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1.

1.1

1.2

SCOPE:

This document is a companion document to SAE AS4893 “Generic Open Architecture (GOA)
Framework Standard” and provides an overview and rationale for SAE AS4893. The GOA Framework
establishes an architectural framework to assist in the application of open systems interface standards
to the design of specific hardware/software systems. The GOA Framework standard is intended for
use by both system designers and system implementers in the development of open systems
architectures. It is intended that domain specific guidelines be developed to provide clarification for

application of th

The Generic Ope
framework which
of the developme
crucial to the app
during the develd
than avionics. F
original name, G

This document is
the GOA Family
Documents. SAH
independent set
documents are a
documents consi
Standards Docurj
documents withir

Purpose:
The purpose of

1. provide det

GOA Framework.

n Architecture (GOA) Framework was initially developed by the S/
could be used to classify interfaces needed in airborne avianics sy
nt of the GOA Framework, development of such a classification w
lication of open systems standards to military avionics:” However,
pment of the GOA that the GOA Framework might be applicable t
br that reason the framework is entitled Generic ©pen Architecture
bneric Open Avionics Architecture (GOAA).

one of several documents contained within the GOA document s¢
bf Document Set”, SAE AIR5314, provides an overview of the GO/
F AIR5314, the GOA Framework Standard, and this document ma
bf documents within the GOA EFamily of Documents. These domai
Ligmented with domain specific sets of document. The Domain spe

\E to provide a
stems. At the time
As considered

t was recognized
b domains other
instead of the

t. “Introduction to
\ Family of

e up the domain
h independent
cific sets of

5t of a Catalog of Preferred-Standards document, Rationale for C

this docament is two-fold:

hiled,.explanation of the key concepts contained within the GOA Fr

2. provide rati

nent, and GOA Guidance-Document for each domain. The first domain specific set of

?f‘alog of Preferred
the GOA Family of.Documents being developed is for the aviation domain.

amework standard.

phale for key concepts on which the GOA Framework standard is

based.

Intended Audie

nce:

The intended audience for this document is anyone that has an interest in using or understanding the
GOA Framework standard. This typically would include system engineers, hardware engineers,
software engineers, engineering managers, project managers, academia, and procurement
personnel. This document assumes the reader is familiar with the GOA Framework, SAE AS4893.
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1.3 Document Structure:

This document is organized as follows:

Section 1:
Section 2:
Section 3:
Section 4:

Section 5:
Section 6:

Section 7:
Appendix A:

2. REFERENCES:

2.1 Standards:
ISO

POSIX91

Scope - provides an introduction and purpose to this document.
References - provides documents referenced within this document.
GOA Framework Description - provides a description of the GOA Framework.
GOA Framework Development Approach - provides an overview of how the GOA
Fremework was developed:
Examples - provides several examples of the application of the GOA Framework.
Comparison With Other Models - compares the GOA Frameworkwith other well-known
reference models.
Compliance - discusses issues of compliance with the GAA Framework.

Oyerview of the Space Generic Open Avionics Architecture (SGOAA) — the baseline
dqcuments for the GOA Framework.

International Organization for Standardization 7498: Information Processing
Systems - Open Systems Interconnection - Basic Reference Model, 1984
“Draft Guide to the POSIX Open Systems Environment”, P1003.0/D14, IEEE
Computer Society, November 1991

SAE AS4893 | “Generic Open Architecture (GOA) Framework”, SAE AS4893, SAE AS5, Jan 1996
SAE AIR5314 | “Introduction to thetnGOA Family of Document Set”, SAE AIR5314, SAE AS5, [TBD]

2.2 Specifications:

2.2.1 Government Specificatiofis:

TAFIM97

SGOAA

“Technical Architecture Framework for Information Management’|, Defense
Information Systems Agency, Version 3.0, April, 1997.
[SGOAAIWray, R-Band-Stovait; 3-R"“Space Generic OpemrAvionics Architecture
Standard Specification", LESC-30354-C (NASA CR-188290), Lockheed
Engineering & Sciences Company, June 1994
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2.3 Other Publications:

3. GOA FRAMEWC(

3.1

BOE91

Flanagan, Rich and Van Ausdal, Art, "SATWG Flight Data System

Specification Outline" briefing, 25 October 1991

GD90A

Levine
PRU90

WRA91

WRA93

Purpose of GO

The purpose of
systems to the
abstract architg
facilitate identif

It is intended th
implementatior
produced inde
basis for comm
GOA Framewo
independently

briefed to the SATWG
Levine, L., PCMCIA Primer, M&T Books, 1995

Architecture

General Dynamics "Space Avionics Requirements Study", 21 October 1990 as

Pruett, D., "Avionics Software Open System Environment Reference Model", JSC,

darch 1990

n the Real-time Systems Engineering Laboratory (RSEL)," Job Or
JSC, NASA-CR-185698, LESC- 29702, December 1991.

Reference Model Technical Guide”, Job Order 60-430{ Contract N
JSC, NASA CR-188246, LESC-30347, April 1993~(Note: some of
eference have been superseded by the figuresdn revision C of the

RK DESCRIPTION:
A Framework Standard:

SAE AS4893 is to provide a framework to identify interface classes
design of a specific hardware/software system. This framework is
cture based on a generic.set of interfaces. The generic set of sys
cation of critical interfaces.

at the GOA Framework be specialized for varying domains. A dor
of the GOA Framework will increase the chance that components

onality forgoth vendors and users of components/capabilities. Ap
rk impaoses constraints on implementations that increase the likelih
broduced products will interoperate.

Wray, R.B., "Requirements Analysis Notebook for the Flight Data-$ystems Definition

der 60-430 for the

Wray, R.B. and Stovall, J.R., “Space Generic Open Avignics Architecture (SGOAA)

\S9-17900 for the
the figures in this
standard.)

5 for applying open
used to define an
lem interfaces

nain specific
capabilities

endently wilk“plug and play” and evolve affordably. The GOA Framework provides a

plication of the
ood that

Application of tl

expected to provide the following benefits to future programs:

e GOA Framework together with theappropriate openrsystemminterface standards is

» Provide the basis for establishing a set of specifications, standards and procedures that will
become common to all elements of a major system.

» Ensure that future systems can be upgraded and maintained with minimal redesign impact to the
existing system by identifying the interfaces required to enable modular replacement of hardware
and software.

