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POSIX DELTA DOCUMENT FOR THE
NEXT-GENERATION COMPUTER RESOURCES (NGCR)
OPERATING SYSTEMS INTERFACE STANDARD BASELINE
(VERSION 4)

1. INTRODUCTION

The objective of the Next-Generation Computer Resources (NGCR) Program is to standardize
Navy mission-critical computer interfaces and computer component interfaces. With these standardized
interfaces, industry will be better able to provide computing resources that meet Navy needs. The
interface standards are to be widely available (i.e., non-proprietary) and, if possible, widely used within
industry.

The NGCR Operating Systems Standards (OSS) is one of the sets of standards essential to the
timely and cost effective acquisition of most of the next generation of mission-critical computing systems
for the Navy. NGCR OSS assists the Navy in efficiently providing a wide range of performance, compatible
computing services, and functionality levels.

The primary objective of the NGCR Operating Systems Standards Working Group (OSSWG) will
be the selection, from commercial standards, of a set of interface standards for a family of distributed
operating systems applicable to a complete spectrum of Navy combatant use and other mission-critical
use. If these standards are not available or adequate, a standard will be developed in conjunction with
industry.

1.1 SCOPE

The scope of this document includes the NGCR OSSWG Operational Concept Document (NUWC
Technical Document 10168, February 1993) and all available documents, draft and final, from the family of
the Portable Operating System Interfaces (POSIX) standards, which have been selected as the NGCR
baseline. In addition, the documents from the IEEE working groups 1201, 1224. 1238, 1326, 1327,
1328, 1351, and 1353 were examined.

1.2 PURPOSE

The purpose of this document is to evaluate how effectively each Operating System Interface
(OSIF) requirement, as defined by the Operational Concept Document, is addressed by the POSIX
standards. By evaluating each OSIF requirement, the OSSWG will be able to determine as to how well the
POSIX standards currently meet the Navy's needs.

The tindings of this document will form a basis for identifying enhancements to POSIX.
Comparing the POSIX standards and OSIF requirements can lead to one of several findings:

Requirement is fulfilled by POSIX,

Requirement is unnecessary and can be discarded,

Requirement is fulfilled by SAFENET,

Requirement was previously considered and discarded by POSIX,

Requirement is nice to have, but not really needed or worth working toward,

Requirement is "too far out" and it would be premature to standardize at this time,
Requirement is a must ("got to have”) and must be included even if POSIX does not include it,
POSIX includes this useful feature but it is not a requirement.

From the list of requirements being pursued, an approach to take them into POSIX must be
determined, explaining the concepts, rationale, and interfaces required.
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If a necessary requirement contlicts with POSIX, then the OSSWG will develop a strategy for
meeting this requirement. This document will eventually become a primary input into a Military Handbook
tfor an OSIF. All requirements not fulfilled by POSIX standards or some other open standard will be
addressed in the Military Handbook.

1.3 TERMINOLOGY

Precise and consistent use of terms has been attempted throughout the document. The
following verb phrases are used in all NGCR documents to indicate where and to what degree individual
constraints apply:

"SHALL PROVIDE" indicates a requirement for the operating system interface to provide
interface(s) with prescribed capabilities.

"SHALL SUPPORT" indicates a requirement for the operating system interface to provide
interface(s) with prescribed capabilities or for the operating system interface definers to demonstrate that
the capability can be constructed from operating system interfaces.

1.4 DOCUMENT ORGANIZATION

This document was originally organized to refiect the evolutionary analysis process utilized by the
OSSWG to determine, for each OSSWG requirement, the extent to which POSIX fulfilled that
requirement, the overall importance of the requirement being fulfiled by standard interfaces, and the
OSSWG approach to defining standard interfaces to fulfill all critical requirements. However, this
organization was considered awkward, at best, for document maintenance and reader comprehension.
Since the original analysis process is long since completed, it is no longer necessary for the document to
retain this structure. Therefore, starting with version 4, the document has been reorganized more along
the lines of a reference guide. The historical information on the analysis process can always be found in
earfier document versions.

The current structure of the document is centered around section 3, where each operating
system interface requirement from the Operational Concept Document (OCD) is presented, grouped into
the same service classes and in the same order as defined in the OCD. For a requirement which is
completely fulfilled by POSIX, this section indicates which POSIX interfaces fuffill the requirement, and
provides an explanation of how this is accomplished where it ish't completely obvious. For a requirement
which is either partially or totally unfulfilled by POSIX, this section describes: the extent of the delta (partial
or no POSIX coverage) ; the extent of change necessary for POSIX to fulfill the requirement (modification
or insertion); and the importance of ultimately standardizing interfaces which meet the requirement
(essential, highly desirable, may be deterred, should be reevaluated). Furthermore, for those untulfilled
requirements classified essential or highly desirable, alternatives for achieving standardization (if more
than one), and OSSWG recommendations are presented. This section combines all delta information
related to each requirement in one centralized place.

Because of the rapidly evolving nature of POSIX, especially the continuous reorganization of
unapproved drafts, section 3 does not attempt to cite references to specific chapters, paragraphs, pages,
or lines in POSIX documents. Instead, POSIX interfaces are described here using the names commonly
used to refer to such interfaces and associated POSIX document (PAR) numbers. Because this
document serves not only as an OSSWG working document, but as a reference document for potential
NGCR Operating System users, Appendix A lists for each OSSWG requirement, in tabular form, detailed
paragraph references to the versions of POSIX documents baselined in section 2, as well as selected
tabular information from section 3.

Each unfulfilled OSSWG requirement is coded, both in section 3 and Appendix A, with a rating
indicating its significance to the overall NGCR OS interface standardization effont: A rating of "a" indicates
that standardization of interfaces which meet the requirement is essential; a rating of "b" indicates that
standardization of interfaces which meet the requirement is highly desirable; a rating of “c" indicates that
fulfilling this interface requirement can be deferred to a later date; a rating of "d" indicates that the OSSWG
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should re-evaluate the need for standardized interfaces fulfilling this requirement. All requirements with a
rating of "a” or "b" are termed "significant unfulfilled requirements”, a status which triggers an OSSWG
recommendation tor fulfilling the requirement as soon as possible.

Section 4, the Big 6 Discussion, offers an overview of the POSIX/OSSWG delta with respect to six
major technology areas considered important to the NGCR program in general. This provides an insightful
alternative viewpoint on the nature of the delta and how POSIX can be expected to support these
technology areas.

In conclusion, Section 5 summarizes the findings of this document.
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3. DETAILED ANALYSIS OF POSIX DELTAS BY REQUIREMENT

This section presents each operating system interface requirement from the OSSWG Operational
Concept Document (OCD), grouped according to the same service classes and in the same order as
defined in the OCD. For a requirement which is completely fulfilled by POSIX, this section indicates which
POSIX interfaces fuffill the requirement, and provides an explanation of how this is accomplished where it
isn't completely obvious. For a requirement which is either partially or totally unfulfilled by POSIX, this
- section describes: the extent of the delta (partial or no POSIX coverage); the extent of change necessary

for POSIX to fulfill the requirement (modification or insertion); and the importance of ultimately
standardizing interfaces which meet the requirement (essential, highly desirable, may be deferred, should
be reevaluated). Furthermore, for those unfulfilled requirements classified essential or highly desirable
(the so-called "significant unfulfilled requirements”), altematives for achieving standardization (if more than
one), and OSSWG recommendations are presented.

This section contains frequent references to interfaces and capabilities from the POSIX 1003.1
and 1003.4 standards, as weil as the POSIX P1003.4a draft standard. Each of these documents provides
a C language binding to the referenced interfaces and capabilities. OSSWG understands that the POSIX
1003.5 standard, the POSIX P1003.20 draft standard, and the Ada LRM provide an Ada language binding
to exactly the same set of interfaces and capabilities; however, due to the nature of the bindings and the
Ada fanguage itself, identical interfaces and capabilities do not typically have the same nomenclature in
the Ada language bindings as in the C language bindings. A further complication is that P1003.20 is
currently undergoing a change from “thin" to “thick" binding format. Therefore, this version of the Delta
Document will not attempt, in this section, to consistently mention 1003.5 or P1003.20 interfaces
whenever 1003.1, 1003.4, or 1003.4a interfaces are cited as fulfilling or partially fulfilling a requirement;
this will be undertaken in the next version once P1003.20 has stabilized in its “thick” binding format.
Appendix A lists the applicable interfaces and capabilities in both the C language binding documents and
the Ada language binding documents.

There is a table presented at the end of each service class with columns marked “Requirement”,
“Covered", "POSIX Delta”, and "Unfutfilled Requirements Rating.” The first column contains the OSSWG
requirement number. The second column assesses coverage as "Yes", "No®, or "Partially.” The third
column indicates the extent of the POSIX Delta and contains one of the following assessments: "None",
"Modification”, or “Insertion.” “Modification” means that a modification to existing POSIX interfaces would
fulfill the OSSWG requirement; "Insertion” means that a modification is not sufficient and that a larger
change such as insertion of new interfaces would probably be needed to fulfill the OSSWG requirement.
All OSSWG requirements marked as partially or not covered are referred to as "unfulfilled requirements.”
The fourth column can contain a dash or one of the letters a, b, c, or d. A rating of "a" indicates that
standardization of interfaces which meet the requirement is essential; a rating of "b" indicates that
standardization of interfaces which meet the requirement is highly desirable; a rating of “c" indicates that
fuffilling this interface requirement can be deferred to a later date; a rating of "d" indicates that the OSSWG
should reevaluate the need for standardized interfaces fulfilling this requirement. All OSSWG
requirements with a rating of "a" or "b" are referred to as "significant unfulfilled requirements®, a status
which triggers an OSSWG recommendation for fulfilling the requirement as soon as possible.

3.1 GENERAL REQUIREMENTS

These requirements are considered too high level to be covered in this document.

3.2 ARCHITECTURE DEPENDENT INTERFACES

* There are no unfulfilled requirements for service class 2. In general, POSIX 1003.1 and 1003.4
support service class 2.
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3.2.1 Non-NGCR System Interfaces
Non-NGCR System Interfaces are met by:

1003.1 Process Primitives

1003.1 Input and Output Primitives
1003.4 Process Primitives

1003.4 Input and Output Primitives
1003.4 Shared Memory

1003.4 Message Passing
P1003.12 Network Iinterface

The OSIF shall support non-NGCR based systems by providing a subset of its services to those
systems. The subset of service requests from non-NGCR based systems includes download, initialize,
st?rt. resource sharing, process to process message communication, and ability to pass operational status
information.

The non-NGCR system may issue service requests over non-NGCR or NGCR network interfaces.
The NGCR network interfaces incilude FUTUREBUS+, SAFENET, (see the operational concept
document (OCD), Paragraph 20.8.1.1). The non-NGCR network interfaces inciude (but are not limited to)
VME, MULTIBUS, TCP/IP, RS232, RS422 and 1553B (see OCD paragraph 20.8.2.3).

POSIX does not provide explicit interfacing to non-NGCR networks. However, POSIX can support
interfacing to non-NGCR networks given that the term "support” allows for hardware to be added to the
non-NGCR network interface, and software to be added to both NGCR and non-NGCR systems. The
application implementation of the additional hardware and software will allow the ability to service non-
NGCR system service requests.

Requirements Coverage Summary

Requirement Covered POSIX Delta Unfultilled
Requirements
Rating
2.1 Yes None -

3.3 CAPABILITY AND SECURITY INTERFACES

Computer security requirements permeate the engineering process and development
environment of a system. The level of security depends on the criticality of the system application and
total environment (e.g., physical, procedural, operational, communication, and computer controls). With
this in mind, the challenge for the OSSWG and POSIX security working groups has been to create an
interface standard that does not preclude meeting the trusted computer systems evaluation criteria
(TCSEC) (DoD-STD-5200.28) B3 or A1 class requirements. The approach used to develop the POSIX
security standards (P1003.1e and P1003.2c) is similar to the OSSWG security approach where the focus
is only on the application program interfaces and commands of the operating system with respect to
security, not implementation or assurance details. However, in addressing some of the non interface
security concepts, the POSIX subcommittee has tailored these concepts into a POSIX philosophy for
uniformity and portability, and documented them in the appropriate P1003.1e and P1003.2c appendixes.
The POSIX subcommittee has been very effective, thus far, in addressing the nonsupported, security-
related concepts without mandating a specific design or architecture. Those areas that are not supported
by P1003.1e are discussed in its appendix B, the unsupported security section. This allows a contractor
design and development flexibility, while still providing the basic conformity and interface consistency
found in standards. The POSIX Distributed Security Study Group (1003.22), was convened in early 1992
to examine security standardization issues which fall outside the domain of P1003.1e and P1003.2c.
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They will be assessing existing work in this area and analyzing the potential for standardization of
distributed security work, and will draft a Guide similar to P1003.0 to this effect.

As stated, some requirements are not interface-specific security issues but, rather, system-

unique security issues. In this case, the interpretation of the TCSEC requirements in conjunction with the

- system security policy would take precedence over any aspects of the P1003.1e and P1003.2c interface

standards. Unfulfilled requirements will need to be analyzed by the system engineering office within the

context of the system being developed. Each requirement should be studied to determine its

applicability to the system and, if required, the suitability of the contractor's design in context of the

system's security policy. Therefore, the capability to fulfill these requirements should be deferred until a
need is determined and how they may be best implemented to satisfy the system's security policy.

Of the 24 OSSWG requirements, 21 are addressed by the P1003.1e and P1003.2c standards
(see Requirements Coverage Summary). [Note: The P1003.1e standard addresses all 24 OSSWG
security requirements in different ways. Some of the requirements are in the interface section, while
others are addressed in appendix B as non interface, nonsupported security mechanisms. The OSSWG
agrees with the P1003.6 standards committee on this format; thus, OSSWG feels the committee has
sufficiently addressed the OSSWG requirements.]

In assessing the OSSWG security requirements, it was determined that the following
requirements are not addressed by the P1003.1e or P1003.2¢c standards: Object Reuse (3.17), Trusted
Path (3.23), and Trusted Recovery (3.24). However, some of these requirements are within the scope ot
P1003.22, and while they constitute implementation concerns, they could receive attent’. in the
P1003.22 Guide to the POSIX Security Framework. However, the 1003.22 working grouj. will not
produce a standard, per se, but rather a guide to distributed security issues. Therefore, it is
recommended that these requirements be dropped from consideration of any API standard approved by
the NGCR OSSWG.

3.3.1 Audit Data Storage

The capability and security interfaces service class requirements are addressed in the P1003.1e
document. This OSSWG requirement is covered in the interface portion of the standard.

3.3.2 Audit Generation

Refer to 3.3.1.

3.3.3 Audit Record Contents

Refer to 3.3.1.

3.3.4 Audit Data Manipulation

Refer t0 3.3.1.

3.3.5 Device Labels
- Refer to 3.3.1.




J =
NAWCADWAR-94109-70

3.3.6 Basic DAC
Refer 10 3.3.1.

3.3.7 DAC Inclusion/Exclusion .

The requirement for DAC Inclusion/Exclusion (3.7) is met by studying the functionality of the
interface, but the document does not provide a clear discussion ot exclusion.

3.3.8 DAC Propagation
Refer t0 3.3.1.

3.3.9 Labeling of Export Channels

Refer to 3.3.1.

3.3.10 Setting Communication Labels

Refer to 3.3.1.

3.3.11 Identification and Authentication
This OSSWG requirement is addressed by the P1003.1e standard in appendix B. Even though it

specifies this requirement as an unsupported security mechanism, the standard does not preclude
satisfying this requirement; this requirement is addressed in DoD Standard 5200.28.

Note that 1003.1 also provides interfaces to identify and to inquire about the identity of users.

3.3.12 Labeling of Human Readable Output
Refer to 3.3.1.

3.3.13 Subject and Object Labeling

For Subject and Object Labeling (3.13), the POSIX definition of subjects and objects is very broad
and may not provide sufficient detail to meet B2 requirements and above. However, for the purpose of an
interface standard this shouid be acceptable because significant depth in this area will be provided by
either the vendor or the contractor as the system architecture and design that incorporate the interface
standard are developed.
3.3.14 Label Contents

Refer to0 3.3.1.

3.3.15 MAC Policy
Refer to 3.3.1.

10 |
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3.3.16 MAC Manipulation
MAC Manipulation has been addressed in P1003.1e and P1003.2¢, while the manipulation of
labels remains a non-programmatic, non-interface issue dictated by the security poficy.
3.3.17 Object Reuse
This unfulfilled requirement is classified as "d" (re-evaluate).
Requirement: The OSIF shall provide that all objects are sanitized prior to allocation to a user.
Description of the Delta. Object Reuse is not a programmatic interface-related requirement. Rtis a
requirement between a user terminal, peripheral hardware elements, and the operating system's trusted

computing base. A conforming implementation may implement a strong object reuse policy without
impacting the AP specified by the standard.

Recommendation: The requirement will be levied on the developers through the TCSEC when
required; thus, no further action is recommended. '

3.3.18 User Notification of Sensitivity Label

Refer to 3.3.11.

3.3.19 Sensitivity Label Query

Refer to 3.3.11.

3.3.20 System Integrity

Refer to 3.3.11.

3.3.21 Iidentification of Users Based on Roles
Refer to 3.3.11.

3.3.22 Least Privilege

Refer to 3.3.1.

3.3.23 Trusted Path
This unfulfilled requirement is classified as “d" (re-evaluate).

Bequirement: The OSIF shall support a trusted communication path between the user and the
system, activated exclusively by the user.

Description of the Defta: The trusted path requirement is not a programmatic interface-related
requirement. It is a requirement between a user terminal and the operating system's trusted computing
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base. It will be addressed in the P1003.22 Guide to the POSIX Security Framework, which will
complement the work being done in both the 1003.0 and 1003.6 committees.

Recommendation: The requirement will be levied on the developers through the TCSEC when
required; thus, no further action is recommended.

3.3.24 Trusted Recovery
This untulfilled requirement is classified as "d" (re-evaluate).

Bequirement: The OSIF shall provide procedures or mechanisms or both to assure that, after a
discontinuity, recovery without a protection compromise is obtained.

Description of the Delta: This is not an programmatic interface related requirement but a
requirement internal to the trusted computing base (TCB) concerned with trusted recovery to a secure
state of the TCB when non recoverable failure occurs. It will be addressed in the P1003.22 Guide 1o the
POSIX Security Framework, which will complement the work being done in both the 1003.0 and 1003.6
committees.

Becommendation; The requirement will be levied on the developers through the TCSEC when
required; thus, no further action is recommended.

Requirements Coverage Summary

Requirement Covered POSIX Dena Unfulfilled
Requirements
Rating
3.1 Yes None -
3.2 Yes None -
3.3 Yes None -
3.4 Yes None -
3.5 Yes . None -
3.6 Yes None -
3.7 Yes None -
3.8 Yes None -
3.9 Yes None -
3.10 Yes None -
3.11 Yes None -
3.12 Yes None -
3.13 Yes None -
3.14 Yes None -
3.15 Yes None -
3.16 Yes None -
3.17 No Insertion d
3.18 Yes None -
3.19 Yes None -
3.20 Yes None -
3.21 Yes None -
3.22 Yes None -
3.23 No insertion d
3.24 No Insertion d
12
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3.4 DATA INTERCHANGE INTERFACES

Appendix B, Rationale and Notes, of the 1003.1 indicates that the POSIX groups felt the issue of
data format should be addressed in 1003.1. 1003.1/1003.5 does not yet provide a standard data
interchange interface, nor does it define a standard format for the data. 1224 is developing an ASN.1
(Abstract Syntax Notation One) API. A notable hole in the 1224 work is a result of the working group
decision not to provide interfaces for fioating-point data.

A non-POSIX alternative for meeting the data interchange requirement is XDR (Extermnal Data
Representation), an Internet standard (see RFC1014). XDR is well-established, provides a relatively
straight-forward binding to P1003.12, is capable of supporting realtime communication, is canonical, has
no explicit typing, and represents arbitrary data structures in a consistent, well-documented manner.
However, XDR at this time does not have POSIX or ISO support.

Data Interchange Interfaces are necessary 10 support the Big 6 requirement for heterogeneity.

One aspect of the Data interchange issue arises from the fact that the various hardware and
software platforms used in Navy systems represent various uncoordinated data types being passed
between many systems. These systems were developed on essentially the same computer hardware, at
different times, by ditferent vendors, and for different sponsors, with incremental funding. Most of these
systems were developed long ago, prior to any formal standardization process, and were designhed to
perform specific tasks that were not always integrated. The cost of ownership of this wide spectrum of
systems Is inconsequential compared with the replacement cost of upgrading to systems that have a
standardized data interchange. Therefore, an interface is needed to support the required “normalized”
representations of data interchanged between these different systems. This interface would provide
standards for upgrading these older systems with a more etfective approach.

Likewise, the interface would provide standards for combining COTS products effectively,
whether or not the products originate in older systems.
3.4.1 Data Interchange Services (Data Format Conversion)

This unfulfilled requirement is classified as "a" (essential).

Bequirement: The OSIF shall support an access to services that perform data conversion.

Description of Delta: P1351 and P1353 have developed an ASN.1 APl. However, this AP will
not support floating-point data. ASN.1 is already an ISO standard. It is canonical, supports explicit typing,
and represents arbitrary data structures in a consistent, well-documented manner. A potential
disadvantage of ASN.1 is thai it may not be capable of supporting realtime systems.

Resolution Alt tives:
1. Pursue adding floating-point data support to P1351 and P1353.
2. Pursue standardizing XDR within POSIX.
3. Adopt XDR as another OSSWG-recommended standard (in addition to POSIX).

Becommendation: Investigate 1. and 2.; should 2. fail, pursue 3. to meet realtime requirements.
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Requirements Coverage Summary

Requirement Covered POSIX Delta Untulfitied
Requirements
_ Rating
4.1 Partially Modification a

3.5 EVENT AND ERROR INTERFACES

In general, the POSIX standards support service class 5 (Event and Error Interfaces) in a
rudimentary way. There are three areas that are not compiete:

1. Basically, POSIX provides reactive error management while OSSWG requires proactive
behavior. Attempting to support proactive requirements on top of a reactive interface will resuft in
performance penalties. The existing (proactive} services are highly-oriented toward providing event
services (via the “signal” concept) while downplaying error reporting.

2. POSIX currently does not have a consistent error handling strategy. The POSIX working
groups covering distribution are beginning to develop such a strategy.

3. POSIX does not provide adequate coordination and recording services.

While none of the requirements in service class 5 are completely satisfied by POSIX interfaces, all
the associated OSSWG requirements remain necessary for Navy systems. Given that the OSSWG will
now deal only with APIs for the OSIF, requirement 5.1 becomes deferred for errors, since the error
information comes from sources other than applications; it is fulfilled in the case ot events other than
errors.

POSIX signals provide a useful abstraction for managing asynchronous events and can be used
to coordinate the activities of processes. In particular, signals unify the following:

- synchronous exceptions, such as fioating point overfiow, division by zero, and invalid addresses
or instructions

- abortion of a process or thread of control

- suspension of a process

- time-outs such as an alarm or timer expiration

- asynchronous notification from one process or another of an application-specific event that
demands attention

However, precisely because they are so all-encompassing, signals also:

- confuse synchronous traps with asynchronous events

- can be aliased in confusing ways

- can be lost

- are unique resources which cause problems when various independent application components
are integrated

Contflicts over the right to handle a signal are a problem for the Ada runtime, since it requires the use of
certain specific signals, and it is not something a user can ordinarily be expected to patch up. The POSIX
Ada bindings address this situation by denying an Ada application the ability to handle certain signals
which are expected to be used by the Ada runtime system. This still leaves the need for intervention if an
Ada application wants to use a C language library that depends on catching the same signals used by the
Ada runtime system.
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The OSSWG requirements could be met by adding new interfaces to POSIX. Existing interfaces
do not need to be modified or deleted. However, some philosophical views and assumptions of the
POSIX community ditfer considerably from the OSSWG conceptual model.

Examples are access to hardware interrupt masks and error logging. Both were cited as “out of
scope” by the POSIX community.

1003.4b has developed interrupt control interfaces which fulfill Requirement 5.5 and contribute
to the fultitiment of Requirement 5.2. Due to hardware dependencies, it may not be appropriate to
attempt to standardize interfaces for masking/unmasking intemupts.

Executive Summary: The following paragraphs serve as an explanation and summary of
section 3.5, Event and Error Intertaces, and section 3.11, Reliability, Adaptability, and Maintainability
Interfaces. While these two service classes are closely related, note that service class 5 goes beyond
strictly error interfaces, which also apply to service class 11, and deals more broadly with events, which
may or may hot be related to errors. The thrust of this summary is system fault and error management,
which is concerned with the error aspects of service class 5 and with service class 11. Section 3.5 does,
however, also discuss events in detail.

In addition, while some of the requirements from service classes 5 and 11 deal with interfaces
between an operating system and entities other than application software, this summary and sections 3.5
and 3.11 consider satisfying requirements only through an APl. The discussion of other types of
operating system interfaces is deferred at this time.

In general, the OSSWG discovered that POSIX provides or supports little in the way of interfaces
for service classes 5 and 11 as they relate to system fault and error management. (Sections 3.5 and 3.11
discuss the deltas between what the OSIF requires and what POSIX supplies for each OSIF requirement
in detail.) Consequently, the OSSWG considered the following altematives to resolve the deltas between
the OSIF requirements and POSIX:

1. Enhance existing POSIX interfaces to include this capability. System fault and error
management is not generally a natural extension to existing POSIX interfaces. It may fit as new work under
POSIX 1003.7, system administration.

2. Submit a new POSIX PAR to do this work. POSIX may require a new PAR even should this
work be done under 1003.7. A substantial body of existing practice is available for system fault and error
management in current military tactical systems and may also be available in such commercial applications
as telephone, medical, and banking systems. The availability of peopie to do this work may well be the
deciding factor in providing this capability in POSIX. People would probably have to come largely from
OSSWG as general interest in the POSIX community for this kind of activity seems to be low. However,
the OSSWG should also contact commercial parties where interest may be growing.

3. Mature a standard outside of POSIX. UNIX International (High Availability Investigative Team),
Open Software Foundation (OSF), and X3T8 (Fault Isolation) have efforts that might fill a large number of
the current deltas. OSSWG could use these as the vehicles to mature a industry standard outside of
POSIX. At the appropriate time a new PAR could be pursued in POSIX.

4. Develop a new military standard. This is a less acceptable alternative than 2, although
comparable in effort, because it is external to the OSIF baseline.

5. Levy the requirements and the OSIF general requirements (e.g., modularity, extensibility,
uniformity) on vendors but do not provide a standard as such. This alternative relies on vendors to
develop some commercial existing practice in this area on which to potentially standardize at a later date.

The OSSWG recommends at this time that a standard be matured outside of POSIX, through UNIX

international, OSF, and X3T8 as appropriate. Untulfilled OS!F requirements which could be satisfied by
other efforts include:
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.1 Event and Error Receipt

.2 Evert and error distribution

.3 Event and emror management

.4 Event logging

.1 Fault information collection

.2 Fault information request

3 Diagnostic tests request

.4 Diagnostic tests results

.5 Operational status

.6 Fault detection thresholds

.7 Fautt isolation

.8 Fault response

9 Reconfiguration

.10 Enable/disable system component
.11 Performance monitoring

.12 Set resource utilization limits

.13 Resource utilization limits violation

The OSSWG recommends satisfying 3.5.6, Mask/Unmask Interrupts in P1003.4b where this work
has already been undertaken. Mask/Unmask Interrupts is not provided by P1003.4b because of hardware
dependencies (classification as a significant unfulfilled requirement should be reconsidered.)
Additionally, some minimal functionality can be achieved for requirements 3.11.3, Diagnostic Test
Requests, 3.11.4, Diagnostic Test Results, 3.11.5, Operational Status, 3.11.8, Fault Response, 3.11.9,
Recontiguration, and 3.11.10, Enable/Disable System Component through interface service devcti() in
P1003.4b. Devctl() allows standard access to 'non standardized’ hardware devices.

3.5.1 Event and Error Receipt
This untfultilled requirement is classified as "c* (may be deferred).

QSSWG requirement 5.1 is partially covered by POSIX. While the event interfaces exist, and error
interfaces are provided for individual processes, there are no error coordination or distribution interfaces.

Bequirement: The OSIF shall support the receipt and coordination of event and error information.

Description of Delta: This requirement refers to error information coming into the OS across the
OSIF other than through an API for subsequent distribution according to requirement 3.5.2. The event
receipt part of this requirement is met by the POSIX Signals interface and the interrupt Control interfaces
in P1003.4b.

Becommendation: For error receipt, because OSSWG is only concerned with the API portion of
the OSIF at this time and for most applications this requirement deals with parts of the OSIF other than
APIs, this requirement delta is a low priority. Monitor and participate in related standards efforts at UNIX
International; Open Software Foundation; POSIX Services for Reliable, Available, and Serviceable
Systems group; and X3T8. When these groups develop mature standards, move appropriate portions of
standards into POSIX.

3.5.2 Event and Error Distribution

This unfultilled requirement is classified as "a” (essential).

P1003.4b Interrupt Control specifies that, upon occurrence of a designated interrupt, a
designated process or thread is to be notified, or a designated user-written Interrupt Service Routine (ISR)

is to be executed (or both). This interrupt control capability, in conjunction with 1003.1/1003.4/1003.4a
signals, would provide some coverage of requirement 5.2 (distribution of event and error information). In
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particular, the interrupt control mechanism couid be used for the distribution of information on events and
errors resulting in hardware interrupts (such as hardware device errors). However, this distribution
mechanism would not be applicable fo certain operating system errors (such as those in which kernel data
structures become faulty).

Another possible deficiency in the coverage of requirement 5.2 is the fact that functions returmn
indication of only a single error, instead of all errors that occur during function processing.

Bequirement: The OSIF shall provide for the selective distribution of event and error information.

Description of Defta: POSIX 1003.1 provides for the distribution of events through signais. Table
3-1 (1003.1) lists the signals that all POSIX implementations must support and Table 3-2 (1003.1) lists
those signals that a system implementing job control must support. However, “an implementation may
define additional signais that may occur in the system” (1003.1). For particular systems, it may be
significant that the signals defined by 1003.1 and 1003.5 do not allow for any user-defined information,
such as a pointer t0 an error report, 10 be passed with the signal and do not queue muitiple occurrences of
a signal. The Signals interface is enhanced in 1003.4 with the addition of Queued Signals, and all signal
types are extended to threads in P1003.4a. The 1003.4 and P1003.20 specifications allow an application
to reserve a range of signal numbers as real-time signals. These signals may pass a user-defined value or
pointer to the signal-catching function. In addition multiple occurrences of real-time signals are queued for
the application in FIFO order. :

POSIX provides for the distribution of errors to the requesters of individual functions. Each
function specities which errors all POSIX implementations must detect and which are optional. 1003.1
lists the possible errors. However, "implementations may support additional errors not included in this
clause, may generate errors included in this clause under circumstances other than those described in
this clause, or may contain extensions or limitations that prevent some errors from occurring” (paragraph
2.4, 1003.1). "If more than one error occurs in processing a function call, this part of ISONEC 9945 does
not define in what order the errors are detected; therefore, any one of the possible errors may be
retumed” (paragraph 2.4, 1003.1). [CAN THIS APPROACH BE TOLERATED?] In addition, realtime
extensions in POSIX 1003.4b provide for handling of interrupts. In 1003.4b the occurrence of an
interrupt can be made to notify a process or thread, or start the execution of a user-written ISR (or both).

