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PREFACE

This publication assumes the reader is familiar with a System/360
Model 22 or higher. The reader should have a general knowledge of
System/360 architecture, channels, I/0 devices, and programming systems
support. This publication highlights and discusses the significance of
only those hardware, I/C, and programming systems features of the 4341
Processor that are different from those of System/360 Models 22 and up.

This publication is also designed for readers who are knowledgeable
about System/370 architecture, channels, I/0 devices, and programming
systems. Features of the 4341 Processor that are like the same features
in System/370 processors are identified. Compatibility between the
architectures implemented in 4300 Processors and System/370 Processors
and their programming systems support are also discussed.
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SECTION 0l1: HIGHLIGHTS

The 4341 Processor is an intermediate-scale, general purpose
processor. It is one of the IBM 4300 Processors and is compatible with
the 4331 Processor. The 4341 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 4341 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 virtual storage. Virtual storage support is designed to facilitate
new application development and to ease entry into, and expansion of,
online data processing operations.

The 4341 Processor provides a growth path for users of System/360
Models 50 and 65. It offers such installations advanced functions,
significantly increased internal performance, greatly improved price
performance, and hardware and programming systems compatibility. The
price performance of the 4341 Processor together with its hardware and
programming systems compatibility with System/370 also make the 4341
Processor a suitable growth processor for installations with a
System/370 Model 125, 135, 138, or 145. 1In addition, the 4341 Processor
can be utilized in distributed processing environments that require high
performance and large-capacity storage.

Transition from System/360 Model 50 and 65 configurations to a 4341
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 #4341 Processor.

Compatible growth from System/360 operating systems to a 4341
Processor virtual storage environment and compatible transition from
System/370 operating systems can be achieved using Disk Operating
System/Virtual Storage Extended (DOS/VSE) and Operating System/Virtual
Storage 1 (0S/VSl1l), which support the 4341 Processor. DOS/VSE is a
compatible extension of DOS/VS Release 34 (which utilized DOS Version 4
as a base) that provides significant new function and performance
features. 0S/VS1, which is based on OS MFT, is extended to support the
4341 Processor as of Release 7.

In addition to supporting virtual storage, the operating systems that
support the 4341 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), DOS Release 26 can be used in a 4341 Processor.

A virtual machine environment is supported by Virtual Machine
Facilitys/370 (vM/370), the successor to CP-67/CMS for System/370.
VM/370 Release 6 and the Virtual Machine/Basic System Extensions
(VM/BSE) Release 2 program product support the 4341 Processor. While
CP-67/CMS is available only to Model 67 System/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.

While the 4341 Processor does not have a 1400 compatibility feature,
simulation of 1401/1440/1460 programs on the 4341 Processor using a DOS
Release 26, DOS/VS Release 34, or DOS/VSE operating system is supported.
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A 1400 simulator program can be generated using the IBM Systems
1401/1440/1460 Emulator Program {(a program product).

Highlights of the 4341 Processor, when compared with System/360
Models 50 and 65, are as follows:

e Upward compatibility with most System/360 and System/370
architecture and programming systems has been maintained in the 4341
Processor through implementation of the System/370 mode of processor
operation. This mode provides compatibility for System/360 and
System/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 4341 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 The 4341 Processor is capable of an instruction execution rate of up
to 3.2 times that of the 3138 Processing Unit and 1.73 times that of
the 3148 Processing Unit with identical programs and equivalent
configurations running under DOS/VS Release 34, 0S/VS1l Release 7, or
VM/370 Release 6. This performance is achieved for 0S/VS1l and
VM/370 when the appropriate hardware assist is utilized in the 4341
Processor (ECPS:VS1l or ECPS:VM/370, respectively) and Models 138 and
148 (VS1l hardware assist function and VM/370 hardware assist
function of the ECPS feature).

The 4341 Processor offers balanced performance for binary, decimal,
and scientific (floating-point) arithmetic instructions. 1In a
scientific environment, the 4341 Processor has been measured to be
up to 3.1 times faster than a 3148 Processing Unit running the same
FORTRAN jobs.

A reduction of up to 13 percent of total processor utilization time
has been measured when DOS/VSE, running in an interactive
environment, is used with ECPS:VSE mode instead of System/370 mode
in effect in the 4341 Processor.

e The following are instruction processing function features of the
4341 Processor.

Instruction processing function logic is implemented in large-scale
integrated technology that provides greatly increased circuit
density per chip (704 circuits maximum versus 8 circuits maximum per
chip in most System/370 processors). See Section 05:05 for a
detailed logic technology discussion.

Implementation of a System/370 mode and an ECPS:VSE mode, both of
which support virtual storage, is standard. 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 4300 Processors and is architecturally equivalent to BC mode for
System/370 Processors.

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
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support virtual storage, that are not available in BC mode. The EC
mode of System/370 mode in the 4341 processor is architecturally
equivalent (with a few exceptions) to the EC mode of System/370
processors.

When Systenv370 and EC modes are in effect, the standard dynamic
address translation (DAT) facility can be enabled to provide
translation of addresses in instructions (but not addresses in
channel command words) during program execution. The standard
channel indirect data addressing function is provided for System/370
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 4341 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 to that achieved using DOS/VSE executing with

System/ 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 channel 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, including 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 used in System/ 370 mode.

The cycle time of the 4341 Processor varies from 150 to 300
nanoseconds.

The instruction processing function design provides increased
instruction execution performance. Instruction prefetching is
implemented that results in the overlap of instruction fetching with
instruction execution during sequential instruction processing. In
addition, an eight-byte-wide arithmetic logic unit is used that
improves the performance of decimal and floating-point operations.

Improvements in the number of functions performed during the
instruction cycle of instruction execution result in the faster
execution of many other instructions, most of which are among the
more frequently used instructions.

The standard instruction set for the 4341 Processor includes many
new general purpose and control-program-oriented instructions in
addition to the powerful System/360 instruction set. The standard
4341 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.

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.
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An interval timer of 3.3 milliseconds resolution at location 80 in
processor storage, which can improve job accounting accuracy, is
standard. A 16.6-ms resolution timer is available for Models 50 and 65.

A time-of-day clock is included as a standard feature to provide
more accurate time-of-day values than does the interval timer. This
clock has a one-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 microsecond, 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
records to align fixed- or floating-point data. In the 4341
Processor, minimal performance degradation results from the use of
unaligned 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 function only when the 4341 Processor is operating
in EC mode.

The Extended Control Program Support features are standard. They
provide a VS1 hardware assist function (ECPS:VS1) and a VM/370
hardware assist function (ECPS:VM/370) for the 4341 Processor.
Either ECPS:VS1 or ECPS:VM/370 can be activated only when System/370
mode is in effect. The two assists cannot be used concurrently.

The operator selects the assist to be active for an IML using the
operator console.

