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PREFACE

Sections 01 through 50 of this publication assume that the reader is
familiar with a Systems/360 Model 22 or higher. The reader should have a
general knowledge of System/360 architecture, channels, I/0 devices, and
programming systems support. These sections highlight and discuss the
significance of only those 4331 Processor hardware, I/0, and programmring
systems features that are different from those of System/360 Models 22
and up. :

Sections 01 through 50 are also designed for readers who are
knowledgeable about System/370 architecture, channels, 1/0 devices, and
programming systems. Compatibility between the architectures
implemented in 4300 Processors and System/370 processors and their
programming systems support is also discussed.

Section 60 assumes a reader with System/360 Model 20 (Submodel 5)
knowledge. This section highlights the hardware and I/0 device
differences between #4331 Processor and Model 20 configurations that also
exist between the Model 20 and Models 22 and up. Therefore, after
reading Section 01, the Model 20 user should read Section 60 before
continuing with Sections 05 through 50.
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SECTION 01: HIGHLIGHTS

The 4331 Processor is an intermediate-scale, general purpose
processor. It is one of the IBM 4300 Processors and is compatible with
the 4341 Processor. The 4331 Processor offers System/360- and
System/370-compatible architecture, a new architecture that provides new
function, and a new level of price performance for intermediate system
users made possible by the use of large-scale integrated technology.

The 4331 Processor provides the range of commercial and scientific
data processing capabilities offered by System/360 and System/370, as
well as the advanced functions provided by System/370, such as support
of wvirtual storage. Virtual storage support is designed to facilitate
new application development and to ease entry into, and expansion of,
online data processing operations.

The 4331 Processor provides a growth path for users of System/360
Models 30 and 40. It offers such installations advanced functions,
significantly increased internal performance, greatly improved price
performance, and hardware and programming systems compatibility. These
characteristics also make the 4331 Processor a suitable growth processor
for installations with a System/360 Model 20.

The advanced functions provided by the 4331 Processor, its price
performance, emphasis on ease of installation, and reduced power and
cooling costs make it an attractive processor for businesses without an
intermediate~scale System/360 or System/370 processor installed. These
characteristics, together with the tramsition aids available, also make
the 4331 Processor a suitable growth system for installations with large
IBM Systen/3 configurations.

The 4331 Processor can be installed as a standalone system to handle
all traditional application areas. Its compatibility with System/360
and System/370 and its programming systems support also enable the 4331
Processor to be incorporated in the communications networks of large
installations and multiple-system installations without disruption of
normal production processing.

In addition, the telecommunications capabilities of the 4331
Processor (which include synchronous data link control support), its
low~-cost direct access storage, and its compact physical design (which
results from large-scale integrated technology and integrated I/0
attachments) enable the 4331 Processor to function well in a distributed
data processing environment. The 4331 Processor can operate as a
systems network architecture (SNA) node or as a host to other SNA
terminals (see discussion at the end of this section).

Transition from System/360 Model 30 and 40 configurations to a 4331
Processor configuration can be accomplished with a minimum of effort
because most System/360 user programs, I/0 devices, and programming
systems are upward compatible with those of the 4331 Processor. More
effort is required for a Model 20 user to convert to a 4331 Processor
because of basic differences between the Model 20 and other System/360
processors (see Section 60).

Compatible growth from System/360 operating systems to a 4331
Processor virtual storage environwment can be achieved using . Disk
Operating System/Virtual Storage Extended (DOS/VSE) and Operating
System/Virtual Storage 1 (0S/VsSl), which is extended to support the 4331
Processor as of Release 7. DOS/VSE is a compatible extension of DOS/VS
Release 34, which utilized DOS Version 4 as a base, while 0S/VSl is
based on 0S MFT. DOS/VS Release 34 will also operate correctly on the
4331 Processor but will not be modified to support its features.



In addition to supporting virtual storage, the operating systems that
support the 4331 Processor offer a large number of other capabilities
and performance-oriented enhancements that are not provided by
System/360 operating systems. If necessary (for transition purposes,
for example), a System/360 operating system, namely DOS Version 3
{Release 26), can be used on a 4331 Processor.

Transition with little or no reprogramming is also provided for Model
30 and 40 users who are emulating 1401/1440/1460 systems. Improved
emulators for these 1400 systems that operate under DOS/VSE, DOS/VS, and
DOS control on the 4331 Processor are available.

