tape cartridges that will be encrypted or decrypted, you must
define and keep track of the key information to be used. For information about key
management and the role of the Encryption Key Manager (EKM), refer to the IBM System
Storage Tape Encryption Key Manager Introduction, Planning, and User Guide, GA76-0418.

Key label specifications

When the first file sequence on a tape is written and Encryption is requested, up to two Key
Encrypting Key (KEK) labels can be specified, enabling the data key to be encrypted with two
different keys. One of the keys can be used for local (on-site) usage, and the second key can
be used for export (off-site) purposes.

You indicate key label specifications by:

» Data Class (using new Interactive Storage Management Facility (ISMF) panel fields)

» DD statement (JCL or dynamic allocation, using new keywords KEYLABL1, KEYENCD1
and KEYLABL2, and KEYENCD2)

» TSO ALLOCATE command (using new keywords KEYLABL1, KEYENCD1 and
KEYLABL2, and KEYENCD2)

4.2.3 EKM configuration planning checklist

When planning your EKM configuration, there are a few things that you need to know:
» Know the recipients for your encrypted tape cartridges.

For each recipient to have access to an encrypted tape, an associated X.509 certificate
must exist.

» Know the tape drives that will be used.

For each tape drive used to read from or write to an encrypted tape cartridge, you need to
determine the drive serial number as input into the EKM drive table. However, if you use
the EKM acceptunknown function, this step is handled automatically for you.

» Are there existing keys and certificates that you can use?

If there are existing keys and certificates that you can use, you can import or create keys
or certificates into the keystore.

» Determine the keystore type that will be employed.

The keystore will hold the public/private keys and certificates used by the EKM in assisting
the tape drives in generating, protecting, and retrieving symmetric encryption keys.

Depending on the keystore chosen, a keystore can be shared between EKM servers
(RACF®, Sysplex, and so forth).

If EKM servers are running on separate systems, separate keystores will likely be used.
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Note: For EKM servers used to handle requests from the same set of tape drives, the
information in the associated keystores must be kept the same.

Keeping the information in the associated keystores the same allows any of the EKM
servers that are contacted to have access to the necessary information to support the
requests that it receives from the tape drives for EKM server keystore information.

4.2.4 Advice about working with keys and certificates

You must have your Encryption keys and certificates to get access to your encrypted data.
Remember:

» Do not lose your public/private keys and certificates. You will not be able to decrypt your
data without them, and your data will be lost.

» Protect your public/private keys and certificates.
» Make sure that you back up your public/private keys and certificates.

Important: Although IBM has services that can help you to recover data from a damaged
tape cartridge, if the data on the damaged tape cartridge is encrypted, the data returned to
you will be encrypted data. So if you lose your keys, you will have lost your data.

Acting on the advice

Maintenance, backup, and restore of key and certificate information depends on the key ring
and keystore implementation used. Here are suggestions that you might want to follow to be
sure that you can get access to your keys:

» Create copies of the keystores that the EKM will use.

» Retain a PKCS #12 format file for each key and certificate combination and store it in a
secure location (for example, on read-only media and in a locked cabinet).

» Retain a copy of the PKCS #12 format and the keystore at your disaster recovery (DR)
sites.

These suggestions allow you to recreate keystores if absolutely necessary. Refer to the IBM
System Storage TS1120 Tape Encryption, Planning, Implementation, and Usage Guide,
SG24-7320, for more information about key management.

4.3 Encryption planning and implementation
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In a System z environment, the Encryption capability is implemented through TS1130 and
TS1120 tape drive hardware, microcode additions and changes to the Tape Library Manager
and tape controller, and a new software component called the Encryption Key Manager
(EKM).
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4.3.1 Ordering information

The main drive hardware and microcode additions depend on which 3592 model you are
going to use:

If TS1130 tape drives will be used for Encryption, check the following features:

» Microcode firmware upgrades to your TS1120 Tape Controller or 3592-J70 Enterprise
Tape Controller. When using a common tape cartridge scratch pool, microcode firmware
upgrades to your 3590-A60 Enterprise Tape Controller are required.

» Library Manager microcode firmware upgrade.

» The Automatic Tape Library Management Support (ALMS) feature is not required for
Encryption in a TS3500, but we recommend it.

» A router for out-of-band key management support and Encryption Key Manager
connectivity for tape controllers, tape frames, and the tape subsystem.

» z/OS V1R?7 or higher.
» The Encryption Key Manager component.

If TS1120 tape drives will be used for encryption, the following features have to be checked in
addition to the TS1130 required features:

» A no-charge encryption-enabled feature code for new TS1120 tape drives.

» An optional chargeable Encryption feature code upgrade, which can contain refurbished
parts, for installed TS1120 tape drives.

» z/OS V1R4 or higher.

Note: You will need an IBM SSR to enable the Encryption feature on your TS1120 tape
drives.

4.3.2 General hardware requirements

In addition to encryption-enabled 3592 Model E tape drives, you might need to upgrade the
microcode firmware of your tape control unit and your Library Manager. If you decide to use
out-of-band System-Managed Encryption, you also need a router.

3592 Model E Tape Drive Encryption support

Encryption capability is standard on all TS1130 tape drives and on IBM System Storage
TS1120 tape drives manufactured after 8 September 2006. For IBM System Storage TS1120
tape drives manufactured prior to 8 September 2006, a chargeable upgrade, FC5592, is
available to enable the drive for Encryption. The Encryption capability includes drive
hardware, as well as microcode additions and changes.

You can use the IBM Tape Cartridge 3592 Extended with a native physical capacity of
700/1000 GB Data (JB) or WORM (JX), the IBM TotalStorage Enterprise Tape Cartridge
3592 with a native physical capacity of up to 500/640 GB Data (JA) or WORM (JW), or the
IBM TotalStorage Enterprise Economy Tape Cartridge with a native physical capacity of up to
100/128 GB native Data (JJ) or WORM (JR) to hold your encrypted data.

Under z/OS, with system-managed tape support, all devices under a single control unit must
be homogeneous, so a mix of TS1130 and TS1120 tape drives is not supported under the
same TS1120 Model C06 Controller nor is a mix of encryption-enabled TS1120 and
non-encryption-enabled TS1120 tape drives. By attaching the drives to different tape
controllers, a mix of TS1130, TS1120, and J1A tape drives can exist in the same tape library.
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Additionally, TS1130 and TS1120 tape drives that are encryption-enabled can write on
separate media in either encryption or non-encryption format based on your needs.

Note: Tape drives attached to the same tape control unit must all write in the same format.
For example, if you attach both TS1120 tape drives and 3592-J1A tape drives to the same
controller, the TS1120 Tape Drive operates in 3592-J1A Emulation mode.

With encryption-enabled tape drives, the access time to data on the tape drive increases,
because the drive must communicate with the EKM to either obtain a data key or to have a
key decrypted.

IBM Tape Controller Encryption support

In a System z environment, you can attach your 3592 Model E encryption-enabled drives to
either a TS1120 Tape Controller Model C06 or a 3592-J70 Tape Controller. To utilize
encryption support, all the tape drives attached to the same controller must be
encryption-enabled.

To configure and activate the Encryption capability of the tape control unit and attached tape
drives, you need to order CU Encryption Configuration/Plant or Field (FC9595 or FC5595) for
your Tape Controller model J70 or C0O6. You must also order CU Encryption
Configuration/Field (FC5595) whenever an Encryption configuration change is required on
the tape controller or attached tape drives. You must install the CU Encryption Configuration
features whether or not you implement in-band or out-of-band support.

For in-band Encryption, no other control unit features are required. For out-of-band
Encryption, FC5593 is required on the 3592 Tape Controller (Model C06 or J70), or the Tape
Frame (3952 Model FO5 or 3953 Model FO05), the Library Manager Frame (3494 Model Lxx),
or the 3590 Model C10 frame to provide a path through the router to the EKM.

Note: When the CU Encryption Configuration features are installed, it is not necessary to
order the Encryption Configuration/Plant or Field (FC9592 or FC5592) on the 3592 Model
tape drives attached to the controller. Unless the TS1120 or TS1130 tape drives are
installed in a client rack, the minimum level of Library Manager microcode is also shipped
when FC9595 is ordered or the first time that FC5595 is ordered for the control unit; this
microcode is only supported with encryption-capable TS1120 and TS1130 tape drives.

Support for the 3592 Model E Encryption function when it is installed in any IBM controller
attachment requires a minimum level of microcode firmware for all of your controllers where
you intend to use tape cartridges from a common tape cartridge scratch pool. The microcode
firmware levels that you need are:

1.21.5.xx For any TS1120 Tape Controller (3592-C06)
1.19.9.xx For any 3592-J70 Enterprise Tape Controller
1.16.1.11 For any 3590-A60 Enterprise Tape Controller

Note: A 3590-A60 Enterprise Tape Controller does not support the attachment of TS1130
or TS1120 tape drives. If you mix 3590-A60 tape controllers in a library with other tape
controllers that have attached encryption-enabled drives and use a common tape cartridge
scratch pool, you need to update the microcode firmware of your 3590-A60 to 1.16.1.11.
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3953 Tape Library Manager Encryption support

3592 Model E Encryption support for tape drives attached using a 3953 Library Manager
requires a minimum level of microcode firmware in the Library Manager of LM534.xx. The
level of microcode firmware required will be shipped the first time that you order FC5595 or
FC9595.

ALMS and Encryption in the TS3500 library

The Automatic Tape Library Management Support (ALMS) feature is not required for
Encryption in a TS3500 in Open Systems environments, but we recommend it. For System z
attachment through the IBM 3953 Tape System, ALMS is a prerequisite.

Encryption in a TS3500 Tape Library with ALMS is configured by logical library. Encryption in
a TS3500 Tape Library without ALMS is configured by physical library. Specifically, all drives
in the non-ALMS library must be the new TS1130 drive or TS1120 drive with
encryption-enabled using the same IBM System Storage TS1130 or TS1120 tape drive
Encryption method even if the drives are in separate logical libraries. This requirement results
in the following restrictions for adding drives to non-ALMS libraries:

» Encryption-capable drive added to a non-ALMS library that contains
non-encryption-capable drives: You can add a drive that is encryption-capable to a library
that previously did not have encryption-capable drives, but you cannot enable encryption.

» Non-encryption-enabled drive added to a non-ALMS library that contains
encryption-capable drives, which are not encryption-enabled: You can add a
non-encryption-enabled drive to a library that is installed with encryption-capable drives,
which are not set for encryption. The drives that are encryption-capable are then restricted
from becoming encryption-enabled.

» Non-encryption-capable drive added to encryption-capable and encryption-enabled
non-ALMS library: A drive that is not encryption-capable cannot be added to a library that
has encryption-enabled drives and will be restricted (not available for use).

Router for out-of-band support

If you use out-of-band support, you need to install one FC5593 on the 3953 Model FO5
containing FC5505, Base Frame, to support up to sixteen 3592 tape controllers in a 3953
Tape System.

4.3.3 General software requirements

Tape Encryption is supported by z/OS V1R4 or later. You also need IBM Software Developer
Kit (SDK) for Java 2.

z/0OS support for Tape Encryption

The encryption-enabled TS1130 tape drives require z/OS V1R7 or later with the enabling
APAR OA22119. There are toleration program temporary fixes (PTFs) available for
DFSMSrmm running on z/OS V1R6.

The TS1120 tape drives with encryption-enabled are supported for attachment to ESCON
and FICON channels on System z servers. z/OS support of System-Managed Encryption with
TS1120 tape drives requires:

» 2z/OS and z/OS.e V1R5 or later

» z/OS V1R4 with z/OS V1R4 z990 Exploitation Support feature

» 2z/0S.e V1R4 with z/OS.e V1R4 z990 Coexistence Update feature

» An Encryption Key Manager component available to the z/OS system
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For z/OS V1R6 and V1R?7, refer to enabling APAR OA15685, and for z/OS V1R8, refer to
enabling APAR OA17562. An enabling APAR will also be available for z/OS V1R4 and V1R5.
For additional information about the support provided, refer to the 3592 preventive service
planning bucket (PSP) Bucket.

Note: You can use the encryption-enabled TS1120 tape drives on systems that run z/OS
V1R4 or later. However, you must use z/OS V1R5 or later to use media types MEDIA9 and
MEDIA10 and z/OS V1R?7 or later to use TS1130 tape drives.

For details about supported software versions and release levels for the TS1130 and TS1120
tape drives, as well as hardware support information, refer to the following Web site:

http://www.ibm.com/servers/storage/tape/3592/interop.html

Other mainframe platform support for Tape Encryption

Tape Encryption is currently supported on other mainframe platforms using System-Managed
Encryption with the TS1120:

» z/VM V5.1 and V5.2

This support includes transparent support for VM guests. The z/VM support requires the
Encryption Key Manager component running on another operating system other than
z/VM using an out-of-band connection. Encryption is turned on using ATTACH or SET
RDEVICE. The encryption key labels are defined using SET KEYALIAS or ATTACH.

z/VVM provides guest toleration support for the TS1130 on supported releases of z/VM
Version 5. This support allows attachment of the TS1130 to guest operating systems that
support it, including guest access to the drive’s Encryption capabilities. PTFs for APAR
VM64459 will be required for the VM control program. PTFs for APAR VM64458 will be
required for the RMS component of DFSMS/VM™ FL221 for environments where RMS is
required.

» z/TPF V1.1

The z/TPF support requires the Encryption Key Manager component running on another
operating system other than z/TPF using an out-of-band connection. Encryption is turned
on or off based on tape name. The EKM default key labels are used for the key labels.

» 2z/VSE V3.1

The z/VSE support requires the Encryption Key Manager component running on another
operating system other than z/VSE using an out-of-band connection. Encryption is turned
on or off based on the JCL ASSGN statement. The encryption key labels are defined
using the JCL KEKL statement or using the EKM defaults.

Note: z/VSE 4.2 provides native and guest support under VM for TS1130.
z/NNM and z/TPF will provide support after general availability of the TS1130.

Encryption Key Manager (if the EKM is run on z/OS)

If the Encryption Key Manager is run on the z/OS system, one of these IBM SDKs for Java 2
must be installed:

» IBM SDK for z/OS, Java 2 Technology Edition, V1.4, 5655-156 (at the SDK1.4.2 SR6 or
later level)

» IBM 31-bit SDK for z/OS, Java 2 Technology Edition, V5.0, 5655-198 (at the SDK5 SR3 or
later level)
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For details about supported software versions and release levels for the TS1120 Tape Drive,
as well as hardware support information, refer to the following Web site:

http://www.ibm.com/servers/storage/tape/3592/interop.html

4.3.4 Linux on System z

Library-Managed Encryption is available for System z servers connected to the TS3500
through Fibre Channel Protocol (FCP) that run one of the following Linux on System z
distributions:

» SUSE® Linux Enterprise Server 9 (SLES 9)

» Red Hat Enterprise Linux (RHEL 4)

Library-Managed Encryption with Linux on System z requires:

» An Encryption Key Manager component available to the TS3500

» A TS3500 Tape Library

If the Encryption Key Manager is run on a Linux on System z partition, you must install and
update one of the following Java 2 SDKs:

» Java 2 Standard Edition SDK 5

» Java 2 Standard Edition SDK 1.4.2

You can obtain updates to the Linux Java SDK at this Web site:
http://www-128.1ibm.com/developerworks/java/jdk/1inux/download.htm]

4.3.5 Media support for encryption-enabled 3592 Model E tape drives

Encryption-enabled TS1130 tape drives read and write in both recording formats (encrypted
and non-encrypted format) EEFMT3 and format EFMT3.

Encryption-enabled TS1120 tape drives read and write in the recording format EEFMT2, the
encrypted format, as well as the non-encrypted format 1, also known as J1A emulation.

The IBM System Storage encryption-enabled TS1130 and TS1120 tape drives use all
currently available media types, Media5 - Media10. The usable capacity is the same for the
encrypted format as for the non-encrypted format.

