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Abstract

This document defines a set of messages that are used to initiate, control and terminate the exchange of FAST encoded messages. This set of messages is referred to as the FAST Session Control Protocol 1.1. The protocol includes messages for dynamic exchange of FAST template definitions and declarations.

Table of Contents

51
Introduction


51.1
Standard Naming and Abbreviations


61.2
Prerequisites


61.3
Notation


61.4
Terms and Acronyms


62
The SCP Namespace


73
Messages vs Templates


74
Session Control Messages


74.1
Hello


74.1.1
SenderName


74.1.2
VendorId


74.1.3
Version Identification


74.2
Alert


84.2.1
Severity


84.2.2
Code


84.2.3
Value


84.2.4
Description


84.3
Reset


85
Transport Independence and Dictionaries


96
Template Exchange


96.1
Template Exchange Methods


96.2
Template Exchange Messages


96.2.1
TemplateDecl


96.2.2
TemplateDef


137
Conformance


137.1
Level 1


147.2
Level 2


147.3
Level 3


15Appendix 1
Translation to XML


19Appendix 2
Templates


23Appendix 3
Examples




Document History

	Version
	Date
	Author
	Description

	1.1.
	2007-08-27
	David Rosenborg
	New version of FAST Session Control Protocol – first public release.


1 Introduction

The purpose of the protocol defined by this specification is to provide means for initiating and controlling the decoding process in an exchange of FAST encoded messages, a FAST session.

A FAST session is initiated by sending a Hello message. The main purpose of the hello message is to indicate what version of FAST is being used. The hello message also contains the name of the sender. The name can be used for informational purposes but may also be used in the selection of features and templates. This specification does not provide means for authentication and authorization. Those issues are better handled by existing protocols like SSL.

A FAST session can end in one of two ways: explicitly or exceptional. An explicit termination is done by sending an Alert message indicating termination. All other terminations are exceptional. The use of explicit termination facilitates detection of abnormal conditions. For example, if the underlying communication link is terminated before an explicit termination is signaled, the receiver can assume an error occurred.

A key feature of FAST is the ability to avoid sending data that has been sent before. This ability introduces a possible dependency in a decoder on previously received messages. If a reliable transport, like TCP, is used, this dependency is not a problem since messages cannot be lost. However, when using an unreliable transport like UDP, special care must be taken not to have dependencies across datagrams. As a consequence, the state of the decoder must be reset at the beginning of each datagram. Instead of defining implicit reset semantics for all possible transport mechanisms, this specification provides an explicit method for this purpose. It does this by defining a reset property for templates. In addition it defines a message Reset. The reset property for the provided template for this message is enabled. This means that when using an unreliable transport, each indivisible sequence of messages would typically start with a Reset message or any other template that have the reset property enabled.
The FAST Specification defines the concept of a template. A template is needed to encode and decode a FAST message. Templates can appear in many forms. They can for example be hard coded in the encoder and decoder. A particular implementation may choose to load templates when the application starts. In that case the templates have typically been communicated out of band. The FAST Specification provides a concrete XML syntax suitable for that purpose. Other implementations may choose to dynamically exchange templates in band in a FAST session. For that purpose, this specification provides a set of messages that enables template definitions to be encoded in FAST.

Each message in this specification has a corresponding template with a predefined template identifier. The templates are formally specified in Appendix 2 using the concrete syntax defined in the FAST Specification.

1.1 Standard Naming and Abbreviations

The following names and abbreviations should be used when referencing this standard in other documents including other standards specification documents.

Note that when discussing the protocol, you are strongly encouraged to include the version number of the standard so as to provide the context and eliminate future discrepancies as the version of the standards specification changes. For that reason, the version number is considered an integral part of the name and abbreviations of the standard. 

	Standard naming and abbreviations
	Usage

	FAST Session Control Protocol (SCP) Version 1.1
	Full specification name

	FAST SCP 1.1
	Full abbreviation - recommended for documents that may specify multiple standards or in which the context of the standard abbreviation may be ambiguous

	SCP 1.1
	Contextual abbreviation for use within FAST Protocol specifications and documents that solely reference FAST and documents in which the context of the abbreviation is clear.


1.2 Prerequisites

A basic understanding of computer network protocol theory and application is assumed. In order to fully benefit from this specification, the reader should be familiar with the FAST encoding standard, as defined by the FAST Specification 1.1.
1.3 Notation

The layout of a message is defined using a simple C/Java like syntax. A message or group type has a name following the message or group keyword. The only difference between group and message types is that instances of a message must only appear at the top level of a stream, whereas instances of a group must not. A group type may extend a base type. The name of the base type, if present, follows the extends keyword.

('message' | 'group') Name ['extends' Base]
'{'
   …
'}'
 

A type definition lists the contained fields within curly braces. Each field has a type and a name. The type is:

· one of the primitive types asciiString, unicodeString, uInt32, int32, uInt64, int64, decimal and boolean, or
· a static group, denoted by the name of the group type as in Operator, or

· a dynamic group, denoted by the name of a base type followed by an asterisk as in Operator*, or

· a static sequence, denoted by the name of the group type for the elements followed by brackets as in Attribute [], or 

· a dynamic sequence, denoted by the name of a base type followed by an asterisk and brackets as in Instruction* []. 