A virtual machine environment is supported by Virtual Machine
Facilitys370 (VvM/370), the successor to CP-67/CMS for System/370.
VM/370 Release 6 and the Virtual Machines/Basic System Extensions
(VM/BSE) Release 2 program product support the 4331 Processor. VM/370
Release 5 with the appropriate PLC level will also operate correctly on
the 4331 Processor. While CP-67/CMS is available only to Model 67
Systen/360 users, VM/370 operates on all System/370 processors except
Models 115, 125, 155, and 165 and supports all 4300 Processors.

VM/370 provides interactive computing via its Conversational Monitor
System (CMS) component and remote spooling via its Remote Spooling
Communications Subsystem (RSCS) component.

Highlights of the 4331 Processor, when compared with System/360
Models 30 and 40, are as follows:

¢ Upward compatibility with most System/360 and Systemv/370
architecture and programming systems has been maintained in the 4331
Processor through implementation of the System/370 mode of processor
operation. System/370 mode provides compatibility for System/360
and Systems/370 control programs and problem programs.

The Extended Control Program Support:Virtual Storage Extended
(ECPS:VSE) mode of operation, not provided in System/360 or
System/370, is also implemented in the 4331 Processor. This mode is
designed to provide increased processor performance when DOS/VSE is
used. ECPS:VSE mode provides compatibility for System/360 and
System/370 problem programs but not control programs.

e When DOS Release 26 and a commercial workload (RPG II payroll
application, etc.) were executed, the instruction execution speed of
the 4331 Processor measured from 3.3 to 5.6 times faster than that
of the System/360 Model 30 processor executing the same workload
under DCS Release 26.

When DOS/VSE and ECPS:VSE mode were used in a 4331 Processor with
3310 Direct Access Storage attached, the 4331 Processor executing a
representative batch jobstream was measured to have an instruction
execution rate of 4.4 to 5.4 times that of a System/370 Model 115
Model 0, 2.5 to 4.7 times that of a System/370 Model 115 Model 2,
and 2.0 to 3.3 times that of a System/370 Model 125 Model 2 (all
with 3340 disks attached), using DOS/VS Release 34 and the same
representative batch jobstream.

With DOS/VSE executing in the 4331 Processor and ECPS:VSE mode in
effect, a reduction of up to 20 percent of the total processor time
used was measured as compared with DOS/VSE executing the same
workload on an identical 4331 Processor configuration operating in
Systen/370 mode.



e The following are instruction processing function features of the
4331 Processor.

Implementation of a System/370 mode and an ECPS:VSE mode is
standard. Both modes provide the ability to support virtual
storage. The major difference between the two modes is the way in
which address translation is performed to support a virtual storage
environment.

System/370 mode provides compatibility with System/360 and
System/370. When System/370 mode is in effect, either the basic
control (BC) mode or the extended control (EC) mode of operation
will also be in effect. BC mode is the System/360-compatible mode
for 4331 Processors and is architecturally equivalent to BC mode for
System/370.

The EC mode of System/370 mode provides a different PSW format and
an altered, permanently assigned lower processor storage area.
These changes provide additional processor control and support new
functions, such as the dynamic address translation facility to
support virtual storage, that are not available in BC mode. The EC
mode of System/370 mode is architecturally equivalent (with a few
exceptions) to the EC mode of System/370.

When System/370 and EC modes are in effect, the standard dynamic
address translation (DAT) facility can be enabled to provide
translation of instruction addresses (but not addresses in channel
command words) during program execution. The standard channel
indirect data addressing function is provided for this mode to
enable an I/0 buffer to span a set of noncontiguous processor
storage areas when DAT is enabled.

The DAT facility can be used to support one virtual storage of up to
16 million bytes or multiple virtual storages of up to 16 million
bytes each. The DAT facility in the 4331 Processor is functionally
identical to the DAT facility for System/370 processors.

ECPS:VSE mode is specifically designed to be utilized with the
DOS/VSE operating system to provide increased processor performance
when compared with that achieved using DOS/VSE executing with
Systen/370 mode in effect.

ECPS:VSE mode provides an alternative method for translating
addresses in instructions during instruction execution and, in
addition, provides for translating addresses in chammel command
words during I/0 operations. The address translation technique used
in ECPS:VSE mode permits only one virtual storage of up to 16
million bytes to be supported.