ECPS:VS1 and ECPS:VM/370 increase the performance of a VSi and
VM/370 operating system (respectively) when it operates in a 4341
Processor, since these functions cause certain control program
routines to execute in hardware instead of as routines written using
4341 Processor instructions.

ECPS:VS1l for the 4341 Processor is functionally equivalent to the
0S/VS1 Extended Control Program Support feature for the System/370
Model 158 and 3031 Processor Complex. ECPS:VM/370 provides the same
facilities as the Virtual Machine Assist feature, which is available
for most System/370 processors, plus several additional facilities.
It is functionally equivalent to the VM/370 hardware assist function
for Models 135 Model 3, 138, 145 Model 3, and 148.

A reduction of up to 7 percent of supervisor state processor busy
time has been measured when ECPS:VS1l is utilized by the 4341
Processor as compared to the same version of 0S/VSl operating
without the assist activated. A reduction of up to 84 percent of
the supervisor state processor time used by CP has been measured
when ECPS:VM/370 is utilized as compared to the same CP operating
without the assist activated.
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e The following are significant storage features of the 4341 Processor.

All storage in the 4341 Processor--processor (main), control, high-
speed buffer, and local--is implemented using monolithic technology
instead of discrete ferrite cores. The technology used for
processor storage in the 4341 Processor provides a much denser
storage chip (64K or 16K bits per chip) than is used in most

Systen/ 370 processors (2K bits per chip) and a new bipolar
technology is used for control storage and high-speed buffer storage
(see Section 05:05).

A two-level storage system is implemented, consisting of large
processor storage used as backing storage for a smaller high-speed
buffer storage. The instruction processing function works mostly
with the buffer so that the effective processor storage cycle is a
fraction of the actual processor storage cycle. For System/370,
high-speed buffer storage is implemented only in large-scale
processors (Models 155 and up and 303X processors).

8K bytes of high-speed buffer storage are standard. Data is fetched
from the buffer at a rate of 225 nanoseconds for a doubleword.

2048K and U4096K of processor storage are available--eight times the
maximum amount of main storage available on the Model 50 and four
times the maximum amount available on the Model 65.

A minimum of 14K and a maximum of 108K of highest addressed
installed processor storage will not be accessible to programs. The
amount of unavailable processor storage depends on the number of
UCWs installed, the mode (System/370 or ECPS:VSE) in effect, and the
amount of processor storage installed for ECPS:VSE mode.

Reloadable control storage to contain all the microcode required by
the instruction processing function of the 4341 Processor is
standard. 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.

Error checking and correction (ECC) hardware (like that implemented
in Systems/370), 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. System/360
processors use parity checking for processor storage.

The following channel features are provided for the 4341 Processor.

Two channel groups are available for the 4341 Processor. The
standard channel group consists of one byte multiplexer and two
block multiplexer channels. The optional channel group consists of
three block multipl exer channels or one byte and two block
multiplexer channels.

Functionally, the byte multiplexer channels for the 4341 Processor
are equivalent to those for System/360 and System/370 processors.

The standard byte multiplexer channel has a 16-KB/sec maximum data
rate in byte mode for single-byte transfer operations and a 64-KB/sec
maximum byte mode data rate for four-byte transfer operations. For
burst mode operations, a maximum data rate of 1 MB/sec is possible
for a buffered device.

The optional byte multiplexer channel has a 22-KB/sec and 88-KB/sec
maximum data rate for one-byte and four-byte transfer operationms,
respectively, and a 2-MB/sec maximum data rate for burst mode
operations on buffered devices.
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The two standard block multiplexer channels have a maximum data rate
of 2 MB/sec each. Two of the block multiplexer channels in the
optional channel group have a maximum data rate of 2 MB/sec while
one has a maximum data rate of 1 MB/sec. The maximum aggregate data
rate for the block multiplexer channels is 4 MB/sec when the
optional channel group is not installed and 9 MB/sec when the
optional channel group with three block multiplexer channels is
installed.

Functionally, a block multiplexer channel in the 4341 Processor 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 1/0 operations. The block
multiplexer channel for the 4341 Processor can also operate in
selector channel mode.

Block multiplexer channels with data rates of up to 2 MB/sec support
attachment to the 4341 Processor of 3370, 3330-series, 3340/33u44,
3350, and 2305 Model 2 direct access storage, which cannot be
attached to Models 50 and 65. These disk devices have rotational
position sensing capability and are designed to be used with block
multiplexer channels.

Optionally, one Channel-to-Channel Adapter can be installed in a

4341 Processor and attached to any block multiplexer channel. The
adapter can be used to connect the channel in the 4341 Processor to
a channel in a Systemw 360, a System/370, or another 4341 processor.

A 3278 Model 2A Display Console, consisting of a cathode ray tube,
keyboard, and operator control panel, is required as the operator
console. Display mode and a printer-keyboard mode are standard for
this console, which natively attaches to the 4341 Processor. 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 a 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 performing diagnostic
functions.

Up to three 3278 Model 2A Display Consoles (without the operator
control panel) and/or 3287 Model 1 or 2 Printers (any combination of
the two) can be natively attached to the 4341 Processor in addition
to the required 3278 Model 2A Display Console. The additional 3278
displays can be used as alternate or additional consoles.

The 3287 Printer can be used for hard-copy backup of a 3278 Display
Console that operates in display mode. A 3287 Printer is
recommended for hard-copy output when the display console operates
in printer-keyboard mode, which is made availble 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 4341
Processor.

170 devices for the 4341 Processor include the following.

Most I/0 devices for System/360 Models 50 and 65 can be attached.
In addition, several I/0 devices that cannot be attached to Models
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50 and 65 because of their data rate or to any System/360 processors
are attachable to the 4341 Processor.

The 3505 Card Reader and the 3525 Card Punch with optional card read
capability (not attachable to Models 50 and 65) can be attached to
the 4341 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 2500-series 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 2500-series 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 3203 Model 5 Printer (not attachable to Models 50 and 65), with
a tapeless carriage and print speed of 1200 alphameric lines per
second (with a 48-character set), can be attached. The 3203 Model 5
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 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 attachable. The 3211 can be installed instead of, or in addition
to, 3203 Model 5 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 50 and 65) can
be attached to provide very high-speed printing (up to 10,020 lines
per minute for 11-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 3410/3411 Magnetic Tape Subsystem (not attachable to a Model
65), Models 1, 2, and 3, can be 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
and Seven Track features, a totally new compact physical design that
minimizes floor space requirements, and reliability, availability,
and serviceability improvements.

The 3803/3420 Magnetic Tape Subsystem is 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-
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encoded recording, which permits automatic correction of all single-
bit read errors in flight, is used for these models. Models 4, 6,
and 8 of the 3420 Magnetic Tape Unit have data rates of 470, 780,
and 1250 KB/sec, respectively, at 6250-BPI recording density. The
advanced recording technique used for these models provides
automatic correction of all single- and double-bit read errors in
flight.