» Promote availability of multiple sources of needed software and hardware, especially commercial
off-the-shelf components.
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3.1 (Continued):

3.2

3.3

» Provide a pool of hardware and software modules for multiple program commonality and re-use.

* Insure access to the architecture and its design documentation for any vendor or agency desiring
to propose new uses and applications, and to facilitate competition to contain cost growth.

« Aid in the definition of an open architecture for the system.

Baseline Document Overview — SGOAAT

The Space Genmeric Open Avionics Architecture (SGOAA) was the base documern

Framework. A
Basic Concept;

This section pr
Framework is d
SAE AS4897.
architectural fra
these critical c¢
upgrades that §
technology.

A system cons
i.e., containing
components ar

ppendix A provides a synopsis and rationale for the SGOAA.
5 and Perspective:

psents basic concepts and perspectives on the GOA Framework.
epicted in Figure 1 for reference. A definitian of the GOA Framewc
The overriding reason for the definition ofthe GOA Framework wa
)mework to aid in the identification of critical components and the i
mponents. The identification of such'interfaces supports reuse a
iddress obsolescence, the need forincreased functionality, and le

sts of a topology of nodes-(or modules), some of which may be us
one or more processors.~A node is a self-contained assembly of &
d circuitry. A typical.avionic system is comprised of multiple nodeg

t for the GOA

The GOA

rk can be found in
s to provide an
hterfaces between
nd seamless
eraging emerging

ed for processing,
lectronic
, each individually

addressable vig a backplane bus. An instantiation of the framework associated with a particular

processing nod
system in whic
peer-to-peer (s
latter view is a
viewing a portig

e is referred to as a “GOA stack”. As will be discussed later, therg
h a “full” GOAstack view is not appropriate - what is appropriate ar,
ame level)jinterfaces and the 1D direct physical interface between
lype ofblack box” view of a system while a full GOA stack view is
n of.thé system that contains a processor together with the softwar

are views of the

e the 1L-4L logical
GOA stacks. This
appropriate when
e that executes on

the processor.

The GOA Framework is defined by nine interface classes and four GOA layers. One of the GOA
layers, the Systems Services Layer, contains two types of sublayers - Operating System and
eXtended Operating System (XOS). The following provides an overview and reasons for the chosen
classes and layering.
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_______ — — — — — — P> Application Software
A

4D
S
X0Ss rvices
I | Services
31 1 @
® '
Operating System Operating System
Services Serviges
— — - L
® SIS
ResourceAccess Services Resource Access Seryices
(Drivers) <~ @_ > (Drivers)
@ o G
1L

o]

ServicesLogical Peer Interfaces
Services Software-to-Resource Access Services Direct Interfaces
ervices-t0-XOS Services Direct Interfaces

urce Access Services Logical Peer Interfaces

GOA
FRAMEWORK
INTERFACE

Physical Resources-to-Physical Resources Direct Interfaces

FIGURE 1 - GOA Framework
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3.3 (Continued):

The GOA Framework interfaces are based on two types of interfaces: logical and direct interfaces. A
logical interface defines requirements for peer-to-peer interchange of data. A logical interface
identifies senders and receivers, the type of data to be exchanged, when the data is to be
exchanged, and formats if appropriate. A direct interface identifies the characteristics of the
information transfer medium/facility. No information transfer actually takes place as part of a logical
interface; instead, information transfer takes place as part of one or more direct interfaces. Simply
stated, logical interfaces define what information is transferred, and direct interfaces define how the

information is t@ansferred:

One example df a logical interface is the definition of interface requirements-for e
and longitude ipformation from a Navigation application to a Stores Management
logical interface defines information that would become the basis for an Interface
(ICD) for Navigption to Stores Management communication. Another-example of
is the message|header used by a Communications XOS service.fo)encapsulate m
message headgr contains information that is interpreted by the‘peer Communicat]
entities in ordef to make a message transfer occur. For example, logical designa
message destipation(s) and type might appear in such a header. The definition o
header is a logjcal interface that tells the two peer Communications XOS serviceq
and interpret the message header when a message-transfer actually takes place.

Direct interfacgs specify how components in ofe layer invoke services in the laye
below it within the same GOA stack or how:the physical layer in one GOA stack "
interfaces with the physical layer of another GOA stack (e.g. between processor 1

change of latitude
application. The
Control Document
a logical interface
essage data. This
ons XOS service
ions of the

f the message
how to initialize

r immediately
bhysically"”
nodules). Logical

interfaces occur as the result of invocations of direct interfaces that support communications. For

example, consider the latitude andJdongitude logical interface example presented
paragraph. If message-passing ‘communication is used, the actual transfer of the
longitude information would eccur as the result of the Navigation application invol
operation in the System Services layer. The invocation of the send routine would
to physically transfer the data to make it available to the Stores Management app
Stores Management.application would then invoke a “receive” System Services of
get the message containing latitude and longitude information. These send and r¢

n the previous
latitude and

ing a “send”
cause the system
ication. The
peration to actually
bceive routines are

example of dirgctinterfaces. However, there are also direct interfaces that have nothing to do with
communications - these direct interfaces just invoke a service such as reading the time, allocating or
deallocating memory, etc. The interface specification of a component within a GOA layer designates
the direct interfaces to that GOA layer. For example, POSIX defines a standard Operating System
component interface; bus standards define the electrical characteristics of the bus.

Thus, logical interfaces are considered important to define communication and synchronization
requirements between peer-to-peer components. Direct interfaces are important for defining the
interface to services (including communication services that make logical interfaces possible.)

Before one can define interfaces, one must know what is being interfaced. The following provides an
overview of these components - the GOA layers and some rationale for choosing the GOA layers.
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3.3 (Continued):

The Application Software layer contains the platform level application specific code (or function).
The application layer within a specific GOA stack can contain multiple software application

components. The requirements for communication between different application

components

(whether within the same or different GOA stacks) is a logical interface. As noted above, the

communication occurs through direct interfaces. For message passing paradigm
communication occurs by invoking message-passing services.

s, the

If the interface is through shared

memory (instead of message passmg) the direct interface i is simply a load or store operation, and

the Ioglcal intenfa

The Physical R
physical compq

sources layer is the bottom-most layer and-provides the interface
nents. The Physical Resources layer within a specific GOA stack

Application Software Layer. The-Operating System (OS) Service is the minimal co
System Servicgs Layer. X@SServices designate other components contained wit
Services Layer|besideshe OS. This layer is important since it allows an abstrac
services required by, applications. As discussed in section 4.2 Issues and Resol
interface provides anvinterface between XOS and the OS services to provide eith
included in the (094D interface (i.e., privileged operations) or optimized 4D interf

D interfaces, i.e.,
reuse perspective
gme Systems
upgrades can be
ower GOA layers.
changes in the

between different
can contain
Resource

intermodule data

-488 interface unit

interfaces are

the physical and
are direct (1D)

ed by the

mponent within the

nin the Systems
view of common

ution, the 3X

!

r capabilities not
ce capabilities.

