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Preface

This manual is part of the Storage Subsystem Library (SSL) — a set of manuals that
provides information about the hardware components of IBM disk storage subsys-
tems. The SSL includes both direct access storage devices (DASD) and storage
control publications. This manual is an introduction to the IBM 3990 Storage
Control family and describes its advantages, features, performance characteristics,
and software support.

About This Manual

This manual is intended for data processing executives, storage administrators,
system programmers, system performance specialists, and IBM marketing repre-
sentatives and system engineers.

To use this manual productively you should plan to read or have available the
other appropriate SSL manuals.

This manual contains the following sections:

Chapter 1, “3990 Overview” on page 1, provides an overview of the 3990
family of Storage Controls, including an overview of the data availability and
performance improvements of each 3990 model, and the enhancements to the
reliability, availability, and serviceability characteristics.

Chapter 2, “IBM 3990 Family” on page 11, provides a detailed introduction to
the 3990 Storage Control Models, the advantages of the new family of storage
controls, and their hardware components.

Chapter 3, “3990 Storage Control Models and Configurations” on page 35,
describes the 3990 Storage Control Models and their configurations in various
environments.

Chapter 4, “Programming Support” on page 41, describes an overview of the
software support in the MVS, MVS/XA, VM, VSE, and TPF environments.

Chapter 5, “Uses of Dual Copy, DASD Fast Write, and Cache Fast Write in
MVS Environments” on page 45, describes how to use the 3990 Model 3 func-
tions DASD fast write, dual copy, and cache fast write in MVS environments.

Chapter 6, “Optional Features” on page 55, describes the various channel
switch features and DASD features required to attach to a 3990 Storage
Control.

Chapter 7, “Performance Characteristics” on page 57, presents performance
characteristics and comparisons of the 3880 Storage Controls and the 3990
Storage Controls.

“Glossary” on page 73, lists the terms and abbreviations used in the Storage
Subsystem Library manuals.

“Bibliography” on page 79, lists related publications of the 3990 Storage
Control and the 3380 DASD.
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Terminology

A comprehensive glossary is provided at the back of this manual. This glossary
contains terms used not only in this manual but also in other DASD and storage
control manuals in the Storage Subsystem Library.

Before reading further, be sure you understand the way the following terms are
used within this manual:

3380, unliess otherwise indicated, refers to all models of the IBM 3380 Direct
Access Storage except Model CJ2.

Controller refers to the part of the 3380 A-unit that controls the transfer of data

" between the devices and the storage control.

Device refers to a uniquely addressable part of the 3380 unit that consists of a set
of access arms, the associated disk surfaces, and the electronic circuitry needed to
locate, read, and write data.

Storage Control refers to the hardware unit that handles interactions between the
processor channel and the controller.

Volume refers to the storage space that is accessible by a specific device.

The Storage Subsystem Library

The Storage Subsystem Library describes characteristics, capabilities, and fea-
tures of the hardware, and it provides instructions for installing, using, and main-
taining storage subsystem components effectively in the various operating
environments. It is designed to provide both hardware- and software-related infor-
mation for both direct access storage devices and storage controls.

The Storage Control subset of the Storage Subsystem Library contains the fol-
lowing manuals:

1. IBM 3990 Storage Control Introduction, GA32-0098

Provides an introductory description of the various models of the 3990 Storage
Control, including its data availability, performance, and reliability improve-
ments over previous storage controls. In addition, it provides descriptions of
the different configuration possibilities, optional features, performance charac-
teristics, and software support of the 3990 Storage Control.

2. IBM 3990 Storage Control Planning, Installation, and Storage Administration
Guide, GA32-0100

Provides a functional description of the IBM 3990 Storage Control. It describes
the planning, program installation, and storage management tasks used in
typical environments. Configuration examples as well as sample job streams
for controlling the various functions of the 3990 Storage Control are provided.

iv  IBM 3990 Storage Control introduction



3.

IBM 3990 Storage Control Reference, GA32-0099

Provides descriptions and reference information for the 3990 Storage Control.
Descriptions include channel commands, error recovery, and sense informa-
tion.

The DASD subset of the Storage Subsystem Library contains the following
manuals:

IBM 3380 Direct Access Storage Introduction, GC26-4491

Provides a complete description of the various models of the 3380, including
characteristics, features, and capabilities. In addition, the configuration and
attachment options are described along with other information that helps in
designing a storage subsystem to meet your needs. This manual does not
cover 3380 Model CJ2.