This tape subsystem, at 6250-BPI density, offers significantly
faster data rates than 2400-series tape units; increased tape reel
capacity at 6250-BPI density; Dual Density and Seven Track features
for compatibility with, and conversion of, 2400-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
enhanced reliability, availability, and serviceability features.

3370 Direct Access Storage (not attachable to System/360 or
System/370) can be attached to the #4341 Processor via 3880 Storage
Control. The 3370 is very large capacity, high-speed, fixed-media
direct access storage with movable heads. Data is stored on
nonremovable disks utilizing fixed block architecture (FBA) instead
of the count, key, data (CKD) architecture utilized for System/360
and System/370 disk devices. Fixed block recording is designed to
utilize fully the block multiplexing capability (rotational position
sensing is a standard facility) and it provides data mobility
advantages over the self-formatting recording technique.

A 3370 drive has a data transfer rate of 1.86 MB/sec, average seek
time of 20 milliseconds (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 data in 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
of disk storage.

Each 3370 contains two logical drives, one per actuator. Only one
actuator can transfer data at a time. However, both actuators can
perform seeking and rotational positioning operations concurrently
or one actuator can transfer data while the other is involved in a
positioning operation. Thus, a four-drive 3370 string can have up
to eight channel programs active concurrently.

Automatic error correction, rotational position sensing, and
multiple requesting facilities like those implemented for CKD 33XX
direct access devices (which are not implemented for System/360
direct access devices) are standard for 3370 strings.

3880 Storage Control provides functional and cost advantages over
3830 Storage Control Model 2. A 3880 Storage Control unit contains
two independent storage control functions called storage directors,
each of which can have up to four direct access storage strings
attached (total of eight strings per 3880 unit versus four maximum
per 3830 Model 2). When the two storage directors are attached to
two different channels, a 3880 can handle two data transfer
operations simultaneously, one for each storage director. Two- and
four-channel switching is available for the 3880.

3880 Storage Control (not attachable to Models 50 and 65), when
attached to the 4341 Processor, can have both CKD and FBA disk
devices attached. The devices attached to one storage director must
all be of the same architecture (CKD or FBA). The 3370, 3340/33u44,
3330-series, and 3350 Direct Access Storage drives can be attached
to 3880 Storage Control attached to the #4341 Processor. A storage
director can have 3330-series and 3350 strings intermixed but
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3340/3344 strings cannot be intermixed with other types of strings
on the same storage director.

3330-series disk storage Models 1, 2, and 11 (not attachable to
Models 50 and 65) can be attached to the block multiplexer channels
in a #4341 Processor via 3830 Storage Control Models 1 and 2 and 3880
Storage Control. The 3330-series is large-capacity disk storage
that offers significantly faster seeks and more than twice the data
rate of the 2314 facility. The 3336 Model 1 and 11 removable disk
packs are used as the storage medium. Eight Model 1 3330-series
drives offer more than three times the capacity of eight 2314
drives. Automatic error correction features, rotational position
sensing, and multiple requesting are provided as standard features.

The 3330-series has a data transfer rate of 806 KB/sec, average seek
time of 30 ms, and full rotation time of 16.7 ms. A 3330-series
Model 1 or 2 drive has a maximum capacity of 100 million bytes while
a Model 11 drive has a 200-million-byte capacity. A string of from
one to eight 3330-series Model 1, 2, or 11 drives can be configured.
Model 1 of 3830 Storage Control can handle one string of from one to
eight 3330-series drives. Model 2 of 3830 Storage Control can
handle from one to four strings of from two to eight 3330-series
drives each. The 3880 can have four 3330-series strings attached to
each storage director.

3340 Direct Access Storage (not attachable to Models 50 and 65) can
be attached to the block multiplexer channels in a 4341 Processor
via 3830 Storage Control Model 2 and 3880 Storage Control. The 3340
facility is intermediate-capacity direct access storage that,
because of its unique design and advanced technology, offers
advantages over 2314 disk storage in addition to those provided by
3330-series disk storage. Automatic error correction features and
multiple requesting are standard. Rotational position sensing is
optional.

The storage medium for the 3340 is the removable interchangeable
3348 Data Module, a sealed cartridge that is never opened by the
operator. 1In addition to the disks on which data is written, the
3348 Data Module contains a spindle, access arms, and read/write
heads. The 3340 disk storage drive contains the mechanical and
electrical components required to operate the 3348 Data Module.

The 3340 facility 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 bytes or
70 million bytes, 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. From
one to four strings can be attached to the 3830 Model 2 or to a
storage director in 3880 Storage Control. Any model of the 3348 can
be mounted on a 3340 drive. Therefore, 3340 string capacity can
vary from 70 million to 560 million bytes in increments of 35 and/or
70 million bytes.

The sealed cartridge design of the 3340 facility offers the
advantages of multiple capacities per 3340 drive, increased data
reliability over other removable recording media, such as disk
packs, and simplified data medium loading and unloading.

3344 Direct Access Storage (not attachable to Models 50 and 65) can
be attached to a 4341 Processor via 3830 Storage Control Model 2 and
3880 Storage Control. It offers significantly increased maximum
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online capacity per drive for 3340 users without the necessity of
program conversion. The 3344 is fixed-media disk storage. Data is
recorded on nonremovable disks. The 3344 is designed to eliminate
operator handling, eliminate exposure to external contamination
(like the 3348 Data Module), and provide high reliability.

The 3344 has the same data transfer rate, average seek time, and
full rotation time as the 3340. However, the maximum capacity of a
3344 drive is 280 megabytes, or the equivalent of four 70-million-
byte 3348 Data Modules. The 3344 is a two-drive unit that attaches
to the 3340 Model A2. A 3340/3344 string can contain any mixture of
3344 and 3340 units (as long as the first is a 3340 Model A2) for a
maximum of eight drives with a maximum capacity of over 1.8 billion

bytes.

Automatic error correction, rotational position sensing, and
multiple requesting are standard in the 3344. Models are also
available that contain fixed heads for zero access time to a portion
of the data and movable heads for access to the balance of the data.

3350 Direct Access Storage (not attachable to Models 50 and 65) can
be attached to a 4341 Processor via 3830 Storage Control Model 2 and
3880 Storage Control. The 3350 is very large-capacity, high-speed,
fixed-media direct access storage. Data is stored on nonremovable
disks. The 3350, like the 3344, is designed to eliminate operator
handling, eliminate exposure to external contamination, and provide
high reliability.

The 3350 has a data transfer rate of 1198 KB/sec, average seek time
of 25 ms, and full rotation time of 16.8 ms. A 3350 drive operating
in native mode has a maximum capacity of 317.5 megabytes. A 3350
string can contain from two to eight drives in two-drive increments
for a maximum string capacity of over 2.5 billion bytes of online
disk storage. Four 3350 strings can be attached to a 3830 Model 2
or each storage director in a 3880.