The optimization is for performance and could occur through an interface that has reduced checking
or has less call overhead (such as avoiding a system trap). The logical 3L interface provides System
Service Layer peer-to-peer interface communications interfaces. For example, the interpretation of
the fields within the communications header added to a message between two applications is an
example of a 3L interface. It should be noted that, even though not explicitly mentioned in SAE
AS4893, an XOS Service may use 4D interfaces to invoke the Operating System or other XOS
Services resident within the same GOA stack.
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3.3 (Continued):

The Resource Access Layer contains components that directly access the hardware. This layer
includes classical device drivers and memory mapped 1/O definition translation, for example. The
GOA Framework supports the idea that this layer abstracts the remaining layers from the Physical
Resources. The 3D interface is provided between the System Services Layer and the Resource
Access Layer to allow the non-processor dependent (i.e., non-1/0 dependent) algorithms within the
Systems Services Layer to be abstracted from specific Physical Resource Layer implementations.
This supports OS and XOS portability between target platforms. The Joint Integrated Avionics

Working Group|
and the Uniforn
interface define
Resource Laye)
mapped I/O de
of a 2D interfad
example of a 2
Service layer i

The GOA Fran
perspectives:

» Application p
» Systems soft
* "Classical" hg

Except for 1D ¢
within the samé
between peer (

within the sar
in different hg
in different hg
in different hg

N Device Driver Interface (UDI) interface are example of 3D interf
s the direct interface between the Resource Access Services Dayd
r. This is typically the direct interface between software and hardw
initions and processor instruction-set architecture (ISA)definitions
e. The 2L interfaces are Resource Access Services, peer-to-peer
| interface is the interpretation of error information returned by the
the destination GOA stack for a data communication activity betw

ework’s inherent flexibility allows a systenrto be viewed from seve

hint-of-view
vare point-of-view
irdware point-of-view.

irect physical interfaces, the direct interfaces are between contigu
b GOA stack residing\on the same hardware module. Logical inter|
5OA layers residing!

ne hardware module

irdware _modules within the same backplane

rdware:modules within different backplanes within the same syste
rdware modules within two subsystems, e.g., Mission Computer a

Management

DS) specification
es. The 2D

r and the Physical
are. Memory

are two examples
nterfaces. An
Resource Access
een two stacks.

ral different

ous GOA layers
faces can be

m
nd Vehicle

System (VMS)

system).

between different hardware modules in different systems (e.g., aircraft and a ground based

As shown in Figure 2, only the logical interfaces and 1D direct interface are of interest when
considering interfaces between GOA layers in different hardware modules. In other words, if one
has two entities considered as black boxes (i.e., the internals of each entity are not visible to the
other), only the logical interfaces and the direct physical interface are visible. However, when one

looks at a complete GOA stack executing on a hardware module, all the GOA layers are visible and
hence the direct interfaces between adjoining layers are of interest.

-10 -
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3.3 (Continued):

GOA Framework Applies
to Interfaces between
Platforms, Subsystems,
and H'W Modules

System Bus

FIGUR@QDifferent Ways of Viewing GOA Framework

The following ig a list ofe@)rinciples in applying the GOA Framework.

a. Within the GOA®&ramework only the Resource Access Services should have knowledge of
Physical Rgsource (2D) mterfaces Therefore software in the system serV|ce layer is generally
allowed to 2 led by the RAS
layer. Application software must call the approprlate 4D interfaces to request that system
services invoke RAS interfaces to access physical resources. This allows abstraction of software
in higher levels of the GOA Framework from physical resources.

b. An XOS service is either a privileged application (i.e., allowed to invoke 3X interfaces) or code
that is used by multiple applications, i.e., application services. Note that XOS service code may
have originally been developed as application code but it was later noted that it became
commonly used (i.e., was viewed as a service) by multiple applications and thus became an XOS
service. Application code cannot invoke the OS via 3X interfaces.

-11 -
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3.3 (Continued):

C.

An application may be transformed to an XOS component in System Services as follows:

1. Within the GOA Framework, application services that are not part of the System Services
GOA layer are considered part of an application; i.e., invocation is considered an application-
to-application 4L interface. If such libraries evolve to be shared between applications, then
these libraries can become XOS services and their internal call interfaces must be converted
from a 4L interface to an explicit 4D interface.

2. An appl
implem
interfac
services
subseq
procedy

OS inte

cation’s communication with other applications is a 4L interfacew
bnted through a 4D interface. For communication, this means-a'se
b or remote procedure call interface can be used, for example?! The
b (e.9., message data) are specific to a particular 4L interface. If a
lently becomes an XOS service, the 4L interfaces to the applicatio
ral (4D) interfaces instead of using the 4L interfageand exchangir
[face. This is done for optimization and to make calls to the servic

this is npt done, then even though the code is beingused as a service by

applica]:)on code, instead of being hidden in parameters to 4D communica

applications, it is still an application and not considered a System Service
ork. Note this means that applications that previously communicgted with the
application that became an XOS service must be modified to use the new

Framew

interfac

d. There are
invisible in

between ag

b to the service.

0 4D interfaces between applications. The internal application de
he GOA Framework; i.e7; the GOA Framework does not address d
plications. The 4D interface is by definition an interface between

hich is

nd/receive
parameters to the
n application

n are converted to
g data via the 4D
e explicitin
tion interfaces.
multiple

in the GOA

If

y created 4D

sign/structure is
irect interface
\pplication

Software apd System Services:lt is possible an application may be constructed as a collection

of componsg

nt applications layered on top of one another; i.e., an hierarchical

communications between.the layers are considered 4L interfaces in the GOA

makes sen

e. DirectISA i

1. Process

be if one remembers that 4D interfaces are used to implement the

hterfaces fit within the GOA Framework in the following manner:

orFISA interfaces are 2D interfaces in the GOA Framework since a

ayering. The
Framework. This
1L interfaces.