ECPS:VSE mode offers a reduction in the processor time required to
perform address translation to support one virtual storage. The
reduction occurs primarily because programmed channel program
translation and the use of channel indirect data addressing are
eliminated. In addition, the instruction address translation
technique used in this mode is faster than the DAT facility
technique.

The cycle time.of the instruction processing function varies from
200 nanoseconds to 1600 nanoseconds in 100-nanosecond increments,
depending on the function performed.

The standard instruction set for the 4331 Processor includes many
new general purpose and control-program-oriented instructions in
addition to the powerful System/360 instruction set. The standard
4331 Processor instruction set consists of the entire instruction



set provided for System/370 (except for multiprocessing and direct
control instructions) and several new control instructions that can
be utilized only when ECPS:VSE mode is in effect (see Section 10:30
for the instructions not available for System/360).

Floating-point arithmetic, which includes extended precision
operations, is standard. Precision of up to 28 hexadecimal digits,
equal to up to 34 decimal digits, is provided by the extended
precision data format.

An interval timer of 10 milliseconds resolution, at location 80 in
processor storage, that can improve job accounting accuracy is
standard. (A 16.6-ms resolution timer is available for Models 30
and 40.)

A time-of-day clock is included as a standard feature to provide
more accurate time-of-day values than does the interval timer. The
clock has a 16-microsecond resolution.

A CPU timer and clock comparator are standard. The CPU timer
provides an interval timing capability similar to that of the
interval timer but has a much larger capacity than the latter and is
updated every 16 microseconds, as is the time-of-day clock. The
clock comparator can be used to cause an interruption when the time-
of-day clock passes a specified value. These items provide higher
resolution timing facilities than the interval timer and enable more
efficient timing facility routines to be used.

The standard byte-oriented operands facility permits byte boundary
alignment for the operands of nonprivileged instructions, making it
unnecessary to add padding bytes within records or to blocked
recoxrds to align fixed- or floating-point data.

A monitoring feature that can be used to trace user-defined program
events for the purpose of debugging or statistics gathering is
standard.

Program event recording is standard and is designed to be used as a
problem determination aid. This feature includes hardware that
monitors the following during program execution: successful
branches, the alteration of general registers, and instruction
fetching from, and alterations of, specified areas of processor
storage. It can operate only when the 4331 Processor is in EC mode.

The Extended Control Program Support:Virtual Machines/370
(ECPS:VM/370) feature is optional. This feature is designed to
increase the performance of VM/370 when it operates in the 4331
Processor, since it causes certain control program functions of
VM/370 to be executed in hardware instead of via programming. This
feature cannot be installed with the 1401/1440/1460 Compatibility
feature and can be enabled only when System/370 mode is in effect.

Functionally improved relocatable emulators are available that
operate under operating system control. Concurrent execution of
4331 Processor programs with any combination of 1401, 1440, and 1460
programs in a DOS/VSE, DOS/VS Release 34, or DOS Release 26
multiprogramming environment is supported for the #4331 Processor.
The IBM Systems 1401/1440/1460 Emulator Program (a program product)
supports 1400 emulation using the no-charge optional 1401/1440/1460
Compatibility feature for the 4331 Processor or a 1400 simulator
program. Use of the compatibility feature provides better
performance. The 1401/1440/1460 Compatibility feature cannot be
installed with the 8809 Magnetic Tape Unit Adapter or ECPS:VM/370
features.



e The following are significant storage features of the 4331 Processor.

All storage in the 4331 Processor--local, control, and processor
(main)--is implemented using monolithic technology instead of
discrete ferrite cores. The technology used for processor and
control storage. in the #4331 Processor provides much denser storage
chips than are used in System/370 (64K-bits per chip and 18K-bits
per chip for processor and control storage, respectively, versus 2K-
bits per chip in most System/370 processor storage).

512K and 1024K of processor storage are available--16 times the
maximum amount of main storage available on the Model 30 and 4
times the maximum amount available on the Model 40. Processor
storage has a read cycle time of 900 nanoseconds and a write
cycle time of 1300 nanoseconds for a full word.

A portion of the processor storage installed is used to contain
certain instruction processing function microcode, processor
tables and work areas, and (optionally) 231X ands/or 3340
emulation buffers. The amount of processor storage reserved for
processor use varies depending on the optional features installed
and mode (System/370 or ECPS:VSE) in effect.

