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The Principles of
Standardization

Notice

IPC Position
Statement on
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Revision Change

Why is there
a charge for
this document?

In May 1995 the IPC’s Technical Activities Executive Committee adopted Principles of
Standardization as a guiding principle of IPC’s standardization efforts.

Standards Should: Standards Should Not:
« Show relationship to Design for Manufacturability * Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
e Minimize time to market » Keep people out
« Contain simple (simplified) language * Increase cycle time
« Just include spec information * Tell you how to make something
* Focus on end product performance  Contain anything that cannot
¢ Include a feedback system on use and be defended with data

problems for future improvement

IPC Standards and Publications are designed to serve the public interest through eliminating mis-
understandings between manufacturers and purchasers, facilitating interchangeability and improve-
ment of products, and assisting the purchaser in selecting and obtaining with minimum delay the
proper product for his particular need. Existence of such Standards and Publications shall not in
any respect preclude any member or nonmember of IPC from manufacturing or selling products
not conforming to such Standards and Publication, nor shall the existence of such Standards and
Publications preclude their voluntary use by those other than IPC members, whether the standard
is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their adop-
tion may involve patents on articles, materials, or processes. By such action, IPC does not assume
any liability to any patent owner, nor do they assume any obligation whatever to parties adopting

the Recommended Standard or Publication. Users are also wholly responsible for protecting them-
selves against all claims of liabilities for patent infringement.

It is the position of IPC’s Technical Activities Executive Committee (TAEC) that the use and
implementation of IPC publications is voluntary and is part of a relationship entered into by
customer and supplier. When an IPC publication is updated and a new revision is published, it
is the opinion of the TAEC that the use of the new revision as part of an existing relationship
is not automatic unless required by the contract. The TAEC recommends the use of the latest
revision. Adopted October 6. 1998

Your purchase of this document contributes to the ongoing development of new and updated industry
standards and publications. Standards allow manufacturers, customers, and suppliers to understand
one another better. Standards allow manufacturers greater efficiencies when they can set up their
processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the standards
and publications development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and par-
ticipates in committee activities, typesets and circulates document drafts, and follows all necessary
procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low to allow as many companies as possible to participate.
Therefore, the standards and publications revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards and
publications, why not take advantage of this and the many other benefits of IPC membership as
well? For more information on membership in IPC, please visit www.ipc.org or call 847/790-5372.

Thank you for your continued support.
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Definition for Web-Based
Exchange of XML Data

A standard developed by the CAMX Frameworks Communication
Committee (2-50).

The IPC-2501 standard specifies the governing semantics and an XML
based syntax for shop floor communication between electronic assembly
equipment and associated software applications. Wherever possible,
existing and widely accepted protocols have been utilized. Certain
guaranteed behaviours have been defined to ensure that mission-
critical data is reliably communicated among Clients. The purpose of
the standard is to outline the communication architecture, supporting
XML messages, and to define the choreography between sender and
receiver.

Users of this publication are encouraged to participate in the
development of future revisions.
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Definition for Web-Based Exchange of XML Data

Introduction

Information flow is essential to efficient electronics manufacturing and standards are essential to
information flow. One area of commerce that has lacked its own communication standards is the
electronics manufacturing factory floor. Information exchange between a system of electronic
assembly equipment and higher-level applications has, in the past, used proprietary or borrowed
standards. The IPC-254X and IPC-255X series of standards address this issue by defining the
messages needed for this information exchange.

Just as “snail mail” and e-mail information exchanging requires standards for the envelope and
transportation mechanisms — or messaging interface — so also do factory floor communications.
This standard describes a messaging interface that is based upon an architecture whereby a
single logical middleware server (the Message Broker) exchanges messages among Clients in a
Domain.

Clients may be electronics manufacturing equipment or software applications present in the
domain. The Message Broker acts as an intelligent message router between these Clients,
accomplishing both Point-to-Point and Publish/Subscribe communications. Figure 1 shows a
computer-aided manufacturing XML (CAMX) Domain consisting of the Message Broker, Application
Clients, and Equipment Clients.

Although the scope of this document is that of electronics manufacturing, the broader
applicability of the message transport mechanisms defined by this standard must be noted. Any
application that uses XML-based messages can use the IPC-2501 web-based exchange
mechanism. Specifically, this standard can support the exchange of XML-based messages both
within an enterprise, be it manufacturing or service based -- and externally -- between multiple
enterprises having the need for efficient, reliable web-based communications. Broad adoption of
this standard is strongly encouraged.