N ISA interface is a

software to physical resource interface. An ISA can be considered to define 1/O related
instructions and non-1/O instructions (i.e., CPU internal instructions). The 1/O related ISA
instructions define the interface between a processor and the driver portion of the Resource
Access Services. The non-I/O instructions are invoked due to execution of application code
written generally in a Higher Order Language (HOL) (or possibly assembly language). The
HOL (or assembly language) defines a 4D interface. But since the compiled (assembled)
code executes directly on the processor, there is no System Service or Resource Access
Service support. Therefore, the 4D, 3D, and 2D interfaces are null at run-time because their
execution really occurred during compile time (see below). In essence the 4D interface has
been compiled (or assembled) directly to a 2D interface.
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3.3 (Continued):

2. From a toolset point of view, there is an alternate view of the application of the GOA

Framework to non-1/0 ISA instruction interfaces. Higher Order Languages
from application code and the abstraction is implemented via a compiler. T

abstract the ISA
he non-I/O related

ISA characteristics are what the HOL abstracts from typical application code. The compiler
can be considered as consisting of a front end which does parsing and semantic checking
and a back end which does code generation. Under these assumptions one can think of the
front end as an XOS service (since it does not care about the particular target) and the back

end as mmmmwms, the HOL is a
4D inteffface to the compiler front end, which has a 3D interface to the icompiler back end,

which hps a 2D interface to the ISA. (Note that an assembler is analogous fto a compiler back
end in this discussion, where the assembly language is a 3D intetface.) These direct
interfaces occur at compile time in which source code is translated to objelct code. The 2D

interfacg is executed at run-time on the target processor.

f. Shared memory interfaces fit within the GOA Framework as/follows:

1. The communication between application software is\via assignment statements (i.e., via load/
store operations). The direct interface would be a‘2D interface implementgd as a load/store
non-l/Olinstruction as discussed above. There'is an implied 4L interface that specifies the

addresg of the shared data.

2. There may be 3X or 4D interfaces in support of systems that support cach
such innlrerfaces might include operations to flush or invalidate a cache. TH
option i$ recommended for mostsystems, since such cache control operat
for diregt application control.

g. Logical inteffaces are exclusively peer-to-peer relationships.

1. The GQA Framework'logical interfaces are peer-to-peer, analogous to the
interfaces definedfin-the ISO OSI 7-layer reference model. Since logical i
to-peer|a constraint is placed on defining the GOA layers from an end-to-
point-oftview. Specifically:

(a) From-an end-to-end point-of-view, applications on each end communig

ing. For example,
e 3X interface
ons can be unsafe

peer-to-peer
terfaces are peer-
bnd and recursive

ate only via 4L

messages. System Service capabilities on each end communicate only via 3L messages.
Resource Access Services on each end communicate only via 2L messages. Physical

Resources on each end communicate only via 1L messages. There is
communication between capabilities in different GOA layers.

(b) From a recursive point-of-view, capabilities within the same layer may

no logical

have logical

communication with one another. For example, a System Service may communicate

logically with a System Service in a recursive layer but a System Servi
communicate logically with an application in a recursive layer.

ce may not
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3.3 (Continued):

2. The peer-to-peer relationship constraint must be considered when assigning a capability to a
particular GOA layer. The reason for this is the peer-to-peer relationship must hold not only
from an end-to-end perspective but also when the recursive application of the GOA
Framework is applied. For example as depicted in Figure 3, suppose a data processing
module contains a full GOA stack and wants to communicate with an application resident on
a module in another backplane. Also, assume that a store and forward device is used as a
gateway between the two backplanes. On the gateway assume there is a four level stack
consistingof the physicat TESOUTCE backptane bus and backptane to backplane interconnect,
Resour¢e Access Services consisting of drivers for the bus and inter-backplane interconnect,
microkgrnel OS for the gateway module, and software that controls¢the store-and-forward
procesd. To the gateway module, the control software could be considered application
softwarg¢. However, it must be considered XOS software within.the definef system as a
whole sjnce this code will have a logical interface with XOSmetwork OS type code in the data
procesding module. If the control software was considered)application software, the peer-to-
peer relationship would be broken.

3. There are actually two ways recursion in the GOAFramework have been fiscussed. (See
Figure 4.) The first is the type of recursion deseribed in the previous exanpple in which data
transferoccurs through various GOA stacks;prior to arriving at the final destination GOA
stack. This is referred to as linear recursign. The second type of recursion that has been
discusspd is recursion within a GOA layer. This means a layer can be expganded into a GOA
stack. If this latter view is taken, care-must be observed in viewing peer-t¢-peer logical
interfaces. Linear recursion through'the system should follow the non-recuirsed peer-to-peer
layer relationships.
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Data Processing Module Data Processing Module
Application Software Application Software
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i 0s : Microkernel OS Microkernel OS E 0s :

Resourfe Access Services Resource Access Services Resource Access Services Résource Access Services

Mddule Hardware Module Hardware Module Hardwaré Module Hardwjare
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I
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Bickplane Bus Backplane Hus
Backplane-to-Backplane.Interconnect
FIGURE 3 - Example Inter-Backplane Communicatign
| Apdlication Software |<_ e N ->| Application Software
4D Non-OS Data'System Non-OS Data System
C) Services - - ':' - Services @
Operafing System Operating System
Bervices - - - - - - - == == Services

Resource Access
Services (Drivers)

hysical Resources

16 ©f

Logical Interfaces

[}
Directinterfaces

FIGURE 4 - Recursion Using the GOA Framework
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4. GOA FRAMEWORK DEVELOPMENT APPROACH:

4.1

4.2

Evolution from SGOAA:

The development of the GOA Framework began with the authors of the SGOAA (Richard Wray and
John Stoval) requesting that the SAE AS-5 Subcommittee publish a standard based on the SGOAA.
Both Mr. Wray and Mr. Stoval presented to the SAE several times to help bring the SAE up-to-speed
on the SGOAA. As noted in Section 3.2, the SGOAA is a massive document set of which the
SGOAA framework is a very small part. During the discussion it was realized that the framework

could be used
set of standardps document for a domain. At the time of the GOA Framework devé

ded in a preferred
lopment (as is still

true), domain specific preferred sets of standards documents were considered kel in promoting

reuse and estaplishing open systems architectures that include interfaces.that we
as possible for fthe domain. It was also determined during these discussions that

re as wide-spread
there were widely

varying views gn the systems engineering concepts being promoted within the SGOAA document.