The minimunm amount of reserved processor storage is 16K bytes
(optional Control Storage Expansion feature installed, System/370
mode of operation or ECPS:VSE mode with one megabyte of virtual
storage defined, channel-attached 231X direct access storage, and
no optional I/0 adapters or other microcoded features). The
ninimum reserved processor storage requirement without Control
Storage Expansion installed is 52K.

64K of reloadable control storage (RCS) is standard. The
optional Control Storage Expansion feature provides an additional
64K of RCS and is required when more than 64K of RCS is needed to
contain the microcode for the selected optional features.

control storage contains the most frequently used processor
microcode, including that needed for both standard and optional
features. Use of writable, instead of read-only, control storage
offers the advantages of improved system serviceability and ease
of optional feature and engineering change installation.

Exror checking and correction (ECC) hardware (like that implemented
in systems/370 processors), which automatically corrects all single-
bit processor storage errors and detects (but does not correct) all
double-bit and many multiple-bit errors, is standard. Systemn/360
processors use parity checking for processor storage.

Spare bits are also included in the processor storage in each 4331
Processor. Via the processor storage defect dictionary, the
customer engineer can assign spare bits as substitutes for
malfunctioning primary processor storage bits.

¢ The following channel and I/0 adapter features are provided for the
4331 Processor.

Several integrated I/O adapters are available that offer lower-cost
attachment of I/0 devices. The adapters enable 1/0 devices to be
attached to the 4331 Processor directly without a channel and
control unit. In addition, channels can be installed. All optional
170 adapters and channels available can be installed in the same
4331 Processor when certain configuring rules are observed.

Optionally, one byte multiplexer channel with a maximum data rate of
18 thousand bytes per second (KB/sec) in byte mode and 500 KB/sec



maximum data rate in burst mode can be installed. - Functionally, the
byte multiplexer channel forxr the 4331 Processor is equivalent to
that for System/360 and System/370 processors.

Optionally, one block multipléxer channel with a maximum data rate
of 500 KB/sec can be installed. Functionally, the block multiplexer
channel is equivalent to that for System/370 processors.

A block multiplexer channel is a superset of a selector channel and
is designed to increase total system throughput by permitting
increased amounts of data to enter and leave the processor in a
given time period. A single block multiplexer channel can support
interleaved, concurrent execution of multiple high-speed 1I/0
operations. The block multiplexer channel for the 4331 Processor
can also operate in selector channel mode.

The Display/Printer Adapter is standard. It provides the ability to
connect the required operator console device and up to seven
additional display and/or printer devices to the 4331 Processor
without the need for a channel and control unit. The optional
Display/Printer Adapter Expansion feature can be installed to permit
an additional eight units (required console and up to 15 displays
and/or printers) to be attached to the Display/Printer Adapter. The
3278 Display Station Model 2, 3287 Printer Models 1 and 2, 3262 Line
Printer Model 1, and 3289 Line Printer Model 4 can be attached
directly to the 4331 Processor via this adapter.

Optionally, one DASD Adapter can be installed for the direct
attachment of up to four strings of direct access devices. The DASD
Adapter functions as a block multiplexer channel with an attached
disk storage control unit. that has multiple requesting and
rotational position sensing capabilities. Rotational position
sensing is implemented for direct access devices to enable them to
utilize the block multiplexing capability.

The DASD Adapter provides for the direct attachment of 3310 and 3370
Direct Access Storage (up to four strings in any combination of 3310
strings and 3370 strings). When the optional 3340 Direct Attach
feature is installed with the DASD Adapter, 3340 direct access
devices can be attached to the 4331 Processor via the DASD Adapter
(maximum of two 3340 strings). The DASD Adapter can have 3310,
3370, and 3340 strings attached when 3340 Direct Attach is
installed.

Optimum processor and direct access device performance is achieved
when 3310 andsor 3370 disk drives are installed. Attachment of 3340
disk is provided to facilitate the coexistence of the 4331 Processor
with System/370 and 4341 processors. The 3340 Direct Attach feature
cannot be installed when 231X disk devices are attached to the block
multiplexer channel of the 4331 Processor.

