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FAULT TOLERANT GENERAL DATA PROCESSOR
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— Most Software Faults Trapped immediate Recovery From Hardware
Before Damage Occurs Faults

— Debugging Time Reduced
— Leads to Highly-Reliable, Robust
Systems

The iAPX 432 Micromainframe is a 32-bit multiprocessor specifically designed for those critical applications
which demand absolute software reliability or hardware fault tolerance. At the heart of the system is the iIAPX
432 General Data Processor (GDP) consisting of two VLS| components, the iAPX 43201 and iAPX 43202.
Together with the other members of the {APX 432 component family (i.e., the 43203 interface Processor, the
43204 Bus Interface Unit, and the 43205 Memory Control Unit) the GDP can be used to build a fault-tolerant
computer system that sustain any single-point failure and yet continue to operate correctly, without interrup-
tion.

Intel 432 systems offer a range of performance: by adding or removing GDPs, the throughput of a 432-based
product can be increased to support more users or reduced to save hardware cost with no change to software.
Thus, a family of end products with differing levels of performance can be developed from identical hardware
modules using the same software.

The iAPX 43201 and iAPX 43202 are fabricated with Intel's highly reliable + 5-Volt, depletion load, N-channel,
silicon gate HMOS technology and each is housed in a 68-pin JEDEC Type A package. See Figures 1 and 2.
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Table 1 summarizes all signal groups, signal names and their active states, and whether or not they are
monitored by the Hardware Error Detection circuitry.

Table 1. Pin Description

Symbol |

Type

I

Name and Function

Processor Packet Bus Group

ACD15
ACDg

170

Address/Control/Data Lines: These 16 bidirectional
signals carry physical memory addresses, control information
(access length and type), and data to and from the memory bus.

When the GDP is in checker mode, the ACD pins are monitored by
the hardware error detection logic and are in the high impedance
state.

PRQ

Processor Packet Bus Request: is issued to gain access to the
bus. Normally low, the PRQ pin is brought high during the same
cycle as when the first double-byte of address information appears
on the ACD pins. PRQ remains high for only one cycle during the
access, unless an address development fault occurs. In that case,
the GDP leaves PRQ high for a second cycle to indicate it has
detected an addressing or segments rights fault in completing the
address generation.

PRQ is checked by the hardware detection logic and remains in a
high impedance mode when the GDP is in checker mode.

ICS

Interconnect Status: carries information on errors, data
synchronization, and interprocessor communication. The
interpretation of this signal depends on the current cycle of the bus
transaction. See page 39 for a complete description.

Bout

Enable Buffers for Output: controls the direction of external
buffers, if any are used. When Boyr is asserted, it indicates that the
buffers must be directed to carry information outbound from the
GDP.

System Group

Vee

Power: These four pins supply 5-volt power to the GDP, and all
must be connected; the pins are not connected togsther within the
GDP.

Ground: These five pins provide the ground reference for the GDP,
and all must be connected; the pins are not connected together
within the GDP.

Alarm: monitors the condition of an unusual, system-wide condition
such as power failure. Alarm is sampled on the rising edge of CLKa.

Fatal: is asserted by the GDP under microcode control when the
GDP is unable to continue due to various error or fault conditions.
Once FATAL is asserted, it can only be reset by the assertion of
INIT.

Processor Clock: The assertion of PCLK for one cycle causes the
system timer within the GDP to decrement. Assertion of PCLK for
two or more cycles causes the system timer to be reset. PCLK must
remain unasserted for at least 10 clock cycles before being
asserted again. The GDP samples PCLK on the rising edge of
CLKAa.-
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Table 1. Pin Description (Continued)

Symbol I Type ] Name and Function
System Group (Continued)

CLR i Clear: Assertion of CLR resuits in a microprogram trap causing the
GDP to immediately terminate any bus transactions or internal
operations in progress. The GDP resets to a known state, asserts
FATAL, and awaits an |PC for initialization. The IPC is not serviced
for at least four clock cycles following the assertion of CLR.

Response to CLR is disabled by the first CLR assertion and is
reenabled when the GDP receives the first IPC (or INIT assertion).

The GDP samples CLR on the rising edge of CLKa.

Initialize: Assertion of INIT resets the internal state of the GDP and
starts execution of the initialization microcode. INIT must be
asserted for a minimum of 10 clock cycles. After the INIT pin returns
to its nonasserted state, the GDP initializes all of its internal
registers and windows, and waits for a local IPC. INIT is sampled on
the rising edge of CLK.

MASTER t Master: This signal determines whether the 43202 is to function as
a master or a checker. In master mode, the 43202 functions
normally and drives all of its outputs. In checker mode, ACD15-
ACDg and PRQ enter a high impedance state and Boyt is
unconditionally low. A 43202, whether master or checker, monitors
the ACD15-ACDg and PRQ lines and compares the data on them to
its internally generated result, signaling disagreement on the HERR
' line. For normal operation, MASTER should be left unconnected or
tied high.

HERR (0] Hardware Error: This signal is asserted by the GDP to indicate
disagreement between data appearing on the ACD15-ACDg and
PRQ pins and the internally generated result of the GDP. HERR is
valid during CLK4 and can normally be asserted by a GDP and
every clock cycle, except immediately following CLR. HERR
requires an extarnal 2.2 k2 nominal pullup resistor.

CLKA i Clock A: is a square-wave clock which must operate continuously
to preserve the operating state of the GDP.

CLKp | Clock B: is a square-wave clock which operates at the same
frequency as CLKa, but lags it by 90 degrees. CLKg must operate
continuously to preserve the operating state of the GDP.

=

intra-GDP Group

1Sg-1Sg N/A Interchip Status Lines: carry microprogram information from the
43202 back to the 43201. The lines are not checked by the
hardware detection logic.

plo-plis N/A Microinstruction Bus Lines: carry microinstructions from the
43201 to the 43202. They are not checked by hardware detection
logic.

RDROM | Read ROM: This signal is used to read the microprogram from the

43201 ROM. If RDROM is held low when INTT goes high, the 43201
enters a diagnostic mode, and the microinstruction sequencer steps
through the microprogram ROM, sequentially displaying (but not
executing) the microinstructions on the plq5-ulg lines. While
RDROM is useful for testing, it should be tied to Vg for normal
operation.
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FUNCTIONAL DESCRIPTION

introduction

The iAPX 432 Micromainframe is a 32-bit multiproc-
essor especially designed for those critical applica-
tions which demand absolute software reliability or
hardware fault tolerance. By developing the 432, In-
tel has broken with three decades of tradition that
have defined how computers operate and redrawn
the line separating functions of hardware and soft-
ware. Many operations that 432 processors perform
automatically would be done by the operating sys-
tem in conventional machines. The development of
the 432 was driven by two major objectives: to re-
duce the cost of software over the life cycle of the
product, and to develop a computer with unprece-
dented reliability. From any perspective, the 432 is
an uncommon machine.

Similar to many mainframe computers, processing in
the 432 is divided between a central system, which
handles data processing, and one or more peripher-
al subsystems, which transfer data to and from I/0
devices. There are two types of processors, General
Data Processors (GDPs) and Interface Processors
(IPs), and two types of support components, Bus In-
terface Units (BIUs) and Memory Control Units
(MCUs). Togsther, these VLS| components can be
used to build a fault-tolerant computer system that is
able to sustain any single-point failure of a compo-
nent or bus, and yet continue to operate correctly,
without program interruption and without software in-
tervention.

This concern for reliability in the 432's design is not
limited to automatic recovery from hardware faults,
but extends to software as well. The 432 processors
can detect hundreds of different software fault con-
ditions from an attempt to divide by zero or execute
data, to complex faults involving several indepen-
dent processes. While most computers do not de-
tect these faults at all, the 432 is able to trap and
identify most faults before serious damage can oc-
cur. As a consequence, 432-based systems are eas-
ier to debug, and systems shipped to end-users will
prove substantially more reliable.

Another important advantage of the 432 is the ability
to tailor the throughput of the system to meet the
price/performance requirements of each application
or end-user. A family of products, for example, can
be developed using the same hardware modules,
simply adding or removing boards as the application
requires. The end-user, for example, could buy an
entry-level system with only two processors. The
system would run more slowly than the high-end
system, but it would aiso cost much less. Later,

when the user's needs grew, additional General
Data Processors could be installed to handle the
heavier load on the system. No need to change soft-
ware; all the programs that the user had developed
would still be compatible. In fact, if at any time, one
of the processors failed, the user could remove it,
and the remaining processors in the system would
continue to execute programs correctly whiie a re-
placement-was sought.

This unprecedented flexibility is possible only be-
cause the 432 takes a unique approach to architec-
ture, one closely tied to the structure of programs.
The processors are no longer passive entities, re-
sponding only to software, but they can execute
many functions automatically to keep the system
working efficiently and reliably.

ARCHITECTURE

This section describes the architecture of the iAPX
432, that is, the machine-level programmer’s view of
the computer. As a rule, only compiler writers actual-
ly deal with the 432 at this level; however, many ap-
plication programmers—who typically code in Ada—
will find this discussion valuable for getting a “feel”
for the operation of the underlying machine. Bear in
mind that this discussion does not cover all pro-
gramming facilities and some of the concepts have
been simplified for the sake of clarity and space; a
complete description of the architecture can be
found in the IAPX 432 General Data Processor Ar-
chitecture Reference Manual.

Since the 432 is a multiprocessor system, with spe-
cialized types of processors optimized for different
kinds of work, the architecture of the GDP is differ-
ent from the Interface Processor. At the same time,
these diverse processors (and their associated soft-
ware) must cooperate with each other to accomplish
the overall task of the system. Therefore, the de-
signs of the GDP and IP share an architectural foun-
dation, the 432 common base architecture. The
overall arrangement is illustrated in Figure 3.

Common Base Architecture

The common base architecture of the 432 is the
glue that binds multiple processors, of the same and
different types, together in a coherent system.
Therefore, the common base architecture defines
“global” facilities used by all processors, software,
and support components (i.e., iAPX 43204 Bus Inter-
face Unit and iAPX 43205 Memory Control Unit).
These facilities include addressing, protection, ob-
ject management, communication, timekeeping, and
exception processing.
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Objects

Memory protection systems can be considered in
terms of boxes into which information can be locked
and keys which can open the boxes. The 432's box-
es and keys correspond to the logical units found in
many high-level programming languages (e.g., Ada,
Pascal); in other words, programming units and pro-
tection units match. Boxes are variable in size, each
box containing one object; the object may be an
array, a record, a list element, the text of a proce-

dure—in fact, any logical entity which should be
uniquely identified and protected.

Keys in the 432 are called access descriptors and
are manifested in high level languages as pointers
(instances of access variables in Ada). Whenever
storage for a new object is allocated, whether by the
linker or program statements, the processor auto-
matically boxes the object {in its own segment),
manufactures a unique key (access descriptor), and
returns the key to the creating procedure. A brief
introduction to objects can be found in Table 2.
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Figure 3.

A typical 432 system with two memory buses, two General Data Processors,

and a single peripheral subsystem for I/0

Table 2.

introducing Objects

in objects.

of the object.

3. Objects can be created with different lengths.
An object can have from 0 0 65,536 bytes in its data part, and from 0 to 16 384 ADs in its access
part. Any reference to an object is automatically checked to ensure that it falls within the bounds

1. All Information in an IAPX 432 system is contained in objects.
Even the instruction pointer, status flags, and other information used by the GDP are contained

2. Each object can have two parts, a data part and an access part.
The data part can contain any information except accesses. Data in the data part can be added,
assigned, manipulated as bit fieids, or used for any purpose other than accessing an object. The
access part can contain only access descriptors (ADs). ADs are used for referencing objects
and can only be modified in carefully controlied ways.

5-5
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Table 2. Introducing Objects (Continued)

4. Each object has a fixed type.

ADs or can obtain ADs.

The type of an object is determined when the object is created. An object’s type can be used to
define the operations allowed on the object. Software can define new object types at run-time.

5. Objects can be local to a program or subprogram call.
Each object is created at a particular level that specifies whether the object is global or limited in
scope to a particular program or subprogram activation.

6. Objects can only be read or written via access descriptors.
To access data in an object, you must specify an AD that references the object and also specify
the offset within the object’s data part to the field accessed.

7. A procedure call can only access those objects it has ADs for.
Each activation of a program or procedure is itself represented by a context object. The
instructions executed by the context can only access those objects for which the context has

8. Access descriptors can provide restricted access to objects.
Each AD specifies several rights bits, inciuding read rights and write rights. To read from an
object requires read rights set on the AD used; to write to an object requires write rights on the
AD used. Different module activations can have ADs for the same object, but with different rights.

Storage

Address Spaces There are several distinct address
spaces in a iIAPX 432 system. Each peripheral sub-
system, for example, has a local memory space, and
typically, a local |/0 space. A portion of each periph-
eral subsystem memory space is mapped by an In-
terface Processor into the central system. Proces-
sors (and DMA controllers) in a peripheral subsys-
tem can gain access to central system data by read-
ing and writing these local mapped address spaces.