Because of thig, it was felt that to develop a standard based on.information beyon
framework would be very time consuming. Since one government customer, the
Engineering SybBoard (AESB) within the Joint CommandersyAeronautical Group
standardizatior] of the GOA Framework in order to accelerate development of a p
standards for the avionics domain, the SAE AS-5 conc¢entrated its efforts on evol
framework to what is now the GOA Framework.

Issues and Regolution:
The following provides a summary of the\major issues and the corresponding res
occurred as paft of the GOA Framework-standard development.

» The original $GOAA framework definition included the following names for wha
layers: Hardware Layer, Driver’Layer, Data System Service Layer, Operating Sy
Layer, and A;Lplication Saftware Layer. It was realized that different layers of th
could be implemented’in hardware or software. Therefore, names of the two lo
changed from “Hardware Layer” to “Physical Layer” and “Driver Layer” to “Phys
Access Layel” tojfecognize that the lower layers could be implemented in eithef

d the basic
Avionics
encouraged
referred set of
ing the SGOAA

blutions that

became the GOA
stem Services

e GOA Framework
er levels were
cal Resource
hardware or

software. Thg'Application Software layer remained unchanged since a majority

of the group

believed that the upper layer of a GOA stack can always be assumed to be software. Part of the

rationale is that firmware implementations were considered software. The Data

System Services

Layer and Operating Systems Services Layer were grouped together into a single GOA layer - the
Systems Service Layer since both the OS and Data System Services were examples of service

components called by application software. Data System Services was change

d to eXtended

Operating System (XOS) Services since there were more non-OS services than the name implied

by Data System Services. OS Services was continued as a sublayer since OS

is considered an

important component that manages basic processor resources such as memory and processor

execution.
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4.2 (Continued):

» The original SGOAA model included six interface classes instead of nine classes and the

numbering was also done differently. The initial SGOAA interfaces consisted of class 6
(corresponds to GOA class 4L), class 5 (corresponds to GOA class 4D interfaces to XOS
Services), class 4 (corresponds to GOA class 3L), class 3 (corresponds to GOA class 4D
interfaces to OS and GOA class 3D), class 2 (corresponds to GOA class 2L), class 1 (corresponds

to GOA class 1L and 1D combined). Additionally, the SGOAA had the following

layers:

Applications, Data System Services, Operating System Serwces Hardware Extensions/Drivers,

and Hardwarg:
realizing the basic SGOAA model is based on logical and direct interfaces betw
layers, a full $et of direct and logical interfaces was defined between all layers.

interfaces wefre relabeled. The relabeling occurred in two ways. First, except f
a label was appended with D if it was a direct interface and with Lif itwas logic

it more obvious the type of an interface. Second, for ease of understanding, the
number was associated with the logical interface between peér components an
interface from one GOA layer to the layer immediately below. (The Application
the highest layer and the Physical Resources layer is the lowest. Even though P
are at the lowest level in the model, direct interfaces*ietween physical resource
considered ahalogous to components in the Physical Resources layer interfacin
layer.)

discussed be|ow, a 3X interface was added internal to the Systems Services L}/er.

The baseline|definition of the framework did not include the 3X interface initially
was added tg allow more than just 4D-interfaces for access to Operating Systen
Experience hps shown that an eXpress interface is needed between eXtended

Services (XOS) and the OS for several reasons.

- Some OS gservice interfaces support functionality that should not be made ava
application [software but may be needed to support XOS services. Such inter
considered|"privileged" interfaces. In general, applications are not considered
appropriate| privilege to execute these services. For example, an XOS servic

ramework. First,
een the SGOAA
Additionally as
Second, the
r the 3X interface,
interface to make
same cardinal
l the direct
Software layer is
hysical Resources
s (1D) are
g with a lower

The 3X interface
n services.
Dperating System

lilable to all
aces are

to have the
e such as a
n sending or

Communicationis Service might need to effect task context switch(es) based @
receiving oimwrﬁpmmmmm

been used in such instances, instead of a more costly interface such as the Ada rendezvous.

some systems developed in Ada, availability of these low-level interfaces was

e capability has
In
deemed

inappropriate for non-privileged application; i.e., suspend and resume were deemed

inappropriate as 4D interfaces.

- In some cases, an XOS service may have originally been developed as an applications program

and later, based on its services being needed by multiple applications, it beca

me an XOS

service. When it became an XOS service, it may have been rehosted to kernel space instead of

application in order to allow more efficient execution.

If an XOS is moved from user space to

kernel space, it may need an optimized 4D interface that is applicable to software that is resident

in kernel space.
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4.2 (Continued):

» The SGOAA was aimed at space vehicle avionics. The SAE’s initial interest was in evolving the

SGOAA to be applicable to avionics in general - not just Space related avionics.

It was clear that

the framework had nothing that restricted it to Space applications. The name for the SAE

Framework at this time was Generic Open Avionics Architecture (GOAA) Framework.

It further

became apparent that the framework was generic in nature and not specific to avionics
applications. Also realizing that acceptance of the framework would be enhanced if its name did
not tie it just to aV|on|cs avionics was dropped from the name and the SAE framework became

known as the[C

much heated|debate over this topic since many in the SAE dld not want to dilute
SAE Avionicq System Division (ASD) relating to avionics. In addition to the-rea
would be betfer overall acceptance of the framework if the name were changed
AESB wanted this name change since the Open Systems Joint Task-orce desi
focus concerp was resolved when the concept of a GOA family of documents ar

| that there was

e the focus of the
ization that there
(for example, the
ed it), the avionics
pse. The family of

documents, gs noted in Section Purpose, contains domain specific documents for application of

the GOA Framework, where avionics is one of the domains.

A major questtion with the application of the GOA Framework was whether com
GOA layer should be allowed to directly access services in non-contiguous GO
using intermgdiate direct interfaces. If this situationtwere allowed, should a waiy
claim GOA Flamework compliance? The generalhrule that developers of the GO
to stress is thiat direct interfacing between ngn-contiguous GOA layers should n
since it nullifigs the abstraction of the highér layers from the lower layers, thus r
and seamless$ evolution attributes of using such a framework. However, even th
shown in the [GOA Framework, the GOA Framework does not preclude one GO
invoking a direct interface in a nenscontiguous GOA layers since it was realized
necessary injsome cases for,meeting real-time requirements. In such cases, thg
interfaces (ag appropriate) @re‘considered null interfaces. If such bypassing of
a conscious decision for-deing this should be made and it should be documente
reviewers of an implementation.