Optionally, the System/3 .Data Import feature can be installed
together with the DASD Adapter. This feature enables 3340 direct
access devices (A and B models) to be attached to the DASD Adapter
and permits the reading (but not writing) of 3348 Data Modules that
were created by IBM System/3 Model 12 or 15 processors. The files
read can then be placed on a direct access device type that the 4331
Processor can read and write. This feature is designed to be used
as a conversion aid for Systems/3 users. The System/3 Data Import
feature cannot be installed if 231X devices are attached to the
block multiplexer channel.

The -optional 2311/2314/2319/3310 Direct Accéss Storage Compatibility
feature is a disk conversion aid. It enables 3310 drives attached
to the DASD Adapter to be used to simulate 2311 or 2314/2319 disk



drives. This feature enables DOS, DOS/VS, and DOS/VSE programs that
read from, and write to, 2311 or 2314/2319 drives to execute in the
4331 Processor without modification and access the 231X files on
3310 drives once the 231X files have been transferred to 3310
drives.

Optionally, one 8809 Magnetic Tape Unit Adapter can be installed to
permit up to six 8809 Magnetic Tapée Units to bé attached directly to
the 4331 Processor. This adapter cannot be installed if 231X disk
devices are attached to the block multiplexer channel or if the
optional 1401/1440/1460 Compatibility feature is installed.

The optional Communications Adapter for the #4331 Processor offers
lower-cost communications line attachment than is available for
Models 30 and 40. This adapter permits direct attachment to the
4331 Processor of up to eight low-speed (up to 9600 bits per second)
lines. The maximum aggrégate data rate of the adapter is 64,000
bits per second (bps). One high-speed line with a data rate over
9600 bps but not higher than 56,000 bps can be installed and can
operate concurrently with other lines attached to the Communications
Adapter as long as the maximum aggregate data rate of 64,000 bits
per second is not exceeded and no other line operates at a data rate
higher than 9600 bits per second.

Start/stop, binary synchronous, and synchronous data link control
communications are supported by the Communications Adapter but only
two of the three line control types, in any combination, can be
installed in a 4331 Processor. Two autocall units can be installed
as well. Communications lines can also be attached to the 4331
Processor via 2701, 2702, 2703, 3704, and 3705 transmission control
units.

Optionally, one 5424 pAdapter can be installed to permit one 5424
Multi-Function Card Unit to be attached directly to the 4331
Processor. This feature is provided as another conversion aid for
System/3 users and to assist transition from System/370 processors
that use the 5425 Multifunction Card Unit.

Optionally, one diskette drive (which includes its own adapter) can
be installed. This drive reads and writes diskettes, in EBCDIC
code, that are interchangeable with diskettes for the diskette
drives in other IBM devices and processors.

A 3278 Model 2A Display Console, consisting of a cathode ray tube,
keybcard, and operator control panel, is required as the operator
console. Display mode is standard and printer-keyboard mode can be
installed as an option. The display console provides a faster means
of display than a typewriter-keyboard device.

The display console is used to perform manual operations that for
System/360 processors are performed using switches and pushbuttons
on the control panel located on the front of the processor unit.
The display console is also used for operator-to-operating system
communication and by the customer engineer for diagnosing processor
malfunctions.

Optionally, a 3287 Model 1 or 2 Printer can be installed via the
standard Display/Printer Adapter to provide hard-copy backup for the
operator console when display mode is used. A 3287 Printer is
required for printer-keyboard mode, which is made available to
enable a System/360 operating system that utilizes a 1052 Printer-
Keyboard or a System/370 operating system that uses a 3210/3215
Console Printer-Keyboard as the operator console device to execute
in the 4331 Processor.



e I/0 devices for the 4331 Processor. include the following.

Most I/0 devices for System/360 Models 30 and 40 can be attached.
In addition, several 1I/0 devices that cannot be attached to Models
30 and 40 because of their channel data rate or to any System/360

processors are attachable to the 4331 Processor.

The 3505 Card Reader and the 3525 Card Punch with optional card read
capability (not attachable to Models 30 and 40) can be channel-
attached to the 4331 Processor. A variety of models are available.
They offer 2500-series, 80-column card users configuration
flexibility, new functions, high reliability, and greatly expanded
error recovery facilities.

Models Bl and B2 of the 3505 Card Reader can operate at 800 and
1200 cards per minute, respectively. Significant new features
for 2540 users include Optical Mark Reading (optional) and Read
Column Eliminate (standard). The latter is designed to permit
the successful reading of cards containing internal perforations
or other holes that normally would cause an error.