A field can be followed by a question sign to indicate that it is optional as in asciiString Description?. An optional field is either present with the value of the specified type, or has the special value null to indicate the absence of a real value.

A dynamic group field and an element of a dynamic sequence can contain any group that has a type that directly or indirectly extends the specified base type.
Templates are defined using the concrete syntax of the FAST Specification 1.1.
1.4 Terms and Acronyms

	Term / Acronym
	Description

	FAST Session
	A bidirectional initiation, protocol negotiation, and subsequent exchange of FAST Messages


2 The SCP Namespace

The names of message types, fields and templates defined in this document are in a namespace referred to as the SCP 1.1 namespace. The URI of this namespace is

http://www.fixprotocol.org/ns/fast/scp/1.1
3 Messages vs Templates

When a decoder decodes an SCP message, the significant identifier is the message type. As a consequence the semantics of the SCP protocol is defined in terms of messages rather than templates.

In the general case there can be multiple templates for a single SCP message. Although this specification only provides a single template per message, others could provide additional templates for alternative renditions. How this affects a particular application depends on its ability to dynamically accept new templates.

4 Session Control Messages
4.1 Hello

Hello is used at session initiation to exchange peer names and to indicate the version of FAST. Hello messages can be sent in parallel. It is recommended that the acceptor should wait for the initiator hello message before responding. The Hello message must appear before any other messages and must appear only once.
The Hello message is encoded using a template with the reset property enabled. As a consequence, the dictionaries of previous values in the decoder will be reset when receiving this message.
message Hello
{
   asciiString SenderName
   asciiString VendorId?
} 

4.1.1 SenderName

Sender names are determined by counter party agreement. There is no global namespace or naming authority for sender names. Depending on the context, a sender name may or may not be unique.

4.1.2 VendorId

A Vendor Identifier identifies a particular FAST implementation. The value must syntactically be a URI. Implementations are encouraged to provide a vendor identifier and to base it on the corporate domain name. A vendor identifier could for example look like this

http://example.org/ns/TheFastProcessor/1.1.0
4.1.3 Version Identification

The version of SCP follows from the namespace of the Hello message, which in this case is the SCP 1.1 namespace. Therefore a decoder can infer the SCP version from the template identifier of the encoded message.
4.2 Alert

The Alert message is used to send notifications to the peer. It is recommended that it is used before terminating a session to indicate the cause of termination. This practice will allow the communicating parties to identify the reason for disconnecting a session.


message Alert
{
   enum { Fatal, Error, Warn, Info } Severity
   enum { Close, Unauthorized, UnknownTemplateId, UnknownTemplateName, Other } Code
   uInt32 Value?
   asciiString Description?
} 

4.2.1 Severity

The severity field is informational. A decoder may for example use the severity information to differentiate diagnostic messages sent to the application.
4.2.2 Code

The following table describes the meaning of the codes. If a code is marked to terminate a session, no messages must follow after this alert.

	Symbol
	Description
	Terminates Session

	Close
	Normal termination
	Yes

	Unauthorized
	Peer not authorized
	Yes

	UnknownTemplateId
	The decoder cannot find a template name associated with a template identifier. The template identifier should be supplied in the Value field.
	Yes

	UnknownTemplateName
	The decoder cannot find a template definition associated with a template name. The template identifier should be supplied in the Value field if available. The name of the missing template should be included in the Description field.
	Yes

	Other
	
	


4.2.3 Value

The Value field can be used to communicate a numerical value. Its use depends on the alert code.
4.2.4 Description

The description field can be used to send informational text. Implementations are encouraged to provide a description even if all details are already implied by the other fields.
4.3 Reset

The Reset message is encoded using a template with the reset property enabled. As a consequence, the dictionaries of previous values in the decoder will be reset when receiving this message.

message Reset { } 


NOTE: It is the reset property of the template used to encode the message rather than the Reset message it self that triggers the reset.

5 Transport Independence and Dictionaries
SCP is independent of the underlying transport and makes no assumption of the state of dictionaries when a session starts. Therefore, a message interaction using SCP must start with a message having the reset property enabled. This specification has two such predefined templates: Reset and Hello. A decoder may signal an error if the first message it decodes is not resetting.
6 Template Exchange

6.1 Template Exchange Methods

Template exchange is dependent on two concepts: dynamic template definitions and dynamic template declarations. A template definition specifies the structure of a named template. A template declaration provides a mapping from numerical template identifier to the name of a template.

If dynamic declarations are used, a template declaration must appear before the first use of the template identifier it declares. If the identifier is a predefined identifier allocated by this specification, it is not necessary to declare it.
If dynamic definitions are used, a template definition must appear before the first use of a template identifier associated with its name. If the template is defined by this specification, it is not necessary to define it.
If a decoder decodes a template identifier for which it cannot obtain a template name, it is encouraged to send an alert with the code UnknownTemplateId.

