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Abstract

This document specifies the means by which the SPA features of networked component registration, and
message routing to endpoints on a SpaceWire network are facilitated. Accomplishing this requires low-
level messaging on the SpaceWire network to provide the “convergence functions” to allow the common
SPA messages to be transported. This document does not discuss physical details of SpaceWire related
to signal levels, harnessing, and so forth. Those Specifications are expressed in the SpaceWire standard
document ECSS-E-50-12C.
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Foreword

AIAA S-133-9-2013

This document was developed by the Space Plug-and-Play Architecture (SPA) Standards Working Group
as one of a series describing the various components of the standard. The SPA standards were recorded
in earlier documentation. This document set separates content along logical boundaries to better organize
the volumes (so that developers or domain experts need only reference the documents applicable to their
needs) and to avoid duplication of content between documents in the standard series. This 2013 AIAA
standard supersedes all previous documentation of the SPA standards.

This particular volume of the SPA SpaceWire (SPA-S) Subnet Adaptation Standard contains information
not recorded in previous documentation. It is part of a set of 10 documents describing other components

of the standard:

e SPA Guidebook

e SPA Networking Standard

e SPA Logical Interface Standard

e SPA Physical Interface Standard

e SPA 28V Power Service Standard

e SPA System Timing Standard
e SPA Ontology Standard

e SPA Test Bypass Standard

e SPA System Capability Guide

At the time of approval, the members of the AIAA SPA Committee on Standards were:

Fred Slane, Chair
Jeanette Arrigo
Scott Cannon
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Don Fronterhouse*
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Jane Hansen
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Denise Lanza

James Lyke
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Sierra Nevada Corporation

Utah State University

PnP Innovations

PnP Innovations

Design Group

HRP Systems

Operationally Responsive Space Office
Naval Research Laboratory
Comtech Aero-Astro

R.J. Kohl & Associates
Independent

Independent

SAIC

Air Force Research Laboratory

Documents

Document 8haring Hub


http://www.avadocuments.com/doc/aiaa-s-133-9-2013
http://www.avadocuments.com/doc/aiaa-s-133-9-2013

Downloaded by Siavash Sohrab on April 21, 2015 | http://arc.aiaa.org | DOI: 10.2514/4.102370

AlAA S-133-9-2013

Joseph Marshall BAE Systems
Gerald Murphy* Design Group

Gary Rodriguez sysRand

Steven Schenk Comtech Aero-Astro
Robert Vick* SAIC

The above consensus body approved this document in August 2012.

The AIAA Standards Executive Council (VP-Standards, Laura McGill, Chairperson) accepted the
document for publication in November 2012.

The AIAA Standards Procedures dictates that all approved Standards, Recommended Practices, and
Guides are advisory only. Their use by anyone engaged in industry or trade is entirely voluntary. There is
no agreement to adhere to any AIAA standards publication and no commitment to conform to or be
guided by standards reports. In formulating, revising, and approving standards publications, the
committees on standards will not consider patents that may apply to the subject matter. Prospective users
of the publications are responsible for protecting themselves against liability for infringement of patents or
copyright or both.

*Alternate CoS Participant
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Introduction

Space Plug-and-Play Architecture (SPA) embraces and implements a collection of standards designed to
facilitate rapid constitution of spacecraft systems using modular components.

The data portion of the standard is based on a data-centric model in which components self-describe their
interfaces when they register with the system. This self-description is facilitated by an XML byte string
called an extensible transducer electronic data sheet (XTEDS). The xTEDS defines the identity of the
component, and the organization of its data interfaces.

SPA is a networked data exchange model. One of the premises of SPA is that there is no distinction
between a hardware device that supports a data interface and a software application that does the
same—thus all endpoints in a SPA network, physical or virtual, are referred to as “components”.

Other components may use queries to express their data consumption needs. These queries are based
on the specification of data “kind” with “qualifiers” that provide additional context to focus the search.
When matches are found, the consumer may subscribe to messages of providers that meet their search
criteria. As such, SPA systems dynamically bind their data at runtime.
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1 Scope

This document specifies the means by which the SPA features of networked component registration and
message routing to endpoints on a SpaceWire network are facilitated. Accomplishing this requires low-
level messaging on the SpaceWire network to provide the “convergence functions” to allow the common
SPA messages to be transported.

This document does not discuss physical details of SpaceWire related to signal levels, harnessing, and
so forth. Those specifications are expressed in the SpaceWire standard document ECSS-E-ST-50-12C.