The OSIF requires that all possible errors be available, not just one of those possible. [AGAIN,
CAN THIS BE TOLERATED?] It also requires that there be a means for coordinating the distribution of
errors, as for example to a single process responsible for error analysis. The 1003.4b interrupt control
interface enables distribution of certain errors, namely those resulting in hardware interrupts. Baesides the
fact that the P1003.4b Interrupt Control interface can deliver only hardware interrupts and the Signals
interface can deliver any event or error defined by the system, it may be important for particular systems to
note another difference between the two interfaces: Interrupt Control has distinct
registration/deregistration functions for each interrupt whereas the Signals interface relies on signals be
sent to or retrieved by the proper application software.

Becommendation: The OSSWG recommends continued support for approval of the P1003.4b
Interrupt Control interfaces via the balloting process.

And, to completely satisfy this requirement, OSSWG recommends monitoring and participating in
related standards efforts at UNIX International; Open Software Foundation; POSIX Services for Reliable,
Available, and Serviceable Systems group; and X3T8. The POSIX Services for Reliable, Available, and
Serviceable Systems group, in addition to proposing new interfaces, may suggest modifications to
existing interfaces, such as reserving a set of real-time signal numbers for error reporting. When these
groups develop mature standards, move appropriate standards into POSIX.

3.5.3 Event and Error Management

This unfulfilled requirement is classified as “a” (essential).
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Requirement: The OSIF shall support the timely delivery of interrupt and asynchronous evemnts to

system components and shall support the impiementation of user-selectable error processing
altematives. Allernatives shall include, as a minimum, filtering, retry, ignore, and accumulate occurrences.

Dascription of Delta: POSIX does make special provisions for the timely delivery of interrupts and
asynchronous events which generate interrupts to system components; P1003.4b Interrupt Control
interfaces provide for process or thread notification on occurrence of an interrupt and/or for handling the
interrupt via an Interrupt Service Routine (ISR). For asynchronous events which generate signals,
“Implementations should deliver unblocked signals as soon after they are generated as possible.
However, it is difficult for POSIX.1 to make specific requirements about this, beyond those in kill() and
sigprocmask(). Even on systems with prompt delivery, scheduling of higher priority processes is always
likely to cause delays” (paragraph B.3.3.1.2, 1003.1).

Within the limits discussed under requirement 3.5.2 (i.e., POSIX does not provide for
coordination in the distribution of events and errors), some user-selectable error processing alternatives
are available. Processes can mask signals (paragraph 3.3.1.2, 1003.1). Processes can also choose
among three types of actions that they can associate with a signai: a default action, ignore, and a signal
catching function (paragraph 3.3.1.3, 1003.1). Retries and accumulation of occurrences would then be
the responsibility of the individual processes. In particular, occurrences of a particular event or error could
not be collected or action taken on behalf of several processes or on behalf of the system as a whole
through the interface.

Becommendation: OSSWG recommends continued support for approval of the P1003.4b
interrupt Control interfaces via the balloting process. If necessary, OSSWG recommends monitoring and
participating in related standards efforts at UNIX International; Open Software Foundation; the POSIX
Services for Reliable, Available, and Serviceable Systems group; and X3T8. When these groups develop
mature standards, move appropriate standards into POSIX.

3.5.4 Event Logging
This unfulfilied requirement is classified as "a" (essential).
Requirement 5.4, event logging, is not currently supported by POSIX.

Begquirement: The OSIF shall support logging events to application-defined storage. The types
of events and event sources shali be dynamically selectable/deselectable.

Description of Delta; POSIX does not support logging events. The 1003.4 working group
considers this to be a system administration issue.

Becommendation: OSSWG recommends monitoring and participating in related standards efforts
at UNIX International; Open Software Foundation; the POSIX Services for Reliable, Available, and
Serviceable Systems group; and X3T8. When these groups develop mature standards, move appropriate
standards into POSIX.

3.5.5 Enable/Disable Interrupts

This requirement is directly met by the interrupt Contro! interfaces in P1003.4b. These interfaces
provide for mutual exclusion between application code and Interrupt Service Routine (ISR) code,
effectively providing the functionality of Enable/Disable Interrupts in a generalized interface which permits
implementations for both uni-processor and multi-processor systems.
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3.5.6 Mask/Unmask Interrupts
This unfulfilled requirement is classified as "c* (may be deferred).

Bequirement: The OSIF shall provide the ability to mask and unmask interrupts. Note that this
requirement has particular relevance for Ada applications, as specified in paragraph 3.16.18. Changes to
the recommendations shouid take that fact into account.

. ~ Description of Delta: Within the limits discussed under requirement 3.5.2 (i.e., POSIX does not
provide for the collection and coordination of all events and errors), POSIX provides the ability to mask and
unmask events through its signal processing (1003.1). Therefore, complete resolution of the deltas for
this requirement depend on the resolution of requirement 3.5.2.

While POSIX does currently provide the capability to handle interrupts in P1003.4b, the interfaces
therein do not provide the capability to mask and unmask interrupts. Hardware dependencies make it
inappropriate to standardize such interfaces.

Becommendation: We recommend that the OSSWG view the masking and unmasking of
inmterrupts as inappropriate for standardization.

Requirements Coverage Summary

Requirement Covered POSIX Delta Unfulfilled
Requirements
Rating
5.1 Parfially insertion -/C
5.2 Partially insertion a
5.3 Partially Insertion a
5.4 No Insertion a
5.5 Yes None -
5.6 Partially insertion C

3.6 FILE INTERFACES

In general, the POSIX standards support service class 6 in a substantially complete way. The
information that follows was primarily derived from 1003.1, 1003.4, P1003.4a, and P1003.4b
documentation.

if you use Ada Direct_lO over POSIX files, then the 1003.5 Change_Working_Directory operation
in package POSIX_Process_Environment should be done at system initialization to establish the default
working directory.

The requirements for: Contiguous Read of a File (6.1), Protect an Area Within a File (6.2), File

. Management Suspend/Resume for Process (6.4), File Management Block Requests (6.5), Create (6.16),

Open (6.7), Point within a file (6.8), Read (6.9), Write (6.19), Write Contiguous (6.20), Close (6.10), Delete

a file (6.11), Create (6.12), Specify Default (6.13), Delete directories (6.14), and Query or Modity File

attributes (6.17 - 6.18) are directly met by a combination of 1003.1, 1003.4, and P1003.4b. Shadow Files

‘ (6.15) is met by the interfaces listed above in combination with resource locking and/or mutual exclusion
interfaces provided by 1003.4 and P1003.4a.
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The requirement for: File Management Scheduling (6.3) is not met or insufficiently met by
POSIX. File Management Scheduling requires a method to specify a response time for file requests.
POSIX does not include this as part of the file interface.

Note that both Ada and POSIX define tile operations. The two /O systems are not based on
identical file models. The POSIX 1O system has the objective of making the POSIX IO model available to
the user. With both sets of /O operations available, it is possible that a given collection of application
programs will use both sets of operations. For this reason, it is desirable to permit the interchange of
external files so that they can be read and updated by the use of either set of 1/0 operations after being
created and written by a different set of VO operations. Thus, POSIX extends the Ada file model in several
useful ways, including:

- a hierarchical, persistent file name-space
- file/device control

- memory mapping (of files)

- standard error-output file

- appending to a sequential file

- files with records of mixed types and sizes

The POSIX I/0 system does not have the objective of incorporating all the functionality of the Ada
I/0 model. instead, it interprets relevant portions of the Ada LRM and constrains and details some of the
implementation dependencies permitted by the Ada LRM so that Ada /O is more completely defined in a
POSIX environment. Thus, the POSIX 1/0 model fits the Ada /O model fairly well.

Unfortunately, a complete mapping between the POSIX and Ada 1/0 operations is quite difficult,
primarily because of the lack of underlying standardization concerning external representations of data.
On a POSIX system, Ada external files are implemented as POSIX files, but the view of a file via the Ada 1O
packages is different from the view via the POSIX interfaces. There is also a difference between portable
character sets, though this is likely to be reduced in Ada 9X. Furthermore, the combination of POSIX and
Ada files does create the possibility of some new errors. In genera), the effects of interleaved Ada and
POSIX operations on the same open file are unpredictable. The POSIX Ada binding provides a way to
op'ein an Ada file object with a specified POSIX file descriptor, but states that the effect is implementation-
defined.

3.6.1 Contiguous Read of a File

This requirement is directly met by a 1003.1 Input/Output Primitives; 1003.4 Asynchronous or
List Directed 1/0 and Memory Mapped Files; and P1003.4b Advisory Information.
3.6.2 Protect An Area Within A file

This requirement is directly met by 1003.1 open() and File Control; and 1003.4 Memory Mapped
Files.
3.6.3 File Management Scheduling

This unfuffilled requirement is classified as "c" (may be deferred).

Requirement; The OSIF shall support a capability to specify a response requirement for the
service being requested for file management.

Bequirement Rationale: For hard deadline real-time systems, the file manager must schedufe
service processing based on the response requirements of the requests submitted by the users. FIFO
scheduling is unacceptable for real-time applications. The file manager must also support the notion of
preemption.
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Description of Delta: POSIX does not require a method for specifying a response time for
scheduling 1/0.

Besolution Alternatives:

1. Enhance existing POSIX interfaces to include this capability. The 1003.4 working
group is unable to identify existing practice for such interfaces, and thus does not consider this
appropriate for standardization under the 1003.4 charter.

2. Submit a new POSIX PAR to do this work. The availability of people to do this work is
questionable. People would probably have to come largely from OSSWG as general interest in
the POSIX community for this kind of activity seems 10 be low.

3. Assume a standard outside POSIX. No standards that answer this kind of requirement
are apparent at this time.

4. Develop a new military standard. This is a less acceptable alternative than 2 because it
is external to the OSIF baseline. At the same time, it suffers from the same handicaps as 2, lack of
people to do the work

5. Levy the requirements on vendors without a standard imposed. This alternative relies
on vendors to develop some commercial existing practice in this area on which to potentially
standardize at a later date.

Becommendation: Based on alternative 1, we recommend that the OSSWG view File
Management Scheduling as inappropriate for standardization.

3.6.4 File Management Suspend/Resume for Processes

This requirement is directly met by 1003.1 blocking and non-blocking open() and write(); 1003.4
Asynchronous I/0; and P1003.4b Device Control.

3.6.5 File Management Block Requests

This requirement is directly met by 1003.1 read(), write(), and Iseek(); 1003.4 Memory Mapped
Files; and P1003.4b Advisory Information.

3.6.6 Round Robin File Management

This requirement has been deleted.

3.6.7 Open a Flle

This requirement is directly met by 1003.1 open(); 1003.4 open(); and P1003.4b Advisory
Information.

3.6.8 Point Within a File
This requirement is directly met by 1003.1 Iseek(); and 1003.4 Memory Mapped Files.
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3.6.9 Read a File

This requirement is directly met by 1003.1 read(); and 1003.4 Asynchronous or List Directed
Read and Memory Mapped Files.

The Ada standard Direct_lO package will be provided as part of standard Ada. This package
contains two READ file operations. The input parameters for the first read operation include the FILE
identifier and the index to read FROM the file. The second read operation is an overioaded version of the
first without the parameter identifying the index to read FROM. The only output parameter for both read
operations contains the ITEM to be read.

3.6.10 Close a Fille

This requirement is directly met by 1003.1 close().

The Ada standard Direct_|O package will be provided as part of standard Ada. This package
contains a CLOSE file operation. The only parameter is both input and output and is the FILE identifier.
3.6.11 Delete a File

This requirement is directly met by 1003.1 untink(); and 1003.2 "rm."

The Ada standard Direct_lO package will be provided as part of standard Ada. This package
contains a DELETE file operation. The only parameter is both input and output and is the FILE identifier.
3.6.12 Create a Directory

This requirement is directly met by 1003.1 mkdir(); and 1003.2 "mkdir.”

3.6.13 Specifying Default Directory
This requirement is directly met by 1003.1 chdir{); and 1003.2 "cd."

3.6.14 Delete a Directory
This requirement is directly met by 1003.1 rmdir(); and 1003.2 “rmdir."

3.6.15 Shadow Files

This requirement is "shall support® and is thus met by the interfaces listed above in combination
with resource locking and/or mutual exclusion interfaces provided by 1003.4 and P1003.4a. However,
because these interfaces do not necessarily provide sufficient support to maintain shadow files at several
nodes of a distributed system, this delta must be carefully re-evaluated if this requirement is modified to
explicitly call out distributed shadow file support.
3.6.16 Croate a File

This requirement is directly met by 1003.1 open() and creat().
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The Ada standard Direct_lO package will be provided as part of standard Ada. This package
comains a CREATE file operation. The only input output parameter is the FILE identifier. The input
parameters include the MODE, file NAME, and a FORM parameter. The MODE parameter identifies the
file as read only, write only, or both read and write. The file NAME is a string identifying the name of the
file. The FORM parameter is a string which is user defined. The POSIX_Supplement_To_Ada_IO
defined in 1003.5/8.2 will be used to build a POSIX-compliant FORM parameter.

3.6.17 Query File Attributes
This requirement is directly met by 1003.1 stat(), fstat(), access(), and Iseek().

3.6.18 Modify File Attributes

This requirement is directly met by 1003.1 chmod(), chown(), utime(), and Iseek(); 1003.4
ftruncate(); and P1003.4b Advisory Information. Also, P1003.2 provides the "chmod” shell command to
meet this requirement.

3.6.19 Write a File

This requirement is directly met by 1003.1 write(); and 1003.4 Asynchronous or List Directed
Wirite and Memory Mapped Files.

The Ada standard Direct_lO package will be provided as pan of standard Ada. This package
contains two WRITE file operations. The input parameters for the first write operation include the FILE
identifier and the index to write TO the file. The second write operation is an overloaded version of the
first without the parameter identifying the index to write TO. The only output parameter for both write
operations contains the ITEM to be written.

3.6.20 Write Contiguous File

This requirement is directly met by 1003.1 write(); 1003.4 Asynchronous or List Directed Write
and Memory Mapped Files; and P1003.4b Advisory Information.
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Requirements Coverage Summary

“Requirement ‘Covered POSIX Delta Unfulfilied
Requirements
Rating
6.1 Yes None -
6.2 Yes None -
6.3 No insertion C
6.4 Yes None -
6.5 __Yes None -
6.6 Deleted None Deleted
6.7 Yes None -
6.8 Yes None -
6.9 Yes None ~
6.10 Yes None -
6.11 Yes None -
6.12 Yes None -
6.13 Yes None -
6.14 Yes None -
6.15 Yes None -
6.16 Yes None -
6.17 Yes None -
6.18 Yes None -
6.19 Yes None -
6.20 Yes None -

3.7 GENERALIZED VO INTERFACES

In general, the POSIX standards support service class 7, generalized /O, in a substantially
complete way. This is assuming the definition of a "file” found in 1003.1 section 2.3, includes any and all
devices. This means that any device can be represented by a file,

3.7.1 Device Driver Availability
This unfulfilled requirement is classified as "a” (essential).

This requirement for device driver availability (7.1) is not met by POSIX and is considered by
POSIX to be implementation dependent.

Bequirement: The OSIF shall provide the interfaces necessary to support the addition of device
drivers.

Description of Delta: P1003.4b Interrupt Control allows application servicing of device interrupts.
1003.4 mmap() allows devices to be memory mapped, but only for devices currently known to the system
as special files. Not all operating system services typically required by a device driver are shown at the
POSIX interface {e.g. mapping a user buffer to a DMA address).

Besolution Alternatives:
1. Enhance existing POSIX interfaces to inciude this capability. This requirement could

be inserted into P1003.7 system administration. In the P1003.7 document, place holders exist
for interfaces which would be the same type of interfaces needed for device drivers.
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2. Assume a standard outside of POSIX. The IEEE P1256 OBIOS group is presently
working on standardizing device driver interfaces. The applicability of this standard to the OSSWG
operating system standard needs to be investigated.

3. OSSWG defined based on existing practice.

Becommendation: Alternative 1 should be pursued.

3.7.2 Open Device

This requirement is met directly by 1003.1 General File Creation, and 1003.5 Creating and
Removing Files.

3.7.3 Close Device
This requirement is met directly by 1003.1 File Descriptor Deassignment, and 1003.5 Close.

3.7.4 Transmit Data

This requirement is met directly by 1003.1 Write, 1003.4 Asynchronous Write, 1003.4 List
Directed VO, and 1003.4 Memory Mapping of special files (devices). The Ada interfaces appropriate for
transmitting data include 1003.5 Write and Generic Write. The Ada generic write allows the user to identify
a data type appropriate for the data which is sent.

3.7.5 Receive Data

This requirement is met directly by 1003.1 Read, 1003.4 Asynchronous Read, 1003.4 List
Directed VO, and 1003.4 Memory Mapping of special files (devices). The Ada interfaces appropriate for
recelving data include Read and Generic Read. The Ada generic read allows the user to identify a data
type appropriate for the data which is received.

3.7.6 Device Event Notitication

This unfulfilled requirement is classified as "a" (essential).

Device Event Notification is a compound requirement comprising requirements 5.1 (Event and
Error Receipt), 5.2 (Event and Error Distribution), 5.3 (Event and Error Management), 5.4 (Event
Logging), 5.5 (Enable/Disable Interrupts), and 5.6 (Mask/Unmask Interrupts) applied specifically to events,
errors, and interrupts originating at a peripheral device. it remains unfulfilled to the extent that any of its

dependent requirements remains unfulfilled for devices. Refer to section 3.5, Event and Error Interfaces
for specific information on those requirements.

3.7.7 Control Device

This requirement is directly met by 1003.1 Control Operations on Files, 1003.1 General Terminal
interface, 1003.5 File Control, and 1003.4b Device Control.
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3.7.8 1/O Directory Services

The requirement for /O directory services is met directly by 1003.1 Files and Directories,
P1003.1a File Hierarchy Streams, and 1003.5 Packages POSIX_Files and POSIX_File_Status.
3.7.9 Device Management Suspend/Resume for Processes

This requirement is fully met by 1003.1 Open a File, 1003.1 Read from a File (device), 1003.1
Write to a File (device), 1003.4 Asynchronous Input and Output, P1003.4b Device Control, and 1003.5
Read, Write, Generic Read, Generic Write.
3.7.10 Mount/Dismount Device

This unfulfilled requirement is classified as "a" (essential).

This requirement is not met by POSIX and is considered by POSIX to be implementation
dependent.

Requirement: The OSIF shall support the capability to mount and dismount a logical or physical
device.

Description of Delta: Not presently shown at POSIX Interface
Resolution Al tives:

1. Enhance existing POSIX interfaces to include this capability. This requirement could
be inserted into P1003.7 system administration. In the P1003.7 document, place holders exist
for interfaces which would be the same type of interfaces needed for mounting and dismounting a
device. This was deferred to P1003.7.5 for which no draft has yet been generated.

2. OSSWG defined based on existing practice.

Becommendation: Insert into a P1003.7 system administration document.
3.7.11 Initialize/Purge Device

This requirement is directly met by 1003.1 General Terminal Interface, and P1003.4b Device
Control.
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Requirements Coverage Summary

Requirement Covered POSIX Delta Unfulfilied
Requirements

. _ - Rating
71 Partially Insertion a
7.2 Yes None -
7.3 Yes None -
- 74 Yes None -
7.5 Yes None -
7.6 Pantially Insertion a
7.7 Yes None -
7.8 Yes None -
_7.9 Yes None -
7.10 No Insertion a
7.11 Yes None -

3.8 NETWORK AND COMMUNICATIOP;IS INTERFACES

In general, the POSIX Standards partially support Service Class 8, Network and Communication
interfaces. Most of the input to the evaluation of this service class is derived from the 1003.12 protocol
independent interfaces working group, the 1238 ACSE and Presentation APl working group, the 1238.1
FTAM API working group, the 1224.2 directory services APl working group, and the Realtime Distributed
Systems Communication API (1003.21) project. The Realtime Distributed Systems Communication study
group first met in July, 1992, as a 1003.12 splinter group; it submitted a PAR as a separate POSIX working
group in fall, 1992. The PAR was subsequently approved as 1003.21.

The 1003.12 working group is developing two levels of networking interfaces. One is the Simple
Network Interface (SNI). The other is the Detailed Network interface (DN1). DNI will have two C bindings,
Berkeley sockets and X/Open's XTI (the standardized version of AT&T's Transport Layer interface (TL!)).
The two C bindings position is a compromise resulting from the controversy over whether to choose
sockets, XT1, or a third interface made up of elements from both sockets and XTI as the DNI.

1003.21 plans to develop protocol independent interfaces that are complementary to realtime
systems. They plan to use the work done by SE| as an Ada binding to the SAFENET Lightweight protocol
suite as a base document for their work.

In light of the nature of the 1003.21 work as well as the P1003.12, 1238, 1238.1 and 1224.2 work
and their close association with the Network and Communications Interfaces service class, the OSSWG
needs to monitor progress in these groups closely.

In a system using components based on NGCR standards, there will frequently be a hierarchy of

networked communication, data storage, and processing functions. At the base of this hierarchy may be a

number of processing or storage units on a single board connected by an onboard bus. At the next level

will be FUTUREBUS+ or non-NGCR backplane busses (e.g., VME). At the next level there may be

. SAFENET, MIL-STD-1553B data busses, or non-NGCR-defined LANs. At the highest level, but outside

the scope of this set of requirements, there may be communications among systems on different Navy

platforms. In some application domains and for some application functions, the OSIF must provide explicit

access to networked communication, data storage, and processing functions for both NGCR-defined

communication components and similar non-NGCR-defined components. This is in addition to the use of

these capabilities implied in many other requirements. Two processes make up a communications

transaction regardless of their location. This includes either two processes across a communications link
or two processes residing on the same processor.
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OSSWG has expressed some concemn that requirements 8.3 (Acknowledged Connection-
Oriented Service) and 8.4 (Unacknowledged Connection-Oriented Service) actually dictate two protocol-
specific implementations ot Connection-Oriented Service intended to exploit a trade-off between highly
reliable delivery and high performance. The same can be said of requirements 8.5 (Acknowledged
Datagram Service) and 8.6 (Datagram Service). it has been suggested that these requirements be re-
worded to state true requirements; that is, Connection-Oriented Service or Datagram Service with
specified levels of reliability and performance. This is more in keeping with the P1003.12 concept of
Quality of Service parameters, and isolates the requirements from dependency on current network
protocol implementations. However, since the Acknowledged/Unacknowledged paradigm is so pervasive
throughout current networking technology, OSSWG is reluctant to change these requirements without
further study. OSSWG recommends that this issue be addressed as part of an overall review of all the
OCD requirements.

3.8.1 Interface to NAVY Standard Network
This unfulfilled requirement is classified as "a" (essential).

This requirement is partially covered by the work of 1238 and 1238.1 which provide interfaces to
the SAFENET OS! suite; 1224.2 which provides an interface to directory services; and P1003.12 and
1003.21 which provide interfaces to the SAFENET lightweight suite. 1003.21 is attempting to make their
intertace also applicable to backplane buses such as Futurebus+. Only 1003.21 plans to provide an Ada
binding to its interface. Additionally, the POSIX 12XX series of standards does not currently include
interfaces for ROSE or network management which are needed to support the SAFENET OSI suite.

RBequirement: The operating system shall provide explicit interfaces to and control of NGCR
standard communications implementations. These implementations shall include but not be limited to
implementations of Futurebus+ and SAFENET.

DRescription of Delta: POSIX/12XX provide no interfaces for ROSE or network management, both
of which are needed to provide a complete interface to SAFENET.

Becommendation: Pursue/support PARs for interfaces to ROSE and network management.

3.8.2 Interfaces to Other Network and Communication Entities

This requirement is met in various ways. Explicit interfaces exist in P1003.12 for interfacing to
networks (Ethemet and FDDI), usually using additional protocols (TCP/IP and I1SO). interfaces also exist to
access devices via 1003.1 Input and Output Primitives. Altthough device drivers are needed to access
devices such as MIL-STD-1553B, these interfaces can be used in a portable manner. Finally, it is
generally accepted that access to backplane busses (VME, MULTIBUS, and Pi-Bus) is not explicitly given
to applications and the details of backplane communication are regarded as an implementation issue.

3.8.3 Acknowledged Connection-Oriented Service

There is no delta for this requirement. The work of the 1351, 1003.12, and 1003.21 groups will
satisty this requirement. Only the 1003.21 group plans to provide an Ada binding.

There is some concern within the OSSWG that 1003.21 will "overfulfill” this requirement; that is, if
1003.21 develops alternative interfaces to Acknowledged Connection-Oriented Service (as opposed to
simply Ada bindings for those already developed by the 1238 and 1003.12 groups), it is not clear that
having two sets of interfaces will be advantageous.

28




NAWCADWAR-94109-70

3.8.8 Broadcast/Multicast Service

This unfullilled requirement is classified as "a" (essential).

There will be no dela for this requirement if the 1003.21 work proceeds as planned. Broadcast
and muRicast requirements appear in the 1003.21 requirements document and broadcast and mutlticast
services appear in the 1003.21 Ada binding base document.

Beaquirament: The OSIF shall provide for the selection of broadcastmulticast communication
services.

Description of Delta: No delta/dependent on 1003.21 group work.

BRecommendation: Monitor/influence 1003.21 group work. OSSWG is concerned that the
1003.21 group is not making adequate progress in defining this interface and may not provide a C-
Language binding to this interface; therefore the 1003.12 group should be considered as a backup.

3.8.9 K-Acknowledged Multicast Service

This unfultilled requirement is classified as "a” (essential).

There will be no delta for this requirement if the 1003.21 work proceeds as planned. The
1003.21 requirements document discusses a k-acknowledged multicast service and the 1003.21 Ada
binding base document specifies an active-group-integrity quality-of-service parameter on multicast
services which also implies k-acknowledgment.

Bequirement: The OSIF shall provide for the selection of multicast communication services that
ensure reliable delivery to at least k of n mutticast group members.

Description of Delta: No delta/dependent on 1003.21 group work.
Becommendation: Monitor/influence 1003.21 group work. OSSWG is concerned that the

1003.21 group is not making adequate progress in defining this interface and may not provide a C-
Language binding to this interface; therefore the 1003.12 group should be considered as a backup.

3.8.10 Atomic Multicast Service

This unfulfilled requirement is classified as "a" (essential).

There will be no delta for this requirement if the 1003.21 work proceeds as planned. A multicast
transaction requirement appears in the 1003.21 requirements document and a multicast transaction
service appears in the 1003.21 Ada binding base document.

Bequirement; The OSIF shall provide for the selection of reliable, atomic muiticast
communications services.

Description of Delta: No delta/dependent on 1003.21 group work.
Becommendation: Monitor/influence 1003.21 group work. OSSWG is concerned that the

1003.21 group is not making adequate progress in defining this interface and may not provide a C-
Language binding to this interface; therefore the 1003.12 group should be considered as a backup.
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Requirements Coverage Summary

[T Requirement — Covered POSIX Delta Unfulfilied
Requirements
. Rating
8.1 Partialty Moditication a
8.2 Yes None -
8.3 Yes None -
8.4 Yes None -
8.5 Yes None -
8.6 __Yes None -
8.7 Probably insertion a
8.8 Probably Insertion a
8.9 Probably Insertion a
8.10 Probably Insertion a

3.9 PROCESS MANAGEMENT INTERFACES

In general, the POSIX Standards suppont Service Class 9, Process Management, in a substantialty
complete way for both the Pthread Mode! ar 1 the POSIX process model.

OSSWG requires a single unit of concurrency, namely the "process.” 1003.1 and 1003.4 support
this requirement via the POSIX process model, while P1003.4a adds a second level of concurrency
(within a POSIX process) called POSIX threads. Depending on the application, an OSSWG “process” may
be either a POSIX process or a POSIX thread. Furthermore, some applications (particularly in Ada) may
require simultaneous use of both concurrency models. Therefore, this analysis separately considers each
requirement as it is met by POSIX processes and by POSIX threads (Pthreads).

The ability to create processes is an essential part of the POSIX interface and an Ada binding to
POSIX without processes would be incomplete. Nevertheless, it is possible that the POSIX process
model is at odds with the Ada multitasking model, particularly since a standard mapping between these
two models does not exist. Therefore, Ada programmers should be aware of potential conflicts that can
occur when creating POSIX processes.

in an attempt to reconcile the Ada and POSIX models of concurrency there seems to be three
potential mappings: 1) each Ada task is a POSIX process, 2) each Ada program is a POSIX process, or 3)
there is not a simple relationship between POSIX processes and Ada tasks. The choice that causes the
least conflict between Ada and POSIX is to require that the POSIX Ada standard interface to POSIX
impose a virtual one-to-one correspondence between processes and program executions. That is, an
Ada program execution should act, feel, and look as if it is running as a single POSIX process. This
equivalence between a POSIX process and an Ada program means that one cannot differentiate between
the two POSIX cails. This choice has the virtue of raising the fewest problems and resolving many issues
cleanly. The P1003.5 standard accommodates this idea by isolating those features of POSIX that deal
with process creation within the packages POSIX_Process_Primitives, POSIX-
Unsate_Process_Primitives, and POSIX_Process_ldentification.

3.9.1 Create Process
The requirement for Create Process (9.1) is directly met for Pthreads by P1003.4a plus the
interprocess communication facilities of 1003.4. The Create Process (9.1) requirement is met for

processes by the fork and exec interfaces of 1003.1, the spawn interface ot P1003.4b, the scheduling
interface of 1003.4, plus the communication and synchronization interfaces of 1003.4. The use of these

31




NAWCADWAR-94109-70

interfaces in combination to meet the requirement is adequate since the requirement is stated as "shall
support.” P1003.1a provides a systemy) interface to 1003.2 shell commands to meet this requirement.

3.9.2 Terminate Process
This unfultilled requirement is classified as "a" (essential).

The requirement for Terminate Process (9.2) is aimost met for Pthreads by P1003.4a plus the
interprocess communication facilities of 1003.4. The requirement for Terminate Process (9.2) is directly
met for POSIX processes by 1003.1 process interfaces plus 1003.4 process attributes and interprocess
communication facilities. Also, for processes only, 1003.2 provides the "kill* shell command to meet this
requirement.

Bequirement: The OSIF shall support the ability to terminate a process and recover all resources
associated with that process.

DRescription of Delta: Pthread_kill() cannot unconditionally terminate another thread (it will
terminate the entire process instead), and pthread_cancel() also cannot unconditionally terminate another
thread (that thread may have disabled cancellation). Theretore, there is no interface to unconditionally
terminate another thread.

Becommendation. OSSWG should influence the 1003.4 working group to provide an interface
by which one thread may unconditionally terminate another thread. This appears to be a technical
correction (or addition) to P1003.4a, and can possibly be achieved through the P1003.4d project.

3.9.3 Start Process

The requirement for Start Process (9.3) was purposely rejected as a separate interface by
P1003.4a in tavor of use of the Pthread synchronization primitives to achieve the same effect whenever
process creation and startup must be separately managed. This alternative capability is adequate to meet
this "shall support” requirement. The requirement for Start Process (9.3) is also not separately addressed
for POSIX processes. The requirement is met by the 1003.1 fork(), execl(), and execve() interfaces and
by the P1003.1a system() interface to 1003.2 shell commands. It is indirectly supported via the 1003.1
and 1003.4 process synchronization interfaces, much as in the case of Pthreads. Since this is a "shall
support” requirement, it is met by a combination of POSIX process synchronization primitives.

3.9.4 Stop Process

The requirement for Stop Process (9.4) is not addressed by POSIX for either Pthreads or POSIX
processes. The whole concept of stopping a process for subsequent restart (from a point other than
where it was stopped) is considered by POSIX as an application dependent variant of a thread or process
becoming blocked and subsequentiy unblocked. Since POSIX does indirectly support Suspend Process
(q.v.), and standard languages support both local and non-local jumps, this "shall support”™ requirement is
considered met by POSIX.

