












































































































































































































































































































































































































































































































































































































































































































































































Size Information iMAX 432 

Table SIZ-2 gives the 432 storage requirement for each instance of 
particular iMAX objects that are created. iMAX objects can require 
more memory than the corresponding archi tecture-defined system objects 
because iMAX can extend system objects to include additional 
information. One such object may actually be a cluster of several 
segments of varying types. For example, an iMAX process includes a 
process carrier, a process globals access segment, and a process object 
table in addition to the process access segment and process data 
segment. Both the number of bytes required for any segments and the 
number of object descriptors required are tabulated, wi th a total of 
the bytes used by all segments and object descriptors. The "Bytes in 
Segments" figure includes the eight-byte segment header and any pad 
bytes required at the end of the segment. but does not include the 16 
bytes required for the object descriptor for the segment. 
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Table SIZ-2. Sizes of Selected iMAX System Objects (bytes) 

Object 
Type 

GDP Processor Object 

GDP Process Object 
does not include: 
initial context, 
process stack, 
free ODs in process 
object table 

Port Object 
-- with one slot in 
-- message queue. Add 

12 bytes for each 
-- additional slot. 

Surrogate Carrier Object 
with two slots in 
refined carrier. Add 
four bytes for each 
additional slot. 

Context Object 
-- does not include space 

in the context for working 
-- storage or operand stack 

Domain Object 
-- only includes fault 

object and trace object 
ADs. Add four bytes for 
each additional AD. 

Instruction Object 
only includes header, 
not instructions 
themseves. 

Type Definition Object 

IP Processor Object 

IP Process Object 
includes IP context 

Bytes in 
Segments 

496 

392 

64 

80 

72 

16 

24 

40 

616 

536 

Object 
Descriptor~ 

11 

7 

2 

3 

2 

2 

5 

7 

Total 
Bytes 

672 

504 

96 

128 

104 

32 

40 

72 

696 

648 
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• (Ill n APPENDIX PRF 
PERFORMANCE INFORMATION 

This appendix presents timing information for selected iMAX 
operations. This information is presented for the use of system 
designers who need to estimate performance for systems using iMAX. All 
times presume an 8MHz GOP wi th minimum memory access times. These 
figures are not applicable to 432/600 systems because of the longer 
access times in those systems. Times include instruction fetch and 
operand reference generation times. A range of times is given for each 
operator. 

Note that times are only presented for those iMAX operators that map 
directly to in-line GDP hardware operators. Performance figures for 
other iMAX facilities are not yet available. 

CHAPTER/OPERATION 

DEF Basic Definitions 
Inspect object 
Idle -

STO Storage Management 
create a generic 

segment 

create a generic 
refinement 

TIME (usec @ 8 MHz) 

6 - 14 
104 - 140 

55 - go 

42 - 73 

NOTES 

just includes the time to 
execute Idle and not the 
time used to dispatch the 
next process on the freed­
up processor. 

plus segment clearing time 
of 1.875 usec (15 cycles) 
for each 8 bytes in the new 
segment. The new segment 
must be less than or equal 
to 2,048 bytes (or be 
allocated from already 
zeroed memory) or the 
create operation will fault 
and iMAX software will 
clear the segment, 
requiring added time. 
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CHAPTER/OPERATION TIME (usee @ 8 MHz) NOTES 

COM Interprocess Communication 
Send 97 - 183 
Receive 96 - 170 
Surrogate_send 130 - 308 
Surrogate_receive 112 - 317 

EXT Extended Types 
Retrieve_type_ 

definition 14 - 20 
Createyrivate 43 - 80 
Create public 43 - 80 
Retrieve_public -

representation 14 - 20 
Retrieve 

representation 18 - 24 
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GLO 
GLOSSARY 

This glossary defines important terms used in this manual. Some are 
from iMAX, some are from Ada, and some are from the 432 architecture. 
Within the definitions, references to other terms defined in this 
glossary are underscored. 