Note: For detailed information about planning and installing 3592 Tape Encryption, refer to
the IBM System Storage Tape Encryption, Planning, Implementation, and Usage Guide,
SG24-7320.

4.4 Other considerations

This section provides additional topics to consider when implementing tape encryption.
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4.4.1 Disaster recovery considerations

If you plan to use a disaster recovery (DR) site, the EKM provides a number of options to
enable that site to read and write encrypted tapes:

» Create a duplicate EKM at the DR site with the same information as your local EKM
(configuration file, tape drive table, and keystore). This EKM is then in place and capable
of taking over for one of your existing production EKMs to read and write encrypted tapes.

» Create a backup copy of the three EKM data files to be able to recover as needed. If you
create a current copy of the three data elements needed by the EKM (configuration file,
tape drive table, and keystore), you can start an EKM at any time to act as a duplicate at
the DR site. If your DR site uses different tape drives from your primary site, the
configuration file and tape drive table must contain the correct information for the DR site.

Note: Remember that you must not use the EKM to encrypt the three EKM data files
(configuration file, tape drive table, and keystore), because you cannot decrypt them
without a functioning EKM.

» Use the second Externally Encrypted Data Key (EEDK) on each tape cartridge to encrypt
tape cartridges in order that a private key, which is unique to the DR site, is one of the
entities that can read the encrypted tape. You can also choose to write an alternate
certificate for the DR site. This consists of using the certificate of the DR site to write your
existing tapes in exactly the same way that you provide this capability to another
organization.

In other words, in addition to storing your data encryption key on your tapes, wrapped
using your organization’s public/private key, the data key is also stored on the same tapes
wrapped using the DR site’s public key (certificate). This design allows a functioning EKM
at that site to use its own keystore with its own public/private key to read the tapes. If your
DR site uses different tape drives from your primary site, the configuration file and tape
drive table must contain the correct information for the recovery site.

» Consider setting the EKM variable drive.acceptUnknownDrives in the configuration file to
true. Refer to the IBM System Storage TS1120 Tape Encryption Planning,
Implementation, and Usage Guide, SG24-7320, for more information about this variable.

4.4.2 Encryption with other backup applications

Tivoli Storage Manager supports Application-Managed Encryption with all IBM tape libraries,
including the TS3500. Tivoli Storage Manager manages the encryption keys itself and does
not require the EKM for Application-Managed Encryption.

For more information, refer to IBM System Storage Tape Encryption Solutions, SG24-7320.

All backup applications currently supported on the TS3500 Tape Library support
Library-Managed Encryption, because the application is not involved in the encryption
process. These applications include Symantec NetBackup, EMC NetWorker, CommVault
Galaxy, and BakBone NetVault.

4.4.3 Performance considerations

Unlike software encryption or encryption appliances, the TS1120 Encryption solution can
encrypt data with minimal performance impact and without requiring additional equipment in
your computing environment. You might be concerned that encryption will impact the
performance of your applications or backup processing. Extensive testing shows there is little
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degradation to performance with encryption-enabled drives. The data rate claims of the drive
remain unchanged.

With encryption-enabled, when writing from load point, the access time to the first write from
the beginning of tape increases due to the time needed to retrieve, read, and write the
encryption key. In z/OS, this added time is detected in OPEN processing, the time between
the mount message and the IEC705] “Tape On” message. The tape drive unload time has a
similar increase.

If your EKM is on a z/OS platform, insure that it has a Workload Manager (WLM) job priority
similar to other system services, such as VTAM® or TCP/IP. You do not want situations
where the EKM has to wait for CP cycles to return keys to access and return keystore
information, because this wait can delay processing across your enterprise.

Using Virtual IP Addressing (VIPA) in your z/OS setup can contribute to both better
performance and redundancy with running with a z/OS-based EKM. Refer to the IBM System
Storage TS1120 Tape Encryption Planning, Implementation, and Usage Guide, SG24-7320,
for more information about this topic.

With z/OS, you might also see a longer delay when using in-band if your primary key
manager is unavailable. In this case, the IOS Proxy Retry Logic first attempts to
communicate with the primary key manager. The 10S proxy interface might retry several
times before switching over to the secondary key manager. While the retries occur, the job
can appear stopped.

Before cancelling a job, ensure that you allow enough time for the retry attempts that might be
occurring on the primary and also the secondary key manager. Typically, each attempt can
take around three minutes with two retry attempts on the primary key manager before
attempting to connect to the secondary key manager.

Similar logic is in place with the secondary key manager. After the proxy interface has
switched to the secondary key manager, it always attempts to communicate with the primary
key manager on subsequent communications; however in this case, only one (shortened)
attempt is made to communicate with the primary key manager before going back to the
secondary key manager. If the IOS proxy interface cannot communicate with the primary key
manager, even though the job might have been successful, message IOS627E is issued in
the job log and in the system log alerting you to a potential problem with the primary key
manager.

4.4.4 Re-keying support for the TS1120 and TS1130

When a tape cartridge is encrypted, the Data Key used to encrypt the data is also encrypted,
or wrapped, using the public key from a private/public Key Encrypting Key pair. This
encrypting creates an Externally Encrypted Data Key (EEDK) that is stored on the tape
cartridge in non-user data areas of the tape. The private key of that public/private key pair is
then used to decrypt the data key.

When the first file sequence on a tape is written and encryption is requested, up to two key
labels can be specified enabling the cartridge’s data key to be encrypted, or wrapped with two
different public keys. This generates an EEDK for each of the key labels specified. One of the
key labels can be used for local (on-site) usage, and the second key label can be used for
export (off-site) purposes.

Allowing the specification of two key labels works well if the usage of the tape is known ahead
of time, but what if the volume needs to be exported at a later date using a different public key
or what if the existing keys have been compromised?
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A mechanism is provided in the drive and the encryption key manager that enables a
cartridge’s data key to be reencrypted with new key encrypting keys using new key labels.
This re-keying support enables a tape cartridge to be re-keyed without having to copy the
data to another volume. This re-keying is accomplished through the drive and the external
key manager by:

» Decrypting one of the existing EEDKs stored on tape to get the DK
» Reencrypting it with different KEKs to create new EEDKs
» Overwriting the existing EEDKs with the new EEDKs

This re-keying support enables an already encrypted tape cartridge to have its data key
re-encrypted using new KEKSs (through the specification of new key labels).

Note: In addition to the needed host support (refer to APAR OA20076), re-keying also
requires the TS1120 Model C06 Tape Controller with machine code level 1.21.3.xx, or
later, or the J70 machine code level 1.19.7.xx, or later, also available since 31 August
2007.
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IBM Tape Virtualization solutions

This chapter provides a detailed description of the components, the underlying concepts, and
the architecture of the IBM Virtualization Engine TS7700 and the IBM TotalStorage Virtual
Tape Server (VTS).

This chapter covers the following topics:

» Underlying concepts of tape virtualization with the TS7700 and IBM 3494 VTS,

» General product design

» Hardware components that make up each solution

» Attachment of the TS7700 and IBM 3494 VTS to an IBM System Storage Tape Library
TS3500 through the IBM System Storage 3953 Tape System

» Architecture of the TS7700 and IBM 3494 VTS
» Functional characteristics of the TS7700 and IBM 3494 VTS

Note: The information contained in this book refers to the TS7700 Virtualization Engine
R1.4a and lower.

For detailed planning and implementation information about the IBM Virtualization Engine
TS7700, refer to:

» TS7700 R1.4a and lower: IBM Virtualization Engine TS7700: Tape Virtualization for
System z Servers, SG24-7312

» TS7500 R1.5 and higher: IBM Virtualization Engine TS7740 R1.5 and TS7720: New
Virtualization Options for Mainframe Servers, SG24-7712
For more information about the IBM TotalStorage Virtual Tape Server, refer to:

» IBM TotalStorage Virtual Tape Server: Planning, Implementing, and Monitoring,
SG24-2229

» IBM TotalStorage Peer-to-Peer Virtual Tape Server: Planning and Implementation Guide,
SG24-6115

' The IBM 3494 Model B10 and B20 were withdrawn from marketing effective 1 December 20086.

© Copyright IBM Corp. 2008. All rights reserved. 123



5.1 Tape virtualization basics

124

Tape virtualization was introduced as a response to the underutilization of tape capacity.
Because many applications are not able to fill the high capacity media of today’s tape
technology, you can end up with a large number of underutilized cartridges, wasting a lot of
space on your physical media and requiring an excessive number of cartridge slots in your
tape automation system. Tape virtualization fully utilizes the capacity of current tape
technology by using a disk buffer as intermediate storage before writing client data to high
capacity tape cartridges. However, System z virtual tape subsystems emulate the function
and operation of IBM 3490 Enhanced Capacity (3490E) tape drives. These emulated tape
drives are called virtual tape drives, and to an attached host, they appear identical to physical
tape drives. Emulation is transparent to the host and to applications.

Another benefit that you get from tape virtualization is the large number of drives available to
applications. Each tape virtualization subsystem provides you with up to 256 virtual tape
devices, depending on virtualization subsystem models. If you have a situation where
applications contend for tape drives and jobs have to wait because no physical tape drive is
available, tape virtualization can efficiently address these issues by providing a large number
of virtual tape drives.

Figure 5-1 illustrates the main components that are used to create a complete virtualization
solution.

IBM 3494
or 3953
Library Manager

IBM System Storage
TS7700 Virtualization Engine

Virtual Tape Devices Ethernet @

Hosts

Ethernet I

IBM 3494 or
TS3500 [ 151120

Tape TS1120
TS1120
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Fibre Channel iz
TS1120

TS1120
TS1120
TS1120
TS1120
TS1120
TS1120

FICON

— Tape Volume Cache

Figure 5-1 Main components of a virtualization solution

Data written to or read through a virtual tape drive resides in a virtual volume on a portion of
the virtualization subsystem’s disk storage media called the Tape Volume Cache (TVC). A
virtual volume shows the same characteristics as a Cartridge System Tape or an Enhanced
Capacity Cartridge System Tape.

The TVC’s associated storage management software manages the virtual volumes and the
movement of data between the TVC and the IBM 3592 or IBM 3590 tape drives associated
with the virtualization subsystem.
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A migration occurs when a virtual volume is moved from the TVC to a physical tape cartridge
to free space in the TVC for new data. The virtual volume is now a logical volume. A recall
occurs when a logical volume is moved from a physical tape cartridge back to the Tape
Volume Cache. The logical volume again becomes a virtual volume. One or more logical
volumes can reside on a physical tape cartridge (also called a physical volume). A tape
cartridge containing more than one logical volume is called a stacked volume. Each
virtualization subsystem is assigned a range of VOLSERSs for use with its physical volumes.
The virtualization subsystem maintains the relationship between logical volumes and the
physical volumes on which they reside.

The IBM 3953-L05 Library Manager maintains a database that is based on the VOLSERS of
the physical volumes and also stores the logical volumes associated with the physical
volumes.

The IBM Tape Virtualization solution for System z servers, the IBM Virtualization Engine
TS7700, is the follow-on product of the IBM TotalStorage Virtual Tape Server (VTS). The IBM
TotalStorage Virtual Tape Server was available as a Model B10 or a Model B20.

Two or three virtualization systems of the same model, which are attached to physically
separate tape libraries, can be connected for data redundancy and high availability. More
specifically, up to three TS7700 Virtualization Engines can be connected into a Multi Cluster
Grid. Two VTS systems Model B10 or two models B20 can be connected into a Peer-to-Peer
VTS (PtP VTS) through Virtual Tape Controllers (VTCs) installed inside one or more IBM
3494-CX1 Virtual Tape frames.

The following list summarizes the key benefits that you can expect from tape virtualization:

High availability and disaster recovery configurations

Fast access to data through caching on disk

Utilization of current tape drive, tape media, and tape automation technology
Transparent migration to new tape technology

Capability of filling high capacity media 100%

Large number of tape drives available for concurrent use

No additional software required

Reduced Total Cost of Ownership (TCO)

vVVyVYyVYVYVYYVYY

5.2 Tape virtualization design

In the following sections, we provide short descriptions of the concepts that we use
throughout this chapter. You have to consider the differences between 3494 VTS and the
TS7700 Virtualization Engine.

5.2.1 Tape Volume Cache

The Tape Volume Cache (TVC) is disk space where logical volumes are stored. The TVC is
under complete and exclusive control of the virtualization subsystem. TVC capacity can be
adjusted so that it can hold more virtual volumes than just those currently associated with
virtual tape drives. The Tape Volume Cache storage management software adjusts capacity
as necessary. After an application modifies and closes a virtual volume, it is copied by the
storage management software to a physical volume as a background process. The virtual
volume remains active until its disk space is needed to satisfy another mount request.
Leaving the virtual volume in place in the TVC allows for fast access to its data when
subsequently requested, much faster than if a physical volume needed to be mounted in a
tape drive and read. When the host requests to mount the volume, the physical volume is
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recalled to the TVC as a virtual volume if the original virtual volume is no longer resident in
the TVC.

5.2.2 Physical drives

The physical tape drives used by a tape virtualization subsystem, 3590, 3592-J1A, and
TS1120 supported by 3494 VTS and 3592-J1A and TS1120 supported by TS7700 are
installed in the IBM TS3500 Tape Library. The physical tape drives are not addressable by
any attached host system. They are completely under the control of the tape virtualization
subsystem.

Note: Intermixing IBM 3952-J1A and TS1120 tape drives is only supported when the
TS1120 operates in 3592-J1A Emulation mode. To support the exploitation of the native
capacity of the TS1120 (3592-E05) Tape Drive by the TS7700, all tape drives must be
TS1120s operating in native EO5 mode.

At the time of writing this book, TS7700 support for TS1130 was not available yet.

5.2.3 Stacked volume

The physical cartridges used by the tape virtualization subsystem to store logical volumes are
completely under its control and are not known to the hosts. The physical volumes are called
stacked volumes. The stacked volumes must have unique machine-readable VOLSERs and
external labels just as any other cartridges in a tape library.

Through the Library Manager, you define which physical cartridges are to be used by the tape
virtualization subsystem. Logical volumes stored on those cartridges are mapped by the
internal storage management software. When you use pooling, your stacked volumes can be
assigned to individual pools. Logical volumes can then be assigned to the stacked volume
pools.

5.2.4 Virtual drives

From a host perspective, a tape virtualization subsystem looks like multiple logical IBM 3490E
tape control units, each with sixteen drives attached through ESCON or FICON channels.
Virtual tape drives are defined just like physical IBM 3490 controller addresses through the
hardware configuration definition (HCD). Up to 256 virtual drives are supported.

Using regular operating system (OS) commands, you can manage virtual drives just as you
manage real tape drives.

5.2.5 Virtual volumes
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A virtual volume is created in the TVC when the host writes data to the tape virtualization
subsystem. All host interaction with tape data in a tape virtualization system is through virtual
volumes and virtual tape drives.

Each virtual volume has the same characteristics as a real volume, except for capacity. With
a tape virtualization subsystem, a large volume size option is available, which increases the
maximum native volume size up to 4000 MB. The end of volume is signaled when the total
number of bytes written into the TVC after compression has reached 400 MB for an emulated
cartridge system tape (CST), 800 MB for an emulated enhanced capacity cartridge system
tape (ECCST) volume, or 1000, 2000, or 4000 MB using the larger volume size options.
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With data compression based on the Ziv-Lempel algorithm (IBMLZ1) by the FICON channel
card in a tape virtualization subsystem, the maximum actual host data stored on a virtual CST
or ECCST volume can vary from 1.2 GB up to 12 GB (assuming a 3:1 compression ratio).
The default logical volume sizes of 400 MB or 800 MB, still used at insert time, can be
overwritten at every individual scratch mount by the use of a Data Class construct.

5.2.6 Logical volumes

When a virtual volume is copied from the TVC to a physical tape cartridge, it becomes a
logical volume. When a logical volume is moved from a physical cartridge to the TVC, the
process is called recall, and the volume becomes a virtual volume again.