3.9.5 Suspend Process

The requirement for Suspend Process (9.5) is met for both Pthreads and POSIX processes by
combinations of interfaces in 1003.1, 1003.4, and P1003.4a. Although no Pthread or POSIX process
interface explicitly provides each of these capabilities, the requirement is met by combining interfaces.
The POSIX community regards asynchronously affecting the state ot another process or thread as a
dangerous capability, and suggests that this be accomplished *:y asynchronously or synchronously
requesting the other thread change its own state.
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3.9.6 Resume Process

The requirement for Resume Process (9.6) is met for both Pthreads and POSIX

’ processes by combinations of interfaces in 1003.1, 1003.4, and P1003.4a. Although no Pthread or

POSIX process interface explicitly provides each of these capabilities, the requirement is met by

combining intertaces. The POSIX community regards asynchronously affecting the state of another

. process or thread as a dangerous capability, and suggests that this be accomplished by asynchronously
or synchronously requesting the other thread change its own state.

3.9.7 Delay process

The requirement for Delay Process (9.7) is met for both Pthreads and POSIX processes by
combinations of interfaces in 1003.1, 1003.4, and P1003.4a. Ailthough no Pthread or POSIX process
interface explicitly provides each of these capabilities, the requirement is met by combining interfaces.
The POSIX community regards asynchronously affecting the state of another process or thread as a
dangerous capability, and suggests that this be accomplished by asynchronously or synchronously
requesting the other thread change its own state. Also, “delay until® semantics, although not directly
supported for POSIX processes or Pthreads, can be achieved through a combination of the 1003.4
clocks and timers interfaces and 1003.1, 1003.4 and P1003.4a signal interfaces. 1003.2 provides the
"sleep” shell command to meet this requirement.

3.9.8 Interprocess Communication

The requirement for interprocess Communication (9.8) is directly met for Pthreads by P1003.4a
plus the interprocess communication facilities of 1003.4. The requirement for Interprocess
Communication (9.8) is directly met for POSIX processes by 1003.1 process interfaces, P1003.4
Synchronization plus 1003.4 process attributes and interprocess communication facilities. P1003.12
explicitly provides interprocess communication interfaces for a distributed/networked environment.

3.9.9 Examine Process Attributes

The requirement for Examine Process Attributes (9.9) is directly met for Pthreads by P1003.4a ,
Execution Time Monitoring of P1003.4b, plus the interprocess communication facilities of 1003.4. The
requirement Examine Process Attributes (9.9) is directly met for POSIX processes by 1003.1 process
interfaces, Execution Time Monitoring of P1003.4b, plus 1003.4 process attributes and interprocess
communication facilities. 1003.2 provides the "ps” shell command to meet this requirement.
3.9.10 Modify Process Attributes

The requirement for Modify Process Attributes (9.10) is directly met for Pthreads by P1003.4a ,
Execution Scheduling of P1003.4b plus the interprocess communication facilities of 1003.4. The
requirement for Modify Process Attributes(9.10) is directly met for POSIX processes by 1003.1 process

. interfaces plus 1003.4 process attributes and interprocess communication facilities.

3.9.11 Examine Process Status

This unfulfilled requirement is classified as "a” (essential).
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The requirement for Examine Process Status (9.11) is not adeqQuately covered either for Pthreads
or POSIX processes. Interfaces to enable one Pthread or POSIX process to obtain the current status of
another must be added.

Examine PQSIX Process Status

Bequirement: The OSIF shall provide the ability for processes to examine the current status of a
particular process. Note that status here is not intended to include cumulative execution time; the
capability to obtain cumulative execution time is covered as requirement 3 in service class 13
(synchronization and scheduling).

Dascription of Delta: The wait() and waitpid() functions provide limited status (terminated, stopped,
and why (e.g., caused by which signal)) on limited processes (child processes). Richer status information
is required. The ability to examine status of general processes (i.e., non-children) is required. 1003.2
provides the "ps” command, but no API (system call version) is provided.

Resolution Aternatives:

1. Enhance existing 1003.1 wait() and waitpid() interfaces to include this capability.
Extensions of wait() and waitpid() to provide richer status information and to allow status querying
to general processes are discussed in 1003.1 but are not included in the standard. it is unlikely
that a consensus to include the extensions could be achieved.

2. Incorporate an APi to 1003.2 "ps” command functionality into a POSIX standard. The
functionality should be incorporated as a system call and also as a command ("ps" is available only
as a command in 1003.2).

Becommendation: The P1003.7 drafts shouid be reviewed to determine whether a system call
version of "ps” is on the agenda. The 1003.7 group should be approached with a proposal to include the
capability for examining process status in one of their drafts if this is not already on the agenda.

Examine POSIX Thread Status

Requirement: The OSIF shall provide the ability for threads to examine the current status of a
particular thread. Note that status here is not intended to include cumulative execution time; the capability
to obtain cumulative execution time is covered as requirement 3 in service class 13 (synchronization and
scheduling). Note also that this requirement has particular relevance for Ada applications, as specified in
paragraph 3.16.10. Changes to the recommendations should take that fact into account.

Description of Delta: The pthread_join fun~tion provides limited status information: whether a
thread has terminated. Richer status information is required.

Resolution Afternatives:

1. Investigate extending 1003.2 "ps” command functionality to threads and incorporating a
system call version into a POSIX standard. Although threads are addressed in the 1003.4 working group,
that group does not consider such an interface appropriate to standardize at this time due to lack of
existing practice and its lack of relevance to the realtime charter. The 1003.7 group seems to be the likely
place to address this in conjunction with the API for process status discussed above.

Becommendation; Alternative 1 should be pursued in the 1003.7 working group (for a thread
status APl). 1003.2 shouid be requested to add a thread status command (possibly based on this APl at a
later date), but this is less crucial to fulfilling the OSSWG requirement.
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3.9.12 Process (Thread) ldentification

The requirement for Process Identification (9.12) is directly met for Pthreads by P1003.4a plus
the interprocess communication facilities of 1003.4 and for POSIX processes by 1003.1 process
interfaces, 1003.4 process attributes and interprocess communication facilities, and Process
Management interfaces of P1003.4b. 1003.2 provides the “ps” shell command to meet this requirement.

3.9.13 Save/Restart Process

This unfulfilled requirement is classified as "a* (essential).

The requirement for Save/Restart Process (9.13) is directly met for POSIX processes by the
P1003.1a Process Checkpoint and Restart capability. This requirement is not met for Pthreads, however,
since P1003.4a defines no equivalent per-thread capability. This is understandable since this P1003.4a
capability is relatively new.

Bequiremeri: Tlie OSIF shall support the ability for processes to be restarted from a saved state.
Note that this requirement has particular relevance for Ada applications, as specified in paragraph 3.16.6.
Changes tu th.e recommendatinns shcuid take that fact into account.

Description of Defta: At thi. iwme. tt. -se interfaces are not provided for Pthreads.
Resolution Al tives:

1. Investigate checkpointing/restarting of threads, possibly in the context of a broader
OSSWG fault tolerance proposal. Consider 1003.7 as forums for making proposals.

2. Levy the requirements and the OSIF general requirements on vendors but do not
provide a standard as such. This afternative refies on vendors to develop some commercial
existing practice in this area on which to potentially standardize at a later date.

Becommendation: Alternative 1 is recommended, while it is recognized that program managers
can always resort to alternative 2. Checkpointing a thread that is sharing memory with other threads seems
to be difficult and demands further study.

3.9.14 Program Management Function

The requirement for Program Management (9.14) is directly met for Pthreads by P1003.4a plus
the interprocess communication facilities of 1003.4. The requirement for Program Management (9.14) is
directly met for POSIX processes by 1003.1 process interfaces plus 1003.4 process attributes and
interprocess communication facilities.
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Requirements Coverage Summary

ﬁoqulromont Covered POSIX Delta Unfulfilled
Requirements
Rating

9.1 Yes None -
9.2 (Process) Yes None -
9.2 (Pthread) Parially Modification a
9.3 Yes None -
9.4 Yes None -
9.5 Yes None -
9.6 Yes None -
9.7 Yes None -
9.8 Yes None -
9.9 Yes None -
9.10 Yes None -
9.11 No insertion a
9.12 Yes None -
9.13 (Process) Yes None -
9.13 (Pthread) No Insertion a
9.14 Yes None -

3.10 PROJECT SUPPORT ENVIRONMENT INTERFACES

Two “profile” related architectures are possible for the implementation of the OSSWG
requirements for debug support (see OCD Appendix, 20.10.1) and execution history (OCD Appendix,
20.10.2).

In architecture A, the process being debugged interfaces to the debugger, which in turn
interfaces to the operating system. Conceptually, this is the equivalent to the debugged process
executing in an application debugger "shell” that interfaces to the supplied operating system. (Note: This
architecture appears to be the one assumed by earlier versions of the OSSWG Delta Document.)
Alternatively, it can be thought of as the capability to create an instrumented, self-monitoring copy of the
target process. This architecture has the following characteristics:

1. It is most naturally applied to general-purpose RAM-based development systems. These
systems would support compiling, linking, etc.

2. There is an essential link between the debugger and other process development tools (i.e.,
the compilers, linkers, etc.). The debug capability accesses the process at the source level.

3. The debugger is assumed to reside upon the application platform.

4. The debug functionality is supplied at the application level and not the operating system level.
Execution history can also naturally be maintained at this application level without additional OS
functionality.

5. There is currently (for a given language) a body of practice in place that supports the
Requirements Document with an indirect "virtual” debug capability (if not the direct "physical” capability,
i.e., the direct alteration of the registers of an executing process).

Given the above characteristics, there does not appear to be any delta at the "kernel” POSIX level.
Because of the strong relationship between the debugger and the compiler, there might be some
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language (Ada, C, etc.) binding considerations. This would probably be a direct binding between the
language and the debugger (i.e., 100! to tool) not involving the OS.

In architecture B, the debugger interfaces to the operating system, which in turn interfaces to the
process being debugged. (Note: This is the architecture that appears to be implied by figure 10.2-2 of the
OCD.) Conceptually, this can be viewed as supplying external access 1o a “target” system via operating
system services. This architecture has the following characteristics:

1. 1t is most naturally applied to special-purpose PROM/EPROM-based systems (e.g., flight
control computers).

2. There is not necessarily a link between the debugger and the compiler, linker, etc., of the target
process. The debug capability accesses the system at the code level.

3. There is, in general, a physical/logical separation between the application platform and the
POSIX Standard Environment (PSE) host platform. A communication protocol may be necessary as part
of the debugger/OS interface.

4. The debug functionality would be supplied by the application platform OS but not necessarily
by the Application Program Interface (APl.) Execution history would also be maintained within the OS.

5. There is little standard practice with respect to this architecture. It is, in general, dependent on
the implementation of the test bed hardware.

Given the above characteristics, the current POSIX primitives for process control do not give the
degree of control needed to support the debug requirements. It would be difficult to "single-step” a
process with the current services. In addition, full debug control may require the capability to override
normal operating system functions (i.e., scheduling). It may be required to “idle" a target system so that it
can be "patched.” Such actions have an "anti-operating system" viewpoint. New POSIX services (with
syntax, semantics, and protocols) would need to be provided to satisfy the OCD requirements. However,
such services would need to be privileged and not part of the basic API available to every application.
Execution history would need to be added to the OS functionality. Note that in some systems debug
services are part of the operating system (and are removed in the operational system). They may only be
recording debug information that the application accesses runtime. In that case, interfaces such as the
POSIX read-file (paragraph 6.4, 1003.1 and paragraph 6.1, 1003.5) may be adequate.

Based on the above discussion, the debug requirement would currently be supported by POSIX
for a number of profiles (although a considerable effort in generating a debug application would also be
necessary) and not supported by POSIX for other profiles.

3.10.1 Debug Support
This unfulfilled requirement is classified as "c" (may be deferred).

Bequirement: The OSIF shall support the debugging of applications, specifically supporting the
following capabilities:

1. Examine registers

2. Alter registers

3. Set/clear breakpoint

4. Set/clear watchpoint

5. Single step execution

6. Continue execution

7. Examine memory

8. Alter memory

9. Query process environment
10. Query call stack
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. Depending on the architecture, there is either no delta or a considerable
defta. POSIX standards do not directly address application debugging. However, vendors who are
marketing POSIX-compliant systems are certain to include debugging support for application developers
as part of their system. POSIX standards shouid contain debug support to ensure that a common set of
debug capabilities exists across ditferent POSIX-compliant systems. At present, it is unclear where debug
support should be included in the POSIX standards.

Besolution Alternatives:

1. Redefine the requirement so that it is limited to application platform resident debug
tools. This would eliminate the detta. PSESWG would be responsible for standardization of the
resulting debug interface (tool-to-tool, tool-to-OS, etc.). This seems contrary to the intent of the
requirement in section 4.1.10 of the OCD.

2. Insert new service primitives into the POSIX standard. Because there is no standard
practice to support these primitives, both the syntax and semantics for them (in terms of the
UNIX/C environment or the Ada tasking model) would aiso have to be determined. This alternative
does not fit the NGCR methodology of building on current practice.

3. Declare that the OS/PSE interface is not done through the API and thus is not part of
the MIL-STD-OSIF. Again, PSESWG would be responsible for defining and standardizing an
appropriate OS/PSE interface including potential communication protocofs.

4. Wait tor the OSSWG/PSESWG boundary paper to determine the scope of the
problem,

Recommendation: OSSWG recommends alternatives 3 and 4.

3.10.2 Execution History
This unfulfilled requirement is classified as "c” (may be deferred).

Bequirement: The OSIF shall support the ability to monitor the execution history of a process,
including such information as

1. Frequency of calls

2. Length of calls

3. Missed deadlines

4. Length of queues

5. Tasking of runtime systems
6. Dynamic paging activity

7. Memory allocation

8. What OS services being used

Description of Delta; An interface to support the collection and reporting of execution statistics of
a process is not addressed in the POSIX standards. Execution statistics are needed to evaluate and tune
process and system performance. 1003.1 would be a logical place to incorporate an interface for the
collection and reporting of execution statistics of a process.

An application platform resident debug program could easily implement this requirement within a
debug application "shell.” Even if no debug application is assumed, most of these statistics could be
achieved using POSIX service primitives within an application (except for missed deadlines). This
execution history functionality would become the responsibility of the application layer and not readily
available to an external PSE. A cleaner solution would be to enhance the "ps" command to include some
history status as part of its functionality.
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Besolution Altemnatives:

1. Redefine the requirement so that it is limited to application platform resident PSE tools.
This would eliminate the delta. PSESWG would be responsible for standardization of the
resulting execution history tool interface.

2. Modify the current status service primitives in the POSIX standard to include history
information. This would make history information more readily available to both an application and
an external PSE.

3. Wait for the OSSWG/PSESWG boundary paper to determine the scope of the
problem.

Becommendation: OSSWG recommends altematives 2 and 3.

Requirements Coverage Summary

Requirement Covered POSIX Delta Unfulfilled
Requirements
Rating
10.1 No Insertion c
10.2 No Insertion [

3.11 RELIABILITY, ADAPTABILITY, AND MAINTAINABILITY INTERFACES

In general, the POSIX standards support service class 11 in a rudimentary way. There are two
areas that are not complete:

1. Basically POSIX provides reactive fault management, while OSSWG requires proactive
behavior. Attempting to support proactive requirements on top of a reactive interface will result in
performance penalties. The existing (proactive) services are highly-oriented toward providing event
services (via the "signal” concept), while downplaying fault reportage.

2. POSIX does not provide adequate monitoring, coordination, and recording services.

For the purposes of this subsection, it is important to differentiate modules of the operating
system itself from modules that do "generalized input/output.” The latter are often called "device drivers.”
in the latter case, it is fairly straightforward for an application to provide all the services specified by
OSSWG. For instance, an interface can be added to set a fault threshold for retrying a message
transmitted via a UHF radio. Since the provided functionality is under direct control of the application and
is not required of the general operating system (i.e., POSIX), the potential functionality of application-
developed generalized I/O modules will not be further considered.

Refer to the Executive Summary in section 3.5 (Event and Error Interfaces) for additional
. information pertinent to this section.
. 3.11.1 Fault Information Collection

This unfulfilled requirement is classified as "a" (essential).

OSSWG requirement Fault Information Collection (11.1) is partially covered by POSIX. While the
event interfaces exist and error interfaces are provided for individual processes, there are no fauft
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coordination or distribution interfaces. Furthermore, an event ("signal” in POSIX) can be blocked without
the sender's knowledge or any other reportage.

Requirement;. The OSIF shall provide for specifying the coliection of available fault information.

. This requirement refers to specifying the collection of fault information
coming into the OS across the OSIF for subsequent distribution according to requirement 11.2. POSIX
says nothing about such tault information collection.

Becommendation: OSSWG recommends monitoring and participating in related standards efforts
at UNIX International; Open Software Foundation; POSIX Services for Reliable, Available, and Serviceable
Systems group; and X3T8. When these groups develop mature standards, move appropriate interfaces
into POSIX.

3.11.2 Fault Information Request
This unfuffilled requirement is classified as "a" (essential).

OSSWG requirement Fault Information Request (11.2) is partially covered by POSIX. While the
event interfaces exist and error interfaces are provided for individual processes, there are no faulf
coordination or distribution interfaces. Furthermore, an event ("signal” in POSIX) can be blocked without
the sender's knowledge or any other reportage.

Refer to section 3.5.2 (Event and Error Distribution) for additional information related to Fault
information Request.

Bequirement: The OSIF shall provide for the receipt of fault information on request.

Description of Delta: POSIX provides for the distribution of errors to the requesters of individual
functions. Each function specifies which errors all POSIX implementations must detect and which are
optional. Paragraph 2.4 of 1003.1 lists the possible errors. However, "implementations may support
additional errors not included in this clause, may generate errors included in this clause under
circumstances other than those described in this clause, or may contain extensions or limitations that
prevent some errors from occurring” (paragraph 2.4, 1003.1). "if more than one error occurs in processing
a function call, this part of ISO/IEC 9945 does not define in what order the errors are detected; therefore,
any one of the possible errors may be returned” (paragraph 2.4, 1003.1).

The OSIF requires that all possible fault information be available, not just one of the errors that
occurred. It also requires that there be a means for coordinating the distribution of fault information, as for
example to a single process responsible for fault analysis.

Becommendation: OSSWG recommends monitoring and participating in related standards efforts
at UNIX International; Open Software Foundation; POSIX Services for Reliable, Available, and Serviceable

Systegs group; and X3T8. When these groups develop mature standards, move appropriate interfaces
into POSIX.

3.11.3 Diagnostic Tests Request
This unfulfilled requirement is classified as "a” (essential).
This requirement is not supported by POSIX.
Bequirement: The OSIF shall provide for the initiation of diagnostic tests on specific request. The

OSIF shall support initiation of diagnostic tests at specified intervals. This is a necessary OSIF
requirement.
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Description of Defta: POSIX does not provide for the initiation of diagnostic requests.

Becommendation: OSSWG recommends monitoring and participating in related standards efforts
at UNIX international; Open Software Foundation; POSIX Services for Reliable, Available, and Serviceable
Systgg group; and X3T8. When these groups develop mature standards, move appropriate interfaces
into X,

3.11.4 Diagnostic Tests Results
This unfuffilled requirement is classified as "a” (essential).
This requirement is not supported by POSIX.
Bequirement: The OSIF shall provide the ability to determine the results of diagnostic tests.
Description of Dalta: POSIX does not provide for determining the results of diagnostic tests.

Becommendation: OSSWG recommends monitoring and participating in related standards efforts
at UNIX Intemational; Open Software Foundation; POSIX Services for Reliable, Available, and Serviceable
gty:t;g\g &mup; and X3T8. When these groups develop mature standards, move appropriate interfaces

3.11.5 Operational Status
This unfulfilled requirement is classified as "a" (essential).
This requirement is barely supported by POSIX.
Begquirement: The OSIF shall provide access to the operational status of all system components.

Description of Delta: POSIX essentially does not provide access to the status ot system
components. POSIX does inform a requester of the success or failure of a requested function from which
the requester may derive some status information. Specifically, [ENXIO}, no such device or address, and
[EIQ), input/output error, are possible error returns (paragraph 2.4, 1003.1). However, in the case of
[EI0}, "any other error-causing operation on the same file descriptor may cause the [EIO] error indication
to be lost” (paragraph 2.4, 1003.1).

Process termination status is available to an application that has issued a 1003.1 wait() for a child
process termination.

Also, thread termination "makes the value status available to any successful join with the
terminating thread” (P1003.4a).

Some systems, however, may maintain operational status in a file. In that case interfaces such as
the POSIX read-file (paragraph 6.4, 1003.1 and paragraph 6.1, 1003.5) may be adequate to obtain this
information.

Becommendation: OSSWG recommends monitoring and participating in related standards efforts
at UNIX International; Open Software Foundation; POSIX Services for Reliable, Available, and Serviceable
Systggss group; and X3T8. When these groups develop mature standards, move appropriate interfaces
into IX.
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3.11.6 Fault Detection Thresholds
This unfultilled requirement is classified as "a” (essential).

An application can choose to retry an operation, as specified by requirement 11.6, but retries are
risky since the state of the operating system is not well-defined subsequent to an error. Furthermore, no
other part of requirement 11.6 (fault detection thresholds), such as classifying the component as suspect,
is provided.

Beguirement. The OSIF shall provide for specifying fault detection thresholds, which shall
include, but not be limited to, the following:

1. Number of retry attempits, if applicable, that shall be made before an error is determined
to be a non recoverable fault.

2. Maximum number of correctable errors that, if detected within a specitied time, will
L .y the component as suspect or treat the collective errors as a non recoverable fault.

Description of Delta: Within the limits discussed under requirement 5.2 - i.e., POSIX does not
provide for coordination in the distribution of events and errors - some user-selectable error processing
altemnatives are available. Processes can mask signals (paragraph 3.3.1.2, 1003.1). Processes can also
choose among three types of actions that they can associate with a signal: a default action, ignore, and a
signal catching function (paragraph 3.3.1.3, 1003.1). Retries and accumulation of occurrences would
then be the responsibility of the individual processes. In particular, occurrences of a particular event or
error could not be collected for several processes or for the system as a whole through the interface. This
discussion also applies 10 threads as per P1003.4a signal handling.

BRecommendation: OSSWG recommends monitoring and participating in related standards efforts
at UNIX Intemational; Open Software Foundation; POSIX Services for Reliable, Available, and Serviceable
Systggss s);(mup; and X3T8. When these groups develop mature standards, move appropriate interfaces
into IX.

3.11.7 Fault Isolation
This untulfilled requirement is classified as "a" (essential).
This requirement is barely supported by POSIX.
Bequirement; The OSIF shall support the isolation of faults to a particular component.

Description of Delta: POSIX provides little support for the isolation of faults, either in the sense ot
precisely determining the component causing the fault or in the sense of containing the fault to prevent it
from damaging the rest of the system, which assumes determining the source of the fault.

Using error numbers from failed function calls to determine the responsible component is
unsatisfactory because "if more than one ermor occurs in processing a function call, this part of ISO/IEC
9945 does not define in what order the errors are detected; therefore, any one of the possible errors may
be retumned™ (paragraph 2.4, 1003.1). Furthermore, error numbers do not provide enough information as
to the nature of the error. For instance, POSIX may return [ENXIO]} when a device does not exist, a
request was made beyond the limits of the device, or a tape drive is not online or a disk pack is not loaded
on a drive (paragraph 2.4, 1003.1). A prerequisite to fulfilling this requirement is to also fulfill requirements
11.3 and 11.4 to determine faulty components and requirement 11.10 to prevent a faulty component
from causing further damage.

Device Control (P1003.4b) may permit device fault isolation, but is not required to do so.
if requirement 5.1 is fully satisfied, mechanisms will be available to support fault isolation.

42




NAWCADWAR-94109-70

Beacommendation: OSSWG recommends monitoring and participating in related standards efforts
at UNIX Intemnational; Open Software Foundation; POSIX Services for Reliable, Available, and Serviceable
Systems ?(lwp; and X3T8. When these groups develop mature standards, move appropriate interfaces
into POSIX.

3.11.8 Fault Response
This unfulfilled requirement is classified as "a” (essential).
Thi= requirement is barely supported by POSIX.

BRequirement. The OSIF shall specify the actions to be taken on the occurrence of a fault. The
OSIF shall support (at least) the following actions:

1. Restart at a specified point for a specified tault.

2. Use of specified components as backup for faulty components.

3. Stop when a specified minimum set of components is no longer available.
4. Schedule of a specified process.

5. Report to another node.

Description of Delta; Within the fimits discussed under requirement 5.2 - i.e., POSIX does not
provide for coordination in the distribution of events and errors - some user-selectable error processing
alternatives are available. Processes can mask signals (paragraph 3.3.1.2, 1003.1). Processes can aiso
choose between three types of actions that they can associate with a signal: a default action, ignore, and a
signal catching function (paragraph 3.3.1.3, 1003.1). Restart, stop (provided requirement 11.5 is
fulfilied), schedule, and report actions would then be the responsibility of the individual processes.
Directing the use of specific hardware components is not a function of POSIX. Consistent handling of a
particular fault would not be a function of the interface but would have to be a design convention for each
system. This discussion also applies to threads as per P1003.4a signal handling.

RBecommendation: OSSWG recommends monitoring and participating in related standards efforts
at UNIX International; Open Software Foundation; POSIX Services for Reliable, Available, and Serviceable
Systeg\eg group; and X3T8. When these groups develop mature standards, move appropriate interfaces
into POSIX.

3.11.9 Reconfiguration
This unfulfilled requirement is classified as "a" {(essential).
This requirement is barely supported by POSIX.
Bequirement: The OSIF shall support the dynamic reconfiguration of hardware and software.

Description of Defta: POSIX does not support reconfiguration of hardware and does not explicitly
support reconfiguration of software. POSIX does provide ways to create and terminate processes.
1003.1 allows processes t0 spawn and execute child processes and to effect normal and abnormal
termination of processes . P1003.4a expands this capability to also allow for the creation, termination, and
cancellation of threads, though currently a thread cannot be unconditionally terminated by another thread.
Thus, a mechanism external to the OS and, therefore, not included as such in the OSIF, such as an overall
"parent” process or processes responsible for software configuration, could answer the software
reconfiguration part of this requirement. Again, because POSIX does not provide for the centralization of
such functions within a system, effecting software reconfiguration in this manner may require extensive
management and coordination, particularly between processes, during system development and be
unique to each system developed.
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Some systems may only require a more rudimentary form of reconfiguration whereby the new
configuration is recorded in a file. Then, either the operating system monitors the file and effects the
reconfiguration and/or the application directs a reboot of the system which effects the reconfiguration. In
such a case reconfiguration, as far as the application is concerned, can be realized through interfaces
such as the POSIX write-file (paragraph 6.4, 1003.1 and paragraph 6.1, 1003.5).

Becommendation: OSSWG recommends monitoring and participating in related standards efforts
at UNIX International; Open Software Foundation; POSIX Services for Reliable, Available, and Serviceable
iSystegss group; and X3T8. When these groups develop mature standards, move appropriate interfaces
nto POSIX.

3.11.10 Enable/Disable System Component
This untulfilled requirement is classified as "a” (essential).

POSIX coverage of requirement 11.10 (Enable/Disable System Component) is also unacceptably
poor, even though it does provide some of the functionality demanded by OSSWG. In particular, POSIX
permits a component to be terminated if (1) the unit to be terminated is a software “process,” and (2) the
process correctly receives and handles a "signal kill."

Begquirement. The OSIF shall provide the ability to enable or disable a specified system
component on request.

POSIX does not provide the ability to enable or disable hardware
components, although VO work in 1003.7 and/or the Device Control interface in P1003.4b may apply.
POSIX does provide ways to create and terminate processes. 1003.1 allows processes to spawn and
execute child processes (paragraph 3.1) and to effect normal and abnormatl termination of processes
(paragraphs 3.2 and 3.3). P1003.4a expands this capability to also allow for the creation, termination, and
cancellation of threads, though currently a thread cannot be unconditionally terminated by another thread.

Becommendation: OSSWG recommends monitoring and participating in related standards efforts
at UNIX International; Open Software Foundation; POSIX Services for Reliable, Available, and Serviceable
Systergss group; and X3T8. When these groups develop mature standards, move appropriate interfaces
into POSIX.

3.11.11 Performance Monitoring
This unfuffilled requirement is classified as "a” (essential).

A few performance statistics are available from POSIX. For instance, a process can measure its
CPU time and some information about its file utilization. But otherwise POSIX does not meet the
performance monitoring requirement, 11.11.

Bequirement: The OSIF shall support queries for snapshots of resource utilization and enabling
or disabling monitoring of each resource.

Description of Delta: POSIX provides limited support for obtaining snapshots. 1003.1 provides
for obtaining process and child process execution and system CPU times and 1003.4b provides
interfaces for obtaining execution times of an arbitrary process or thread. 1003.1 also provides for
obtaining file information including time of the last access, time of the last data modification, and time of the
last file status change .

Becommendation: OSSWG recommends monitoring and participating in related standards efforts
at UNIX International; Open Software Foundation; POSIX Services for Reliable, Available, and Serviceable
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Systgg\g group; and X3T8. When these groups develop mature standards, move appropriate interfaces
into 1X.

3.11.12 Set Resource Utilization Limits

This requirement is directly met by P1003.1a Resource Limits, the numerical limits defined by
1003.1 and its amending documents, and the Sporadic Server and CPU Time Clocks of P1003.4b.

3.11.13 Resource Utilization Limits Violation

This requirement is directly met by P1003.1a Resource Limits and the error returns in 1003.1 and
its amending documents which indicate that one of the numerical limits has been exceeded.

3.11.14 Checkpoint Data Structures

Requirement Checkpoint Data Structure (11.14) is completely met by P1003.1a Checkpoint a
Process or Set of Processes along with Restart Execution of a Process or Process Family.

It should be noted that the Checkpoint function saves all the process state information necessary
to restart a process or family of processes. Particularly if a system needs to checkpoint only data structures
or only certain data structures, other interfaces to consider are the Memory Mapping interfaces in 1003.4
and P1003.20. Memory Mapping aliows an application to establish a mapping between a part of the
process address space and a memory object suci: as a file on a storage medium. If the application
chooses a map-shared option for use with this interface, write references to the specified address space
will also change the file on the storage medium. Altematively the application may request a Synchronize
function at its own discretion which updates the file to agree with the specified address space.

Requirements Coverage Summary

‘Requirement Covered POSIX Deita Unfulfilled
Requirements
Rating
11.1 Partially insertion a
11.2 Partially Insertion a
11.3 No Insertion a
114 No insertion a
11.5 No insertion a
11.6 No Insertion a
11.7 No Insertion a
11.8 No Insertion a
11.9 No Insertion a
11.10 No Insertion a
11.11 No insertion a
11.12 Yes None -
11.13 Yes None -
11.14 Yes None -
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3.12 RESOURCE MANAGEMENT INTERFACES
This service class is partially supported by 1003.1, 1003.4, and P1003.7.

3.12.1 Virtual Memory Support
This unfulfilled requirement is classified as "a" (essential).
Bequirement: The OSIF shall support the selection of the virtual memory utilization parameters.

; This requirement refers to controlling virtual memory utilization such as the
paging algorithm. POSIX P1003.4b provides an Advisory information interface, madvise(), which advises
the operating system of the application's expected memory access behavior. However, this information is
purely advisory, and may not provide sufficient control over virtual memory parameters for some reaitime
applications.

Resolution Aflernatives:

1. Enhance existing POSIX interfaces to include this capability. There has historically
been much opposition within POSIX to the inclusion of interfaces that place requirements on the
underlying architecture. Opponents argue that applications that presume a particular method of
memory management will not be portable to all architectures. Vendors who do not support virtual
memory architectures would be undesirably forced 1o provide such a function. The requirement
for such an interface might also inhibit the development of new and better methods of memory
management. Typically, UNIX operating systems from vendors that support virtual memory, do
provide limited control over the use of virtual memory. The HP-UX chatr() command is a
example. A complete virtual memory support interface would best be added to P1003.7. Even
though 1003.2 might also be a logical place for such an interface, OSSWG has chosen to avoid
inclusion of 1003.2 in the OSIF primarily for performance reasons.