access 
access descriptor 
access environment 
access rights 
access type 
AD rights 
any_access 
asynchronous 

interface 
Attached Processor 

base type 
blocked 
body 

carrier 
central system 
compaction 
connection 
constraint 
constraint error 
context object 

defining domain 
delete rights 
device abstraction 
dispatching mix 
domain 

exception 
extended type 
extended-type object 

FIFO 
forwarding 
fragmentation 
frozen memory 

Table GLO-1. Terms Defined 

garbage collection 
General Data Processor 
generic objects 
global heap SRO 
guardian port 

heap SRO 

interconnect 
interconnect Processor 

level 
level check 
lifetime strategy 
LIFO 
local heap SRO 

memory type 
message 

normal memory 

object 
object descriptor 
object reference 
object table 
operand stack 

process globals access 
segment 

processor type 

read rights 
refinement 
refinement control 

object 
representation rights 

segment 
specification 
stack SRO 
storage resource object 
subtype 
synchronous interface 
system object 
system type 

task 
type 
type control object 
type definition object 
type manager 
type rights 

unchecked copy rights 

package write rights 
package type 
Peripheral Subsystem 
physical storage object 
port 
pragma 
print_name 
process 
process tree 
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access: an Ada value which is either a reference for some other value, 
or is the value null if no other value is referenced. Each Ada access 
value is represented by a 432 access descriptor, and each referenced 
value is a distinct 432 object. 

access descriptor (AD): a reference to a 432 object that restricts 
operations on both the object using the AD (access rights) and on the 
AD itself (AD rights). The 432 hardware ensures that access 
descriptors ar1d the objects they refer to can only be manipulated in 
controlled ways. 

access environment: The set of all 432 objects that can be directly or 
indirectly accessed from a given context. The access environment of a 
context is determined by its defining domain, by the process globals 
access segment of the process that contains the context, and by any 
object references passed as parameters from its callers, returned as 
results from operations the context calls, received as messages in 
interprocess communication, or created during the context's execution. 

access rights: attributes of a 432 access descriptor (AD) that 
restrict operations on the referenced object using the AD. Access 
rights consist of base rights, which restrict the rights to read or 
write the referenced object, and type rights, which restrict the right 
to execute certain high-level operations using the AD (e.g., the right 
to send a message to a port). 

access type: an Ada type whose values are references for objects of a 
second type, specified when the access type is declared. The 432 
extensions to Ada specify one predefined access type, any access; its 
values can be null or references for 432 objects of any other Ada type. 

AD rights: attributes of a 432 access descriptor (AD) that restrict 
operations on the AD itself. AD rights consist of delete rights and 
unchecked copy rights. 

any access: an Ada access type predefined by the 432 extensions to Ada 
that includes any access value for any type of referenced value. Users 
must instantiate the Ada generic subprogram Unchecked conversion to 
convert from any_access to other access types. 

asynchronous interface: an interface to iMAX input/output based on 
interprocess communication. The requestor of service sends a message 
describing the desired service to a request port, and recei ves the 
message back from a reply port with a reply code indicating either 
success or some exceptional condition. The interface is called 
asynchronous because control returns to the requestor before the 
request is actually processed. 

Attached Processor (AP): a processor, usually an Intel microprocessor, 
which controls the Peripheral Subsystem (PS). The PS contains 
peripheral devices, controllers, memory, the AP, and a 432 Interface 
Processor (IP), all communicating on the Peripheral Subsystem's bus. 
Software running on the AP controls the IP. 
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base type: 1. a 432 object type field that distinguishes between 
access segments, containing only access descriptors, and data segments, 
containing anything but access descriptors. 2. The Ada type from which 
a particular subtype is deri ved by applying constraints is called the 
base type of the subtype. 

blocked: the state of a carrier that is queued at a full port waiting 
to send a message, or is queued at an empty port waiting to receive a 
message. A process or processor is "blocked" if its carrier is blocked. 

body: an Ada unit containing the declarations and statements that 
implement a subprogram, package, or task specification. 

carrier: a 432 system object that carries messages to and from ports, 
and that may optionally be forwarded to a second port after completing 
a primary operation. A carrier can be a process carrier, processor 
carrier, or a surrogate carrier. Process carriers and processor 
carriers directly represent processes and processors in port 
operations; if such a carrier must wait for a port operation to 
complete, then the corresponding process or processor waits as well. 
However, a surrogate carrier, while it normally acts on behalf of some 
process, does not cause any process to wait when it must wai t, and 
multiple surrogate carriers can act on behalf of a single process. 

central system: the main 432 system in which mul tiple General Data 
Processors (GDPs) and Interface Processors (IPs) share a common memory 
and concurrently execute. I/O and initialization for the central 
system is provided by one or more Peripheral Subsystems (PSs). The 432 
Interface Processors are part of both systems and provide the bridge 
between them. 

compaction: an iMAX memory management service which relocates objects 
in memory to combine fragmented free storage blocks, thus allowing the 
allocation of larger segments. Compaction runs concurrently with user 
programs and its operation is invisible (except in timing). Only 
normal memory is compacted; frozen memory is not. 