IBM 3380 Direct Access Storage Direct Channel Attach Model CJ2 Introduction
and Reference, GC26-4497

Provides a complete description of the 3380 direct channel attach Model CJ2
characteristics, features, capabilities, and string configuration options.

Using the IBM 3380 Direct Access Storage in an MVS Environment, GC26-4492

Provides specific guidance for using the 3380 in an MVS/XA or MVS/370 oper-
ating environment. The manual provides detailed instruction for planning the
addition of new 3380 devices from a logical and physical point of view,
installing devices, moving data to new devices, and performing some ongoing
activities to maintain a reliable storage subsystem.

Using the IBM 3380 Direct Access Storage in a VM Environment, GC26-4493

Provides specific guidance for using the 3380 in a VM/SP, VM/SP HPO, or
VM/XA operating environment. The manual provides detailed instruction for
planning the addition of new 3380 devices, installing devices, moving data to
new devices, and performing ongoing storage management activities to main-
tain reliable performance and availability. In addition, hardware consider-
ations related to guest systems are addressed.

Using the IBM 3380 Direct Access Storage in a VSE Environment, GC26-4494

Provides specific guidance for using the 3380 in a VSE operating environment.
The manual provides instruction for planning the addition of new 3380 devices,
installing devices, moving data to new devices, and performing ongoing
storage subsystem management.

Maintaining IBM Storage Subsystem Media, GC26-4495

Describes how the storage subsystem and the various operating systems
handle disk storage errors, and provides instruction on using the Environ-
mental Record Editing and Printing (EREP) Program and the Device Support
Facilities (ICKDSF) to diagnose and correct disk media errors. Recovery pro-
cedures are provided for the various device types. In addition, background
material on DASD storage concepts is included.
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7. IBM 3380 Direct Access Storage Reference Summary, GX26-1678

Provides a summary of 3380 capacity, performance, and operating character-
istics.

8. Storage Subsystem Library Master Index, GC26-4496

Provides a central source of information related to storage subsystem topics.
Manuals for IBM 3380 Direct Access Storage, 3380 Direct Channel Attach
Model CJ2, and 3990 Storage Controls are indexed in this publication. An

overview of the material in the Storage Subsystem Library is provided with this
index.

Figure 1 on page vii shows the relationships among the Storage Subsystem
Library manuals in terms of high-level tasks described in each manual.
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* Locating storage subsystem information

Storage
Subsystem
Library
Master Index

GC26-4496

* Understanding the storage subsystem components
* Selecting models and features to meet your needs

IBM 3990 IBM 3380
Storage Direct
Control Access
Introduction Storage

Introduction

GA32-0098 GC26-4491

IBM 3380 Direct
Access Storage
Direct Channel
Attach Model CJ2
Introduction

and Reference

GC26-4497

* Planning the hardware configuration
* Planning data placement and volume usage
* Installing the hardware

* Operating the hardware
* Moving data
* Managing the subsystem efficiently

IBM 3990 Using the IBM Using the IBM Using the IBM
Storage Control 3380 Direct 3380 Direct 3380 Direct
Planning, Access Access Access
Installation, Storage Storage Storage
and Storage in an MVS ina VM in a VSE
Administration Environment Environment Environment
Guide
GA32-0100 || GC26-4492 GC26-4493 GC26-4494

* Understanding error recovery processes

* Using sense information and channel commands

* Maintaining disk storage media

IBM 3990 Maintaining

Storage IBM Storage

Control Subsystem

Reference Media

GA32-0099 GC26-4495

Figure 1. Storage Subsystem Library
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SSL Ordering Information

You can obtain a copy of every manual in the SSL using one General Bill of Forms
(GBOF) number, GBOF-1762. The following GBOF numbers allow you to obtain
subsets of the SSL as indicated by the columns in the table below. If you want to
order an individual SSL manual, use that manual’s order number.

GBOF- GBOF- GBOF- GBOF- GBOF- GBOF- GBOF-
Title 1756 1757 1758 1759 1760 1761 0366

IBM 3380 Direct Access Storage Introduction,
GC26-4491 X X X

IBM 3380 Direct Access Storage Direct Channel
Attach Model CJ2 Introduction and Reference,
GC26-4497 X X X

Using the IBM 3380 Direct Access Storage in an
MVS Environment, GC26-4492 X X

Using the IBM 3380 Direct Access Storage in a
VM Environment, GC26-4493 X X

Using the IBM 3380 Direct Access Storage in a
VSE Environment, GC26-4494 X X

Maintaining IBM Storage Subsystem Media,*
GC26-4495 X X X X X X

IBM 3380 Direct Access Storage Reference
Summary, GX26-1678 X X X X X X

IBM 3990 Storage Control Introduction,
GA32-0098 X

IBM 3990 Storage Control Planning, Installation,
and Storage Administration Guide, GA32-0100 X

IBM 3990 Storage Control Reference,
GA32-0099 X

Storage Subsystem Library Master Index,
GC26-4496 X X X X X X X

* Device Support Facilities: Primer for the User of IBM 3380 Direct Access Storage, GC26-4498, is distributed with this manual.