2. Assume a standard outside POSIX. Often, the link editor has options that aliow for
some control over a process’s use of vitual memory. The C or Ada standard mught include options
to allow selection of virtual memory characteristics. These would be embedded in the executable
header information similar to the link editor in HP-UX.

3. Develop a new military standard. This is a less acceptable aiternative than 1 because it
is external to the OSIF baseline. It is suggested that any new military standard be based on de
facto UNIX or industry standard(s), if any exist.

Becommendation: The P1003.7 group should be approached with the possibility of adding a
virtual memory support interface. A sample interface could be drafted using HP-UX chatr() command as an
example. If the first approach fails due 1o lack of support, then the interface should be added to the military
standard. Consideration should be given to making the interface optional based on arguments outlined
under alternative 1 above.

3.12.2 Virtual Space Locking

The requirement for Virtual Space Locking (12.2) is directly met by the 1003.4 Memory Locking
functions.

3.12.3 Dynamic Memory Allocation and Deallocation

This unfulfilled requirement is classified as “a" (essential).
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Beguirement: The OSIF shall provide for atlocation of a block of virtual or physical memory of the
size specified and for deallocation of a previously allocated block. Note that this requirement has particular
relevance for Ada applications, as specified in paragraph 3.16.15. Changes to the recommendations
should take that fact into account.

. Memory management was purposely omitted as a separate 1003.1 function.

Instead, & is included in Section 8 of 1003.1-1990 as part of the standard by virtue of being embodied in C
language functions such as calloc, malloc, realloc, and free. Thus, 1003.1 relies on the language to

. provide memory management. However, it has become standard practice, considering the fact that most
systems support shared memory and memory of several different types, to utilize the 1003.4 facilities of
Memory Mapped Files to support memory aliocation. Specifically, the 1003.4 mmap() function may be
applied to a descriptor obtained by opening a special name associated with an allocator for a given type of
memory; such a cait then allocates the requested amount of that type of memory and returns a handile to
that memory. The munmap() function provides the ability to deallocate memory allocated in this way.
P1003.4d will specify these additional semantics plus additional interfaces necessary for use of 1003.4
mmap() and munmap) in this way, including the ability to allocate and share typed memory.

Resolution Aflematives:

1. Enhance existing POSIX interfaces to include this capability. A chapter for P1003.4d
which will provide this capability has been drafted. Therefore, the obvious approach is to closely
monitor this chapter to ensure that it continues to support the allocation OSSWG requires; when
the chapter becomes stable, it will be entered into the draft, and the requirement will then be met
by P1003.4d.

Becommendation: OSSWG should continue to support the efforts to complete the Typed
Memory interfaces in P1003.4d.

3.12.4 Dynamically Protecting Memory
This unfulfilled requirement is classified as "a" (essential).
Bequirement: The OSIF shall provide the ability to query and set memory-protection attributes.

Description of Delta: The POSIX standard provides dynamic memory protection for shared
memory through the open() interface in 1003.4. The protection can be changed at runtime by closing and
reopening the shared memory connection. There is no provision for protection of arbitrary blocks of
memory or when allocating dynamic memory. P1003.4d contains a draft chapter for Typed Memory
allocation implemented via mmap(). Since there is already control of mapped memory protection for all
objects mapped via mmap(), this requirement will be directly met once the Typed Memory chapter of
P1003.4d is approved by the working group.

1. Enhance existing POSIX interfaces to include this capability. POSIX only provides for
the protection of mapped or shared memory. There are no POSIX interface to query or set the
memory protection attributes of other types of memory. The P1003.1a standards group has been

. discussing this issue. The 1003.4 group has drafted a chapter for P1003.4d which provides for
Typed Memory allocation and associated protection via mmap{) and mprotect().

2. Develop a new military standard. It is suggested that the interface be modeled after the
Memory Locking interface in 1003.4 or on de facto UNIX or industry standard(s), if any exist.

Becommendation: Continue to support adoption of the P1003.4d Typed Memory allocation
capabilities.
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3.12.5 Shared Memory
This untultilled requirement is classified as "b" (highly desirable).

Begquirement: The OSIF shall support concurrent access, by several processes, to specified
areas of physical memory, whether or not the involved processes exist on a single processor or multiple
processors.

Description of Delta: POSIX 1003.4 provides a set of interfaces for creating, attaching to, and
deleting shared data regions. The requirement, however, specifies that both the data and the code
regions need to be shared. The ability to share code is useful for libraries and certain utilities and could be
a pre-runtime interface. Even though it is not explicitly stated that mutti-processor shared memory is
supported, there is nothing in the stand.vd that precludes it.

POSIX also provides several interface alternatives for resolving contention during access to
shared memory. These include Counting Semaphores in 1003.4 and P1003.20, and Mutexes and
Condition Variables in P1003.4a. Mutexes and Condition Variables were designed particularly for
processes that share memory. The POSIX Standardized Profile for Multiprocessing Systems (1003.14)
has also proposed Reader/Writer Lock and Spin Lock interfaces. Since 1003.14 is a profile, it can not
specify interfaces that are not defined in other standards. However, 1003.4d is considering inclusion of
these interfaces in its specification.

Resolution Afternatives:

1. Enhance existing POSIX interfaces to include this capability. The POSIX shared data
interfaces are found in the 1003.4 standard. There is no interface to specify shared code. The
HP-UX operating system provides an interface to specify code as sharable. it is the same chatr()
command referenced in 3.12.1. The most logical place for this type of interface seems to be
P1003.7.

2. Develop a new military standard. It is suggested that any new military standard be
based on de facto UNIX or industry standard(s), if any exist.

Becommendation: Recommend that this requirement be linked with requirement 12.1 and
presented to the P1003.7 standards group. The HP-UX chatr() interiace could be used as an example.

3.12.6 Allocate, Deallocate, Mount, and Dismount Services
This unfulfilled requirement is classified as "a" (essential).

The requirement for Allocate, Deallocate, Mount, and Dismount Services (12.6) is partially
covered by the 1003.1 Control Operations on Files (file descriptors).

Bequirement: The OSIF shall support the allocation of devices to processes and subsequent
deallocation of these devices. For devices with removable media, the OSIF shall also support mounting
and dismounting of media.

Dascription of Defta: 1003.1 provides allocate and deallocate functionality through the fcnti()
interface. POSIX does not yet provide mount/dismount functionality. Refer to 3.7.10 for further
discussion of this delta.

Besolution Altematives: Same as requirement 7.10.

Becommendation: Same as requirement 7.10.
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3.12.7 Designate Control

This unfulfilled requirement is classified as "b" (highly desirable).

Bequirement: The OSIF shall provide the means to designate responsibility for maintaining the
status and determining the configuration of a system resource. This requirement was reevaluated by a
small group, which decided that it was "b* (highly desirable).

Description of Delta: There is no provision in POSIX for designating control of system resources.

1. Change wording of the OCD to read "shall support” instead of “shall provide."
Requirement can then be satisfied by the fork(), exec(), and kill() interfaces in the 1003.1
standard.

2. Enhance existing POSIX interfaces to include this capability. This requirement is similar
to 7.1 device-driver availability . OSSWG recommended that these requirements be pursued in
the 1003.4 or 1003.7 standards groups. Could combine 12.7 with solution to 7.1. Any solution
needs to be compatible with sclution to 12.8 release control.

Becommendation: Recommend this requirement be pursued with 7.1, and 12.8 OSSWG
requirements in 1003.4 or 1003.7 standards groups.

3.12.8 Release Control

This unfulfilled requirement is classified as "b” (highly desirable).

Beguirement: The OSIF shall provide the means to release a previously assumed system
resource status and configuration responsibility. This requirement was reevaluated by a small group,
which decided that it was "b" (highly desirabie).

Description of Delta: See 3.12.7.

Besolution Alternatives: See 3.12.7.

Becommen:iation: See 3.12.7.

3.12.9 Allocate Resource
This unfulfilled requirement is classified as “a" (essential).

Bequirement: The OSIF shall provide a means to designate particular process resources for use
by a particular process.

Description of Delta: There is no provision in POSIX for allocating resources. Examples of units of
system resources are /O channel, a block of physical memory, response to specific class of hardware
interrupt, a breakpoint register, a co-processor user identifier, and a connection over a LAN.

Resolution Afternatives:

1. Enhance existing POSIX interfaces to include this capability. Typically, UNIX resources
such as files, devices, and network connections have been referred 1o under the general
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description of a file. A logical to physical connection is created and referenced by a file descriptor.
The same concept could be extended to include a number of different resources, particularly the
ones of interest to OSSWG. The new interface(s) could be added to P1003.1a or 1003.4.

2. Develop a new military standard. This is a less acceptable alternative than 1 because it
is external to the OSIF baseline. It is suggested that any new military standard be based on de
facto UNIX or industry standard(s), if any exist.

Becommendation. Recommend that P1003.1a and 1003.4 be approached about extending
definition of file to include all resources needed by OSSWG and provide interfaces to open, close, and
lock these resources. OSSWG needs to be more specific on the scope of this requirement. The same
resolution should be applied to requirement 12.10.

3.12.10 Deallocate Resource
This unfulfilled requirement is classified as "a" (essential).

Bequirement; The OSIF shall provide a means to relinquish particular process resources from a
particular process.

Description of Defta: See 3.12.9.
Besolution Alternatives: See 3.12.9.
Becommendation: See 3.12.9.

3.12.11 System Resource Requirements Specification
This unfuffilled requirement is classified as "b” (highly desirable).

Requirement: The OSIF shall provide the ability to specify system resource requirements. This
requirement was reevaluated by a small group, which decided that it was "b" (highly desirable).

Description of Delta: There is no provision in POSIX for specifying system resource requirements.
Resolution Alternatives:

1. Enhance existing POSIX interfaces to include this capability. The concept of system
resource requirements specification is not presently in any of the POSIX standards. The P1003.7
group would probably be the most receptive to the addition of an interface of this type.

2. Develop a new military standard. This is a less acceptable alternative than 1 because it
is external to the OSIF baseline. It is suggested that any new military standard be based on de
facto UNIX or industry standard(s), if any exist.

3. Submit a new POSIX PAR (System Resource Management) to do this work.

Becommendation: The 1003.7 group should be approached with the possibility of adding a
system resource requirements specification interface. A sample interface could be drafted from examples
from other operating systems that provided this functionality in a more complete manner. A backup
position, should 1003.7 be unable or unwilling to take on this interface, would be alternative 3,
submission of a new PAR for System Resource Management.
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3.12.12 System Resource Capacity
This untuffilled requirement is classified as "b" (highly desirable).

Bequirement: The OSIF shall provide a query of the storage or workload capacities of the system
resources. This requirement was reevaluated by a small group, which decided that it was “b" (highly
desirable).

Description of Delta: There is no provision in POSIX for specifying system resource capacity.
P1003.4d Typed Memory interfaces, when drafted, may allow applications to query a typed memory pool
for the maximum amount of memory which can be allocated; However, this is unique to typed memory
pool resources, not a generalized capability.

Resolution Alternatives:

1. Enhance existing POSIX interfaces to include this capability. The system resource
capacity requirement is provided by the 1003.2 standard in an incomplete way through
commands such as du and df. OSSWG has chosen to avoid inclusion of 1003.2 in the OSIF. The
P1003.7 group would probably be the most receptive to the addition of an interface of this type.

2. Develop a new military standard. This is a less acceptable alternative than 1 because it
is external to the OSIF baseline. It is suggested that any new military standard be based on de
tacto UNIX or industry standard(s), if any exist.

3. Submit a new POS!IX PAR (System Resource Management) to do this work.

Becommendation: The 1003.7 group shouid be approached with the possibility of adding a
system resource capacity interface. A sample interface could be drafted using 1003.2 examples and
examples from other operating systems that provided this functionality in a more complete manner. A
backup position, should 1003.7 be unable or unwilling to take on this interface, would be alternative 3,
submission of a new PAR for System Resource Management. OSSWG should continue to support the
drafting, refinement, and balloting of the P1003.4d Typed Memory facilities.

Requirements Coverage Summary

Requirement Covered POSIX Delta Unfuifilled
Requirements
Rating
12.1 Partially Insertion a
12.2 Yes None -
12.3 Partially Insertion a
12.4 Partially Insertion a
12.5 Partially insertion b
12.6 Partially Insertion a
12.7 No Insertion b
12.8 No Insertion b
12.9 No Insertion a
12.10 No Insertion a
12.11 No Insertion b
12.12 No insertion b
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3.13 SYNCHRONIZATION AND SCHEDULING INTERFACES

In general, the POSIX standards support service class 13 synchronous and scheduling interfaces
in a substantially complete way.

3.13.1 Process Synchronization

The requirements for Process Synchronization (13.1) are directly met by 1003.4, P1003.4a and
P1003.4b. Pthreads appears to fully satisfy this requirement by providing mutex and condition variable
primitives for synchronization among threads within the same process. This includes semaphores,
signals, events, message queues, etc., for synchronization among threads in different processes.

3.13.2 Mutual Exclusion

The requirements for Mutual Exclusion (13.2) are fully met by 1003.1, 1003.4, P1003.4a, and
P1003.4b. Both mutexes and semaphores support mutual exclusion among cooperating processes
and/or cooperating threads, and P1003.4b extends both of these such that the waits may time out. Lock
files are supported by the 1003.1 open() interface.

3.13.3 Cumulative Execution Time of a Process

The requirements for Cumulative Execution Time of a Process (13.3) are directly met by 1003.1
Process Times and P1003.4b CPU Time Clocks.

3.13.4 Attach a Process to an Event

This requirement is directly met by 1003.1 Signals as extended by 1003.4 to Queued Signals and
as further extended by P1003.4a to operate in a multi-threaded process; and by P1003.4b Interrupt
Control interfaces.

3.13.5 Services Scheduling Information
This unfulfilled requirement is classified as “d" (re-evaluate).

The requirement for services scheduling information (13.5) is not supported by the POSIX
standards at all.

Bequirement: The OSIF shall support the ability for a process to specify its performance
requirements for services.

Description of Delta: This requirement implies that, in order to guarantee timely completion of a
complex service across a distributed system, the application requires an upper bound on time for that
service. This is seen as similar to the "time-value” function associated with a service interface in operating
systems such as Alpha. Such a function serves to define the urgency of a particular request separately
from the CPU scheduling policy for the requesting process. Currently, OSSWG does not perceive this
issue as being addressed by any POSIX working group.

Besolution Alternatives:
1. Enhance existing POSIX interfaces to include this capability. This may already be

possible due to the open nature of the 1003.4 and 1003.4a process/thread scheduling
interfaces; that is, if a new scheduling policy could be defined in which a process could maintain a
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transaction scheduling attribute, and if this policy were included among the selectable policies,
the requirement might be satisfied. Because such a policy may not be well understood by the
industry, POSIX has decided to leave such a policy out of the standards for now, while leaving a
method for its future insertion.

. Also, 1003.11 needs to be further queried to determine it this capability conforms to its
charter, since outside of 1003.11, most interfaces do not address the special needs of atomic
transactions, especially over a distributed network. Therefore, it might be more appropriate that
such transactions be addressed by 1003.11 rather than 1003.4. This is the most suitable

- alternative because the need for this has already been recognized by VITA and by several other
vendors.

2. Assume a standard outside of POSIX. It is difficult to understand the scope of this
requirement sutficiently to rule out various higher level distributed processing interfaces built on
top of existing operating systems, such as ISIS. However, as stated, it seems to imply a bounded
time that could be achieved only if the POSIX kernel were cooperating.

Becommendation: OSSWG recommends alternative 1. However the 1003.11 working group has
been dissolved and cannot be used to resolve this delta. Furthermore, the 1003.4 working group has
rejected this requirement for inclusion in P1003.4d because of immaturity of existing practice. OSSWG
should pursue this requirement in the Realtime Distributed Systems Communication working group
1003.21 at such time in the future as existing practice can be identified. The 1003.21 working group is
currently evaluating how such information might be applied to network service interfaces. OSSWG should
re-evaluate this requirement based on the 1003.21 findings, both as applied to distributed systems, and if
applicable, non-distributed systems.

3.13.6 Scheduling Delay

This requirement is functionally identical to requirement 9.7 and has no delta.

3.13.7 Periodic Scheduling

The requirement for Periodic Scheduling (13.7) is fully met by 1003.1 Signals, alarm(), and
sleep(); 1003.4 Timers and High Resolution Sleep; P1003.4a Timed Condition Wait; and P1003.4b
Sporadic Server and Interrupt Control. The POSIX approach of specifying performance metrics provides a
mechanism for the jitter to be determined for a particular implementation. However, performance metrics
are currently non-normative text in 1003.4 and P1003.4a; therefore OSSWG should support future
POSIX projects which seek to standardize performance metrics.

3.13.8 Multiple Scheduling Policies

The requirement for Multiple Scheduling Policies (13.8) is covered fully by 1003.4, P1003.4a,
and P1003.4b Execution Scheduling interfaces.

3.13.9 Selection of a Scheduling Policy

The requirement for Selection of a Scheduling Policy (13.9) is covered fully by 1003.4, P1003.4a
, and P1003.4b Execution Scheduling interfaces.
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3.13.10 Modification of Scheduling Parameters

The requirement for Modification of Scheduling Parameters (13.10) is covered fully by 1003.4,
P1003.4a, and P1003.4b Execution Scheduling interfaces.

3.13.11 Precise Scheduling (Jitter Management)

The requirement for Precise Scheduling (13.11) is fully met by 1003.4, P1003.4a, and P1003.4b
Execution Scheduling, Timers, and Interrupt Control interfaces. The POSIX approach of specifying
performance metrics provides a mechanism for the latency to be defined for a particular implementation.
However, performance metrics are currently non-normative text in 1003.4 and P1003.4a; theretore
OSSWG should support future POSIX projects which seek to standardize performance metrics.

Requirements Coverage Summary

Requirement Covered POSIX Deita Unfultilied
Requirements
Rating
13.1 Yes None -
13.2 Yes None -
13.3 Yes None -
13.4 Yes None -
13.5 No insertion d
13.6 Yes None -
13.7 Yes None -
13.8 Yes None -
13.9 Yes None -
13.10 Yes None -
13.11 Yes None -

3.14 SYSTEM INITIALIZATION AND REINITIALIZATION INTERFACES
This service class is partially supported by 1003.1, 1003.4, P1003.7, and P1003.8.

All three requirements from this service class are classified as "a" (essential). POSIX generally
supports these requirements only as they might apply to a shore-based information processing system
with a system administrator in charge of overall system operation, and time-shared users in charge of
initiating and terminating independent programs. This concept must be extended to support embedded
real-time systems in which individual programs and overall system operation are controlled by software,
hardware, or other nodes on a distributed processing network, rather than by a person. Performance also
is an issue largely ignored by 1003.7; system reinitialization may imply an operation that must be
completed in seconds or milliseconds, rather than minutes.

3.14.1 Image Load

This unfulfilled requirement is classified as "a" (essential).

The Image Load requirement (14.1) can be supported by 1003.1, Process Creation and Execute
a File, but not in the traditional sense of program or boot load. P1003.7, when complete, wouid fully

support this function in the Machine Class and System Class. File and Directory Services of 1003.1 might
also be required.
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. The OSIF shall provide the capability to perform initial and reinitia)l executable image
load (including data) both locally and remotely to and for each and all processor(s) throughout a system.

Description of Delta: The POSIX standard is based on the traditional UNIX paradigm where ali
processes are ultimately children of the root process. The emerging computing environment is one of
muliple quasi-independent processors on the same backplane, or network, which must communicate and
interact through OS services. One of the extensions of this multi-processor environment is that the OS
must be able to start and restart each of the computing resources available to .

in the 1003.1 standard, the ability to spawn a child process and to start a new execution are
described. These services will partially meet the requirements of Image Loading. The issues that are not
addressed by these sections of 1003.1 are:

1. Loading and executing on a remote processor(s).
2. Loading and executing on another local processor(s).
3. Reloading the data area for each (re)initialization.

Recommendation: It is recommended that a new interface be created either by the 1003.1 or
1003.7 group. The interface would be very similar to the various exec() interfaces that exist in 1003.1.
This would essentially be a remote execution command, sending a "new process image file,” including
both executable and data areas, to another processor 1o be executed.

Note: The 1003.7 standards need 10 be influenced beyond their current focus
to become true resources manager standards, including management of
both remote and local resources. This change would help meet the OCD
requirements for not only section 20.14.1, but also 20.14.2 and 20.14.3
(and possibly many others).

3.14.2 System Initialization and Reinitialization
This unfulfilled requirement is classified as "a” (essential).

The System Initialization and Reinitialization requirement (14.2) can be supported by the entire
sections on Process Primitives and Process Environment of 1003.1. 1003.1 File and Directory Services
might also be required.

P1003.7 fully supports this function in the interoperability Class, Machine Class, System Class,
Network Class, Authentication Class, Authorization Class, Software Class, and Backup Class. P1003.7,
when complete, coukd become the NGCR resources management standard as a function of system
administration. With some influence and direction, it could be expanded, either as a profile or standard, to
support the necessary NGCR resources management functions. Additional support will be provided by
1003.4, Clocks and Timers, and P1003.8, Process Creation.

Bequirement. The OSIF shall support the capability to initialize and reinitialize all system
resources.

Description of Delta: It is important to clarify that “system resources” as mentioned in the OCD are
ALL computing resources including, but not limited to, printers, disk drives, external and shared memory,
co-processors, tape drives, and display systems.

1003.1 allows for process creation and signal generation/reception. These two components
could be made to help in performing system (re)initialization. The ability to start processes on remote
processors (see discussion for OCD section 20.14.1) could cover the need to (re)initialize some
resources. Other resources may be able to receive POSIX signals that would cause (re)initialization.
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1003.1 aliows for collecting system information and parameters. This would allow the OS to gain
information about system resources so that t would know when and what needed to be (re)initialized.

P1003.7 seems to have the outline to become the NGCR resource managememn standard, but i
needs to be further developed.

Becommendation. OSSWG needs to influence the POSIX standards groups (both 1003.1 and

1003.7) to create the ability for the operating system to (re)initialize the system resources. This capability
really doesn't exist in the POSIX standards but is an absolute requirement for OSSWG.

3.14.3 Shutdown

This unfulfilled requirement is classified as "a” (essential).

The Shutdown requirement (14.3) can be supported by 1003.1, Wait for Process Termination
and Terminate a Process.

RBequirement: The OSIF shall provide the capability to perform planned, orderly shutdown at the
local and remote levels for each and all processor(s) throughout a system.

Description of Deita: 1003.1 outlines how POSIX processes can stop, but offers no capability for
forcing the termination of one process from another non-related process.

Becommendation: OSSWG should influence the POSIX standards to include the capability to
force a process termination on remote processors. This change can either be implemented in 1003.1, or
added to P1003.7 as part of the resources management standard.

Requirements Coverage Summary

Requirement Covered ~ POSIX Delta Unfulfilled
Requirements
_ Rating
14.1 Partially Insertion a
14.2 Partialty Modification a
14.3 Partially Insertion a

3.15 TIME SERVICES INTERFACES
In general, the POSIX standards substantially support the time services.

The time services requirements selection of a primary reference clock (15.4), and location of the
primary reference clock (15.5) are not specifically supported in POSIX. In the event of the loss of the
primary reference clock the OSIF does not provide a means to locate a new primary reference clock when
needed.

The Ada language calendar package, Calendar, and the 1003.5 Ada package, POSIX_Calendar,
are equivalent in their functionality. They have the same provisions for getting the time and performing
operations against that time. The 1003.5 package POSIX_Calendar has one advantage in that it has a
procedure to override the system's default time zone through the TZ environment variable.
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3.15.1 Read Selected Clock

The requirement for Read Selected Clock (15.1) for timer services, and for precision is directly and
completely met by 1003.4 Clocks and Timers. in addition, there are interfaces in 1003.1, 1003.2,
P1003.4b, and potentially P1003.7 that partially meet the requirements 1o read a clock.

System Time (paragraph 4.5.1, 1003.1 and paragraph 4.4.1, 1003.5) provides access to a time-
of-day clock, with precision to a hundredth of a second. Process Times functions (paragraph 4.5.2,
1003.1 and paragraph 4.2, 1003.5) return the number of clock ticks since the beginning of a particular
process. The Clocks and Timers interface described in 1003.4 and P1003.20 allows multiple clocks to be
defined. Every system that supports this interface must define at least the system real-time clock. The
interface provides for potential resolution down to a nanosecond.

3.15.2 Set Selected Clock

The requirement for Set Selected Clock (15.2) for timer services, and for precision is directly and
completely met by 1003.4 Clocks and Timers and P1003.4b CPU Time Clocks and Device Control. in
addition, P1003.7 can address setting a clock.

System Time (paragraph 4.5.1, 1003.1 and paragraph 4.4.1, 1003.5) does not allow for setting
the time-of-day clock. All clocks defined by the Clocks and Timers interface in 1003.4 and P1003.20 may
be set as well as read.

3.15.3 Synchronization of Selected Clocks

The requirements for Synchronizing Selected Clocks (15.3) for timer services is directly and
completely met by 1003.4 Clocks and Timers and P1003.4b Device Control.

Synchronization of selected clocks is supported, through the combination of the get and set

functions and the identification of the clocks throughout the system. The Device Control interface in
P1003.4b allows getting and setting clocks located on an external device.

3.15.4 Select a Primary Reference Clock
This unfulfiled requirement is classified as "a" (essential).

The Selection of a Primary Reference Clock is not specifically supported in POSIX since the
specific wording of our requirements implies the ability to dynamically reconfigure the system wide clock
and define another system wide clock.

The requirement for Selection of a Primary Reference Clock (15.4) is only partially met by 1003.4
and P1003.4b Clocks and Timers. Selection of a primary can only be done by virtue of an application's
use of a specific clock reference which must be initially defined potentially by 1003.7.

There is no means to set or change the default in a dynamic way.

Bequirement; The OSIF shall support the ability to select a primary reference clock for the system.

Description of Defta: POSIX working group 1003.21 has identified a requirement for access to
global time in their requirements document. They have requested a new PAR on {ime management to be
assigned to the 1003.21 working group. Pending approval of this PAR and initiation of a draft standard on
time management, POSIX does not yet address this issue.

Becommendation: The OSSWG should support the 1003.21 working group's time management
proposals through standardization to ensure that this requirement is met.
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3.15.5 Locate the Primary Reference Clock
This unfulfilied requirement is classified as “d” (re-evaluate).

The Location of the Primary Reference Clock is not specifically supported in POSIX since the
specific wording of our requirements implies the ability to dynamically reconfigure the system wide clock
and define another system wide clock.

The requirement for Location of the Primary Reference Clock (15.5) is limited to the predefined
system wide clock. The location of another primary reference clock in the event of a failure of the
predefined system wide clock is not covered in any of the POSIX documents. This failing, as well as the
partial coverage addressed in the previous paragraph, is attributable to the lack of real attention to the
needs of distributed systems and the demands they place on time services.

Bequirement: The OSIF shall support the ability to locate the primary reference clock for a system.
Description of Delta: The Distributed Time Services requirements in the 1003.21 working group
requirements document refer to access to a distributed system clock without reference to its location.
This 1003.21 working group requirement should preciude thé need for OSSWG requirement 15.5.
Becommendation: The OSSWG should support the 1003.21 working group through
standardization of it’s proposed draft standard. OSSWG should consider changing this requirement to be
more in line with the 1003.21 requirement. '
3.15.6 Timer Services
The Timer Services requirement (15.6) is fulfilled by the POSIX standards 1003.1, 1003.4,

P1003.4a, and P1003.4b. The Alarm, Timer, and Interrupt Control interfaces in these standards, plus the
related capabilities to await signals and interrupts satisfy this requirement.

3.15.7 Precision Clock

Precision Clock (15.7) is fully supported by the 1003.4 timespec structure for Clocks and Timers,
which permits resolutions down to 1 nanosecond.

Requirements Coverage Summary

ﬁequlrement Covered POSIX Dela Untulitilled
Requirements
Rating

15.1 Yes None -

- 15.2 Yes None -
_153 Yes None -

15.4 Partially Modification a

15.5 No Insertion d

15.6 Yes None -

15.7 Yes None -
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3.16 ADA LANGUAGE SUPPORT

The POSIX interface reflects fundamental aspects of UNIX and, in turn, the support it offers to Ada
implementations must be seen in that light. UNIX was designed and built to support a multiple-user
interactive environment. lts whole notion and implementation of process reflects the need to supply

: resources to users equitably, while protecting them from accidental interferance with one another. In
panticular, processes are the only objects where concurrency is applicable, and they comprise single
threads of control within unique address spaces. Further, fundamental aspects of the design of the

. system reflect the assumption that text processing and /O would be important aspects of the processes
supported, and that the processes would be running on single-processor computers. (The more general
applicability of many recent implementations has had to deal with this orientation of UNIX.)

The consequence of these design elements of UNIX and POSIX is that the general POSIX
definition, 1003.1, does not offer much positive support for the implementation of Ada systems. In
practice, an Ada runtime on POSIX, as on UNIX, will not be able to use its fundamental services (such as
process management, synchronization, and scheduling) to provide Ada semantics directly.

The fundamental reason for this lack of support is that POSIX processes are unsuitable as a
mapping for Ada tasks. Processes do not share memory, and tasks do. Processes can continue
executing even when their parents have terminated, while this is not possible for Ada tasks. Processes
Inherit their parents’ attributes in ways that Ada tasks do not. Switching contexts between processes has
more overhead than would be desirable for tasks.

This does not mean that Ada cannot be implemented in a POSIX system. it simply means that the
Ada runtime will need to do most of its own work to implement Ada semantics. Also, there are some
instances in which POSIX, like UNIX, will get in the way; such as the fact that making a request for VO
blocks an entire process (read Ada program). This is understandable in a multi-user interactive
environment, but is unsuitable in many Ada applications.

The real-time extensions (1003.4), however, and particularly the threads extensions (P1003.4a),
are more helpful. First of all, synchronization primitives (semaphores, mutexes, and condition variables)
are made available. Second, threads appear to provide a suitable mapping to Ada tasks, such that it would
be feasible to assume that a POSIX implementation which included the real-time and threads options
could provide task management and scheduling for an Ada runtime environment. Other services could be
used directly to implement Ada semantics as well.

in general, in some instances, Ada semantics will be implementable by inserting calls to POSIX
real-time and thread services directly into the compiled code. On the other hand, in most instances, the
Ada runtime library will need to carry out extra-POSIX activities; sometimes with the assistance of calls to
POSIX services, and occasionally completely on its own. The threads extensions (P1003.4a) document
outlines how an Ada system might map tasks on the threads primitives.

In this section it is assumed that the Ada binding to POSIX (1003.5) is a reflection of 1003.1,
rather than the provision of additional support for Ada. 1003.5 provides for Ada I/O support in addition to
the POSIX I/0 and adds services to relate the two types of I/O.

In general, the POSIX standards support service class 16, Ada language support interface, in a
substantially complete way for the POSIX (P1003.4a) thread model and in a rudimentary way for the POSIX
process model (1003.1).

The requirements for the Ada task model are met in a fairly direct way by the POSIX thread model.
The support of tasks in isolation (i.e., create (16.1), terminate (16.5), etc.) is quite direct. The support of
Ada rendezvous and selective waiting is complete, but it requires extensive, specialized composition of
POSIX services.

A number of the OSSWG requirements for the support of Ada are requirements for services to be

provided by the run-time system. These requirements include access to task characteristics (16.9),
access to a precise real-time clock (16.11), access to the time-of-day clock (16.12), dynamic task priorities
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(16.13), memory management (16.15), and exception raising (16.19). The POSIX thread model supports
these run-time system requirements with a few exceptions.