Although tape virtualization subsystems emulate a 3490E tape of a specific size, 400, 800,
1000, 2000, or 4000 MB, the space used in the TVC is no more than that needed for the
number of bytes of data written to the virtual volume. When the virtual volume is written to the
physical tape, it uses only the space occupied by the data. In other words, neither the TVC
nor the physical tapes are partitioned in any way into 400 MB, 800 MB, 1000 MB, 2000 MB,
or 4000 MB segments. As virtual volumes are copied from the TVC to a physical cartridge,
they are stacked on the cartridge end to end, taking up only the space written by the host
application. This arrangement maximizes the utilization of a cartridge’s storage capacity.

You can define up to 500 000 logical volumes per VTS B10 or B20, and up to 1 000 000
virtual volumes per TS7700 Virtualization Engine. For an IBM 3953 Tape System with two
TS7700s, a maximum of 2 000 000 logical volumes is supported. A Multi Cluster Grid can
have the same number of virtual volumes as a stand-alone cluster (1 000 000).

5.2.7 Data compression

IBM virtualization subsystems include the data compression capability. Data is compressed
when written into the TVC. Whether tape drive compression is switched on is determined by
whether it provides any additional benefit over the compression in the TVC.

5.3 TS7700 Virtualization Engine

In this section, we provide an overview of the TS7700 Virtualization Engine and its
configuration options.

5.3.1 Components

The IBM System Storage Virtualization Engine TS7700 is the newest member of the IBM
TS7000 Virtualization family. It represents the fourth generation of IBM Tape Virtualization for
mainframe systems and replaces the highly successful IBM TotalStorage Virtual Tape Server
(VTS).

The TS7700 Virtualization Engine is designed to provide improved performance and capacity
to help lower the total cost of ownership for tape processing. It introduces a new modular,
scalable, high-performing architecture for mainframe tape virtualization. It integrates the
advanced performance, capacity, and data integrity design of the IBM TS1120 tape drives
with high-performance disk and a new advanced IBM System p server to form a storage
hierarchy managed by robust storage management firmware with extensive
self-management capabilities.
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The TS7700 Virtualization Engine utilizes outboard policy management to manage physical
volume pools and cache management and to control selective dual copy, dual copy across a
grid network, and copy mode.

The TS7700 offers a new standards-based management interface and enhanced statistical
reporting (VEHSTATS), compared to the VTS. You can obtain information about how to use
VEHSTATS and all the TS7700 monitoring and evaluating tools at the following sites:

» Tools can be downloaded internally from the following intranet sites:

ftp://submit.boulder.ibm.com/download/tapetools/
http://w3-1.ibm.com/sales/systems/ibmsm.nsf/docnames/tapetools

» IBM Business partner tools can be located at the following Internet site:
http://testcase-yellow.boulder.ibm.com

» Client tools can be located at the following Internet site:
ftp://ftp.software.ibm.com/storage/tapetool/

The TS7700 Virtualization Engine integrates the following components into the virtual tape

solution:

» One [BM Virtualization Engine TS7740 Server Model V06 (3957 Model V06)

» One [BM Virtualization Engine TS7740 Cache Controller Model CC6 (3956 Model CC6)

» One, two, or three IBM Virtualization Engine TS7740 Cache Drawers Model CX6 (3956
Model CX6)

Figure 5-2 shows the TS7700 Virtualization Engine components installed in an IBM 3952
Frame.

Figure 5-2 TS7700 Virtualization Engine
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Important characteristics of these components are:

» The TS7700 Server provides host connection of up to four FICON channels and
connections to the tape library and tape drives for back-end tape processing.

» A TS7700 with Grid Communication features can be interconnected with one or two other
TS7700s to provide peer-to-peer copy capability between two or three TS7700s using IP
network connections.

» The TS7740 Cache, comprised of the TS7740 Model CC6 and the TS7740 Model CX6,
provides 6 TB of TVC capacity before compression.

» Each TS7700 cluster supports up to a maximum of 256 3490E virtual tape drives and up
to 1000 000 logical volumes, each with a maximum capacity of 1.2 GB to 12 GB
(assuming 3:1 compression and using the 400 to 4000 MB volume sizes).

» Cache increments can be ordered from 2 TB to 6 TB uncompressed in 1 TB increments
(FC5267). Cache increments are enabled by a license key and allow you to better tailor
the costs of a solution to meet your client’s needs.

» Performance increments of 100 MB/s (FC5268) can be ordered up to 600 MB/s.

5.3.2 Nodes

The VTS performs all functionality with a single System p server. The VTS also serves as the
RAID disk controller and is tightly integrated into the system. TS7700 Virtualization Engine is
built on a distributed node architecture.

The nodes perform either virtualization (vNode) or hierarchical data storage management
(hNode). Based on the node architecture, a vNode or an hNode can run on separate
virtualization hardware or can be combined to run on the same virtualization hardware. When
a vNode and an hNode are combined and run on the virtualization hardware, this combination
of nodes is referred to as a gNode (general node). At the time of writing this book, the TS7700
Virtualization Engine runs one gNode.

vNode

The vNode (virtualization node) presents the image of virtual drives to a host system. It
receives tape drive and library requests from the host and processes them as though the
vNode were a real device. It also translates the tape requests through a virtual drive and uses
a file in a file system to represent the virtual tape image.

hNode

The hNode (hierarchical storage management node) performs all of the management of a
logical volume residing in disk cache or physical tape after it has been created or altered by
the host system through a vNode. The hNode is the only node that is aware of physical tape
resources and the relationships between the logical volumes and the physical volumes. It is
also responsible for any replication of the logical volumes and their attributes across site
boundaries.

gNode

The gNode (general node) can be considered a vNode and an hNode sharing the same
physical server. Consider it the equivalent of the IBM Virtual Tape Server in terms of a single
controller having both the virtualization and hierarchical storage management capabilities.
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5.3.3 Cluster

The TS7700 Virtualization Engine cluster combines the Virtualization Engine with a disk
subsystem TS7740 cache. The architecture allows additional disks or nodes to be added in
the future to expand the capabilities of the system. A cluster provides FICON host attachment
and 256 virtual tape device addresses. The cluster also includes that part of the TS3500 Tape
Library that is assigned to the TS7700 Virtualization Engine.

Figure 5-3 illustrates a TS7700 cluster and the components.

Ethernet
(control

Fibre Channel
(logical volumes)

Figure 5-3 TS7700 components

5.3.4 Grid configuration
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Two or three TS7700 clusters can be interconnected to provide a disaster recovery/high
availability solution that is called a Multi Cluster Grid. Each TS7700 cluster has 256 virtual
3490E drives. The Grid enablement feature must be installed on the TS7700 Virtualization
Engines, and an Ethernet connection must be established between the clusters. Each cluster
has two 1 Gb Ethernet adapters and uses TCP/IP for communication to the other TS7700
clusters.
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Note: More than one situation has occurred where a TS7700 was ordered with FC4015
(Grid enablement) and the intention is to initially use the TS7700 in a stand-alone test
environment. This TS7700 must be “install complete” (service code 20 CIA 1) before being
used in this test configuration. This use of a grid-enabled TS7700 in a stand-alone
environment is an unintended use and requires that the TS7700 is “Reset to Factory
Settings”, also sometimes referred to as “manufacturing cleanup”, before using the
TS7700 in a grid configuration.

The “Reset to Factory Settings” function is not currently part of the TS7700 product. This
function might be delivered in a future release. The activity to perform a reset (to wipe out
the data or to wipe out both the data and the configuration) is not a valid warranty item nor
expense. This reset must be done by business design assurance (BDA), PFE, or
development and is billable to the IBM Account Team. An ICA must be created to cover the
cost of BDA/PFE/development involvement.

With release 1.3 code installed, a valid alternative is to order the TS7700 without FC4015.
When the time comes to use the TS7700 in a grid configuration, it must be connected to an
IP network and FC4015 must be ordered as a miscellaneous equipment specification
(MES), plus a new TS7700 (with FC4015) must be ordered as its grid partner. The MES
feature code’s cost is used to offset the additional expense for the IBM service support
representative (SSR) to upgrade the unit. Release 1.4 code includes support to merge an
existing stand-alone cluster with a Two Cluster Grid to form a three-way grid.

Logical volume attributes and data are replicated across the clusters in a grid configuration to
ensure the continuation of production work if a single cluster becomes unavailable. Any data
replicated between the clusters is accessible through any of the other clusters in a grid
configuration. More specifically, all vNodes in a grid have direct access to all logical volumes
in the grid, either from the local cluster’s TVC through Fibre Channel or from a remote
cluster’s TVC through a wide area network (WAN) connection. During mount processing, a
TVC is selected as the I/O TVC. All I/O operations associated with the virtual tape drive to
which the mount was issued are routed from its vNode to the TVC on the selected cluster.

A Multi Cluster Grid configuration presents a single Composite Library image to the host; the
entire subsystem appears as a single tape subsystem to the attached hosts. The host does
not see the underlying Distributed Libraries similar to the prior generation’s Peer-to-Peer
Virtual Tape Server (PtP VTS). Multiple TS7700 Virtualization Engine grid configurations can
be attached to host systems and operate independently of each another.

Currently, a Multi Cluster Grid comprises two or three clusters. The architecture is designed
to allow more than three clusters in a Multi Cluster Grid configuration in the future.

Figure 5-4 on page 132 illustrates a TS7700 Two Cluster Grid with the required network
infrastructure.
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Figure 5-4 illustrates a TS7700 Three Cluster Grid with the required network infrastructure.
As in a Two Cluster Grid, each cluster contains a TS7700 Tape Library and tape drives. The
library can be an IBM 3494 Tape Library or the IBM TS3500 Tape Library.
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Figure 5-5 TS7700 Three Cluster Grid

When two or three clusters are connected to a grid, logical volumes and their copies, if
configured for copies, reside on both clusters. Planning of logical volume management and
possible Multi Cluster Grid configuration options is required to make sure that the grid
configuration meets your data availability and disaster recovery objectives. This planning is
especially important for volume ownership and copy consistency point options.
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Removal of a cluster

If you have used the grid capability for a relocation process or any other temporary purpose,
you now have the function (with TS7700 Release 1.4A) to remove a cluster from a grid
non-disruptively. Furthermore, you might want to get rid of all of the information and data of
this cluster. Therefore, you can use the cleanup function. It is a one-time process and
contains the following actions:

» Delete the TS7700 database

» Logically delete logical volumes from the tape volume cache (this does not delete the data
on the disks or back-end tape cartridges)

» Reset all configuration information set by the IBM SSR during the installation to the default
manufacturing state

The cluster can then be used as a stand-alone machine or attached to a different grid. Both
the removal function and the cleanup function are available on a feature code basis.

For a full description of Multi Cluster Grid configuration options, refer to IBM Virtualization
Engine TS7700: Tape Virtualization for System z Servers, SG24-7312.

5.3.5 Copy Export

A very interesting function that is only supported on the TS7700 is the Copy Export function.
It enables the client to move physical volumes with data critical for continuing business
operations outside a library to an off-site vault.

Copy Export is supported for a Single Cluster Grid with Release 1.3 and is supported in a
Multi Cluster Grid starting with Release 1.4. However, the expected use is for clients with a
Single Cluster Grid who require that data is moved off-site, or for clients with a Multi Cluster
Grid where a primary need is validating and testing a client-described disaster scenario.

Copy Export supports moving the logical copy of the original logical copy to another location
and keeping the original logical copy within the original TS7700 and available for normal
production. A related function is called Copy Export Recovery, where you insert the physical
volumes and establish the TS7700 again based on the contents of the physical volumes.

Copy Export Recovery requires an empty Single Cluster Grid. But with the introduction of
FC5267 and FC5268 as described in 5.3.1, “Components” on page 127, you can tailor a
solution based on what you can afford.

5.3.6 Tape Encryption

Encryption is also supported on TS7700. Encryption of backstore tapes helps control the risks
of unauthorized data access without an excessive security management burden or
subsystem performance issues. IBM Tape Encryption solutions all use an Encryption Key
Manager (EKM) as a central point from which all encryption keys are handled. The EKM
communicates with the TS7700 Virtualization Engine, and Encryption on the TS7700 is
controlled outboard on a physical stacked volume pool basis and is set using the
Management Interface (MI). As you set up Encryption for all logical volumes in a specific pool,
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you can use it in addition to the Copy Export Function as well. For more information
concerning Encryption and the TS7700, refer to 4.1.3, “Encryption with TS7700 on z/OS” on
page 108.

5.3.7 Library Request host console commands

Library Request host console commands provide a way for an administrator or an operator to
determine the status of resources and to obtain information about the resources of the
TS7700, as well as to prioritize some of the active work. Library Request host console
commands also enable the client to perform problem determination. You can be proactive
addressing the delay of a single important job that is waiting for recalls from back-end drives.
The commands are only for TS7700 clusters and were introduced with the TS7700
Virtualization Engine code level 8.3.x.x. z/OS support is also required.

Table 5-1 shows a list of all of the commands and a short description of each command.

Table 5-1 Overview of Library Request commands

Keyword1 | Keyword2 | Keyword3 | Description Comp- Distri-
osite buted
Library | Library

CACHE N/A N/A Requests information about the N/A Y
current state of the cache and the
data managed within it associated
with the specific Distributed
Library.

COPYEXP | VOLSER RECLAIM Requests that the specified N/A Y
physical volume that has been
exported previously in a copy
export operation is made eligible
for priority reclaim.

COPYEXP | VOLSER DELETE Requests that the specified N/A Y
physical volume that has been
exported previously in a copy
export operation is deleted from
the TS7700 database. The volume
must be empty.

LVOL VOLSER N/A Requests information about a Y N/A
specific logical volume.

PDRIVE N/A N/A Requests information about the N/A Y
physical drives and their current
usage associated with the
specified Distributed Library.

POOLCNT | 00-32 N/A Requests information about the N/A Y
media types and counts, which are
associated with a specified
Distributed Library, for volume
pools beginning with the value in
keyword2.

PVOL VOLSER N/A Requests information about a N/A Y
specific physical volume.
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Keyword1 | Keyword2 | Keyword3 Description Comp- Distri-
osite buted
Library | Library

RECALLQ | VOLSER N/A Requests the content of the recall N/A Y
queue starting with the specified
logical volume. Keyword2 can be
blank.

RECALLQ | VOLSER PROMOTE | Requests that the specified logical N/A Y
volume is promoted to the top of
the recall queue.

STATUS GRID N/A Requests information about the Y N/A
copy, reconcile, and ownership
takeover status of the libraries in a
grid configuration.

All the commands are presented and described in IBM Virtualization Engine TS7700: Tape
Virtualization for System z Servers, SG24-7312.

5.3.8 Secure Data Erase

Expired data on a physical volume remains readable until the volume has been completely
overwritten with new data. Some clients are concerned that a court order might expose them
to liability, and they are concerned about the cost of trying to find an old version of a data
volume. Another concern is the security of old data.

TS7700 Release 1.3 adds physical volume erasure on a physical volume pool basis that is
controlled by an additional reclamation policy. It utilizes the Outboard Policy Management
Definitions that are standard on the TS7700. With the Secure Data Erase function, all
reclaimed physical volumes in that pool are erased by writing a random pattern across the
whole tape prior to being reused. In the case of a physical volume that has encrypted data,
the erase can involve just “shredding” the encryption keys on the volume to accomplish the
erasure. A physical cartridge is not available as a scratch cartridge as long as its data is not
erased.

The Secure Data Erase function is performed in one of two ways:

» For an unencrypted physical volume (or a physical volume that is encrypted, but its
previous use was unencrypted), the erasure is performed by writing a random data pattern
on the physical volume being reclaimed. In the case of the encrypted volume, the
encrypted data keys are also erased.