Related Publications

These publications, which are not part of the Storage Subsystem Library, describe
the various IBM 3880 Storage Control models to which one or more models of the
3380 device can attach:

IBM 3880 Storage Control Models 1, 2, 3, and 4 Description, GA26-1661
IBM 3880 Storage Control Model 23 Introduction, GA32-0082

IBM 3880 Storage Control Model 23 Description, GA32-0083
Introduction to IBM 3880 Storage Control Model 13, GA32-0062

IBM 3880 Storage Control Model 13 Description, GA32-0067.

Cache Device Administration, GC35-0101, describes how to use the MVS utility
IDCAMS for the 3990 and the 3880.

Device Support Facilities: Primer for the User of IBM 3380 Direct Access Storage,
GC26-4498, is a new publication that is intended for use with the 3380 manuals in

the Storage Subsystem Library.

Cache RMF Reporter Program Description/Operation, SH20-6295, provides detailed
information on the Cache RMF Reporter.
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A bibliography of other publications that may provide additional related informa-
tion is included at the back of this book. To help you assess the potential useful-

ness of each reference, the bibliography includes a short description of the
relevant contents of each publication.
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Chapter 1. 3990 Overview

This chapter is an overview of the IBM 3990 family of storage controls. Today’s
businesses expect an ever increasing level of performance from their storage sub-
systems. The 3990 family of storage controls is designed to meet and exceed the
data availability, performance, and reliability requirements that businesses
demand. More detailed descriptions are provided in Chapter 2, “IBM 3990
Family” on page 11.

The 3990 Storage Control is available in a full range of configurations and models:

e 3990 Model 1, designed for mid-range systems with a requirement for two
DASD paths.

e 3990 Model 2, designed for intermediate-to-large systems requiring more than
two DASD paths.

e 3990 Model 3, also designed for intermediate-to-large systems requiring more
than two DASD paths and also offering four cache sizes from 32 to 256 mega-
bytes and 4 megabytes of nonvolatile storage (NVS).

Figure 2 shows a 3990 Model 3 Storage Control with the new 4-path 3380 Models
AJ4/BJ4 and AK4/BK4.

Figure 2.

40r8 Power and 4o0r8
Channels Service Boundary Channels
Storage Storage
Cluster 0 Cluster 1
Multipath Multipath
Storage Director 0 Storage Director 1
1 f
Storage | Storage Storage | Storage
Path O E Path 1 Path 2 E Path 3
Power and
[«—Service
Cache Nonvolatile Boundary
Storage Storage
Cache NVS
Al ‘Az A3[A4
BJ4|BK4|BJA| AJ4 | AK4 [BK4|BJ4 BK4
| 1
Al !AZ A3\A4
—————————— 8
Ism BJ4|BK4| AK4 | AJ4 |Bu4|BK4|BU4 §
L | )

AK4/BK4

A 3990 Model 3 Storage Control with the New 4-Path 3380 Models AJ4/BJ4 and
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3990 Standards of Data Availability and Performance

All 3990 models address data availability and performance requirements by using:

e Internal processing that is faster than that in previous IBM Storage Controls,
reducing the time it takes to move data.

e Faster access to data on the DASD is achieved because control information
that formerly was kept in the DASD A-unit is now kept in the 3990.

In addition, the 3990 Models 2 and 3 provide:

e Four storage paths between the 3990 Storage Control and the DASD; twice as
many paths as available with the 3880 Models 3 or 23.

e Four independent I/O operations can be active concurrently within the same
4-path string when attached to the IBM 3380 Models AJ4 or AK4.

¢ Two independent Storage Clusters per frame provide separate power and
service regions.

In addition to those improvements given above, the 3990 Model 3 provides:

e larger cache sizes that result in finding the requested data in cache more

often, thus reducing subsystem response time.

A 4.5 megabytes per second cache data transfer rate.

Use of IBM’s one million bit chip for cache storage.

Improved cache slot segmentation resulting in more efficient cache space utili-
zation.