The unfulfilled requirements in this section are duplications of requirements in previous sections.
They are requirements that have special relevance for Ada language applications, but it they are tulfilied by
the OSIF in general, they will be fulfilled also for Ada applications. it does not seem wise 10 duplicate the
exposition of the issues, since it would incur the dangers of duplicate maintenance. These sections will
therefore refer to the sections that define the issues and recommend actions.

Some general recommendations are appropriate, however, to ensure that the solutions derived
for the deltas are appropriate for Ada applications:

1. The OSSWG should remain active in the 1003.5 (Ada Bindings) group to ensure that the Ada
bindings to POSIX interfaces are adequate to fulfill the requirements of NGCR Ada applications.

2. The discussions of the specified deltas in previous sections should also make reference to the
Ada-specific section to ensure that the delta is resolved. Even in the unlikely event that it were to be
decided that there is no general need for the functions, there is still a requirement in an Ada context. This
judgment shouid not be lost.

3. The OSSWG should follow the progress of AdadX, since there is some indication that language
changes will be made that will have impact on requirements defined in this section.

3.16.1 Create Task (Ada)

The requirement for Create Task (16.1) is met by P1003.4a. Refer to the Pthreads discussion in
3.9.1.

3.16.2 Abort Task (Ada)

This unfulfilled requirement is classified as "a” (essential).

This requirement is unfulfilled for the same reason that requirement 9.2 is unfulfilled; that is, there
is no intertace provided in P1003.4a to unconditionally terminate a thread. Refer to section 3.9.2 for
recommendations.

3.16.3 Suspend Task (Ada)

The requirement for Suspend Task (16.3) is met by 1003.4 and P1003.4a. Refer to the Pthreads
discussion in 3.9.5.

3.16.4 Resume Task (Ada)

The requirement Resume Task (16.4) is met by 1003.4 and P1003.4a. Refer to the Pthreads
discussion in 3.9.6.

3.16.5 Terminate Task (Ada)

The requirement Terminate Task (16.5) is addressed by P1003.4a Thread Cancellation. Ada task
termination semantics imply cooperation form the terminating task; thus thread cancellation provides a

suitable interface to meet this requirement in spite of its inability to unconditionally terminate an
uncooperative task.
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3.16.6 Restart Task (Ada)
This unfulfilled requirement is classified as “d" (re-evaluate).

The proposed Ada extension to support “Restant Task" (16.6) is not supported by either the
POSIX process or thread model. This requirement is perhaps the most controversial of the proposed Ada
extensions.

Restart Task (Ada) (16.6) is required for OSSWG if seen independently from its connection to
support for Ada; as such it is dealt with in requirement 9.13 (save/restar process). On the other hand, the
requirement does not relate to the current definition of the Ada language and therefore should be
reevaluated as to whether it should be duplicated in this section. Some people in the Ada community
have suggested that the language should be modified to allow more direct access to these functions, and
it is possible these functions will be included in the next revision, now called Ada-9X. Thus, this
reQuirement is classified as "d" (re-evaluate).

BRequirement: The OSIF shall support the capability to restart the execution of an Ada task at a
point immediately following its elaboration code.

Description of Delta: This requirement reflects a need to provide extensions to the current Ada
language standard. OSSWG should give caretul study to the appropriateness of the requiremen, monitor
the progress of language modification efforts, and propose further additions to the POSIX standard, either
as changes to P1003.4a or inclusion in P1003.4b,

Becommendation: See section 3.9.13. OSSWG should re-evaluate this requirement this
requirement based on Ada-9X capabilities.

3.16.7 Task Entry Calls (Ada)

Some of the claims found in P1003.4a regarding support of Task Entry Calls (16.7) cannot be fully
accepted without further proof through implementation and validation. The 1003.5 working group has
submitted objections to .4a which, if resolved, will allow Ada tasks to be mapped to .4a threads. If not
resolved, and without mapping Ada tasks to threads, Task Entry Calls can still be achieved via other POSIX
interfaces, but with reduced performance.

3.16.8 Task Call Accepting/Selecting

Some of the claims found in P1003.4a regarding support of accepts (16.8) cannot be fully
accepted without further proof through implementation and validation. The 1003.5 working group has
submitted objections to .4a which, if resolved, will allow Ada tasks to be mapped to .4a threads. If not
resoived, and without mapping Ada tasks to threads, Task Call Accepting/Selecting can still be achieved
via other POSIX interfaces, but with reduced performance.

3.16.9 Access Task Characteristics (Ada)
The requirement to Access Task Characteristics (16.9) is supported by Clock and Timer Functions

of 1003.4, Thread Management and Thread Cancellation of P1003.4a, and also Thread Scheduling
Functions and CPU-Time Clock of P1003.4b.
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3.16.10 Monitor Task's Execution Status (Ada)

This unfulfilled requirement is classified as "a” (essential).

Monitor Task's Execution Status (Ada) (16.10) is required by OSSWG and is dealt with
independently in requirements 9.11 (Examine Process Status) and 13.3 (Cumwlative Execution Time of a
Process).

This requirement is important to the spirit of the Ada standard and to real-time applications.
OSSWG should propose further additions to the POSIX standard, either as changes to P1003.4a or
inctusion in P1003.7.

Bequirement: The OSIF shall support the ability to monitor a task’s execution status, in particular,
the amount of accumulated CPU time that has been used by the task.

i . The requirement for Monitor Task's Execution Status (16.10) is not met by
1003.1, 1003.4, or P1003.4a. Since Ada tasks must be mapped onto POSIX threads the standard
process primitives are not available to support this requirement. 1003.2 has not been extended to
address thread status. P1003.4b does allow access to the CPU time used by a thread.

Becommendation: See section 3.9.11.

3.16.11 Access to a Precise Real-Time Clock (Ada)

The requirement to Access a Precise Real-Time Clock (16.11) is covered in sections 3.15.1,
3.15.2, and 3.15.7. There is no additional requirement peculiar to Ada.

3.16.12 Access to a TOD Clock (Ada)

The requirement to Access a Time of Day Clock (16.12) is covered in sections 3.15.1, 3.15.2, and
3.15.7. There is no additional requirement peculiar to Ada.

3.16.13 Dynamic Task Priorities (Ada)

The Dynamic Task Priorities requirement (16.13) is provided by both P1003.4a and P1003.4b,
with interfaces to get and set thread scheduling parameters.

3.16.14 Scheduling Policy Selection (Ada)

Scheduling Policy Selection (16.14) is also required by OSSWG and is dealt with independently
in requirement 13.9 (Selection of a Scheduling Policy). While not directly visible to Ada applications, this
interface may be critical fo the impiementation of an Ada run-time.

This requirement reflects a need to provide extensions to the current Ada language standard.
OSSWG should give careful study to the appropriateness of the requirement and monitor the progress of
language modification efforts.

The Scheduling Policy Selection (16.14) requirement is fully supported by 1003.4 and P1003.4a
(1003.1 provides no support for scheduling policy selection). Reference P1003.4a, “Thread Creation
Scheduling Attributes,” "Thread Scheduling;" 1003.4, "Execution Scheduling;", and P1003.4b,
"Process and Thread Scheduling Functions.”
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A number of the OSSWG requirements fcr Ada language support are actually requirements for
Ada extensions that may or may not become a part of the language standard in the future. In the case of
scheduling policy selection {(16.14), the 1003.4, P1003.4a , and P1003.4b interfaces provide extensive

suppont.

Beguirement: The OSIF shall support the capability 10 get and set the policy that is to be used to
schedule Ada tasks.

ion: There is no longer an OSSWG delta per-se, but rather only an Ada delta. It is
recommended that OSSWG address this issue as a whole.

3.16.15 Memory Allocation and Deallocation (Ada)
This unfulfilled requirement is classified as "a" (essential).

Memory Allocation and Deallocation (Ada) (16.15) is required by OSSWG and is dealt with
independently in requirement 12.3 (Dynamic Memory Allocation and Deallocation). It is particularly
important to the impiementation of Ada systems.

This requirement is unfulfilled for the same reason that requirement 12.3 is unfulfilied; that is,
there are no sufficiently flexible interfaces provided in POSIX for dynamic memory allocation and
deallocation, but the Typed Memory interfaces in P1003.4d will satisfy this requirement once a dratft is
produced. There is no additional requirement peculiar to Ada. Refer to section 3.12.3 for
recommendations.

3.16.16 Interrupt Binding (Ada)

This requirement is directly met by P1003.4b interrupt Control.

3.16.17 Enable/Disable Interrupts (Ada)

Enable/Disable Interrupts (Ada) (16.17) is required for OSSWG if seen independently from its
connection to support for Ada; as such it is dealt with in requirement 5.5 (Enable/Disable Interrupts).
There is no longer a delta for requirement 5.5 because P1003.4b includes interfaces which provide
mutual exclusion between an application and its interrupt handler. On the other hand, the requirement
does not relate to the current definition of the Ada language and therefore should be reevaluated as to
whether it should be duplicated in this section. Some people in the Ada community have suggested that
the language should be modified to allow more direct access to these functions, and it is possible these
functions will be included in the next revision, now called Ada-9X. Thus, this requirement is classified as
"d” (reevaluate).

This requirement reflects & need to provide extensions to the current Ada language standard.
OSSWG should give careful study to the appropriateness of the requirement and monitor the progress of
language modification efforts.

A number of the OSSWG requirements for Ada language suppont are actually requirements for
Ada extensions that may or may not become a part of the language standard in the future. In the support
of Enable/Disable Interrupts (16.17), as described in the OSSWG requirements, a marginally satistactory
masking capability is provided in 1003.1, 1003.4, and P1003.4a as related to signals; but P1003.4b
Interrupt Control provides a much more generic capability.

Bequirement: The OSIF shall support the capability to enable and disable interrupts.
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Becommendation: OSSWG should re-evaluate this requirement based on Ada-9X capabilities.
There is no OSSWG dela per-se, but rather only an Ada delta.

3.16.18 Mask/Unmask Interrupts (Ada)
This unfultilied requirement is classified as “¢c* {may be deferred).

Mask/Unmask interrupts (Ada) (16.18) is required for OSSWG if seen independently from its
coinnection to support for Ada; as such it is dealt with in requirement 5.6 (Mask/Unmask Interrupts). On
the other hand, the requirement does not relate to the current definition of the Ada language and
therefore should be reevaluated as to whether it should be duplicated in this section. Some people in the
Ada community have suggested that the language should be modified to allow more direct access to
these functions, and it is possible these functions will be included in the next revision, now called Ada-9X.
Thus this requirement is classified as "d" (reevaluate).

This requirement reflects a need to provide extensions to the current Ada language standard.
OSSWG should give careful study to the appropriateness of the requirement and monitor the progress of
language modification etforts.

A number of the OSSWG requirements for Ada language support are actually requirements for
Ada extensions that may or may not become a part of the language standard in the future. In the support
of Mask/Unmask Interrupts (16.18), as described in the OSSWG requirements, only a marginally
satisfactory masking capability is provided in 1003.1, 1003.4, and P1003.4a as related to signals. The
P1003.4b Device Control interface may be interpreted as a standard way to request a device to mask or
unmask its interrupts.

Requirement: The OSIF shall support the capability to mask and unmask device interrupts.
Recommendation: Same as in section 3.5.6. There is no additional requirement peculiar to Ada.

3.16.19 Raise Exception (Ada)

Support for the Raise Exceptions requirement (16.19) is believed to be provided by a
combination of services for signals within 1003.1, 1003.4 and P1003.4a, but this support has not yet
been proven.

3.16.20 1/O0 Support (Ada)

The requirement for Ada Input/Output Support (16.20) is partially covered by 1003.1, 1003.4,
P1003.4a, 1003.5, and P1003.20. 1003.1, 1003.4, and P1003.4a define the POS!X file support and /O
primitives. 1003.5 and P1003.20 provide the Ada binding to those POSIX features, as well as services to
convert between the two versions. Support for Ada Low_Level_lO is provided by the P1003.4b Device
Control interface.
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Requirements Coverage Summary

Requirement Covered POSIX Deita Unfulfllled
Requirements
Rating
16.1 Yes None (1,3)* -
16.2 Partialty Insertion (1,3} a
16.3 Yes None (1,3) -
16.4 Yes None (1,3) -
16.5 Yes None (1,3) -
16.6 No Insertion (2) d
16.7 Yes None (1,3) -
16.8 Yes None (1,3) -
16.9 Yes None (1,3) -
16.10 No Insertion a
16.11 Yes None -
16.12 Yes None -
16.13 Yes None -
16.14 Yes None (2) -
16.15 No Modification a
16.16 Yes None -
16.17 Yes None(2) -
16.18 No Modification (2) c
16.19 Yes None (1,3) -
16.20 Yes None -

1 Requires a solid commitment to 1003.4 and P1003.4a by the POSIX standards effort.

2 Requires coordination between the Ada language standard and the POSIX standard.

3 Awaiting proof of adequacy of POSIX interfaces.
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4. BIG 6 DISCUSSION

This section analyzes of the extent to which the POSIX standards meet what the NGCR OSSWG
has termed the "Big Six." This refers to six technology areas that the Navy's NGCR Program Office has
stated as being of prime importance to future Navy systems. These areas as related to computer systems
are Distribution, Real-Time, Fault-Tolerance, Security, Heterogeneity, and Ada.

4.1 DISTRIBUTED SYSTEMS

it was always a primary goal of NGCR in general, and the NGCR OS in particular, to support the
wide variety of distributed architectures found in Navy systems. Such systems include anywhere from two
to hundreds of homogeneous and/or heterogeneous processing and /O nodes communicating either
point-to-point or via a multi-level bus or network interconnection. Ideally, the operating system interface
should provide distributed services in a portable manner, masking the actual method of interconnection
and its associated protocols.

Operating system services related to distributed processing can be broadly classitied as either
explicit or implicit distribution. Explicit distribution implies that the application directs a request to a specific
logically identified node; an example of explicit distribution is sending a message to a specified node or VO
subsystem and awaiting a reply. Implicit distribution, conversely, implies that the application is unaware of
where in the distributed system a requested service is provided; examples of implicit distribution include
file servers, name servers, and the like.

4.1.1 Distribution in UNIX

Traditionally, UNIX systems have been primarily implemented on single node, uniprocessor
systems. When the need for operation in a networked environment became obvious (stimulated by the
ARPANET research in the late 1970s and early 1980s), explicit distributed services first began to appear
as shell and utility add-ons to the basic UNIX systems; such facilities as electronic mail and file transter
services were built on OS and vendor-specific implementations of Defense Advanced Research Projects
Administration's (DARPA) TCP/IP networking protocol. Researchers at the University of California
Berkeley developed a portable API suitable for interprocess communication within a single node or across
nodes via networking protocols; this interface, called Sockets, became a de-facto standard APl for
networking applications, thereby allowing portable versions of these explicit services to be built as utility
applications. AT&T developed a similar interface, XTI, for its System V variant of UNIX.

In recent years, additional utility level explicit distributed services have become standard in most
UNIX systems. These include remote shell, remote login, remote talk, and finger services, all implemented
using a client-server model at the UNIX application level, and utilizing the Sockets or XTI API to send and
receive service-specific messages via service-specific sockets across distributed nodes. Even more
recently, implicit distributed services have been integrated into some UNIX systems, such as network file
system and domain name server capabilities. These achieve a level of application transparency by
embedding the remote node identification in configurable operating system tables that are maintained by
a system administrator but are otherwise of no concem to portable applications.

- Very recent developments in transparent distributed database and information retrieval include
the WAIS (Wide Area Information Server) and Internet Gopher systems which both provide a seamless
local user interface to widely distributed information.

4.1.2 Distribution in POSIX

The POS!IX working groups seek to standardize current practice in the UNIX community. The
current working groups therefore focus on a protoco! independent interface (P1003.12), transparent file
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access (P1003.8), directory services (1224.2), object management (1224), X.400 message handling
(1224.1), and common OSI AP) & FTAM API (P1238) for distributed systems.

The protocol independent interface is currently based on the Berkeley Sockets and XT! de-facto
standards. A new PAR (Real Time Distributed Systems Communicaiion - 1003.21) has proposed
extending these capabilities for realtime systems. Likewise, the other APls are based on de-facto industry
standards. While 1224 and P1238 are not strictly part of POSIX (1003), they are part of the IEEE PASC
(Portgglg )A(pplications Standards Commiittee), and meet, distribute documents, and generally coordinate
with IX.

4.1.3 Distribution in NGCR 0OS

All NGCR OS distribution requirements are not called out explicitly as OSSWG requirements.
While the network and communications interfaces service class specifies the lowest level requirements for
internode communication over LAN, bus, and point-to-point hardware interconnects, distribution is
implicitly required by a number of APls in other service classes. Each and every OSSWG requirement
must be interpreted in the following manner: If this requirement makes sense in a distributed context, then
the NGCR OS must support it in that distributed context.

For example, Navy embedded systems traditionally support some form of interprocess
communication among processes at separate nodes; thus, OSSWG requirement 9.8 (interprocess
communication) requires distribution support. In this case, the OSSWG requirement is general enough to
cover both explicit distribution (i.e., the application sets up the logical pathway between the processes)
and implicit distribution (i.e., the application interface is no different whether the communication is
internode or intranode).

As a counterexample, the OSSWG requirement for mutual exclusion (13.2) is typicatly not
implemented across nodes in Navy embedded systems, at least not at the operating system level. The
reason for this is that mutual exclusion primitives are intended to be a high pertormance, low contention
method for guarding shared resources against inappropriate simultaneous access; this model becomes
virtually useless over high latency internode communication paths. Resources sharable across multiple
loosely coupled nodes occur quite infrequently and are typically guarded with other mechanisms such as
monitors (server processes).

4.1.4 NGCR/POSIX Distribution Delta

During the OSSWG evaluations that fed to the selection of POSIX as the baseline for the NGCR
MIL-STD OSIF, evaluators were constantly aware that each OSSWG requirement might have different
implications in a loosely or tightly coupled distributed system than in a simple uniprocessor system.
Although there is no OSSWG service class dealing specifically with distribution, service classes 2, 4, 8, 12,
and 14 contain requirements that deal specifically with the explicit nature of distributed systems. Most
other service classes contain one or more requirements for which some NGCR distributed systems will
undoubtedly need transparent (implicit) distribution. The OSSWG has not reached a consensus on
exactly which POSIX interfaces should be transparently distributed. However, since POSIX is currently
providing very little transparent distribution of services, the detlta is likely to widen when such transparent
service inteifaces are identified.

4.2 REAL-TIME SYSTEMS

The primary application of the NGCR OS is in support of Navy air, surface, subsurface, and shore-
based mission computer systems. The secondary application is in all other Navy computer systems,
including software development, laboratory, and non-military functions. Virtually all of the primary
applications and some of the secondary applications have real-time constraints ranging from "soft” to
*hard” real time. UNIX operating systems have traditionally offered very poor support for users with real-
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time requirements. Faced with this dismal reputation, various UNIX vendors have offered a variety of
nonstandard, nonportable real-time extensions 1o the UNIX kemel.

4.2.1 Real Time in POSIX

POSIX working group 1003.4 is attempting to standardize the various real-time extensions. Prior
to participation in 1003.4 by the NGCR OSSWG and the VITA (ORKID standard) members, the working
group activities were focused primarily on “soft” real-time issues. Now, these participants have joined with
the real-time system vendors in ensuring that “hard" real-time is given its due. It is POSIX 1003.4 policy
that its work will also address usability of the extensions for other than real-time systems whenever
possible. The following enhancement categories are in progress:

1. Semaphores provide a facility for synchronization among multiple processes contending for
access to a shared resource. The traditional UNIX approach (lock files) is too time consuming and disk
intensive to be useful in high performance real-time systems, especially when expected contention for
the resource is very low, as is typically the case.

2. Process memory locking provides an application API allowing the user to designate certain
program and/or data memory to be excluded from the normal UNIX virtual memory management
paging/swapping algorithms. This allows critical memory regions to be guaranteed prompt accessibility
and minimizes nondeterministic behavior due to mass storage latency.

3. Shared memory interfaces enable a high bandwidth and high performance form of interprocess
communication when the hardware supports this, the real-time constraints require this, and the protection
afforded by more structured forms of IPC can be sacrificed.

4. Priority scheduling interfaces permit real-time applications to override the de-facto "time-
sharing” UNIX style process scheduling policy with various priority based scheduling policies more
appropriate to real-time multitasking. Only by doing this can hard real-time deadlines be guaranteed.

5. Realtime Signals extends the classic UNIX signal concept by allowing arbitrary user defined
signals to be attached 1o user initiated actions and external events, and subsequently notifying the user
process (synchronously or asynchronously) when the event is triggered.

6. Clocks and timers provide APIs to various resoli.ion clocks and interval timers that provide
better granularity and more flexibility than the traditional UNIX 1/Hz-second clock (time) and 1-second
interval timer (alarm, sleep). Real-time systems usually have tight timing tolerances that are best met by
millisecond or better-resolution low-jitter clocks and timers.

7. IPC Message passing addresses the need for a form of interprocess communication interface
that is not inexorably tied to any specific implementation but that supports loosely coupled LAN-based
communications typical among component subsystems of a large combat systems, as well as high
performance shared memory based communications between cooperating processes in a uniprocessor
or multiprocessor. The traditional UNIX IPC mechanisms (pipes, signals, and files) are often too restrictive
or heavyweight for use in real-time systems.

8. Synchronized input and output provides interfaces whereby an application can guarantee that
a set of data recorded in mass storage is current and self consistent. Traditional UNIX VO assumes that the
"OS knows best" but fails to address the need for embedded real-time systems to more closely control the
reading and writing of data that might be needed for recovery purposes or might be written and read by
different components of the system.

9. Asynchronous input and output provides alternative I/O interfaces that ali ngle process to
initiate 1O to one or several devices simultaneously and continue processing w. . awaiting VO to
complete. The traditional UNIX approach to this is to create separate processes to perform each VO
operation as well as queuing and notification functions. While this approach can actually yield more
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structured programs, real-time systems often cannot tolerate the extra process context switching
overhead.

10. Advisory information interfaces provide additional information to the OS file system so that the
QS can optimize file access (reduce latency, prevent fragmentation, speed addressability) for real-time

jons. This serves to improve performance and eliminate the non-determinism typically assoclated
with UNIX file access.

11. POSIX threads provide a complete AP set for lightweight processes that can coexist with the
heavier POSIX process model. Threads within a single POSIX process share a considerable amount of
state information (including memory); thus, context switching among threads experiences lower
overhead, and interthread IPC can take advantage of the inherent shared memory. Additionally, threads
provide a second level of concurrency model that matches quite nicely with the two levels implickt in the
Ada programming language (several tightly coupled Ada tasks per Ada program, several loosely coupled
Ada programs per system).

12. The Spawn process creation primitive provides an enhancement over the traditional 1003.1
fork() and exec() APIs for real-time systems. The 1003.1 interfaces imply not only the existence of a file
system, but also a two step method of starting a new process which forces an often unnecessary
duplication of an existing process. Spawn provides the more or less conventional real-time practice of

"create process” with a single interface.

13. Timeouts for Blocking Services adds the conventional real-time capability of attaching an
upper bound to the amount of time which several critical real-time interfaces may block a requesting
?rocess or thread. This capability is used primarily to increase the robustness of real-time applications in
ault situations.

14. Execution Time Monitoring provides the ability for a process or thread to check the cumulative
execution time of itselt or another process or thread, and to establish CPU time limits. Such interfaces are
essential in deadline driven real-time systems to ensure that all processes and/or threads are given fair
opportunity to meet their deadlines.

15. Sporadic Server interfaces complement Priority Scheduling interfaces in real-time systems
driven by external aperiodic requests. These simplify the schiadulability analysis (as in rate monotonic
scheduling theory) of such a real-time system because the . aiic» aperiodic processes or threads o be
treated as if they were periodic.

16. Device Control standardizes the format of interfaces to device drivers which go beyond the
1003.1 open/close/read/write/seek interfaces. Real-time systems typically utilize unique devices with
unique "out-of-band” control requirements. UNIX has always provided an ioctl() interface to invoke such
control actions as unloading a magnetic tape or setting the baud rate of a communication port. Device
Control is a natural extension of these capabilities to general control requirements for arbitrary devices
{such as radar or analog-to-digital converters). It does not attempt to define actual control requirements,
only the interfaces necessary to pass control information.

17. Interrupt Control provides standard interfaces for connecting architecture and hardware
dependent interrupts to application code. Real-time applications frequently need asynchronous
notification of the occurrence of some hardware generated event. Performance is often an issue, so
Interrupt Control addresses performance and other tradeoffs associated with different methods of
asynchronous notification (Note that POSIX otherwise supports only a single method of asynchronous
event notification, the Signal).

18. Typed Memory Allocation adds interfaces to POSIX which support dynamic memory allocation.
POSIX had previously deferred all memory allocation interfaces to the ANSI C standard. Given the
evolution of other languages which require dynamic memory allocation, and the proliferation of real-time
systems which utilize several types or partitions of memory from which such allocation is possible, the
ANSI C malloc() intertace is no longer adequate.
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4.2.2 Real Time in NGCR OS

Although POSIX interfaces differ substantially from most conventional real-time operating systems
used heretofore in Navy systems, the substantial progress achieved by 1003.4 coupled with increased
industry impetus toward real-time UNIX implementations would indicate that POS!X will eventually be an
acceptable OS interface for all but the smallest and most time critical Navy applications.

Real-time profiles being developed by P1003.13 will stress the need for high performance OS
implementations for real-time systems. The interfaces themselves cannot generally be evaluated with
respect to performance because performance is a characteristic of an implementation, not an interface.
However, performance metrics are being developed as part of the standards, and substantial effort has
been expended to ensure that the real-time interfaces do not preclude efficient implementations. Thus, it
is reasonable to expect that the Navy will be able to purchase good real-time operating system
implementations compliant with the POSIX interface standards. This means that, in spite of the fact that
POSIX interfaces are quite unlike those found in conventional real-time operating systems, NGCR OS
based on POSIX will support real-time applications once real-time programmers understand and accept
the POSIX-like interfaces.

4.2.3 NGCR/POSIX Real-Time Deita

The following unfulfilled requirements are especially significant 10 real-time applications because
missing capabilities prevent a fine degree of control over the performance of the system in functions
common to most real-time applications:

1.21  Bounded OS Service Times and Context Switching
6.3 File Management Scheduling

7.1 Device Driver Availability

16.10 Monitor Task's Execution Status (Ada)

16.17 Enable/Disable Interrupts (Ada)

The following unfulfilied requirements are especially significant to multiprocessor and distributed
real-time systems because of the lack of a standardized approach to handling global time:

15.4  Selection of primary reference clock
15.5 Locate primary reference clock.

The following unfulfilled requirements are also significant to real-time systems but reflect
capabilities which are not common to all real-time systems or are typically out of the mainstream of real-time
processing.

1.17  Error conditions

1.23 Transaction scheduling information

5.1 Event and error receipt

5.2 Event and error distribution

53 Event and error management

54 Event and error logging

10.2 Execution history

11.*  Reliability, adaptability, and maintainability (all)
13.5 Transaction scheduling information.

The following unfulfilled requirements may have some bearing on the performance of some real-
time systems, although the relationship is a secondary one:

4.1 Data interchange services
9.2 Terminate Process
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9.11  Examine process status

9.13 Save/restart process

12.3 Dynamic memory allocation and deallocation

12.4 Dynamic memory protection

12.5 Shared memory (as unfulfilled - for code segments)
16.6 Restan task (Ada)

16.15 Memory allocation and deallocation (Ada).

4.3 FAULT-TOLERANT SYSTEMS

Because many of the Navy systems to utilize NGCR OS will be mission critical, the OS must
support the ability to detect, report, isolate, and recover from any foreseen hardware or software failure,
thereby ensuring that the effects of such a failure on the mission are minimal. Fault tolerance
requirements are explicitly seen in service classes 5 (event and error management) and 11 (reliability,
adaptability, and maintainability), while some other requirements aiso have implications in this area.

4.3.1 Fault Tolerance in UNIX

Unfortunately, UNIX systems have traditionally had poor fault tolerance. Generally, software errors
generated by an application and some hardware erors refated to a device in use by an application are
reported back to the application either synchronously (via error return codes and the “"ermno” system
variable) or asynchronously (via a signal). The OS assumes no further role in the processing or logging of
such errors, nor are there any services that assist in the recovery from errors. Furthermore, software errors
detected within the UNIX kerel, and many hardware errors, cause the OS to simply give up. For example,
many UNIX systems will not configure themselves around failed memory but instead inform an operator
and halt, awaiting reboot of the system or they reboot themselves automatically (a process that takes from
one to many minutes). In these cases, all user applications die in their tracks with no potential to recover
anything unless the application has generated its own checkpoints. Curiously, in these circumstances,
the error is frequently logged in a file accessible to the system administrator.

UNIX behaves this way because its typical users have been running applications in a time-sharing
environment where centralized error handling and dynamic recovery are not the rule, but where having a
system administrator in the loop is.

4.3.2 Fault Tolerance in POSIX

There had previously been little effort in the POSIX community to standardize fault tolerance
related interfaces. This issue was generally considered out of scope. For example, a significant portion of
the 1003.4 working group membership had been opposed to providing timeouts on blocking services
because they can't imagine that software bugs end up in fielded systems. Recently, the hard real-time
contingent of that working group has pushed for the kinds of fault tolerant capabilities that provide the
characteristic robustness of mission-critical real-time systems.

OSSWG has led a Fault Management and Administration study group within POSIX over the past
two years. While this group had initially confirmed that existing practice in fault tolerant operating systems
is not mature enough to begin a standardization effort immediately, they have nonetheless brought this
concern to the forefront. The group continues to work toward standardized Fault Management and
Administration interfaces based on proposals by several industry groups including UNIX Intemational and
the Open Software Foundation.
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4.3.3 Fault Tolerance in NGCR 0OS

NGCR OS requirements specify centralized facilities for receipt, coordination, distribution,
delivery, and logging of error events, whether those events are detected by hardware or software,
whether they indicate a hardware or software fault, and whether the fault occurs within the application or

. the operating system. The OS is expected to collect and retain as much information as possible about a
fault that has occurred and provide access to this information to an application (not just a system
administrator). This applies to faults detected asynchronously, as well as to faults discovered by
application initiated hardware diagnostic tests. For transient faults, the OS must be configurable with
thresholds that establish the tolerance level for errors. Isolation of faults 1o a system component must be
supported, and the OS must be able to take predetermined actions based on fault severity. Ultimately,
the OS must support reconfiguration of its own and application resources when one or several
components of the system have failed, or upon application request.

4.3.4 NGCR/POSIX Fault Tolerance Delta

POSIX and UNIX compliant systems today provide virtually none of the required support.
Although it is not required for many Navy systems, the NGCR OS interface will have to augment POSIX
substantially to achieve a fault tolerance level acceptable to some mission critical Navy profiles. The most
likely route to this goal is by closely following the activities of UNIX International, OSF, and X3T8 in these
areas. As the concepts being explored by these groups become more well defined, either de-facto
industry standards will emerge or it will become appropriate to reconsider introduction of a POSIX PAR to
bring such de-facto fault tolerance interfaces into POSIX scope.

4.4 SECURITY

As stated in section 3.3, although P1003.1e and P1003.2c meet or support most of the OSSWG
security requirements, further guidance is provided and required by the TCSEC and SECNAV Instruction
5239.2 "Information Security Instruction.” The subject of the TCSEC and its interrelationship with the
NGCR standards for security raises several issues:

1. The relationship between the P1003.1¢/P1003.2¢c and the TCSEC standard.

2. The integration of common security-related features between various standards (e.g.,
NGCR, DoD, i1SO) and which standard takes precedence.

