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0P_CODE MNEMONIC DESCRIPTION

SHIFT INSTRUCTIONS

6000 NOR NORMALIZE
6400 NORD NORMALIZE DOUBLE
6800 scz SHIFT AND COUNT ZEROS
6C40 SLA SHIFT LEFT ARITHMETIC
7040 SLL ‘SHIFT LEFT LOGICAL
Ty SLC SHIFT LEFT CIRCULAR
7840 SLAD SHIFT LEFT ARITHMETIC DOUBLE
7C40 SLLD SHIFT LEFT LOGICAL DOUBLE
6CC0 SRA SHIFT RIGHT ARITHMETIC
7000 SRL SHIFT RIGHT LOGICAL
7400 SRC SHIFT RIGHT CIRCULAR
7800 SRAD SHIFT RIGHT ARITHMETIC DOUBLE
7c00 SRLD SHIFT RIGHT LOGICAL DOUBLE

BIT MANIPULATION INSTRUCTIONS

9808 SBM SET BIT IN MEMORY
1800 SBR SET GIT Iﬂ REGISTER
9C08 BM ZERO 8 N MEMORY
1C00 IBR ZERO BIT IN REGISTER
A008 ABM ADD BIT IN MEMORY
2000 ABR ADD BIT IN REGISTER
A408 TBM TEST BIT IN MEMORY
2400 TBR TEST BIT IN REGISTER

FIXED-POINT ARITHMETIC INSTRUCTIONS

8808 ADMB ADD MEMORY BYTE

8800 ADMH ADD MEMORY HALFWORD

8800 ADMW - ADD MEMORY WORD

8800 ADMD ADD MEMORY DOUBLEWORD

3800 ADR ADD REGISTER TO REGISTER

3808 ADRM ADD REGISTER TO REGISTER MASKED
£808 ARMB ADD REGISTER TO MEMORY BYTE
E800 ARMH ADD REGISTER TO MEMORY HALFWORD
E800 ARMW ADD REGISTER TO MEMORY WORD
£800 ARMD ADD REGISTER TO MEMORY OOUBLEWORD
€801 ADI ADD IMMEDIATE

8C08 SUMB SUBTRACT MEMORY BYTE

BCOO SUMH SUBTRACT MEMORY HALFWORD

B8C00 SUMW SUBTRACT MEMORY WORD

BCOO SUMD SUBTRACT MEMORY DOUBLEWORD
3C00 SUR SUBTRACT REGISTER FROM REGISTER
3C08 SURM SUBTRACT REGISTER FROM REGISTER MASKED'
€802 Sul SUBTRACT IMMEDIATE

coos MPMB MULTIPLY BY MEMORY BYTE

€000 MPMH MULTIPLY BY MEMORY HALFWORD
€000 MPMW MULTIPLY BY MEMORY WORD

4000 MPR MULTIPLY REGISTER BY REGISTER
€803 MPI MULTIPLY IMMEDIATE

c408 ovMg DIVIDE BY MEMORY BYTE

€400 DVMH DIVIDE BY MEMORY HALFWORD

€400 ovmw DIVIDE BY MEMORY WORD

4400 DVR DIVIDE REGISTER BY REGISTER
C804 oI DIVIDE IMMEDIATE

0004 ES EXTEND SIGN

0005 RND ROUND REGISTER

FLOATING-POINT ARITHMETIC INSTRUCTIONS

E008 ADFW ADD FLOATING-POINT WORD

E008 ADFD ADD FLOATING-POINT DOUBLEWORD

E000 SUFW SUBTRAET FLOATING-POINT WORD

E000 SUFD SUBTRACT FLOATING-POINT DOUBLEWORD
£408 MPFW MULTIPLY FLOATING-POINT WORD~~
£408 MPFD MULTIPLY FLOATING-POINT DOUBLEWORD
£400 " DVFW DIVIDE FLOATING-POINT WORD

£400 OVFD DIVIDE FLOATING-POINT DOUBLEWORD

CONTROL INSTRUCTIONS

F900 BRI BRANCH AND RESET INTERRUPT

£980 LPSD LOAD PROGRAM STATUS DOUBLEWORD*
FABO LPSDCM LOAD PROGRAM STATUS DOUBLEWORD AND CHANGE MAP*
0003 LCS LOAD CONTROL SWITCHES

€807 EXR EXECUTE REGISTER

807 EXRR EXECUTE REGISTER RIGHT

A800 EXM EXECUTE MEMORY

0000 HALT HALT

0001 WAIT WAIT

0002 NoP NO OPERATION

000A SIPY Signal IPU

3000 CALM CALL MONITOR

€806 SvC SUPERVISOR CALL*

2009 SETCPU SET CPU MODE

0009 RDSTS READ CPU STATUS WORD*

0008 EAE ENABLE ARITHMETIC EXCEPTION TRAPX
000E DAE DISABLE ARITHMETIC EXCEPTION TRAP*

INTERRUPT INSTRUCTIONS

FCO0 El ENABLE INTERRUPT

FCo2 RI REQUEST INTERRUPT

FCO3 Al ACTIVATE INTERRUPT

FCol DI DISABLE INTERRUPT

FCo4 DAL DEACTIVATE INTERRUPT

FC77 ACI ACTIVATE CHANNEL INTERRUPT*
FC67 ECI ENABLE CHANNEL INTERRUPT*
FCGF ocI DISABLE CHANNEL INTERRUPT*
FCI7F DACI DEACTIVATE CHANNEL INTERRUPT*
0006 BEI BLOCK EXTERNAL INTERRUPTS*
000E UEI UNBLOCK EXTERNAL INTERRUPTS*

INPUT/OUTPUT INSTRUCTIONS

FCO6 ] COMMAND DEVICE
FCOS T0 TEST DEVICE

FC17 SI0 . START 1/0*

FC1F TIi0 TEST 1/0%

Fc27 STPI0 STOP 1/0*

FC2F RSCHNL RESET CHANNEL*
FC37 HIO ALT 1/0%

FC3F GRIO GRAB CONTROLLER *
FC47 RSCTL RESET CONTROLLER*
FCAF ECWCS ENABLE CHANNEL WCS LOAD*
FCSF Wewes WRITE CHANNEL WCS*

*pSD mode instructions only
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WARNING

This equipment generates, uses, and can radiate radio frequency energy, and if not
installed and used in accordance with the instructions manual, may cause interference
to radio communications. As temporarily permitted by regulation it has not been tested
for compliance with the limits for Class A computing devices pursuant to subpart J of
part 15 of FCC rules, which are designated to provide reasonable protection against
such interference. Operation of this equipment in a residential area is likely to cause
interference in which case the user at his own expense will be required to take
whatever measures may be required to correct the interference.
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INTRODUCTION

SYSTEM
OVERVIEW

GENERAL CHAR-
ACTERISTICS

SECTION |

GENERAL DESCRIPTION

The 32/70 Series computer systems are high-speed, general purpose,
digital systems that are designed for a variety of scientific, data
acquisition, and real-time applications. A basic system includes a
central processor, main memory subsystem, and m1croprogrammed input/
output controllers. Each major system element operates semi- 1ndepend-
ently with respect to the other elements.

The basic system can be readily expanded to accommodate the user's
requirements. Main memory (Core or MOS) has addressing space for 16
million bytes. In a multiprocessor environment, memory can be con-

-figured with up to 20 access routes. Input/output capability can be

increased by adding more I/0 Micro-programmable Processors (IOMs),
Regional Processing Units {RPUs), multiplexers, device controllers, and
1/0 devices.

The CPU has a large instruction set that includes fixed- and floating-
point arithmetic instructions. A special lookahead feature enables the
CPU to overlap instruction execution with memory accessing, thereby
reducing program axecution time. A large main memory of up to 16 million
bytes (4M words)is available. The memory can consist of up to 16 module
increments on each of up to 16 memory buses. Memory can be shared
by up to eight CPUs and their associated I/0 processors.

Each memory module operates independently of all others and address
interleaving can be provided between adjacent modules. This multiaccess
memory subsystem with interleaving provides system performance far
superior to other design concepts. A 32/70 Series system can support
up to 16 independent I/0 processors of four types - IOMs, RPUs, multi-
plexers, and high-speed data interfaces - with a maximum aggregate data
transfer rate of up to 16.67 million bytes per second, concurrent with
CPU instruction execution.

The existing 32/35 and 32/55 programs can be run on a 32/70 Series
computer in the PSW mode. The upward compatibility of the software
(assemblers, compilers, mathematical and utility routines, and appli-
cation packages) virtually eliminates reprogramming.

A1l 32/70 Series computer systems contain features and functional char-
acteristics that promote efficient operation in general purpose, multi-
processing, real-time, and multiusage environments.

° Byte-oriented memory (8-bit byte plus one parity bit) which can be
addressed and altered as bit, byte (8-bit), halfword (2-byte), word
(4-byte), and doubleword (8-byte) quantities.

° 600- or 900-nanosecond core memory.

° 900-nanosecond M0S memory with error checking and correction.

1-1
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Both core and MOS memory expandable to 16,777,216 (16M) bytes in
some models.

Indexed addressing capability (PSW or PSD mode with extended ad-
dressing) of entire memory.

Multilevel indirect addressing with indexing at each level.

Immediate operand instructions for greater storage efficiency
and increased speed.

Eight general purpose registers that may be used for arithmetic,
logical, and shift operations, as well as masking, linking, and
indexing.

Hardware memory mapping to reduce memory fragmentation and to
provide dynamic program relocation.

Memory write protection to prevent inadvertent destruction of
critical areas of memory.

Real-time priority interrupt system of up to 112 levels with auto-
matic identification and priority assignment; external interrupt
levels which can be individually enabled, disabled and requested
by program.

Automatic traps (for error or fault conditions) that have masking
capability and maximum recoverability under program control.

Power fail-safe for automatic shutdown in the event of power fail-
ure and resumption of processing after power is restored.

- Multiple interval timers with a choice of resolutions for in-

dependent time bases.

Privileged instruction logic for program integrity in multiusage
environments.

A complete instruction set that includes the following:
- Bit, byte, halfword, word, and doubleword operations.

- Register-to-register operations with halfword instructions to
improve program execution time.

- Fixed-point integer arithmetic operations on byte, halfword,
word, and doubleword operands.

- Floating-point arithmetic operations in single and double pre-
cision formats.

- Full complement of 1logical operations (AND, OR, Exclusive OR)
for bytes, halfwords, words, and doublewords.

- Comparison operations for bit, byte, halfword, word, and double-
word operands.



- Call Monitor and Supervisory Call instructions that allow a pro-
gram access to operating system functions.

- Shift operations (left and right) of word or doubleword, in-
cluding logical, circular, and arithmetic shifts.

Built-in reliability and maintainability features:
- Full parity checking of all memory accesses.