The standard Selective Format feature enables the format of each
3350 to be set during volume initialization. A 3350 drive can
operate in 3350 native mode, 3330 Model 1 compatibility mode, or
3330 Model 11 compatibility mode. When operating in 3330 Model 1
compatibility mode, a 3350 drive is the equivalent of two 3330 Model
1 drives in capacity. When operating in 3330 Model 11 compatibility
mode, a 3350 drive is the eguivalent of one 3330 Model 11 d:ive in
capacity. This feature enables an installation that first utilizes
3330-series disk storage to move to 3350 disk storage and obtain the
price performance and functional advantages of the 3350 without
program conversion.

Automatic error correction, rotational position sensing, and
multiple requesting features are standard for the 3350. The 3350 is
also available in fixed head models. These models provide fixed
heads for zero access time to a portion of the data and movable
heads for access to the balance of the data.

The 2305 Fixed Head Storage facility Model 2 can be connected to
4341 Processor block multiplexer channels via 2835 Storage Control
to provide faster access to data than other disk devices for the
4341 Processor. Two disk storage modules can be contained in a
facility. The Model 2 has a 1.5-MB/sec data rate, a maximum single-
module capacity of 11.2 million bytes, and an average access time of
5 ms.

The technology implemented in the 4341 Processor for logic and
processor storage (which is not utilized in any System/360 or
System/370 processor) provides significantly increased reliability,
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greatly reduced space requirements, reduced power and cooling
requirements, reduced cost, and reduced maintenance costs (see
discussion in Section 05:05).

¢ Extensive hardware and programming systems error recovery and repair
features for 4341 Processor hardware errors, not implemented for
System/360, are provided to improve system availability and
serviceability. These features also include facilities not
implemented in most System/370 processors, such as processor
diagnosis of logout data after a hardware error occurs to generate a
reference code that identifies the field replaceable unit or the
procedure to follow to attempt to locate the malfunction.

In addition, inquiry into a remote data bank by the on-site customer
engineer and remote diagnosis of hardware failures by IBM support
center personnel are supported via the optional, no-charge Remote
Support Facility. Remote maintenance facilities are not provided
for System/370 Models 125 to 145 or System/360 processors.

As the highlights indicate, the 4341 Processor offers Model 50 and 65
users a wide variety of improved features and additional functions that
provide improved throughput and expanded capabilities. The #4341
Processor contains many facilities that for System/370 are available
only in large-scale processors. These facilities include an eight-byte-
wide arithmetic logic unit, an eight-byte-wide data path, a high-speed
buffer, the Remote Support Facility, microcode-controlled power
sequencing, and microcode-controlled voltage and temperature monitoring.

Specifically, the 4341 Processor offers the following advantages, in

addition to significantly better internal performance and price
performance, when compared with Models 50 and 65.

Larger, Faster Processor Storage

Processor storage sizes of 2048K and 4096K are provided. The Model
50 can have a maximum of 512K and the Model 65 a maximum of 1024K. The
effective access time to processor storage in the 4341 Processor is
faster than that of Models 50 and 65 (two microseconds for four bytes
for the Model 50 and 750 nanoseconds for eight bytes for the Model 65
versus 225 nanoseconds for eight bytes for the 4341 Processor). The
effective access time to processor storage in the 4341 Processor is
lower because of the implementation of a high-speed buffer. This
improved access time increases internal performance and permits faster
I/0 devices to be attached to the 4341 Processor.

The availability of two processor storage sizes for the 4341
Processor, instead of multiple sizes, simplifies decisions regarding the
amount of processor storage to install. The operating system to be used
and applications to be installed can be selected primarily on the basis
of their advantages, with less regard for their processor storage costs.

Additional processor storage can contribute significantly to system
capabilities and performance. Specifically, the availability of larger
processor storage for the 4341 Processor provides the ability to:

e Support more virtual storage

e Execute more or larger jobs concurrently, including new application
and integrated emulator jobs

e Add and expand applications, such as graphics, teleprocessing, time
sharing, and data base, that require larger amounts of storage
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e Use higher level language translators and linkage editors that
provide more functions and execute faster

e Execute larger processing programs without the necessity of overlay
structures

e Allocate more storage to language translators and sorts to improve
their execution speed

e Use more and larger 1I/0 areas to speed up input/output operations
and optimize use of direct access storage and tape media space

e Include operating system options that improve control program
performance and support additional functions

Support of a Virtual Storage Environment

While the 4341 Processor has significantly more processor storage
than its comparable-scale System/360 processors, it is specifically
designed to support a virtual storage environment, which allows
programmers to write and execute programs that are larger than the
processor storage available to them. When virtual storage is supported,
many of the restraints normally imposed by the amount of processor
storage available in a system are eased. The removal of certain
restraints can enable applications to be installed more easily and can
be valuable in the installation and operation of online applications.

While many of the new hardware features and I/0 devices for the 4341
Processor and the new facilities supported by operating systems that
support the 4341 Processor are designed to improve system performance, a
virtual storage environment provides new functions that can help improve
the productivity of data processing personnel and enhance the
operational flexibility of the installation (see discussion in Section
15:05).

Greatly Expanded I/0 Capabilities

The fast internal performance of the 4341 Processor, together with
the expanded use of multiprogramming, requires that more data be
available faster than on Models 50 and 65. The 4341 Processor supports
more and faster concurrent high-speed I/0 operations than Models 50 and
65. It also provides the block multiplexing capability, which is not
available for Models 50 and 65.

The I/0 features of the 4341 Processor provide:

¢ Two more channels than are available for the Model 50 (six versus
four) and the availability of two byte multiplexer channels

¢ Attachment of the 3505 reader and 3525 punch, not attachable to
Models 50 and 65

e Attachment of a larger variety of printers (3203 Model 5 Printer and
3800 Printing Subsystem in addition to 1403 and 3211 Printers)

s Low-cost attachment of up to three 3278 Model 2A displays and/or
3287 Model 1 or 2 printers

e Support of synchronous data link control communications for remote
units attached via the 3704/3705 Communications Controllers

e Attachment of high-speed, high-capacity, direct access devices, such

as 3370, 3330-series, 3340/3344, 3350, and the 2305 Model 2 (not
attachable to Models 50 and 65). The 4341 Processor can have
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significantly lower cost online disk storage attached than Models 50
and 65.