» For an encrypted physical volume whose previous use was also encrypted, the physical
volume is erased by erasing the encrypted data keys. By erasing the data keys, the data
on the volume cannot be decrypted, rendering it “erased”. This way is a much faster
method than the first method, because only the encrypted data keys need to be erased.
This process takes only a few minutes compared to a multi-hour process for writing the
random pattern across the whole tape.

As part of this Data Erase function, an additional reclaim policy is added. The policy specifies
the number of days that a physical volume can contain invalid logical volume data before the
physical volume becomes eligible to be reclaimed.
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5.3.9 Data integrity by volume ownership
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The concept of ownership has been introduced with the TS7700 to ensure data integrity. At
any point in time, a logical volume is owned by one cluster. The owning cluster controls
access to the volume and the attributes of a volume. This concept of ownership replaces the
concept of Master VTS, which has a subsystem-wide scope instead of a volume-wide scope.

If a logical volume is written on one of the TS7700 clusters in the grid configuration and
copied to the other TS7700 cluster, both the original volume and the copy can be accessed
through the other TS7700 cluster. This is subject to volume ownership. At any point in time, a
logical volume is “owned” by one cluster. The owning cluster has control over access to the
volume and over changes to the attributes associated with the volume (such as volume
category or storage constructs).

The cluster that has ownership of a logical volume can change dynamically. The TS7700
node passes the ownership of the logical volume as part of mount processing, as required, to
ensure that the cluster with the virtual device associated with the mount has ownership. If the
TS7700 clusters in a grid configuration and the communication paths between them are
operational, the change of ownership and the processing of logical volume-related
commands are transparent in regard to the operation of the TS7700. If a TS7700 cluster has
a host request for a logical volume that it does not own, and it cannot communicate with the
owning cluster, the operation against that volume fails, unless some additional direction is
given. Volume ownership takeover provides the additional direction to transfer ownership.

When the owning cluster has failed or is known to be unavailable (for example, it is being
serviced), its ownership of logical volumes is transferred to the other TS7700 cluster as listed:

» Read Ownership Takeover: When Read Ownership Takeover (ROT) is enabled for a
failed cluster, ownership of a volume is allowed to be taken from a TS7700 cluster that has
failed. Only read access to the volume is allowed through the other TS7700 cluster in the
grid. When ownership for a volume has been taken in this mode, any operation attempting
to modify data on that volume or change its attributes fails. The mode for the failed cluster
remains in place until a different mode is selected, or the failed cluster has been restored.

» Write Ownership Takeover: When Write Ownership Takeover (WOT) is enabled for a
failed cluster, ownership of a volume is allowed to be taken from a cluster that has been
marked as failed. Full access is allowed through the other TS7700 cluster in the grid. The
mode for the failed cluster remains in place until a different mode is selected, or the failed
cluster has been restored.

» Service Preparation/Service Mode: When a TS7700 cluster is placed in service
preparation mode or is in service mode, ownership of its volumes is allowed to be taken by
the other TS7700 cluster. Full access is allowed. The mode for the cluster in service
remains in place until it has been taken out of service mode. Note that you cannot set a
cluster in Service Preparation mode after it has failed already.

You can set the level of ownership takeover, Read-only or Write Ownership, through the
TS7700 Management Interface (Ml).

Autonomic Ownership Takeover Manager

Autonomic Ownership Takeover Manager allows a subsystem to automatically take
ownership of the volumes that are owned by a failed site. An Autonomic Ownership Takeover
requires two TSSCs. The path between the two TSSCs is used to determine if the remote
node is down, or if the communication path between the sites is down. If the TSSC is able to
reach the TSSC at the remote site, the remote TSSC determines the state and health of the
remote node and passes information back to the local site.
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Only when it has been confirmed that the other TS7700 is no longer operational does the
requesting TS7700 automatically enter one of the ownership takeover modes without
requiring an intervention by an operator or by service personnel. The TSSCs at each site can
be configured to enable or disable this function and to select which ownership takeover mode
to enter if the other TS7700 is determined to be no longer operational.

Copy Consistency Point

In a grid environment, you can specify where and when you want to have a copy of your data.
Currently, there are three settings, two Copy Consistency Points and an option of having no
copy at all. The settings are:

RUN The copy occurs as part of the rewind-unload operation and before the
rewind-unload operation at the host completes. This mode is
comparable to the immediate copy mode of the PtP VTS.

Deferred The copy occurs some time after the rewind-unload operation at the
host. This mode is comparable to the deferred copy mode of the PtP
VTS.

No Copy No copy is made.

For each cluster in a Multi Cluster Grid, you specify a setting for the cluster and a setting for
the other clusters. The settings do not need to be the same on all clusters. When a volume is
mounted on a virtual tape device, the Copy Consistency Point policy of the cluster to which
the virtual device belongs is honored.

Site to site consistency

The TS7700 architecture introduces a new access point function. With the prior generation
PtP VTS, the VTCs performed the access point function to logical volumes, as well as the
replication function. The hardware for the VTCs has now been eliminated, and their function
has been embedded in the Virtualization Engine. The access point function is now part of the
vNodes, and the replication function is part of the hNodes. Associated with each cluster of
vNodes and hNodes is the Tape Volume Cache (TVC), and like the prior generation VTS, this
TVC is where host data resides when accessed.

A significant difference with the TS7700 architecture is that any vNode in the grid can access
the data within the TVC of any cluster directly. A copy of the data does not have to be in the
TVC in the same cluster as the vNode that the host uses for data access. In a TS7700 grid,
you might want to have multiple copies of a virtual volume on different clusters within the grid.
You might also want to specify when the copies are performed relative to the job that has
written to a virtual volume and specify that differently for each cluster.

The replication policies are defined at the Library Manager associated with the TS7700
cluster and can be different for each Library Manager, which allows for maximum flexibility to
configure the TS7700 grid for disaster recovery, high availability, or both. For example, you
can select a site to always have the most current version of a logical volume.

Time coordination

All nodes within the entire subsystem must coordinate their time with one another. All nodes
in the system keep track of time in relation to Coordinated Universal Time (UTC). Statistics
are also reported in relation to UTC.

The TS7700 logs its UTC time in the Library Manager logs every ten minutes. This provides a
means to synchronize the Library Manager and TS7700 logs.
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The preferred method to keep nodes in sync is with a Network Time Protocol (NTP) server.
The NTP server can be a part of the grid/wide area network (WAN) infrastructure, it can be a
part of a client intranet, or it can be a public server in the Internet.

If an NTP server is not available, the time in cluster 0 of the grid is used and the master time.
The other clusters in the grid synchronize their time with cluster 0.

Dynamic link load balancing and control
TS7700 Release 1.4A adds new functions for the grid link performance, the status monitoring
of the links, and the copy control.

Dynamic link load balancing

Today, the copy-workload, which has to go to the other clusters within a grid, is balanced
equally on the grid links. The dynamic link load balancing function compensates for
unbalanced network performance by different network equipment or path length. It is
designed to control grid performance in adverse conditions. A host warning message is
issued if grid links are severely degraded (difference in link performance exceeds 75%). The
workload will be adjusted automatically to better utilize the total link capability. The link
capabilities are evaluated every five minutes. A host console request provides information
about the performance of the grid links from the perspective of a specific TS7700 (refer to
Figure 5-6).

CBR1280I Library ATLO0OOlA request.
Keywords: Status,Gridlink

GRIDLINK STATUS V1

CAPTURE TIMESTAMP: 2008-02-08 12:45:32

LINK VIEW
LINK NUM CFG NEG READ WRITE TOTAL ERR LINK STATE
MB/S MB/S MB/S 01234567
0 1000 1000 87.2 102.4 189.6 0 -AA
1 1000 1000 74.9 104.6 179.5 0 -AA
2 0 0 0.0 0.0 0.0 0
3 0 0 0.0 0.0 0.0 0
LINK PATH LATENCY VIEW
LIBRARY LINK O LINK 1 LINK 2 LINK 3
LATENCY in MSEC
ATLOO1B 6 7 0 0
ATLOO1C 19 20 0 0
CLUSTER VIEW
DATA PACKETS SENT: 103948956
DATA PACKETS RETRANSMITTED: 4967
PERCENT RETRANSMITTED: 0.00477

LOCAL LINK IP ADDRESS

LINK O IP ADDR: 9.11.200.60
LINK 1 IP ADDR: 9.11.200.61
LINK 2 IP ADDR:

LINK 3 IP ADDR:

Figure 5-6 Example for the host console request
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You might be confused to see a total link traffic of each link, which is larger than 100 MB/s
(remember that a 1 Gbit link is supposed to deliver approximately 100 MB/s). The links are
full duplex; there is an outbound path and an inbound path and each path has a 1 Gbps
potential rate in each direction simultaneously. However, you will not be able to achieve that
rate, because each side must send acknowledgements (ACKs) for the data that it receives,
which reduces what it can send.

A white paper is available to describe this host console request in depth. Refer to:
http://www-03.1ibm.com/support/techdocs/atsmastr.nsf/WebIndex/WP101091

Host console copy control

A host console request is available to suspend and resume logical volume copies on a cluster
basis. For example, you might suspend the copy for a specific logical volume in a three site
grid (local-local-remote) on the remote cluster only.

5.3.10 Composite Library

The Composite Library is the logical image of a Multi Cluster Grid, which is presented to the
host. As opposed to the IBM Virtual Tape Server, a Single Cluster TS7700 Virtualization
Engine also has a Composite Library LIBRARY-ID defined. From an architectural
perspective, a stand-alone TS7700 is considered a grid consisting of just one cluster. We
refer to this cluster as a Single Cluster Grid.

Both with a Single Cluster Grid configuration and a Multi Cluster Grid configuration, a
Composite Library is presented to the host. In the case of a stand-alone TS7700, the host
sees a logical tape library with sixteen 3490E tape control units, each with 16 IBM 3490E tape
drives, which are attached through two or four FICON channel attachments. In the case of a
Two Cluster Grid, the host sees one logical tape library with 32 3490E tape control units,
each with 16 IBM 3490E tape drives, which are attached through four, six, or eight FICON
channel attachments.

5.3.11 Distributed Library

A Distributed Library is a Library Manager partition in a TS3500/3953 library associated with
a TS7700 Virtualization Engine. The Distributed Library is attached to its own TS3500/3953.
Within the 3953 Library Manager, the TS7700 occupies a Library Manager partition in the
same manner as a VTS occupies a Library Manager partition.

A Distributed Library comprises the hardware components of one cluster and consists of:

» Virtualization Engine

Disk cache controller

Disk expansion drawers
Attachment to a physical library
Frame

Number of physical drives

vyvVvyVvyyvyy

In a grid configuration, which includes multiple TS7700 Virtualization Engines, each of which
has the Grid Enablement Feature installed, two or three Distributed Libraries are required.
The host has sufficient knowledge about the Distributed Libraries to allow appropriate
console message handling of messages from the Library Manager of a Distributed Library.
On the host, the Distributed Library is only defined to System Managed Storage (SMS). It is
defined using the existing Interactive Storage Management Facility (ISMF) panels and has no
tape devices defined. The tape devices are defined for the Composite Library, not for the
Distributed Library.
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5.3.12 Media JB/JX support

The JB/JX media is supported by the TS3500 and 3494 libraries, the TS1120 Controller, the
3592 J70 Controller, and the 3592 C20 Silo Compatible Tape Frame. The JB Extended Data
media is supported in the TS7700 Virtualization Engine. JA cartridges used by the TS1120
will be supported at 500 GB, and JB cartridges will be supported at 700 GB. TS7700 FC0521
(which supplies the latest firmware release) must be installed to get this capability. The IBM
SSR must select an option on the service menu to allow the TS1120 drives to operate in
native E0O5 mode. Only TS1120 drives operating in native E0O5 mode will support JB media.
When the TS7700 Virtualization Engine is online and the drives are running in native Model
EO05 mode, 3592 Model J1A drives cannot be added to the configuration. This includes Model
J1A drives that were powered off when the transition was made to online and were
subsequently powered on. The Model J1A drives must be removed from the configuration.

A physical volume written by a drive in Model J1A mode (either on a real Model J1A drive or a
Model EO5 drive that is set to J1A Emulation mode) is readable by the drive running in native
Model E05 mode.

Different media types can be mixed within a pool and within a library, but a separate pool for
JB cartridges is not required. Pooling can be used to control JB media use, if desired.

There is no support for the extended media by the 3494 VTS.

5.3.13 Management Interface

The storage management interface for the TS7700 Virtualization Engine complies with
industry standards that make it easier to manage devices from different manufacturers. It
complies with the Storage Management Initiative - Specification (SMI-S) standard. The
Storage Networking Industry Association (SNIA) promotes SMI-S as a means to standardize
interfaces between management software and storage devices obtained from different
manufacturers.

The Management Interface (Ml) is a Web-based interface that has been introduced with the
TS7700 Virtualization Engine. It is used to monitor and configure the system, to manage
access, and to manage logical volumes. Most of the tasks that you previously performed
using the Library Manager Console have been consolidated into this interface.

5.3.14 Architectural capabilities
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When you compare a PtP VTS with a TS7700 Two Cluster Grid, the differences are quite
obvious. With the TS7700, you do not need any Virtual Tape Controllers, and the peers in a
grid are connected through Ethernet rather than through ESCON or FICON as they were
previously with the VTS. When you look at a stand-alone VTS and a Single Cluster Grid, the
differences are not as apparent at first glance. They look similar from a functional
perspective; however, the architectural design of a TS7700 is completely different from that of
a VTS. In the following section, we discuss the architectural design of the TS7700 and its
capabilities.

Note: In this section, we discuss the potential capabilities that a modular design offers for
the future. The current version of the TS7700 Virtualization Engine is limited to one gNode
per cluster and to three clusters in a Multi Cluster Grid configuration.
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Modular design of the TS7700 Virtualization Engine

The modular design of the TS7700 separates the functionality of the system into smaller
components with well-defined, open interfaces, which:

» Provide a platform where the smaller components can be tailored from a small solution
into an extremely large solution, so that it can eventually give you the capability to grow
the solution with your needs

» Allow for vNode and hNode to run on separate hardware

» Allow for horizontal scalability, because the TS7700 uses standardized interfaces to talk
with outside components (TCP/IP)

» Provide the ability in the future to be able to plug in different components of the same
functionality to provide a solution for specific environments

With the modular design of the TS7700, it might be possible in the future to add gNodes or to
add vNodes and hNodes separately to an existing cluster configuration. You might want to
add vNodes to increase the number of virtual device addresses or to add vNodes with special
functionality to perform additional tasks. More hNodes will give you better performance and
increase availability. Instead of replacing one monolithic system with another, bigger system,
adding vNodes and hNodes will allow you to grow according to your needs by horizontally
scaling the components of the system.

The standards-based interfaces between the elements are Fibre Channel Protocol (FCP) for
data movement and TCP/IP for command and control (including the Management Interface).
The current functions of the VTCs in a PtP VTS have been integrated into the hNode in what
we call the Grid layer. The Grid layer interconnects all of the nodes whether they are in the
same cluster or in another cluster.

A comparison of the modular design of a TS7700 and the monolithic design of a VTS is
shown in Figure 5-7.

Channel Protocol
/ Tape Command Virtualization
Tape Drive Virtualization

Tape Media Virtualization
Channel Protocol
- Tape Command Virtualization vNODE -
Tape Drive Virtualization Management o
TVC Tape Media Virtualization Interface -~ w
Cache Space Management Standards e
Meta —> Meta
Data Data Mover J— Based Data
Physical Media Space Management MSENRSIIIE Interface
Library Management
Management Interface
Grid
Cache Space Management
\ Data Mover

Physical Media Space Management
Library Management

hNODE

Previous VTS Architecture TS7700 Architecture

Figure 5-7 Monolithic design of a VTS compared to the modular design of TS7700

Serviceability can also profit from having more than one node in a cluster. A nondisruptive
code update will require two gNodes (or a pair of vNodes and a pair of hNodes). Redundant
Nodes might eliminate or minimize the risk of planned and unplanned outages.
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Because the cache is a modular component of the system, you will be able to upgrade the
cache with minimal impact to the entire system.