- Address stop feature that permits operator or maintenance per-
sonnel to:

Stop on any instruction address.
Stop on any memory read reference address.
Stop on any memory write reference address.

- CPU traps, which provide for detection of a variety of CPU and
system fault conditions, designed to enable a high degree of
system recoverability.

Independently operating I/0 system with up to 16 I/0 processors
per CPU.

General Purpose Multipliexer Controller (GPMC) that provides for
the concurrent operation of up to 16 devices on one I/0 processor.

High-Speed Data interface (HSD) for use with high-speed devices,
that allows data transfer rates of up to 3.2 million bytes per
second.

Comprehensive software that is upward program compatible with
the 32/35 and 32/55 computers.

- Expands in capability and speed as system grows.

- Real-Time Monitor (RTM and Mapped Programming Executive (MPX32)).

- Language processors that include: Extended FORTRAN IV, ANS
COBOL, BASIC, assembler, utilities, and applications software
for real-time and scientific users.

Standard and special purpose peripheral equipment:*

- Cartridge Disc Units - 10 million byte capacity per unit, peak
transfer rate of 312K bytes per second, average access time of
35 milliseconds.

- Moving-Head Fixed Media Disc - 24 million byte capacity per

unit, transfer rates of 1.2 million bytes per second, average

access time of 40 milliseconds.

- Moving-Head Disc - Units available with 40, 80, or 300 miilion
byte per unit capacity, transfer rates of 1.2 million bytes per
second, average access time of 30 milliseconds.
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STANDARD AND
OPTIONAL
FEATURES

Magnetic Tape Units  9-track, 800/1600 bpi, IBM compatible,
high-speed units operating at 75 inches per second with transfer
rates up to 120,000 bytes per second; other units operating at 45
inches per second with transfer rates up to 72,000 bytes per
second.

Card Equipment Reading speeds up to 1,000 cards per minute.

Line Printers Fully buffered with speeds up to 900 lines per
minute, 132 print positions with 64 characters.

Keyboard/Printers 30 characters per second.

Paper Tape Equipment Readers with speeds up to 300 characters
per second, punches with speeds up to 120 characters per second.

Data Communications Equipment Asynchronous, synchronous, and
bisynchronous communications equipment to connect remote user
terminals to the computer system via common carrier lines and
local terminals directly.

* Some packaged 32/70 Series systems are
restricted in regard to peripherals due
to environmental requirements.

A basic 32/70 Series System has the fd]]owing standard features:

A CPU that includes:

Floating-point arithmetic

Memory map with access protection
Memory write protection

Power fail-safe

Real-Time Option Module that includes:

-

A real-time clock
A programmable interval timer
Sixteen interrupt levels

Core fr MOS memory (maximum amount and type varies depending on
model).

Teletype, Line Printer, and Card Reader (TLC) controller with three
subchannels.

A 32/70 Series system can have the following optional features:

High-Speed Floating-Point option with up to four times the perfor-
mance of the standard unit for both single and double precision
operands.



GENERAL
PURPOSE
FEATURES

° Six additional Real-Time Option Modules

° Writable Control Storage (WCS): up to 4,096 64-bit words.

° An additional 96 external priority interrupts per CPU.

° Up to 13 High-Speed Data interfaces (HSD)

') Up to five General Purpose Multiplexer Controllers (GPMCs).
) Memory shared by up to eight CPUs.

° Up to 16 device controllers with each GPMC.

° Up to 13 user-microprogrammable General Purpose I/0 modules (GPIOs)
and Regional Processing Units (RPUs).

° Up to 13 high-speed controliers, such as magnetic tape and disc.

A11 32/70 Series Computer systems include the following general purpose
features:

Floating-point instructions are available in both single (32-bit) and
double (64-bit) precision formats.

Indirect addressing facilitates table linkages and permits keeping data
secticns of a program separate from procedure sections for ease of
maintenance

The large instruction set (up to 189 instructions in some models)
permits short, highly optimized programs to be written that minimize
both program space and execution time.

Monitor and Supervisory Call instructions permit access to specified
operating system services.

A four-bit condition code simplifies the checking of results by
automatically providing information on 1instruction execution. It
includes indicators for arithmetic exception, zero, minus, and plus, as
appropriate.

gggional Processing Units (RPU) implement intelligent I/0 controllers.
nce initialized, an RPU operates independently of the CPU, leaving it
free to provide fast response to system needs. The RPU requires minimal
interaction with the CPU. Thus, many I/0 devices can operate simul-
taneously without overloading the CPU.

The High-Speed Data Interface (HSD) is a single channel parallel
controller that interfaces directly to the SelBUS. Once initiated, 1/0
operations proceed independently of the CPU. The HSD sustains a data
transfer rate of up to three million bytes per second.
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REAL-TIME

“FEATURES

Hardware Memory Management of 32/70 Series core or MOS memory - which is
available 1in sizes up to 16 million bytes and provides the needed
capacity while assuring the potential for expansion - makes efficient
use of available memory. The memory map hardware permits storing a
user's program in segments of 8,192 words, wherever space is available.
A1l segments appear as a single, contiguous block of storage at
execution time. The memory map alsc automatically handles dynamic
program relocation so the program appears to be stored in a standard way
at execution time. Actually, it can be stored in a different set of
locations each time it is brought into memory.

Real-time applications require: (1) lardware to respond quickly to an
external environment, (2) speed to keep up with the real-time process
and (3) input/output flexibility to handle a wide variety of data types
at varying speeds. A 32/70 Series system provides the following real-
time computing features:

Multilevel, Priority Interrupt Structure of the real-time oriented 32/70
Series systems provides a quick response to interrupts with a maximum of
112 interrupt levels. The source of each interrupt is automatically
identified and responded to according to its priority. For further
flexibility, each level can be individually disabled to discontinue
input acceptance and to defer responses.

The way interrupt levels are programmed is not affected by the
priority assignment. ‘

Programs that deal with interrupts from special purpose devices often
require checkout before the equipment is actually available. To
simulate special equipment, any external interrupt level can be
requested by the CPU by executing a single Request Interrupt (RI)
instruction. This capability is also useful in establishing a modified

- hierarchy of responses. For example, when servicing a high-priority

interrupt and the urgent processing is finished, it is often desirable
to assign a lower priority to the rest of the service routine so that
the interrupt system can respond to other critical stimuli. A service
routine can do this by requesting a lower-priority interrupt level, and
thereby process the remaining data after other interrupts have been
serviced.

Real-Time Clocks are needed to handle the real-time functions that must
be timed to occur at specific instants. Other timing information is also
needed, such as elapsed time since a given event or the current time of
day. Clocks also allow easy handling of separate time bases and
relative time priorities. A 32/70 can support up to seven real-time
clocks synchronized to a line frequency of 50 Hz or 60 Hz. The clocks
can also run at twice the line frequency, 100 Hz or 120 Hz, or on an
external source.

Programmable Interval Timers can be set to request an interrupt after
any specified time period with a 300-nanosecond resolution. In addition
to the real-time clocks, the system can support seven programmable
interval timers.

Context Switching must be done quickly with a minimum of time overhead.
When responding to a new set of interrupt-initiated circumstances, a
computer system must preserve the current operating environment, so the
program can continue later, while setting up the new environment. In a
32/70 Series system, all relevant information about the - current
environment (instruction address, privilege state, condition codes,
address modes, etc.) is kept in a 32-bit Program Status Word (PSW) or
64-bit Doubleword (PSD).




MULTIUSAGE
FEATURES

When an interrupt occurs, the CPU stores the current PSW or PSD in the
memory location(s) selected by the interrupt level and loads a new PSW
or PSD to establish a new environment.

Every 32/70 Series system also includes a Load File and Store File
instruction so that the entire set of general purpose registers can be
loaded or stored with one instruction. These instructions help make
context switching fast and easy.

uick Response is a 32/70 Series feature which involves the following
combination: rapid context switching, store file and 1load file
instructions, and a priority interrupt system. These features benefit
all users because more of the system's resources are available for
usesful work at any given time.

Memory Protection features that protect each user from every un-

privileged user also guarantee the integrity of programs essential to
critical real-time applications.

Input/QOutput requirements are available for a wide range of capacities

and speeds. The 32/70 Series I/0 system satisfies the needs of many

different application areas economicaliy and efficiently in terms of
equipment and programming.

A 32/70 Series system can run programs from two or more computer appli-
cation areas concurrently. The most difficult general computing problem
is the real-time application because it has several requirements. The
most difficult multiusage problem is a terminal-oriented appiication
that includes one or more real-time processes. Because the 32/70 Series
systems have been designed on a real-time base, they are uniquely qual-
ified for a mixture of applications in a multiusage environment. Many
hardware features that prove valuable for one application area are useful
in others, although in different ways. This multiple capability makes a
32/70 Series system particularly effective in multiusage applications.

The Instruction Set is large enough to provide the computational and

data-handling capabilities required for widely differing application
areas. This allows user programs to be short and fast.

Memory Protection makes it possible to run both real-time and batch

programs concurrently in a 32/70 Series system. Real-time programs are
protected against destruction by unchecked batch programs. Under Real-
Time Monitor Control, the memory write-protection feature prevents
destruction of information in protected memory.

Variable Precision Arithmetic is important in real-time systems where

the data encountered is often 16 bits or less. To process this data
efficiently, as well as the data in a batch environment, the 32/70
Series computers provide bit, byte, halfword, word, and doubleword
arithmetic.

Priority Interrupts are especially useful because they make it possible
for many elements to operate simultaneously and asynchronously.  An
interrupt system allows the computer to respond quickly and in proper
sequence to the many demands made upon it.
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MULTIPROCESSING Every 32/70 Series computer is designed to function as a shared-memory,
FEATURES multiprocessor system. It can support up to 20 Central Processor Units
that share memory, and may have up to 16 Input/Output Microprogrammable
Processors per CPU. A1l processors in a 32/70 Series system can address
shared memory using identical addresses.

The 32/70 Series computers have the following major features that allow
expansion of a single processor to a multiprocessor system:

Multiprocessor Interlock. In a multiprocessor system, a Central
Processor Unit (CPU) often needs exclusive control of a system resource.
This resource can be a region of memory, a particular peripheral device,
or in some cases, a specific software routine. The 32/70 Series com-
puters have a special set of instructions to provide this required
multiprocessor interlock. The special instructions are Set Bit in
Memory, Reset Bit in Memory, Test Bit in Memory, and Add Bit in Memory.
The Set Bit in Memory instruction sets a bit in the selected position of
the referenced memory location before other CPUs are allowed to access
that memory location. If this bit had been previously set by another
CPU, the interlock is set and the testing program proceeds to another
task. On the other hand, if the bit of the tested location is a zero,
the resource is allocated to the testing CPU. Simultaneously, the
interlock can be set to lock out any other CPU.