Improved internal cache algorithms resulting in greater efficiency.

Two new fast write capabilities, DASD fast write and cache fast write, each
allowing cache speed write operations.

e A dual copy capability that greatly increases the availability and accessibility
of data. The dual copy capability writes all selected data to two different
devices, independent of host processing. Immediate access to the information
is automatically available on the secondary device if access to the primary
device is not possible.

The DASD fast write and the dual copy capabilities can be combined resulting
in a performance enhancing fast dual copy.

e Dual data transfer and branching data transfers between the 3990 and the
channel and the 3990 and the device.
e Separate power and service regions for cache and nonvolatile storage.

3990 Standards of Reliability, Availability, and Serviceability

2

All models of the 3990 family address reliability, availability, and serviceability
requirements by using new components and design enhancements including:

e Each storage cluster, within its own power and service region, contains a sepa-
rate microprocessor-controlled support facility. These independent support
facilities provide effective availability and serviceability functions.

e Service Information Messages (SIMs) for improved problem determination and
impact assessments.

IBM 3990 Storage Control Introduction



e Internal design enhancements and newly designed, reliable components to
assure a high level of reliable hardware and efficient operation.
e |mproved fault isolation for more efficient problem determination.

In addition, the 3990 Models 2 and 3 provide:

e A nondisruptive DASD installation capability that allows additional BJ4 or BK4
units or a second 4-path DASD string to be installed in a 3990 subsystem
without disrupting host access to the existing DASD.

e Two independent Storage Clusters per frame providing separate power and
service boundaries.

e Better reliability, availability, and serviceability characteristics than similarly
configured 3880s.

In addition to those improvements given above, the 3990 Model 3 provides:

* A 4 megabyte nonvolatile storage (NVS) that supports both the DASD fast write
and the dual copy capabilities.

® |n cache storage, all single- and double-bit errors are detected and corrected.
All triple-bit errors are detected and most are corrected.

Note: For maximum data availability, all 3990 Model 3 subsystems using either
dual copy or DASD fast write should be dual-frame configurations. A dual-
frame configuration using the dual copy capability duplicates all common
components that may prevent access to data — from the processor channel
to the 3990 Model 3 to the DASD record.

The 3990 Storage Control answers the needs of both today and the future’s data
processing requirements. In all respects, the 3990 Storage Control extends the
features and capabilities of the 3880 Storage Controls. Each model of the 3990
Storage Control directly addresses the data availability, performance, and reli-
ability issues of storage management. Even greater performance is available from
those 3990 models with cache and the nonvolatile storage.

3990 Performance Features

The 3990 provides a number of attractive performance features. The features
described below are significant performance improvements over the previous
family of IBM storage controls.

Faster and More Efficient Microprocessing

All the 3990 Storage Controls use faster internal processing techniques than previ-
ously available and more efficient microprocessing that permits faster data access.

Four Storage Paths

As a new standard of data availability and overall performance, twice as many
storage paths are provided in the 3990 Models 2 or 3 than in the 3880 Model 3 or 23
Storage Controls. When attached to the new 4-path 3380 Models AJ4/AK4, the 3990
can operate in a new high performance and high data availability mode: Device
Level Selection Enhanced (DLSE).
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When the 3990 Model 2 or 3 is attached to the new 4-path 3380 Models AJ4/AK4,
the accessibility of data is even greater than the accessibility of data when
attached to 3380 AD4/AE4 devices operating in Device Level Selection (DLS) mode.
Attaching to the new 3380 AJ4/AK4 devices allows the 3990 to operate in the new
DLSE mode giving twice as many paths to each device. (See “Device Level
Selection Enhanced Mode of Operation” on page 16 for more information.)

With the new Device Level Selection Enhanced mode of data transfer, simul-
taneous data transfer is possible over all four storage paths within the same 4-path
string. A DLSE storage subsystem, even with one of its four paths disabled, per-
forms better than a DLS subsystem with both of its paths available. The perform-
ance of three paths of a DLSE subsystem is approximately the same as the
performance of two DLS subsystems (with two paths each). (See “Device Level
Selection Mode of Operation” on page 16 for more information.)

Figure 3 shows the data transfer capabilities of both the DLS subsystem and the
DLSE subsystem.

3380 DASD AJ4/AK4

A Single 3880 A Single 3990
Model 3 Storage Control Model 2 Storage Control
Storage Storage Multipath Multipath
Director Director Storage Storage
0 1 Director 0 Director 1
Four
Concurrent
Two Data
3380 A Concurrent — 'gransfte_r
DASD B Data - — perations
B 4 Transfer . h
Operations B B B A A B B B 2
B &

Figure 3.