When we have discussed a Multi Cluster Grid so far, we have always referred to a Two or
Three Cluster Grid, because this is the only grid configuration that we support today. From an
architectural perspective, there is no need to limit the number to three clusters in a grid.

5.4 IBM 3494 Virtual Tape Server

The IBM TotalStorage Virtual Tape Server (VTS) 3494 Model B10 or B20 is the predecessor
to the TS7700 Virtualization Engine. Both VTS models have been withdrawn from marketing.
We include their description for completeness, because they are still supported in the TS3500
Tape Library.

5.4.1 Components
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This generation of VTS products provided an entry model, the Model B10 VTS, and an
enhanced model, the Model B20 VTS. These models incorporate data compression and
Performance Accelerator features as a standard, as well as an improved controller. The VTS
is attachable to an IBM TS3500 Tape Library with the IBM 3953 Library Manager and with
IBM 3592 tapes.

The two VTS models come in two frames: Model B10 VTS or Model B20 VTS. They contain
the VTS controller and its associated storage management software and the RAID disk
arrays that make up the TVC. The Model B10 VTS or Model B20 VTS frame is a stand-alone
unit that can be located up to 62 m (200 ft.) from a 3592 drive frame.

The Model B10 VTS supports up to 432 GB of TVC (1.3 TB assuming 3:1 compression), four
to six 3590 drives, or four to twelve 3592 drives, up to 64 virtual devices, and up to four
ESCON channels, eight SCSI ports, or four FICON channels. The Model B20 VTS supports
up to 1.7 TB of TVC (5.2 TB assuming 3:1 compression), four to twelve 3592 tape drives, and
up to 16 ESCON channels or eight SCSI ports or eight FICON channels, as well as up to 256
virtual devices.

Figure 5-8 illustrates the components of the Model B10 and Model B20 VTS.

Boot and

IIIIIIII Database Disks

Tape Volume
Cache

/0 adapter
drawers

RISC
Processor

B10 B20

Figure 5-8 3494 Model B10 VTS or Model B20 VTS stand-alone frame
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5.4.2 Peer-to-Peer VTS

A Peer-to-Peer VTS consists of either:

» Two IBM 3494 Model B10 VTSs
» Two IBM 3494 Model B20 VTSs

The Peer-to-Peer VTS (PtP VTS) is designed to offer data redundancy and availability by
creating and maintaining two identical tapes in the two physically separated VTS libraries that
make up the PtP VTS. The PtP VTS automatically creates a copy of any newly created or
updated tape volume in both Virtual Tape Servers. This process is performed transparently to
the client application and with no host processor resources required. Either volume copy can
then be used to satisfy a specific client mount.

In addition to the VTSs, a PtP configuration also contains four or eight Virtual Tape
Controllers (VTCs) housed in one to four IBM 3494 CX1 frames. A single VTC presents itself
to the host as one or two 3490E tape control units, each with sixteen 3490E tape drives. All
communication between the System z host systems and the PtP VTS is through the VTC
channel attachments. Table 5-2 lists the supported PtP VTS configurations.

Table 5-2 Supported PtP configurations

VTS model Number of VTCs Number of Number of drive
virtual drives addresses per VTC

Model B10 VTS 4 64 16

Model B20 VTS: no FC5265, 8 128 16

incremental virtual drives

Model B20 VTS with four 8 256 32

FC5265s, incremental virtual

drives

Model B20 VTS with two 4 128 32

FC5265s, incremental virtual

drives

Notes:

1. If installing VTCs in two Model CX1 frames, each frame must contain two VTCs. No other
equipment can be installed in the frame.

2. If a Model CX1 Frame contains two ESCON VTCs and two FICON VTCs, the ESCON VTCs must
be in the uppermost positions in the frame.

Peer-to-Peer VTS configuration

Upon initial Peer-to-Peer VTS installation and configuration, the IBM service support
representative (SSR) needs you to provide certain information.

Composite Library name

The Composite Library is the logical image of the Peer-to-Peer VTS presented to the host.
With a PtP VTS configuration, the host sees up to sixteen 3490E tape control units, each with
sixteen IBM 3490E tape drives, attached through two ESCON or FICON channel
attachments. The number of control unit images that can be seen by the host is dependent on
the number of VTCs configured for the solution. The Composite Library presents the same
image to the host as does a single (base) VTS and is defined similarly to a base VTS. The
Composite Library is identified by a sequence number, which is also known as the
LIBRARY-ID.

Chapter 5. IBM Tape Virtualization solutions 143



144

The IBM SSR needs you to provide a name for the Composite Library to enter in the VTS
during the initial configuration. The IBM SSR determines the sequence number to enter in the
VTS.

Distributed Library name

A Distributed Library is a physical tape library that includes the Peer-to-Peer VTS with copy
features installed. There are two Distributed Libraries in a Peer-to-Peer VTS configuration,
usually designated as Distributed Library 0 and Distributed Library 1. Host interaction with a
Distributed Library is limited to console handling of messages from the Library Manager in the
Distributed Library. The Distributed Libraries also use sequence numbers for identification.
The IBM SSR needs you to provide names for both Distributed Libraries to enter in the VTS
during initial configuration. The IBM SSR determines the sequence numbers for the
Distributed Libraries.

User interface Distributed Library selection

You must designate one of the two Distributed Libraries as the user interface Distributed
Library. Logical volumes are inserted into the VTS through the user interface Distributed
Library, and all VTCs synchronize their time and date with that of the Library Manager in the
user interface Distributed Library. The IBM SSR needs you to determine which Distributed
Library is the user interface Distributed Library.

Copy mode selection

The IBM SSR needs you to select either Inmediate Copy mode or Deferred Copy mode. If
you select Deferred Copy mode, you must also specify the Deferred Copy Priority Threshold.

VTC switch addresses

The IBM SSR needs you to provide the switch address for each interface connected through
a dynamic director for each VTC.

Preferred I/O VTS selection

The IBM SSR needs you to select which VTS to use for I/O operations. The choices are
VTS 0, VTS 1, or no preference.

Force scratch mounts to use preferred I/O VTS

Certain conditions can cause a VTC to select the non-preferred I/O VTS for scratch mount
processing, which can result in requiring longer times to process the workload. The IBM SSR
needs you to choose whether you want to force the VTC to always select the preferred 1/0
VTS for scratch mount processing (if it is available), regardless of system conditions.
However, choosing this option might cause problems with any tape management system that
cannot have known volumes re-initialized outside of its control.

Master VTS selection

You must specify one of the VTSs in a PtP configuration as the master VTS. This designation
is required in order to serialize access to logical volumes within the PtP configuration. The
master VTS is the focus for synchronizing the mounting of volumes to virtual drives and for
selection of a VOLSER from a scratch category in response to a scratch mount request. Most
display commands from the host are also directed to the master VTS (except commands
processed by the user interface Distributed Library). Certain other commands from the host
must be directed to the master VTS, such as commands causing a volume to be queued for a
mount and commands that change the device category assignment.

The master VTS does not have to be the preferred I/O VTS. When FC4001 - FC4004,
Advanced Policy Management, are installed, the copy mode is determined by the master VTS
setting, not the preferred 1/0 VTS setting.
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The IBM SSR needs you to select which VTS is the master VTS. The choices are VTS 0,
VTS 1, or no preference.

VTC distance from Distributed Libraries
Depending on your configuration, choices for this item are:

» ESCON < 5 km (3.1 miles) and FICON < 30 km (18.6 miles)
» ESCON < 10 km (6.2 miles) and FICON < 80 km (49.7 miles)

» Emulation Mode Channel Extender < 1000 km (620 miles), DWDM < 10 km (6.2 miles),
and FICON < 100 km (62 miles)

» Emulation Mode Channel Extender > 1000 km (620 miles) and DWDM < 15 km
(9.3 miles)

» ESCON DWDM > 15 km (9.3 miles) and FICON Shuttle Mode Extender > 100 km
(62 miles)

For the most recent list of supported FICON directors, visit:
http://www-1.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/FQ105505

Peer-to-Peer VTS functionality

A Peer-to-Peer (PtP) VTS incorporates the functional capabilities of a base IBM 3494 Model
B10 or B20 VTS, except for the Export and Import function of either FC4000, Advanced
Function, or FC4001 - FC4004, Advanced Policy Management. The two VTSs (each with
FC4010, Peer-to-Peer Copy Base) in a PtP VTS act as independently distributed server
nodes. They contain added functionality to support the coupling operations of a PtP VTS.
They also support channel commands to support large block transfers of compressed logical
volumes to and from the attached VTCs. These commands reduce the time that is required to
copy logical volumes, especially across long distances. Other functionality allows the VTCs to
maintain dual copies synchronized between the two VTSs and provides expedited deletion of
redundant logical volume copies from the TVC.

Note: The installation of FC4010, Peer-to-Peer Copy Base, limits the use of the VTS to a
PtP configuration.

The IBM 3494 Model B10 or B20 VTSs in a PtP VTS need to be fitted with the same disk
storage capacity. If FC4000, Advanced Function, or FC4001 - FC4004, Advanced Policy
Management, are installed on a VTS with FC4010, Peer-to-Peer Copy Base, the IBM SSR
must disable the Export and Import functions.

V1C

The VTC connects two VTSs, each with FC4010, Peer-to-Peer Copy Base. It also provides
two ESCON or FICON host attachments for the PtP VTS. Each VTC is an independently
operating distributed node within the PtP VTS. Its operation is independent of other VTCs in
the PtP VTS. There are either four or eight VTCs in a PtP VTS; refer to Table 5-2 on

page 143.

Table 5-3 on page 146 summarizes key VTC information regarding the two connection
methods.
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Table 5-3 VTC connection methods

VTC connection type Maximum host distance Ordering feature codes

ESCON 43 m (27 miles) 1. FC1001, ESCON Virtual
Tape Controller (Plant Install)
2. FC1101, ESCON Virtual
Tape Controller (Field Install)

FICON 100 km (62 miles) 1. FC1011 - FC1022 (Plant
Install)
2. FC1111 - FC1122 (Field
Install)

The VTCs in a PtP VTS perform the following functions:

» Synchronization of the dual copy of logical volumes

» Block transfer of compressed logical volumes for logical volume copy creation
» Balance of VTS workload

» Direction of specific volume mounts to the VTSs with cached copies of the requested
virtual volumes

If one VTS is offline for service, the other VTS performs all required operations. When a VTS
is returned to service, each VTC resumes dual copy operations to synchronize the VTSs.

The VTC can create logical volume copies in one of two modes. All VTCs within a PtP VTS
must use the same mode. The accessibility of a copied volume depends on the mode
selected: Deferred Copy or Immediate Copy.

Deferred Copy

In Deferred Copy mode, a VTC schedules creation of the copy when it receives a Rewind
Unload command and the unload operation is complete. The completion time of the copy
operation depends on VTS activity.

Immediate Copy

In Immediate Copy mode, with both VTSs active, a VTC starts creating a copy as soon as it
receives a Rewind Unload command. It signals completion of the Rewind Unload command
when the copy operation is complete. If one VTS is offline, the Rewind Unload command
completes without the creation of a copy. When the VTS returns online, the copy creation
operation has priority.

If FC4001 - FC4004, Advanced Policy Management, are installed, copy mode selection can
be made by volume.

5.5 Attachment to the TS3500 Tape Library
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Support for attachment of a virtualization subsystem to a TS3500 Tape Library is provided by
the 3953 Tape System. This support allows the virtualization subsystem to connect to the
Library Manager Model L0O5, which resides in the 3953-F05 Frame in the same way that a
VTS connects to the Library Manager in a 3494 Tape Library. The difference is that the
Library Manager is now in a separate external frame to the tape library. Communication
between the virtualization subsystem and the 3953 Library Manager is through an Ethernet
connection. The FICON/ESCON connectivity from the virtualization subsystem to the host
systems has not changed when attached to a TS3500 Tape Library.

IBM TS3500 Tape Library with System z Attachment




Figure 5-9 shows a basic example of a virtualization subsystem connection to the TS3500
with the 3953 Tape System.

3953-F05 Base frame VTS frame 3953-F05 Expansion frame

! . I . — Ethemet

Ethemnet Switch

Fibre Switch

Pl swich |

—— Fibre

Figure 5-9 VTS attachment to the TS3500 Tape Library

The 3953-F05 Frame also houses the Fibre Channel switches, which facilitate
communication between the VTS and its associated physical tape drives in the TS3500 Tape
Library. The Multi-Path Architecture of the TS3500 provides the capability for sharing library
robotics by partitioning the library into logical libraries, each with its own separate and distinct
drives, storage slots, and control paths. Each of these TS3500 logical libraries is managed by
a 3953 Library Manager. The VTS and 3592 Model C06-attached or 3592-J70-attached
physical tape drives managed by the same 3953 Library Manager must reside in the same
logical library, but the tape drives do not need to be in the same physical frame. They can be
spread across any of the L23 and D23 frames in the TS3500 Tape Library. FC9217 must be
added to the 3494 Model B10 or B20 to indicate attachment to 3592 tape drives in a TS3500
Tape Library. FC9020 is also required on the 3953-F05 Frame, which specifies the
attachment of a 3953-F05 Frame to each VTS and provides two 31-meter cables for
attachment.

For a full description of the features of the virtualization subsystem attachment to the 3953
Tape system, including the prerequisite and corequisite features, refer to IBM System
Storage 3953 Tape System, GA32-0557.
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Basic concepts of sharing and
partitioning

This chapter describes the techniques of partitioning and sharing in various System z server
environments. We also discuss the levels of partitioning that are possible in a System z
environment and introduce these terms:

» TS3500 logical library partition
» Library Manager partition
» System z library partition

This chapter also provides basic information, shows how the Library Manager distinguishes
between the various attached systems in a partition, and discusses the usage of Library
Manager volume categories and the processes that influence them.

This chapter also provides necessary information to share a tape library between different
System z-attached hosts.
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6.1 Introduction to partitioning and sharing

Sharing a tape environment is different from sharing in a disk environment. You can
simultaneously access a disk volume from different users at a single point in time. Different
users might access the same dataset, and the disk volume can be online to multiple systems.

In a tape environment, a tape drive can be allocated to only one system and one user at any
point in time. Thus, only one user has access to a tape dataset at a single point in time.
However, multiple users can access a tape volume or tape drive one after another. While
data on disk allows parallel access of multiple users, tape data can only be processed
sequentially.

With the introduction of the first IBM Automated Tape Library, the requirement emerged to
use a physical library for more than one attached host in a data center. Many data centers run
their business on multiple servers. These servers needed the ease of use of an Automated
Tape Library and needed the High Availability feature to meet their Service Level Agreements
(SLASs).

Many tape environments were too small (in the total amount of data, as well as from a
workload aspect) to justify a dedicated tape library. To solve this problem, partitioning was
introduced. This functionality allows hosts of different platforms to use common components
in the physical library, for example, the accessor or Library Manager, and have dedicated
tape drives and cartridges at the same time.

The tape library also allowed sharing of its resources. In addition to sharing some hardware
components of the tape library, a group of z/OS systems that share the same Tape Control
Dataset (called TCDBplex) can share a common set of tape drives and cartridges. This
construct is often called SMSplex.

Cartridges (and the data on the cartridges) can only be used by different hosts if they belong
to the same TCDBplex, which includes sharing the same Tape Control Database, as well as
the Tape Management System. If a cartridge is defined in more than one TCDBplex and Tape
Management system, data loss occurs.

We explain both concepts of using the same tape library from multiple hosts in detail later in
this chapter. We also describe how to enable partitioning and sharing and what you must
consider when using partitioning and sharing.

6.2 Partitioning a TS3500 for System z hosts

The introduction of the TS3500 Tape Library and the attached 3953 Tape System has
changed the methodology of partitioning.