Private Memory. Each CPU in a multiprocessor system must retain some
private memory for its trap and interrupt locations, I/0 communication
locations, and other dedicated locations. This private memory consists
of at least 8,192 words for each CPU. This private memory must begin
with real address zero. The implicitly assigned trap locations and
interrupt locations occupy the first 1,096 words of private memory. The
remaining words in private memory can be used as private, independent
storage by the CPU.

FUNCTIONAL
DESCRIPTION

MAJOR SYSTEM The major elements of a typical 32/70 Series computer system include:
LEMEN the SelBUS, a Central Processor Unit, a Real-Time Option Module, main
memory, an input/output subsystem, and a System Control Panel (see
Figures 1-1 and 1-2 for system block diagram examples). The overall
" computer system can be viewed as a group of program-controlled sub-
systems communicating with a common memory. Each subsystem operates
semi-independently with automatic overlap of subsystem operation occur-
ring when conditions permit. This overlap greatly enhances the speed of
operation. The major elements are listed below along with a brief func-

tional description.

1. SelBUS - provides for high-speed communication between
the major system elements.

2. Central Processor Unit - performs overall control and
data reduction tasks.

3. Real-Time Option Module - implements internal and external
interrupts and traps.

4, Main Memory - provides for private and shared storage.
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SelBUS

CENTRAL PRO-
CESSOR UNIT

GENERAL
PURPOSE

REGISTERS |

FLOATING-POINT
ARITHMETIC
PROCESSOR

CPU MODES

5. Input/Output Subsystem - enables information exchange
between memory and selected peripheral devices.

6. System Control Panel - provides for user interaction
with the system.

The SelBUS is a 184-line bidirectional bus that sends and receives data

between the CPU, the memory subsystem, the Regional Processing Unit (RPU),

the Input/Output Microprogrammable Processors (IOMs) on 32 data lines at
a continuous data rate of 26.67 million bytes per second. Twenty-four
address lines are used to address the selected IOM or memory interface
for a read or write operation. Both data and address lines operate
concurrently, and the transfers occur every 150 nanoseconds.

In a multiprocessor or special system configurations, remote memory sub-
systems, dual-processor shared-memory options, and memory ports may be
connected to the SelBUS to support remote, shared, or private memory.

The 32/70 Series Central Processor Unit (CPU) is contained on three
plug-in circuit boards. Two of the boards are the Micro Arithmetic/
Logic Unit. The third board is the Micro Control Unit, which is some-
times referred to as the personality board.

Instructions on a 32/70 Series computer are continuously and auto-
matically fetched for processing. This occurs concurrently with ex-
ecution and decoding of previous instructions. Decoding is by pro-
prietary parsing logic which employs parallel Read-Only Memories (ROMs)
for high-speed decoding.

Eight integrated-circuit, 32-bit general purpose registers (GPRs) are
used by the CPU. These eight registers of fast memory are referred to
as the general purpose file.

Each general purpose register is identified by a 3-bit code in the range
000 through 111 (0 through 7 in decimal). Any general purpose register
can be used as a fixed-point accumulator, floating-point accumulator, or
temporary data storage location. A register can also contain control
information such as a data address, count, or pointer. General purpose
registers 1 through 3 can be used as index registers. Register 4 can be
used as a mask register. Register 0 is a link register and an interval
timer count.

A firmware floating-point arithmetic processor is standard with the
Central Processor Units. The firmware floating-point arithmetic pro-
cessor executes all floating-point instructions significantly faster
than normal software floating-point routines.

A 32/70 Series computer can operate in eight different modes: four
control modes (PSW-Privileged, PSW-Unprivileged, PSD-Privileged, PSD-
Unprivileged) and four addressing modes (512 KB, 512 KB Extended, 512
KB Mapped, Mapped Extended).

The Extended mode can mean either 1 megabyte or 16 megabytes depending
on the mapping mode. Table 1-1 shows the interrelationships among the
control and address modes.



Table 1-1. Relationship of CPU Modes

Control
Modes PSW PSD
Addressing
Modes Privileged Unprivileged Privileged Unprivileged
Unmapped
512 KB X X X X
512 KB Extended X X X X
Mapped
512 KB NA NA X X
Extended NA NA X X

1-12
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The basic control mode is designated either Program Status Word (PSW) or
Program Status Doubleword (PSD) mode. The PSW mode allows a 32/70
Series computer to emulate the environment required to run the Real-Time
Monitor (RTM); whereas the PSD mode makes it possible to create the
environment required to run the Mapped Programming Executive (MPX).

The CPU, when in the PSW mode or PSD mode, can run in either the Priv-
ileged or Unprivileged mode.

Privileged operation allows the CPU to perform all of its control func-
tions and to modify any part of the system. It is assumed that the
resident operating system (operating in the Privileged mode) controls
and supports the execution of other programs (which can operate in the
Privileged or Unprivileged mode).

Unprivileged operation is the problem-solving mode of the CPU. In this
mode, memory protection is in effect, and all privileged operations are
prohibited. Privileged operations are those relating to input/output
and to changes in the basic control state of the computer. A1l priv-
ileged operations are performed by a group of privileged instructions.
Any attempt by a program to execute a privileged instruction while the
computer is in the Unprivileged mode results in a trap.

The Privileged/Unprivileged mode control bit can be changed when the
computer is in the Privileged mode. An Unprivileged mode program can
gain direct access to certain executive program operations by means of
Supervisory Call or Call Monitor instructions. The operations available
through these instructions are established by the resident operating
system.

The basic addressing modes are designated either Unmapped or Mapped. Ad-
dressing submodes are 512 KB or extended addressing (refer to Table 1-1).

Unmapped addressing establishes a one-to-one relationship between the
effective virtual address of each operand or instruction and the physi-
cal address in memory. :

Mapped addressing uses the memory management hardware to convert effec-
tive virtual operand and instruction addresses into physical (real)
memory addresses located anywhere in up to 16 megabytes of physical
memory. The memory management hardware contains a MAP which allows
the privileged user to define how virtual addresses are converted to
real addresses.

The MAP contains thirty-two 16-bit registers; the first 16 registers
contain the Primary MAP to define a 512 KB primary logical address
space, and the second 16 registers contain the Extended Operand Map
to define an additional 512 KB extended operand address space for
additional data storage.

The addressing submodes are 512 KB and extended addressing. 512 KB
addressing allows direct addressing of 512K bytes (128K words) of memory.
In the 512 KB mode, this address space consists of the first 512K bytes
in memory. In the 512 KB Mapped mode, this address space is the 512K
bytes of primary logical address space for each user.
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Extended Addressing allows a program through indexing to extend the
address space beyond 512K bytes. In the Unmapped Extended mode, the
extension is to 16 megabytes. In Mapped-Extended mode, provision is
made for up to 1 megabyte of logical address space for each user. The
mapping hardware can locate this 512 KB space in 8,192-word segments
anywhere in up to 16 megabytes of physical memory.

The Hardware Memory Management feature of 32/70 Series computers use
dynamic Memory Allocation and Protection (MAP) This allows programs to
be loaded in one area of physical memory, rolled out to disc, rolled
back into another area of memory, and to continue execution without
requiring time-consuming software relocation biasing. In addition,
user programs may be write protected and distributed throughout physical
memory in 32K-byte blocks. Thus, the full utilization of available
memory is a practical possibility.

A memory map deals with virtual and real addresses. A virtual address
pertains to the logical space used by a machine-level program and is
normally derived from programmer-supplied labels through an assembly
(or compilation) process followed by a loading process. Virtual ad-
dresses may be used to designate an element of data, the location of
an instruction, and either an indirect or immediate (explicit) address.
A real (physical) address is the address a processor sends to the memory
address register to access a specific physical memory location for
storage or retrieval of information. Real addresses are determined
by the hardware, whereas virtual addresses include all addresses.

The memory map provides dynamic program relocation into discontiguous
segments of memory. When the CPU is operating in Mapped mode, a program
can be segmented into an integral number of 8,192-word blocks and dis-
tributed throughout memory in whatever space is available. The memory
map transforms virtual addresses, as seen by the individual program,
into real addresses, as seen by the memory system.

When the CPU is not in the Mapped mode, as determined by a control bit
in the Program Status Doubleword (PSD), all virtual addresses are used
by the CPU as real addresses. When the CPU is operating in the Mapped
mode, all virtual addresses are transformed into real addresses by
replacing the high-order four or five bits (dependent upon extended
addressing) of the virtual address with a 9-bit value obtained from the
memory map register.

The memory protection system provides write protection for individual
memory pages. When the CPU is in the Mapped mode (either 512 KB or
Extended), each 32 KB memory block of logical program address space may
be write protected. Write protection for a 32 KB memory block is se-
lected by setting the protect/unprotect bit that is stored, along with
the block address, in the MAP register of the CPU.

When the CPU is in either the Unmapped or Mapped mode (either 512 KB or
Extended), 512-word memory pages may be write protected. Up to 256
pages (128K words) can be protected at a time. Sixteen 16-bit Page
Protect registers are provided in the CPU for write protection in the
Unmapped or Mapped mode.

Write protection may be overridden by a CPU operating in the Privileged
mode.
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The optional Writable Control Storage (WCS) may be used to ex-
pand the 32/70 Series computer instruction repertoire and to enhance
the performance of user programs. By microprogramming a 32/70 Series
computer with firmware subroutines, the optional Writable Control Stor-
age (WCS) can tailor the computer to perform specific applications such
as Fourier transforms, coordinate transformation, polynomial evaluation,
and number system conversion.

Further improvement in overall performance is achieved by using micro-
programs for frequently executed subroutines in the FORTRAN Run-Time
Package, the FORTRAN Compiler, the BASIC Interpreter, and the 32/70
operating system. A1l high-speed firmware subroutines can be invoked
from main memory for execution as needed.

Up to 4,096 64-bit words of Writable Control Storage (WCS) can be added
to a 32/70 Series computer in increments of 2,048 64-bit words. Each -
increment plugs into the SelBUS for power and clock. However,
communication with the CPU is independent of SelBUS operation.

The optional High-Speed Floating-Point Unit functions as an extension of
the 32/70 Series central processor to perform high-speed execution
of floating-point arithmetic instructions. Addition, subtraction, multi-
plication and division of single-precision (32-bit) or double-precision
(64-bit) operands are possible with execution times that are signifi-
cantly greater than with the standard floating-point feature of the CPU.

The first RTOM in the system provides the 10 basic interrupts and traps
which comprise the system integrity features. These basic interrupts and
traps include: Power Fail-Safe, System Override, Memory Parity, Non-
present Memory, Undefined Instruction, Privilege Violation, Attention,
Call Monitor, Real-Time Clock, and Arithmetic Exception.