connection: an iMAX object type which represents the asynchronous 
interface for a particular I/O device. 

constraint: An Ada restriction on the set of possible values of a type 
or subtype. A range constraint specifies lower and upper bounds on the 
values of a scalar type. An accuracy constraint specifies the relative 
or absolute error bound on values of a real type. An index constraint 
specifies lower and upper bounds on an array index. A discriminant 
constraint specifies particular values of the discriminants of a record 
or private type. 

constraint error: a built-in Ada exception raised by iMAX when a 
run-time constraint is violated. iMAX most commonly raises constraint 
error because an access value passed as a parameter to some iMAX 
operation lacks needed access rights. 
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context object: a 432 system object that represents one activation of 
a subprogram. 

defining domain: the domain through which the current context was 
called. This domain is a major part of the context's access 
environment. The caller usually possesses an access for just some 
refinement of the domain (its "public part"), but the called context is 
able to access all of the domain. 

delete rights: an attribute of a 432 access descriptor (AD) that 
restricts the right to overwrite the AD with a new access value. If an 
AD is not null and delete rights are absent, then the access value can 
be eliminated only by reclaiming the segment that contains the AD. 

device abstraction: a collection of iMAX I/O functions, defined by a 
package type, supported by one or more types of devices, and forming a 
useful abstract device. 

dispatching mix: the set of iMAX and user processes that are eligible 
for dispatching to run on a processor. A process can be idled or 
blocked at a port and still be "in the mix". 

domain: a 432 system object that is a collection of access descriptors 
that define a major part of the access environment of any context 
called through the domain. The caller may have access to just a 
refinement of the domain, called the public part, but the called 
context can access the entire domain. 

exception: An Ada event that suspends normal program execution. 
Bringing an exception to attention is called raising the exception. An 
exception handler is program text that responds to the exception. 

extended type: A 432 object type defined by software and represented 
by a 432 type definition object (TDO). Instances of an extended-type 
appear to users of the type as a two-access record. The first access 
references the TDO for the type, and the second access references the 
typed object. An instance of an extended type can have the attribute 
private which restricts access to the typed object. Instances that are 
not private are public, and any access to a public instance can be used 
to obtain an access for the typed object. 

extended-type object: an instance of an extended type. 

FIFO: First-In-First-Out, a queuing discipline in which the first item 
to enter a queue is always the first to leave it. 

forwarding: the 432 operation of sending a carrier on to a second port 
after the carrier has been used to send or receive a message at a first 
port. 

fragmentation: the division of 
non-contiguous blocks, caused by 
allocation and garbage collection. 
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frozen memory: a type of memory defined by iMAX within which objects 
are not swapped out or relocated in physical memory. Frozen memory is 
not subject to compaction, and fragmentation of frozen storage can 
cause allocation requests to fail that would otherwise succeed. 

garbage collection: a concurrent iMAX process that detects 
unreferenced objects and reclaims the corresponding descriptors and 
storage. Garbage collection runs concurrently with user processes but 
is invisible to them. 

General Data Processor (GOP): the main type of processor provided by 
Intel to execute wi thin the 432 central system. The GOP is a general 
purpose processor that provides object-oriented addressing and 
protection, operating system functions in silicon, and hardware 
floating point arithmetic. 

generic objects: A 432 object with a system type (generic) that has no 
hardware-recognized meaning and can be used to implement arbitrary 
software structures. Other objects are either system objects or 
extended-type objects. 

global heap SRO: a heap SRO at level zero; only garbage collection can 
reclaim storage allocated from a global heap. 

guardian port: a port to which a process is sent by iMAX when some 
condition removes it from the dispatching mix. 

heap SRO: a 432 storage resource object on which garbage collection is 
performed to reclaim discarded (unreferenced) objects. Objects can be 
created and reclaimed in any order using a heap SRO, which can result 
in fragmentation. Two types of heap SROs are defined, global heap SROs 
and local heap SROs. 

interconnect: a secondary address space used for special-purpose 
hardware registers associated with initialization, hardware 
configuration, and hardware error logging. The interconnect address 
space is organized into special interconnect segments which are 
normally defined at system initialization. 