6.2.1 Levels of partitioning
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First of all, you must partition your TS3500 Tape Library into different logical libraries. This
level of partitioning is necessary to “divide” the TS3500 Tape Library into several independent
partitions, which can be used by an Open Systems or System z host. However, this action is
also required if you have only System z attached. Each attached 3953 Tape System is
defined as a single TS3500 logical library. This level of partitioning is controlled by the
TS3500 Tape Library. However, corresponding definitions must be made in the TS3500 Tape
Library and in the 3953 Tape System for System z attachment.
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Then, a second level of partitioning is provided by partitioning the 3953 Tape System into up
to three Library Manager partitions, which represent one Native and two virtualization
subsystem partitions (VTS I and VTS 2). This level is controlled by the Library Manager.

A third level of partitioning is provided by using one Library Manager partition by different
hosts using the Library Manager volume categories as separation criteria. Each partition can
be viewed as a host logical library with each host logical library (TCDBplex) represented by
one TCDB. This level is controlled by the Library Manager, but driven from definitions in the
operating systems.

On a z/0OS host with System Managed Storage (SMS), an entire or partitioned Library
Manager partition is defined as a host logical library.

The terms 753500 logical library, host logical library, and Library Manager partition are
used in all the levels of partitioning and are used in all components, for example, the TS3500,
the ETL Specialist, the Library Manager, and SMS. There is no unique naming convention.
So, logical library might describe a logical library in the TS3500 Tape Library, as well as a
partition in the 3953 Tape System.

Throughout this book, we use the following terminology and definitions:

» The 753500 logical library is defined in the TS3500 with the TS3500 Tape Library
Specialist.

» The Library Manager partition is defined in the 3953 Tape System through hardware
teach.

» The host logical library is defined in the operating system, for z/OS, for example,
hardware configuration definition (HCD), SMS, and Interactive Storage Management
Facility (ISMF).

Figure 6-1 on page 152 shows the levels of partitioning in a System z host environment
attached to a TS3500 Tape Library.
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>
3 Host logical library: Can be partitioned using Library Manager
Volume Categories

Figure 6-1 Levels of partitioning

Important: All levels of partitioning (TS3500, 3953 Library Manager, and System z
partitioning) must be defined to support fully functional System z partitioning.

6.2.2 TS3500 logical library

You define TS3500 logical libraries in the IBM TS3500 Tape Library. You manage these
within the IBM TS3500 hardware by using the TS3500 Tape Library Specialist. A TS3500
logical library can support Open Systems attachments or System z attachments, but not both.
To define a System z logical partition, you must have Advanced Library Management Systems
(ALMS) enabled. Refer to 8.1, “IBM TS3500 library setup” on page 202.
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You must define at least one 3953 Tape System for the System z attachment. You define
each 3953 Tape System as one (and only one) TS3500 logical library. You can attach up to
four 3953 Tape Systems to a single TS3500 Tape Library.

For each 3953 Tape System in the TS3500, you must specify the following items:

»

»

>

Logical library name for the partition.
Tape drives that are dedicated to that partition.
Media type, which can be used by the partition.

Cartridge VOLSERSs, which are dedicated to the TS3500 logical library (Cartridge
Assignment Policy).

Control paths to transport the control information, for example, mount and demount. The
control paths are enabled to tape drives.
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The storage cells, 1/0 cells, and the cartridge accessor are considered shared across all
defined logical libraries on a first come, first served basis.

You must dedicate the tape drives and cartridge VOLSER ranges to a TS3500 logical library
in a System z environment. Even though the TS3500 provides dynamic drive assignment, this
function is not supported in a System z environment. Usage of dynamic drive assignment will

produce unpredictable results.

The TS3500 logical library has no information about the definition of the second level of
partitioning. So, it has no knowledge:

» If a TS7700 Virtualization Engine or Virtual Tape Server (VTS) is attached to the 3953

Tape System

» How many TS7700 Virtualization Engines or VTSs (VTS 1 or VTS 2) are attached
» If a native (Native) partition exists

» Which drives of the TS3500 logical library will be used by which Library Manager partition

Important: The TS3500 logical libraries are not referenced by the attached System z
hosts. There is no definition in the System z hosts that points to the logical library defined
in the TS3500. Neither hardware definitions through the Hardware Configuration Definition
(HCD) dialog nor System Managed Storage (SMS) definitions refer to the TS3500 logical

library.

Figure 6-2 shows an example of the TS3500 logical libraries.

BP0000-BP0199
CP0000-CP0199

DN0000-DN0999
EP0000-EP0199
FP0000-FP0199

IBM TS3500 Up to 192 TS3500 logical
libraries for Open
— Systems and System z.
— Each 3953 is one TS3500
g logical library.
()
—
\S
D
\/ \/
. . TS3500 Logical Library
TS3500 Logical Library 2:
\ 1 2o Name: Z02 TS3500 Logical Library
Name: £ Dedicated Drives: 3
Dedicated Drives: Dx. Ex Name: OPEN
Ax,. Bx, Cx Media,Types: Dedicated Drives:
Media Types: 3592 Ox
Volser Ranges: Volser Ranges: Media Types:
AN0000-AN0999 LTO

Volser Ranges:
310000-319999

Figure 6-2 Example of TS3500 logical libraries
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6.2.3 Library Manager partitions
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Depending on your hardware installation, you can have up to three logical partitions per 3953
Library Manager:

» One native partition
» Two TS7700 Virtualization Engine or VTS partitions

There is no need to specify these partitions in the Library Manager, because they are
identified during the hardware installation and teach process. This process defines all
LIBRARY-IDs related to native and VTS partitions.

This process also creates the necessary definitions, such as which TS7700 Virtualization
Engine or VTS is VTS 1 and which one is VTS 2. Therefore, you only have to specify one item
related to partitioning: Cartridge VOLSERSs that are used by each logical partition inside the
3953 Library Manager.

Note: The 3953 Library Manager Specialist refers to the first TS7700 Virtualization Engine
or VTS as VTS 1 and the second TS7700 Virtualization Engine or VTS as VTS 2.

If you assign cartridges to a TS3500 logical library and if there is no matching definition in the
3953 Tape System, the cartridges are offered to the attached System z systems as native
cartridges. If none of the systems accepts a cartridge, it remains in the insert category.

Important: These logical partitions are referenced inside the attached System z hosts.
They are defined in the HCD and Data Facility Storage Management Subsystem (DFSMS)
using their LIBRARY-IDs.

Examples

In Figure 6-3 on page 155 and Figure 6-4 on page 156, we show you two examples for
partitioning a TS3500 Tape Library.

In Figure 6-3 on page 155, there is only one 3953 Tape System for System z attachment
installed. The 3953 Tape System is defined as a TS3500 logical library named Z01; refer to
Figure 6-3 on page 155. The Media Type (3592) and the dedicated tape drives, as well as the
cartridge policies, are defined. None of these definitions is known or referenced in the
attached System z hosts.

There are three Library Manager partitions (Native, VTS 1, and VTS 2) defined in the 3953
Tape System. Each Library Manager partition has a unique LIBRARY-ID. This LIBRARY-ID,
defined to the 3953 Tape System during the hardware installation and teach process and
known in the 3953 is reflected in the System z hosts and must match the information in the
HCD and, for z/OS, in DFSMS.

All other tape drives belong to Open Systems logical libraries, which are not shown in this
picture.
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Figure 6-3 Partitioning with one 3953 Tape System installed

There are two 3953 Tape Systems installed in Figure 6-4 on page 156, and accordingly, there

are two TS3500 logical libraries defined (named Z01 and 202). Each TS3500 logical library

has three Library Manager partitions defined (Native, VTS I, and VTS 2).
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Figure 6-4 Example with two 3953 Tape Systems installed

6.2.4 System z tape library partitioning
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We now describe the definitions necessary for a System z library environment. We only
briefly describe the implementation here; for further information, refer to Chapter 5, “IBM Tape
Virtualization solutions” on page 123. The 3494 Tape Library already uses this level of
partitioning, which has not changed with the introduction of the TS3500 Tape Library and
3953 Tape System.

As described earlier, partitioning means that cartridge and tape drives are dedicated to an
attached System z environment. However, tape drives can also be used across z/OS
systems and TCDBplexes, if certain prerequisites are fulfilled.

Tape volume category usage

All systems attached to a Library Manager partition communicate with the Library Manager
and refer to the Library Manager database. In the Library Manager database, volumes are
grouped into volume categories for use by the Library Manager and the attached host
systems.

The main purpose of these categories is to maintain the owner of this cartridge, which in our
example is the attached System z system, as well as status and media type, inside the
Library Manager database.

This concept allows you to use a single Library Manager partition for multiple hosts and still
separate native or logical volumes. This approach is not true for back-end volumes in a
TS7700 Virtualization Engine or VTS; back-end cartridges for a TS7700 Virtualization Engine
or VTS do not have volume categories.

Tape volume categories also allow you to use different media types in a library, and requests,
such as scratch mounts, are honored with the requested media. For example, if an attached
system requests a volume for a scratch mount, the attached System z host identifies itself
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with a unique, assigned volume category, and the Library Manager selects a scratch volume
from only this category. Satisfying a scratch mount is not the only purpose in which you use
the volume category for partitioning. There are several other processes using and changing
volume categories. Some processes are driven by the attached System z host, and other
processes are driven by the Library Manager. Therefore, there are also certain volume
categories reserved for Library Manager purposes.

For a complete list of all tape volume categories, refer to Appendix C, “Library Manager
volume categories” on page 471.

Currently, the Library Manager does not verify whether host is authorized to request a
specific volume mount or a mount from a category. The host software is responsible for
ensuring that only volumes belonging to the host are mounted.

The Library Manager does not control whether a certain host system is allowed to use a
specific category. If, for example, a mount request is issued for a specific volume, the Library
Manager does not check whether the requested volume has a category assigned that is used
by the requesting host.

Existing volume category ranges
The Library Manager uses volume categories of X’0000’ to X’FFFF’ to group volumes inside
an IBM Automated Tape Library. There are four general volume category ranges:

» Volume categorize ranges, which are reserved for the specific platforms to support the
partitioning of volumes

» Default categories, which are used if no other information can be retrieved

» Library Manager Exclusive Volume Categories to control the movement and purpose of
volumes inside a library

» Reserved categories for future use

Volume categories for partitioning purposes

There is a range of scratch volume categories for partitioning purposes reserved for each
platform. The specification of the volume scratch category that is used in a particular System
z host is platform-dependent. These scratch categories must be unique for each attached
System z host to provide the separation of tapes to different owners.

The following category changes are driven by System z processes:

» Scratch will be assigned by return to scratch from the Tape Management System.
» Private will be assigned by using the cartridge on a scratch mount.
» Error will be assigned if an error occurs during processing.

For z/OS hosts, you can also specify unique Private and Error categories. A z/VM or z/VSE
environment uses the common Private category (X’FFFF’).

You must define scratch categories in order to use them, and they must be unique. Refer to
Figure 6-5 on page 158.
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Figure 6-5 Example for the usage of volume categories

Defining volume categories in z/0S

For z/OS systems, the reserved range is from X’'0010’ to X’007F’. From this range, you
specify in each attached z/OS at least a scratch category for each media type used in your
environment. However, for z/OS hosts, which share the same tape configuration database
(TCDB) and tape management (which is typical for a sysplex), you must define the same
categories. Otherwise, scratch mounts might not be possible (also refer to Figure 6-6 on
page 162). Define the scratch category for each media type in the DEVSUPxx member of
SYS1.PARMLIB. You can also define a system-specific Private and Error category.

Note that you must define a scratch category for each media type that you use (also refer to
Figure 6-7 on page 163):

MEDIA1 for IBM CST (200 or 400 MB)

MEDIA2 for IBM ECCST (800 MB) = VTS

MEDIAS for IBM 3590 (10 GB)

MEDIA4 for IBM 3590 Extended Length (20 GB)

MEDIAS for IBM 3952 Data (300, 500, or 640 GB)

MEDIAG for IBM 3592 WORM (300, 500, or 640 GB)

MEDIA? for IBM 3592 Economy (60, 100, or 128 GB)

MEDIAS8 for IBM 3592 Economy WORM (60, 100, or 128 GB)

MEDIAQ9 for IBM 3592 Tape Cartridge Extended Data (700 or 1000 GB)
MEDIA10 for IBM 3592 Tape Cartridge Extended WORM (700 or 1000 GB)

YVVYVYVYVYVYVYVYYVYY

The DEVSUPXxx parameter is only read at the IPL time of the z/OS image. There is no way to
reload these parameters.
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Defining volume categories in z/VM

For z/VM, you can define sixteen scratch volume categories, SCRTCHO to SCRTCHF. They

result in the Library Manager volume categories: X’0080’ to X’008F’ (for example, SCRTCHO
= X’0080’). Private volumes that contain data are assigned to a specific user Library Manager
volume category, X’FFFF’. You define the default scratch pool in DFSMS/VM in DGTVCNTL

DATA. If you do not specify a scratch category, X’'0080’ is used. For further information, refer
to 10.2, “z/VM native support” on page 303.

Defining volume categories in z/VSE

For z/VSE, you can define 32 scratch volume categories, SCRTCHO00 to SCRTCH31. They
result in the Library Manager volume category: X’00A0’ to X’00BF’ (for example, SCRTCHO00
= X’00A0Q’). Private volumes that contain data are assigned to a specific user Library Manager
volume category, X’FFFF’. The default scratch pool is defined in the Library Control Device
Driver (LCDD) with an LCDD control statement or in the Tape Library Specialist in the define
library procedure. If you do not specify a scratch category, scratch category X’00AQ’ is used.
For further information, refer to 10.4, “z/VSE native environments with Tape Library Support”
on page 314.

Processes that assign or change volume categories

Every time that a cartridge is inserted, or the cartridge status changes (from scratch to private
or from private to scratch), there is a volume category assigned for this cartridge. This
assignment is true for physical cartridges that are used as native cartridges, as well as for
logical cartridges in a TS7700 Virtualization Engine, VTS, or Peer to Peer (PtP) VTS.

We now describe the most important processes, which influence the volume category of a
cartridge. We do not list all of the processes; we only list an overview of how the processes
and volume categories interact.

Insert process

After the cartridge assignment processing completes in the TS3500 Tape Library, the
cartridge is in the insert processing of the Library Manager and is offered to all attached
hosts. Depending on several definitions (tape management and SMS), one host is identified
as the owner, and the volume category is set accordingly in the Library Manager database.

For more details about the insert processing, refer to 11.3.1, “Cartridge insert processing” on
page 333.

Tape management housekeeping process

Also, during the housekeeping run of your tape management system, expired cartridges are
scratch again (from a tape management perspective) and will be reassigned to the scratch
category defined for the attached System z host. This reassignment is done using an
automatic update process through Object Access Method (OAM). You can also refer to z/0S
DFSMS Object Access Method Planning, Installation, and Storage Administration Guide for
Tape Libraries, SC35-0427.

Scratch mount

A scratch mount request of an attached System z host contains the assigned scratch
category. The Library Manager selects a volume that is assigned in this specific volume
category and reassigns the volume to the private category. Consider defining a private
category in the DEVSUPxx member of SYS1.PARMLIB for each z/OS host or TCDBplex. If
you do not assign a private category in the DEVSUPxx member, the default private category
is used (X’000F’).
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Inventory

If during an inventory update, the Library Manager and TS3500 Tape Library discover that a
volume is defined in the database but is not actually placed in the library, the volume category
is updated to reflect that the cartridge is actually missing, X’FFFA’.

Using default scratch categories

In general, each media type has a default category. If nothing is defined in a System
z-attached host, this default is the scratch category for this host. This default can result in
data loss, if more than one host uses the default category. Therefore, we highly recommend
that you do not use the default categories but define unique scratch categories in each
attached System z environment or attached TCDBplex.