The central system is divided into two 16-Megabyte
physical address spaces, the memory space and
the interconnect space. For the most part, the in-
terconnect space consists of hardware registers
used by the Bus Interface and Memory Control Units
to maintain fault-tolerant systems. The MCU, for ex-
ample, logs the number of memory errors it has de-
tected and corrected in a register that processors
are able to read by addressing the interconnect
space.

GDPs use the instruction MOVE FROM INTERCON-
NECT SPACE to read these registers and MOVE TO
INTERCONNECT SPACE to write to them. Peripher-
al subsystem software can gain access to the inter-
connect space through Window 1. Ali other 432 in-
structions and commands reference the memory
space.

Logical addressing To operate on a data item, a
GDP instruction (or iP command) presents a logical
address as shown in Figure 4. For a GDP, a data
item is an integer, character, or real number. In the
case of an IP data transfer, such data items are sim-
ply bytes or double bytes. The logical address of a
data item consists of an access descriptor and a
displacement (offset) into that object. The several
ways of specifying these components, particularly
the displacement, give rise to the GDP's addressing
modes, which are described in a later section.

Physical Translation GDPs translate logical ad-
dresses into 24-bit physical address; programs have
no way to generate physical addresses directly. As
shown in Figure 5, the essence of the translation is
finding the physical base address of the target ob-
ject and adding the displacement component to it.

As you'll recall, associated with each 432 procedure
(or function) is an object reference list (set of keys)
called access descriptors; this array of access de-
scriptors defines the objects that are currently ad-
dressable by the procedure. The access descriptor
in turn selects an entry in an object table. This entry,
called an object descriptor, contains the base ad-
dress of the target object.

171873-002
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Figure 4. Simplified View of Logical Addressing

The focal point of the translation procedure is the
object table. (Naturally, only the operating system's
memory manager has a reference to the object table
itself.) Every object in a system is represented by a
single object descriptor, which contains its base ad-
dress and other descriptive information. Conversely,
there may be many access descriptors for a single

object scattered among the access descriptor lists .

of all programs that have access to that object. Mov-
ing an object (to compact physical memory, for ex-
ample), only requires updating its object descriptor,
regardless of how many programs hold references
toit.

Note that to improve performance, 432 processors
automatically maintain two groups of physical ad-
dresses on chip. The addresses of frequently used
system objects, such as the object table, are always
immediately available. in addition, the processors
cache exploits the tendency of most programs to
cluster their references to a few objects at a time.

Virtual Memory Support Three fields in object de-
scriptors aid a 432 executive's virtual memory man-
ager. The allocated bit indicates whether real mem-
ory is associated with the object. When the virtual
memory manager swaps an object out to eRernal
storage, it clears this bit first. The hardware checks
the allocated bit during address translation; if it is
clear, the hardware faults, and control passes to the
memory manager. The memory manager can then
swap the object back into physical memory, set the
allocated bit, and return control to the instruction
that faulted.

The accessed bit is set by the hardware when an
object is referenced by an instruction. By periodically
checking and clearing this bit in all object descrip-
tors, the virtual memory manager can gain insight
into the frequency with which each object is being
used. This information can then be used to select
objects to be swapped out, for example, on a least-
recently-used basis.

171873-002
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The altered bit is set by hardware when an object is
updated. If a virtual memory manager decides to
swap an object that has not been altered, and it
knows that a copy already exists in external storage,
it can save time by discarding the memory-resident
copy without swapping it. Both the accessed and
altered bits are also cached on-chip to keep object
table references to a minimum.

Protection and Access Control The services pro-
vided by modern operating systems typically take
the form of procedures that can be called by user
processes. Since most computers do not provide
procedure-level protection as a matter of course, a
special arrangement is necessary to protect operat-
ing system procedures from their callers (an OS pro-
cedure runs in the same process as its caller).

MEMORY REFERENCE

[

ACCESS
SELECTOR

PROGRAM'S ACCESS
ENVIRONMENT

’ ACCESS DESCRIPTOR \\

[ [rams |

OBJECT DESCRIPTORS

SYSTEM-WIDE TABLE OF

OFFSET

[ ¢ ]

L OBJECT DESCRIPTOR \‘
PHYSICAL
ADDRESS
REFERENCED
0BJECY
OPERAND
Lo JE— ..L
Fence
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Figure 5. Two-Level Address Mapping
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The usual approach is to confer privilege upon OS
procedures while denying it to user processes. In
effect, privilege is a second lock that operating sys-
tem procedures can apply to boxes containing their
information. if a computer has one privilege level
(e.g., privileged supervisor, unprivileged user) then
one key opens any privilege lock. A 4-level privilege
scheme (e.g. kernel, executive, supervisor, user)
provides more locks, one for each level. Each privi-
leged key, however, not only opens all locks of the
same level, but is effectively a master key for all
lower privilege ievels.

Privilege thus provides an asymmetric form of pro-
tection: information stored at a given level is protect-
ed from lower-level procedures only, not from proce-
dures at the same or higher levels; in fact a proce-
dure at the lowest level runs on an unprotected ma-
chine.

The 432's protection system, in contrast, is symmet-
ric: every procedure—part of the operating system
or not—is equally protected from every other be-
cause every procedure has access only to those ob-
jects it absolutely needs. The 432’s run-time protec-
tion system is based on limiting the distribution of
information and controlling the manner in which ac-
cessible information is referenced. Each object is
protected as a unit, and each executing procedure
has a unique access environment that specifies ex-
actly which objects it may use, and in what manner it
may use them. At the same time, the system is flex-
ible enough to permit straightforward sharing of in-
formation between cooperating processes.

Limited Access Environments At any given point
in time, a procedure’s access list constitutes its cur-
rent access environment. Since addresses can only
be constructed from the access descriptors on this
list, it is impossibie for a procedure to gain access to
any object for which it does not hold an access de-
scriptor.

A procedure creates an initial access environment
(called a context) for a procedure as part of its exe-
cution of the CALL instruction that invokes the pro-
cedure. (Actually, the entire context is not created
each time a procedure is called, rather, to increase
performance, each process is given a set of inactive
contexts after compilation. When a procedure is
called the context is “filled in" with the parameters
for that activation.) This initial environment includes
references for all objects that could be ascertained
at compile-time: objects containing constants and
statically allocated variables, and any procedures
called by this procedure. In addition, the processor
creates a reference to any parameters passed by
the caller, to free storage from which new objects
may be allocated, and to an operand stack for use in
evaluating expressions in this activation.

As the procedure executes, it may modify its own
access environment. For example, it may create a
new object, it may receive an object reference from
another process, or it may delete an object refer-
ence that is no longer needed. Notice that while the
procedure may create new data at will, the only way
for it to obtain access to data outside its initial envi-
ronment is through the explicit cooperation of anoth-
or process (i.e., through the interprocess communi-
cation facility called ports).

By entering a new context for each procedure acti-
vation, the 432 provides inherent support for reen-
trant and recursive programming. The complete
change in access environments caused by the pro-
cedure invocation ensures that the called procedure
inherits no part of its caller's environment, except for
the parameters that have been passed to it. When
the called procedure returns, the processor switches
back to the caller’s environment.

Integral Sharing Sharing is the other side of protec-
tion. To be able to share pieces of memory among
processes in a controlled way is an important capa-
bility for a computer. Popular procedures and pro-
grams (especially editors and compilers) are often
executed by many processes simuitaneously; shar-
ing a single copy of the code among all processes
not only saves memory, but reduces virtual memory
1/0 traffic and disk space requirements.

The ability to share data is as important as sharing
instructions; some applications, especially control-
oriented ones, are most easily implemented as mul-
tiple processes sharing key data structures. The al-
ternatives to memory sharing (maintaining separate
copies for each process or sharing a file instead of
memory) are often too wasteful, too complicated, or
too slow to be practical in applications where the
processes must have fast access to up-to-date infor-
mation.

Unfortunately, most computer addressing schemes
favor either protection or sharing. To protect proc-
esses from sach other, many computers map them
into separate address spaces; sharing an item then
requires construction of a bridge between the two
address spaces, which—when done at all—provides
an awkward and incomplete facility. Other comput-
ers run processes in the same address space, en-
abling sharing but sacrificing protection (i.e., proc-
esses share everything).

The 432 has a single address space; every object in
this space is potentially sharabte by every process in
the system. Protection is obtained by restricting the
object each procedure can address to the subset it
“needs to know" to perform its function; at any time
the subset is defined by the procedures list of ac-
cess descriptors.
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An object is shared if procedures in more than one
process has references for it (conversely, an object
is private if there is only a single reference for it).
The references can be provided by the compiler or
can be obtained at run-time. (Note that interprocess
sharing is a requirement of Ada and other languages
that support concurrent programming.)

Typing Given that a procedure has access to an
object (has a reterence for it), the protection system
insures the basic integrity of that object. That is, in-
struction references to the object are checked to
make certain that they make sense for that object.
By typing each object, the 432 hardware can posi-
tively determine what an object is; this, in turn, im-
plies which operations (i.e., instructions) are valid for
the object and which are not. in order to maintain
good performance, however, the individual data
items (e.g., characters, integers, etc.) within an ob-
ject are typed and typed-checked at compile-time,
not run-time.

Types of Objects There are five classes of objects
that are used in a 432 system:

¢ System objects

Generic objects

Dynamic-type objects

Refinements of any of these objects
® Interconnect objects

System objects have specific uses and formats
recognized by 432 processors, and serve as the
backbone of the architecture and the operating sys-
tem. The 432 provides a very high-level of support
for operating system functions because the proces-
sors are able to recognize and manipulate system
objects. Processors operate on system objects in
two ways: by executing high-level instructions on be-
half of the operating system, and by executing cer-
tain functions on their own initiative, without soft-
ware intervention.

The structure of a high-level program is reflected in
the type and function of system objects. An Ada
package, for example, is represented within the 432
as a domain object. The domain object contains a
list of procedures, functions, and data associated
with the single package; and like a package, is divid-
ed into private and public parts. Procedures in the
public part of a domain correspond to procedures
which are declared in the specification part of a
package, and which are accessible to outside users.
The private part of the domain, in contrast, corre-
sponds to those data structures, functions, and pro-
cedures within the implementation section (body).
No outside user can operate on, or directly call,
these structures.

Instruction and data objects are good examples of
the protection that an object-based architecture pro-
vides. Instructions contained in an instruction object
cannot be manipulated as data, and likewise, the
entries in a data object cannot be fetched by a proc-
essor for execution. Further, both the instruction and
data objects are hidden from users in the sense that
access to them is provided only through a procedure
call.

The type managers for system objects are combina-
tions of hardware and operating system software, so
application programmers have no need to under-
stand the internal organizations (representations) of
these objects. A few of them, however, are corner-
stones of the 432 architecture and it is worthwhile to
examine them from a functional point of view. In-
struction objects, from which processors fetch a
procedure’s machine instructions, have already
been mentioned. Later in this section storage re-
source and port objects will be discussed.

Processor and process objects are used, natural-
ly, to manage processors and processes. There is
one processor object for each GDP and IP in the
system. At initialization time, each processor obtains
a reference for its own processor object, which it
holds on-chip indefinitely. There is also one process
object for each process (task) in the system. A proc-
essor object contains an access descriptor for a
process object. Dispatching a new process to run on
a processor amounts to changing this access de-
scriptor. The entire set of system objects is de-
scribed briefly in Table 3 and illustrated in Figure 6.

Generic objects An object whose type is generic is
one that has no special significance to the hardware;
its system type is effectively “‘none."” Creating gener-
ic objects is faster than creating other types of ob-
jects and requires no special privilege. In languages
such as Ada or Pascal, executing a NEW operation
creates a record referenced by a pointer. In the 432,
the operation creates a generic object and an ac-
cess descriptor to reference it.

Dynamic-Typed Objects OEM-developed software
added to a computer needs protection for exactly
the same reasons that the operating system does.
Coexisting with unknown programs that have been
written by fallible (and sometimes malicious) end-us-
ers, the OEM software must keep running correctly
and must prevent the disclosure or aiteration of sen-
sitive information belonging to either the OEM or the
end-user. The principal weakness of conventional
protection systems is that the hardware vendor mo-
nopolizes the protection facilities of the machine,
leaving only interprocess protection for the OEM or
end-user. In the 432, full protection can be extended
to every new facility, whether added by Intel, the
OEM, a software vendor, or the end-user.
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Table 3. iAPX 432 System Objects

Instruction Object
contains GDP instructions; the GDP will fetch instructions only from instruction objects.

Domain
represents a program module (package) and references subprograms (instruction objects) and
data objects in the module.

Context
represents a program or subprogram activation (call) and defines the access environment of the
call, i.e., the set of objects that the activation can reference.

Type Definition Object (TDO)
represents a software-defined object type, and can contain attributes of the type (e.g., the type
name).

Type Control Object (TCO)
represents type-specific privileges, such as the right to create objects of a particular type or to
gain access to objects of a particular type.

Object Table
contains the object descriptors used in object addressing and memory management.

Storage Resource Object (SRO)
represents a free storage pool used to create new objects; references an object table that will
contain the new object’s descriptor, a physical storage object from which the new segment will
be allocated, and a storage claim object that limits allocation from this SRO.