Models P1, P2, and P3 of the 3525 card Punch can punch and,
optionally, read 100, 200, and 300 cards per minute,
respectively. New features of this unit for 2540 users include
automatic punch retry when an error is detected during non-
read/punch operations (standard) and optional card printing. A
two-line print feature and a multiline (up to 25 lines) print
feature are available.

The 3289 Line Printer Model 4, with a print speed of 400 alphameric
lines per minute for a 48-character set, can be attached via the
Display/Printer Adapter. This printer (not attachable to Models 30
and 40) provides economical printing capability for installations
that do not have a high volume.of print activity.

The 3262 Model 1 Line Printer, with a print speed of 650 lines per
minute for a 48-character set, can be attached to the
Display/Printer aAdapter. This printer (not attachakle to Models 30
and 40) is similar in construction to the 3289 Model 4 but provides
faster print speeds. A maximum of two line printers, any
combination of 3262 Model 1 and 3289 Model 4§ prlnters, can be
attached to the Display/Printer Adapter.

The 3203 Model 5 Printer (not attachable to Models 30 and 40), with
a tapeless carriage and print speed of 1200 alphameric lines per
second (with a &48-character set), can be channel attached. The 3203
Model 5 contains its own control function and is a standalone
version of the 3203 Model 2, which attaches to System/370 Models 115
and 125. In addition to improved price performance, the 3203
Printer offers several other advantages over the 1403 Printer, such
as reduced operator intervention, higher reliability, quieter
operation, and a more compact design.

The high-speed 3211 Printer, with a tapeless carriage and print
speed of 2000 alphameric lines per minute (for 48-character sets),
is channel attachable. The 3211 can be installed instead of, or in
addition to, 3203 Model S5 Printers when the volume of print activity
in the installation is high enough to require its faster print speed
or when additional print capability is needed.

The 3800 Printing Subsystem (not attachable to Models 30 and 40) can
be channel attached to provide very high speed printing (up to
10,020 lines per minute for ll-inch-long paper with 6 lines to the
inch and up to 20,040 lines per minute with 12 lines to the inch).
The 3800 is a nonimpact printer that uses an electrophotographic



technique with a low-powered laser to print on single-form paper.
It offers a variety of printing features not provided by other IBM
printers as well as operational features such as a burster-trimmer-
stacker.

The 8809 Magnetic Tape Unit (not attachable to System/360 or
Systen/370) can be attached via the 8809 Magnetic Tape Unit Adapter.
An 8809 Magnetic Tape Unit can operate in start/stop mode like 2400-
and 3400-series tape units, starting and stopping between interblock
gaps during tape block processing, or in a streaming mode not
implemented for these tape units.

When operating in streaming mode, an 8809 tape unit does not stop
the tape between interblock gaps and maintains tape velocity while
passing over an interblock gap, the assumption being another command
will be received during the gap-passing time interval. An 8809 tape
unit can operate at a 160-KB/sec instantaneous maximum data rate
during streaming operations and at a 20-KB/sec instantaneous maximum
data rate for starts/stop mode. For the 4331 Processor, the 8809
tape unit can be used as a high-speed save/restore device for non-
removable direct access devices, such as 3310 and 3370 disk storage,
and for traditional tape functions.

The 3410/3411 Magnetic Tape Subsystem, Models 1, 2, and 3, can be
channel attached to provide data transfer rates of 20, 40, and 80
KB/sec, respectively, at 1600-BPI density. Phase-encoded recording
is used. A Model 1 subsystem can consist of from one to four tape
units. Models 2 and 3 of the subsystem can have from one to six
tape units. This subsystem offers improved price performance over
2400~-series tape units for data rates under 120 KB/sec, a simplified
tape path to speed tape setup, Dual Density amnd Seven Track
features, a totally new compact physical design that minimizes floor
space requirements, and reliability, availability, and
sexrviceability improvements.