¢ Attachment of higher speed tape units, such as the 3420 Models 6 and
8, which do not attach to the Model 50. 1In addition, the 4341
Processor can have more higher speed tape units attached. The Model
50 can have 3420 Model 4 tape units attached to only one channel.
The 4341 Processor is not limited to having 3420 Model 4, 6, and 8
units attached to only one channel.

e Potential increases in channel throughput via use of block
multiplexing and rotational position sensing to improve effective
data transfer rates

e A significantly higher attainable aggregate I/0 data rate than
Models 50 and 65 to balance the higher performance capabilities of
the 4341 Processor (maximum 9 MB/sec for the 4341 Processor with
five block multiplexer channels versus 1 MB/sec and 4 MB/sec for
Models 50 and 65, respectively)

Improved Physical Characteristics

The physical characteristics of 4341 Processor configurations are
significantly improved over those of Model 50 and 65 configurations as a
result of the use of new technology for logic and storage in the 4341
Processor and new design and technology in 3370 disk storage. Although
the 4341 Processor provides significantly more function and processor
storage than Models 50 and 65, it requires significantly less space,
power, and cooling than 2050 and 2065 Processing Units. Detailed
comparisons of physical requirements are given at the end of Section
05:05. Similarly, space, power, and cooling requirements for the 3370
are significantly less than for 2314/2319 and 33XX CKD direct access
devices that attach to the 4341 Processor.

Summarz

Since hardware features and programming systems support for the 4341
Processor are upward compatible with those of System/360, the 4341
Processor offers Model 50 and 65 users significantly expanded computing
capabilities without the necessity of a large conversion effort. Little
or no time need be spent modifying operational System/360 or System/370
problem programs or the 1400 programs currently being emulated.

Existing processor-bound System/360 programs can execute faster in a
4341 Processor because of the significantly increased internal
performance of the 4341 Processor, while I/0-bound programs can benefit
from the use of more processor storage, faster channel capability, block
multiplexing, and faster I/0 devices. The 4341 Processor also offers
economical and flexible entry into communications-based applications.

The increased power and new functions of the #4341 Processor provide
the base for expanded application installation and penetration of
previously marginal application areas. New application installation and
transition to online operations can be easier when a virtual storage
environment is implemented. The greatly improved price performance of
the 4341 Processor offers the System/360 and System/370 user the
opportunity to widen his data processing base for a significantly lower
cost than was previously possible.

For large installations that want undisrupted growth and

decentralization of their data processing facilities, the 4341 Processor
provides economical and easy entry into (or expansion of) distributed
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data processing operations. The following outlines the distributed
application environments in which a 4341 Processor can be used:

14

e Distributed applications (periodic data transfer, remote job entry,

and pass through). The 4341 Processor can provide powerful
processing capability in a department or branch location of a larger
enterprise, with telecommunications connections to one or more host
processors in the data processing center of the enterprise. Host-
connect applications may vary from periodic transmission of summary
data between the 4341 Processor and the host system to a continuous
connection offering RJE and/or pass through capabilities.

Compatible System/370 architecture allows application processor
workloads to be distributed between central systems and the 4341
Processor via RJE facilities. RJE support is provided by two
DOS/VSE SNA and BSC program products, VM/370 RSCS Networking, and
the 0S/VS1 Host Remote Node Entry System (HRNES) Installed User
Program. Pass through facilities are supported by ACF/VTAME,
ACF/VTAM/MSNF, and VSE/3270 Bisynch Pass Through, allowing terminals
connected through the 4341 Processor to access such host facilities
as IMS or TSO, or local applications such as those using CICS.

Distributed data applications. CICS/VS Intersystem Communications
(ISC) with DL/I and IMS Multiple Systems Coupling (MSC) provide
support for applications accessed from either host or node systems.
Data most frequently used locally may be stored on direct access
storage attached to the 4341 Processor with transaction-by-
transaction access to the central host data base as needed.

Distributed network (host plus peer coupling). An SNA or VM/370
RSCS network may be enhanced through communication directly between
local or remote 4341 Processors to the host or 8100 Information
Systems. With a complete network, both data and processor loads can
be spread to larger processors, to distributed 8100 systems, or
between 4341 Processors. Transactions from the 8100 to CICS/VS are
supported by the 8100 DPPX Host Transaction Facility. DPPX also
supports remote job entry to 0S/VS1 RES and VM/370 RSCS Networking
systems.
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SECTION 05: TECHNOLOGY, ARCHITECTURE, AND PHYSICAL COMPONENTS

05:05 TECHNOLOGY

INTRODUCTION

The price performance and compact size of the 4341 Processor have
been achieved in large part through the use of large-scale integrated
semiconductor technclogies for both logic circuitry and storage. A new
IBM bipolar technology is used for logic circuitry, and SAMOS (Silicon
and Aluminum Metal Oxide Semiconductor) FET (Field Effect Transistor)
technology is used for 64K-bit processor storage in the 4341 Processor.
A new bipolar technology is used for reloadable control storage and
high-speed buffer storage in the #4341 Processor.

Just as the MST (Monolithic System Technology) logic and MOSFET
(Metal Oxide Semiconductor Field Effect Transistor) processor storage
technologies implemented in System/370 processors represented a major
technological advance over the Solid Logic Technology (SLT) logic and
core storage implemented in System/360, the large-scale integrated logic
and SAMOS storage technologies implemented in 4300 Processors represent
a major advance over System/370 technologies.

An advanced computer-based engineering design system, an improved
manufacturing process, and denser packaging approach are utilized in the
design and fabrication of logic chips and modules for the 4341
Processor, which contain several times more circuits than the MST logic
chips and modules utilized in System/370 processors. The very high
density of the logic chip used in the 4341 Processor, 704 circuits
maximum per chip, and its packaging for the 4341 Processor, up to nine
chips in a multilayer ceramic logic module, result in the following
advantages of this logic over MST logic:

e Higher reliability per logic circuit

e Faster circuit speed

e Significantly reduced space requirements
e Greatly reduced cost

e Reduced power requirements and less heat dissipation. (The latter
reduces the amount of cooling required.)

¢ Reduced maintenance costs

A 4341 Processor will have either all 64K-bit or all 16K-bit storage
chips in its processor storage. The 64K-bit chip utilizes SAMOS
technology and is manufactured by IBM. The 16K-bit chip is built by
other manufacturers. This chip is mounted in storage modules and
storage array cards that were designed by IBM and are manufactured and
tested to IBM specifications. The space, power, and heat specifications
for a 4341 Processor are the same whether it utilizes the 64K-bit or
16K-bit storage chip. This section discusses the SAMOS technology of
the 64K-bit storage chip only.

The SAMOS technology used for the 64K-bit processor storage chip also
provides greatly improved chip density compared to the processor storage
chip used in most System/370 processors, which is a 2K-bit chip. The
higher density of the SAMOS storage chip used in the 4341 Processor is
achieved by (1) utilizing fewer elementary components to form an
individual storage cell (that can contain one bit of information) than
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are utilized on a 2K-bit chip for System/370 and (2) reducing the
physical size of the elementary components. The smaller component size
results from the SAMOS technology process that is used to produce the
storage chips.