The first RTOM also provides the six highest external interrupt levels,
one of which may be used for the standard interval timer.

The programmable interval timer provides a 32-bit counter that can be
loaded examined, started, or stopped by way of a Command Device (CD)
instruction. The Command Device (CD) enables the counter at one of four
program-selectable rates. When the counter is decremented to zero, the
interval timer requests a priority interrupt.

An introduction to the basic organization and operation of the main mem-
ory subsystem is provided in the paragraphs that follow.

A 32/70 Series system may have either core or MOS memory. Packaged sys-
tems are sold with one or the other but not both for the same system.
The user may elect to mix the two types of memory, but only if it is
done in accordance with the configuration rules specified in Section III
of this manual.

The main memory for a 32/70 Series system is physically organized as a
group of units. A memory unit is the smallest logically complete part of
the system, and the smallest part that can be logically isolated from
the rest of the memory system. A memory unit consists of 1 or 2 memory
chassis, a power supply, 1 to 4 Memory Bus Controllers (MBCs), and 1 to
16 memory modules. Memory units with MOS memory also include a
Refresh board.
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A memory module is the basic functionally independent element of the
memory system. Each module can operate concurrently with all others
in a memory unit. A memory module consists of storage elements, drive
and sense electronics, control timing, and data registers. Core and MOS
memory modules are described separately, as follows:

1. Core memory modules have either 8,192-word (32K-byte)
locations with a 600-nanosecond cycle time or 16,384-word
(64K-byte) locations with a 900-nanosecond cycle time.
Each word contains a total of 36 bits: 32 data bits
and 4 parity bits (1 parity bit per byte). Byte,
halfword, word, or doubleword addresses may be used
to access memory.

2. MOS memory modules have either 65,536-word (256K-byte)
or 131,072-word (512K-byte) locations; both have a
cycle time of 900 nanoseconds. MOS memory is
organized into 39-bit words: 32 data bits plus 7
error checking and correction (ECC) bits. The
seven error correction bits report and correct
single-bit errors. The ECC bits also detect and
report (but do not correct) double-bit errors.

When a system consists of two memory modules (or a multiple thereof),
memory can be two-way interleaved. If a system has four modules (or a
multiple thereof), memory can be four-way interleaved. Memory inter-
leaving is a built-in hardware feature that distributes sequential
addresses into independently operating memory modules. Interleaving
increases the probability that a processor can gain access to a given
memory location without encountering interference from other processors.
Thus, interleaving significantly reduces cycle time and increases the
throughput rate.

With two-way interleaving, even addresses are assigned to even-numbered
memory modules and odd addresses to odd-numbered memory modules. Four-
way interleaving assigns every fourth address to its respective memory
module and can occur when a multiple of four memory modules are included
in a unit.

Each memory unit in a 32/70 Series system is provided with an individual
identity by means of address range switches. These switches define the
range of addresses to which the unit responds when servicing memory re-
quests. All addresses, including the starting address, for a given unit
should be the same for all Memory Bus Controllers (MBCs) in that unit;
that is, the address of a given byte remains the same regardless of the
MBC used to access the byte. The starting address of a unit must be on a
boundary equal to a multiple of the size of the memory modules in the
unit. If the unit is interleaved, the unit must contain a multiple of
the memory modules'size times the number of interleaves.

The Memory Bus Controllers (MBCs) in a memory unit act as an interface
between the processing units- (CPUs, IOMs, and RPUs) on the SelBUS and
the memory modules. Each memory unit can have from one to four MBCs.

" Each MBC is capable of managing up to 16 memory modules with overlapped

operation. A1l memory modules assigned to one MBC must be of the same
type (either MOS or core but not both) and have the same cycle and
access time.

MBCs examine incoming addresses to determine if the request is for a
memory module within the memory unit. In addition, an MBC determines
the priority of memory requests that are received simultaneously.
Computer memory requests can be initiated every 150 nanoseconds due to
the overlapped memory design.
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The 32/70 Series systems can include from one to eight MBCs per SelBUS.
A11 processors, either CPUs or I/0 processors, must interface to memory
by way of an MBC. MBCs are located, along with the memory modules, in a
separate chassis from the CPU and I/0 processors. Depending on the
particular system and the needs of the user, an MBC may be configured in
a variety of ways. For example, an MBC can connect directly to the
SelBUS; or, a Memory Interface Adapter (MIA) and/or Memory Bus Adapter
(MBA) may be employed to provide indirect connection between the SelBUS
and an MBC.

MBCs can be locked and unlocked by a CPU. A Memory Lock signal can be
sent to the MBC in conjunction with a read transfer, and a Memory Unlock
signal can be sent during a write transfer. The Read and Lock transfer
is used to access a word instruction in memory and to lock out all other
processors from the MBC. A Write and Unlock transfer causes information
to be written into memory and enables access to the MBC by other SelBUS
devices. Only CPUs can use the Lock and Unlock feature. '

When a Read and Lock transfer is received, the MBC 1involved is
temporarily inhibited from accepting any additional transfer requests.
However, all transfer requests already accepted by the MBT, but not yet
completed, will be processed normally.

In a 32/70 Series multiprocessing system, all processors address memory
in the same manner. The CPUs do not share the same interrupt or trap
systems. Thus, it is necessary to provide private storage for each CPU
to contain its trap and interrupt locations, I/0 communication loca-
tions, and scratchpad locations. This private memory must begin at 0
and extend at least to 2,048 memory locations (bytes).

The Input/Output Microprogrammable Processor 1is the basic hardware
structure of the I/0 processor and consists of a SelBUS interface, a
microprocessor, and interface logic for an external device.

The SelBUS interface provides for communication between the IOM and the
CPU, or between the IOM and memory. The microprocessor has a Control
Read-Only Memory (CROM) that contains the microprogram (firmware) for
controlling the SelBUS interface, microprocessor, and device interface
logic. The device interface logic may consist of some control logic for
operating the I/0 interface and the receivers/drivers necessary to
communicate with the I/0 device or external interface.

There are three classes of I/0 processors in a 32/70 Series system: the
IOM, the RPU, and the General Purpose Multiplexer I/0 processor. The 1/0
processor can also be used to provide a General Purpose Input/Output
interface (GPIO). The customer must design the device interface logic
and supporting firmware to make the I/0 processoor and device dependent
interface operate as an I/0 processor for some specific type of I1/0
device(s).

The IOM is the basic I/0 processor which contains the microprogrammable
processor, the SelBUS interface, and the device interface on a single
logic card. -

The Regional Processing Unit (RPU) serves as a General Purpose Input/
Output interface (GPI0O) for the peripheral device(s). The RPU connects
directly to the SelBUS, the major artery for transmitting information.
The RPU consists of three individual elements which are self-contained
on separate modules: the regional processor, the device interface, and
optional high-speed Random Access Memory (RAM). The major characteristic
of the RPU is that it supports Random Access Memory or Writable Control
Storage that can be programmed to suit the user's requirements.
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A third type of I/0 processor is the General Purpose Multiplexer Con-
troller (GPMC) which controls a number of individual controllers that
are located at various distances from the processor. The GPMC can
schedule requests for main memory between several controllers. The GPMC
also connects each dependent controller to the CPU for initiation or
termination of an I/0 operation.
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CENTRAL PROCESSOR

This section of the manual describes the 32/70 Series Central Processor
Unit (CPU). Included are an introduction to the instruction repertoire
and descriptions of the modes of operation, their format, and the major
functional elements of the CPU.

The functional classifications and corresponding number of instructicns
for the 32/70 Series computer are as follows:

Classifications Number
Fixed-Point Arithmetic 30
Floating-Point Arithmetic 8
Boolean 17
Load/Store 29
Bit Manipulation 8
Zero 5
Shift 13
Interrupt 13
Compare 11
Branch 9
Register Transfer 13
Input/Qutput 10
Control 16
Hardware Memory Management 4
Writable Control Storage 3

Total 189

Of particular significance are the bit manipulation and floating-point
instructions. The eight bit manipulation instructions provide the capa-
bility to selectively set, zero, add, or test any bit in memory or
register.

The eight floating-point instructions are unique because they can either
be executed by the firmware in the CPU, or by the optional High-Speed
Floating-Point Arithmetic Unit. Except for the execution speed, the
presence or absence of the optional Floating-Point Arithmetic Unit is
transparent to the user.

A1l of the instructions in the repertoire are classified as either being
halfword instructions (16 bits) or word instructions (32 bits). The

"word instructions primarily reference memory locations; the halfword

instructions primarily deal with register operands. Because approxi-
mately one-third of the instructions are halfword instructions, program
core space can be conserved by packing two consecutive instructions into
one memory location.

The 32/70's use instruction lookahead for fast instruction execution.
Instruction fetches are made concurrently with instruction execution and
with decoding a previously fetched instruction.
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The 32/70 Series CPU has a set of eight high-speed, general purpose
registers for use by the programmer for arithmetic, logical, and shift
operations. Three general purpose registers - R1, R2, and R3 - can also
be used for indexing operations. Register RO can also be used as a link
register. Register R4 can be used as a mask register.

The CPU operates in either of two basic control modes: the PSW mode or
the PSD mode. The PSW mode provides an environment to run the Real-Time
Monitor (RTM) Operating System. The PSD mode provides an environment to
run the optional Mapped Programming Executive (MPX-32) Operating System.
The functional difference between the PSW and PSD modes are outlined in
Table 2-1.

A Program Status Word (PSW) is used to record all machine conditions
that must be preserved prior to context switching when in the PSW mode
of operation. The PSW supports only the Class 0,1,2,3, and E I/0 devices
using the Command Device (CD) and Test Device (TD) instructions. The
format of the PSW is shown in Figure 2-1.

A Program Status Doubleword (PSD) is used to record all machine
conditions that must be preserved prior to context switching when in the
PSD mode of operation. The format of the PSD is shown in Figure 2-2.
Execution of any Branch-and-Link instruction replaces the contents of
bits 13-30 of the PSD with the effective address specified by the
instruction. In addition, if the Branch instruction specifies an
Indirect Branch operation, the contents of bits 1-4 of the PSD are
replaced by the contents of the corresponding bit positions in the
indirect address location.

A 4-bit Condition Code is stored in the PSW or PSD upon completion of
the execution of most instructions. These conditions may be tested to
determine the status of the results obtained.

CC1 is set if an Arithmetic Exception occurs
CC2 is set if the result is greater than Zero
CC3 is set if the result is less than Zero
CC4 is set if the result is equal to Zero

The Branch Condition True (BCT), Branch Condition False (BCF), and the
Branch Function True (BFT) instructions allow testing and branching on
the condition codes.