Physical Storage Object (PSO)
specifies free storage blocks in memory.

Storage Claim Object (SCO)
limits the number of bytes that can be allocated from a set of SROs that reference this SCO.

Process

represents a program or subprogram activation that can execute concurrently (in parallel) with
other processes.

Port
provides communication between concurrent activities. A port inciudes a queue of messages
sent to the port but not yet received, and a queue of blocked activities waiting to receive
messages (at an empty port) or to send messages (at a port with a full message queus).

Carrier

represents an activity in communication with other concurrent activities via ports. Carriers carry’
messages to and from ports.

Processor Object
contains attributes and state information for an iAPX 432 processor (e.g., a GDP). Because
programs in an iAPX 432 system can only manipulate information in objects, all information
about a processor that must be visible to software must be contained in an object.

Processor Communication Object

used by the iAPX 432 interprocessor communication mechanism to transfer messages between
processors.
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processors; preserved areas are available to system software)
171873-002

5-12



intel IAPX 43201/IAPX 43202

PORT OBJECT

(RESERVED)
1]
N v
=  MESSAGE OUEUE ENTRY AREA =
"
1
12
0
[
] DOMAIN OBJECT
4
2 1 1
° = (PRESERVED) =
f— Fonce { [}
[] EGCIRSNAAEEEESARSATRARSAESR Fencs
1 [AD Y3 FAULT INSTAUC DBJECT | o
2 AD YO YRACE INSYRUCTION ORJECT | 1
T MESSAGE OUEUE ACCESS AREA T . (PRESEAVED) -
1 Jd
INSTRUCTION OBJECY
Vo 1
= INSTRUCTIONS e
CARRIER OBJECT :
I ’ 2
- (PRESERVED) = °
PRSORIPCS
CARRIER
| 18 | FauLT
€0 OPER 18 AREA
P SELET 1
F SELECY INDEX '“1’
Fence

eysnsun-=al onace

L (PRESERVED) -
—J

171873-7

Figure 6. 432 System Objects (Reserved areas are used by
processors; preserved areas are available to system software) (Continued)
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If base typing protects the 432’s addressing mecha-
nism, and system typing protects the 432’s system
objects, dynamic-typing can be viewed as protecting
users from one another. In essence, dynamic-typing
enables a programmer to define a specific type of
object including the operations that are vald for it,
and then have the hardware enforce the definition,
just as it would for any of the system objects.

When a type manager creates a dynamic-type ob-
ject for a user, it returns an access descriptor for
that object. When the user subsequently wishes to
manipulate the object, it passes the access descrip-
tor as a parameter in a call to one of the type man-
ager's operations. Dynamic-typing prevents the user
from manipulating the object’s representation direct-
ly; the user holds a reference for the object, but the
object is effectively “'sealed from access. Only the
type manager can ‘‘unseal” the object; any other
attempt to operate on the object’s contents is abort-
ed by the hardware.

Refinement Occasionally, it is convenient to define
a new object that is a subset of an existing object. A
“personnel record,” for example, might contain
“public” information such as name and department,
and “'‘private” information, such as salary. A process

with access to the complete record may want to
send only the public part to another process. it may
do so by creating what is called a refinement of the
object (see Figure 7).

Interconnect Objects Groups of hardware registers
within the interconnect space are represented as In-
terconnect Objects, and can be accessed by the
GDP only through the MOVE TO INTERCONNECT
and MOVE FROM INTERCONNECT operators
(Note: an Interface Processor gains access by open-
ing Window 1 onto an Interconnect Object). Inter-
connect objects have no access descriptors.

Rights and Bounds Each access descriptor con-
tains a set of rights which further defines how the
holder of the reference may use the referenced ob-
ject (see Figure B). These base and system rights
are set when the holder is given the reference. Base
rights define whether the object may be read-only,
write-only, either or neither. A user with a reference
to a system object, for example, will be unable to
read or write the object. System rights are system-
type-specific; for example, the system rights for a
port object indicate whether the holder may send a
message to the port, or receive a message from the
port.

REFINEMENT DESCRIPTOR

AP AP
ENGTHIOF OFFS LENGT nzrmso ouzcr

OBJECT DESCRIPTOR

USER'S VIEW OF
REFINEMENT

---.-\—]

DATA PART

‘ REFINED OBJECT

ACCESS PART

|

THE SHADED PARTS OF THE REFINED
OBJECT CANNOT BE ACCESSED USING
THE REFINEMENT

171873-9

Figure 7. Refinement Object
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Figure 8. Access Descriptor Format

A type manager may define up to five rights for the
dynamic-typed object it manages. It may selectively
grant rights to a user when it creates an object and
returns the reference for it. When a type manager
receives a reference for an object, it may compare
the rights in the reference to the operation request-
ed by the user. The manager of a “bank account”
object, for example, may permit all users to credit
and debit bank accounts, but only a few may be
granted the right to close an account.

Finally, the hardware performs a bounds check to
insure that the displacement component of a logical
address in fact falls within the target object. This is
done by simply comparing the displacement to the
object’s length (contained in the object descriptor).

For improved performance, the hardware holds
length and rights information for frequently-used ob-
jects, as well as their physical base addresses, and
virtual memory control information, on chip.

Object Management

Reference Manipulation A procedure sometimes
needs to manipulate the entries in its access de-
scriptor list (as opposed to the objects the list refer-
ences). The common base architecture defines op-
erations that permits copying an access descriptor
from one “slot” to another, and for nulling an access
descriptor. This last operation is used to delete the
reference to an object that is no longer needed. An-
other operation permits a procedure to inspect an
access descriptor, for example, to examine the
rights bits. A procedure may similarly inspect the ob-
ject table entry indexed by an access descriptor to
see, for example, if the object is dynamic-typed (i.e.,
the entry is for a type controi object, rather than an
object descriptor).

Object Creation and Deletion Free storage in cen-
tral system memory is accounted for in system ob-
jocts called storage resource objects, or SROs.
SROs are lists of unallocated blocks of memory.
Given a reference to an SRO, a procedure can cre-
ate a new object dynamically; the instructions that
create new objects automatically update the SRO
from which storage is obtained.

Objects have “lifetimes’: they come into being and
occupy storage, and they also disappear, giving up
their storage. The 432 common base architecture
distinguished between short-term and long-term cb-
jects. A short-term object exists for the lifetime of
the procedure that creates it; that is, it is allocated
when the procedure is called and it is deallocated
when the procedure returns. An operand stack, for
example, is automatically created when a procedure
is called, and a procedure may create an object to
pass as a parameter to another procedure. A fong-
term object exists after its creating procedure re-
turns; in fact, it lives indefinitely, until there are no
object references left for it. A type manager “create’’
operation will create a long-term object.

As mentioned, short-term objects are deallocated
automatically by the hardware when the creating
procedure returns to its calier. Long-term objects are
deallocated by a software routine called a garbage
collector. This operating system routine sweeps
through memory looking for objects that no longer
have references left to them. When such an object is
found, the garbage collector reclaims the storage
occupied by the object by removing the object's de-
scriptor from the object table and returning the stor-
age block(s) occupied by the object to the SRO from
which it was allocated.
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Garbage collection is a complex operation; most
conventional systems let garbage accumulate until a
request for memory allocation cannot be satisfied.
Then they halt normal execution, collect garbage,
and resume operation. To avoid this suspension of
service, the 432 architecture defines a reclamation
bit in each object descriptor. By setting the reclama-
tion bit whenever it copies an object reference, the
hardware permits garbage to be collected on-the-fly,
in paraliel with normal execution. The operating sys-
tem performs garbage collection automatically, re-
lieving programmers of much of the burden of stor-
age management.

Mutual Exclusion It is perfectly possible for two
processes to hold references for the same object
(see Figure 9, for example). if both processes only
read the object they need not coordinate their oper-
ations. Consider, however, an object that accumu-
lates the total number of transactions handled by
several processes. Every so often each of these
processes adds the number of transactions it has
handied in the preceding time period to a field in this
object. Although the addition is performed in a single
machine instruction, at least three memory access-
es are required to complete the operation: 1) read
the old totai; 2) read the increment; 3) write the new
total. The integrity of the total is in jeopardy when
two processes update it at nearly the same time.

The 432 has three classes of mutual exclusion
mechanisms: 1/0 locks, object locks, and indivisible
operations. Each object’s storage descriptor con-
tains a bit called the 1/0 lock. When an Interface
Processor opens a window on the object, it checks
to see that the object is not already |/O-locked, and
then it locks it for the duration of the 1/O transfer.
Software running on a GDP may check for an /O
lock by inspecting an object’s storage descriptor.

An object lock field may be defined for any data
object. Processes that update such an object agree
by convention not to update the object without first
locking it, and further agree to unlock the object as
soon as exclusion is no longer required. The LOCK
OBJECT is conditional: it returns a value that indi-
cates if the object was successfully locked (i.e., was
not locked by another process). A process should
refrain from accessing the object until it successfully
locks it. In general, an object’'s type manager will
take care of locking and unlocking the objects it
manages, eliminating the need for object users to
know anything about locks.

Note that a processor locks a 432 system object
when it needs exclusive access to it during the exe-
cution of a high-level operation. This prevents anoth-
er processor, or an executive routine, from interfer-
ing with a critical operation on the object.

PROCESS
A

PROCESS
8

BATA DATA
OBJECT OBJECTY
1 2

DATA DATA
OBJECT OBJECT
3 4

17187311

Figure 9. Two processes can share access to the same object. in the figure,
both Processes A and B can access Data Object 3. In these cases,
some mutual exclusion mechanism must be used to prevent inconsistent updating.
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Often an object only needs to be locked for the du-
ration of one instruction. The common base archi-
tecture defines operators that permit addition and bit
field insertion (1 to 32 bits) to be performed indivisi-
bly. When an indivisible operator is executed, the
processor signals a read-modify-write bus cycle; the
system memory controlier must not permit a second
RMW-write access to the target memory until the
updated value has been written back into memory.
Thus, the integrity of a shared value is guaranteed
so long as programs that update it do so with indivis-
ible operations.

While a refinement is effectively a new object that is
a contiguous subset of an existing one, it actually
requires only a new access descriptor, thereby sav-
ing storage and execution time. A process with a
reference to a refinement has no knowledge of the
“underlying” refined object. The process that creat-
ed the refinement, however, can “retrieve’” the re-
fined object from a reference to the refinement.

Process Communication

Except as they hold references to the same objects,
432 processes are compietely independent of one
another. Two processes may execute alternately on
the same processor, or they may execute simulta-
neously on different processors. The 432 interpro-
cess communication facility enables processes to
communicate with each other by transmitting access
descriptors (as messages) through memory during
execution.

Since any object reference can be transmitted, proc-
ess communication is an extremely efficient and ver-

satile facility; it provides the basis for 1/0 operations
and process dispatching in addition to more tradi-
tional message passing. Process communication
can also be used to implement another form of mu-
tual exclusion.

A complete transmission consists of a send and a
corresponding receive. Since processes execute
asynchronously with respect to each other, the
time at which a process desires to send a message
is unrelated to the time at which another process is
ready to receive a message. Further, the rates at
which processes send and receive are, for the most
part, unpredictable. This is in contrast to the syn-
chronous communication of procedures within the
same process, which may pass object references as
parameters in ordinary call and return operations. A
call effectively suspends execution of the caller and
starts execution of the called procedure; a return ter-
minates the called procedure and resumes the call-
or. 432 interprocess communication, on the other
hand, allows the communicating processes to run
concurrently.

The 432 port object provides the synchronization
and buffering needed for asynchronous process
communication. Conceptually, a port is a queue; two
processes with references to the same port have a
channel over which they can communicate. A proc-
ess wishing to transmit a message executes a SEND
operator, which copies the access descriptor to the
port (see Figure 10). A processes ready to obtain the
message executes a RECEIVE operator, which
moves the access descriptor at the head of the
queue to the receiver’s object reference list, thereby
making the object accessible and deleting it from the
queue.

descriptor for the target object.

PROCESS A PROCESS B
ACCESS ACCESS
DESCRIPTORS DESCRIPTORS
A 1
TARGET
OBJECT
171873-12

1) Both Process A and Process B have an access descriptor for the port, while A has an access

Figure 10. Simple Message Transmission
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Figure 10. Simple Message Transmission (Continued)

When a port is created, it is given a queuing disci-
pline, which may be first-in-first-out (FIFQ), or priori-
ty/deadiine. A send to a FIFO port inserts the mes-
sage at the back of the queue. A send to a priority/
deadline port inserts the message according to pri-
ority and deadline parameters associated with it
(and the messages already enqueued, if any). Inser-
tion is done so.that the highest priority messages
are at the front of the queue; within a priority level,
messages with the shortest (least) deadline are
placed in front. A receive operation always takes the
message at the front of the queus.