The role of a SPA subnet manager (SM-x) implemented for any transport protocol is to abstract the
peculiarities of the subnetwork away, so that SPA core components and clients of those components
need not know specific details to target components in the subnet for communication. To date, SPA
common messaging has been bridged to several transport flavors, including USB, SpaceWire, and 12C.
Research is in progress to develop the standard for optical transport as well.

2 Applicable Documents

The following documents contain provisions which, through reference in this text, constitute provisions of
this standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this standard are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated
below. For undated references, the latest edition of the normative document referred to applies.

ECSS-E-ST-50-12C SpaceWire — Links, nodes, routers and networks
AIAA S-133-2-2013 Space Plug-and-Play Architecture Standard Networking
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3 Vocabulary

3.1 Acronyms and Abbreviated Terms

AIAA American Institute of Aeronautics and Astronautics
ASME American Society of Mechanical Engineers

ASTM American Society of Testing and Materials

CAS central addressing service

EP endpoint

SPA Space Plug-and-Play Architecture

SPA-L SPA local interconnect

SPA-S SPA SpaceWire subnet

SM-L SPA manager for the SPA local interconnects
SM-s SPA manager for SpaceWire protocol subnet
SM-X SPA subnet manger, where x represents a given technology protocol
UDP user datagram protocol

uint<n> unsigned integer, n bits

XML extensible markup language

UuIiD universally unique identifier

XTEDS extensible transducer electronic data sheet

3.2 Terms and Definitions
For the purposes of this document, the following terms and definitions apply.

Central Addressing Service

responsible for providing logical address blocks to be assigned to each hardware or software component
registered with the system during component registration; it stores the logical address block, UUID, and
physical address for each core component

Component

an endpoint whose interface conforms to the SPA Interface standard and does not connect to another
SPA object via a different port; note that a SPA hardware component is indistinguishable from a SPA
software component for the purposes of this document.

Plug-and-play
ability to connect a device to the larger system and have the two work together with little or no set-up
required (e.g., automated system recognition and data exchange)

Router
a device with multiple ports that may be attached to another SPA router, a SPA manager, gateway, or
SPA component endpoint
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SPA lookup service

responsible for accepting component registration and providing data source route information for
components requesting a particular type of service (or returning an acknowledgment if the service is not
available).

SPA manager

responsible for performing discovery for a particular subnet. It maps incoming packets to the correct SPA
endpoint on the subnet, encapsulating the SPA packet with the correct protocol header. In the reverse
direction it removes the protocol header and possibly adds a new header conforming to the subnet the
packet is about to enter. It is also responsible for topology discovery and reporting within the subnet.

4 Overview

In SPA, a subnetwork manager is a construct that bridges to a protocol other than that natively supported
by SPA messaging. SPA supports a native packet format and addressing protocol which is independent
of the low level networks on which it is transported. In order for the SPA addressing services, data
manager, and other subnet managers to access a SpaceWire subnet, there must be a broker that allows
the component discovery and messaging communication functions to occur despite the fact that they are
not natively supported—this is the role of a SpaceWire subnetwork manager (SM-s).

The fundamental roles of an SM-s are described briefly in the following bullets and in greater detail within
this standard document.

¢ Discovering all nodes on the network and their associated SPA components
o Performing any work required to configure the network infrastructure to support addressing

¢ Requesting to register the components of the subnet with the SPA Lookup Service on the SPA
Network

e Requesting address blocks for other SM-s on the subnet, and storing assigned logical addresses
for SPA components on the subnet.

e Distributing information (if necessary) to allow all endpoints on the subnet to route to any other
endpoint on the subnet

e Mapping a SPA message received at the SM-s from the SPA-L side to an endpoint on the subnet
¢ Releasing messages arriving from the subnet onto the SPA-L in the proper form for local routing

e Providing bridging capability when two or more adapters are installed on a host. This is the ability
to pass messages from one subnet to another, regardless of the type of transport.

5 SPA SpaceWire Subnet

SpaceWire is a point to point “switch fabric” transport consisting of routers and nodes. For the SPA
application, a “path routing” addressing scheme (one of two supported approaches in the SpaceWire
standard) to pass packets between nodes on the network was utilized.

Figure 1 shows a typical SPA system consisting of SpaceWire routers, SpaceWire subnet managers, and
connected SPA-Local interconnects with associated services. In order for a SPA endpoint in a SpaceWire
subnet to be addressable by the system, the SM-s must be able to identify the position of the endpoint
and its associated SPA components during topology discovery, request a logical address block for the
components and request registration for the component from the SPA Lookup Service. Once the
component has delivered its XTEDs to the SPA Lookup Service, the component may be used for services
by other SPA components in the network.
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