Application Application Application Application

Message Broker

Equipment Equipment Equipment

Figure 1 Example IPC-2501 Domain consisting of the Message Broker,
Application Clients, and Equipment Clients
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1 Scope

The intent of this standard is to establish the governing semantics and an XML based syntax for
shop floor communication between electronic assembly equipment and associated software
applications. Wherever possible, existing and widely accepted protocols have been utilized.
Certain guaranteed behaviors have been defined to ensure that mission-critical data is reliably
communicated among Clients.

The purpose of this specification is to outline the communication architecture and supporting
XML messages. The required programmatic actions that define the choreography between
sender and receiver have also been defined.

The domain of this standard is that of an electronics assembly manufacturing shop, consisting of
up to several hundred machines, each of which is capable of producing tens of messages per
second. Most of these messages are relatively small in size (under 20 kilobytes); however some
application-specific files of several megabytes will occasionally need to be transferred. The
number of consumers of this information is assumed to be a relatively small number, typically
less than 20, and this number does not directly increase in proportion to the number of
machines. Provisions have also been made to accommodate network interruptions.

1.1 General Design Principals

Many different levels of system complexity are possible in addressing the intent outlined above.
The industry participants guiding the development of this standard set forth the following design
principles:

e Low Cost

e Low Complexity

o Stable

e Deterministic

e Centrally Configured
e Scalable

1.2 Intended Audience

This document is intended for an audience of manufacturing system software developers,
computer aided manufacturing application programmers and Information Technology
professionals as well as an end user community that includes process engineers and
manufacturing specialists.

2 Interpretation

"Shall", the emphatic form of the verb, is used throughout this standard whenever a requirement
is intended to express a provision that is mandatory. Deviation from a shall requirement is not
permitted, and compliance with the XML syntax and semantics shall be followed without
ambiguity, or the insertion of superfluous information. The words "should" and "may" are used
whenever it is necessary to express non-mandatory provisions. "Will" is used to express a
declaration of purpose.

To assist the reader, the word shall is presented in boldface characters.
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3 General Requirements

The XML schemas contained in this document describe the structures for a CAMX data
exchange. The document specifies data elements specifically designed to establish the
information exchange capabilities as related to the electronics manufacturing factory floor. The
XML schemas define the configuration of mandatory and optional elements, as well as
mandatory and optional attributes.

3.1 Terms and Definitions

The definitions of all terms used herein shall be as specified in IPC-1050, and by the following:

Client — A generic term for any of the various machines, applications, or devices that may
connect to a Message Broker in a Domain.

Domain - The set of all Clients interested in communicating with each other. It contains a single
logical Message Broker and a configurable number of Clients.

Domain Configuration - The Domain Configuration defines publishing capabilities, subscription
interests, point-to-point communication privileges, quality of service parameters and general
information about the Domain.

Message Broker - The Message Broker is the messaging middleware. It is responsible for
intelligently routing messages among Clients.

3.2 Communication Architecture

In accordance with the intent of using broadly accepted standards where possible, this system
makes use of TCP/IP, HTTP, XML, and SOAP as illustrated in Figure 2.

Message Exchange (IPC 2501)

Message Semantics (IPC 251X - 258X)

Message Syntax (XML)

Packaging (SOAP w/ Attachments)
(IPC 2501 Extensions)

Transport (HTTP)

Network (TCP/IP)

Figure 2 IPC-2501 Layered Communications Architecture

There are two chief advantages of this standards-based approach. First, re-invention and re-
implementation of basic commodity functionality is minimized. Second, the use of widely
accepted Internet standards will make the IPC-2501 more attractive to potential implementers.

The way in which SOAP with attachments and the HTTP protocol are used together to represent
IPC-2501 messages is illustrated in Figure 3.
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HTTP 1.1

SOAP with Attachments MIME Envelope

MIME Block
SOAP Envelope

SOAP Header

IPC 2501, Messagelnfo

SOAP Body

SOAP Faults

MIME Block

CAMX Message

Figure 3 The IPC-2501 transmission structure

3.2.1 TCP/IP Usage

TCP/IP is used by this standard because it is absolutely standardized and offers the highest
assurance that all types of systems from all vendors can communicate effectively.