The simple SEND and RECEIVE operators are un-
conditional: they imply that the executing processes
is willing to block if the port is full (or empty). A
SEND to a full port or a RECEIVE at an empty port
enqueues a reference to the sender's process ob-
ject at the port; further execution of the process is
blocked while it effectively waits at the port. When
SENDs and RECEIVEs executed by other processes
make it possible to complete the original operation,
the process is automatically unblocked and execu-
tion may resume. A process waiting at a port due to
a biocked RECEIVE, for example, is unblocked

5-19

when another process SENDs a message to that
port.

The CONDITIONAL SEND and CONDITIONAL RE-
CEIVE operators, in contrast, never block: these op-
erators return a value that indicates whether the op-
eration was *‘successful.” This signal gives the proc-
ess the option of doing some other work and at-
tempting the send or receive later. Other operators,
called SURROGATE SEND and SURROGATE RE-
CEIVE enable even more sophisticated forms of in-
terprocess communication.

A port is also useful as a mutual exclusion mecha-
nism. Processes that periodically require exclusive
access to a shared object can designate a port to
hold a single “key” to the object; the key can simply
be a null access descriptor. When a process needs
to obtain exclusive access, it does a receive opera-
tion on the port to pick up the key. (If the key is in
use, the process blocks at the port.) When it actually
receives the key, the process has exclusive access
to the shared object. As soon as it has finished with
the object, the process sends the key back to the
port, making it available to other processes.

171873-002
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Interprocessor Communication

To coordinate the activities of multiple processors,
all 432 processors can raeceive and respond to a set
of predefined messages (see Table 4). For the most
part, these messages are sent by processors on
their own initiative. System software may also send
a message to a particular processor, or may broad-
cast a message to all processors in the system.

When a system’s memory manager moves an object
or swaps it out of memory, for example, it will broad-
cast a "flush cache” message to all processors.
This eliminates the possibility that a GDP will refer-
ence the object with an on-chip cache address
which has been made invalid by the action of the
memory manager. Sending a message to a proces-
sor requires a reference (with proper system rights)
to that processor's process object; by controlling
distribution of process object references, system
software can likewise limit the ability to send proces-
SOr messages.

Table 4 contains the Interprocessor Communication
message codes in decimal along with a short de-
scription of the message: )
Table 4. IPC Message Codes
Wakeup
Start
Stop
Accept Global IPCs
Ignore Global {PCs
Requalify Object Table Cache
Reset Processor
Requalify Processor
Requalify Process
Requalify Context
Requalify Data Object Cache
Enter Normal Mode
12 Enter Alarm Mode
13 Enter Reconfiguration Mode
14 Enter Diagnostic Mode

@ N OO A WN -0

- .
- O (¢

Timekeeping

The central system runs on a single time standard
which is reflected in the on-chip clock of every 432
processor. The on-chip clock is a 16-bit accumulator
which is driven by the PCLK signal. All 432 proces-
sors are tied to PCLK, which is independent of the
component (CLKa, CLKg) clocks. When PCLK is as-
serted by an external timing source, all processor
clocks increment (“‘tick”}) in unison.

5-20

PCLK's frequency, at thus the duration of one sys-
tem unit, is set according to the resolution required
by the application; 200 microseconds is a typical val-
ue. As discussed later, the system unit provides the
basis for GDP processing and dispatching.

Each GDP process object contains a clock field that
is automatically maintained by the hardware. A proc-
ess clock indicates the number of system time units
that the process has been bound to a processor (i.e,
how long it has been executing). Using a 200 micro-
second clock, a process clock can accumulate over
236 hours before turning over. Process clocks can
be read by software and provide the basis for execu-
tion-time charging algorithms and for adaptive proc-
ess scheduling.

Exceptions

Software Faults Most modern computers provide a
tacility for detecting errors during execution; for ex-
ample, many CPUs detect arithmetic overfiow or an
application program'’s attempt to execute a “privi-
leged” instruction. The 432 extends this concept
into a comprehensive, structured software fault sys-
tem (see Table 5).

A software fault is an exceptional condition uncov-
ered by a processor during execution. it may be a
simple computational error {e.g., square root of a
negative number), an attempted protection violation,
or a condition that requires off-line handling though
not an error or violation. Whatever the source, the
architecture recognizes that normal computation
cannot continue until the exceptional condition is re-
solved.

The architecture defines software fault detection
and fault reporting; that is, the notification that a
fault has occurred and provision of information de-
scribing it. Software fault handling, which may in-
clude fault recovery in many cases, is the province
of application or—more frequently—system soft-
ware. A software fault may be detected at any time:
during the execution of an instruction or command,
while a processor is performing an operation on its
own initiative, during an IP data transfer, and so
forth. A processor reports a software fault by first
recording descriptive information in the predefined
tault information area of a system object. This in-
formation describes the nature of the fault and pro-
vide additional information that may assist software
in recovering from it. The fault handler examines the
fault information and takes “‘appropriate action,” as
defined by the application. This may vary considera-
bly according to the application and the nature of the
fauit.
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Table 5.

General Fault Groups

Memory Reference Faults:
Segment Overflow Fault
Memory Overflow Fault
Read Rights Fault
Write Rights Fault
Bus Error

Instruction Fetch Fault

Data Part Cache Qualification Fauits
Data Part Access Faults:
Access Descriptor Validity Fault
Object Descriptor Type Fault

Object Table Qualification Faults:
Object Descriptor Type Fault
Object Type Fault

Access Environment Altered Faults:
Access Descriptor Validity Fault
Object Descriptor Fault

Data Operator Fault Groups

Domain Error Fauit
Overflow Fauit
Underflow Fault
Inexact Fault

Non-Instruction Interface Fauits

Initialization:
Object Qualification Faults (Processor)
Object Qualification Faults
(Object Table Directory)

IPC Faults
Object Qualification Faults (PCO)
PCO Response Count Fault
PCO Lock Fault

idle:
Delay Port Service Faults

Process Binding:
Object Qualification Faults (Carrier)
Process Lock Faults
Process Qualification Faults
Port Operation Faults

Process Selection:
Delay Port Service Faulits
Object Qualification Faults
Port Operation Faults

Detectable Software Faults
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Object Operator Faults

Branch

Branch True

Branch False:
Instruction Pointer Overflow Fault
Instruction Object Displacement Fault

Branch Indirect:
instruction Object Displacement Fault

Branch Intersegment

Branch Intersegment without Trace

Branch Intersegment and Link:
Object Qualification Faults (Instructions)
Instruction Object Displacement Fault

Copy Access Descriptor:
Store Access Descriptor Faults

Null Access Descriptor:
Destination Delete Rights Fault

Amplify Rights:
TCO Type Rights Fauit
Object Qualification Faults (TCO)
Type Fault
Race Condition Fault

Retrieve Type Definition:
Source AD Validity Fauits
Store Access Descriptor Faults

Create Refinement:
Source AD Validity Fault
Object Descriptor Type Fauit
Offset and Length Compatibility Fault
Refinement Overflow Fault
Level Fault

Create Typed Refinement:
TCO Type Rights Fault
Source AD Validity Fault
Object Descriptor Type Fault
Type Fault
Offset and Length Compatibility Fault
Refinement Overfiow Fault
Level Fault

Create Typed Object:
Descriptor Allocation Faults
Object Qualification Faults (TCO)
TCO Type Rights Fault
Level Fault
Segment Allocation Faults
Store Access Descriptor Faults
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Table 5. Detectable Software Faults (Continued)

Inspect Object:
Access Path Object Descriptor Fault

Lock Object:
Source Representation Rights Fauit

Unlock Object:
Source Representation Rights Fault
Obiject Lock 1D/Type Fault

Call

Call through Domain:
Object Qualification Faults (Domain)
Domain Access Index Overflow Fault
Instruction Object Type Rights Fauit
Object Qualification Faults (instructions)
Context Parameters Size Fault
Context Type Rights Fauit
Object Qualification Fauits (Context)
Instruction Object Displacement Fault

Rsturn:
Context Type Rights Fault
Context Qualification Faults
Object Qualification Faults (PSQ)
Object Qualification Faults (Object Table)
PSO Lock Fault
Instruction Object Displacement Fault

Block Move:
Offset Overfiow

Return and Fault:
Return Fauit

Send
Receive
Conditional Send
Conditional Receive
Delay Process
Send Process:
Port Type Rights Fault
Level Fault

Surrogate Send

Surrogate Receive:
Surrogate Carrier Validity Fault
Surrogate Carrier Type Rights Fault
Destination Port Type Rights Fauit
Port Type Rights Fault
Level Fault

Set Process Mode:
Process Object Type Rights Fault
Process Object Access Mismatch Fault

Send to Processor:
PCO Type Rights Fault
Object Qualification Faufts (PCO)

Move to Interconnect

Move from Interconnect:
Odd Displacement Fault
Odd Interconnect Descriptor Base Address Fault
Object Qualification Faults (interconnect)

The common base architecture recognizes that
some faults are more serious than others; indeed
certain faults, such as “not allocated” (i.e., an object
needs to be swapped in from external storage) will
be routine in many systems. Accordingly, software
faults are divided into levels based on their impact
on the system and the amount of information re-
quired to resolve them. This permits softwars to pro-
vide a response that is appropriate to the severity of
the problem and to minimize the disruption that han-
dling the fault may have on the rest of the system.

in general, the philosophy is to keep the unaffected
parts of the system running while the fault is handled
outside the normal flow of execution. Processors
record fault information in the system object that
corresponds to the fault-level; for example, informa-
tion describing a process-level fault is recorded in
the process object.

A context is a single instance of a procedure in exe-
cution. A context-level fault is one that can normal-
ly be handled within the process (i.e., by application
code). Ada, for example, permits programmers to
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write exception handlers that wilf respond to GDP
context-level faults.

A process-level fault prevents the current process
from continuing until the fault is handled, but does
not affect other processes. GDPs and IPs respond
to this situation similarly. Generally, the procedure is
to remove the offending process from the set of ac-
tive processes by sending its process object to a
fault port and then dispatching the next ready proc-
ess.

Each process is associated with a fault port; a fault
port is an ordinary port that queues messages that
happen to be references to “broken’ processes. An
operating system fault process can receive these
process objects and attempt to “repair’’ them, that
is, recover from the fault. For example, if the fauit
process determines that the fault is “‘object not allo-
cated,” it can notify the system’s virtual memory
manager to swap in the needed object. When this
has been done, the fault process can send the proc-
ess off to its dispatching port (see “Scheduling and
Dispatching”).
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A processor-ievel fault threatens (bul might not ab-
solutely prevent) continued execution by the proces-
sor. The GDP and IP respond to this situation differ-
ently, but the basic procedure is to run a processor
diagnostic program.

At the final level, the processor cannot do anything,
not even record fault information. It therefore halts
and asserts its FATAL pin. Software on some other
processors might monitor this pin; for example, it
could be routed to an interconnect register and peri-
odically sampled. A halted processor can be restart-
ed by hardware (asserting its INIT pin) or software
{sending a START IPC).

Interrupts. Each 432 processor has an ALARM pin
which can be asserted to signal the occurence of an
extremely high priority external event. A typical ex-
ample is imminent power failure. In general, when

ALARM has been asserted, the GDP will compiste
its current instruction and then invoke a designated
software process (waiting at the ALARM port).

Data Types

The memory formats of the GDP’s eight basic data
types are illustrated in Figure 11. Any data type may
be stored on any byte boundary (performance is im-
proved, however, when data is aligned on physical
memory boundaries). The types are divided into four
classes: character, ordinal (unsigned integer), inte-
ger, and real. These data types correspond directly
to the “primitive” types defined in most high levei
languages. Impiementing the essential types in hard-
ware, with a choice of storage requirements for each
class, heips ensure that compiler-generated code
sequences are both compact and fast.

—
Ly
CHARACTER | TEXT CHARACTERS
{8 bits) BOOLEANS
SHORT ORDINAL NSIGHRE
(16 bits INTEGERS.
ORDINAL
1 [l (32 bits)
ﬁ |
|
SHORT INTEGER
(16 bits) i
SIGNED
INTEGERS
INTEGER
L L (32 bits)
gl
=
SHORT REAL
L L (32 bits)
FLOATING
REAL b POINT
1 i 1 1 { i {64 bits) NUMBERS
TEMPORARY REAL
(80 bits)
1 1 i - ] i 1 —)
171873-15
Figure 11. IAPX 432 GDP Computational Data Types
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Table 6 gives the attributes of the numeric data
types. Of particular note is the temporary-real data
type. The extra range and precision of this type con-
tributes to the production of consistently safe, reli-
able floating-point algorithms. As its name implies,
the temporary-real type is intended for holding inter-
mediate computational results, The inputs and out-
puts of a calculation should be defined as short-real
or real, according to the range and accuracy of the
available data. All intermediate results should be
held in temporary-real, with the final conversion to
the output at the end of the computation.

Extremely large and small values are most likely to
occur in intermediate computations; using tempo-
rary-real for these makes overflow and underflow ex-
ceedingly unlikely in most applications. Temporary-
real's extended precision also prevents round-off er-
rors from accumulating during long computations;
the only significant round-off occurs at the conver-
sion from temporary-real to the real or short-real for-
mat of the final result.

Instruction Set

Table 7 shows the instructions the GDP provides for
its data types. The symmetry of the instruction set

with respect to data types simplifies compiler code
generation.