Interface Processor (IP): a 432 processor that connects a 432 central 
system to one Peripheral Subsystem (PS). The IP is a slave processor 
to the Attached Processor (AP) in the Peripheral Subsystem. The IP 
provides the object addressing and high-level operators needed to 
access the 432 central system. 
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level: an ordinal attribute of an object that characterizes the 
relati ve lifetime of the object -- a greater level means a shorter 
lifetime. The level number of a context is always one greater than the 
level of its caller. The level number is normally 1 for the first 
context associated with a given process. All objects allocated from a 
stack SHO have the same level number as the context in which they are 
allocated, and all are reclaimed when control returns from the 
context. Objects allocated from heap SHOs have the same level number 
as the heap. Global heap SHOs have level number zero, while local heap 
SHOs all have level numbers greater than zer.o. Objects at level zero 
can only be reclaimed by garbage collection and never because a context 
returns. Objects at level zero can only be created from a global heap 
SHOe 

level check: a check when an access descriptor is copied, to ensure 
that the level number of the destination object is greater than or 
equal to the level number of the object referenced by the AD. This 
check ensures that no "dangling references" exist when a context 
returns and deallocates all objects created in it. The level check is 
suppressed if the AD being copied has unchecked copy rights. 

lifetime strategy: an attribute of objects defined by iMAX that 
determines when and how an object is deleted, and that derives from the 
type of SHO used to create the object. The three lifetime strategies 
are global heap, local heap, and stack. 

LIFO: Last-In-First-Out, a dynamic data structure organization in 
which the last item added to the structure is the first item removed 
from it. 

local heap SHO: a heap SHO that is tied to some context and has a 
level greater than zero. Objects allocated from a local heap can be 
reclaimed either by garbage collection or by returning from the 
associated context. 

memory type: an iMAX-defined object and SHO attribute that 
distinguishes memory that is subject to object relocation (normal 
memory) from memory that isn't (frozen memory). 

message: any global 432 object for which an access descriptor is 
copied from a sending process to a receiving process. 

normal memory: a type of memory defined by iMAX wi thin which objects 
can be relocated in memory to achieve compaction of free memory, 
reducing fragmentation. 

object: a data structure within memory described by an object 
descriptor and accessed via access descriptors. Objects are the 432 
construct for access control, run-time type checking, storage 
management, and program addressing. 

object descriptor: an object table entry that gives object attributes 
needed by the 432 hardware, e.g., type and storage information. 
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object reference: see access descriptor. 

object table: a 432 system object containing object descriptors. 

object type: type information given in object descriptors for storage 
segments and refinements, consisting of base type, system type, and 
processor type. 

operand stack: an area within a context data segment that provides an 
expression evaluation stack for the context. 

package: an Ada program unit specifying a collection of related 
enti ties such as constants, variables, types, and subprograms. The 
visible part (public part) of a package contains enti ties accessible 
from outside the package. The private part of a package contains 
structural details hidden from the user of the package; these details 
complete the specification of the visible entities. The visible and 
private parts together constitute the package specifications. The 
package body, which can be separately compiled, contains the bodies 
(implementations) of subprograms, tasks, or other packages specified in 
the package specifications. 

package type: A set of values characterized by a package specification 
and including all possible values of the package body. Alternate 
package bodies are represented by distinct 432 domain objects. 
Variables can be declared to be of a package type, and alternate 
package bodies can be dynamically assigned to them at run-time. 

Peripheral Subsystem (PS): a computer system controlled by an Attached 
Processor (AP), which manages one or more peripheral devices and is 
linked to a 432 central system by a 432 Interface Processor (IP). The 
PS contains peripheral devices, controllers, memory, the AP, and an IP. 

physical storage object (PSO): a 432 system object that provides a 
free storage pool for use by a 432 storage resource object (SRO). 

port: a 432 system object that provides a queuing mechanism supported 
by hardware with two queues, a bounded message queue, and an unbounded 
carrier queue. Ports support FIFO and deadline-wi thin-priori ty 
queuing. Ports are used for interprocess communication and process 
scheduling and dispatching. 

pragma: An Ada statement that instructs t~e compiler without changing 
the meaning of the program unit containing the pragma. For example, 
pragmas are used for listing control and code optimization control. 

print name: a character array type defined by iMAX and used by many 
iMAX type managers to provide symbolic names. Such names do not 
securely identify objects, because nothing stops an iMAX user from 
giving the same print_name to multiple objects. 
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process: a 432 system object that represents part of a program that 
can execute concurrently with other parts, also represented as 
processes. Because processes can compete for execution if there are 
fewer physical processors than processes, scheduling information is 
associated with processes for use in selecting the next process to run 
and to insure that a process does not monopolize a processor for longer 
than some time limit. A program can consist of one or more processes. 