A new manufacturing facility is also used to produce SAMOS storage
chips. The facility is designed to minimize the number of contaminants
to which silicon wafers are exposed during the chip production process.
The wafers travel through an enclosed air track production line on an
air cushion. The air in this track is ultra clean, containing fewer
than ten contaminant parts per ten billion parts of air. The entire
process is monitored by computers (over 60 IBM System/7 processors).
The new manufacturing facility is designed to improve chip yield, which
reduces storage cost, and to improve the reliability of storage chips.

The higher density of the storage chip utilized, the SAMOS technology
and design of the chip, and the new manufacturing facility result in the
following advantages for 64K-bit chip processor storage in the 4341
Processor compared to System/ 370 processor storage:

e Higher reliability (lower failure rate per bit of storage)
e Significantly reduced space requirements

e Greatly reduced storage cost

e Reduced power requirements and less heat dissipation

¢ Reduced maintenance costs

The advantages listed above also apply to 4341 Processors with 16K-
bit chips in their processor storage. The magnitude of the
technological advances that the 704-circuit logic chip and SAMOS storage
represent can best be illustrated by comparison to the technology
utilized in Systems/360 and System/370. The discussion of the 704-
circuit logic and SAMOS technologies will explain in detail how the
advantages listed above are achieved.

SYSTEM/360 TECHNOLOGY

System/360 utilized SLT for logic circuitry and wired, discrete
ferrite cores for processor storage. As shown in Figure 05.05.1, SLT
circuits were implemented on 1.27-centimeter (half-inch) ceramic squares
called substrates. Metallic lands on the substrate formed
interconnections onto which the components were soldered. These
components consisted of transistors and diodes, which were integrated on
silicon chips about the size of a pinhead, and thin film resistors. An
SLT chip usually contained one type of component, and several chips and
resistors were needed to form one circuit. In general, an SLT substrate
contained four chips and a single circuit.

Ceramic substrate
with interconnections
containing one circuit

SLT chip with

one component \

input/Output pin

Figure 05.05.1. SLT substrate (shown four times its actual size)
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SYSTEM/370 TECHNOLOGY
MST

The monolithic system technology used in System/370 was a breakaway
from the hybrid circuit design concept of SLT. MST also makes use of a
1.27 by 1.27 centimeter (half-inch-square) ceramic substrate with metal
interconnections onto which silicon chips are placed. However, in
monolithic logic circuitry, large numbers of elementary components, such
as transistors, diodes, and resistors, are integrated on a single chip.

The MST logic chip used in System/370 processors is approximately 2
millimeters (about 3/32 of an inch) square and contains over 100
elementary components, which can form up to eight interconnected
circuits on the chip. This compares to a single component on an SLT
chip.

Of the eight possible circuits per MST logic chip, an average of six
are actually utilized in the MST logic implemented in System/370
processors. The speed of a circuit on an MST logic chip for System/370
processors is eight to twelve nanoseconds.

In MST, one logic chip is usually mounted on a substrate. (In a few
instances, a substrate contains two chips.) MST logic modules, each
consisting of one substrate, are mounted on circuit cards (the field
replaceable unit), which are in turn mounted on circuit boards (as in
SLT logic).

MST logic offers the following advantages over SLT:

¢ MST logic circuitry is intrinsically more reliable because many
circuit connections are made on the chip, significantly reducing the
number of external connections.

¢ Faster circuit speeds can be obtained because the path between
circuits is considerably shorter.

® Space requirements for logic circuitry are greatly reduced by the
significantly higher density of components per chip.

e Processor cost is reduced because the amount of wiring for

interconnections and the number of modules and boards required for
logic are reduced.

Monolithic Storage

Monolithic storage design incorporates the same concepts described
for monolithic logic. Thus, monolithic storage, unlike core storage,
can be batch fabricated. However, instead of logic circuits, storage
cells that are used to contain information bits are implemented on a
chip.

The processor storage chip used in most System/370 processors is a
2,048 (2K) bit chip that utilizes MOSFET technology. This monolithic
storage array chip is 3.88 by 4.52 millimeters (approximately 5/32 by
6/32 of an inch) and contains a large number of interconnected circuits
that form 2K storage cells and associated support circuitry on the chip.
The most dense processor storage chip used in Systemv/370 (the 3033
Processor) is a 4096 (4K) bit chip.

For Systems/370, two 2K-bit storage array chips are mounted on a 1.27-
centimeter (half-inch) square substrate, and a pair of substrates is
packaged in a storage array module to provide 8K bits per module.
Storage array modules are mounted on a storage array card, which is the
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field replaceable unit. In outward appearance, therefore, monolithic
storage resembles monolithic logic circuitry.

The MOSFET processor storage in System/370 processors is static
rather than dynamic. The differences between static and dynamic storage
are discussed later in this subsection under "SAMOS Storage Technology".

The following are the general advantages of a static monolithic
storage over core storage:

e Faster storage speeds can be obtained because of (1) the shorter
paths between storage circuitry and (2) the nondestructive read-out
capability of monolithic storage. Since core storage read-out is
destructive, a regeneration cycle is required after a read and is
also used prior to a write. This type of regeneration cycle is not
required for static monolithic storage.

¢ Storage serviceability is enhanced because storage is implemented in
accessible, easily replaceable cards, each of which is a functional
storage component. Diagnostic routines can be written that need
identify only the failing storage card, which can be replaced in a
matter of minutes. Storage increments can also be field-installed
more rapidly.

e Space requirements for processor storage are significantly reduced.
Dense bit packaging per chip is achieved by the use of monolithic
technology and by the fact that the regularity of a storage pattern
lends itself to such packaging.

¢ Storage costs are reduced because production costs are reduced by
the ability to batch fabricate processor storage.

4341 PROCESSOR TECHNOLOGY

The basic objective of large-scale integrated logic technology and
high-bit-density storage technology is to bring the physical elements
that make up the logic and storage in a processor physically closer
together. The distances between logic circuits or storage bits can also
be reduced by the packaging approach used for a logic or storage module.

When elements are brought closer together, the amount of wiring
required to form the specific logic circuitry or storage size required
by a processor is reduced, faster circuit speeds can be obtained, and
circuit or bit reliability is improved. The failure rate of circuits
and storage bits is related to the length and location of wired
connections. For example, circuits connected on a chip are more
reliable than circuits connected off the chip.

In the 4341 Processor, for example, wiring to accomplish the logic
for the instruction processing function occurs at several levels.
First, elementary components (transistors, diodes, and resistors) on a
chip are connected to form circuits, which are then interconnected at
the chip level. Additional circuit connections are made at the logic
module level (that is, within the substrate) and at the card level.

With the use of large-scale integrated logic technology and high-bit-
density storage technology, the total amount of wiring and the number of
logic cards and storage cards required in the 4341 Processor are
significantly reduced from that required by the technology implemented
in System/370 processors. Separate logic boards and separate processor
storage boards and the cabling between them are eliminated entirely for
the 4341 Processor because only ten cards are required to contain the
logic for
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the instruction processing function in the 4341 Processor and only four
or eight cards are required for processor storage.