In the data transfer group, the ZERO and ONE in-
structions write a constant into an operand. MOVE
copies a variable, popping the stack if it is the
source, pushing it if it is the destination. SAVE cop-
ies the stack top without popping the stack; it can be
used to duplicate the stack top.

The logical instructions perform the customary oper-
ations. XNOR is the complement of XOR (exclusive
OR): where XOR returns 1-bits when corresponding
bits are unequal, XNOR returns 1-bits when corre-
sponding bits are equal. It is thus the Boolean equiv-
alent of “equals.”

In the arithmetic group, the REMAINDER instruction
performs exact modulo division; it is very useful for
reducing an argument to a periodic transcendental
function (e.g. tangent) to the range accepted by the
function without introducing round-off error.
SQUARE ROQT executes in about the same time as
ordinary division; programmers need not contort al-
gorithms to seliminate time-consuming sgquare roots.

Table 6. Numeric Data Types

Data Type s‘g?:;';fm Approximate Range
Character 2 0 <x<2585
Short-Ordinal 4 0 < x < 65,535
Ordinal 9 0 < x < 4,294,967,295
Short-Integer 4 ~32,768 < x < 32,767
Integer 9 —2,147,483,648 < x < 2,147,483,647
Short-Real 6-7 8.43 X 10-37 <|x| < 3.37 X 1038
Real 15-17 4.19 X 10—307 <|x|< 1.67 x 10308
Temporary-Real 19 3.4 x 10—4932 <|x|< 1.2 x 104932

* Decimal equivalent
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MOVE
OPERATORS

LOGICAL
OPERATORS

ARITHMETIC
OPERATORS 4

BIT-FIELD
INSERT

RELATIONAL
OPERATORS w

CONVERSION
OPERATORS

WHERE:

. X

(BLANK_)

Table 7.

Operators

IAPX 432 Operators and Computational Data Types

Data Types

Char.

Short
integer

Integer

Real

MOVE

X

X

SAVE

ZERO

XX |x

ONE

x| [x

XX |x|x

XX x> |>x

X
X
X

XX |x

AND

INCLUSIVE OR

EXCLUSIVE OR

EQUIVALENCE

NOT

D2 | > | x| >

XX x> |x

HEX XX |X

ADD

>

SUBTRACT

MULTIPLY

DIVIDE

REMAINDER

XXX | x

INCREMENT

DECREMENT

XX x|

R X x> |x]|x

NEGATE

XXX > | XX |X

MM XXX x

ABSOLUTE VALUE

SQUARE ROOT

X || x

INDEX

EXTRACT

INSERT

x

x

SIGNIFICANT BIT

x

>

EQUAL

NOT EQUAL

EQUAL ZERO

NOT EQUAL ZERO

LESS THAN

LESS THAN OR EQUAL

KX > > >

X x| > | > | >

XX x| 5| xx

POSITIVE

NEGATIVE

XXX

XX ||

XX | > | x

MOVE IN RANGE

A A R R A Rl A R A R A B

S M XX > ]| >x

TO CHARACTER

TO SHORT ORDINAL

TO ORDINAL

TO SHORT INTEGER

R x>

TO INTEGER

TO SHORT REAL

TO REAL

XX |x

TO TEMPORARY REAL

X

X

X

Means the operator is available for the given data type.

Means the operator is available for the given data type and for instructions
in which one of the operands is a temporary real.
Means the operator is not available and would be of little or no use if it were.

Means the operator is not available.
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The bit field instructions, EXTRACT and INSERT BIT
FIELD, make the manipulation of packed bit field
records simple and rapid. The SIGNIFICANT BIT in-
struction returns the position of the “leftmost” 1-bit
in an ordinal or short-ordinal. Note that the INSERT
BIT FIELD is an indivisible operation; once the in-
struction starts to run, no other processor can per-
form an indivisible operation on the figld until its new
value has been written into memory.

The instructions in the comparison group assert a
condition existing in a single variable (e.g., EQUAL
ZEROQ) or between two variables (e.g., GREATER
THAN). These instructions return a Boolean value
TRUE or FALSE according to the truth of the asser-
tion. Conditional branching is effected. by following a
comparison with BRANCH TRUE or BRANCH
FALSE instruction.

The GDP has the full complement of 432 common
base instructions plus addition data processing op-
erations. Some of these permit changing the flow of
control in a program by conditional and uncondition-
al, and by calling a procedure. Others facilitate the
manipulation of composite objects (objects made up
of other objects), access to data declared giobal to
all procedures in a process, and setting precision
and rounding modes for real number computations.
Finally, two of the instructions give a GDP program
access to the interconnect space.

instruction Formats

The 432’s instruction codes have been designed to
minimize the space the instructions occupy in mem-
ory and still allow for efficient encoding. In order to
achieve the best efficiency in storage, the instruc-
tions are encoded without regard for byte, word, or
other artificial boundaries. The instructions may be
viewed as a linear sequence of bits in memory, with
each instruction occupying exactly the number of
bits required for its complete specification.

Processors view these instructions as composed of
fislds of varying numbers of bits that are organized
to present information to the Instruction Decoder in
the sequence required for decoding. A unified form
for all instructions allows instruction decoding of all
instructions to proceed in the same manner.

In general, GDP instructions consist of four main
fields. These fields are called the class field, the for-
mat field, the reference field, and the opcode field.
The reference field, in turn, may contain several oth-
er fields, depending upon the number and the com-
plexity of the operand references in the instruction.
The fields of a GDP instruction are stored in memory
in the following format.
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The class field is either 4-or 6-bits long, depending
on its encoding. The class field specifies the number
of operands required by the instruction and the prim-
itive types of the operands. The class fisld may indi-
cate 0, 1, 2, or 3 operands. If the class field indicates
one or more references, a format field is required to
specify whether the references are implicit or explicit
and their uses.

In the case of explicit references, the format field
can indicate whether or not the reference is direct or
indirect. Further, the format field may indicate that a
single operand plays more than one role in the exe-
cution of the instruction. As an example, consider an
instruction to increment the value of an integer in
memory. The instruction begins with a class field
specifying that the operator is of order two and that
the two operands occupy a word of storage; next,
the format field indicates that a single reference
specifies a logical address to be used both for fetch-
ing the source operand and for storing the result; it is
followed by an explicit data reference to the integer
to be incremented; and finally the instruction ends
with an opcode field for the order-two operator IN-
CREMENT INTEGER.

It is possible for a format field to indicate that an
instruction contains fewer explicit data references
than are indicated by the instruction’s class fisid. In
this case, the other data refefences are implicit, and
the corresponding source or result operands are ob-
tained from (or returned to) the top of the operand
stack. Consider the following statement:

A=A+B"C

The instruction fragment for this statement consists
of two instructions and has the following form:

\ lopcode I referencel format 1 classl S

+ Increasing address
171873-16

Assume that A, B, and C are integer operands. The
first class field (the rightmost field shown above)
specifies that the operator requires three references
and that all three references are to word operands.

The first format field contains a code specifying two
oxplicit data references supplying only two source
operands. The destination is referenced implicitly so
that the result of the multiplication is pushed on the
operand stack. The second class field is identical to
the first and specifies three required references by
the operator, all to word operands. The second for-
mat field specifies one explicit data reference to be
used for both the first source operand and the desti-
nation. The second source operand is referenced
implicitly and popped from the operand stack when
the instruction is executed.
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The reference fields themselves can be of various
lengths and can appear in varying numbers (consis-
tent, of course, with the specifications in the class
and format fields. If implicit references are specified,
reference fields for them will not appear. Direct ref-
erences will require more bits to specify than indirect
references.

Following the class, format, and reference fields, the
opcode field appears. The opcode fisld specifies the
operator to be applied to the operands specified in
the preceding fields.

Addressing Modes

The operands {(data items) that a GDP instruction is
to operate on are encoded in the instruction as data
references consisting of two parts: a base part and
an index part. The entire data reference can there-
fore be viewed as having three components: an ac-
cess selection component, which selects an object;
a base part of the operand offset, which provides a
byte displacement to the base of the area of memo-
ry within the selected object; and an index part of
the operand offset, which specifies a particular oper-
and within that area.

The addressing is very flexible since each part of the
operand offset can be specified directly or indirectly.
A direct base or direct index has its value specified
directly in the data reference encoding. When indi-
rection is used, however, the value of the base or
index is given by a short-ordinal value located within
the currently accessible object.

There are four possible combinations of direct and
indirect base and index parts, and each combination
results in a different mode of reference (see Figure
12). Each of the four combinations has been used to
name a data reference mode indicating the kind of
data structure for which the reference would usually
be used. The scalar, record, static array, and dynam-
ic array modes correspond roughly to the direct,
base, indexed, and base-plus-index modes found in
rany computers; all four modes are independe. itly
available for any operand specified in an instruction.

As shown in Figure 13, the displacement component

ay -o .ncoded directly in U wuctiz may
come from base and index variables in memory (in-
cluding the stack), or may consist of one direct and
one indirect value. Choosing between direct and in-
Lations pimanty dop . en v siim
mation is flxed at compile-time and what may be
computed during execution.

€. IV

NGiE Hiwe w. -wito. index value (used to seieci an
array element) is expressed naturally as the element
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number 1o be accessed. The hardware automatically
scales the index according to the data type being
manipulated by the instruction to calculate the actual
byte displacement. For example, to address the third
element of a vector, the indirect index variable would
contain the value 3 for any type of vector—charac-
ter, integer, real, etc.

A fifth addressing mode is implicitly specified when a
data reference is expected (according to the “num-
ber of references” field), but none is encoded in the
instruction. The data reference in this case is the
operand on top of the stack. If the operand is the
sourcs, it is automatically popped from the stack; if
the operand is the destination, the result of the oper-
ation is pushed onto the stack.

Large Array Indexing

The maximum size of the data part of an object is
65,636 (64K) bytes, but of course, some applications
require arrays that are larger. The INDEX ORDINAL
operator is,used to access these large arrays.

The large array is mapped (at compile-time) into a
series of objects, each with data parts that are 2,048
bytes (2K) long. All these objects are directly acces-
sible in the current logical access environment. The
INDEX ORDINAL operator works as follows:

Given:

* The size of each element in the array (i.e., a
scale factor)

® The access selector for the base segment of
the array

e The ordinal index for the desired array element
The operator computes:

e The access selector for the appropriate 2K
data object that contains the indexed array ele-
ment

¢ The displacement into the data part of that ob-
ject in the array element

The resulting short-ordinal values can then be used
with the indirect access selection mode and the rec-
ord, static array, or dynamic array data reference
MOC .3 16 woUdSs w.. witay €.....ant. Of course, this
whole process is invisible to the typical 432 pro-
grammer who uses a high-level language and leaves
the choice of machine instructions to the compiler.

171873-002
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DATAITEM INDEX LENGTH

DISPLACEMENT (7 OR 16 BITS) X

DATA SEGMENT

ATOR16

SELECTOR
{MAY BE DIRECT OR INDIRECT}
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A.SCALAR DATA REFERENCE MODE

DISPLACEMENT LENGTH

BASE DISPLACEMENT
(SPECIFIED

DATA ITEM OFFSET X
INDIRECTLY)

{7 OR 16 BITS)

/(1<JO BITS 7O0R 16 BITS

DATA S_EGM ENT

TOP OF
OPERAND STACK
OR
VARIABLE IN SAME
OATA SEGMENT

on
VARIABLE IN ANOTHER
DATA SEGMENT

7 YL A werenncen

-

DISPLACEMENT TO BASE
OF RECORD REFERENCED ELEMENT
OF RECORD
REFERENCED
SELECTOR
171873-20

B. RECORD ITEM REFERENCE MODE

Figure 13. Modes of Displacement Generation
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BASE LENGTH
ELEMENT INDEX
(SPECIFIED BASE DISPLACEMENT X
INDIRECTLY
{1-3681TS 0OR 16 BITS
DATA SEGMENT
TOP OF
OPERAND STACK
R
VARIABLE IN SAME
DATA SEGMENT
"
VARIABLE N ANOTHER
DATA SEGMENT
- ARRAY
///[/ // REFERENCED

ELEMENT OF
ARRAY
RAEFERENCED
SCALING BY Q ELEMENT
DATA TYPE OISPLACEMENT
SELECTOR
171873-2°
C. STATIC ARRAY ELEMENT REFERENCE MODE
BASE DISPLACEMENT ELEMENT INDEX
(SPECIFIED (SPECIFIED
INDIRECTLY) INDIRECTLY)
/|~ums A 1-3eBiTS
DATA SEGMENT
TOP OF TOP OF
OPERAND STACK OPERAND STACK
oRr OR
VARIABLE IN SAME VARIABLE IN SAME
DATA SEGMENT DATA SEGMEN
OR
VARIABLE IN ANOTHER VARIABLE IN ANOTHER
DATA SEGMENT DATA SEGMEN
# / 37 ARRAY
REF| €D
SCALING BY
DATATYPE
ELEMENY [o]2
ARAAY
REFERENCED
SELECTOR
171873-22
D. DYNAMIC ARRAY ELEMENT REFERENCE MODE
Figure 13. Modes of Displacement Generation (Continued)
5-30 171873-002



intel

{APX 43201/IAPX 43202

Scheduling and Dispatching

In most systems there will be more processes to run
than there are processors. The procedure by which
processes “‘take turns” running on GDPs is called
dispatching and scheduling. Each processor is as-
signed to a dispatching port, from which it obtains
its work, that is, the processes it executes. A dis-
patching port is an ordinary port object; it so hap-
pens that the access descriptors queued there are
for process objects and processor objects. The as-
signment of processors to dispatching ports is de-
fined by the application; usually all processors share
one port, but each may have its own, or a proces-
sor’s dispatching port may be changed by operating
system software during execution.