process tree: a group of iMAX processes arranged in a hierarchy of 
"parent" and "child" processes. Certain process control operations 
applied to the root process of such a tree effect the entire tree, 
without the caller needing to know the tree's structure. 

process globals access segment (PGAS): a 432 generic access segment 
that is designated by a process as its global access segment and that 
provides access to additional attributes of a process's run-time 
environment. The first few PGAS entries are defined by iMAX and used 
by the Ada compiler. Several following entries are reserved by Intel; 
subsequent entries can be safely modified by the user. 

processor type: a 432 object type field; each of its values designates 
the kinds of processors that can reference segments with that processor 
type. The al ternati ves now defined are GOP only, IP only, and "all" 
(both GOP and IP). 

read rights: attribute of a 432 access descriptor (AD) that controls 
the right to read an object. 

refinement: a 432 segment that is contained within another segment. 
When a refinement is created, the displacement of the base of the 
refinement in the underlying segment and the size of the refinement are 
specified and checked by the hardware. 

refinement control object (RCa): a 432 system object that provides the 
right to create refinements that are system objects (no special right 
is needed to create a generic refinement). Each RCa specifies th~ type 
of system object that can be created using it. 

representation rights: attributes of a 432 access descriptor (AD) that 
restrict the rights to read or wri te the referenced object. 
Representation rights consist of read rights and write rights. 

segment: a set of contiguous memory loctions, from 1 to 65,536 bytes 
in apparent size, defined by a 432 object descriptor. A segment can be 
in the storage address space, or the interconnect address space, or it 
can be a refinement of another segment in the storage address space. 

specification: an Ada description of the interface provided by a 
subprogram, package, or task, which can be compiled apart from the body 
that implements the interface. 
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stack SRO: a 432 storage resource object built-in to the process 
object of a process and used for allocation of context objects and 
objects whose lifetimes are local to the creating context'. Allocation 
and deal location for a stack SRO are strictly Last-In-First-Out 
(LIFO). There is no object descriptor for a stack SRO, though it is 
conceptually a distinct object. 

storage resource object (SRO): a 432 system object that provides for 
the dynamic creation of objects by specifying an object table in which 
to allocate the object descriptor for a new object, and by specifying a 
physical storage object (PSO) that specifies a free storage pool from 
WhlCh the new object can be allocated. An SRO specifies the lifetime 
strategy and memory type of objects allocated from it. 

subtype: an Ada data type defined by constraints on the set of values 
of some other type, called the base type. All built-in and 
user-defined operations on the base type are inherited by the subtype. 

synchronous interface: an interface to iMAX IIO that provides 
different subprogram interfaces for different IIO services, and that 
return to (or raise an exception in) their caller only after the 
requested operation is completed. 

system object: a 432 object with a system type that indicates that it 
has a special role recognized by the hardware. Other objects are 
either generic objects or extended-type objects. 

system type: a 432 object type field that, in conjunction with the 
base type field, distinguishes a class of 432 objects with a particular 
hardware-recognized meaning (or lack thereof). 

task: in Ada, a process that can execute concurrently with other 
processes, with certain Ada-specific operations defined on it. 

type: in Ada and in general, a set of values with certain operations 
and representations defined for the set. 

type control object (TCO): A 432 system object that provides the right 
to amplify specific rights on access descriptors for objects of 
specific types, or the right to create objects of a specified type. 

type defini tion object (TOO): A 432 system object that designates 
values of a particular software-defined extended type. 

type manager: an Ada package or 432 domain object that defines all 
basic operations on a certain data item or class of data. Any other 
operations on the item or class must be composed by using the basic 
operations. A type manager may distribute accesses for the data items, 
but normally keeps to itself the right to directly read or write the 
data items. 
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type rights: attributes of a 432 access descriptor (AD) that restrict 
the right to execute certain instructions using the AD, depending on 
the type of system object it references. For example, create rights 
are required to create a new segment using an SRO access. 

unchecked copy rights: an attribute of a 432 access descriptor which, 
if present, suppresses the level .check when the AD is copied. When a 
new object is created, unchecked copy rights are set on the returned AD 
only if the new object's level is zero, in which case the level check 
could never fail. Amplifying unchecked copy rights is a privileged 
operation that is not available to iMAX users. 

wri te rights: an attribute of a 432 access descriptor that controls 
the right to write the referenced object. 
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