A DLS Subsystem

A DLSE Subsystem

Examples of Data Transfer Capabilities of DLS and DLSE Subsystems

Cache (3990 Model 3 Only)

4

3990 Model 3 cache performance enhancements include:

Cache sizes of 32, 64, 128, or 256 megabytes.

® Sequential cache management algorithms have been refined to provide faster

cache access to sequential data.
Cache is managed in 16K segments providing more efficient use of the cache.

Up to eight concurrent operations inside the cache provide more internal effi-
ciency. This efficiency means less contention for components within the sub-
system and a higher data throughput.
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Fast Write Capabilities (3990 Model 3 Only)

Two significant performance benefits to 3990 Model 3 users are:

e DASD fast write:

— Permits write operations to be performed at cache speeds.

— Provides data integrity equivalent to DASD writes.

— Eliminates the requirement to write the data to the DASD immediately.

— Frees the channel for other activities and additional operations.

— Maintains a copy of the data in the NVS until it is destaged (written from
the cache to the DASD).

e Cache fast write:

— Recommended for small- to intermediate-size sort work files, cache fast
write permits the selected write operations to be performed at cache
speeds without requiring writes to DASD.

—— DASD Fast Write and Cache Fast Write Advantages

Both fast write capabilities permit write operations to be performed at cache
speed, eliminating the need to write data to the DASD immediately. These
capabilities provide faster response times, particularly for DASD volumes
with high write activity resulting in improved overall subsystem performance.
(See “Fast Write” on page 20 for more information on the DASD fast write
and cache fast write capabilities.)

4.5 or 3.0 Megabytes Per Second Channel Speed

The 3990 Model 3 has the capability to transfer cache data at either 4.5 or 3.0
megabytes per second. The actions required to run the 3990 Model 3 at the 4.5
megabytes per second channel speed are: set the channel speed at installation
time and execute the 1/O Configuration Program (IOCP) specifying 4.5 megabytes
per second as the channel speed.

On the same 3990 Model 3, some channel interfaces can operate at 4.5 megabytes
per second while other channel interfaces can operate at 3.0 megabytes per
second, depending on the processor type. However, any storage control using 4.5
megabytes per second channel speed must be installed first on the channel inter-
face and be connected to the channel with blue channel interface cables (channel
set 0185).

All 3990 Storage Controls must use the blue channel interface cables (channel set
0185).

All storage controls that are installed ahead of a 3990 must also be installed with
blue channel interface cables. The 3990 Storage Controls that operate only at 3.0
megabytes per second are not required to be ahead of all other storage controls,
but it is recommended.
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3990 Reliability, Availability, and Serviceability Features

Dual Copy

The 3990 provides a number of reliability, availability, and serviceability features.
New components and several design enhancements improve the IBM 3990’s reli-
ability, availability, and serviceability (RAS) characteristics over those of the pre-
vious family of IBM Storage Controls. These features are briefly described below.

A major improvement in data reliability and availability is provided by dual copy.
Available on the 3990 Model 3, dual copy provides a duplicate copy of a volume on
two devices. Dual copy is user-defined for a volume. For a dual copy volume,
each time the primary device is updated, the 3990 Model 3 automatically updates
the secondary device. The data transfer operations are automatically switched to
the secondary device if a failure occurs on the primary device.

Dual copy provides important advantages:

Protects a critical volume from a single device failure.
Permits the concurrent writing of data to separate devices.
Provides for near-continuous operations by providing a back-up copy if loss of
access occurs to one of the dual copy devices.
e Ensures that the second copy is identical to the primary copy.

See “Dual Copy” on page 23 for more information on the dual copy capability.

The DASD fast write capability and the dual copy capability can be combined
resulting in a fast dual copy. When the user specifies both DASD fast write and
dual copy operations, the performance is approximately equal to that of normal
cache operations. (See Chapter 7, “Performance Characteristics” on page 57 for
additional information.)

Two Independent Storage Clusters

Support Facility

Single-frame 3990 Models 2 and 3 provide a pair of independent storage clusters
(usually shortened to clusters). A clear benefit of each of the clusters is that they
are independent components. Each cluster provides a separate power and service
region and two separate paths to the DASD. Loss of power to one cluster does not
disable the storage control because processing continues through the other
storage cluster. A service representative can take one cluster for maintenance
activities while cache and DASD access continues through the remaining cluster’s
two paths.