The original $GQAA model did not make it clear whether XOS services could int

ponents in one

\ layers, without
er be required to
A Framework want
pt be practiced
bducing the reuse
ough not explicitly
A layer from

that this may be

e 4D and 3D
nterfaces is done,
d and obvious to

brface directly with
services such as

the RAS or had®o go through the OS to interface with the RAS. Realizing that

Communications Services in practice directly talk with the RAS without going through the OS, the
GOA Framework explicitly shows that the RAS may have 3D interfaces from either the OS or XOS
within the Systems Services layer.

Much of the time developing the GOA Framework standard dealt with agreement on the definitions
within the standard. The baseline for the definitions were from the SGOAA documentation. These
definitions were generalized to be non-avionics specific and in some cases were modified to be
more explicit in the eyes of the GOA Framework development team.
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4.3 Types of Companies and Agencies Involved:

The GOA Framework development team consisted of a diverse set of companies, agencies, and
academia that met as part of the SAE AS-5 that provided an industry forum for documenting the
GOA Framework as an industry standard. The types of agencies involved in development of the
GOA Framework included representatives from the U.K. Ministry of Defence, French and German
military establishments, NASA, U.S. Air Force, U.S. Army, and U.S. Navy. The types of industries
represented include: aircraft primes, system integrators, subsystem vendors, military computer

vendors, large anmmmelectmnics
suppliers of space products, military consulting industry, and some commercial infustry

representatives.
5. EXAMPLES:

Two examples of application of the GOA Framework are shown in‘the appendices ¢f SAE AS4893.
Two more examples are presented in this section.

5.1 Pi-Bus Mapping to GOA Framework:

The Pi-Bus is defined in SAE AS4710. The Pi-Bus.defines a parallel backplane gommunications
bus. The Pi-Bus has two major sections defining\thie bus protocol: Section 3 defimes the physical
layer protocol gnd Section 4 defines the data.link layer protocol. Refer to both SAE AS4710 and its
companion hanjdbook SAE AIR4903 for a definition and discussion of the Pi-Bus.| Section numbers
listed in the remainder of this paragraph-refer to section numbers in SAE AS4710

The physical layer definition is defined in two major subsections: Section 3.2 provides the line
definitions and [Section 3.3 proyides the electrical definition. Section 3.2 defines part of the 1D
interface and 1| interface. The-identification of the number of lines and defining the lines to be
wired-or specify part of theyID interface, while the logical meaning provided to the lines and
protocols of data placed on the line, such as when even parity is required, specify| part of the 1L
interface. Sectfjon 3,3also specifies part of the Pi-Bus 1D interface since it defings electrical
characteristics.

Section 4 of SAE AS4710 defines the data link protocol for the Pi-Bus and specifies part of the 1L
interface for the Pi-Bus as well as requirements for the 2D interface and 2L interface. The data link
protocol defines the meaning of bits sent across the Pi-Bus during its operations — this is part of the
1L interface. The definition of the Pi-Bus headers also provide requirements for the 2D and 2L
interfaces since these headers are understood by Pi-Bus drivers. These definitions are used to
define the software interface to Pi-Bus Controllers. Pi-Bus Controllers provide a mechanism for
software to invoke Pi-Bus message transfers, receive Pi-Bus messages, and interpret status such as
acknowledgement of a message or errors. The interpretation of fields within a Pi-Bus message
header that are seen by the drivers in either the originating or destination(s) of a Pi-Bus message is
a 2L interface.

-19 -



https://saenorm.com/api/?name=c80b68fb0c06a12e77c44f6d0b40ce36

SAE AIR5315

5.2 GOA Stack Definition and Interface Control Documents (ICDs):
This section exemplifies how a GOA stack might be defined and how it relates to architecture
interface specifications, i.e., Interface Control Documents (ICDs). Refer to Figure 5 below for this
discussion.

5.2.1 Application Interfaces: Application software is shown in the top layer of Figure 4. In this example,

the Navigation application resides on one module and the Stores Management application resides

on another. T
interfaces areg
interface bety

The external
describes the
format of mes
position data
millisecond fij
containing thi
in feet in wor
point, or som
appropriate fi
specification
transferred ta
interface (3D
to the hardwsa
transfer of the
module, the g
message and
Services laye

The Navigatipn/Stores: Management ICD does not contain information about an

interfaces ne

Ime, the Navigation application creates a message that conforms t

shown - a 4L interface between Navigation and Stores Managem
veen the two partitions of the Operator Interface application¢

functional information content (data parameters and units of meaj

(say, latitude, longitude, and altitude) to Stores Management once
ame. The Navigation/Stores Management ICD describes the form
S data; e.g., latitude in degrees in word 0, fengitude in degrees in W
I 2. The ICD also specifies the data typexfor each value (e.g., inted
b packed representation) and frequency of the communication (i.e

And calls a 4D interface to the,.System Services layer to cause the
Stores Management. The System Services layer invokes the app
, the Pi-bus driver in this-example. The Pi-bus driver formats the m
re interface (2D) described in the Pi-bus ICD and performs operat
b message to the module on which Stores Management resides. A
ame process occurs in reverse. The Resource Access Services 1g
informs the System Services layer that a new message is availab
r then makesithe message available to the Stores Management aj

Cessary to cause the information to be transferred from Navigation

Management

e Operator iMerface appiication 1s distributed between two mogujes. Two 4L

ent and a 4L

nterface between Navigation and Stores Management'is documented in an ICD that

sure) and the

sages transferred between the two. For example,ssuppose Navigafion passes aircraft

every 50

ht of a message
ord 1, and altitude
er, IEEE floating

, 20 Hz). At the

b the ICD
message to be
ropriate driver
pssage to conform
ons to effect

t the destination
yer receives the
le. The System
pplication.

y of the direct
to Stores

Furthermore, components in the System Services, Resource Acg

ess, and Physical

Resources layers have no knowledge of the Navigation/Stores Management ICD and so attach no
meaning to the sequence of bits that contain latitude, longitude, and altitude.