Scheduling and dispatching are performed in two
loops as shown in Figure 14. To maximize processor
utilization, low-level scheduling and dispa’ching are
performed automatically by the processor with no
software intervention. Every process has four sched-
uling parameters; these are initially set by the oper-
ating system when a process is created. The param-
eters are.

1) priority, the relative urgency of the process;

2) deadiine, the amount of time that may pass
before the process must have a turn on the
processor;

3) service period, the duration of one turn;

4) period count, the number of turns the proc-
ess should be given before examining its
scheduling paramsters.

PROCESS SCHEDULING

PROCESSOR DISPATCHING

>

NORAMAL
OISPATCH

TIME SLICE
EXHAUSTED

PORT

DISPATCH PORT
BINDING

PROCESS
EXECUTION

GET NORMAL
WORK

GET NORMAL
WORK

SHORT-TERM SCHEDULING

GET WORK AT A SPECIAL

DISPATCHING PORT

SCHEDULER
PROCESS

SCHED PORT

FAULT
PROCESS

LONG-TERM SCHEDULING

FAULT.PORT

DIAGNOSTIC
PROCESS
fé‘&‘i‘?fﬁ& EXECUTION

ALARM PROCESS

FAULT PROCESSING

COMMUNICATION_PORT

INTERPROCESS COMMUNICATION

ALARM SIGNAL EXECUTION
RECONFIGURATION
. " PROCESS
RECONFIGURATION EXECUTION

171873-23

Figure 14. Process scheduling and processor dispatching. The left half of the diagram describes

possibie states of a process, while the right haif describes possible states of a proceasor.
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All time values are based on the system time unit.
These parameters give operating system software
great flexibility in setting system scheduling policy
(or policies), and even altering a policy during execu-
tion.

Like the messages at any priority/deadline port,
processes waiting for service at a dispatching port
are ordered by deadline within priority; the highest-
priority-least-deadline process is at the front of its
queue. A GDP dispatching operation consists simply
of “receiving” this process. The processor loads its
on-chip service timer with the process'’s service peri-
od value and runs the processor for one service pe-
riod. (Assertion of the PCLK pin increments the
processor clock and decrements the service period
as well.) At the end of the service period, the GDP
decrements the process’s period count, updates the
process’s process clock with the number of time
units given to it, and schedules the process for an-
other turn. If the period count has not yet expired,
this is done by sending the process to its dispatching
port. The send operation inserts the process into the
queue according to its scheduling parameters.

If the process blocks before its period expires (be-
fore the service timer goes to zero), the period count
and the process clock are also updated (with the
number of actual units received), but the process is
sent to a communication port instead of a dispatch-
ing port.

High-level scheduling is performed by the operating
system; it gives the executive the opportunity to ex-
amine the system's performance and perhaps adjust
its scheduling algorithms. When a process has ex-
hausted all its service periods, the processor sends
the process to a scheduling port instead of a dis-
patching port. The operating system scheduler re-
ceives the process, sets its scheduling and service
parameters ‘again, and sends the process back to
the dispatching port, where the low-level cycle be-
gins again.

When a GDP attempts to dispatch a process and
none is available, the processor queues itself (that
is, its processor object) at the dispatching port and
“sleeps™ until a process arrives. (A sleeping proces-
sor is almost completely idle; in a multiprocessor
configuration this helps to reduce contention for use
of the memory bus.) The processor that sends a
process to the dispatching port also “wakes up” the
sleeping processor (by means of an IPC); the awak-
ened processor then dispatches the newly-arrived
process. Operating system software may periodical-
ly check dispatching ports for idle processors and
reassign them to dispatching ports that are more
heavily loaded.
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Designing Fault-Tolerant Systems

When used together, the five components in the
iAPX 432 tamily provide all the logic necessary to
build a system that will tolerate the failure of any
single component or bus, yet continue to execute
programs without error and without interruption. No
software intervention is required: fault detection, iso-
lation, and reconfiguration of the system is per-
formed entirely by the hardware.

Each GDP is able to detect hardware errors auto-
matically because of a capability known as Function-
al Redundancy Checking (FRC), so called because
a second or redundant GDP checks the operations
of the first or master GDP. Functional Redundancy
Checking provides the low-level hardware support
upon which hardware fauit-tolerant modules are
constructed.

During initialization, each GDP is assigned to oper-
ate as either a master or a checker (see Figure 15).
While a master operates in a conventional manner, a
checker places all output pins that are being
checked into a high-impedance state. Those pins
which are to be checked on a master and checker
are parallel-connected, pin for pin, such that the
checker is able to compare its master’s output pin
values with its own. If on any cycle, the values differ,
the checker asserts HERR and the faulty compo-
nents can be immediately disabled. Thus, any hard-
ware errors can be detected as they occur and be-
fore they have had the opportunity to corrupt the
operation of other components in the system.

MASTER

INPUTS QUTPUTS

CHECKED
INPUTS OUTPUTS

———— HERR
171873-24

CHECKER

Figure 15. Function redundancy checking
detects hardware errors automatically.

While FRC can be used alone to provide automatic
error detection, a completely fault-tolerant system
must also be able to reconfigure itself, replacing the
set of failed components with another pair that is still
working. In order to do so, the 432's architecture
enables two pairs of master/checker components to
be combined to form primary and shadow proces-
sors in a configuration known as Quad Modular Re-
dundancy (QMR). See Figure 16.

171873-002



iAPX 43201/1APX 43202
r~-=="--"-==="====- N
1 ! 1
| | |
|
: aop soe 11
1
QMR
| 1 R R HARDWARE
) I ) P AGOULE AECOVERY
o |
\ |
| BIv LTV T
! !
l [
i
MEMORY BUS !
[ Tt stk o d4
r-~~==-=--9
] 1 3
: l | z
! ' 5| &
0P
N : 8] @
! FRC 2 s HARD
z WARE
| rl_. ! PROCEssoR 2 2 SELF.CHECKING
| | u ;
' 1 g 2
| BIU 1 a
{ ] g
] { g
1 ' =
]
) MEMORY Bus !
| S g
r-—-- - J
i '
| i
11 aoe !
| |
1 \ BASIC
PROCESSOR SOFTWARE-PROGRAMMABLE
! | MODULE RECONFIGURATION
1 |
|
) BIU !
) |
] ]
[} }
I MEMORY Bus |
[ J \
171873-25

Figure 16. Fault Tolerant Alternatives
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Every module in a QMR system is paired with anoth-
er seif-checking module of the same type. The pair
of self-checking modules operates in lock step and
provides a complete and current backup for all state
information in the module. The mechanism is known
as module shadowing because a shadow is ready to
fill in if the primary fails (or vice versa). Fault detec-
tion and recovery occurs transparently to both appli-
cation and system software. When a fault is detect-
ed, the faulty pair is automatically disabled, and the
remaining pair takes over. Only then is system soft-
ware notified that a failure has occured.

A more complete discussion of the fault-tolerant ca-
pabilities of the iAPX 432 can be found in the IAPX
43204-iAPX 43205 Fault Tolerant Bus interface
and Memory Control Units data sheet (Order Num-
ber 210963).

HARDWARE {IMPLEMENTATION

The iAPX 432 General Data Processor is organized
as a thres-stage microprogram-controlled pipeline.
The first stage is the Instruction Decoder, the sec-

ond the Microinstruction Sequencer, and the third
the Execution Unit. The first two stages of the pipe-
line are physically located on the iAPX 43201 with
the third stage on the iAPX 43202. Each stage, how-
ever, can be considered an independent subproces-
sor that operates until the pipeline is full, and then
halts and waits for more work to do.

Instruction Decoder

The general task facing the Instruction Decoder (see
Figure 17) is to interpret the macroinstruction stream
both to extract logical addresses and to determine
the next microinstruction sequence to be initiated. In
doing so, it performs the following functions:

* Receives macroinstructions
® Processes variable length fields
® Extracts logical addresses

* Generates starting addresses for the micro-in-
struction procedures

* Generates microinstructions for simple opera-
tions
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Figure 17. 43201 Block Diagram
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The instruction Decoder requests words from mem-
ory as they are needed, from one to ten bytes in a
single access. Depending upon the complexity of
the instruction, a 432 instruction may range from a
few bits long to several hundred bits long, extending
over many words.

A GDP instruction is composed of a variable number
of fields and each field may contain a variable num-
ber of bits. In most cases, the encoding of a field
specifies its langth. The ID determines when an in-
struction boudary has been reached so it can prop-
erly begin decoding the next instruction.

in some cases, the interpretation of one field may
depend upon the value of some previous filed. The
intrepretation of the opcode (the last field in an in-
struction), for instance, depends on the value of the
class field (the first field) in the instruction. The ID
therefore saves enough information about each in-
struction to properly interpret each filed.

Since a GDP instruction may contain an explicit ref-
erence to some location in memory, the logical ad-
dress information must be transfered to the Refer-
ence Generation Unit in order to generate the cor-
rect physical address of the operand. As with all
fields in of a GDP instruction, the length of logical
address fields 1s va~able 7rnsequently, the ID for-
mats the logical adu:=ss and stores it until needed
by the Reference Generation Unit.

Since branch instructions occur frequently, it is im-
portant to minimize the startup time for the GDP af-
ter a branch has occurred. Since an instruction may

begin on any bit, the GDP is able to begin decoding
at any point in a segment.

Microinstruction Sequencer

The Microinstruction Sequencer {MS) decides which
microinstruction should be sent to the Execution
Unit (EV) for each cycle. In doing so, it performs the
following functions:

e Executes microcode sequences out of an on-
chip, 4k by 16-bit ROM

* Responds to bus control signals
* Invokes macroinstruction fetches
® Issuas microinstructions to the EU

¢ [nitiates  interprocessor communication and
fault handling sequences

The MS chooses from two sources of microinstruc-
tions: they may come from seither the 1D or from the
ROM in the MS. After issuing one microinstruction,
the MS then computes the address in ROM (if any)
for the next microinstruction. Since the EU may re-
quire differing lengths of time to complete some mi-
croinstructions, the MS waits for the requested oper-
ation to be completed before issuing the next one.

Execution Unit

The iAPX 43202 contains the third stage of the GDP
pipeline—the Execution Unit (see Figure 18). The
£l receives microinstructions from the 43201 and
routes them to one of the two independent subpro-
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cessors that comprise it: the Data Manipulation Unit
{DMU) and the Reference Generation Unit (RGU).

While the EU executes most microinstructions in
one clock cycle, each of the subprocessors has an
associated sequencer that may run for many cycles
in response to certain microinstructions. These se-
quencers are invoked, for example, for floating oper-
ations in the DMU and Processor Packet bus trans-
actions in the RGU.

The DMU contains the registers and arithmetic logic
to perform the following functions:

* Hardware recognition of nine data types

* 16- and 32-bit multiply, divide, and remainder
through a built-in state machine

e Control functions for 32-, 64-, and 80-bit float-
ing point arithmetic.

The RGU performs the following functions:

e Translates 40-bit virtual addresses into 24-bit
physical addresses

* Enforces the capability-based protection sys-
tem

* Sequences 8-, 16-, 32-, 64-, and 80-bit memo-
ry accesses

e Controls on-chip top-of-stack register

When a reference to a given memory segment has
been translated from its logical representation to a
physical address, a cache in the RGU maintains the
physical base address as well as the length of the
segment. Further references to the same segment
reuse this information for additional address transla-
tions. A least-recently-used algorithm is implement-
ed in hardware to determine which segment base-
length pair to replace when a new segment is refer-
enced. To further increase performance, the top 16-
bit element in the operand stack is cached in the
DMU.

In enforcing capability-based addressing, every
memory reference is checked by the RGU to see if it
is within the length of its segment, and the type of
access (read, write, etc.) is verified to make certain
that the object has the proper rights to perform the
operation.

The iIAPX 43201 and iAPX 43202 components to-
gether form a GDP. Figure 19 shows a logical repre-
sentation with both units interfacing to the Processor
Packet bus as a single processor. Figure 20, in turn,
shows the physical layout.
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Figure 19. GDP Block Diagram
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Figure 20. GDP Interconnect

PROCESSOR PACKET
BUS DEFINITION

Processors sharing the same memory must contend
for access to that memory over one or more system
buses. Therefore, efficient bus utilization is essential
in a multiprocessing system. A simpie and efficient
approach to building a 432 interconnect system is to
use the IAPX 43204 Bus Interface Unit; the VLSI
component provides the necessary circuitry to inter-
connect 432 processors with from one to eight
memory buses. Some system designers, however,
may prefer to take other approaches to the intercon-
nect design to optimize the cost/performance ratio
of the hardware for their specific application. With
that requirement in mind, Intel formulated an iAPX
432 packet bus protocol which supports a wide
range of system bus architectures.