3. The integration of common functions and features as the result of using two or more
standards-based trusted commercial-off-the-shelf (COTS) products when they become available.
This must also consider the integration of different TCSEC class COTS products or systems.

Navy acquisition programs must comply with DoD directives and the SECNAV instruction. Both
recommend the TCSEC standard to develop security requirements for acquisition programs. The TCSEC
is a collection of security criteria organized into classes. In most acquisitions, requirements may be
specified from different TCSEC classes based on the criticality of the mission and the level of physical,
procedural, operational, and communication security at the operational sites. For some specific
acquisition programs or missions, the requirements cited for a particular TCSEC class may not all apply.

. NGCR OSSWG has reviewed P1003.1e and P1003.2c and found them compatible with the TCSEC
criteria. [Note: In annex B of P1003.1e, the POSIX security subcommittee gives its reasons for choosing
the TCSEC as the main source of security criteria.] As it defines each of the functions within each
category of the interface standard (i.e., DAC, MAC, Privileges, Audit, Information Labels), P1003.1e and

- P1003.2¢ attempt to ensure that the security portion of the standards does not preciude meeting the
higher class TCSEC systems. Although it is not explicitly cited in P1003.1e or P1003.2¢, it is implied that
to qualify as a TCSEC class system the P1003.1e and P1003.2¢ interface requirements must be
developed in conjunction with the corresponding criteria stated in the TCSEC.
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The integration of common security-related features between the various standards is non-trivial.
Likewise, the use of trusted portable application software between systems built on different hardware
platforms having a similar POSIX interface may require further examination of the application software. in
oither case when combinations of NGCR standards or standards-based COTS products are used, further
system igvel analysis is required to identify, address, and resolve the significant integration issues.

An example which illustrates both issues addressed above is labeling. POSIX treats a label as an
unstructured, undefined opaque object for portability purposes. This allows each vendor or developer of
trusted application software who uses the P1003.1e and P1003.2¢ standards to define the internal
structure of the label. From a standalone, homogeneous system perspective, this may not cause
significant problems for Navy system engineers. Howaever in a distributed, heterogeneous system when
several NGCR standards and/or standards-based trusted application products are integrated, additional
requirements may be necessary to define a common label format. This may be especially the case when
trusted application programs are created to perform label transformations for mission-critical systems and
such software must be totally correct. Such trusted application programs in general may not be
transferable among heterogeneous POSIX-based systems.

The security requirements and the implementation of these requirements should always be
viewed in terms of the TCSEC. P1003.1¢ and P1003.2¢c are interface standards that do not preciude
meeting the TCSEC class requirements. However, P1003.1e and P1003.2c in themselves, being
interface-related standards, cannot address all the operating system security requirements. The design
and implementation of the P1003.1e and P1003.2c standards must be used in conjunction with
requirements from the TCSEC classes to provide a well-defined system and a potentially certifiable secure
product.

4.5 HETEROGENEITY

it has been a goal of the NGCR OS to support heterogeneous systems; that is, the same OS
interface must not only support a variety of processor architectures, but it must allow dissimitar processors
to cooperate as part of a larger system. This can take the form of heterogeneous processors on the same
backplane (Futurebus+) or more commonly, heterogeneous processor types at different nodes of a
distributed system.

4.5.1 Heterogeneity in UNIX

Today's UNIX systems support heterogeneity largely through the use of network services that
provide commonality of function and information representation among different processor types (some
running different vendors' UNIX) that share a common network medium and protocol (e.g., ethernet).
Examples are network file system (NFS) and remote shell (rsh) capabilities. Such services typically do not
attempt to solve data interchange format problems (word size, floating point format, endian-ness), leaving
that as an exercise for the user; however, they do aliow applications to work together fairly well in a
heterogeneous distributed environment.

Few UNIX systems today support heterogeneity on the same backplane, simply because that is
not a typical configuration. Notable exceptions such as Wind River's VxWorks do allow host (e.g., Sun
workstation) and target (e.g., Mizar SPARC/VME-based real-time subsystem) to share a common
backplane and memory.

4.5.2 Heterogeneity Iin POSIX

The POSIX standards effort is a giant step forward in supporting heterogeneity, since it attempts
to standardize not only the basic interfaces (thus ensuring source code portability), but also the
distributed services (thus allowing for universal interoperability, at least across a network). The issue of
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heterogeneity in a multiprocessor (dissimilar processors sharing memory) is not addressed by POSIX
except in the distributed context.

4.5.3 Heterogeneity in NGCR OS

Heterogeneity is not calied out in any specific NGCR OS requirement (though service class 4, data
interchange interfaces, certainly hints at it). This is because the ability of one implementation of an
operating system to work harmoniously with another implementation is largely an implementation issue.
For example, if two implementations of a file system namespace use the standardized interface but two
different character sets, then the ability to share namespace information between these implementations
is severely hampered. The OSSWG should (1) attempt to identify those POSIX implementation
dependencies that are detrimental to heterogeneity and (2) create an “implementor's guide* to promote
increased interoperability.

4.5.4 NGCR/POSIX Heterogeneity Deilta

Although the POSIX standardization effort and POSIX distribution standards are a strong positive
step for heterogeneous systems, the POSIX motive is source code portability, not interoperability. Thus,
it is unlikely that initial implementations of POSIX-compliant systems will work trouble-free in a
heterogeneous environment. The POSIX (and thus, the NGCR OSSWG) focus on APls simply does not
address standardization of certain system interfaces (particularly OS-to-OS interfaces and global resource
management).

4.6 ADA

The Ada programming language is not only the mandated DoD standard (and thus Navy standard)
programming language, but is an international standard for large scale, long-lived, reliable applications.
The Ada language is somewhat unique in that it defines within the language a number of operations that
heretofore were considered to be in the domain of the target operating system, but that ultimately must be
supported by an operating system component. Some Ada compilers are targeted to the bare machine;
that is, the compiler vendor supplies the full underlying operating system. Other Ada compilers are
targeted to a machine already running particular operating systems; in this case, the Ada vendor's run-time
support package and/or the generated code itself interfaces with an operating system supplied by
another vendor (typically, the computer vendor) whenever operating system services are required.

The Ada language also, like other language standards, specifies certain required library packages
that must rely on operating system services for suppont.

Examples of operating system services implicit in the Ada language are the Ada tasking model
(entry call, accept, select, etc.), the delay statement, the "new" allocator, and various Ada exceptions that
may originate as machine-specific hardware interrupts (Numeric_Error, for example). Examples of Ada
library packages that require operating system support are Text_IO, Low_Level_lO, 10_Exceptions,
Unchecked_Deallocation, and Calendar.

4.6.1 Ada in UNIX

UNIX-based systems have been popular platforms for Ada language implementations, but there
has been a great deal of misunderstanding and controversy surrounding such implementations. UNIX
implementations have typically been a poor fit for the services required by the Ada language. For
example, UNIX kernels have no scheduiable entity that maps to an Ada task, so UN!X-based Ada
implementations have usually provided a library level scheduler for Ada tasks. This approach has two
drawbacks. First, whenever such an Ada task must invoke an operating system service that blocks, all the
Ada tasks in the Ada program are blocked instead of only the one requiring the blocking service; second,
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the timely execution of the Ada tasks cannot be guaranteed because the UNIX process in which the Ada
tasks live itself competes for the CPU via a different scheduler (the UNIX process scheduler). Another
example of a poor fit is the various Ada timing services. Because UNIX provides timing services only at 1-
second resolution, Ada implementations have been forced 10 use some fairly inaccurate and inefticient
polling methods of timing. Even the Ada line and record-oriented VO models are poorly supported by the
UNIX byte-stream VO model.

Generally, the outcome of this poor fit is that portable Ada programs don't work exactly as might be
expected, either from the Ada perspective or from the UNIX perspective. Vendors, realizing this, typically
provide additional nonstandard libraries to allow Ada programs to be more "UNIX like.” Unfortunately, this
does very little for portability, even from one Ada compiler implementation to another on the same UNIX
operating system.

4.6.2 Ada In POSIX

POSIX has been supporting Ada through the 1003.5 working group, the product of which is to be
a standard that makes the functionality of ISO/IEC 89945-1:1990 (1003.1) available to the Ada programmer.
The P1003.20 working group is doing the same for the evolving real-time extensions (1003.4, 1003.4a,
and 1003.4b).

it is important to note what 1003.5 does and does not attempt to do. In particular, 1003.5
provides an Ada language binding to POSIX interfaces; i.e., an Ada-like way to invoke POSIX services. It
does NOT attempt to define POSIX interfaces suitable for supporting all the Ada run-time capabilities.
Generally speaking, the POSIX community seems to feel that the latter is not in its scope. Nonetheless,
recent activity in 1003.4 (i.e., concern that Pthreads be usable as Ada tasks) indicates that there is
increasing sentiment toward supporting POSIX in the Ada run-time environment. The 1003.5 working
group is currently debating the inclusion or exclusion of Ada bindings to real-time interfaces that would
conflict with capabilities of the Ada run-time, or that would allow an Ada run-time environment to be written
in Ada.

4.6.3 Ada in NGCR OS

It is essential that NGCR OS support not only an Ada language binding to all defined OS
interfaces, but also the implicit interfaces required by the Ada run-time and the standard Ada library
packages. These latter requirements are pretty much detailed in OSSWG requirements for service class
16, while the language binding requirements appear in service class 1.

In cases where an OSSWG requirement is satisfied directly within the language or from a standard
Ada library package, and an explicit binding to the underlying service interface adds no functionality, the
explicit binding is not necessary. For example, the POSIX "sleep” interface adds no functionality over and
above the Ada “delay” statement and it is therefore unnecessary to have an Ada binding to the OS
"sleep.” Also, where an OS interface exists wholly to support a different ianguage binding, an Ada
binding makes no sense (e.g., the 1003.4a C interface "pthread_equal” exists because comparison of
opaque types using the C operator == is invalid for pointer implementations of such types).

in support of the goals of application portability and reusability, NGCR applications must avoid the
practice of substituting nonstandard language constructs and library packages for standard Ada
capabilities. Toward this goal, it is essential that the NGCR OS implementations support standard Ada
capabilities with very high performance, since performance requirements of real-time systems often take
precedence over software engineering goals. Hopefully, as Ada matures into Ada-9X, new standard
capabilities will be added to compensate for some of the architecture and OS dependent problems that
have previously forced use of nonstandard interfaces.
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4.6.4 NGCR/POSIX Ada Delta

The 1003.5 working group, in its process of drafting P1003.20, has started debating, and will
continue to debate, such issues as providing Ada bindings to POSIX interfaces that duplicate or conflict
with Ada run-time features, and providing support for Ada run-time environments written in Ada. Once

. such decisions have been made, the exact relationship between POSIX and Ada will be more well
defined. POSIX 1003.1, 1003.4, P1003.4a, and P1003.4b certainly appear at this time to support Ada-
83 fairly completely and, assuming no highly unusual policy is forthcoming from the 1003.5 working
group, the delta appears smali.
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5. CONCLUSIONS

. This document has carefully analyzed each NGCR OSSWG interface requirement (except for the
very general requirements in Service Class 1) as it relates to the POSIX standardization effort. Of the 155
OSSWG requirements analyzed, 99 are directly met by the existing POSIX interfaces; Section 3
documents this mapping. Of the 56 remaining requirements, 44 have been classified as significant

- unfulfilled requirements. The remaining 12 have been, or are being re-evaluated or re-formulated in a
manner more in keeping with a POSIX philosophy; these will ultimately either become met requirements,
or be dropped entirely as OSSWG requirements.

The 44 significant unfulfilled reguirements generally fall into one of three classifications: those
that are nearly met by POSIX with the exception of minor details (13), those that clearly belong within the
POSIX framework but have not yet b2en addressed by POSIX (14), and those which are outside the
scope of the existing POSIX working groups (17). This "magnitude of delta” for each requirement is more
significant than the actual count of untulfilled requirements. When analyzed by service class, there are
only a few trends (primarily the lack of POSIX support for service classes 5 and 11); but when the
requirements are classified by imporntance to the "Big 6" technology areas, as is done in Section 4, the
relative magnitudes of delta becomes clear: POSIX is moving in a positive direction in the areas of Real-
Time Systems, Security, and Ada, with only follow-up work required to satisfy most related OSSWG
requirements; while the POSIX framework currenily addresses areas of Distributed Systems and
Heterogeneity, there is substantial additional work required to bring these up to OSSWG standards; and
finally the Fault Tolerance area has only recently been broached by POSIX through the OSSWG initiated
Fault Management and Administration study group and its pending POSIX Services for Reliable, Available,
and Serviceable Systems project.

in the strategy analyses of Section 3, it was found that many OSSWG requirements would be
best met by working within the POSIX working groups and balloting groups to ensure that existing
capabilities are extended or tuned, and that the necessary new capabilities are added; indeed this method
has been in use since NGCR OSSWG became active in the POSIX activities, and substantial progress has
already been observed, especially in the real time and networking areas. Over half of the significant
unfulfilled requirements suggest this approach, and if the POSIX Services for Reliable, Available, and
Serviceable Systems PAR is approved, virtually all of these requirements can be ultimately realized within
the POSIX framework. Sinc2 it has always been an OSSWG goal for the OSIF to be fully under the purview
of a single standards body, this is very encouraging progress indeed.

it was not always the case that this many requirements had a "home” within POSIX. First, OSSWG
initiated the Real Time Distributed Systems Communication (1002 21) project which has completed its
requirements analysis process and has begun drafting a standard  ich will meet most of the unfulfilled
OSSWG networking requirements. Second, a Distributed Security (1003.22) project was approved to
address the unfuffilled security requirements and how the POSIX security interfaces will support
distributed systems. Third, aithough the Fault Management and Administration Study Group had
concluded that it was inappropriate for POSIX to standardize on Fault Tolerance interfaces a year ago, that
OSSWG initiated group continues to gather industry support, has closely followed the evolution of various
non-POSIX efforts in the Fauit Tolerance arena {e.g. UNIX International, OSF, X3T8), and expects to
become a fully recognized POSIX project in the near future. These three relatively new efforts have
provided the foundation for many of the most difficult delta resolutions. Finally, recommendations have
been made to attach to other existing and evolving standards outside the POSIX framework where
appropriate (e.g. P1256/0BI0S, ANSI/RPS, ASN.1, Network Time Protocol, and the Dwight Wilcox
Distributed Realtime Clock Synchronization approach), but only if and when OSSWG has exhausted all
POSIX resolution afternatives.

This document defines much of the remaining work ahead for the NGCR OSSWG, especially as
7s mambers debate and ballot the various existing POSIX draft standards and contribute to new ones. It
4i50 scrves as an important basis for the ultimate product of the NGCR OSSWG, a military handbook or
tachnical specification for the NGCR OSIF.
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This document recommends a number of OSSWG requirements be re-evaluated. Changes to
the requirements in the OCD may result from this re-evaluation process, which in tum may cause some
change of deltas in the next Delta Document revision. In addition to specifically recommended re-
evaluations, OSSWG has two general concerns about the requirements: First, OSSWG had purposely
avoided addressing the semantics of each requirement in a distributed computing environment because
of the relative immaturity of distributed services within POSIX; that area has matured substantially, and the
time has come to explicitly split each requirement (where it makes sense) into its non-distributed and its
distributed context. Second, certain requirements have been perceived as dictating an implementation to
meet a requirement rather than stating the true requirement and giving the operating system the freedom
to meet it in the best way possible in a given implementation; requirements such as Write Contiguous File
(6.20) and Unacknowledged Connection Oriented Service (8.4) are examples. Therefore, OSSWG
recommends a thorough review of the OCD requirements, addressing these two overall concems, prior {0
the next Delta Document revision.

This Version 4 of the Detta Document is not the final version. This is a living document and will
change as (1) POSIX evolves, and (2) the OSSWG is able to deveiop new methods of satisfying the
remaining deltas. We intend to update this document yearly, at least until completion of the military
handbook or technical specification.
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APPENDIX A

DELTA SUMMARY AND CROSS REFERENCES

The table on the following pages lists, for each OSSWG requirement (except the general
requirements of service class 1) references to all POSIX interfaces which OSSWG believes fully or partially
fulfill the requirement. The POSIX document number, paragraph number(s), and a brief description of the
pertinent ilterfaces and/or capabilities is provided.

in addition, each unfulfilled requirement is coded with a rating indicating its significance to the
overall NGCR OS interface standardization effort: A rating of "a" indicates that standardization of interfaces
which meet the requirement is essential; a rating of "b" indicates that standardization of interfaces which
meet the requirement is highly desirable; a rating of “"c" indicates that fulfilling the requirement can be
deferred to a later date; a rating of "d” indicates that the OSSWG should re-evaluate the need for
standardized interfaces fulfilling the requirement.

Finally, for each unfuffilled requirement, the OSSWG recommendations are summarized.

81




NAWCADWAR-94109-70

c8
T OVYW e\l 108 - Jewjles et 32°'¢00id
“* eqef oju leg ci-ol'esLe
wed oN Tiequlennies | 21-01°'E'92 ) e1°600id uogendiueyy QYW 91°€
eleg oN Aojod YW 21'92] el'e00id Moiod YW SI'E
Bleg oN ' |oqe| ojul 18g ZL-0L'E'LS ) 8L'e00id Sjueluo) ieqe yl'E
eleq oN leqeiegies | 2i-01'€'92] 81'€00id _Bujieqe) PeIGO pue elans £1°c
— . ndino ,
ByeQg oN X0} 0} jaqej U] U8AUOD vi'eLe] 61€00id siqepeey Ueliny jo Bujeqe 21°¢
@s8q ejep dnaib pue Jes( c'6-1'6
uonedynuep) Jesn PLYE LY S$'e004
esequep dna.b pue Jesn 26
uopeoyiuep) 1o [ 4 L'eo0t
eneQ oN idxe /m pauejeq e8] ei'e00id | uogednuewpiny pue uofeayguept |1'e
Bl1eQ ON {9q@| Oju| §6600.d 16 CLEZC| S1E00Ld|  sweqe] uopeopnuiboD Bumes o1 €
$18q8) OJU} BueOld v'ELL
eleQ ON Aoljod jeqej oju| ‘He'ieg ] eLeooid sjeuvey) Lodx3 jo Buyeqe 6'¢
$Uq Wwied ey /m ‘Y c’i'ee| et'e0old
eleq ON sepow ejy ebueyd $'9'S 1'€00L uogebedoid Jva 8'¢
SuUojsspuled ejejeQ ci'v'ee
Ague 10V ue epleq Li'vee
Aue 10y meu 8 ejees) 8'r'ed
)60 oN uojssyuied e ppy Ly'e2| eL'e0old UOISNIOXI0ISNIU) OV L'E
Blleg oN wyiLoble %08yd $86308 TV S'L'EC]| ©l'e00id Jvgdseg 9'c
BlisQ ON 1oqe| ojut feRiul VEL2] ele00id sleqe exreg G°E
eleq oN suofiounj iipny ‘We've | 81€00id uoge|najuB B18Q 1PNV $'E
ejeg ON SIUBIUICO P08 *** UPNY cCcye] ©Leoold $jUelUoH RIOOeH 1PNY €'
sedepelu) Jipny eive
BYeQ ON 8pi0oe. ypny Zive| eleoold vogeseven wnv Z¢ |
ejeQ ON $p1006. Jpny giye] 8i'eo0ld
Bujssed ebessepy esi-i’st
Kowew perys 1%}
indinoandu) snouosuAsy L9
swe)sAs el peieys UO S8jY PEZIUOIYOUAS 9'9
sreubis sseso0idieju) ewpeey t'e| o02eooid
edelI8lU| YIOMION pejfelaq v| 2ie00ld
sedid ssecosdielus pue Indinosindul eoueq 919
sreubis $5800.d16}U) pUR jepOW $9800.id gel'e S'£00})
6uissed ebussepy €si-1'st
Aowew peRys £et
indinoandu) snouosyouhsy L9
swejsAs e[| peseys Uo $8jy POZIUCIYIUAS 9’9
speubs sseoaudielu) ewpeel £t ¥'€001
sedid ssesoidsely pue indinoandu) eomeq 91’9
wyeq ON sfeubis sse00)dJ6ju) pUR |9pOwW $$890.d ¥'e-1°e L'€001 60801 WISAS HOON-VON 12 |
UogepueuALcoey | Buey | iBeregd | eouessjey | WeWwe by DMSSO |

S3ON3HI43H SSOHD ANV AHVWWNS V.i13a




NAWCADWAR-94109-70

e e ——

€8
$[eubs penend awjeey I'€| 02'€00id
80110 JO Ynses 8y} se peleseuel speubis £t
suopdeoxe pue sepoo Jou3g rye g'eoot
uopesyiou ‘Buppo) ‘esnided idnuelu) €22] av'eoold
g81eX pue ‘dnoib SSYHS UBWUOIIAUS SPEBIY) O] pepus)xe se spubis €€l ey'eo0id
XISOd ‘4SO ‘reuoneuseiu| XiNN sfeubis penenb ewpeey ee €004
(siuene 10)) sJ0L8 Jo ynses ey} se pejeieusb seubis €€
losuoD ydnueiu) qp e00 id uoddng ] 0ULI8 JO 6pOod UWINS) 108 BIA pelode. siou3 ' L'€001 ewebeusy 10113 pus WeA3 £'S
S[euUb(s penenb swpjeey '€ 02't00ld
OAN [BujULIBY} JO Ynses se peleieuel sieubls 6L'LL
OA feulwie) jO }insel se pejeieuss sieubis et
suojdeoxe pue $epod Jou3 vye S'€001
uopeoyniou ‘Bupiooy ‘einided idnueiu) £22| aveooid
JUsuIUOJ|AUE SpRe.L) O} pepuslxe se spubls eel eveoold
8.€X pue ‘dnoib SSYHS sfeubys penenb ewpeey €€ +°€001
XISOd ‘4SO ‘[euoieuieiul XINN O feuuie} jo Yinse. se pelsieued sjeubls 61L'L
(syvene 10)) O/ Feujwle} o )insel se pelrieust sjeubis £e
fanuo? 1dnueiuy gy €001 d uoddng L 0ULIB JO 8P0O LIN}8J JOLI8 BIA peliodel siou3 »e 1°€001 uolinquisig Jou3 pue JUeA3 2'g
= sfeubis penenb ewjeey '€ 02't00Ld
O/l feujuse) Jo ynses se pejeseusd spubis 6L°t°L
O/1 [BulLL8) JO Jinsel se peleleusB spubis £t
suojideoxe pue $epod Jou3 v've S'E001
uopedynou ‘Bupool ‘esnides ydnuejy| €22| areooid
JuswiuoljAue speely} o) pepueixe se spubls ec| evcooid
sreubis penenb ewpesy £ ¥°E00}
O/] fBupLIe) JO Jnses se pejelsuel sjeubls 6'1°1°L
81£X pue ‘dnaiB sSYHS O reujuley jo ynses se pejeloust spubls 1
XISOd '34S0 ‘feuoneuaiyl XINN ) OULI8 10 6pOO UINB. JOLIe BIA peliodel siou3 e L°€001 idjecey] Jou13 pue WeAd |'g |
HaX jo Uopeziprepue)s uoddng L'NSYV 40} idV umownun €Seid UG[SIBAUOD W03 |
ESELJ/LGELd 0) uiod Buneoy ppy e L'NSV 0} IdV umounun ISEid | ®eg) oo_zow eBueyoselu) eleg |'v
peanbeJ uonoe Jayuny oN p | .Auligeuod uonesyidde Joj 1oalqns B jou, 8doos o IO 9'9°2'e’1'8] ©1°e00id Alenooey peisni) ¥ €
*SA} QUIND O} Peywif
pe.inbe.) uonoe Jayun) oN p| .reuruiey, jo uoniuyep 1°XiSOd 01 8np edoos puokeg | 89'2¢1'@] ©1°€00Ld \ied pelsni) €2
e1e|SAljiqede)sd0idies Si'v'se
eleq oN - sefiiqeded :MBIAIBAO [B16USD) ‘Wi'se | e1'e00id eBeyau 1se07 22°C
$8joy
Bleq oN - uogeuejdxe Wi pensjeq 1'2e1'g] ei'e00ld | uo peseg siesn Jo uofjedynuen) |2
e)eQ ON - uogeueidxe ympeusieg | €9 2e°t'8] ©1'€00id KuBel| weisAs 02°€
ejjeq ON - uogeuejdxe yim pesejeq eLel 81'€001d Alenp leqe] Auasues 61'¢
: eqey
Byeg oN - uogeueidxe yim pesejeq gLetgl eleooid Auanisueg jo uopeduRON Jesn 81°E
Buons e juewejdw; Aew coaScch_ng Bupuiojuoo
pesnbe.) uonoe Jeyuny oN p ‘prepuels o} ejeudosdde Jou enssi uonejuewsidwi gLelg| eLeoold esney welqo L1'€
UOREpUBLIIGOeY | Buney | Weweanbey buliging sepiigeded | :asmn__m ["eoveiejey | 1uewenbed SMSSO |

(p.Ju0D) SIONIHIIIH SSOHD ANV AHVWWNS v113a




NAWCADWAR-94109-70

v8
|y & uedQ $9| 02'co0id
o[y ¢ ele8.0 Jopue ued) 1’9 S'€001
uogiewsIoju| AIOSIADE Bjf I'1'e2 ] ar'eooid
oy ® uedo 1'e'S ¥'€001
Blleq oN siy v eleen opweuedo | ZES-L'ES 1'€001 o1 # uedo £'9 |
Q313130 N338 SVH INJWSHINO3Y SIHL WewebeUe o}l UKGOH PUOH 9'9_|
sa)) jo Buiddew Kioweyy 2'ct| 02'e00id
10840 8|y 8lLM/PREL UORisOdeY L9
6t} 8 O] 81UMm pue WOJ) pPReY ey §°€001
uojeWIOU) AlOSIADE 814 L'1I'E2 | a¥'e00id
sefy jo Suiddew Kioweyy peet ¥'€004
1980 ojl elum/prel uopisodey €69
eleq oN ejy 8 01 elum puB WwoipeeH | 2v'9-1'v9 1'€00t | _sisenbey xo0ig wewebeue eiid 9
INAN0ANDU| SNOUCIOUASY L'9] 02e00id
(Buprooig-uou 10 Bupioiq) el B exm Jo pesy e
Joneyeq Buppoig-uou/Bupdolq yim ejy © uedO 149 S'E001
jonRuod edjaeQ gle-t'ie] av'eoold
indinoandu) snouoiyouhsy L9 ¥°£001
" (Buppoja-uou 1o BuPOQKa) e[y € Of M re
(Buppojg-uou 10 Buppoiq) ey B Woy pesy 9’9 $08%800.d 10}
ey ON - Jojaeyaq Bupoojg-uou/Bupiooiq yum o)y & uedo L'E'S 1'€001 | ewnseypuedsng wewebeuen )14 ¢'9
UORezIpJepue)s 10) 6181IG0.dGeU) ) SUON — BuinpeLos welebeuey e)\d €9
ewbes ey peddew Kowelu j0 UORoe10.d ebueyr) gz2L| oz2'eootd o
Bupioo| piooes Aiosiapy 29
suojssrused ejl4 1'Ls S°€00}
wewBes ejy peddew Aowew jo uopsejoxd ebuey) ezel ¥°€00}
Bunioo) piodes Alosiape - jo1uoo o)l 2’59
eleqg oN fejuep pue uoleoyeds ssexoe - 8|y & uedo L'E'S 1'€001 8|id ¥ URRIM Bely Ue Pel0id 2'9
sa|l} 0 buiddew Kowepy el
O/t peesp IS L9
PBB1 SNOUOIYOUASY eL9] 02e00kd
eji} © Wwoj peel dueusl pue peey rA N ] S'€001
uogewioju| Aiospe eji VI’ ] Qvr'eoold
se|y) jo Buddew Lowen 1eel
O/l pelesp 181 L9
peeJ SnouoIyduAsSy L9 $°€00}
O/ pesip i8N ¥Le
wyeq oN o} © woJ) peey L'y'9 1'€001 oii © jo peey snonBauod 19 |
sjeubys pexoojq ebueyp pue eupLeXg L'ee S'€001
uogezipepuR]s o) eleudosddey) ) sfeuBys peyoolq eBueyo pue eupuex3 SE'E 1°€00% sidnusiu] NSRWUNMSEN 9°S
*1eq ON SUOIOUN (0A4UCO dNLBIL| €c2| qv'e00id Sidnueiut 8|qesI/eKeV3 6 |
81EX Pue 'dnoiB SSVHS
XISOd ‘4SO 'Fuoneusei] XINN v suoN BuibBoy wea3 v'g
UoUBpUeUALGOeY | Duned | Welweiinbey buiiiying senjiedeD | udeibeisg | eoveseiey | Wewebey BMSSO |

(P.u0D) SAONIHIAIH SSOHD ANV AHVIWWNS Vi13a

e N S—————————..