The CPU is capable of either privileged or unprivileged operation in
both the PSW and PSD modes. Privileged operation allows the CPU to
perform all of its control functions and to modify any part of the
system. Privileged operation relates to input/output and to changes
in the basic control state of the computer. Unprivileged operation
is the problem-solving mode of the CPU. In this mode, memory protection
is in effect and all privileged operations are prohibited.

One bit in the Program Status Doubleword (PSD) or Program Status Word
(PSW) is designated as the Privileged State bit. If the Privileged State
bit is set, privileged instructions can be executed. If the Privileged
State bit is reset, any attempt to execute a privileged instruction will
cause a Privileged Violation trap.



Table 2-1. PSW and PSD Modes: Functicral Differences

Characteristics PSH Mode* PSD Mode**
Program Status Word Doubleword
Number of Instructions 160 189
Integrity Features Interrupts on first Traps
RTOM
Memory Addressing
Nonmapped
Nonextended 512 KB 512 KB+
Extended 16 MB 16 MB+
Mapped
Nonextended None 512 KB per user
Extended None 1 MB per user
€D 1/0 Yes Yes
Addressing 512 KB 512 KB
Extended I/0 No Yes
Addressing None 16 MB

*k

RTM supported
MPX supported
No software support
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BITO DESIGNATES THE PRIVILEGED STATE BIT

BIT 1-4 DESIGNATE THE CURRENT CONDITION CODE
BIT5 DEFINES THE EXTENDED ADDRESSING MODE (ABOVE 128K)

BIT 5=0 NONEXTENDED ADDRESSING
BIT 5=1 EXTENDED ADDRESSING

BITS 6 DEFINES THE POSITION OF THE LAST INSTRUCTION EXECUTED

BIT6=0LEFT HALFWORD OR FULLWORD
BIT 6 =1 RIGHT HALFWORD

BITS 7-12 UNASSIGNED, AMUST BE ZERO

BITS 1320 CONTAIN THE WORD ADDRESS {PC) COUNT OF THE NEXT
INSTRUCTION TO BE EXECUTED

BIT 30 DEFINES THE POSITION OF THE NEXT INSTRUCTION
(LEFT OR RIGHT INSTRUCTION)

BIT 30=0 LEFT HALFWORD
BIT 30=1 RIGHT HALFWORD

Figure 2-1.  Program Status Word (PSW) Format
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BITO

([
o

BITS 1-4

BITS =

BIT6 =

BIT7 =

*BIT8 =

*BIT9 =

-0 =20 =20 =0 =0

BITS 10-12
BITS 13-29
BIT 30
*BIT 31
BITS 32-33
BITS 34-45
BIT 46

BIT 47
BITS 48-49

BITS
48 | 49

- -0 0
-0 -0

BITS 50-61
BITS 62-63

UNPRIVILEGED MODE
PRIVILEGED MODE

ARE CONDITION CODES

BIT1 = CC1
2 = CC2
3 =cc3
4 = cca

EXTENDED MODE (OFF) CEA
EXTENDED MODE (ON) SEA

LAST INSTRUCTION EXECUTED WAS NOT A RIGHT HALFWORD
LAST INSTRUCTION EXECUTED WAS A RIGHT HALFWORD

ARITHMETIC EXCEPTION TRAP MASK (OFF)
ARITHMETIC EXCEPTION TRAP MASK (ON)

COMPUTER IS IN PSW MODE (DISPLAYED PSD ONLY)*
COMPUTER IS IN PSD MODE (DISPLAYED PSD ONLY)*

UNMAPPED (DISPLAYED PSD ONLY) *
MAPPED (DISPLAYED PSD ONLY) *

ARE NOT USED

ARE LOGICAL WORD ADDRESS

NEXT INSTRUCTION IS A RIGHT HALFWORD

BLOCKED (DISPLAYED PSD ONLY) *

INDICATE MAP GRANULARITY, 00=UNMAPPED AND ALL OTHERS =8K MAP GRANULARITY
PROVIDE A WORD INDEX INTO THE MASTER PROCESS LIST (MPL) FOR THE BASE PROCESS
NOT USED

RETAIN CURRENT MAP CONTENTS

INTERRUPT CONTROL FLAGS

OPERATE WITH UNBLOCKED INTERRUPTS
OPERATE WITH BLOCKED INTERRUPTS
RETAIN CURRENT BLOCKING MODE
RETAIN CURRENT BLOCKING MODE

PROVIDE WORD INDEX INTO MASTER PROCESS LIST (MPL) FOR CURRENT PROCESS
NOT USED

*  THESE BITS ARE USED FOR DISPLAY ONLY AND ARE NOT PRESENT IN THE PSD STORED IN MEMORY.

Figure 2-2. Program Status Doubleword (PSD) Format
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The following instructions are privileged:

1. A1l interrupt related instructions such as Enable
Interrupt or Request Interrupt.

2. A1l instructions that can modify the memory mapping
registers.

3. A1l Input/Output instructions.

4., A1l instructions that can place the machine in a state
that requires operator intervention to continue
processing, such as Halt.

5. A1l instructions that modify Writable Control Storage.

User programs operating in the unprivileged state should use the Call
Monitor (CALM) or Supervisor Call (SVC) instruction with the appropriate
program flags to use the system features guarded by the privileged/
unprivileged system.

Certain events can change the processor from the unprivileged to the
privileged state by loading a new Program Status Word or Doubleword.
These are:

1. An interrupt from an external event or the I/0 system.

2. A hardware trap caused by addressing nonpresent memory,
executing undefined instruction, executing privileged
instruction by nonprivileged program, or writing to
protected memory.

3. A hardware trap caused by a nonrecoverable condition
such as an uncorrectable error on a memory read, or an
arithmetic exception.

4. The execution of the Call Monitor or Supervisor Call
instruction by a user requesting monitor services.

In all cases, traps or interrupts are vectored to monitor routines for
proper handling. Both the interrupt/trap vectors and the monitor service
routines are in protected memory. This insures that an unprivileged
user has no way to become privileged or to alter protected state.

The execution of the Branch and Reset Interrupt (BRI) or the Load Pro-
gram Status Doubleword (LPSD) instruction can cause the system to change
from the privileged to the unprivileged state.

The operator can push the SYSTEM RESET button to initialize a 32/70
Series computer. SYSTEM RESET clears the eight general purpose registers,
resets all memory protection, and sets the Privileged State bit.

- The 32/70 Series CPU has four modes for accessing memory:

1. 512 KB mode

2 512 KB Extended Mode
3. 512 KB Mapped mode
4

Mapped, Extended mode
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MODE

512 KB
MODE

CPU
MAJOR
ELEMENTS

CPU
DATA
STRUCTURE

The 512 KB addressing mode allows the 32/70 Series CPU to access in-
structions or operands (bit, byte, halfword, word, or doubleword) in the
first 512K bytes of memory directly without mapping, indexing, or
address modification. A 19-bit Address field is provided in memory
referencing instructions for that purpose.

Bit addressing is accomplished by using the Register (R) field in the
instruction word to select a bit in the byte specified by the 19-bit
address. Therefore, any bit in the first 512K bytes of memory can be
directly addressed by the Bit Manipulation instructions.

The 512 KB Extended mode provides the same capabilities as the 512 KB
mode described above, and, in addition, it permits operand addressing
beyond the first 512K bytes of memory. The effective address can
reference any bit, byte, halfword, word, or doubleword residing any-
where within 16 megabytes of physical memory.

The 512 KB Mapped mode allows a 32/70 Series CPU to access any instruc-
tion or operand (bit, byte, halfword, word, or doubleword) within a
logical primary address space. This space consists of 512K bytes of
logical memory, distributed within 16 megabytes of physical memory.

The 32/70 Series CPU allows multiple primary address spaces. A user can
access instructions and operands within the 1logical primary address
space in which his program resides. Physical blocks of memory can be
common to many logical primary address spaces; thus, users in different
spaces can share common blocks of memory.

The 512 KB Mapped addressing mode can be used only when the CPU is in
the PSD control mode.

The Mapped Extended mode provides all the capabilities of the 512 KB
Mapped mode, plus access to a logical extended operand address space.
This space consists of 512K bytes of memory beyond the logical primary
address space and allows users additional memory space to store data
(operands). Each logical extended operand address space can be 512K
bytes long, dispersed anywhere within 16 megabytes of physical memory.
The combination of 1logical primary address space and the logical
extended operand address space supports programs up to one megabyte
long. The executable code must 1ie within the logical primary address
space, but operands can be in either the logical primary or extended
operand address space.

The Mapped Extended addressing mode can be used only when the CPU is in
the PSD control mode.

A brief description of some major elements of the CPU are provided in
the paragraphs that follow. They include: the data structure, a micro-
programmable processor, the implementation logic, and the SelBUS inter-
face. A simplified block diagram of the CPU is shown in Figure 2-3. For
a more comprehensive discussion of the CPU, refer to the 32/70 Series
Computer Technical Manual.

The data structure contains the eight general purpose file registehs and
10 hardware registers organized around an Arithmetic Logic Unit (ALU).
Key circuits in the data structure include the following:

2-7



2-8

IMPLEMENTATION

CONTROL

LOGIC ¢
DATA (LITERALS)
DATA ¢ CONTROLS §} MICROPROGRAMMABLE
STRUCTURE PROCESSOR
ADDRESS DATA
(LDT00-23)l I (LD00-31) CONTROL
SELBUS INTERFACE
SELBUS
-_— ]

EXTERNAL UNITS:
IOMS
RTOM, MEMORY

Figure 2-3. CPU Simplified Block Diagram
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IMPLEMENTATION
LOGIC

SelBUS
INTERFACE

OPTIONAL
WRITABLE
CONTROL
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Arithmetic Logic Unit (ALU)
A-Multiplexer
B-Multiplexer

Literal Multiplexer

General File Register
Memory Address Register
Program Counter Register

N-Counter Register

O 00 N O W N

Shift Register

[
o

Temporary Register/Data Output Register

[
o

Data Input Register

i
N

Instruction Register O
13. Instruction Register 1

The Microprogrammable Processor of the CPU is on board C of the three
CPU circuit boards. The logic circuit board which contains the Micro-
programmable Processor is commonly referred to as the personality board.

The Microprogrammable Processor utilizes Read-Only Memory (ROM)
integrated circuits which house the CPU's Elementary Operations (EOQ).
The EOs, with the associated circuitry, control the CPU operations by
testing, controlling, and directing the various functions to be
performed. The format for the EOs (also referred to as microinstruc-
tion) is shown in Figure 2-4.

The Implementation Logic includes the ALU Decode PROM, a Scale circuit,
the Floating-Point Assist PROMs, and a Multiply Assist PROM, all of
which serve to implement CPU functions.

The SelBUS interface logic is implemented on all three of the CPU cir-
cuit boards and provides control and temporary storage for information
being output to and input from the SelBUS. Since the SelBUS is the
high-speed communication link between system modules external to the CPU,
the SelBUS interface logic plays a vital role in CPU operation.