To reduce bus occupancy and increase the perform-
ance range of 432 systems, the packet bus protocol
separates processor requests and replies into sepa-
rate packets. A processor can issue a request pack-
et and ieave the system bus free untii the reply pack-
et is returned from memory.

5-37

As a second method of maximizing the efficiency of
bus utilization, the packet bus protocol allows varai-
ble iength packets of data. If a processor wishes to
read a 64-bit operand, it can be done with a single
request and reply packet. Thus, fewer individual
storage requests are required to process long oper-
ands. This aspect of the protocol enables proces-
sors to interface easily to 16-bit, 32-bit, or even 64-
bit system buses.

This section describes the 19 signal lines that com-
pose the Processor Packet bus and their timing rela-
tionships. While this section defines all valid bus ac-
tivities, the processors do not necessarily perform ali
allowed activities; nevertheless, slaves to the Proc-
essor Packet bus must support all state transitions
to ensure compatibility (see Figure 21).

The Processor Packet bus consists of three control
lines:

® PRQ (Processor Packst bus request)
¢ Boyt (Enable Buffers for Output)
¢ |CS {Interconnect Status)

171873-002
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171873-30
* Note that the broken transitions in the GDP state diagram are
not generated by the GDP component pair.
Initial State Next State Trigger

Ti Tt Bus cycle desired
Ti No bus cycle desired

T1 T2 Unconditional

T2 T3 ICS high

Tw ICS low
T1 Canceled, Access Pending
Ti Canceled, No Access Pending

T3 T3 Additional transfer required, ICS high
Tw Additional transfer required, ICS low
Tv Al transfers completed, no overlapped access
Tvo Current write with overiapped access

Tv Ti No access pending
Tt Access pending

Tvo T2 Unconditional

Tw Tw ICS low
T3 ICS high

Figure 21. Processor Packet Bus State Diagram
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PRQ has two functions whose use depends upon
the application; for example, PRQ either indicates
the first cycle of a transaction on the bus or the can-
cellation of a transaction initiated during the previous
cycle. Of the three control lines, Boyt has the sim-
plest funciion, serving as a direction control for buff-
ers in larger systems which require more electrical
drive than the processor components can provide.
The ICS signal has three different interpretations de-
pending on the state of the Processor Packet bus
transaction. it may indicate whether or not:

* An interprocessor communication (IPC) is wait-
ing,

* A slave requires more time to service the proc-
essor’'s request, or

® A bus error has occurred.

The bus also includes 16 three-state Address/Con-
trol/Data lines (ACD15-ACDp). These lines emit in-
formation to specify the type of cycle being initiated;
transmit addresses, data o be written, and control
information; and during a read operation, receive
data returned to the processor. Details of the ACD
operation are summarized below.

Address/Control/Data Lines

In the first cycle (T1 or Tvo) of a Processor Packet
bus transaction (indicated by the rising edge of
PRQ), the eight high-order ACD bits (ACD{5-
ACDg)specify the type of the current transaction. In
this first cycle, the low-order ACD bits (ACD7-ACDg)
contain the least significant eight bits of the 24-bit
address.

During the next cycle (T2), the remainder of the ad-
dress is presented on the ACD pins, aligned so that
the most significant byte of the address is on
ACD15~ACDg while the mid-significant byte is on
ACD7-ACDq. If PRQ is asserted during T2, the ac-
cess is cancslled and the ACD lines are not defined.

During the third bus cycle (T3 or Tw) of a Processor
Packet bus transaction, the processor presents a
high impedance to the ACD lines for read transac-
tions and asserts data for write transactions.

Once the bus has entered T3 or Tv, the sequence of
state transactions depends on the type of cycle re-
quested during the preceding T1 or Tvo. Accesses
ranging in length from 1 to 10 bytes may be request-
ed (see Table 8). If a transfer of more than one dou-
ble byte has been requested, T3 must be entered for
every double byte that is transferred. ICS dictates
whether the processor simply enters T3 or first en-
ters Tw to wait.

After all data is transferred, the processor enters ei-
ther Tv or Tvo. Tvo can be entered only when the
processor is prepared to accomplish an immediate
write transfer (overlapped access). During Tvo, the
ACD lines contain address and specification infor-
mation aligned in the same fashion as T1. If the
processor does not require an overlapped access,
the bus state move to Tv (the ACD lines will be high
impedance). After Tv, a new bus cycle can be initiat-
ed with T1, or the processor may enter the idie state
(Ti).

Table 8. ACD Specification Encoding

ACD ACD ACD ACD ACD ACD ACD ACD
15 14 13 12 11 10 9 8
Access Op RMW Length Modifiers
0- 0- 0- 000- 1 Byte ACD15=0:
Memory Read Normal 001- 2 Bytes 00-inst Seg
010- 4 Bytes Access
011- 6 Bytes 01-Stack Seg
100- 8 Bytes Access
1- i- 1- 101-10 Bytes 10-Context Ctl
Interconnect Write RMW 110-16 Bytes* Seg Access
Space 111-32 Bytes™ 11-COther
ACD15=1:

*Not implemented 00-Reserved
01-Reserved
10-Reserved
11 -Interconn

Register
5-39 171873-002
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interconnect Status (ICS)

As discussed earlier, ICS has three possible inter-
pretations depending on the current state of the bus
transaction (see Table 9). Even so, under most con-
ditions ICS indicates whether or not an IPC is pend-
ing; a valid low during any of these cycles with IPC
significance signal the processor that an IPC has
been received. While an iAPX 432 processor is only

Processor Packet Bus Request (PRQ)

PRQ is normally low and goes high only during T1,
T2, and Tvo. High levels during Tvo and T1 indicate
the first cycle of an access. A high level during T2
indicates that the current cycle is to be cancelled.
See Table 10.

Table 10. PRQ Interpretation

required to record and service one IPC or reconfigu- State PRQ Condition
ration request at a time, logic in the interconnect Ti ) Always
system must record and sequence multiple (and T 1 Initiate access
possibly simultaneous) IPC occurrences and recon- T2 0 Continue access
figuration requests. Thus, the logic that implements 3 ; f&“"" access
. ays
ICS must accommodate global and local IPC arrivals Tw o Always
and requests for reconfiguration as individual Tv 0 Always
events: Tvo 1 Initiate overlapped access
Table 9. ICS interpretation
State Significance High Lovel Enable Buffers for Output (Bouyr)
TLTH T2 PG No IPC IPC Bouyr is provided to control external buffers when
Waiting Waiting they are present. Table 11 and Figures 22 through
T3, Tw Stretch S?;’t‘:h Stretch 27 show its state under various conditions.
Ty, Tvo Err Bus Error No Error

1. Assert IPC significance on ICS for the arrival of an
IPC or reconfiguration request.

2. When the iAPX 432 processor reads interconnect
address register 2, it will respond to one of the
status bits for the IPC or reconfiguration request sig-
nalled on ICS in the following order:

BIT 2 (1 =reconfigure, 0 =do not reconfigure)
BIT 1 (1 =global IPC pending, 0= no global IPC)
BIT 0 (1 =local IPC pending, 0=no local IPC)

3. The logic in the interconnect system must clear
the highest order status bit that was serviced by the
iAPX 432 processor, and if an additional {PC mes-
sage has arrived, the interconnect logic must signal
an additional IPC to the processor by setting ICS
high for at least one cycle and then setting ICS low
for at least one cycle, while ICS has IPC signifi-
cance.

Processor Packet Bus Timing

Each timing diagram shown on the following pages
illustrates the timing relationships on the Processor
Packet bus during various types of transactions. This
approach to transfer timing allows maximum time for
the transfer to occur and yet guarantees hold time.

Any agent connected to the Processor Packet bus is
recognized as either a processor (a GDP or IP) or a
slave (e.g., the memory subsystem).

In all transfers between a processor and a slave, the
data to be driven is clocked for three-quarters of a
cycle before it is sampled. This allows adequate time
for the transfer and ensures sufficient hold time after
sampling. The Bgyr timing is unique because Boyt
functions as a direction control for external buffers.

Detailed set-up and hold times can be found in the
AC Characteristics section.

Table 11. Bgyrt Interpretation
Low-to-High High-to-Low High-to-Low
BouTt Always High Transition Transition Transition
or Low or Low or High
Write T1, T2, T3, Tw, Tvo Ti None Tv
Read T1,T2 Ti, Tv T3, Tw None
5-40 171873-002
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. NOMINAL WRITE CYCLE ,
I* SCLKACYCLES ]
T, | n | T | n w | N | n Y I
CLKA
ACD1s..ACDo ------------( ADDR/SPEC )( ADDR )( WRITE DATA } {Aonn/spsc )-( ADDR )-----

T\

/S N

ics we X we X we Y smeren Y emn X wc X wc Y wec x
sovT ’ \ /
171873-31
ACD1§ ACDg | ACD; ACDy | State
Hi-Z Hi-Z Ti
Spec Lo-adr Tt
Hi-adr Mid-adr T2
Hi-data t* Lo-datatl T3
Hi-Z Hi-Z Tv
Hi~-Z Hi-Z ALl
Spec Lo-adr T
Hi-adr Mid-adr T2
*Undefined if singie byte write
Figure 22. Nominal Write Cycle Timing
i MINIMUM WRITE CYCLE !
| 3CLKA CYCLES 1
Tv ' N 1 | Tvo ‘ A l n
CLKA
ACD1s..ACDD wan-ccmmaceo{ aopR/SPEC X A00R X wrieoata X avomsseec X apon X wRmEDATA Jo----
ics we X we X wc Y smerem X em X e

x STRETCH L

Bsout ’

ACDy5 ACOg | ACD7 ACDy | State
Hi-Z Hi-2 Tv**
Spec Lo-adr T1
Hi-adr Mid-adr T2
Hi-datat* Lo-datat T3
Spec Lo-adr Tvo
Hi-adr Mid-adr T2
Hi-data1 Lo-datal T3
*Undefined i single byte write
**(Precaded by read cycte)

171873-32

Figure 23. Minimum Write Cycle Timing
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171873-33
ACD;5 ACDy | ACD; ACDy | State
Hi-Z Hi-Z Ti
Spec Lo-adr T
Hi-adr Mid-adr T2
Hi-data1 Lo-datat T3
Hi-data2 Lo-data2 Tw
Hi-data2 Lo-data2 T3
Hi-Z Hi-Z Tv
Hi-Z Hi-Z Ti
Figure 24. Stretched Write Cycle Timing
/
1 MINIMUM READ CYCLE |
| S CLKA CYCLES E 1
|1 | Ts Ty T Ty n Ty

\

s __we X we X we Y smeon X__em X wo X wo X
o/ \ /

171873-34
| ACDy5 ACDy | ACD7 ACDg | State

Hi-Z Hi-Z Ti

Spec Lo-adr T
Hi-adr Mid-adr T2
Hi-data*® Lo-datal T3
Hi~Z Hi-Z Tv
Hi~Z Hi-Z Ti

Spec Lo-adr Tt

*Undefined if single byte read

Figure 25. Minimum Read Cycle Timing
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1 READ CYCLE {BUFFE! SYSTEM)

! 8 CLKA CYCLES

T Ty Tw Ty
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CLKA
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BOUT / \ /
171873-35
ACDq5 ACDy | ACDy ACDy | State
Hi-Z Hi-Z Ti
Spec Lo-adr T
Hi-adr Mid-adr T2
Hi-Z Hi-Z Tw
Hi-datat*® Lo-data1 T3
Hi-Z Hi-2 Tv
Hi-Z Hi-Z Ti
*Undefined if single byte read
Figure 26. Stretched Read Cycle Timing
| |
I 2CLKA CYCLES |
n T T, I T T2 Ty Tv 1)

CLKA
ACO:s

ACDy =wn--={ acon/spEc X unoermeo X avomsseec X aoon

Y WAITEDATA Feeccmeccme e ceceaaieees

rRQ / CANCEL \
s we X e X e we X smecn X emmon X we X
TGNORE
COMPLETELY
171873-36
ACD,; ACDy | ACD; ACDy | State
Hi-Z Hi-Z Ti
Spec Lo-adr T
Undefined Undefined T2
Spec Lo-adr T
Hi-adr Mid-adr T2
Hi-data* Lo-data T3
Hi-Z Hi-2 Tv
Hi-Z Hi-Z Ti
*Undefined it single byte write
**Access Cancelled

+tNew Access Started (Slave must support this subsequent
access even though all processors may not implement it.)