Logic Physical Design and Advantages

The logic chip used in the 4341 Processor is 4.57 by 4.57 millimeters
(approximately 3716 of an inch square) and contains over 7000 elementary
components (resistors, diodes, and transistors), as compared to over 100
on an MST logic chip approximately 2 millimeters (about 3/32 of an inch)
square. The 7000 elementary components on the chip can be connected to
form 704 logic circuits. The nominal speed of a circuit on this logic
chip is three nanoseconds.

Figure 05.05.2 shows the size of the 704-circuit logic chip relative
to a paper clip, while Figure 05.05.3 shows an MST logic chip on the
left and 704-circuit logic chip on the right surrounded by salt
crystals. The relative size of these chips can be seen in the latter
figure.

Figure 05.05.2. The 704-circuit logic chip resting on a paper clip

Of the 704 circuits available on a single chip, an average of 616 are
actually utilized in the logic implemented in the 4341 Processor. The
high circuit utilization is made possible in part because three layers
of wiring are used for interconnections on the chip itself. A logic
chip in the 4341 Processor contains up to 2.13 meters (seven feet) of
wire that interconnects the elementary components and circuits on the
chip. Only one layer of wiring is used on an MST logic chip.

Despite the greatly increased density of a logic chip in the 4341
Processor, a higher percentage of the circuits available on the chip are
used than are used on the MST logic chip. For the 4341 Processor,
average circuit utilization on a logic chip is over 87 percent, compared
to 75 percent average utilization for the MST logic chip in System/370
processors.

19



b

e

Figure 05.05.3. An MST and 704-circuit logic chip surrounded by salt
crystals

In the 4341 Processor, three different sized modules are used for
logic: MLC (multilayer ceramic) 50, MLC 35, and MC (metalized ceramic) 28
modules. The MLC modules have up to 23 layers of ceramic available to
accommodate circuit interconnections within the ceramic itself.

The MLC 50 module is 50 by 50 millimeters (approximately 2 inches
square), can contain up to nine logic and array chips, and has 361 I/O
pins. The MLC 35 module is 35 by 35 millimeters (approximately 1.5
inches square), can contain up to nine logic and array chips, and has
196 I/0 pins. The MC 28 module is 28 by 28 millimeters (slightly over
one-inch square), contains one chip, and has 116 I/0 pins. The type of
module used for a specific function is selected to optimize I/O pin
utilization and cost.

An MLC 50 module for the 4341 Processor has approximately 4.8 meters
(15.7 feet) of wiring contained within the ceramic substrate. In MST
logic, a single-layer ceramic is used and no interconnection wiring
exists within the substrate for a single-chip module.

The larger ceramic module size and use of multilayer wiring within
the substrate enable several logic chips to be packaged in a single
logic module. For the 4341 Processor, up to nine chips are mounted on a
single MLC 50 substrate, depending on the function performed by the
module. On the average, six chips are contained within each MLC 50
module for the 4341 Processor. The circuits on one chip within a module
are interconnected to circuits on one or more other chips via the wiring
contained within the substrate.

The MLC 50 logic module used in the 4341 Processor is shown in Figure
05.05.4 mounted on a card (the FRU) without and with its cap. The
substrate can accommodate surface wiring between chips. When necessary,
this wiring is used to make an engineering change to an MLC 50 module at
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the plant of manufacture. This capability also exists for MLC 35
modules.

MLC modules are mounted on circuit cards 11.32 by 17.46 centimeters
(approximately 4.5 by 7 inches) in size. Logic cards in the 4341
Processor are mounted on a board that contains other functions in
addition to instruction processing function logic.
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Figure 05.05.4. The MLC 50 module used for instruction processing
function logic in the 4341 Processor without and with

its cap

A new card and board design are used to contain MLC modules. The new
design is required to accommodate the higher density of I/0 pins on an
MLC module (which is required to handle the higher circuit density per
module). The number of pins in an MST logic module is 16.

The new card and board design also improves reliability, since each
logic card is held in place by screws at each end of the card to prevent

the card from coming loose.

The large space reduction that results from the use of the 704~
circuit logic chip and the multichip, multilayer ceramic substrate can
be seen by calculating the number of MST logic modules required to
contain the same number of circuits as an MLC 50 logic module for the
4341 Processor. Assuming the maximum capacity of 704 circuits per chip
is utilized and six chips on an MLC 50 logic module (approximately 4200
circuits), 700 MST logic modules (at six circuits per module) are
required for the same number of circuits.

Figure 05.05.5 shows one MLC 50 module and the 700 MST logic modules
that provide the equivalent number of circuits (approximately 4200).
Figure 05.05.6 shows the relative space requirements for the number of
MST logic cards (23) required to contain the same number of circuits as
are contained on one MLC 50 module with six chips.
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Figure 05.05.5. One MLC 50 logic module containing approximately 4200
circuits and 700 MST logic modules containing the same
number of circuits

Figure 05.05.6. One MLC 50 logic module with six chips and 23 MST
logic cards with the same number of circuits

The advantages of the logic technology used in the 4341 Processor
over MST logic technology are the result of (1) the use of large-scale
integrated technology to provide smaller elementary components on a chip
and, thus, significantly increase circuit density per chip, (2) the use
of three levels of wiring on the chip to increase the percentage of
available circuits actually used per chip, (3) significant module
packaging improvements (the use of wiring within the ceramic substrate
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and multiple chips per module), (4) the use of cards with higher 1/0
(pin) density, and (5) the use of a higher grid density board (2.5-
millimeter versus 3.18-millimeter grid density).

The density and packaging improvements bring logic circuits closer
together. The higher chip density enables many more circuits to be
connected at the chip level. The multiple-chip, multilayer ceramic
module enables circuits to be connected at the module instead of the
card level.

When only one logic chip is mounted on a single-layer ceramic
substrate for MST logic modules, circuit connections are made at the
chip level and, via pin soldering, at the card level. There is no
circuit connection at the module level for most MST modules. Therefore,
for a given number of circuits, a great deal less total wiring and
shorter wire lengths are required for circuit connection when 704-
circuit, instead of MST, technology is used. Specifically,
approximately 305 meters (1000 feet) of wire for circuit connections are
saved by the utilization of one MLC 50 logic module instead of 700 MST
logic modules (equaling about a 96 percent reduction).