In the 3990 Model 3, cache storage and nonvolatile storage are shared by the
storage paths, but are logically and physically separate from the storage clusters.

Each storage cluster has its own support facility. A major RAS enhancement, the
support facility permits concurrent maintenance and provides a remote mainte-
nance support capability. Among other tasks, the support facility monitors sub-
system activity, generates the service information messages (SIMs), communicates
with the other support facility (in 3990 Models 2 and 3), runs maintenance analysis
programs (MAPs) and diagnostics, and logs error conditions on diskette storage.
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The concurrent maintenance and remote maintenance support capabilities of the
support facility (in each independent storage cluster) in combination with the
service information messages (SIMs) significantly reduce problem determination
time and effort, and the total maintenance time.

Concurrent Maintenance

The concurrent maintenance provided through the 3990 Models 2 and 3 support
tacility greatly improves the availability of DASD data. Because of the power and
service boundaries built into the 3990, one storage cluster can continue to access
cache and DASD while maintenance activities are taking place on the other storage
cluster.

A service action can be performed on cache while direct access to DASD is pro-
vided through the storage clusters.

A service action can be performed on nonvolatile storage while caching operations
and direct access to DASD continues through the storage clusters.

Remote Maintenance Support

The remote maintenance support capability permits a support representative in a
remote field support center to establish communication with either storage cluster
in a 3990 through an external modem. Once the communication link is established,
the remote support representative can analyze the error data and send mainte-
nance information to the service representative on site.

An access code, valid for one hour, is required to authorize a remote connection.
All remote maintenance support sessions are protected by a 3990-generated
access code. Having the 3990 generate the access code ensures the integrity of
the remote session and prevents unauthorized data links to the 3990.

Writeable Diskette

The diskette contains 3990 microcode, microcode patches, error log, and the soft-
copy maintenance analysis procedures (MAPs).

During either local or remote maintenance support activities, microcode patches
can be transmitted to the 3990 support facility and stored on the 3990’s diskette.
Microcode patches written on the diskette are not lost across IMLs.

The installation retains control of when microcode patches are implemented.
Those patches written on the diskette are not implemented until the installation
asks a local service representative to do so.

Service Information Messages (SIMs)

Service information message-format sense data (SIMs) and SIM alert messages
provide a much improved method of notifying the user of any failure.

SIM Alert Messages

SIM alert messages inform operators of a hardware failure. The SIM alert mes-
sages are displayed by a host error recovery program (ERP).
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SIM Messages

The SIM message identifies the impact of the failure, and the effect of the repair
action through an EREP exception report. The installation can use this information
to schedule the repair action, based on the severity of the failure, and the resource
required to repair it. These messages provide information about the failure so that
the service representative can bring the most likely repair parts, significantly
reducing repair time and the possibility of return calls. (For more information on
SIM messages, see the IBM 3990 Storage Control Planning, Installation, and
Storage Administration Guide.)

Because of the service information message and the SIM alert message, any
failure can, in most cases, be fixed quickly through replacement parts identified by
the SIM message. Also, the installation can make a more informed decision about
scheduling any repair action.

Ease of Migration

All 3990 features (including Four Channel Switch, Additional) are field-installable
and field-upgradable. Any 3990 model can be upgraded to a higher model number
in the customer’s installation and larger cache size increments can be added to a
3990 Model 3. (See Chapter 6, “Optional Features” on page 55 for information on
the features available on a 3990 Storage Control.)

Nondisruptive DASD Installation

Businesses with expanding DASD configurations will appreciate the nondisruptive
installation capability of the 3380 Models AJ4/AK4 attached to 3990 Storage Con-
trols. When adding 3380 Models AJ4/BJ4 and AK4/BK4 as 4-path strings to an
installed 3990 DLSE subsystem with at least one 4-path 3380 Model AJ4 or AK4
installed, the additional devices can be installed and brought online:

Without disrupting any application
Without removing power from the 3990
Without stopping the operating system
Without taking any channel path offline.