Writable Control Storage is an option which may be used with the 32/70
Series CPU to expand the instruction set, to enhance the performance of
user programs, or to tailor the computer to specific user needs.

Up to 4,096 64-bit words of Writable Control Storage (WCS) can be added -
to a 32/70 Series computer in increments of 2,048 64-bit words. Each
increment plugs 1into the SelBUS for power and clock. However,
communication with the CPU is independent of SelBUS operation.

The block diagram in Figure 2-5 shows two optional WCS units as they
could be implemented in conjunction with a 32/70 Series CPU and the
optional High-Speed Floating-Point Unit.
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CROMOQ0-03 CROMO04-06 CROM07-09,CREG10-12 |CREG13-15 | CREG16-19 CROM20-23 CREG24-26 CREG27-31

SEQUENCE|CONTROL A B

TEST CONTROL |exTeEnDED] MuX MUX ALU DESTINATION |FILE READ Y-ORDER

Ofj112|3|4]|5|6;i7|8]|9]10}f11{12]13]14]15116 18 119 |20 |21 |22 23 |24 |25 |26 |27 {28 {29 |30 |31

HARDWARE 4
FLOATING- HARDWARE FLOATING-POINT CONTROL
PT. CONTROL
X P C H
CREG32-36

X-ORDER 12-BIT BRANCH ADDRESS HARDWARE FLOATING-POINT CONTROL

32 33|34 |35 36|37 {38 |39 | 40{41]|42 143|144 |45 |46 |47|48}49 | 50| 51|52 |53 | 54| 55]56 |57 |58 } 59 |60 |61 |62 | 63

W-TEST Z-TEST 8-BIT BRANCH ADDRESS
4 CREG CREG
EXTENDED TEST 4-BIT
STEST CROM BRANCH ADDR
ccs SHIFT *  |CONDITIONAL
U-ORDER CREG CREG  |ORDER CREG
HDWR F-PT
S-ORDER FILE NUMBER ROM PAGE ORDER
8-BIT LITERAL
FLIP/FLOP 1

FLIP/FLOP 2 *ROM ALTERNATE SOURCE

FLIP/FLOP 3

13-BIT WRITABLE CONTROL STORAGE JuMP

HARDWARE
F.P. ORDER NOTES: 1. BITS 0-47 OF EACH MICROINSTRUCTION
ARE IN THE CPU’S CONTROL ROM.

2. PORTIONS OF THE FORMAT DESIGNATED
FOR HARDWARE FLOATING-POINT APPLY
TO THE OPTIONAL HIGH-SPEED FLOATING-
POINT UNIT (FPU).

3. BITS 48-63 ARE PHYSICALLY PART OF
A CONTROL ROM iN THE OPTIONAL
HIGH-SPEED FPU.

Figure 2-4. Microinstruction Format ‘
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13-BIT MICROINSTRUCTION ADDRESS
CPU 32-BIT CPU cPU WCS WCS
A-BOARD ﬁ B-BOARD C-BOARD OPTION OPTION
MICROPROCESSOR] DATA [MICROPROCESSOR CROM NO 1 NO 2
l 148 BITS) (64 BITS) (64 BITS)
32BIT | I L | I
DATA
32.81T DATA fjconTroL LlNESl 48-8IT MICROINSTRUCTION
HIGH-SPEED * HIGH-SPEED
bl FPU
PROCESSOR
D/E E

SELBUS

L

16-BIT MICROINSTRUCTION

Figure 2-5.

Functional Interrelationship of the CPU, WCS, and

16-BIT MICROINSTRUCTION

High-Speed Floating-Point Unit
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GENERAL

The High-Speed Floating-Point Unit (FPU) is an option that may be used
with a 32/70 Series CPU to increase the speed of floating-point arith-
metic operations. The unit consists of two circuit boards which may be
plugged in adjacent to the CPU. No alternations in the software are
required.

If the High-Speed Floating-Point Unit (FPU) is installed, addition,
subtraction, multiplication, and division of single-precision (32-bit)
or double-precision (64-bit) operands can be executed much faster than
with the CPU's standard floating-point feature.

An operand in floating-point format has three parts: a sign bit, a
fraction, and an exponent. The sign bit indicates whether the fraction
is a positive or negative value. The fraction is a binary number with
an assumed radix point immediately to the left of its most significant
bit. The exponent is a 7-bit binary power to which the base 16 is
raised. The quantity that the floating-point number represents can be
determined by multiplying the fraction by the number 16 raised to the
power represented by the exponent.

Two operands of the same format and length are received by the FPU for
each arithmetic operation. One operand is input from a CPU general
purpose register (GPR), whereas the other operand is input from memory.
The precise GPR and memory location are specified in the floating-point
instruction. Upon completion of an operation, the result is returned to
the CPU general purpose register.

Figure 2-6 illustrates the major functional elements of the FPU, the
general routing of operands, and the relationships between the FPU, the
CPU, and the SelBUS.

The Model 2005 Processing Unit is a high-performance processor which
has been added to the SYSTEMS 32/70 Series Computer line. The Model
2005 processor's role as a Central Processing Unit (CPU) or Internal
Processing Unit (IPU) is selected by a jumper on the C board of the
processor. Both CPU and IPU on the same SelBUS must bg Moqe] 2905
processors. The IPU is designed for a computer configuration in yhlch
a large amount of arithmetic calculation is anticipatgq and is ideal
for compute-bound number processing tasks and subroutines. The IPU,
a three-board plug-in module, operates on the same SelBUS with a CPU and
shares all of memory (including the resident operating system area)
with the CPU.

The IPU and CPU operate in parallel, with the IPU executing task 1gvg1,
SYSTEMS 32 code at the same time the CPU is executing. The capability
of paralleled processing of instructions allows for faster completion of
code which would normally be processed in a serial manner by the CPU.
The CPU is responsible for all task scheduling I/0 and system services
as well as for the execution of its own scheduled tasks.

Options available with the IPU are the Model 2341 High-Speed Floating
Point and the Model 2343 and 2347 Scientific Accelerator.

The IPU is similar, in many instances, to the CPU. Because of this
similarity, the IPU information presented in this section will em-
phasize only the differences and the unique aspects compared to the
CPU as presented throughout this manual.
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Figure 2-6. Optional High-Speed Floating-Point Unit
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- New Instruction - SIGNAL -IPU (SIPU)
- Instructions not used by IPU
Control Instructions
Branch and Reset Interrupt (BRI)
Interrupt Instructions

A1l Interrupt Instructions
except UEI

Input/output instructions
A1l instructions

TRAPS - Six new traps for IPU/CPU Operation
- End IPU Processing
- Start IPU Processing
- IPU Supervisor CALL
- IPU Errors
- IPU Call Monitor
- Stop IPU Processing
Software ‘
- Under MPX-32 the IPU can be transparent to the user, or the user

ggsndesignate which programs run on the IPU and which run on the

- Two programs can run simultaneously because of the parallel oper-
ation of the IPU and CPU on the SelBUS.

PN
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The functional classifications and corresponding number of instructions
of the Internal Processing Unit are as follows:

Classification Number of Instructions
Fixed-Point Arithmetic 30
Floating-Point Arithmetic 8
Boolean 17
Load/Store 26
Bit Manipulation 8
Zero 5
Shift 13
Interrupt 1 UEI
Compare 11
.Branch 9
Register Transfer 13
Input/Output 0 Unimplemented in
IPU

Control 15 BRI
unimplemented
in IPU

Hardware Memory Management 4

Writable Control Storage 3

Total 163

Of particular significance are the bit manipulation and floating-point
instructions. The eight bit manipulation instructions provide the cap-
ability to selectively set,~zero, add, or test any bit in memory or
register.

The eight floating-point instructions are unique because they can either
be executed by the firmware in the IPU, or by the optional High-Speed
Floating-Point Arithmetic Unit. Except for the execution speed, the
presence or absence of the optional Floating-Point Arithmetic Unit is
transparent to the user.

A1l of the instructions in the repertoire are classified as either being
halfword instructions (16 bits) or word instructions (32 bits). The
word instructions primarily reference memory locations; the halfword
instructions primarily deal with register operands. Because
approximately one-third of the instructions are halfword instructions,
program core space can be conserved by packing two consecutive in-
structions into one memory location.
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The IPU uses instruction Tookahead for fast instruction execution. In-
struction fetches are made concurrently with instruction execution and
with decoding a previously fetched instruction.

The IPU includes a set of eight high-speed, general purpose registers
for programmer use for arithmetic, logical, and shift operations. Three
general purpose registers (Rl, R2, and R3) can also be used for indexing
operations. Register RO can also be used as a link register. Register
R4 can be used as a mask register. These registers are distinctly sep-
arate from the registers used in the controlling CPU.

The IPU operates in the PSD mode. The PSD mode provides an environment
to run the Mapped Programming Executive (MPX-32) Operating System. The
PSD mode is outlined in Table 2-2,

A Program Status Doubleword (PSD) is used to record all machine con-
ditions that must be preserved prior to context switching when in the
PSD mode of operation. The format of the PSD is shown in Figure 2-7.
Execution of any Branch-and-Link instruction replaces the contents of
bits 13 through 30 of the PSD with the effective address specified by
the instruction. In addition, if the Branch instruction specifies
an Indirect Branch operation, the contents of bits 1 through 4 of the
PSD are replaced by the contents of the corresponding bit positions
in the indirect address location.

A four-bit Condition Code is stored in the PSD upon completion of the
execution of most instructions. These conditions may be tested to
determine the status of results obtained.

CCl is set if an Arithmetic Exception occurs
CC2 is set if the result is greater than zero

- CC3 is set if the result is less than zero
CC4 is set if the result is equal to zero

The Branch Condition True (BCT), Branch Condition False (BCF), and the
Branch Function True (BFT) instructions allow testing and branching of
the condition codes.

The IPU is capable of either privileged or unprivileged operation in
the PSD mode. Privileged operation allows the IPU to perform all of
its control functions and to modify any part of the system; it relates
to changes in the basic control state of the computer. Unprivileged
operation is the problem-solving mode of the IPU. In this mode, memory
protection is in effect and all privileged operations are prohibited.