The reduction in the total amount of wiring required and the shorter
wire lengths possible using the 704-circuit chip technology and its
packaging for the 4341 Processor provide the following advantages over
MST technology:

¢ A significant reduction in the amount of space required to contain
the logic circuits of a processor. The 4341 Processor contains
approximately 106,500 logic circuits while the System/370 Model 138
contains approximately 18,000. In the 4341 Processor, only 27 cards
are required for the 106,500 circuits while 120 cards are required
for the 18,000 circuits in the Model 138.

e A significant reduction in logic circuitry cost because physical
packaging costs are so much less and production costs for the
fabrication of logic circuits have been reduced compared to
production costs for MST logic circuits

e Faster circuit speeds (3 to 5 nanoseconds in the #4341 Processor
versus 8 to 12 nanoseconds for MST) because of a shorter signal
distance (shorter wire lengths)

o Increased reliability because (1) many times the number of circuit
connections are made at the chip level and (2) circuit connections
are made at the module level, reducing the number of circuit
connections made at the card level. Circuit connections made at the
chip and module level are more reliable than those made via pin
soldering at the card level. Thus, a circuit at the MLC module
level is approximately 30 times more reliable than an MST circuit at
the module level.

¢ Reduced power requirements because of the smaller physical size of
the transistors on a logic chip and the shorter wire lengths. The
use of less power results in a reduction in the amount of heat
generated so that less cooling is required. (See comparison with
System/360 and System/370 processors under "Summary" at the end of
this subsection.)

¢ Reduced maintenance costs because of increased reliability and
improved serviceability. Increased reliability should result in
fewer failures in logic circuits and, thus, less maintenance time.
As a result of the increase in the reliability of both logic
circuits and storage bits in the 4341 Processor, no preventive
maintenance is scheduled for 4341 Processors except replacement of
the filters in the cooling blowers (once a year).
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Serviceability is improved because the diagnostic procedures for the
4341 Processor are designed to locate the field replaceable unit
more quickly. First, the use of scoping for problem determination
is eliminated as the high circuit density of the logic chip
precludes its use. Instead, microcoded procedures, some of which
are invoked during processing at the time a failure occurs, are used
to locate the failing FRU (see discussion of reference code
generation in Section 50). Second, the presence of fewer logic
cards in a processor makes locating the failing FRU faster.

Logic Fakrication and Design

The high circuit density and high circuit utilization of MLC 35 and
50 logic modules are made possible by improvements in the fabrication
procedure that is used to produce logic chips, the new packaging design
for logic modules already described, and the use of a computer-based
engineering design system that automates the logic design procedure from
the chip level to the board level.

The fabrication of MLC logic modules that perform specific logic
functions is basically composed of three production procedures. The
first procedure produces logic chips that perform specific logic
functions (as required by logic designers). The second produces a
multilayer substrate with the specific wiring required by specific logic
chips. The third procedure combines the appropriate chips with a
substrate to produce a capped logic module and tests for correct
operation of the module.

The first procedure consists of two basic processing steps. The
first process produces a number of identical logic chips with elementary
components on a single silicon wafer. The second process personalizes
the chips by interconnecting the components on each chip to form
circuits that perform the specific functions desired by a logic
designer.

The two processes used in the first chip production procedure are
improved over those used in the fabrication of MST logic. First, the
increase in the density of the logic chip is made possible by several
improvements in the first process that produces logic chips on silicon
wafers (improvements in process control and photolithography precision).

Second, the productivity of the first process is improved by (1) the
use of larger silicon wafers than are used to produce MST logic chips
(it is more productive to process one large silicon wafer than two small
ones) and (2) by the fact that the circuits on the logic chip are
smaller (more total circuits are produced per silicon chip). This
results in less production cost per logic circuit and contributes to
reduced processor cost.

The second chip production process, which connects components and
circuits on a chip, utilizes electron beam direct exposure at several
processing steps to connect circuits instead of the optical mask
technology utilized in the production of MST logic chips. The
advantages of utilizing the electron beam in the second process are the
following:

e Different types of chips can be produced from the same silicon
wafer. That is, logic chips of different personalities can be
produced from one wafer.

e The production of new logic parts during the design of the logic for

a new processor is faster because the time required for the
construction of new optical masks is eliminated.
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The end result of using the electron beam is reduced cost for logic
circuits, which ultimately results in lower processor cost.

The procedure that produces multilayer ceramic substrates is IBM-
designed. A substrate has a certain amount of predefined wiring and
cther wiring that personalizes the substrate to perform the functions
required by the logic chips it contains. The personalized wiring is
designed using the engineering design system.

The engineering design system that automates the logic design
procedure was an extremely important element in the development of the
logic in the 4341 Processor. This system makes it practical to utilize
the high circuit density of the logic chip and offers several advantages
to the logic designer.

Before implementation of the engineering design system, the physical
wiring patterns required to connect the components on chips, cards, and
boards to perform specific logic functions were designed manually with
the help of display units. That is, the logic designer determined not
only the logical interconnections, but also the physical wiring patterns
required. ‘

The engineering design system, which has been in continual
development within IBM for some time, is a generalized logic design
system that is now utilized throughout the entire IBM corporation. This
system is programmed to handle various technologies and enables the
technology designer and processor logic designer to operate
independently of one another.

Prior to the existence of the technology used for the 704-circuit
chip, the engineering design system was used to design wiring at the
chip level (for the densities available) and at the card level for the
logic used in System/370 processors. The design system has been updated
to handle a chip with a 704-circuit density and to design wiring at all
physical levels: chip, module, card, and board. The design sys&em is
now capable of producing all the physical wiring design required to
implement the logic for a given processor. The design system is also
improved in that it automatically generates the test patterns required
to check the finished logic chips for proper electrical connection.

While the design system eliminates the need to manually design
physical circuit wiring at all levels, it also provides the logic
designer with the capability of manually intervening in the design
process, if necessary.

For logic that utilizes the 704-circuit chip, the physical wiring
patterns required to connect circuits from the chip to the board level
to perform specific logic functions are designed by the engineering
design system using input from the logic designer, who determines the
logical interconnections. In addition, the design system utilizes a
master slice and open part number approach that offers the advantages of
greater logic design flexibility, quick verification of logic design,
and more rapid logic design completion.

The first process in the fabrication of the 704-circuit logic chip
produces a master slice with a specific part number. Optical masks are
used in this process. A master slice is a single silicon wafer that
contains several logic chip areas, each of which contains the identical
optically defined configuration of elementary components. The chips on
a master slice are designed by the technology designer.

Each chip on the master slice used for the logic in the 4341
Processor contains over 7000 components, which can be connected during
the second chip fabrication process to form up to 704 circuits. This
704-circuit chip master slice is used in the production of logic chips
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for 4341 and 4331 Processors and the IBM System/38 processor. Master
slices are produced in quantity and stored as inventory until required
by logic designers and for processor production. Having a master slice
available with the components already existing on the chip speeds up the
logic design process.

When circuits with specific logic functions are required during the
design of a new processor, the logic designer utilizes the engineering
design system to personalize a chip on a master slice to perform the
desired functions. This personalized chip is assigned a unigue part
number. The logic <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>