Library Manager exclusive volume categories

The Library Manager uses several volume categories to control the purpose and movement
of volumes inside a Tape Library. A host system usually cannot mount and process volumes
in these categories. The following Library Manager volume categories are reserved for
hardware functions:

X'FFOO’ Insert category: A volume has been inserted into the library and has
not yet been assigned to a category by the host.

XFF10’ Convenience eject category: The Library Manager has accepted an
EJECT request to the convenience I/O station.

XFF11 Bulk eject category: The Library Manager has accepted an EJECT
request to the high-capacity /O station.

X' FFF9’ Service volume category: Because of the unique volume serial
numbers for service volumes, the Library Manager has identified a
volume as a service volume.

X' FFFA’ Manually ejected category: A cartridge is assigned to this category if
the cartridge was not found but was in the inventory in the Library
Manager database.

XFFFB’ Purged volume category: Used only with the IBM 3494. If, after an
inventory update, the IBM 3494 finds that cartridges have been
removed from the library since the last update, it places those volumes
in a category called “Manually ejected” (X’FFFA’). The host can upload
that category and use this purge volume category to delete the
database entries in the Library Manager.

X'FFFC Unexpected volume category: Reserved for future use.

X FFED’ Cleaner cartridge category for IBM 3590 tape drives: Cartridges are
assigned to this category when they are identified as cleaner
cartridges by the Library Manager, if they also have the character “J”
in the seventh position on the external label.

X' FFFE’ Cleaner cartridge for IBM 3490/3490E tape drives: Cartridges are
assigned to this category when they are identified as cleaner
cartridges by the Library Manager.

All other categories between X’FF00’ and X’FFFE’ are reserved categories for use by the
Library Manager.
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6.2.5 Considerations to share tape drives in a partitioned environment

These conditions must be true for establishing shared drives in a partitioned environment:

» You must define tape drive controllers (for native drive sharing), a TS7700 Virtualization
Engine, and VTS-VTCs (for PtP VTS sharing) in HCD to all attached System z hosts.

» The hardware must be attached physically using ESCON or FICON to all attached
System z hosts.

Note: A TS7700 Virtualization Engine only supports FICON connections to a System z
host.

» You must define a drive as shareable and OFFLINE in the HCD to allow its usage in a
shared environment.

You need to provide a service that takes tape drives online and offline on demand without
human intervention. There are tools that provide this service from third-party vendors.

Without the implementation of automatic drive switching, a request for a tape results in a write
to operator (WTO) to the operator to ask for a device. The operator must then reply.
Depending on the implementation in your environment, this situation can lead to time-outs
during jobs or can cause other problems, such as the loss of SMF data if the SMF datasets
cannot be copied to tape.

However, it is important to note that for the System z environment, these tools are operating
in a system-dependent manner. These tools do not support automatically switching devices
between different operating systems. Therefore, we do not recommend that you share drives
inside an IBM Automated Tape Library between different operating systems.

6.2.6 Examples of partitioned environments

In this section, we provide examples of partitioning to show how you can use partitioning in
several environments. Also, these examples clarify the interaction between the levels of
partitioning.

In the following examples, VTS 1 and VTS 2 refer to the Library Manager point of view and
can represent either a TS7700 Virtualization Engine or a VTS. To make the examples easier
to understand, we only use references to VTS.

Note: Think of a single TS7740 cluster as a Single Cluster Grid. Therefore, if you use a
TS7700 Virtualization Engine instead of a VTS, the HCD definitions refer to the Composite
Library LIBRARY-ID. You must define both the Composite Library LIBRARY-ID and the
Distributed Library LIBRARY-ID in ISMF as you do with a PtP VTS configuration.

Example A

An TS3500 library is partitioned between an Open Systems attachment and a System z
attachment. The System z attachment contains only a native library, and there is one sysplex
connected to it with two z/0OS members.

In Figure 6-6 on page 162, we show which definitions must be made on each level.
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Library Name: IBM TS3500 Serial-Nr: 22500 Library Name:
Open /~ \\ 201
Media: LTO [H [H Media: 3592
Physical Physical
Cartridges: Cartridges:
310000-319999 AN0000-AN0999
Dedicated Drive: Dedicated
Ox, Drives: Ax
)—/
Library Manager: IBM 3953 - ; ial-Nr: 13920,
Library Name: Z01 Define in 3953:
LIB ID: 13920 Voiser Ranges
Logical library 1
Native
Volser: AN0000-
AN0999
Drives: Ax \
Sysplex A Sysplex A
Member 1 Sr?:rreeg ;ﬁai@;’;m Member 2
Medias = 0015 Volser: ANOOOO-AN9999 Media5 = GHlE
Define in z/OS: HCD /ISMF: Library IDs: 13920, Define in Devsup Volume Categories
Define in Tape Mgtm System: Volsers

Figure 6-6 Partitioning example A

As you can see in Figure 6-6, the native library is shared among all z/OS hosts. Therefore,
you must define the LIBRARY-ID 13920 in each HCD and ISMF for all of the z/OS hosts.

The two members of Sysplex A share the tape configuration database (TCDB) and the Tape
Management System. To allow them to share the same VOLSER ranges, they must have
also the same MEDIA5= statement in the Devsup parameter. Media 5 refers to 3592 Data
Cartridges with 300 GB (3592-J1A), 500 GB (3592-E05), or 640 GB (3592-E06)
uncompressed.

Note that all physical VOLSER ranges must be defined in the Cartridge Assignment Policy
(CAP) of the TS3500 Tape Library. However, the native VOLSER range ANO00O-AN9999
that we used is not defined in the 3953 Tape System. Remember that every VOLSER range,
which is defined in the TS3500 logical library to a 3953 Tape System but is not assigned in
the 3953 Tape System to a TS7700 Virtualization Engine or a VTS partition as a physical
VOLSER, will be treated as native cartridges. Therefore, during the insert processing, they
will be accepted from a host, and a media category will be assigned. If no host accepts them,
they will remain in the Library Manager in the insert category.

None of the Open Systems definitions is defined in the 3953 Tape System or in the System z
hosts.

Example B

A TS3500 Tape Library with one 3953 Tape System has three Library Manager partitions
(one native and two VTS). Four z/OS systems are attached. Two of them are a sysplex, and
the others are single partitions. The native partition is shared among all the attached z/OS
hosts, and the virtualization subsystem partitions are dedicated. Partition VTS 1 is dedicated
to one z/OS host, and partition VTS 2 is dedicated to the sysplex.
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Figure 6-7 shows which definitions must be made on the different levels.

IBM TS3500 Serial-Nr: 22500 Library Name: Z01
7~ N\ Media: 3592
[H [ Physical
Cartridges:
AN0000-AN9999
BP0000-BP0399
CP0000-CP0399
Dedicated Drives:
Ax,Bx,Cx
Library Manager: IBM 3953 - : ial-Nr: 13920,
Library Name: Z01 Define in 3953:
Volser Ranges
LIB ID: 13920 LIB ID: B1205 LIB ID B1370 BP0000-BP0399
Logical library 1 Logical library 2 Logical library 3 CP0000-CP0399
Native VTS1 VTS2 BV0000-BV9999
. Volser: Volser: CV0000-CV9999
Volser: AN0000- ~¥—__|BP0000-BP0399 CP0000-CP0399
AN9999 \M CV0000-CV9999
Drives: Ax \ 4 Drives: Bx rDuives: Cx \
) ;
2/0S 1 z/0S 2 Sysplex A Sysplex A
Media5 = 0031 Media2 = 0040 Member 1 Member 2
LIBID = 13920 Media5 = 0041 Media2 = 0012 SS:ZZ(; ?%%Bglyesfém Media2 = 0012
Volser= A00000-A09999 LIBID = 13920, B1205 Media5 = 0015 Volser= CVOOOO-CV§999 Media5 = 0015
Volser= BV0000-BV9999 LIBID = 13920, B1370 Volser= A90000-A99999 /| LIBID = 13920, B1370
Volser= A20000-A29999

Define in z/OS: HCD /ISMF: Library IDs, Define in Devsup Volume Categories
Define in Tape Mgtm System: Volsers

Figure 6-7 Partitioning example B

As you see in Figure 6-7, the native library is shared among all z/OS hosts. Therefore, you
must define the LIBRARY-ID 13920 in each HCD and ISMF for all of the z/OS hosts. The VTS
LIBRARY-IDs, B1205 and B1370, are only coded in the systems to which they are attached.

For System z/OS 1, there is no MEDIA2 defined in the DEVSUP, because z/OS 1 has no VTS
access. The two members of Sysplex A share the tape configuration database (TCDB) and
the Tape Management System. They must also have the same MEDIAx= statement in the
DEVSUP parameter in order to share.

Note that all physical VOLSER ranges must be defined in the CAP of the TS3500 Tape
Library. But the virtual VOLSERSs for TS7700 Virtualization Engine or VTS are only defined in
the 3953 Tape System (here defined as BV0000-BV9999 and CV0000-CV9999).

The native VOLSER range AN0000-AN9999 that we used is not defined in the 3953 Tape
System. Remember that every VOLSER range, which is defined in the TS3500 logical library
to a 3953 Tape System but is not assigned in the 3953 Tape System to a virtualization
subsystem partition as a physical VOLSER, will be treated as native cartridges. Therefore,
during the insert processing, they will be accepted from a host, and a media category will be
assigned. If no host accepts them, they will remain in the Library Manager in the insert
category.

The range of the physical stacked volumes is BP0000-BP0399 on VTS1 and
CP0000-CP0399 on VTS2. The physical stacked volumes are not defined to any of the hosts.
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Example C

Figure 6-8 shows a TS3500 Tape Library with two attached 3953 Tape Systems. Every 3953
Tape System has only one Library Manager partition, a VTS. Two z/OS images are attached
to all VTS partitions.

IBM TS3500 Serial-Nr: 22500
Library Name: Z01 Library Name: Z02

Bx

Cx

7~ N\

Media: 3592 [H Media: 3592
Physical Physical
Cartridges: Cartridges:
BP0000-BP0399 CP0000-CP0399
Dedicated Drives: Dedicated Drives:
N /

N

SS—

LM: IBM 3953 - Los,ﬁwial-Nr: 13920, LM: IBM 3953 - LOS,’SeriaI-Nr: 25750,
Library Name: Z01 Library Name: 202
LIB ID: B1205 ine i .
Lot s Define in 3953: |_|B_ ID .32022 Define in 3953:
9 ry Volser Ranges logical library 1
BP0000-BP0399 Volser Ranges
VT$1 e VTS2 CP0000-CP0399
Volser: L V| - Volser: CV0000-CV9999
BP0000-BP0399 CP0000-CP0399
BV0000-BV9999 CV0000-CV9999
Drives: Bx Drives: Cx

Y Y
z/0S 1 z/OS 2
Media2 = 0020 Media2 = 0030
LIBID = B1205, B2022 LIBID = B1205,B2022

Volser= BV0000-BV9999 Volser=CV0000-CV9999

Define in z/OS: HCD /ISMF: Library IDs, Define in Devsup Volume Categories
Define in Tape Mgtm System: Volsers

Figure 6-8 Partitioning example C

As you can see in Figure 6-8, there are two 3953 Tape Systems with different VTSs available.
The two attached z/OS hosts use both VTSs. Therefore, you must define the LIBRARY-IDs
B1205 and B2022 in each HCD and ISMF for all of the z/OS hosts.

Only MEDIAZ2 is defined in the DEVSUPxx in SYS1.PARMLIB for both z/OS hosts. Because
there is no native partition, no other MEDIAX is needed. However, you can only specify one
MEDIA2 statement in the DEVSUPXxXx; therefore, the z/OS uses the same volume category for
both VTSs. So, in this example, z/OS1 will use scratch category 0020 for both VTSs.

Note that all physical VOLSER ranges must be defined in the CAP of the TS3500 Tape
Library. But the virtual VOLSERSs for VTS are only defined in the specific 3953 TS3500 (in this
example, as BV0O000-BV9999 and CV0000-CV9999).

The range of the physical stacked volumes is BPO000-BP0399 on VTS1 and
CP0000-CP0399 on VTS2. The physical stacked volumes are not defined to any of the hosts.

Note: This example is unlikely, because you can attach two VTSs to a single 3953 Tape
System. We included this example to show that you must define more than one 3953 Tape
System.
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6.3 Partitioning and DFSMS/rmm

DFSMS/rmm is also part of partitioning. If you use logical partitioning on a TS7700 or a VTS
between two hosts without sharing volumes, you must consider how to separate the
VOLSERSs. We have already described how to separate logical units and scratch volumes
between two hosts in “Example C” on page 164. But, you must also consider how to enter
scratch tapes to the correct host, how to reject the use of host1 volumes from host2, and how
to reject the use of host2 volumes from host1. Let us continue the example based on host1
named z/OS1 that uses VOLSERs BV0000-BV9999 and host2 named z/OS2 that uses
VOLSERs CV0000-CV9999.

Changes needed to the Removable Media Manager (RMM) setup on z/OS1 are:

» Use RMM parameter VLPOOL PREFIX(BV*) TYPE(S) to allow the use of these volumes
for default scratch mount processing.

» Use RMM parameter REJECT ANYUSE(CV*), which means do not use VOLSERs named
CV* and related to z/OS2 on z/OS1.

Changes needed to the RMM setup on z/OS2 are:

» Use RMM parameter VLPOOL PREFIX(CV*) TYPE(S) to allow the use of these volumes
for default scratch mount processing.

» Use RMM parameter REJECT ANYUSE(BV*), which means do not use VOLSERs named
BV* and related to z/OS1 on z/OS2.

After establishing these settings, you can enter virtual volumes from the Library Manager or
from the Management Interface (Ml), and they will be received on the correct host through
object access method (OAM). When jobs request a virtual scratch mount, the system will
assign the correct pool of volumes as well.

For more information about DFSMS/rmm, refer to zZ0S DFSMSrmm Implementation and
Customization Guide, SC26-7405.

6.4 Partitioning a TS3500 between System z and Open Systems

The partitioning of a TS3500 between System z and Open Systems is still possible. You can
provide the necessary definitions with the TS3500 Tape Library Specialist. The same
definitions (for example, logical library name, tape drives, and Cartridge Assignment Policies)
are valid for Open Systems and System z servers. However, for an Open Systems
attachment, you do not need an IBM 3953 Tape System.

There is no way to attach an Open Systems host to a 3953 Tape System, which has the
Library Manager database that is necessary for a TS7700 Virtualization Engine or a VTS
attachment. Therefore, you cannot use a TS7700 Virtualization Engine or a VTS in a TS3500
environment for Open Systems. Refer to IBM Virtualization Engine TS7510: Tape
Virtualization for Open Systems Servers, SG24-7189, for more information about
Virtualization in Open Systems servers.

Note that you must use eight-character VOLSER reporting if Open Systems-attached and
System z-attached logical libraries exist in a TS3500 Tape Library. Refer to “Cartridge and
VOLSER naming conventions” on page 179.
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6.5 Partitioning summary

The IBM TS3500 Tape Library first divides logically into System z and Open Systems TS3500
logical libraries. These TS3500 logical libraries are not referenced by the System z-attached
hosts at all. The TS3500 logical library has no knowledge of the installed TS7700
Virtualization Engine or VTS environment or about which of the dedicated tape drives belongs
to a native, TS7700 Virtualization Engine, or VTS environment.

The IBM 3953 Library Manager logically divides its TS3500 logical library again into Library
Manager partitions, which represent native and virtual drive partitions.

The System z hosts are only aware of the Library Manager partitions. Open Systems hosts
are not able to attach to a TS7700 Virtualization Engine or VTS.

Host logical libraries and existing Library Manager partitions can be used by multiple System
z hosts with different tape control databases and tape management systems.

In practice in many client implementations, the entire physical TS3500 library is dedicated to
System z with one 3953 Tape System defined under the control of one Library Manager.

6.6 Sharing

As opposed to partitioning, the implementation of sharing has not changed with the
introduction of the TS3500 Tape Library and 3953 Tape System.