Figure 27. Minimum Faulted Access Cycle
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Package

The iIAPX 43201 and iAPX 43202 are both packaged in a 68-pin, leadless JEDEC type A hermetic chip carrier.
Figure 28 illustrates the package, and Figures 1 and 2 show the pinouts.
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Figure 28. JEDEC Type A Package
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias .. .. .. 0°Cto 70°C
Storage Temperature .......... —65°Cto + 150°C
Voltage on Any Pin with

RespecttoGround ................ —1to + 7V
Power Dissipation. . ........................ 2.5W

*Notice: Stresses above those listed under “Absolute Maxi-
mum Raltings”’ may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indicat-
ed in the operational sections of this specification is not
implied. Exposure lo absolute maximum rating conditions
for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS (vgs = 0V, Voo = 5V £ 10%)

Symbol Parameter Min Max Units
ViLe Input Low Voltage Clocks -0.3 +0.5 \
ViHe* Input High Voltage Clocks 35 Vec+0.5 v
Viu Input Low Voltage intra-GDP Bus -03 0.7 \
ViHi Input High Voltage Intra-GDP Bus 3.0 Vect0.5 v
ViL Input Low Voltage -0.3 0.8 v
ViH Input High Voltage 20 Veg+0.5 \
Voul Output Low Voitage Intra-GDP Bus —_ 0.35 v
(lou = 0.1 mA)
Vohi Output High Voltage Intra-GDP Bus 3.25 Vee \
(lox = 0.1 mA)
VoL QOutput Low Voitage - 0.45 \
(loL = 2.0 mA)
VoH Output High Voltage 24 Vee \"
{loy = —400 pA: 43201
— 800 pA: 43202)
lcc Power Supply Current — 500 mA
{sum of all Vg pins)
Iy Input Leakage Current — +10 pA
Oy Output Leakage Current —_ +10 nA
*For operation at 5 MHz or slower, the GDP may be operated with V(¢ minimum of 2.7V.
“*loL for FERR = 0.4 mA; for FATAL = 4 mA
5-45 171873-002
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iAPX 43201 AC CHARACTERISTICS (vcc = 5V + 10%, T4 = 0°C to 70°C)

Symbol Description | SMHz 7MHz |  8MHz Units
Min Max Min Max Min Max
tcy Clock Cycle Time 200 500 143 500 125 500 ns
R Clock Rise and Fall Times 0 10 0 10 0 10 ns
| t1, tE, Clock Edge Delay Times 45 250 32 250 26 250 ns
13, t4
toc Input Signal to Clock Setup 5 — 5 — 5 — ns
tDH Clock to Input Signal Hold Time 35 — 30 —_ 25 — ns
tcp Clock to Output Signal Delay Time — 85 — 65 — 55 ns
ton Clock to Output Signal Hold Time 20 — 17 — 15 — ns
Te Input Enable Time 10 — 10 — 10 — tcy
ts) Input Signal to Init Setup Time 10 — 10 — 10 - ns
tis Init to Input Signal Hold Time 20 | — | 17 | — | 15 | — ns |

The above specifications are subject to the following definitions and test conditions:
1.Note that tcy =11 + 2 + t3 + t4 + 2*t + 2%t;.

2. Pins under consideration were subjected to the following purely capacitive loading:
C1 = 25pF on HERR
C1 = 50pF on ul15. . .ul10, IS6. . IS0
C1 = 70pF on all remaining pins.

3. All timings are measured with respect to the switching level of 1.5 Volts. The switching point of CLK and
CLKp is referenced to the 1.8 Volt Level.

4. CLK4 and CLKg must be continuously applied for the 43201 to retain its state.

iAPX 43202 AC CHARACTERISTICS (vcc = 5V £ 10%, T = 0°Cto 70° C)

Symbol Description 5 MHz 7 MHz 8 MHz Units
Min Max Min Max Min Max
toy Clock Cycle Time 200 | 500 | 143 | 500 | 125 | 500 ns
(toy=t1ttottz+t4+ 24 + 2t

t, Clock Rise and Fall Times 0 10 0 10 0 10 ns
t1, t2, Clock Pulse Widths a5 250 32 250 26 250 ns
13, t4

toc Signal to Clock Setup Time 5 — 5 — 5 — ns
tDH Clock to Signal Hold Time 35 — 30 — 25 — ns
tcp Clock to Signal Delay Time - 85 —_ 65 — 55 ns
ton Clock to Signal Output Time 20 — 17 — 15 — ns
tpr Clock to Signal Data Float Time —_ 75 —_ 75 —_ 55 ns

5-46 171873-002
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The timing characteristics given below assume the following loading on ouput pins. Loading is given in terms of
a fixed capacitance plus a DC current load.

iAPX 43201/iAPX 43202

Pins Loading
HERR 90 pF lol=8 mA., Open Drain
Bout 70 pF lol=8 mA., loh=800 pA
PRQ 70 pF lol =4 mA., loh=800 pnA
1Sg. . .ISg 50 pF MOS only
ACDys. . .ACDg 70 pF lol=4 mA., loh=800 pA

All output delays are measured with respect to the falling edge of CLK4 except for Boyt. BoyT output delays
are measured with respect to the rising edge of CLK,4.

Ali timings are measured with respect to the switching level of 1.5 Volts. The switching point of CLKa and
CLKp is referenced to the 1.8V level.

The 43202 1s not capable of DC operation. For continuous data and logic state retention the CLKp and CLKg
signals must be present.

iAPX 43201/43202 Capacitance

Symbol Parameter Typical Unit
Cin input Capacitance 6 pF
Cout Output Capacitance 12 pF

Conditions: fc=1 MHz, ViN=0V, Vgc =5V, To=25°C
Outputs in High Impedance State

WAVEFORMS:
[ J [ ]
T s - f
CLKA } \ Z s A5, 10 INVALID DATA INVALID
CLKB _/ \__ FATAL ¥
" T: il 'cnl fon

171873-38 171873-39

43201 Clock Input Specification
CLKA ’ \R ;! \
ACDI5 ACO0 INVALID 1 DATA
(FROM MEMORY)

43201 Output Timing Specification

INVALID

foc | fom ACOfS.. ACDD
cu.l:qll.l:%a (FROM 43202}, INVALID DATA INVALID
'cs INVALID DATAY INVALID PRO
[ aiie- |
loc  low
ARDWARE ERROR toc ~ tow 171873-47

QETECTION)
171873-40

iAPX 43201 Input Timing (CLKp) IAPX 43201 Input Timing (CLKg)
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IAPX 432. General Data Processor Operator Set Summary

Character Operators Short-Integer Operators Integer Operators

Move Character Move Short Integer Move Integer

Zero Character Zero Short Integer Zero Integer

One Character One Short Integer One Integer

Save Character Save Short Integer Save Integer

AND Character Add Short integer Add Integer

OR Character Subtract Short integer Subtract Integer

XOR Character increment Short Integer Increment Integer

XNOR Character Decrement Short Integer Decrement Integer

Complement Character Negate Short Integer Negate Integer
Muitiply Short integer Multiply integer

Add Character Divide Short Integer Divide Integer

Subtract Character Remainder Short Integer Remainder Integer

Increment Character

Decrement Character Equal Short Integer Equal Integer

Equal Character

Not Equal Character

Equal Zero Character

Not Equal Zero Character

Less Than Character

Less Than or Equal Character
Convert Character to Short Ordinal

Not Equal Short Integer
Equal Zero Short Integer
Not Equal Zero Short Integer

Less Than Short integer

Less Than or Equal Short Integer
Positive Short Integer

Negative Short Integer

Move in Range Short Integer
Convert Short Integer to Integer

Not Equal Integer

Equal Zero Integer

Not Equal Zero Integer

Less Than Integer

Less Than or Equal Integer
Positive Integer

Negative integer

Move in Range Integer

Convert Integer to Short Integer
Convert Integer to Ordinal
Convert Integer to Temporary Real
Convert Integer to Character
Convert Integer to Short Ordinal

Short-Ordinal Operators

Ordinal Operators

Short-Real Operators

Move Short Ordinal
Zero Short Ordinal
One Short Ordinal
Save Short Ordinal

AND Short Ordinal

OR Short Ordinal

XOR Short Ordinal

XNOR Short Ordinal
Complement Short Ordinal

Extract Short Ordinal
insert Short Ordinal
Significant Bit Short Ordinal

Add Short Ordinal
Subtract Short Ordinal
Increment Short Ordinal
Decrement Short Ordinal
Multiply Short Ordinal
Divide Short Ordinal
Remainder Short Ordinal

Equal Short Ordinal

Not Equal Short Ordinal

Equat Zero Short Ordinal

Not Equal Zero Short C

Greater Than Short Ordinal

Greater Than or Equal Short Ordinal

Convert Short Ordinal to Integer

Move Ordinal
Zero Ordinal
One Ordinal
Save Ordinal

AND Ordinal

OR Ordinal

XOR Ordinal

XNOR Ordinal
Complement Ordinal

Extract Ordinal
Insert Ordinal
Significant Bit Ordinal

Add Ordinal

Subtract Ordinal
Increment Ordinal
Decrement Ordinal
Multiply Ordinal

Divide Ordinal
Remainder Ordinal
Index Ordinal

Equal Ordinal

Not Equal Ordinal
Equal Zero Ordinal

Not Tyual Zero Ordinal
Less Than Ordinal
Less Than or Equal Ordinal

Convert Ordinal to Integer
Convert Ordinal to Temporary Real

Move Short Real
Zero Short Real
Save Short Real

Add Short Real—Short Real

Add Short Real—Temporary Real
Add Temporary Real—Short Real
Subtract Short Real—Short Real
Subtract Short Real—Temporary Real
Subtract Temporary Real—Short Real
Multiply Short Real—Short Real
Multiply Short Real—Temporary Real
Multiply Temporary Real—Short Real
Divide Short Real—Short Real

Divide Short Real—Temporary Real
Divide Temporary Real—Short Real
Negate Short Real

Absolute Value Short Real
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iAPX 432. General Data Processor Operator Set Summary (Continued) P
Short-Real Operators Real Operators Temporary-Real Operators
Equal Short Real Move Real Move Temporary Real
Equal Zero Short Real Zero Real Zero Temporary Real
Less Than Short Real Save Real Save Temporary Real
Less Than or Equal Short Real
Positive Short Real Add Real—Real Add Temporary Real
Negative Short Real Add Real—Temporary Real Subtract Temporary Real
Add Temporary Real—Real Multiply Temporary Real
Convert Short Real to Temporary Real Subtract Real—Real Divide Temporary Real
Subtract Real—Temporary Real Remainder Temporary Real
Subtract Temporary Real-—Real Negate Temporary Real

Multiply Real—Real

Multiply Real—Temporary Real
Multiply Temporary Real—Real
Divide Real—Real

Divide Real—Temporary Real
Divide Temporary Real—Real
Negate Real

Absolute Value Real

Equal Real

Equal Zero Real

Less Than Real

Less Than or Equal Real
Positive Real

Negative Real

Convert Real to Temporary Real

Square Root Temporary Real
Absolute Value Temporary Real

Equal Temporary Real

Equal Zero Temporary Real

Greater Than Temporary Real

Greater Than or Equal Temporary Real
Positive Temporary Real

Negative Temporary Real

Convert Temporary Real to Ordinal
Convert Temporary Real to Integer
Convert Temporary Real to Short Real
Convert Temporary Real to Real

Indivisibly Insert Short Ordinal
Indivisibly Insert Ordinal

Access Descriptor Movement Type and
Operators Rights Manipulation Operators
Copy Access Descriptor Amplify Rights
Null Access Descriptor Restrict Rights
Retrieve Type Definition
Refinement Operators Object Creation Operators Access Path Inspection Operators
Create Generic Refinement Create Object Inspect Access Descriptor
Create Typed Refinement Create Typed Object Inspect Object
Equal Access
Move to Embedded Data Value
Move from Embedded Data Value
Access Interlock Operators Branch Operators Interconnect Operators
Lock Object Branch Move to Interconnect
Unlock Object Branch True Move from Interconnect
Indivisibly Add Short Ordinal Branch False
Indivisibly Add Ordinal Branch Indirect

Branch Intersegment

Branch Intersegment without Trace
Branch Intersegment and Link
Breakpoint

Delay Process
Read Process Clock
Send Process

Set Procass Mode

Process Communication Processor Communication Context
Operators Operators Operators

Send Read Processor Status and Clock Enter Environment
Receive Send to Processor Copy Process Globals
Conditional Send Set Context Mode
Conditional Receive Call
Surrogate Send Call through Domain
Surrogate Receive Return

Return and Fault
Adjust Stack Pointer
Block Move
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Additional Information

More information about the IAPX 432 Micromain-
frame architecture can be found in the following pub-
lications:

iAPX 432 General Data Processor Architec-
ture Reference Manual (Order Number
171860)

iAPX 432 Interface Processor Architecture
Reference Manual (Order Number 171863)
iAPX 432 Interconnect Architecture Refer-
ence Manual (Order Number 172487)

Information on the electrical characteristics of other
432 components can be found in the following publi-
cations:

5-562

iAPX 43203 Interface Processor Data Sheet
(Order Number 171874)

iAPX 43204/43205 Fault Tolerant Bus inter-
face and Memory Control Units (Order Num-
ber 210963)

iIAPX 43204/43205 BIU/MCU Electrical
Specifications (Order Number 172867)
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