One bit 1in the Program Status Doubleword (PSD) is designated as the
Privileged State bit. If the Privileged State bit is set, privileged
instructions can be executed. If the Privileged State bit is reset,
any attempt to execute a privileged instruction will cause a Privilege
Violation trap.
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BITO =0 UNPRIVILEGED MODE
=1 PRIVILEGED MODE
BITS 14 ARE CONDITION CODES
BIT1 = CC1
2 = CC2
3 = CC3
4 = CC4
BITS =0 EXTENDED MODE (OFF) CEA
=1 EXTENDED MODE (ON) SEA
BIT6 =0 LAST INSTRUCTION EXECUTED WAS NOT A RIGHT HALFWORD
=1 LAST INSTRUCTION EXECUTED WAS A RIGHT HALFWORD
BIT7 =0 ARITHMETIC EXCEPTION TRAP MASK (OFF)
=1 ARITHMETIC EXCEPTION TRAP MASK (ON)
*BIT8 =0 COMPUTER IS IN PSW MODE (DISPLAYED PSD ONLY)* (PSW MODE NOT USED BY |PU)
=1 COMPUTER IS IN PSD MODE (DISPLAYED PSD ONLY)*
*BIT9 =0 UNMAPPED (DISPLAYED PSD ONLY) *
=1 MAPPED (DISPLAYED PSD ONLY) *

BITS 10-12 ARE NOT USED
BITS 13-29 ARE LOGICAL WORD ADDRESS

BIT 30 NEXT INSTRUCTION IS A RIGHT HALFWORD
*BIT 31 BLOCKED (DISPLAYED PSD ONLY) *
BITS 32-33 INDICATE MAP GRANULARITY, 00=UNMAPPED AND ALL OTHERS =8K MAP GRANULARITY
BITS 34-45 PROVIDE A WORD INDEX INTO THE MASTER PROCESS LIST (MPL) FOR THE BASE PROCESS
BIT 46 NOT USED
BIT 47 RETAIN CURRENT MAP CONTENTS
BITS 48-49 INTERRUPT CONTROL FLAGS
BITS
48 | 49
0 0 OPERATE WITH UNBLOCKED INTERRUPTS
0 1 OPERATE WITH BLOCKED INTERRUPTS
1 0 RETAIN CURRENT BLOCKING MODE
1 1 RETAIN CURRENT BLOCKING MODE

BITS 50-61 PROVIDE WORD INDEX INTO MASTER PROCESS LIST (MPL) FOR CURRENT PROCESS
BITS 62-63 NOT USED

*  THESE BITS ARE USED FOR DISPLAY ONLY AND ARE NOT PRESENT IN THE PSD STORED IN MEMORY.

Figure 2-7. Program Status Doubleword (PSD) Format
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Table 2-2., PSD Mode (IPU)

Characteristic PSD Mode
Program Status Doubleword
Number of instructions 163
Integrity Features Traps
Memory Addressing
Nonmapped
Nonextended 512 KB+
Extended ’ 16 MB+
Mapped
Nonextended 512 KB per user
Extended 16 MB per user

+ No software support

2-18

The following IPU instructions are privileged:
1. A1l instructions that can modify the memory mapping registers.

2. A1l instructions that can place the machine in a state that re-
- quires CPU intervention to continue processing, such as Halt.

3. A1l instructions that modify Writable Control Storage.

Certain events can change the processor from the unprivileged to the
privileged state by loading a new Program Doubleword. These are:

. A hardware trap caused by addressing nonpresent memory, executing
undefined instruction, executing a privileged instruction by a
nonprivileged program, or writing to protected memory.

° A hardware trap caused by a nonrecoverable condition such as an
uncorrectable error on a memory read, or an arithmetic exception.

. The execution of the Call Monitor or Supervisor Call instruction
by a user requesting monitor services.

As long as traps are set they are vectored to monitor routines for
proper handling. The trap vectors and the monitor service routines
are in protected memory. This dinsures that an unprivileged user
has no way to become privileged or to alter protected state.

The execution of the Load Program Status Doubleword (LPSD) instruc-
tion can cause the system to change from the privileged to the un-
privileged state,

The operator can depress the SYSTEM RESET pushbutton to initialize
a 32/70 SERIES computer and IPU, SYSTEM RESET clears the eight
general purpose registers, resets all memory protection, and sets
the Privileged State bit. :




IPU_ADDRESSING 1. 512-KB mode
MODES

2. 512-KB Extended mode
3. 512-KB Mapped mode
4, Mapped, Extended mode

512-KB MODE The 512-KB addressing mode allows the IPU to access instructions or
operands (bit, byte, halfword, word, or doubleword) in the first
512K bytes of memory directly without mapping, indexing, or address
modification. A 19-bit address field is provided in memory ref-
erencing instructions for that purpose.

Bit addressing is accomplished by using the register (R) field in the
instruction word to select a bit in the byte specified by the 19-bit
address. Therefore, any bit in the first 512K bytes of memory can be
directly manipulated by the Bit Manipulation instructions.

512-KB EXTENDED The 512-KB Extended mode provides the same capabilities as the 512-KB
MODE mode described above, and, in addition, it permits operand addressing
" only beyond the first 512K bytes of memory. The effective address can
reference any bit, byte, halfword, word, or doubleword residing anywhere
within 16 megabytes of physical memory.

512-KB MAPPED The 512-KB Mapped mode allows the IPU to access any instruction or
MODE operand (bit, byte, halfword, word, or doubleword) within a logical
primary address space. This space consists of 512K bytes of logical

memory map, distributed within 16 megabytes of physical memory.

The IPU allows multiple primary address spaces. A user can access in-
structions and operands within the 1logical primary address space in
which his program resides. Physical blocks of memory can be common
to many logical primary address spaces; thus, users in different
spaces can share common blocks of memory.

MAPPED EXTENDED The Mapped Extended mode provides all the capabilities of the 512 KB
MODE Mapped mode, plus access to a logical extended operand address space.
This space consists of 512K bytes of mapped memory beyond the logical
primary address space and allows users additional memory space to store
data (operands). Each logical extended operand address space can be
512K bytes long, dispersed anywhere within 16 megabytes of physical
memory. The combination of logical primary address space and the logical
extended operand address space supports programs up to one megabyte long.
The executable code must 1ie within the logical primary address space,
but operands can be in either the logical primary or extended operand
address space.

FUNCTIONAL
DESCRIPTION

MAJOR SYSTEM The major elements of a typical SYSTEMS 32/70 SERIES Computer System
ELEMENTS with an IPU include: 32/70 CPU, the SelBUS, Real-Time Option Module,
main memory, input/output system (not supported by the IPU), Serial
Control Panel, optional High-Speed Floating Point, and Scientific Accel-
erator modules. (See Figure 2-8 for a system block diagram.) The per-
formance gains of a CPU and IPU system over a CPU alone system is appli-
cation dependent. The IPU allows the user to run two tasks simultan-
eously in the computer system.
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Central The CPU in the system plays the dominant role in its relationship with

Processing the IPU. The CPU is responsible for all task scheduling I/0 and system
Unit services as well as for the execution of its own scheduled tasks.

IPU Major A brief description of some major elements of the IPU are provided in
Elements the paragraphs that follow. They inciude: the data structure, a micro-
programmable processor, the implementation logic, and the SelBUS inter-
face., A simplified block diagram of the IPU is shown in Figure 2-9.
IPU Data The data structure contains the eight general purpose file registers
Structure and ten hardware registers organized around an Arithmetic Logic Unit
(ALU). Key circuits in the data structure include the following:
1. Arithmetic Logic Unit (ALU)
2. A Multiplexer
3. B Multiplexer
4, Literal Multiplexer
5. General File Register
6. Memory Address Register
7. Program Counter Register
8. N Counter Register
9. Shift Register
10. Temporary Register/Data Qutput Register
11. Data Input Register

12,  Instruction Register 0

13.  Instruction Register 1

IPU The Microprogrammable Processor of the IPU is on board C of the three

Microprogram- IPU circuit boards. The logic circuit board, which contains the Micro-

mable Processor programmable Processor, is commonly referred to as the personality
board.

The Microprogrammable Processor utilizes Read-Only Memory (ROM)
integrated circuits which house the IPU's Elementary Operations
(E0). The EOs, with the associated circuitry, control the IPU
operations by testing, controlling, and directing the various functions
to be performed. The format for the EOs (also referred to as micro-
instruction) is shown in Figure 2-10.

Implementation The Implementation Logic includes the ALU Decode PROM, a Scale circuit,'
Logic the Floating-Point Assist PROMs, and a Multiply Assist PROM, all of
which serve to implement IPU functions.

SelBUS The SelBUS interface logic is implemented on all three of the IPU cir-
Interface cuit boards and provides control and temporary storage for information
being output to and input from the SelBUS. Since the SelBUS is the

high-speed communication 1ink between system modules external to the

IPU, the SelBUS interface logic plays a vital role in IPU operation.
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UNIT

IMPLEMENTATION CONTROL

LOGIC ¢
DATA (LITERALS) ]
v
DATA CONTROLS MICROPROGRAMMABLE
STRUCTURE ¢ PROCESSOR
::zﬁr::z;l o

SELBUS INTERFACE

SELBUS
—

EXTERNAL UNITS:
CPU,
MEMORY

Figure 2-9. IPU Simplified Block Diagram

The High-Speed Floating-Point Unit (FPU) is an option that may be used
with an IPU and CPU to increase the speed of floating-point arithmetic
operations, The unit consists of two circuit boards which may be plug-
ged in adjacent to the IPU. No alterations in the software are required.

If the High-Speed Floating-Point Unit (FPU) is installed, addition,
subtraction, multiplication, and division of single-precision (32-
bit) or double-precision (64-bit) operands can be executed much
faster than the IPU's standard floating-point feature.

An operand in floating-point format has three parts: a sign bit,
a fraction, and an exponent. The sign bit indicates whether the
fraction is a positive or negative value. The fraction is a binary
number with an assumed radix point immediately to the Tleft of its
most-significant bit. The exponent is a 7-bit binary power to which
the base 16 is raised. The quantity that the floating-point number
represents can be determined by multiplying the fraction by the
number 16 raised to the power represented by the exponent.

" Two operands of the same format and length are received by the FPU

for each arithmetic operation. One operand is input from an IPU
general purpose register (GPR), whereas the other operand is input
from memory. The precise GPR and memory location are specified in
the floating-point instruction. Upon completion of an operation,
the result is returned to the CPU general purpose register.

It is recommended that any option which is added to the system be
for both the IPU and CPU. This will allow the same runtime library
to be utilized for the respective software programs.
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Figure 2-11 illustrates the major functional elements of the FPU,
the general routing of operands, and the relationship between the FPU,
the IPU, and the SelBUS.

The optional Model 2343 Scientific Accelerator (with PROM control
store PCS), or Model 2347 with Writable Control (WCS), may be used
in the IPU system. The Scientific Accelerator provides fully-
integrated hardware, software, and firmware to improve user program
execution speeds.

It is recommended that any option which is added to the system be
for both the IPU and CPU. This will allow the same runtime 1ibrary
to be utilized for the respective software programs.

Writable Control Storage is an option which may be used with the IPU
to expand the instruction set, to enhance the performance of user pro-
grams, or to tailor the computer to specific user needs.