3.2.2 HTTP Usage

All transfers of messages in an IPC-2501 Domain are accomplished via the HTTP 1.1 protocol
through the Message Broker. The Message Broker acts as an HTTP Server and the Clients act
as HTTP Clients.

A transaction consists of two HTTP transmissions. The first transmission is an HTTP Client
Request and shall be initiated by a Client. The second transmission is an HTTP Server
Response, and shall be accomplished by the Message Broker (see Figure 4).

The HTTP Client Request shall use the HTTP POST method. The HTTP Server shall Respond
with either an HTTP 200 or an HTTP 500 status code. An HTTP 200 status code shall indicate
that the HTTP request has succeeded. An HTTP 500 status code shall indicate the Message
Broker encountered an unexpected HTTP condition that prevented it from fulfilling the request.

For further information about HTTP 1.1, see:

http://www.w3.org/Protocols/rfc2616/rfc2616.html.
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Client Broker
HTTP Client HTTP Server

HTTP Request

>
.

HTTP Response

) 4

Figure 4 An HTTP Request/Response Transaction between a Client and the
Message Broker. All communication in an IPC-2501 Domain follows this pattern.

3.2.3 SOAP with Attachments Usage

In addition to HTTP, SOAP with Attachments shall be used to transfer messages. Each HTTP
transmission as defined in the previous section shall contain two MIME blocks. The first MIME
block shall contain a SOAP Envelope. The second MIME block shall contain the message that is
being transferred. (note: Future versions of this standard may use multiple MIME blocks to
transfer additional data.)

The SOAP Envelope contains a SOAP Header element and a SOAP Body element. The SOAP
Header element shall contain an IPC-2501 Messagelnfo as a child element. If a SOAP fault has
been generated, the SOAP Body shall contain the SOAP fault (see Figure 5).

+ SOAP-Header + Messagelnfo

+ SOAP-Envelopey |

¢ SOAP-Body

Figure 5 Location of Messagelnfo element within the SOAP Envelope

For more information about SOAP Version 1.1, see:
http://www.w3.0rqg/TR/SOAP/

For more information about SOAP with Attachments, see:
http://www.w3.0org/TR/2000/NOTE-SOAP-attachments-20001211.html

The SOAP 1.1 envelope schema can be found at:
http://schemas.xmlsoap.org/soap/envelope/
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3.2.3.1 Messagelnfo Element

The Messagelnfo element contains meta-level information about the message that is contained
in the second MIME block of each HTTP transmission. Attributes of the Messagelnfo element
provide origination and destination context to the message so that it can be routed appropriately.
Attributes are also included that indicate the schema of the message, a unique identifier, and the
date and time of the message.

ATTRIBUTE NAME ATTRIBUTE TYPE DESCRIPTION OCC1

sender anyURI The unique, predefined name of the entity in the 1
Domain sending this message.

destination anyURI The unique, predefined name of the entity in the 1
Domain where this message is to be sent.

dateTime dateTime The date and time of the message. 1

messageSchema anyURI The location of the schema of the attached message 1
represented by this element.

messageld string An attribute representing the unique identifier of the 1
message.

URI: http:/Iwebstds.ipc.org/2501/Messagelnfo.xsd

Graphic Representation:

® dateTime _ ® sender o # destination ® messageld _
+ Messagelnfo dateTims anyLIR| anyLR! string

L messageSchema%

anyLRI

Schema:

<?xml version = "1.0" encoding = "UTF-8"?>
<xsd:schema xmins:xsd = "http://www.w3.0rg/2001/XMLSchema"
elementFormDefault = "qualified">
<xsd:element name = "Messagelnfo">
<xsd:complexType>
<xsd:attribute name = "dateTime" use = "required" type = "xsd:dateTime"/>
<xsd:attribute name = "sender" use = "required" type = "xsd:anyURI"/>
<xsd:attribute name = "destination" use = "required" type = "xsd:anyURI"/>
<xsd:attribute name = "messageld" use = "required" type = "xsd:string"/>
<xsd:attribute name = "messageSchema" use = "required" type = "xsd:anyURI"/>
</xsd:complexType>
</xsd:element>
</xsd:schema>

3.2.3.1.1 Unique ID Generation

Each message shall be uniquely identified for the purpose of acknowledgement, logging,
response correlation and other purposes. Identifier strings must be printable characters and may
be generated in any fashion that will produce an identifier with a name space collision possibility
of zero.
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