Similarly, the interface between the two partitions of the Operator Interface application is specified
in an ICD. Transfer of data between them would be identical to transfer of data between Navigation
and Stores Management, even though the two partitions are part of the same application.
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5.2.2

523

System Services Interfaces: Figure 5 illustrates interfaces between components in the System
Services layer. Five System Services components are shown:

» System Control

Fault Management
Database Management

« Communication Management

Operating System

The first four
components

ICDs discuss
system config
modules. Theg
transferred a
Section 3.3, t
concatenated

The Databas
components
application sg
only one mod
applications ¢
sends a mes;
Database M
Database M
these messa
documented
requesting da
application to
document de

Resource Ac

are XOS services. ICDs exist to define the interfaces betweenieag
hnd their counterparts on other modules. These ICDs are similar tg
bd above. The System Control ICD might describe the format of me
uration information, such as the assignment of application proces
fault management ICD might describe the format of heartbeat meg
mong the Fault Management services resident onteach module. As

h of these

the application
ssages containing
5es to hardware
sages periodically
5 mentioned in

he Communication Management ICD describes the format of comnunication headers

to messages.

b Management ICD might describe the format of messages transfe
bf a distributed database. For exampje; suppose one module hosts

rred among
a database that

ftware on other modules must access. Even though the physical database resides on

ule, each module hosts a part.@fithe database access software th

ht allows

n that module to access the.remote database. This Database Mamagement Service

age to the remote database on behalf of the requesting applicatiof]
nagement Service on that module formats a reply to the requestor

. If necessary, the
which the

nagement Service en‘the original module returns to the applicatiof. The format of

jes between the-distributed portions of the Database Managemen
n the ICD. Thus;-application software is not aware of the lower-ley
itabase opgetations on a remote module. Note that the 4D interface
invoke the Database Management Service is not described in this
scribingthe API for Database Management.

Service are
el details of
that allows the
ICD, butin a

Cess Services and Physical Resources Interfaces: As described in

Section 5.1, the

Pi-bus ICD defines the 2D, 2L, 1D, and 1L interfaces between the Pi-bus drivers and physical
components. TM-Bus and IEEE-488 ICDs contain analogous information for the TM-Bus and
IEEE-488, respectively.

6. COMPARISON TO OTHER MODELS:

The Portable Operating System Interface Standard (POSIX) and ISO Open System Interconnect (OSI)
reference models are two popular reference models. The Personal Computer Memory Card
International Association (PCMCIA) is a popular open systems architecture model that supports PC
card interchangeability. This section shows how the GOA Framework, ISO OSI reference model, and
POSIX model complement one another and shows how the PCMCIA model maps onto the GOA
Framework. Figure 6 illustrates the relationship between the GOA Framework, ISO OSI reference
model, and POSIX model.
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6.1 POSIX Compafison:

6.2

Open Systems interconnect
POSIX Open Systems Environment Model (OSI).Model Protocol Layers
App Interfaces Ext

. Application -->

|

. Presentation -->
|

-- 5. Session ->

|

-- 4, Transport ->

|

-- 3. Network >

|

-- 2. Data Link >,

|
-- 1. Physical ->

GOA Interface Classes

Application Logical-Reer Interfaces
4D  Appilication-to-System Services Direct Interfaces
3L  Systems Servicés Logical Peer Interfaces
3D Systems Services-to-Resource Access Services Direct Interfaces
3X  OS Services-to-XOS Services Direct Interfaces|
2L Resglrce Access Services Logical Peer Interfapes

2D Resource Services-to_Physical Resources Dirdct Interfaces
1L« Physical Resources Logical Peer Interfaces
1D-\, "Physical Resources-to-Physical Resources Dirgct Interfaces

FIGURE 6 - Comparison of GOA Framework with POSIX and OSI Referepce Models

The GOA Framnework was developed using the POSIX model as a baseline. The|Application
Software GOA |ayer is analogdus to the POSIX Applications Software entity. However, the
Application Plajform entity within POSIX is expanded to include the three other GQA layers: Systems
Services, Resgurce Access Services, and Physical Resource layers. The POSIX model does not
include 4L, 3L,|and 2L nor does it include the 3X, 3D, and 2D direct interfaces. The POSIX
Application Prggrammer Interface (API) is synonymous to the GOA 4D interface, gnd the POSIX
External Envirgnment Interface (EEI) is synonymous with the GOA 1L and 1D inteffaces treated as a
pair. Thus, the-GOAFrameworkextendsthe POStHXmodetby-inctudingtanguage describing
application-to-application logical interfaces, expanding the POSIX Application Platform, and by
including language to discuss Application Platform-to-Application Platform logical interface (3L and
2L interfaces).

ISO OSI Comparison:

The ISO OSI reference model is a communications model only, while the GOA Framework
encompasses both communications and non-communications services. Figure 6 notes that the OSI
model and the GOA Framework’s application logical and direct interfaces are analogous. However,
there are cases in the application of the OSI model that the application peer-to-peer interface would
be considered a 3L interface and the application direct interfaces would be considered either a 3D
interface or as an internal Systems Service interface not called out in the GOA Framework.

-23 -



https://saenorm.com/api/?name=c80b68fb0c06a12e77c44f6d0b40ce36

SAE AIR5315

6.2 (Continued):

The Common Management Information Service (ISO 9595/9596) (CMIS) to Remote Operations
Service Element (ROSE) OSI application layer interface used in the Telecommunications
Management Network (TMN) applications is such an example. CMIS is a component of the OSI
network management standardization effort (ISO 9595) that provides OSI management services
such as Accounting Management, Configuration Management, Fault Management, Performance
Management, and Security. ROSE is an application layer service which supports communication
between different application processes (e.g., located on different computers) on an interactive

basis. Generic gtructure 15 typicatty a requestreply type of Tnteractior.

The OSI physidal interface is a combination of the GOA 1L and 1D interface;~In so
datalink peer tq peer interface would be considered a GOA 1L interface, such as
standard. In such a case the OSI data link to physical direct interface would be in
Physical Resoyrces layer and not visible in the GOA Framework. Zhe'remainder
interfaces are dither logical or direct interfaces within the Application Platform. Th
can individuallyf or collectively (for an appropriate subset) be grouped as the appro

me cases, the OSI
n the Pi-Bus
ternal to the

of the OSI

b logical interfaces
priate GOA logical

interface. For ¢xample, transport and network peer-to-peer.interfaces for some architectures might

be combined a$ 2L logical GOA interfaces between System Service layers and th
session layer peer-to-peer interfaces might be collected as 3L logical GOA interfq
Resource Accgss Services layers. The OSI direct interfaces may be internal withi

are not visible in the GOA Framework or they may correspond to GOA 3D or 2D i
depending on H

OSl reference
services.