6.6.1 Sharing in a Z/OS environment
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Sharing allows the use of a common set of cartridges and tape drives inside a TCDBplex
(several z/OS systems share the same tape control database, as well as the same tape
management systems).

Considerations for cartridge sharing

All members in the TCDBplex must have the same DEVSUPxx in SYS1.PARMLIB definitions
for the volume categories. All members in the TCDBplex must also share the tape
management system’s catalog to allow the usage of the cartridges to all members of the
TCDBplex. You must provide the same information, for example, control statements for the
tape management system, in all sharing systems.

Considerations for tape drive sharing

Drive sharing is the same for the resident library, TS7700 Virtualization Engine, or VTS
logical drives, and stand-alone drives. The following statements must be true in order to
implement drive sharing in an environment:

» Tape drive controllers (for native drive sharing), the TS7700 Virtualization Engine, or
VTS-VTCs (for PtP VTS sharing) must be defined in the HCD to all members of the
TCDBplex.

» The hardware must be attached physically through ESCON or FICON to all members of
the TCDBplex.

» The drive must be defined as shareable and OFFLINE in the HCD to allow the usage in a
shared environment.
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You must provide a service for tape drives to be taken online and offline on demand without
human intervention. In a sysplex, this sharing can occur using ATS STAR, which uses the
Global Resource Serialization and XCF services for sharing automatically switchable
devices.

For systems that do not belong to one sysplex, you must use the IBM Automated Tape
Allocation Manager (ATAM) to allow tape drives to be taken online and offline on demand
without human intervention beyond sysplex borders. For more information about ATAM, refer
to IBM Tivoli Automated Tape Allocation Manager for z/OS, SC32-9122.

Without the implementation of automatic drive switching, the request for a tape results in a
write to operator (WTO) to ask for a device. The operator must then answer. Depending on
the implementation in your environment, this method can lead to time-outs in jobs or cause
other problems, for example, loss of SMF data if the SMF datasets cannot be copied to tape.

Figure 6-9 is the same picture as in Example A for partitioning. The two z/OS hosts share the
same TCDB, as well as the tape management system. The same category is defined in the

DEVSUPxx.
Library Name: IBM TS3500 Serial-Nr: 22500 Library Name:
Open /_\ 201
Media: LTO [H [H Media: 3592
Physical Physical
Cartridges: Cartridges:
310000-319999 ANO0000-AN0999
Dedicated Drive: Dedicated
Ox Drives: Ax
)—/
Library Manager: IBM 3953 - ; ial-Nr: 13920,
Library Name: Z01 Define in 3953:
LIB ID: 13920 VLN
Logical library 1
Native
Volser: AN0000-
AN0999
Drives: Ax \
Sysplex A Sysplex A
Member 1 g::rr:éj ';'rh(A:h[/)IZ‘;/I:t)ém Member 2
T 015 Volser: ANOO0O-AN9999 Medias = 0015
Define in z/OS: HCD /ISMF: Library IDs: 13920, Define in Devsup Volume Categories
Define in Tape Mgtm System: Volsers

Figure 6-9 Sharing the tape environment in a z/OS environment

6.6.2 Sharing in zZ/VM environments

You share volumes in a DFSMS/VM environment by means of an installation exit and a
control file listing the volumes that are accessible by a single system and by all systems.

Considerations for drive sharing

On z/VM systems, the tape drives are dedicated to a processor when the drive is attached to
a user by using the ATTACH command rather than when the drive is brought online by using
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the VARY command. This implementation allows multiple processors to share access to tape
drives that are cabled to each processor by attaching and detaching the drives as required.

6.6.3 Sharing in zZ/VSE environments

You can only share volumes in a z/VSE environment if the tape management system’s
volume catalog is shared among the attached hosts, which can only be provided if a shared
DASD environment is used and the tape management system allows the usage of multiple
hosts. IBM does not provide a tape management system product for z/VSE. For further
information, refer to 10.4, “z/VSE native environments with Tape Library Support” on

page 314.

Considerations for drive sharing with z/VSE under z/VM

When z/VSE runs as a guest system under z/VM, you can share tape drives and volumes by
means of the DFSMS/VM RMS. A z/VSE guest can share drives with other VSE/ESA™
guests on the same VM host or on other VM hosts. You do not need shared DASD. In fact,
VSE/ESA guests can also share drives with VM native users. If the natural state of the drives
is free, any guest on any physically attached host can ATTACH, and therefore, assignment is
established.

If you use the new Tape Library Support for a z/VSE system running under z/VM, drive
sharing is no longer possible, because Tape Library Support is not able to provide the detach
and attach functions for the drive.

Considerations for drive sharing in a native 2/VSE environment

The Tape Library Support in z/VSE does not allow drive sharing between multiple z/VSE
systems running in native mode.

For more information about the advantages of Tape Library Support, refer to 10.4, “z/VSE
native environments with Tape Library Support” on page 314.

6.6.4 Sharing between z/OS and other System z hosts
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Sharing requires that all systems also share the same set of control datasets, including the
same tape control database. However, because all System z operating systems use different
control mechanisms for managing tape libraries, there is no common point of control, and
therefore, there is no sharing between z/OS and other System z hosts.
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Preinstallation planning

This chapter discusses configuration requirements and recommendations when attaching
System z hosts to the IBM TS3500 Tape Library. We provide preinstallation planning support
and give you an overview about the tasks and items to consider before you install a System
z-attached TS3500 Tape Library.

This chapter includes a comparison between IBM 3494 and TS3500 Tape Library and 3953
Tape System configurations.

The major topics are:

Installation planning for the TS3500 Tape Library and TS1130 Tape Drive
Host implementation considerations

Software support

IPv6

Existing hardware integration

Preinstallation checklist

IBM 3494 and TS3500 Tape Library comparison

vyVVyVYyVYVYYvVYYyY
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7.1 Installation planning

The planning phase during an installation is one of the most important steps. In this phase, all
parties of the team identify, verify, and discuss all necessary actions, which helps to insure
that:

The installed hardware will meet clients’ expectations.

There are no delays during the installation.

No additional costs during the installation occur.

Time schedules for installation, as well as for the production readiness, are kept.
No unplanned outages to already existing production occur.

vyvyyvyyvyy

You need to include the following tasks in this planning phase:

» Select a planning team with assigned responsibilities to ensure that all preinstallation
planning and migration tasks are completed.

» Plan dates for additional regular meetings up to the planned installation, and plan
implementation dates.

» Create an implementation plan with realistic milestones.

7.1.1 Plan your hardware configuration
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First of all, you must plan your hardware configuration of the library with your IBM service
support representative (SSR). The following list of questions is a good starting point to
configure a library for System z attachment:

» Is the library shared between Open Systems and System z servers?

If yes, you must remember that the requirements for storage slots and drives for Open
Systems have to be considered as well. Note that the frames for Linear Tape-Open (LTO)
tape drives and the 3592 model are different and that there is no intermix of both drive
models (LTO and 3592) allowed inside a frame.

Check if the Open Systems rely on eight-character VOLSERSs. Also, refer to “Cartridge and
VOLSER naming conventions” on page 179.

Note that a Virtual Tape Server (VTS) attached to a TS3500 Tape Library cannot be
shared between Open Systems and System z servers. Refer to 6.4, “Partitioning a
TS3500 between System z and Open Systems” on page 165.

» Is the library planned for high availability?

If yes, plan for the High Availability frames with a dual accessor in the TS3500 and for the
redundant Library Manager in each 3953-F05 Frame.

» How many stand-alone TS7700 Virtualization Engine, Virtual Tape Server (VTS), or
Peer-to-Peer (PtP) VTS systems will you install?

This number influences the number of installed 3953 Tape System base and expansion
frames. Remember that one 3953 Tape System can host up to two VTS partitions. You
can use a VTS partition to install a TS7700 Virtualization Engine or VTS systems. If you
plan to install more than two TS7700 Virtualization Engines or VTS systems, you must
install an additional 3953 base frame and the corresponding Library Managers. As always,
you must install TS7700 Multi Cluster Grid or the PtP VTS in separate physical libraries,
and both sides of a TS7700 Grid or Peer-to-Peer VTS cannot reside in the same physical
library.
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There might be a requirement to upgrade the Library Manager microcode level to support
the TS7700 Virtualization Engine. For more detailed planning and implementation
information about the IBM System Storage TS7700 Virtualization Engine, refer to IBM
System Storage TS7700 Virtualization Engine: Tape Virtualization for System z Servers,
SG24-7312.

For more information about the VTS configuration, refer to IBM TotalStorage Virtual Tape
Server: Planning, Implementing, and Monitoring, SG24-2229. For more information about
the PtP VTS configuration, refer to IBM TotalStorage Peer-to-Peer Virtual Tape Server:
Planning and Implementation Guide, SG24-6115.

» How many tape controllers will you install?
This number influences the number of installed 3953 Tape System expansion frames.

» How many tape drives will you install for the System z host (native, as well as VTS
drives)?

This answer influences the number of installed TS3500 Tape Library frames.

Note that the number of installed tape controllers (and the amount of ESCON or FICON
connectivity), as well as the number of installed tape drives, is dependent on your
performance and throughput issues. There is no general guideline that applies here. For a
brief overview about how to measure the usage and throughput of your already installed
environment using several IBM tape tools, refer to Appendix A, “Monitoring and reporting” on
page 435.

If you plan a 1:1 migration, there might not be a need for a complete sizing analysis. For all
other situations, we recommend a complete sizing analysis for the evaluation of the future
hardware configuration, especially if a TS7700 Virtualization Engine or a VTS is involved.
Make sure that you discuss all client requirements in advance, for example, performance and
high availability, and that you can answer these questions:

» Do you want to use the TS3000 Master Console?
» How do you plan to use the Remote Call Home support?
» Are you planning to use Encryption with 3592 Model E encryption-enabled tape drives?

You might also require an upgrade to the Library Manager microcode level to support
Encryption even if you are in a System z environment. Only System-Managed Encryption
is supported through Data Facility Storage Management Subsystem (DFSMS) Data Class
constructs.

» Remember that you must install and enable the Advanced Library Management System
(ALMS).

There are four ALMS feature codes to use to purchase the ALMS, depending on the
installed Lxx frame’s capacity:

Entry ALMS, FC1692, for an entry-capacity Lxx frame

Intermediate ALMS, FC1693, which has a prerequisite of FC1692, for an
intermediate-capacity Lxx frame

Full ALMS, FC1694, which has a prerequisite of FC1693, for a full-capacity Lxx frame
Or, purchase ALMS, FC1690, for any capacity of Lxx frames

For detailed information about Lxx frame capacity, refer to 2.2.4, “Frame capacity” on
page 20.
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One of the previously listed ALMS feature codes is required if you want to exploit either:

— Dual active accessor libraries (FC9040)
— System z attachment (FC9217)
— High Density frame (HD)

Minimum configuration
The minimum tape library configuration for System z attachment consists of:
» TS3500 Tape Library:

— TS88500 base frame (Model L23). However, if you install at least two frames (one
Model L23 and one Model D23), you can achieve enhanced availability by distributing
drives to two frames.

— One tape drive
» 3953 Tape System:

— One IBM 3953 Tape System base frame (Model F05)
— One Library Manager unit
— One tape driver controller

Maximum configuration
The maximum tape library configuration for a System z host attachment is:

» TS3500 Tape Library:

— Sixteen drive and cartridge frames (one Model L23 and 15 Model D23s) are supported,
or, using the HD-frames (one Model L23 and 15 Model S24s) will be supported as has
been previewed'.

Note: At the time of writing this book, up to 6887 slots are supported per TS3500
library. IBM plans to provide support for greater than 6887 cartridges in a future
release. For the currently supported number of frames when S24 or S54 frames are
installed, refer to Table 2-2 on page 18.

— Two High Availability frames
— 192 drives total

» 3953 Tape System:

— Four 3953 tape systems with one base frame and five expansion frames each (Model
FO5)

— Dual Library Manager feature in each of the 3953 tape systems
— Four native library partitions and eight VTS partitions

Note: A VTS partition can be a TS7700 Virtualization Engine or a VTS subsystem.

— For each native library partition, up to 14 tape drive controllers (if both VTS partitions
are defined) or up to 16 tape drive controllers (if no VTS partition is defined)

Note: Up to 192 tape drives can be installed in one TS3500 Tape Library, although
a maximum of 256 tape drives is theoretically supported with 16 tape drives
attaching to each of the 16 supported tape controllers.

! Previews provide insight into IBM plans and direction. Specific availability dates, ordering information, and terms
and conditions will be provided when the product functionality is announced.
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Figure 7-1 shows the maximum configuration for System z attachment in one TS3500 Tape

Library.
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Up to four 3953s
A 3953 consists of:
One base frame
Up to five enhancement frames
Up to sixteen drive controllers
Two Library Managers

Each 3953 can have three
Library Manager partitions:
One native, two VTS partitions

In total, you can attach eight
VTS partitions (two VTS
partitions in four 3953s)

Figure 7-1 Maximum configuration for an IBM TS3500 and IBM 3953 environment

Environmental specifications
The IBM TS3500 Tape Library is a stand-alone tape subsystem consisting of one or more
frames and capable of modular expansion to provide large capacities. The frames join

end-to-end with the base frame on the left (viewed from the front) and the expansion frames

extending to the right.

Physical dimensions

Table 7-1 indicates the physical dimensions of the IBM TS3500 Tape Library frames, and
Table 7-2 on page 174 gives their weights according to the number of installed drives,

robotics, and tape cartridges.

Table 7-1 Physical dimensions

Width

Depth

Height

L32, D32

72.5cm (28.51in.)

152 cm (59.8 in.)

180 cm (70.9 in.)

L23, D23, L53, D53, and
HA1

72.5¢cm (28.5in.)

121.2.cm (47.72in.)

180 cm (70.9in.)

Chapter 7. Preinstallation planning

173



Table 7-2 IBM TS3500 Tape Library weight

Weight of base frame with Weight of base frame with
1 drive and 0 cartridges 12 drives and maximum cartridges
L32 425 kg (937 Ib.) 570 kg (1256 Ib.)
D32 355 kg (784 Ib.) 558 kg (1229 Ib.)
L53 366 kg (806 Ib.) 526 kg (1160 Ib.)
D53 274 kg (604 Ib.) 483 kg (1065 Ib.)
L23 364 kg (802 Ib.) 534 kg (1178 Ib.)
D23 270 kg (596 Ib.) 494 kg (1089 Ib.)
HA1 261 kg (575 Ib.) N/A

Each frame has a set of casters and four leveling jackscrews. The nominal height from the
bottom of the jackscrews to the top of the frame is 1840 mm (72.4 in.) and can be varied by
+40 mm (1.6 in.). The shipping height of the IBM TS3500 Tape Library (on its casters and
with jackscrews raised) is 1800 mm (70.9 in.).

Table 7-3 gives the physical specifications (such as height, width, depth, and weight) of
models Sxx of the TS3500 Tape Library.

Table 7-3 Physical characteristics of the TS3500 Tape Library Model S24 and S54

Characteristic S24 frame S54 frame

Height of frame (on casters) 1800 mm (70.9 in.) 1800 mm (70.9 in.)

Width of frame with cover 782 mm (30.8in.) 782 mm (30.8in.)

Width of frame without covers® | 725 mm (28.5 in.) 725 mm (28.5in.)

Depth of frame (including front | 1212 mm (47.72 in.)
and rear doors)

1212 mm (47.72in.)

Weight of base frame with 0
cartridges

285.8 kg (630 Ib.) 290.3 kg (640 Ib.)

Weight of frame with maximum | 526.2 kg (1160 Ib.)°
cartridges

562.5 kg (1240 Ib.)°

a. Frame width only. Additional interframe spacing of 30 mm (1.2 in.) is required.

b. Maximum 1000 3592 Tape Cartridges. The weight with cartridges assumes a cartridge weight
of .242 kg (.534 Ib.) for a standard 3592 T