Illlllj

NAWCADWAR-94109-70

S8
Wwhus| 10/pue UoRISOd BlUM/PRE] §.61) UBIA0 €9
Ayqissesoe ey woeyd 9'2'S
snjeis/sofisueloreyd iy 109 £'s S'€001
yiBue Jospue uopisod elumpesi s,01y URIGO €69
Ayqrssacoe ejy yoeyo £'9'S
elieg oN $nRIS/8OlisL010BBYD 8(Y 16D 2'9°6-1'96 $'€00 ¢ SeINqUilly o4 Aiend £1°9
ol ¥ 81860 Jopue UBGD [N§) S'€00!
2360 ON eye ejeen sopueuedo | 2'eS-L'E'S L'€001 olid ® eweesd 919
— s8(}§ jo buiddew KJowep 22
Bupjoo| evinoses Jo} sesoydewes L~ ] 02'e00id
(i} e O ollum dpieueb Jo el e
o)) © 81860 Jo/pum uedp (] S'€004
Bupoo] 80Inoses Jo} SBXeIN pur sesoydewes L1211 | ep'e00ld
se|y jo Buddew Liowep et
Bunioo| eainoses ioj sesoydeweg it P'€001
8l B Q1M sre
vyeq oN ol v ejea0 Jopue vedo | 2'E'S-1ES 1"€004 6114 MOpeYS G1°9
AoReIp © eAcwey 1°e's §'€001
e Aiojeup Jo Kiopep & enowey | (1 10A) ¥S'y 2'€001
eyeQ ON Aiolvelp 8 eAOwey 2'S'S 1°€001 Aioweuq e elejeg v1°9
Kiooelip Bupom welnd ebueyn cev $'€001
Kiopeup Buppom weunds ebueyn (LA S¥ Z'€00l
eleq ON Kiopositp Bupiiom ennd ebueyd 1'2's 1'€001 Aiopesq ynejeq Ayoeds £1°9
Aiopeuip e exewy 1'e’s S'e00l
Kiowesp e exen | (1 10A) L¥'y 2'€001
eyeq ON Aioleup © eyep L'y'S L'€001L Aopesq & e1ves) 219
Ajue Aojesip s.efy 8 eAcwey 1'es S'€00L
so|y saowel | (1 10A) 25'Y 26001
Bj0Q ON Anue Aioioeup s,ely & erowey L'S'S 1'€001 sjijeelsleg 119
o} @ 8S0}D 1'1'9 S'€001
8jl ® 88010 1'e9 €001
eleq ON ojl) » 080[D L'E'9 }"E€001 oliJ ® 8%01D 019
sep) jo buiddels Aoweyy 22l
O/l pPewelp 181 Y9
peeJ SNouoIYoUASY SL9] 02€00id
o)} © WOl pes) Susued pue pesyy 2o S'e001L
se|y jo Buddew Lowepy 1zet
O/t pewesp 181 Lo
DBes SnoucIydUAsy 29 ¥'€00L
eleg oN ejlj e WoJj prey L'¥'9 1'€001 Ol © pueY 6'9
s6)y J0 Buyddew Kiowew ocL| oz2'eoold
19840 9]y ejuMpees uopsodey ] S'€004
sy jo Buddews Kiowepy (& 44} €001
Bleq oN 16840 o1y slum/pees Uopisodey £'S"'9 1°8001 Ol ® UM Wiod 8'9 |
uoriEpUsuALGoeY | numamﬂ T Jusweinbey buliyng sepigeder) d

(PJuoD) SIONIHIAIH SSOHO ANV AHVWWNS Vi13Q




ﬁllll.l.l..l.lllllll-llllllllllllll R —

98
{sedirep) seyy jejoeds jo Duiddew Kioweyy rx4%
831A8D O} O/ pelesp I8 Ly
80|ABP O] 8JUM SNOUOIYOUASY €L9| 02¢t00id
o) ousueb pue elum 2’9 S'€001
(sediaep) say rerceds jo Buddews Lrousepy veel
89(A8pP 01 O/] PeICeP 18 L9
82]AGP O} O)IM SNOUOIYIUASY eL9 €001
eleq oN . 80}ABP B 0} Bjep OJIM 29 1"€00L BleQ wsuel) 9L |
o|lj @ 8%0(D 1’9 S'€001L
BYeQ ON - ellj » 85010 L'E'9 1°€001 ediAe(] 801D €L
8Jy € ejeeud o ued) L9
soiy bunowes pue Buneern 1'es S'€00L
eliag ON - uoijeasd sjy reieued) £°'S L'E001 eopeq uedp 22
$8J)A8p |e}08ds Jo bujddow Klowew 22| oeeooid
$SE[D 001NeQ 9 L'e00id
o Jouoo ydnueu} £ec2] areooid
Y __L'€00Ld 8 seoinep [eroeds jo Buiddew Kiowew ¥ A" ¥'€001 Aiiqeireay seauq eomeqg 1L
W S8} Jo buiddew Kiowep cel
oy O/t paesp 1N vL9
M OJliM SNOUOIYOUASY eL9] 02¢00Ld
y 8|l © 0} @1um oueueB 1o 8luM rA Y- S°€004
m {0Quoo 8oRdS Bj14 €' )ES
uopewou| Alos|Ape efi4 L'V'ES| aQb'eo0ld
S so|l} jo Buiddew Kiowepy (S Ard}
m O/I pejoeJp i8I ¥'L9
S 8lM SNOUOIYOUASY eL9 €004
3 ejeq ON : 8il © BIUM zr9 L°€001 814 snonBuod elm 029
% sajy j0 buddew Aowepy 2el
= O/l pealp 18 Lo
8)IM SNOUOIYOUASY eL9] o02¢eooid
8}y ¥ 0] 8jum opeveb Jo ey 2’9 S'€00)
se|y jo Buddew Kowepy 1eel
O/1 pejoelip 19 L9
)M snouoIyduAsy £L9 °£004
eleq oN : oilj © 0} O WM zy9 L'E00L oiid B SlIM 61°9
ojy € jo yibue) eu} 1eS L'9s| ozeooid
uopisod eyumpes: oy ebueyd el
sewy ‘dnoib ‘Jeumo ‘sepow ejy eBuey) XA S'€001
uoiedoyfe ey Ajpow £ 1€
uoewioju) A108iApR o)} 198 VI'E2 ] ar'eo0ld
ely © jo LaBuej oy 195 L9's ¥'£001
sepow o ebuvy) {(LOA) L'y Z2'e00l
uogysod eyumpes. ejy ebuey) €S9
*yegd oN - sewy ‘dnaib ‘Jeumo ‘sapow e eBueyy | 9°9°5-4'9'S L°€001 seinguly o__ha_voz 819
I UOlRPUBLILOOSH |8 udan.mr 1 elesnbey J0Red 1 ooueiejey 1 Eo:li.u-m OMSSO _

(Pu0D) SIADONIHISIY SSOHD ANV AHVWWNS v.i13a

L R R RO




NAWCADWAR-94109-70

L8
$8ARILLG INGINo pue Induy 291’9 S'€001
seAprupd indino pue induy 59-1'9 1°€004 SeiIu3 VoEdIUNLILIOD
By8q ON - e9BlBlUI YIOMBU pejieIeq] v| 2ie00id puB YJOMIeN J6Wi0 0] sedepelu g'g
8duvlelu) edjAes SOV ] 1seid
83BLIelU| 8diIeS NV LS umowniun i'gecid
acBpelU) BoMIES AIOIDeN] 4 e'yeel
edepelu) buipuen eBesseyy 4 V'v22l
jueweBeueyy (eBexoed I'NSY J0)) 8sBUBI| EOIAIES 9 | 744} YIOMBN
HOMIBN PUe ISOY - SHYd MeN e 8depi6iu| YoMIeN pe|ieleq ¥] 21'ecold Piepuels AAVN Ot eJepeiyl '8
edBelu] [BUjW IS} [BIOUST) FAV AN S'e00¢
lonuoo edneq 22| Qr'gooid
By6Q ON - aoepejUl frululie) [eJeUeD 2L L"€004 edneq ebind/eziemyl 1L
Z'8001d v 58P 0jA8Q 9| z¢eooid 63A8Q) UNOWSIGAUNON 01 |
80|A6p WOL/0} INdIN0ANAU| SNOUCIYOUASY L'9] ¢2'e00ld
slum/prel ousuel ‘elum ‘peey e’L'9
lojeyeq Bupooiq-uou/Bupiooiq yim esep uedo t°t'9 §'e00i
louod edAeg gl 1’12 | ar'eoold
89jAep wolyo) Indinoandu) snouoIyouAsSy L9 ¥'€001
(6uno0jq-uou Jo Bupoolq) eojAep B O} B 4 &)
(Bupioojg-uou 10 Bupiooiq) ediAep B WOl peey L9 $98860044 10} ewnseypuedsng
eleq oN - Jojaeyeq Bunoo|g-uou/BuIoolq Yiim ednep uedo 1'g'g 1°€001 weweBeuepy eoneq 6L
SMyElS 6jld XiSOd % selid XISOd £'6-C'S S'€001
sweeng AyoseselH 6jl4 it eL'€001
e)Neq oN - $6L0K00.JI( pue sell S 1'€001 sedjies Ai0;0e5Q O 8°L
adeLielu| [eulW i) (BIOUBY SLve
$6|)) uo suojelsedo joUOY) s'L9 S'€001
{o11uod edAe( c'lefl qreoold
8088V} [BUJULIB] [BIOUBD) cLVve
e)8Q ON - $8)) U0 suoeIedo joNuo) 9 1°€001 891A8Q) 10RUOD L'L
$80BL8jU} JOLI] PUE JUBAT .G O} JejoY e .'G 605 UO[IBORRON JUGAT 69jA8Q 9'L
— “(sed1Aep) se|y fepeds j0 bujddew Kiowey ¥ B
82lA6p B WOy O peloesp 19 L9
601AGP B WOL§ PRAS SNOUCIIUASY 2'L'9| 02't00id
pree) dueust pus peey rA N ) S'£001
(sediaep) sepy jereds jo Buiddews Liowep 1eel
80JABP © WOy O/ PeXeNP 18 L
8O{ABD B WOJJ PROJ SNOUOIYIUASY L9 v'€00t
wyeq oN - B0IASD B WOY prel (] L'€001 BIBeQ 6A1906H G'L |
uofEpuewIcoeY | Buned | ewsinbey bulying seuqeded | ydesbered | 6oussejey | weweynbey SMSSO ]

(PJU0D) SIONIHIATY SSOHD ANV AHVAWNS Vi13a

[




NAWCADWAR-94109-70

88
dnyouq %8 21 '6001 [9n0IB 122001 . 6UON 80jAJ0S 198O Jualy 018 |
dnwoeq 88 216001 (dN0IB 12200+ ® SUON | 801A10S 1SRN PODPOMOUNY X 6 8
O8q 38 Z1L'€00L .dnoJD 12001 L GUON 80IAI0S 1SRINNASEINEO)T 8'8
anyowq S® 21°6001 OnoJB 12600} ® BUON eoiaieg Kidey - isenbey 28
Buissed ebessepy Zst| oeeooid
suopouny Gupioddng oy
pues L9y
8A800Y 9°'9'y
wj SS9y
0u3 9P| 2i'€t00id
sinoewp L Buissed ebessepy 2'Sk] aqreoold
eljed ON - Buissed eBessepy 2'St $'€001 eoweg Jejsues) wesbereq 9'g
suonoun; Bupioddng X3 ~
pues Loy
oAj808Y 9'9'Y
Hui SOy
vyeQ oN - jou3 v9'v| 2i1'e00id | eowes weibereg pebpepmonioy 58
suofiouny oujodang e's
pues Si'e's
eAleoey e
euuco/edUeisy) uedQ 6'e'S
108UUCOSIP/6OUR]ISU| 83010 Zes ISELd
suofdo eojases jo Aend celeg
suofdo espues jo Ayend geies
suogouny Bugioddng 9y
weuuodsiq L1'9'¥
weuuo) g9y
pueg oL'9y edAleg pejueiO
ejeQ oN . oAj606Y 69'v| 21'€001d -UOJIo8UL0D peBpemounoRun ¥'8
suopoun; bupioddng €S
pues siI'e's
OAl800Y Hes
Peuuco/eoUElsY] vedO 6c's
Jo8UUOIS|P/eOURISY] 880(D) ees Is€id
suondo 8onies jo Alend cgeied
suogido eoies jo Auend ceed
suopoun; Bugsoddng 9y
POuucIsi) L9y
peuuo) cLre’y
pues oL'9'y 80jAJeS pejuel)
wyeg ON . oA1000Y 69| ZI€00id ~UOOBUUDY pelipeimoinpy €'8
r uoepUeUALIoSeY | Buiied | Welie ;bey Butying sengede? | —ydeibersd | eousiejed | ewenbey

(Pu0D) SAONIHIIAY SSOHO ANV AHVWWNNS V113a

——




NAWCADWAR-94109-70

68

$5620id © O} (eUbls UO[IEULIS)} © puesg 9'cE
(ies) sseco0id e eleunuse | £L'e S'€001
pee.y} B JO UOJNJexs jeoue)) 128l
(#93) peeiyl e eleulwIe ) ¥'1'9L ] ey'eo0id
$898004d © 0} [eubis uogeuuel B pues [ (1 [OA) 2ED 22001
$s620.d © 0} Jeubjs uogeuwIe] @ pueg 2ee
PY'E001Ld e ()jes) ssac0id e ejeupuie | 2'2¢ 1°€001 $5620.d eleunLIe | 2'6
{uels o} 1fem) ebessell € eAjsOeY S°2'St
seinguije Buynpeyds peeiy; Bumes | 2's'e1-1'S'EL
siejewered pue Asilod Bujnpeyos ssesoxd jeg £eel
sselewe.ed Bujinpeyos ssesoid Jeg 1'eet
(1re1s 104 yem) uonipuoo ® UO JEM 1AMt
(L8 10) yem) ei0ydeLes pexoo| B 10 I 92t
(xre18 10} jrem) reubys ® 10} JeM £1'e| 02€00id
(ueys Joj irem) edid e woi) eBessew e pesy AN
eji & ainoexe pue ssecoid e Bleesy | Z'z'e-1'2E
ol B BINVEXO puE sSE00Id v BB | 2°1°E-1°L°E S°€00}
$56004d € umedg el'e] QPeoold
S8INGUIR UUM UONBE.O pBasY) 1274 '9L-1L'9t
seinqlye Bujnpeyos peeiy Sumes | 2'S'E1-L'S'EL
(1reys Joj fem) uORIPUOO B UO A 124y
(Lre1s 10} yem) jeubis © 10 1M oL'ee| evyeooid
(w18 Joj yrem) eBessew e aeo0y S'2'st
sJejewened pue Lonod Buynpeyos ssesoud 1e8g g'eel
siepwesed bugnpeyos ssec0.d Jog teet
(1reys 1oj yem) esoydewes pexoo B o} oM 9T’
(1re1s 10} 1rem) reutis e 1o} JeM 8'c't '€001
Hweishs, uogouny weyshs { (1 1oA) L€' c'eoot
+(JweisAs, uogoun; weisAg (441 eL’e00}
(ueis 10} yem) edid e woiy ebessew e prey (88 4]
(18 10} yem) feubys & o} ieMm re
(118 10} yem) reubys e Joj yem Lee
eueg oN _6{y B 8jnoexe pue ssecosd e eiees) | 2'1°E-1°LE (°€00 1L $38004d 8we.D (6

uonepUswLIcoey | mcaug EoEE_...domlmm___Elam sepqede) | zdmwmwam [Teouesejey | WeLeINDeY HMSSO

(pJuoD) S3IONIYI4IH SSOHO ANV AHVWWNS Vi13a




NAWCADWAR-94109-70

06
{eWnsai o)) ebessew ¥ eAl@o0y AT
(ewnseu 01) uogipuoo B U M 3 AN}
{pewnse: mun) esoydewes pexoo| & Joj e 9C'ti
(ewnse: a1) reubys e 10} JfeAr ei'e| o02eooid
wiod ueses oy dwn| [830}-UON (dwiBuoy
wiod Lreise (eoor-uou euyeq (duwifies
wijod weises o) dwnf oo oloB | 6686 OSI
(ewnses 0}) edid e woy ebesssiu © peey e S'€001
(ewnse. 0}) UCRIPUOD B UO YaAp 14 A9}
(ewnse. o)) reubis v Joj e olee] epeo0id
(ewnse: 0}) eBussaw & eAleoey S¢St
(pewnses pun) esoydewes pesxoo| v JO} M 9'C'LL
(swnse: 1) peuBys © 10} Jyepr 8'e'e $'€00}
(swnse. 0}) edid & woj ebessew e peey L'y9
(swnse: &) peubys v 104 Jepn cve
Bu8Q ON " (ewnse. o}) peubls & 104 1M A % 1’600t | (OdI 9°6 OS/e 86S) $88001d doIS #'6
(10} pejjem) ebessew © pueg veSt
(104 perm) uonipuod © reuBs 10 Iseopecig Lyl
(10} pelfem) sioydewes e xooun LT
{18 0) Bunem) sseo0.d B 0} Peubys B pueg pi'e] 02e00id
(10} perrem) edid u 0} ebessaw B el L9
(Leis o) Bunem) sssooud e o} pubys e pueg 9't’e S'€00t
(10} pejrem) uoipuoo e feubls Jo Jseopeoig eVl
(s o3 Buprem) peeuy & o} jeubys @ pueg Lee| ey'eoold
(10} peiem) ebessew e pueg yest
(104 peifem) e1oydewes v xooun LT
{1re1s o) Bupem) ssaoo.d B o} eubys e pues 6ee P°€00}
Jweishs, uopouny weishs | (1 10A) 1'E'@ 2'e00l
{Jweishs, uopouny weisig t'et 81200t
(10} pejem) edid v o) eBessew e M 24
eyeq ON - (ureis o) Bunsem) ssed0.d & o} eubys © pueg 2ee 1°'€001 $8604d LWIS €'6
uofepuewiucoey | m%ﬁ Juawelnbey 7] Emﬂ eouessjey | juelueNbey OMSSO

(PAU0D) SADNIHI4TH SSOHD ANV AHVWWNNS V.i13a

E  E—— R R R R R RRRERRRRERRRRRRZa




NAWCADWAR-94109-70

16
(10} peyfem) OBUSSIU © PUSS X1
Iy oL Uy ss800xd B 0y feulis ¥ pues et
(204 peiem) LoPUD ® BUB(S JO IsBOPROIg Lyit
(104 peyem) soydewes ® yoouNn XY
(ewnse. o} Buptem) sse00.d ¥ of reubls ¥ pues ¥'i'€§ 0C'e00id
(ewnses Bupreme) edid © 0} eSessow v ey ZLe
(ewnse. o} Bupem) ssecoid e o peubis @ pues 9'ct S°€00t
(10 peyem) uomipuco ® Bubss Jo jseopROIg eyt
(swnse. o) Buprem) pee.p e o} reubss v pves LI'E'€] ev'e00id
{101 perrem) sbussews 8 pueg ¥'TSt
einn; Ly u| ssecoid ® of eub(s ¥ pues veri
(10} peium) esoydewes e oo LT
(ewnse. o Buprem) sseocoid e of [pubys v pues 6'ct ¥'£001
{swnses Guneme) edid o) eBessew v UM [4 4]
eJninj 8l U| s3800xd S| O euBis & 8|NPEYRS v've
elieq ON - (ewnse. 0} Bunrem) sseooxd e o) reubis © pueg Z2'eE 1'€00t $8800.d swnsey 9'6
— {ewinse: O} 6bessew € OAlGOOY | SCSh
sesdeje ewp jun iem STyl
{ewnses 0) uogPuod B LO YBM grit
(pewnse. un) esoydewes pexoo] e 10 M 9Ctl
(ewnseu o1) pubis © o e g'L'el 02°€004d
(Aetep) sesdee ewy Jpun M 9'6] WHIEPY
(ewnses o)) edid e Woil efessew e peey AN} S'tooL
(ewnses 01) LopIPUOS © LO 1M 1 2 23
(swnses oy) eubis © 10§ e oree| evreooid
(ewnseu o) ebesseiu v sa808Y x4
sesdeie ewp jpun M seyl
(pewnse) pun) sioydewes pexoo; © 10} M 9T
(swnses o) pubys e 10} yepr g'c'e +¥'€001L
(ewnsey o) adid wouy ebessews v peey 9
sesdeje ewp (UN JIBM eye
(ewnses o) feuis e 10} Y@M Tre (odi
eyeg ON - (ewnse. oy) eubis v 10} 1M _L'eE 1°'€001 8'6 0% eeg) $8600id puedsns 56 |
UOHEpUSUAUGOSY | Buped | Wewenbey Duliging seniigede) | yoiibered | eoueiejed | 1UeWwsnbey OMSSO |

(PJu0D) SIONIHIAIHY SSOHD ANV AHVWWNS vi13a

* . .




NAWCADWAR-94109-70

¢6
Buissed ebessepyy 'St
Kiowew pereys get
S8{qelIEA UOIPUCD PUB ‘SeXBINW ‘sesoydewes P2t
(DdI 18x%00s “edid ‘aly) OA snouoiyduhsy L9
(Dd eits) O/ peziuoyouis 9'9
sjeubis i'e| 02'€00ld
suogesedo jueae WS 9'v} 2L'E00Ld
"010 ‘5104008 'soyy ‘sedid ejum pue peey 2’19
sod|d L1've
sjeubig et G001
sinoswy yiw Bujssed ebBessew st
SINOOWR YiM sexeinyy et
sinoewn ym sescydeiwes 9°2LL] areo0ld
6uissed ebessepy r4+]}
sejqeleA UOHIPUCD pue ‘sexeinw ‘seioydewss L2 Ll
(Ddl 18¥00s ‘edid ‘ely) OA snouciyouhsy L9
‘0le ‘s18%00s ‘se|l) ‘sed|d eyum pue peey Svoive
sjeubis €€ eveooid
buissed ebessepy 'St
Kioweuw: pereys €2
seJoydeweg F AN}
(Odi 18%00s ‘edid ‘sjly) O/ snouosyOUASY L9
(Odl 8ly) O/ pezjuoiyouks 99
sreuis { 3 ¥'£001
*0le '$18%00s ‘sejy ‘'sadid 8jum pue peey Tro-Lv9e
sedid [
speubis Tve
eleqg ON - speubis 14 1'€001L uofiesfunwiwo) ssedosdielu; g'6
sasdeje swp jiun \epm A 4
eimny ey} uj sseco.d e o} (Bubys © puesg el
(Kejep pue o1) reuBis ® 10} e €1'e] 02€00id
(Aejep) sesde|e ewpq Wun eyem 96| WHIepY
{swnse1 0}) edid e woij ebessews e peey AN §°€001 : : : -
(Aetop pue o}) rubys e ioj ifepm 0L'e’e{ BY'todid
sesdee swg jun epm geri
aimny eyl U ssecod B o} feubys v pues 1 x44}
(Aejop pue o}) mpubis v Jo} e 8'¢Et ¥'E001
«desys, Ayn deeig | (1 j0A) LS¥ 2'€001
(Aejep pue o) edid wos; ebessow v peey L1'v'9
sesdee ewp jpun e eve
(Kejop pus o) peubys e 10} YeM Tye
e.ninj ey} U} sseooud s)y) o) reubis e einpeyog I'v'e
eyeg ON - {Keiep pus o1) reubls e Joj JEM LEE 1'€001 | (OdI 8'6 osfe eeg) sseoad Aveg L6
uollepuswwodey | mc_iw_. { Wewexnbey buijiging mwm_..n_auqao 1 cmu..ﬂ!unﬂ— aouelejey | welsanbeH DOMSSO |

(PJu0D) SADNIHIH4IH SSOHD ANV AHVWWNS V1134

L T EEEEmEmy




NAWCADWAR-94109-70

£6

smejs uopeuile) sseoosd wnjey S'L'E S'€001
snjejs UOIlBURLIB) preiLy} uinley e1'91 1 ey'eootd
.5d. Ayinn smyeys ssesoid | (1 1OA) €2°S 2'e00i
$dnoub 2'€001 bue /€001 e snjels uofeuise) sseso.d uinjey \'2€ L"€004 SnjelS 558001d BUIWEXT 11'6
Konod pue siejewesed bujinpeyds 108 ceel
siejewered Bujnpeyos jeg rees
sisjowesed Suynpeyos peeiyl 1eS 2'ct] oeeooid
$Q) dnoib pue sesn eaoeyje pue [ees Awles | v Iv-E LY
Q| voisses Aw jeg rAl
Ol dnoub ssescud Aw jeg AN 4 S'€00t
sie1ewesed Bulnpetos peeng 10S esel| aveooid
odA) pue eiels Aiiqejeoued peelyl leg A1
siojeweled Bujnpeyos peely 18S S'S'tl ] ©pe0did
Kojjod pue sielewered Buinpoyds 198 eeet
siejewered buiinpeyos 105 t'eet v'€001L
ai dnoib ssesoid Aw jeg eer
ql uoisses Aw jeg F A% o {Odl g'6 ose
eleq oN - sl dnoib pue Jesn sAndeye Aw 188 2T 1'£001 80g) $8)NqLUNY $3890ld | Aypow 01°6
siiwi| Jolewered dulinpsyds 189 9eel
Aojiod Bujinpeyos 189 Peel
siojowessd Guynpeyps jog) ceEl
siejewered Buinpeyss peeny) 16D geL] oeeooid
a! revjuwue} Buyjoguod Aw 199 eresL
sew sses0.d Aw 109 L1'ey
sQ) dnoib pue Jesn eajoeye pue ees Aw 189 ively
0} dnouB ssesoud Awi e rA S
$Q) sse20.d esed pue ssesoid Aw j8D [N S'€001
%2010 NdD peesy) 8860y 9102
seINquIe *o0oP NJYD s$8201d s8800Y s'Loe
HOOP NdD $58001d 88690y g1oe| av'eoold
Ql pesiy A 19D S'i'9l
siejeweled Gujinpeyds peelyl 105 2'S’et] ey'eooid
siwy Jelewesed Guiinpeyos 189 9'e'eh
foyjod Buynpeyos je veel
sieowered Gujnpeyos 109 geet ¥'€001
.sd, Lign snjets ssevoid | (i 1oA) £2°S 2’600}
at reuiwnet ujjoquco Aw 189 XA 4
sewyq sse20.d Aw JoD AR
Q| dno.b ssecoud A 18D (08>8 4
ewsu Josn Aw je0 ey
sQ dnoib Arejuswe|ddns Aw jeo eecYy
s} dnosB pue Jesn eAde)e pue jeas Aw jeo 1'ey (0d g6 Osp®
eleq ON - Q) sse00.d Juesed pue ssedoid Aw Jeo viy L'€001 | _0eS) seinquiy §S800id eupuex3 6'6

uoEpuswiwooey | Buney |

luewesinbey bujiiying sepigeded |

zaw.mﬂmm [ eouessjed |

(PJU0D) SLLwAHIATH SSOHD ANV AHVWWNS V1130

jusiexnbel HMSSO |




NAWCADWAR-94109-70

v6
s[eubls penenb ewpeey v'e| o02'€00id
ON [euluLe) Jo Y01 se pejeiousb epeubis 64" 1°L
O/l leupLe) JO Ynses se pejeieusl spubis £e
suopdeoxe pue sepoo Jou3 e S'c00!
uopeoyniou ‘Bupjooy ‘esmdes dnueju) €22 | av'eooid
JuBWIUOJAUS SPEBIY) O} pepuslxe se sfeubls £€e] eveoold
speuBis penenb ewpjeey { 4 3 ¥'€004
Ol [Bujwe JO Yinsel se pejeieushb sieubig 6L
gLEX pue ‘dnoib gSyHS O/ feutwsel Jo Yynsei se pejeieuss sieubis %
XISOd ‘4SO ‘feucieusaiv XINN ] 0OULI6 JO 8POJ UIN}I 10116 BIA paLiodas slouy v’ L°'€00t UORo8lo] Uonewiol yned L°i L
8000s-84 10 8|y peey L9 S'€00!
(sd soueyue) sdnoib 2'£001 10 £'€001 ) 1y peey 4] 1°500} AioisiH uopnoex3 Z'o1
oy peey }'9 S'e00}
9doos-81 10 OMSISd 01 18480 ) e)y peey $'9 L'€00L uoddng B6ngeg 101
o “Bunpeyos uopnoexy €l ] 02'e00id
UOABUIWIS) ‘UCHNOBXe ‘UOHEeIO §8890id zeie
ssecoid jo uogjuyeq 89222 S'€001
UOBULLIIB) ‘UDIINOBXE ‘UCHEBID pesly ] 1’9l
speeiy) 0} Bujnpeyos uopnoexy €l
pee.yl & jo uogjuyeq tgt'g'ee| ereooid
s8ss800.d 10} Bujinpeyos uopnoex3 118 $°E001L
UOHRUIWIB) ‘UO[INOBXe ‘UORBeIO §88001d ze-1'e (Ddi 9°6 ospe eeg)
Blleq oN - $s600.d & Jo uonuyeq 29'eze L"€00t uopoun wewebeuey weiBold y1'6
dnoiB £'€001 U1 peeiy
O uejsespuiodioeyd elebiiseAu) e Aupqedes ueises pus juiodyoeyd s58001d 2L Bi'€00L $80201d UBIseH/eAes £1°6 |
$Q| $$600.d uased pue §8690id AW }65) L'y
(pexi0}) ssesoxd meu e jo () s8820id URIGO 12t
sQ| ssedasd Jo esnel pejofuod St
sse20.d meu e jo i ssedoxd uriqO cLe
Qi ssev0xd jo vopiuyeq eLeee S'€00}
(peumeds) ssecoxd meu e jo () $5800.d URIGOD £1e] ar'eooid
01 peeay Aw 189 L9l
€Q| pesiy jo #snel PejoAU0D €19l
peanjl mou e jo (J| peeny urKgO el
Q) pesiy Jo uoliuyeq 2I1'CTe) Wyeo0id
8Q| ssed0.d juesed pue sse00:d Aw 180) Ly
8(J( 880904 j0 86N81 PojjaRUOD i'ce
(pewio}) s5800.d Mou ® Jo qj $5820.d URIGD 11 (Ddi §'6 o8 eeg)
eyeq oN : _Qi ssecoxd jo uoniuyeg _Leee L'€00L |  uoReoyuen) (peesy)) ssecoid 21'6
uoepUewwodey | buned | Welsinbey Buiyind seRyiqedeD | ydeibeied | edueiejed | JUeWeNbey BMSSO |

(PJu0D) SIONIHIITH SSOHD ANV AHVAWNS Vi13d

e ]



NAWCADWAR-94109-70

g6
SUOOE PUE DUPISBW jeubrs ss850.d teec S €004
oAU edneQ eiz-1'12] qreoold
e1ee
suogoe 3 Bupisew reulls peesyl 21| ereoold
816X pue ‘dnou SSYHS eree
XISOd ‘4SO ‘uonuuieiu) XINN . suoiiow 3 Bupysew wubis sse00id AN 1'€00L esuodseli ne4 @i |
sucfideoxe pus $8p0d JoM3 rve S'E001
8LEX pue ‘dnouB SSYYS 104u0o 838 gi12-1'12| areoold
XISOd ‘4SO ‘ruogeussiul XINN e QUL JO 8POO UINJA) JOLS BiA pepodel 10U ¥'2 1'€001 uofie(os| tine £°|
SUOHe puv BupjseW [euDs $s800.d 12¢ce S'€001
eiee
suogoe § Bupisew reubls peeny) T1ee| eeo0id
8.LEX pue ‘dncub SSYUS gree
XISOd ‘4SO ‘reuoneuseiu) XINN ] suonoe  Bunisew eubls ssed0id -2 1'E'E 1'€004 sployseslL uopoeleg yned g'ii |
oy pesy) 19
SNjeIs UORBUNLIG) $86001d S1e
suofideoxe pue $8podO JOLJ yve S'€001L
104UCO 8djAeQ e12-1'12| ar'eooid
$NJeIs UCHBURLLE} peaIy ] e'i'9l By'E001
ey pesy v
8.LEX pus ‘dnoub sSYHS SNl UOBUIWIS) $8600id 1'2e
XISOd ‘4SO ‘reuoneussiul XINN e 0ULI6 10 8pCO UINIB] JOLIS BIA peLodel 8013 ¥ L'€00 snjejs puoneiedo 'Lt
8.LEX pue "dnouB SSVHS
XISOd ‘4SO ‘reuogeuseiu) XINN e 104uoo edjAeQ giz-1ig| aveoold synsey sise onsoubeiq ¥'i 1
o 8.1EX pue "dnoib SSVUS
XiSOd ‘4SO ‘uoneuIeiu) XINN 8 loauo) esneq gig-11z] aveoold 1senbey sisey onsoubeig 1t |
S[eUDs penerb ewmeey I'e| 0ce00id
O/l feujie) Jo Jinses s8 pejsieuel seubis 6 1'1°L
O/l faujwie} jo ynse) se pejpseusB sreubis et
suopdedxe pue £8pod Jou3 rve S'€00%
uopedynou ‘Bupoo; ‘aimdes dnueiu) g2z aveoold
JUBWUOJIAUS SPBBILY 0} pepuelxe se spubis £cl eyeoold
speubis penenb swpeey £t ¥'c001
ON [eunwse} jo inse se pejeseuet sreubis 6L
8LEX pue ‘dnoib SSYHS O/ [eutuuse} jo Jinses se pejeseuel sieubis £t
XISOd ‘4SO ‘reuogsuseiu} XINN e OULI8 JO 8pOJ WINIBJ JOLIS B|A peyiodel siou3 ¥'e L'E001 1senbey uogeuuoul yned it |

uogepuUeALIOSeY | buiey |

juswiainbey buliiyind sediliqede)