Up to 4,096 64-bit words of Writable Control Storage (WCS) can be
added to an IPU in increments of 2,048 64-bit words. Each increment
plugs into the SelBUS for power and clock. However, communication
with the IPU is independent of SelBUS operation.

The block diagram in Figure 2-12 shows two optional WCS units as they
could be implemented in conjunction with an IPU and the optional
High-Speed Floating-Point Unit.

For synchronization and communication between the IPU and CPU, six
new traps are dedicated in low memory. These traps are listed in
Table 2-3. The trap vector location 2EQ0 is used by the CPU when
the IPU has executed the SIPU (X'000A') instruction. The CPU
handles this trap in the same manner as any other CPU trap. The
trap vectors found at 1locations 2E4, 2E8, 2EC, 2F0, and 2F4 are
traps used by the IPU during IPU processing. A brief description
of the communications between the IPU and CPU follows later in this
section and involves primarily the use of new traps.

The IPU uses the Program Status Doubleword Mode of operation to run
the Mapped Programming Executive, MPX-32. This mode identifies the
firmware routing and method of handling traps.

In the IPU mode, the firmware will not execute control instruction
BRI, any I/0 instructions, nor interrupt control instructions except
UEI.

Trap Context Switching in the IPU is accomplished through the use of
the Program Status Doubleword Mode using the Trap Context Block (TCB)
format. Trap context switching by the IPU is functionally identical
to the CPU, except that the trap entry by the IPU is not associated
with a service interrupt.

The Trap Context Block (TCB) format type (see Figure 2-13) is used
for the PSD mode traps. MWords one through four of the TCB contain
the IPU Ending and Starting PSDs. Word five of the TCB contains
the IPU Hardware Status Word. This status word 1is assembled by
firmware at the time the trap occurs, and 1is stored in the TCB.
The IPU Hardware Status Word is defined later in this section.
Word 6 of the TCB is not used.

T
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Table 2-3. CPU/IPU Communication Traps

Trap

Trap Vector

Relative Location

Priority TVL Description User
78 2EQ Ending of IPU Processing CPU
79 2E4 Start IPU Processing IPU
7A 2E8 Supervisor Call IPU
7B 2EC Error Trap IPU
7C 2F0 Call Monitor IPU
7D 2F4 Stop IPU Processing IPU

IPU STATUS
WORD

CPU/IPU
INTERFACE
OPERATION

START IPU TRAP
(VECTOR ADDRESS
2E4)

The IPU status word is a 32-bit word that is used by IPU firmware to
track trap error processing and internal operating modes. The status
word is available to software in either of two methods as follows:

1. The Read Status (RDSTS) instruction (when executed by the IPU)
causes the status word to be loaded into the general purpose
register specified by the instruction.

2. Automatically, upon occurrence of an error trap which causes the
status word to be stored in the fifth word of the trap context
block.

The status word can be divided into a 24-bit field and an 8-bit
field. The 24-bit field 1is used for error flag reporting and is
cleared to zeros after the status word has been reported to software.
The 8-bit field of the status word is used for IPU mode control
and will always reflect the current operating mode of the IPU. Table
2-4 1ists the bits of the status word and their definitions.

The following discussion provides information pertaining to the CPU
and IPU interface operation. This discussion is centered primarily
around the use of the six new traps, which are used to control the
synchronization and communication between the CPU and IPU. The basic
interface operational flow between the CPU and IPU is shown in Figure
2-14,

To start IPU processing, the CPU stores the new Program Status Double-
word (PSD) into words 3 and 4 of the Start IPU trap context block which
was pointed to from the address contained in the Start IPU trap vector
location 2E4. The CPU then executes the SIPU X'O00A' instruction which
sends a start signal to the IPU and informs the IPU that a new PSD is
available for execution. The IPU then fetches the Start IPU trap Con-
text Block pointer at the 2E4 trap location, stores the old PSD into
words 1 and 2 of the Start IPU Trap Context block and the IPU Status
into word 5. The IPU then reads the new PSD words 3 and 4 from the

. context block and begins to execute the instructions in memory as

directed by the new PSD.
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0 TVL 31 0 TCB 31

VECTOR ADDRESS > WORD 1 IPU ENDING PSD1 +0
WORD 2 IPU ENDING PSD2 +4
WORD 3 IPUSTARTING PSD1 +8
WORD 4 IPUSTARTING PSD2 +12
WORD 5 IPUSTATUS WORD +16
'WORD 6 NOT USED +20

Figure 2-13. Trap Context Block Format (Internal Processing Unit)

RESTART IPU If the Signal IPU instruction (SIPU) is issued by the CPU to an active
IPU,- the second SIPU will cause the following events in the IPU to
occur:

1. 'The IPU will terminate present active execution, and vector to

"the start IPU Trap Vector Address (TVA) 2E4. The old PSD is stored

into Words 1 and 2 of the Context Block as was pointed by the con-
~tents of the TVA.

2. \'The old IPU status word is stored into the context block and the
‘new PSD is used to begin execution of another group of 32/70 macro-
assembler instructions.

‘The End of IPU trap 1is not generated until the IPU has completed
execution as directed by the interrupting SIPU instruction,

IPU ERROR The vector address found at memory location 2EC points to the TCB which

CONDITION TRAP is used upon the occurrence of an error condition within the IPU. The
(VECTOR ADDRESS error conditions include non-present memory, undefined instruction, par-
2EC) ity error, arithmetic exception, and privilege violation. The undefined

instruction error is caused by the execution of any I/0 instruction
(e.g., CD, TD), any interrupt instruction (BRI, AI), or any instruction
not defined in the PSD mode 32/75 instruction set.
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Table 2-4. 1IPU Status Word Bit Definitions

Bit Definition

0 =0, Class 0, 1, 2, or E Error*
=1, Class F (Extended 1/0) Error*

1 =0, I/0 Processing Error*

=1, Interrupt Processing Error*

2 Final Bus Transfer Error

3 Bus No Transfer Error

4 I1/0 Channel Busy or Busy Status Bit Error*
5 Ready Timeout Error*

6 I/0 DRT Timeout Error*

7 Retry Count Exhausted Error*

8 Operand Fetch Parity Error

9 , Instruction Fetch Parity Error

10 Operand Nonpresent Error

11 Instruction Nonpresent Error

12 Undefined PSD Mode Instruction Error
13 Memory Fetch DRT Timeout Error

14 Reset Channel Error*

15 Channel WCS not Enabled Error

16 Map Register Address Overflow

(Map Context Switch)

17 Unexplained Memory Error

18 BRI I/0 Error*

19 Undefined Instruction PSW Mode Only*
20 Map Invalid Access or Map Mode Restrict Register
21 IPU Privileged Violation
22 Not Used
23 IPU Arithmetic Exception

24 Enable Arithmetic Exception Trap
25 Disable PSD Mode Traps

26 Block Mode is Active
27 IPU Status

28 Not Used

29 CPU ELSA Mode*

30 Not Used
31 =1, IPU Mode PSD

*Not Applicable to IPU.
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IPU CALL
MONITOR TRAP
(VECTOR ADDRESS
2F0)

IPU SUPERVISOR
CALL TRAP
(VECTOR ADDRESS
2E8)

STOP IPU TRAP
VECTOR ADDRESS
2F4

CPU (END IPU
PROCESSING)
TRAP (VECTOR
ADDRESS 2EO)

MEMORY
MANAGEMENT

The privilege violation error is generated by the IPU attempting to
execute an instruction which is defined as privileged but does not
have the privileged bit set in the PSD. HALT and WAIT in the IPU
must be privileged.

The error status is reflected in the IPU status word as stored into
the fifth word of the IPU error TCB (vector location 2EC). The PSD
at the time the error occurs is stored into words 1 and 2 of that
TCB. The next executed instruction 1is dictated by the new PSD found
in words 3 and 4 of the error TCB.

When the IPU executes a Call Monitor (CALM) instruction, control is
transferred to the IPU call monitor trap located at memory address
2F0. The execution which follows the call monitor instruction, as
well as any other trap within the IPU, is directed by the contents
of the context block related to that specific trap. Execution is
directed to the code as defined by the new PSD within the IPU CALM
Trap Context Block. '

When the IPU executes a Supervisor Call (SVC) instruction, control
is transferred to the SVC trap. The address of the context block for

_the IPU service of a SVC instruction is located at trap address 2E8.

This address is the beginning of the 16-entry secondary vector address
table. Bits 16 through 19 of the SVC instruction direct the IPU to one
of the 16 secondary vector addresses. The secondary vector address
selected points the IPU to a TCB for that SVC.

Once the IPU has the address of the TCB, trap processing is handled as
a normal trap. The IPU stores the present PSD into words 1 and 2 of the
TCB and the status into word 5. Then the IPU uses the new PSD from
words 3 and 4 to continue execution.

To stop the IPU processing, the CPU stores a new PSD in words 3 and 4
of the STOP IPU Trap Context Block (TCB) which is pointed to by the
address contained in the stop IPU trap vector location 2F4. The STOP
IPU TCB 1is used when the IPU executes an SIPU (X'O00A') instruction
which is imbedded in the IPU software code. The IPU stores the old
PSD into words 1 and 2 of the context block and the IPU Status into
word 5 of the context block. The IPU then traps the CPU at location
2E0 which indicates that the IPU execution of the SIPU instruction
has taken place. The IPU then fetches the new PSD from words 3 and
4 of the context block which can point to a privileged HALT or WAIT
instruction to stop the IPU.

The new PSD in the STOP IPU context block may direct the IPU to execute
code other than a HALT or WAIT instruction. This utilization of.the
STOP Trap allows the IPU to signal the CPU at milestones with-
out stopping IPU execution. In either use of this stop IPU trap, the
present PSD is stored into words 1 and 2 of TCB and the present IPU
status into word 5. The IPU done signal is sent to the CPU after
storage of the present PSD and IPU status word and before vectoring
to the new PSD address.

The End IPU Processing trap address 2EQ0 1is used by the CPU when the
IPU generates the IPU done signal. The CPU handles this trap in the
same manner as any other CPU Trap, except that this trap can be

blocked at the CPU by setting the block mode.

A1l information as presented in Section IV for the Memory Management
is valid for the IPU,
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INPUT/QUTPUT The Internal Processing Unit does not perform I/0 operations. All
SYSTEM 1/0 operations are performed by the CPU in the system.

SCRATCHPAD Except for the Scratchpad locations related to I/0 and interrupts,
MEMORY the IPU utilizes the internal scratchpad in the same manner as the
CPU uses its internal scratchpad.

The scratchpad locations loaded by the IPL are not used by the IPU.
Thus, no Tloading procedure 1is necessary. The IPU can execute the
TRSC and TSCR instructions if the user deems it necessary to load
or read scratchpad locations.

INITIALIZATION

INTRODUCTION<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>