The 380373420 Magnetic Tape Subsystem is channel attachable. Models
3, 5, and 7 of the 3420 Magnetic Tape Unit have data rates of 120,
200, and 320 KB/sec, respectively, at 1600-BPI recording density.
Phase-encoded recording, which permits automatic correction of all
single-bit read errors in flight, is used for these models. Model 4
of the 3420 Magnetic Tape Unit (not attachable to Models 30 and 40)
can also be attached and has a data rate of 470 KB/sec at 6250-BPI
recording density. The advanced recording technique used for the
Model 4 provides automatic correction of all single- and double-bit
read errors in flight.

The 3803/3420 tape subsystem offers significantly faster data rates
than 2400-series tape units at 6250-BPI density; increased tape reel
capacity at 6250-BPI density; Dual Density and Seven Track features
for compatibility with, and conversion of, 28400-series tape volumes;
greatly reduced operator handling through implementation of such
features as automatic tape threading and cartridge loading; lower
cost tape switching than is provided for 2400-series tape units; and
improved reliability, availability, and serviceability features.

3310 Direct Access Storage (not attachable to System/360 or
Systen/370) is intermediate-capacity, fixed media disk storage with
movakle heads. Each drive has a capacity of 64.5 million bytes. Up
to four strings of from one to four drives each (in one-drive
increments) can be attached to the #4331 Processor only via the DASD
Adapter to provide a maximum of sixteen 3310 drives with a capacity
of 1,032 million bytes.

A 3310 drive has a 1.031-MBs/sec data transfer rate, average seek
time of 27 ms, and full rotation time of 19.2 ms. A fixed-block
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recording technique (fixed block architecture) is used for data on
3310 tracks instead of the self-formatting (count, key, data)
recording technique implemented for System/360 and System/370 direct
access devices. Fixed block architecture is designed to utilize
fully the block multiplexing capability of the DASD Adapter
(rotational position sensing is a standard capability of the 3310).
It provides reduced storage control function cost and data mobility
advantages over the self-formatting recording technique.

3370 Direct Access Storage (not attachable to System/360 or
systems/370) is very large capacity, high-speed, fixed-media direct
access storage with movable heads. Data is stored on the
nonremovable disks using the fixed block architecture that is
utilized for 3310 Direct Access Storage. The 3370 can be attached
to the 4331 Processor only via the DASD Adapter.

A 3370 drive has a data transfer rate of 1.86 MB/sec, average seek
time of 20 ms, and full rotation time of 20.2 ms. Each 3370 drive
has a capacity of 571.3 million bytes and two actuators, each of
which can access half the capacity of the drive. A 3370 string can
contain from one to four drives in one-drive increments for a string
capacity of approximately 2.3 billion bytes. Thus, a maximum of
approximately 9.2 billion bytes of 3370 Direct Access Storage can be
attached to the 4331 Processor via the DASD Adapter.

Each 3370 contains two logical drives, one per actuator. While only
one actuator can transfer data at a time, the other actuator can be
performing seeking and rotational positioning operations.

The 3310 and 3370 disk storage units offer many advantages over both
2314 and 3340 disk storage, such as lower cost; reduced space,
power, and cooling requirements; and increased reliability.

3340 Direct Access Storage can be attached to the 4331 Processor via
the DASD Adapter when the 3340 Direct Attach feature is installed.
The 3340 is intermediate-capacity direct access storage that,
because of its unique design and advanced technology, offers
advantages over 2314 disk storage. It utilizes the count, key, data
recording technique.

The storage medium for 3340 disk storage is the removable,
interchangeable 3348 Data Module, a sealed cartridge that is never
opened by the operator. In addition to the disks on which data is
written, the 3348 Data Module contains a spindle, access arms, and
reads/write heads. The 3340 Disk Storage Drive contains the
mechanical and electrical components required to operate the 3348.

The 3340 has an 885-KB/sec data transfer rate, average seek time of
25 ms, and full rotation time of 20.2 ms. A 3348 Data Module has a
maximum capacity of approximately 35 million or 70 million bytes
(assuming full-track records), depending on the model. One model of
the 3348 offers fixed heads for zero seek time to approximately
502,000 bytes maximum and movable heads for an average seek time of
25 ms to the remaining bytes in the data module.

A string of from two to eight 3340 drives can be configured. One or
two 3340 strings can be attached to the 4331 Processor only via the
DASD Adapter. Any model of the 3348 can be mounted on a 3340 drive.
Therefore, 3340 string capacity can vary from 70 million bytes to
560 million bytes in increments of 35 and/or 70 million bytes
(assuming full-track records).

The sealed cart