When 4-path 3380 Models AJ4 and/or AK4 are attached to a 3990 Model 2 or 3, itis
possible to add BJ4s or BK4s to the string without disrupting operation and avail-
ability of existing devices on the string. Similarly, a second 4-path 3380 Model AJ4
or AK4 string can be attached to the 3990 Storage Control without disrupting the
operation and availability of an existing 4-path string. During this nondisruptive
DASD installation process, only one of the four paths to the DASD string is offline
to the subsystem. To take advantage of the nondisruptive DASD installation capa-
bility, it is a requirement that the devices planned for future installation have
assigned addresses that are predefined to the operating system, the storage
control, and the processor channel subsystem in 3090, 308X, and 4381 environ-
ments.
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Intermixed Strings of DASD

Strings of 3380 Models AJ4 or AK4 (2- or 4-path capability) can be intermixed with
strings of 3380 AA4, AD4, or AE4 (2-path capability) to form a single DASD storage
subsystem. However, it is not possible to intermix 2-path and 4-path 3380 AJ4 or
AK4 strings in the same subsystem.

Environmental Features

Improved technology and packaging techniques reduce the power and cooling
requirements for a 3990 Storage Control from those required for the 3880 Storage
Control on a per path basis comparison.

For information on power and cooling requirements, see the IBM Input/Output
Equipment Installation — Physical Planning for System/360, System/370, and 4300
Processors.

Also, because four paths to DASD are built into each single-frame 3990 Model 2 or
3, twice as many paths to DASD are provided over the number of paths available in
the previous family of storage controls. For example, one 3990 Model 2 provides
the same number of paths (four) to the DASD as there are in two 3880 Model 3s or
23s. The 3990 Model 2 or 3 provides four paths to DASD in the same floor space as
two paths from a 3880 to DASD. Because side clearance is no longer required, the
total required floor space is reduced by more than half.

Thus, twice as many device actuators can be attached to the 3990 Model 2 or 3 as
can be attached to the 3880 Model 3 or 23.
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Chapter 2. IBM 3990 Family

The structure and features of the 3990 family are a logical extension and significant
improvement over the structure and capabilities of the IBM 3880 family of storage
controls. The IBM 3990 Storage Control attaches all models of the IBM 3380 Direct
Access Storage Devices except Model A04 and CJ2.

The 3990 is available in three models:

3990 Model 1 with two separate storage paths to DASD

3990 Model 2 with four separate storage paths to DASD

3990 Model 3 with four separate storage paths to DASD and 32, 64, 128, or 256
megabytes of cache, and 4 megabytes of nonvolatile storage.

A single 3990 Model 2 or a single 3990 Model 3 can attach up to 16 different chan-
nels and provides four paths to DASD.

The 3990 Models 1 and 2 are supported by MVS/370, MVS/XA, VM/XA SF, VM/XA
SP, VM/SP, VM/SP HPO, VSE, and TPF. Basic 3990 Model 3 cache operations are
supported by MVS/XA, MVS/370, VM/SP HPO and VM/XA SF. The 3990 Model 3
extended function cache operations of dual copy and DASD fast write will be sup-
ported by MVS/XA.

3990 Model 1

A single 3990 Model 1 provides the same function as a single-frame 3880 Model 3
plus the performance and reliability characteristics of the 3990 family. Itis
intended for midrange systems that require two storage paths to the DASD.

See Figure 4 on page 13 for a comparison of a 3880 Model 3 and a 3990 Model 1.
See “3990 Model 1” on page 35 for a more complete description of a 3990 Model 1.

3990 Model 2

A single 3990 Model 2 provides the same function as two cross-configured 3880
Model 3s plus the performance and reliability characteristics of the 3990. It is
intended for intermediate-to-large systems that require up to four storage paths to
the DASD.

The single 3990 Model 2 is a fundamental enhancement of two cross-configured
3880 Model 3s. Because of its improved data availability, performance, and the
increased reliability, availability, and serviceability characteristics, the 3990 Model
2 will satisfy most DASD configuration requirements. A dual-frame configuration
option is available for the 3990 Model 2.

See Figure 5 on page 14 for a comparison of two 3880 Model 3s and a single 3990

Model 2. See “3990 Models 2 and 3" on page 37 for a more complete description
of a 3990 Model 2.
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3990 Model 3

The 3990 Model 3, with 32 to 256 megabytes of cache and 4 megabytes of NVS, pro-
vides all of the performance and reliability characteristics of the 3990. It expands
the capabilities of a dual-frame 3880 Model 23.

The single 3990 Model 3 is a fundamental enhancement of a dual-frame 3880 Model
23. In one 3990 Model 3, with the added benefits of cache fast write, DASD fast
write, and dual copy:

e The cost per path to DASD is substantially less than a pair of 3880 Model 23s in
a dual-frame configuration.
The performance is much better.
The DASD availability is significantly improved.