6.3 TAFIM Compatlison:

Figure 7 depict

Information M
(ATA), which

provides a framjeworksfor defining technical architectures for C3I/C4l systems and
define technicdl architectures based on that framework, including preferred set of
catalogs. The [TRM is based on the POSIX model, as can be see in Figure 7. The

ow the representation of the atchitecture uses the GOA Frameworl
model and the GOA Framewaork complement each other regarding

5 the DoD Technical Reference Model (TRM) defined in the Techni

agement fTAFIM). The TAFIM was the basis for the Army Techn
s in turnthe basis for the DoD Joint Technical Architecture (JTA).

b presentation and
ces between

n a GOA layer that
nterfaces,

. In summary, the
communications

cal Architecture for
cal Architecture
The TAFIM
its derivatives
standards

TRM extends the

POSIX model by categorizing Application Software into mission area applications and several
support application areas. Unlike POSIX or the GOA Framework, the TRM also categorizes services
available in the Applications Platform. The Application Platform service areas defined by the TRM
include both run-time and pre-run-time services. The TRM addresses only 4D API interfaces and
1D/1L EEl interfaces. The TRM does not address 2L, 3L, or 4L peer-to-peer logical interfaces, 3X,
3D, or 2D direct interfaces, nor does it address Resource Access Services.
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FIGURE 7 - DoD Technical Reference Model (from TAFIM v3.0)
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6.4

PCMCIA Comparison:

The following are two alternatives for how PCMCIA maps onto the GOA Framework. Alternative 1 is
an example of a Physical Resource that includes both hardware and software (i.e., Socket Services).
This discussion assumes the reader is familiar with the PCMCIA model. Refer to [Levine] for a
tutorial on the PCMCIA model. Figure 8 and the following definitions are based on material included
in [Levine].

» PC Card: A device carrying out PCMCIA functions requiring Memory, 1/0, and/or IRQ resources.
PC Cards argnsertedimo PCMCIASIONS.

» PCMCIA Controller: The piece of hardware responsible for mapping PCMCIA Bys signals to the
system bus. |tis also responsible for intercepting and handling of addresses anf data destined for
PC Cards.

» Socket Serviges: The lowest level of the PCMCIA architecture providing abstragted PCMCIA
controller seryices.

» Card Information Structure: A set of data structures present within the PC Card [that describes
specific information about the manufacturer and configuration<options of the PC| Card.

» Card Services: Highest services level of PCMCIA specifigations responsible for fesource and client
management] It defines the API and protocols available,for client use. After Card Services
assigns resoulrrces to a PC Card, the PC Card can be.accessed as if it were natfve to the system

since the ass
respond to sf

» Memory Tech

specific mem
e Client: The p
configuring P
responsible f

* Memory Cliefts: PCMCIA clients usually responsible for memory PC Cards.
* 1/O Clients: P

» Super Client:

and configurg.

AT Attachme

gnment of resources implies the PCMCIA controller has been pro
ecific memory or 1/O cycles and route them to the PC Card.
nology Drivers: A PCMCIA handler directly responsible for the rea]
pry technology memory PC Cards.

ece of software in the PEMCIA architecture that is responsible for
C Cards. There may be'several clients in any one system, each o
br a subset of PC Cards.

CMCIA clients, usually responsible for recognizing and configuring
A PCMCIAcclient that usually contains a database of PC Cards th
Super(clients are usually delivered with the PCMCIA handlers.

nt (ATA):A definition for extending disk services on IBM PC and co

jrammed to
ding and writing of
recognizing and
f which is
I/O PC Cards.

ht it can recognize

mpatible platforms.

One can argue

that Socket Services is part of the PCMCIA Physical Resources si

ce the interface to

Socket Services is the only part of PCMCIA standard that is specified as to how to interface to the
PCMCIA Physical Resources from higher levels of the GOA Framework. The interface between
Socket Services and the PCMCIA Controller is not specified. Thus, abstractly, the Socket Services
together with the PCMCIA Controller makes up the Physical Resources for PCMCIA. This is
illustrated in Figure 9.

On the other hand, since Socket Services is software that directly interfaces with the PCMCIA
Controller, it is valid to view it as part of Resource Access Services and only the PCMCIA Controller
is part of Physical Resources. This is illustrated in Figure 10.
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6.4 (Continued):

Alternative 1 could be argued as the preferred interpretation since, from a PCMCIA perspective, it is
the interface to Socket Services where the interface from higher layers of the PCMCIA model is
standardized.

Card Services and Memory Technology Drivers understand the PC-Card Physical Resources.
Additionally, they both include drivers. Therefore, they are part of Resource Access Services.

Clients are eith :
considered as XOS Services and I/O clients may be considered as Resource Acegss Services. This
follows since I/ clients contain drivers that actually communicate with the associated PC-Card after
PCMCIA initialization, while memory clients are higher level software thatuse Memory Technology

Drivers for diregt driver interfacing.

clients may be

Thus, the two dlternatives are

1. Socket Seryices and PCMCIA Controller are part of Physical Resources, Card Services and
Memory Tegchnology Drivers are part of Resource Access Services. Clients can be either XOS
services or|Resource Access Services.

2. PCMCIA Controller is part of Physical Resources;*Socket Services, Card Services, and Memory
Technology| Drivers are part of Resource Access Services. Clients can consist of both XOS and
Resource Access Services.

The following are notes about the standard PCMCIA interfaces for each case

1. Casel

» The Socket Services APIl(is a 2D interface
» The Card|Services ARLis both an internal Resource Access Service direct interface (with I/O
Clients and Memopy.Technology Drivers) not specified in the GOA Framewqrk and is a 3D

interface (with mémory clients).

2. Case?2

» The Socket Services APl is an internal Resource Access Service direct interface (with Card
Services).

» The Card Services API is both an internal Resource Access Service direct interface (with I/O
Clients and Memory Technology Drivers) not specified in the GOA Framework and is a 3D
interface (with memory clients).

Note the Card Information Structure (CIS) is also a PCMCIA standard. Parts of the CIS are used by
Socket Services, Card Services, and clients. Thus, the CIS definition is used as part of the
parameter definition within the interface of the Socket Service and Card Services APIs (and by the
Socket Services interface to the PCMCIA Controller). Therefore the CIS helps define some of the
direct interfaces related to PCMCIA. The CIS is NOT a logical interface in the sense of the GOA
Framework.
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PCMCIA Primer Hy L. Levine

FIGURE 8 - PCMCIA Architecture
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