1BeJed | souesejey |

Wews DS DMSSO |

(Pu0D) SIONIHIATH SSOHD ANV AHVWWNS V.i13a




NAWCADWAR-94109-70

96
shiw|| welsAs AN Ar S'E001
$300(9 8WR NdD PRy} pue $8800.d 102
Aoyiod Gujinpeyds Jenses apeiods veet
(weteAUy J0 8iqeLIRA) SHWY BOPOWINN 82| qveootd
Bunioieq avr'e001d woddng (wepeAu) Jo ejqeiea) syuy reopewnN 2] ep'coold
8LEX pue ‘dnaib SSYHS (iuspeAv) Jo 81qELIEA) S} fEOPIBINN 8e ¥'E004
XISOd ‘4SO ‘reucpeusaiu| XINN Sy edmnosey ¢l | ®iL'eooid
“Bugoireq ®1°£001d Loddng - (weireAus Jo sjqersea) sywy respewnN 82 L'E00L | SinUn UOHBZInN edincsey 18S Si'Li
sawj e}y 189 €S
selug sseoaud 109 t'ey S'€00t
$XO0}0 8t NdD Peeiy pur $86004d 1’021 q¥'e00ld
8LEX Pue ‘dnaiB SSYHS seluy oy 10D c9s
XI1SOd ‘IS0 ‘1euogeursiuj XINN ) sewq sse20.d 199 [ R4 1°€001 Bunoyuop eduewioped L1l
S$8O 808 9 't00id
$2020.d e 0} [euBys uopeupLLe) ® pueS 9°t'e
wesbosd v ejnoexe pue ssesoid s eerd | 2Z'e-1°2c
uogieuiwie; ssec0id 1o} e S'I'e
3800050 UMO B)BUKLIS ) £e
weiBoid v ejvexe pue ssecoid e ejees) rA & S'€001
0U0D 8N gievie
weiBoxd e Bupnoexe ssescoid 8 umeds I'e] ar'eooid
UORR{{8OURD peeIy | A 1
PBOAR UMO SRURLIO L el
UOfleujLIB] pReAY) JO) BM €19}

uogouny e Bupnoexe peasy ® e |2 1°91-11'9L | eH'€00Ld
$8000.d ® 0} eus uogeuLLIe} ® pUeS 4
$$620.d UMO e1BULIIe | z

81€X pue ‘dnoiB SSYHS uojleuruie) ssedosd Jo} e b
XISOd ‘4SO ‘reuogeussiuj XINN L] weiboid 8 ejnvexe pue 8ses0.d © 8}0el)

NN

weuodwon
€004 weisks eiqesig/eiqeus 0441

8jl} ® UM

$5000.d 8 0} Jeujs uoeupLIe) B pUBS
weiboid e eindexe pue ssecosd © ejeel)
uofisupLIe) sseo0x Joj Yo

£8820)d UMO BjRULIe |

wesboid @ eynvexe pus sseacid © elees)
weiBoxd e Bugnoexe ssec0xd ® UMRDS
uofiejieousd peey

PRSAY UMO BBUNIG | v

. UORBUNLLIG) peeay IO} IleM €
uogouny & Buginoexe peesy v ewesd [ 2'1°91-1°}

OfY) SIUM

$s800xd © 0f feubis uosuNLLe] B pUeS
$$600.d UMO SJBURLIS |

8LEX pue ‘dnaub SSYHS uopeupLIe] sse00ud o) IBM
XISOd ‘4SO ‘euogswel) XINN . weifoxd v einoexe pus sseccxd ¢ swes)

o
N
]
N -~ ©
s N P Dedo et bided Mt
BN D rrerrBG0O000OGN0O

$°'€001
Qr't00id

.
e N

SY.£001d

NN
—-NNMe

18001 voenByuooey 6'4 |

UofepUsUALCoSY | Buriey | Wews:nbey BUNIINg semilqedes | ydeiberid | eoueieiey | _ Wewebey DMSSO |

(PIU0D) SIONIUIAIH SSOHI ANV AHVYWWNS Vvi13a

L RN~



NAWCADWAR-94109-70

L6

TewiebeURyy 8N0seY -5V d MON
‘PY'£00td pue dnaib £°e001 q SUON Ayoede) sdinosey weishs zi-2t |
— wewebsueyy 6in0sey HVd MON GOREONOeds
‘dnouB £°c004 q SUON 8:0&2...&.4«..! ednosey weishs 1121 |
dnoiB ¥'€001 10 L €001 8 OUON 82inoseY e1eoojeeg ot ct
dnoJB €001 40 | €001 B SUON 8JIn0seH 8ledoilY 621
L'E00id q 8UON joiluoQ eseeley 821
2'€001d q SUON joiuoY) ereubeeg L2t |
ssep edjneq 9] Lcoold
(si0iduosep eyy) sejy uo suojeiedo j04UCD S'L9 S'€004 $00jIeg Junowsiq
(iunowsipaunow) £€001d ) (sioiduosep ejy) sejy uo suogesedo PRUCY $'9 1’6001 | pue wnow ‘eieaoifeeg ‘eisoily 921
_ 19910 Kiowelw peseys © o} 56886.1ppe §5600.d dBW gei-22L | o02'eooid
(Butreys 8poo) £'€001d q| welao Aiowew peseys e o) sessesppe ssedoid dew XA RAA $°€001 Kowew pessus 521
Kiolew peddew Buoei0id gcet| 02co0id
PP'€00id e Aiowew peddew Bupoeloid g2el v°e001 |  Aiowe Bupoeloid AeonueuAg vzl
uogedojfeeQq
Py €00Ld LJ (101e00(p) 80Wep fer0eds © Buiddew Aiowew 22t €001 |  pue voesoly Asowep oweukq €21
eyeq ON - SUOoUN) BUBOO[UN PuB BuPO| AIoWey ¥ ¥'€00L Bupioo] e0eds PHUIA ¢ ¢k
L'€00id 8 uonewojul AlosiApe Alousey Zi'e2] Qreooid Uoddng AJowe BNUIA L 2L
8ONep eDeIOS 0 e jo Buddeus Auowepy Z2'ct| 02€00ld
eonep ebesals 10 ey jo Buddew Kiowep 27cl €001
eyeg ON - uejses pue iodyoeyd §s800id Z'11] e1'e00id seinpNIS eleq jujodyoeud yi'il
UOQRIOIA 8215 WNLXBW 4 gele S'€001
gLEX pue ‘dnosb SSYHS UOREIOA PO WLIXeH #2191 ) ep'e00id
XISOd ‘4SO ‘reuvogeusetu; XINN siwy) edmosey 21| ei'eoold Uo{TRIOIA
-Bugoifeq €1 '€001 d boddng - UONBIOIA 628 WNW(XeW 84 »'2v9 1'€004 S} LoReZIRN ednosey €111 |
[ UoepUGUAUGOSY | Duney | ewe nbey Duliiying segiiqede ibesed | eouesejey | SIS DO DMSSO |

(PauoD) SIONIHIAIY SSOHO ANV AHVWWNS vi13d




NAWCADWAR-94109-70

86
sew( £8650id j85) 'Sy G001t
Suuoiow ewn NdD PeeAy pue 83600y 102 | areooid $8000.d
BY6( ON - sewy sse00.1d 105 sy 1'E00L |  © O 8w} UOINOexX3 eAgejmung ¢l
$00] Uid8 10} Alowew peryS €2l
$01qBLEA LORIPUOD PUR 'SEXOIN 'SB.J0UTReS vii-2iil ] oZeooid
(Aureuogoun; jes pue ise}) Aioioesp %00} B 8188l 1'ZS S'€001
Bupioo) ydnuseuy Leee
SINOOWR Ly sOXEINY el
SINOBWR LM sesoydewes 9241 | aveooid
$OjqeyeA UORIPUCD pUe ‘sexeinu) ‘sesoydewes Y2 L] ey'e00Ld
$%00) uids 40} liowew perys g2l
sesoydeweg r 41 ¥'€004
BleQ ON - (Aureuonioun) 188 pue 1se1) ejy sooj B eesD | Z'E'G-L'E'S 1'€004 uotsnpx3 NN 2'eL
Buissed ebessepy 261
Aowei pemys et
SO(qRUBA UOHIPUOD PUR ‘SEXEINL ‘se.0ydewes L2
(o1e ‘sieno0s ‘sedid) O/ snouoiyouhsy L9
sreubls 1e] ozeoold
"016 ‘sjexoos ‘sedid ejum pue peey ze
sedigd L9
speubis £t S'€001
sinoew( Y Buissed eBessepy Zsl
SINOBWIR LM sexeInyy el
sinoewn Yum sesoydewes 921t | aveoold
6uissed eBesseyy Zsl
S6|gBIEA UOIPUOD PUB ‘S8XeINU ‘seloudewies P
(218 ‘siexo0s ‘sedid) O/ snouoiyouhsy L9
"oje ‘siexpos ‘sedid ejum pue prey |  Z'¥'9-1'¥'9
speubls £c| ®re00ld
Bujssed ebussepy 'St
Aoweiu pemysg 1>44
sesoydeweg I
(o1 “siewo0s ‘sedid) O/ snoucsyouAsy L9
sppubis £t ¥'£001
e ‘sievoos ‘sedid eyum pue peey | 2'y'g-1'v'9
.&uM L9
spu e
¥eQ ON : sreutis €€ 1°€004 UORRZIIORPUAS 83800 1'E1

UOGBpUSLALCOeY | Buney |

Bemg ] sowmpy] TSy S50

— p—

(PJU0D) STONIHIAIH SSOHD ANV AHYWWNS V.i13d




NAWCADWAR-94109-70

66
(Aejep) sesdeje ewq JuN M 96] WHlepy
sesde ewp jaun M seTHl
e.imny ey} v} ssedosd © o) feubis v pueg vevi
(Aejep pue 0}) reuiis ¥ 10} 1B £L1'e| ozeoold
(ewnse. o) edid © woij ebessew ¢ peey 29 S'€00!
(hejep pue o1) reubs  sof M ot'ee| ®ereoold
sasdeje swy |pun e STyl
8N} ey} ) ss800.d © 0) feubis @ pues revl
(Kejep pue o)) reubs e 10} oM 8'ee ¥'€001
«deeys, Aun deeis | (1 1oA) L6y 2'e001
(Kejep pue o)) edid wol} ebessews ¢ peey L'y9
sasdeje ew jgun e €ve
(Aeiep pue o1) eubis v o) oM sre
aninj ey v} $8850XJ s O} PeuBis ® eNPEYSS 1've (Dd
Byeq ON (Aejep pue o)) feubls ® o yeM LEE L'E00L | 96 ose eeg) Aejeq Bulinpeyos 9'eL |
suoouny 'siejewered 'sepljod BuNPEYdS €El-2el | 02€00id
6doos uopuewoo pue Buynpeyos peesy ). SEI-PEl
suopouny ‘siejewered ‘sepyod Bunpeyos g'el | ®eyeootd
dnoif 126001 P suofoun; ‘ssejewesed ‘sepiiod Buinpeyos EEL-ZEL y'€001 | _uonsuiuoju Bujnpeipg sednies G'El |
SWIGAG pasned Jasn io) Sjeubs penenb ewpeey 1'e] 02°€00id
O [BupLIe] JO YiNses se pejeieueh spubis 8L
SJUBAS JO )Inse. 8y} se pejeseual seubis > S'€001
uofieoyniou ‘Bupoo) ‘einided idnue] €22 | aveooird
1UBUIUDJIAUS peeIL) O] papuaixe se sjeubls €€| ereoold
sjuaae pesned Jesn Jo} sreubie panenb ewpeey €t ¥'0001
OA [BupLIe)} jO ynses se peleseuet speubis 6L
eyeg oN SIUBAE JO }inses 8y} se peleseust spubis 1% L"£001 JUBAT UR O $8600id B LOBIY 'EL
UoIEpUSWWIoeY | Buney | 1uews.inbey Buiiin semi ibered | eousiejed | Wwewe ooy BWMSSO |

(PJU0D) STIONIHIIIHY SSOHD ANV AHVAWNS Vi13a




NAWCADWAR-94109-70

00t
Aoiod pue sisjewesed bujinpeyds 18 £EEl
ssejewesed Bugnpeyos 18g LEEL
sJej0wesed Bupnpayos peesy leg CEL| 02€00id
ssejewesed Buinpeuds peey jes 2's 2 Q¥ $00Ld
ssejewsred Bujgnpeyos peeiy; 1eg b4 > By'£00Ld
Aopiod pue sielewered Bujnpeyos 1eg £e 2 sieljewened
BY8Q ON - si1ejeweed Buiinpeyos 1eg L'E'El ¥'€001 Bulinpeyds §O UoNBOYPOW OL'EL
Koijod Buiinpeyos ssedoxd es £EcEl
siejewesed Bujnpeyos peesyi leg el | ozeoold
einqune Aajod Bulnpeyos UOHBEI PeeLy 16S L'S'Eh
Aojjod Buynpeyos ssecoxd 1eg eeel| ar'eodid
eingime Aojod Buynpeyos uopeesd peeny les 1's'et | evcooid
e} ON - Aoyjod Buynpayos um8oa 108 el »'€00L | Adiiod Buiinpewds e jo uopoeles 6°'c1
ulinpeyos
$se00ud YIH10 QIHOS ‘HY QIHOS ‘Odld_O3HOS eel-zel | 02€o0td
(peey, pue ssec0.d) DIQVHOLS G3HOS v'cL-2el | ayeooid
sj000t04d Bujinpeyos xeimu BupIeAul-uoN 9'El
Bujnpeyos peey) el | ereootd
Bujinpeyos
BleQ ON - | $s800:d HIH10"Q3IHOS ‘HH_Q3HIS ‘'Odid"AIHIS EEL-CEL €001 $eoljod Bulinpewos eidnin g'el
~ (Kejep] sesdee e [iUN B 96| WHIepY
sesde® ewq {un em X4 4]
Aireoipoyied sseooxd & of jeubis pues rerl
uolipuUoO § Buifeme ejium uognoexe Jipoyed syl
(poped jo GuuiBeq) reubts © 105 1IeMm g'1'e| o2eooid
sidnueju) JBWR MWH [eLeixe Jeme pue exded ]
wewysiueides opoued - seales ojpwiods y2el| aveoord
Uoipuoo B Bupfeme BjiuM LOINOEXE diPOliey 12 aY
sesdee ewp jjun Jem £¥e
(poped jo BupuBeq) peubys v Jo) yepm Tye
(poued jo SuuuiBeq) peubys v 10 Yem oLee
(poved jo BujuuiBeq) reubss ® 10§ IBM gct
(popied jo SupuiBeq) reubss © sof yem Lee| =peo0ld
sesdee ewy pun YeMm ST
Amoipoyied ssecosd e oy eubis pueg 1434
(poyed jo BupuiBeq) reubis v Joj yeMm 8ce ¥'€001
sosdue awp un Yepm cre
(poyed jo SuuiBeq) reubis v Jof e Zre
eininj ey} uj $8800.d S|\ OF [RUBHS © BjNPEYS L'y
24eq ON : {poyed jo BuwuiBeq) pubss © Joj wem _Lee 1'€004 Supnpeyos oppoued L€t
UOTBpUSUALIGOeY | Buied | .c!:!w&og%ant 8508} | WeWeNbey BMSSO |

(PJU0D) SIONIHIITH SSOHD ANV AHVWWNS V113a

N




NAWCADWAR-94109-70

Lot

$5650.d © 0} [eUbJs UORRUNLIG) B PUBS 9't't
(}e8) s3890.d © ejRURLIE | eLe $'€004
peeJy} B JO UORNOeXe |ede) 1’2’81
{sies) peonp v ejeurLIe | P'L°9L | ®P'E00id
ss820.d ® 0} [euBys uogeunLe) B pues eee
8dnoib £'€001 JO 1'€00L e (1es) ss800:d ®© BlRULLIG | 22e 1'€001 UMOPINS €L
sjewy pue 401D cvi| 02'€00ld
umowuun umownjun 8'€00id
ssejo dmjoeg €l
ssepP YIoMieN 3!
sSRP uolEORUBYINY (43
ssep WeIsAs 0!
ssep oujyory 6 L'e00Ld
JUBWIUOIAUS $88701 14
soAfuud $8800iyg € S'€001
sewg pue 400D vl €001
JUBWUOIAUS §58201d v uojezjepiuiey
$dno.B £€001 10 1°E€001 L) seAlwiLd 8560014 € 1°€001 pue uogeziepu; welsis 2'vi
sSe[0 WesAg ol
$8RP BUIYORN 6 L'e00\d
oy e eyndexy 23t
oy ® Bugnoaxe ssecosd v ewes) 4 & §'e00t
o}y & Bugnoexe ssedsoid e umedg £1'e] qyr'eooid
sdnoib £'£001 10 18001 e ol & 8)noex3y ZLe 1'E004 peo eBew; vy
$650%| W} |UN JBM UORN|OSe] YBIN serl
siowg uotinjoses ybi r'evi
Aojjod pue sseewered Bujnpeyos jeg eeel
siejewered Buynpeyos jeg L'eel
siejowered Suynpeyos peesy 1eg 2eL| 02e00id
sidnuietuy JewR M/ [BUseIXe Jeme pus sinydes) 22
siejowened Buynpeyos presy; j1eg 2GEL] Q¥'eoold
sielewesed Buynpeyos peeyp 1S 2SEL| epeo0id
sesdeje ewy (AU yem uognjoses yBiy X4 4)
siewg UoRNjoses yBiH vyl
foyiod pue sieiewesed Bulinpeyos jeg eeel (weweBeueyy
eyeq oN . sieiewe red Buinpeyos 1eg 1'eel #°€001 Jeuir) Busnpeyos espeid LiEl
UOEpUSUALICoeY | buned | wewsinbey Buniing seniqeded | udeibeied | eouasejed | WewsNbsY GMSSO |

(PJu0D) SIONIHIAIH SSOHO ANV AHVWWNS vi13d




NAWCADWAR-94109-70

col
uofinNioses %0 189 t'eve
eyeq ON einngs sedsewi | 1Lt ¥°£001 30| voisioeld L'l
{eubis Jowyy Joj uogoe ysyqeisy 1'Sct WY1 epy
18wy 10ys-8uo Jo dipojed B Uvls pue jeg vevt
$JOWNR 81816p pue 8186ID |2 PL-2°T Vi
reuBis Jaws 10 wiere Jof iBM ei'e| 02€00id
sidruieiu Jewn W/H reuLeIXe ieme pue einided €2e2| areooid
feuBts Jolug J0 wreme Jof e e
reubis Jewp Jo wiee Jof Ifepm ol'ee
reubis Jew 10 wiee iof e 8'c’e
reuBys Jewip 10 wiee i0; YoM Leel eyeoold
Jauwip Joys-euo Jo ofpojsed e Leys pue 18g vere
sJeup ejejep pue ejBeI) (e 2Pi-22 i
1eubys Jewp 10 wiefe o} yepm 8’ct ¥'eo0l
feubis sewp 10 usele JOj UBM cre
886004 s(y1 0} (BuUl(s wiem uv eiNPBYIS I'vr'e
reubys sew Jo wiem 10} YoM Lee
eleq ON feubys Jewip 10 WierE JO} UOROE YsiiqeIST $'C'E 1'£00} Seolues Jewl| 95t
$}000 80N Joj uoddng t'evi | 0ce00id
Bupiome) $%00P B NdD pPee.yyssacod Joj woddng 12t | ab'eooid 301D
wewsesnbes snid dnoib 12°'£001 p 8%o0p ejdninuw 10} Loddng 12 vl $'€001 eouslejeY / baE_utw ey} 818207 'S}
$H00(0 8(dinus 10§ Loddng 1’2yt | 0c€00id
$%00p0 ewy NJD presYYssesoid o} woddng i'evi{ areooid
HYd Meu dnoiB 1Z'€004 e $%000 e(dnjnws 10j poddng L2yl 'E001 | %0010 eouessjey Arwid ® 100jeS $'GL
%O0[0 dj10eds B 18s pue "uopnjoses el 189 1'e'vi | 02'€00id
€0/ABP [BUIBIXE UO O[O 198 PUB 8L 10D 22| avr'eoold 832010
eleq ON OO0 oljioeds B 188 pue ‘uojnjoses ‘ewy 109 12wt ¥'€001 peisies Jo UOHBZIVOIUOUAS £'GL
OO0 peKeds e 18g t'epl § 0C€00id
€S8P WeisAs JO ssep sUjyoRN 0L06 4'e00td
(nonep) edep feussixe UO %P € jeg zie
(e1qeuopsend) 30 ewp NdO presy; © 18S 9'1°02
(eiqeuopsenb) »oofp e NJD ssedoxd & jeg €'1°02] av'eooid
eleQq oN %o0p peyroeds e jeg L'evl +'€001 30010 peetes 18s 251
HO0P dYideds e JOj UoRNIOsSal pue ewn 18D t'evl| 02'€00id
$SBP WAISAS JO 58RO SUIYORIN oL 06 L'eo0id
ewqweisfsi8n | Z¥'p-LvY
sewg Ndgo sseooud 89 o S'e001
ewpq pue ewep Aeidsig | (1 (oA SLY Z'e001L
(Rorep) eoWep [elueIXe UO %I0P WY ew( 16D Al ¥4
s NdO peeAg 189 9°t'0C
swy Nd9 ssedaid o €'1°02| areodid
o0 oypeds € 10} LORNIOSEs PUB AUR 18D 14 ¥'€001
sewip Nd) ssevoxd jeg FALR 4
eyeg oN swp wejsAs j09 1S’y 1°€004 HO0I) peResies pesy 1°GL
UCRpUSIULIOSeY | buney | ydeibesed | eduesejey | 1WeWe bey HMSSO |

(P.Ju0D) SADNIHIHTHY SSOHD ANV AHVWWNS V.i13a




NAWCADWAR-94109-70

€0l
¥o0j3 oij0eds 10} UORN|OSe) J8b ‘e 195489 1'2vi] 02'€001Ld
ewy wesAs j89 Srelvey S'€004
8JABP [BULBIXE UO ROOID WAy swn 19GA09) ¢'lZ] areoold
oo oyeds 10} uoin|osel 166 ‘ewn jesnen) 1'gve €00t
eleq oN - e weysAs jo9 1’6y L'E004 (epy) %000 QO L © 0} 55600V 2494
W00 oyoeds 10} Uoln|oses 185 ‘ew 185409 t'evt | 02°€00id
6JiA8D [BUIBIXE UO XO0[0 WOy 8w 19SA0D 2'ig | areoold (epy) %010
gl8Qg oN - #ooR oyeds 10) vonnjosel 186 ‘ew) 165180 1'2ps $'€00L |  euil]-feey 8sioeld e O} 8§80V L|'9L
buuojuow ewy NdD peaiyy, 1’02 ] 9¥'e00ld (epy)
$dnoib 2'€004 40 /'S001 B SNie}s UoNeuILLIS] peaIyl UINieY €191 ] ey'e00id | selS uonnoexy syse| JOWUOW 01L'91
siejaweled bu|INPeyos peaiy) 1eb pue jes r44 ] § T B
18wy Joys-euo Jo olpojied e uels pue 18g el
(s1ewp 186pnq NgD) siewn erejep pue ejeesd) |£2'v¥1-22 ¥ | 02'€00Ld
¥O0R N peely] $580Y 9°'1°0¢
seinquIe ¥00[0 NdD $560Y §'1°02
%9012 NdD $5800:d $5630Y £102
siejewesed Buynpeyos pesiy) 185 ¢'S’EL] a¥reo0id
edA) pue ejeis Ajiqejedues peelyl Jes zesl
Qi peeiy} Aw 199 S'L9l
siejewered Buinpeyos peey; 166 pue jeg 2SEl| epeoold
JOW 10YS-8U0 JO ipolied e Lels pue 105 vl (epy)
eleQ ON - (s10wp 1960nq NJD) s18WN Blejep pue ejees) [ £ vi-2 2L $'€004 $olIse0BIRYD NSBL $5830V 691
speelyld O} sysel epy bujddew Uo uoispep buipusd umowiun | 02'€00Ld
eyeQ ON - | _speesyld o} syse} epy Suiddew uo uoispep buipued uwouiun | er'e00ld Bunoejes/Bundesoy 18D %sel 891
speeiyid Of sxse} epy buiddew uo voIspep msbcom umoun | 02°'€00Ld
eyeq oN - | spesnd 0} syse; epy Buiddew uo uoispep Buipued umowun | epe00td (epy) sy Anu3 ysey 29l
dnosb 26001 Wi speeay ~ |
10 LBIsespuIodxoeLD ejebiiseAy) p SUON NSel Ueisey 991
uollejieoued peely) |eg'gl-1"2'8!
(1es) peesy © ejeujuie | L AXD
eyeg oN N uolieuiui8) peauyl 10§ ep £'L'9L | eb'eooid (epy) ¥se} ejeuriuel 5'9l
{10} peifem) uonipucd e [eubs 10 1seapecIg IXAT
(10} peltem) esouydewes e ¥ooN L2t | oceooid
(J04 pejrem) uonipuod € feubis 10 jseopeOlg ePLl] ebeoold
eleQ on : (o} peyem) sJoudewes e yuolun L2l ¥'E001 (epy) ¥se ewnsey y'gl
(ewnsaJ o}) LORIPUCO B U Jep gyt
{pewnse) un) esoydewes pexnooj e Joj IfepM 921t} o02eo0ld .
(swnsas 0}) uogIPUCO B UO Yep L] eveoold
el8g ON - (pewnseJ iun) sioydewes payoo) e Jo} 1M L RALY $°€001 (epy) %se) puedsng g9
uohejjeoued peesyj 1e'2'gi-1'e 8t
Py E00id e uojjeuviwliey peeiyl Joj Iem €191 | ev'eo0ld (epy) %se; Loqy 2'91
SeINQUIE BUNPayds peely) bulles Z¢i| 02e00id
senquie yum uogeaso peedyy f2°1°9L-1"1°9t
eeg ON - seinquue Buiinpeyos peeuy) Sunles [2'S'E1-4'S'EL | BY'E00Ld (epy) yse) o1mes) 1°9)
UOHEPUBWALCOSY | buied | 1uews.inbey b Buiijying seneden | ydeibeied | 60ueiejoH | oW nbed OMSSO ]
(pJU0D) STONIHI4TH SSOHO ANV AHVWWNS VYi13d
[ ] -




NAWCADWAR-94109-70

0L

seAfuld O/ XiSOd 9
uoddns ej XiSOd S| 02'€00id
seApwud O/ XISOd BPY 9
Hoddns sy XISOd ePY S S'E008
SNJejs puB JOJUCO BDIABP |8AG| MO 2] av'eoold
seapjuid ON XISOd 9
uoddns ejy XISOd S| eteootd
seapwid ON XISOd 9
uoddns ey XISOd ] €001
L PuU® 9 88858 B0IAI0S seapjwyd O/ XISOd 9
ul sueweiinbe i@ 08 065 "eleq ON uoddns 8ii XISOd S L8001 (epy) yoddns On 0291
sjeubis i'e| oZeootd
sgubis €€
suodeoxe pue $epoo JOL] v've S'E00!
sieuBis ee| epcool
sreubis £t $°€001
gieg ON - sreuis €€ 1°€00¢ (epy) uondeox3 esfeH 61°91
sfeub)s pexo0|q eBueLp pue eujwex L't S'€001
uonezipsepuRls 10} ejeudoiddeu) 2 sjeuBis peyoojq ebueyo pue sulwexy $'e'e 1'€001 (epy) sidnueju) ysewunpisey 81°9L
vyap sbenbuw; epy ey sseppy Buppoojun/Buioo) 1dnuseiuy €22 | avreoold | (epy) swinue eiqesigeiqeul £1'91
Bljeq ON UOHBDIIOU 'BUNOC) ‘eimded 1anieu] £22| av'eoold (epy) a_us.m Wnuew| 6191
(:01800§8) 80jAep |epeds e buiddew Alowepy 22k | 02'¢00id
uogeoojjee(
PYE00Ld L (Joiedoie) eoirep [eweds e Suiddew Aowew z2l $°€001 pue uofesoly Kiowsi §1°9L
Foyod bujnpeyos sseooid les €eEl
einquye Aajod Guynpeyos uogee peeiy) 16 ZeL| ozeoold
einquue Aojjod Guiinpeyos uogeesd peelyl 1eg 1'S°El
Aoyod Gunnpeyos sseooud 1eg €e'cl| areooid
einquue Aojjod Bulinpeyos uogeeo peesy 188 1's'et | Br'eooid (epv)
eyep ebenbue epy ey} sseppy Aorjod Butinpeyos ssedoud leg £eel $°£001 uogoejes foliod Buinpeyos vi-91
siejewered buynpeyos peeiy; 105 2el| ozeoold
siejewered Buinpeyos peeiyi 198 2'S'el| areoold
eyeq oN siejowesed Buinpeyos peesy Jes 26t ] eyeooid (epy) sequoud yse) owweuig g9l
uonepusuituodey | mczmm_w { 7] a& eoueieEy { juewisnbel HMSSO _

(PJu0)) SIONIHIAIH SSOHD ANV AHVWWNS Vi13a




“

Addressee No. of Copies

CommandingOfﬁcer 0 0000000000000 020000000000000060006006000060000s0 2
NAWCWPNS
1 Adminstration Circle
- China Lake, CA 93555
(1 for Code C21C; Lee Lucas)
(1 for Code C026; John Zenor)




Addressee No. of Copies

CommandingOfﬁcer 00 0060000000009 ¢000000006000020000060s000ce00ceosoe 1
NAWC-AD Pax River

Kevin Dodson

Computer Sciences Directorate
Pax River, MD 20670

DLKarenGordon S0 0000000000000 000000000060600000000600006060000000ES0
Institute for Defense Analyses

905 S. Lane Ct.

Brentwood, TN 37027

Joerinn 0000000000 0000000000000 0000000000000 00000006000000ONBTGES

Raytheon Co.

MS 5-2-505

528 Boston Post Rd.
Sudbury, MA 01776

MaryHermann ©0 00000000000 000000006000000000006000060006060000006000

Raytheon

MS P3SU10

50 Apple Hill Dr.
Tewksbury, MA 01876

Command,ngOfﬁcer 00 0000000000000 000000000000c000060000000s600000
NSWC-White Oak
10901 New Hampshire Ave.
Silver Spring, MD 20903
(5 for Code U33; Steve Howell)
(1 for Code B44; Helmut Roth, Rm 2-151)

CommandingOfﬁcer G0 9000000000000 9000000000000 00000000000060000eESs
NAWC, AD Indianapolis,
6000 E 21st. Street
Indianapolis, IN 46219
(1 for Code DP301N/MS-31; Diane Kohalmi)
(1 for Code DP304N/MS-26; Greg Vantreese)

J.F.Leathrum 0.........0...0.'0...0......0...................C.

Clemson University

ECE Department

Riggs Hall, Box 340915
Clemson, SC 29673-0915

CraigMeyefs 9000000000000 000000000000000000000000c0crervsrnns |

Software Engineering Institute
Carmegie Melion University
Pittsburgh, PA 15123




Addressee No. of Copies

V.Ra.AvL“a L B A BN BN BE BN B BN BUBY BEC BN BN BN AN BN B IR AR BN BU BN BE BN BK BN BE AN B BN B BN BN BN BE IR I IR IR BN AN AR R BN BN BN BN BN N ] 1

PEO (SD) D2
2531 Jefferson Davis Hwy.
Arlington, VA 22242-5170

NUWC’Newpon 9900000000000 00000c00000000000000000v000cccssee 14
Code 2221, Bldg. 1171/3
Newport, Rl 02841-5047

(1 for John Brennan)

(1 for Greg Bussiere)

(1 for Dan Juttlestad)

(10 for Jim Oblinger)

(1 for Bruce Stevens)

UnisysCorporation LR R I BN 3 B BN A K BN Y B B BN BE B B RN B BERE B BN BK B BN BN BB BT BK BN N BN R K BN BB K Y N W 4
P.O. Box 64525
St. Paul, MN 55164-0525

(1 for Steve Case)

(1 for Dale Georgen; MS U1M30)

(1 for Kari Kruempel; MS U1M30)

(1 for Dr. Del Swanson; MS U1M30)

E“zabethCzuloooooooooooooooooooooooorooooooooooooooooooooooooo 1

Booz, Allen & Hamifton
Suite 711

2231 Crystal Drive
Arlington, VA 22202

JimJohnston 0 0 00 0 000000000000 B0 OO0 IPRPR0 0000V PPOGENNOCOESOEBSIIOOEOSIITOILIOS 1

Booz, Allen & Hamilton
8283 Greensboro Drive, 8th Floor
McLean, VA 22102-3838
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