A dual-frame configuration option is available for the 3990 Model 3.
See Figure 6 on page 15 for a comparison of a pair of 3880 Model 23s in a dual-

frame configuration and a single 3990 Model 3. See “3990 Models 2 and 3” on
page 37 for a more complete description of a 3990 Model 3.
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{ Summary of 3990 Models 1, 2, and 3 Improvements

The following figures summarize the 3990 Model 1, 2, and 3 improvements over the
3880 Storage Controls.

A Single 3880
Model 3 Storage Control
Storage Storage
Director Director
0 1 3990 Model 1
Improvements
3380 Faster Microprocessing
DASD Service Information Messages (SIMs)

W T |w| >

z iy A Single 3990
Model 1 Storage Control
Storage Storage
Director Director
0 1
3380
DASD

T W wm|>

Figure 4. A 3880 Model 3 and a 3990 Model 1
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DPS array into the Storage Control
Field Upgradable to 3990 Model 2
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Reduced Power and Cooling
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Two Cross-Configured 3880
Model 3 Storage Controls

Storage Storage Storage Storage
Director Director Director Director
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3380 DASD AJ4/AK4

3990 Model 2
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Nondisruptive DASD Installation

DLS or DLSE Mode (Two or Four
Data Transfer Paths to DASD)
Multipath Storage Directors
Concurrent Maintenance
Independent Support Facilities

Two Independent Storage Clusters
Uses Less than Half the Floor Space
of Two Cross-Configured 3880 Model 3s
with Service Clearance

Faster Microprocessing

Service Information Messages (SIMs)
Online SIM Alert Messages

Faster Access to DASD by Moving
DPS Array Into the Storage Control
Field Upgradable to 3990 Model 3
Remote Maintenance

Writeable Diskette

Reduced Power and Cooling
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Figure 5. Two Cross-Configured 3880 Model 3s and a Single 3990 Model 2
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A Dual-Framed 3880
Model 23 Storage Control
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Figure 6.
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Two 3880 Model 23s in Dual-Frame and a Single 3990 Model 3
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Advantages of 3990 Storage Controls

The 3990 may be operated in either of two modes: Device Level Selection (DLS) or
Device Level Selection Enhanced (DLSE). Both DLS and DLSE modes allow the
3990 to select the most appropriate and efficient path to any attached device. Fast
write and dual copy operations can be used in either DLS or DLSE mode.

DLSE mode fundamentally enhances the performance and data availability charac-
teristics over those of DLS mode.

Device Level Selection Mode of Operation

Device Level Selection (DLS) Support Mode permits two single-path storage direc-
tors to access data in the DASD subsystem. In DLS support mode, there is a one-
to-one relationship between the storage director and the storage path.

DLS provides DASD strings with two paths to each actuator and simultaneous data
transfer to any two actuators in the 2-path string (except 3380 Model AA4).

When the 3990 attaches to 3380 AD4 or AE4, it operates in DLS (2-path) support
mode (shortened to DLS mode for the remainder of this manual). When the 3990 is
attached to 3380 AA4, the 3990 operates according to the dynamic path selection
capability of the 3380 AA4. When the 3990 is attached to 3380 AJ4/AK4 DASD, and
the logical subsystem operates in DLS mode, feature 9432 must be installed on the
3380 AJ4/AKA4.

A storage path is a single-path storage director in DLS mode. For 3990 Models 2
and 3 in DLS mode, there are two independent logical DASD subsystems within
this configuration (3990 Model 1 has only one logical DASD subsystem). As with
two 3880s, the operating system addresses each of the four storage paths. Storage
director 0 and 2 address one set of devices, storage director 1 and 3 address a dif-
ferent set of devices.

Note: For a description of the features that are required when attaching the dif-
ferent models of the 3380 DASD to the 3990, see Chapter 6, “Optional
Features” on page 55.

Device Level Selection Enhanced Mode of Operation
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Device Level Selection Enhanced (DLSE) Support Mode permits two multipath
storage directors to access data in the DASD subsystem. Each multipath storage
director has two storage paths. In DLSE support mode (shortened to DLSE mode
for the remainder of this manual), there is a one-to-one relationship between the
storage director and the storage cluster, consisting of two storage paths.

DLSE provides DASD strings with four paths to each actuator and simultaneous
data transfer to any four actuators in the attached 4-path strings. DLSE allows any
device to be selected over any of four paths, including those of the same head disk
assembly (HDA), instead of either of two paths, as in DLS—resulting in a significant
improvement in data throughput and overall subsystem performance.

DLSE is a logical extension of DLS. However, the physical configuration and the
mode of operation are somewhat different. In <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>