If a decoder decodes a template identifier for which it can obtain a name but no definition, it is encouraged to send an alert with the code UnknownTemplateName.

A declaration may have the same template identifier as a previous declaration. In this case the latter declaration overrides the previous one.

A definition may have the same name as a previous definition. In this case the latter definition overrides the previous one.

A definition of a template referred to, directly or indirectly, through a static template reference may appear either before or after the point of reference. It must however appear before the first message encoded with the referring template is transmitted.

Template definitions or declarations are only recognized at the top level of a FAST stream.  More formally, an SCP message is only recognized when encoded as a message segment as defined in the FAST Specification 1.1. In practice this means that SCP messages are not to be recognized if they appear as the result of a dynamic template reference.
NOTE: Regardless of the exchange method used, an implementation may load definitions and declarations from additional sources and is not restricted to just use those transmitted over the SCP session.

6.2 Template Exchange Messages

6.2.1 TemplateDecl

The TemplateDecl message declares a mapping from a numerical template identifier to a template name.


message TemplateDecl
{
   NsName TemplateName
   uInt32 TemplateId
}

group NsName
{
   unicodeString Ns
   unicodeString Name
}
6.2.2 TemplateDef

The TemplateDef message is used to define the structure of a template.

The listing below defines the data model of a TemplateDef message. The semantics other than for the TemplateId and Reset fields are not defined in this document. Instead a translation into the concrete syntax of the FAST Specification 1.1 is provided in Appendix 1. An implementation must interpret a TemplateDef message as if it was reading the XML result of the translation. However, it is not required to actually produce the intermediate XML.

A template definition is modeled as a tree structure with the TemplateDef message as the root. The instructions building up the template are represented by a dynamic sequence of instances that all extend the abstract base type Instruction. Each concrete instruction type extends this abstract type and adds specific fields. The GroupInstr and SequenceInstr types use the same pattern for representing lists of instructions.
Each group representing a primitive field instruction has a type specific InitialValue field. Logically, the initial value belongs to the operator. The placement directly on the instruction group is a compromise to minimize type proliferation. As a side effect it is possible to specify an initial value for an instruction having no operator. This particular combination cannot be represented in the XML syntax and a decoder may signal an error should such a combination appear. If it does not signal an error, the initial value must be discarded.
A field operator extends an abstract base type Operator, and appears in a dynamically typed field on the instruction it applies to.
Names are represented by the NsName type and are always fully defined with both namespace identifier and local name. This differs from the XML syntax where namespace identifiers can be inherited for convenience. Copy operators are used in the templates defining the FAST encoding of NsName to minimize the impact of the size and repetitive nature of namespace identifiers.

message TemplateDef
{
   NsName TemplateName
   unicodeString AuxId?
   uInt32 TemplateId?
   TypeRef TypeRef?
   boolean Reset
   Other Other?
   Instruction* [] Instructions
} 

group TypeRef
{
   NsName Name
   Other Other?
} 

group Instruction { } 

group NsNameWithAuxId extends NsName
{
   unicodeString AuxId?
} 

group FieldBase extends Instruction
{
   NsNameWithAuxId Name
   boolean Optional
   Other Other?
} 

group PrimFieldBase extends FieldBase
{
   Operator* Operator?
} 

group LengthPreamble extends NsNameWithAuxId
{
   Other Other?
} 

group PrimFieldBaseWithLength extends PrimFieldBase
{
   LengthPreamble Length?
} 

group Int32Instr extends PrimFieldBase
{
   int32 InitialValue?
} 

group UInt32Instr extends PrimFieldBase
{
   uInt32 InitialValue?
} 

group Int64Instr extends PrimFieldBase
{
   int64 InitialValue?
} 

group UInt64Instr extends PrimFieldBase
{
   uInt64 InitialValue?
} 

group DecimalInstr extends PrimFieldBase
{
   decimal InitialValue?
} 

group Exponent
{
   Operator* Operator
   int32 InitialValue?
   Other Other?
} 

group Mantissa
{
   Operator* Operator
   int64 InitialValue?
   Other Other?
} 

group CompositeDecimalInstr extends FieldBase
{
   Exponent Exponent?
   Mantissa Mantissa?
} 

group AsciiStringInstr extends PrimFieldBase
{
   asciiString InitialValue?
} 

group UnicodeStringInstr extends PrimFieldBaseWithLength
{
   unicodeString InitialValue?
} 

group ByteVectorInstr extends PrimFieldBaseWithLength
{
   byteVector InitialValue?
} 

group StaticTemplateRefInstr extends Instruction
{
   NsName TemplateName
   Other Other?
} 

group DynamicTemplateRefInstr extends Instruction
{
   Other Other?
} 

group SequenceLength
{
   NsNameWithAuxId Name?
   Operator* Operator?
   uInt32 InitialValue?
   Other Other?
} 

group SequenceInstr extends FieldBase
{
   TypeRef TypeRef?
   SequenceLength Length?
   Instruction* [] Instructions
} 

group GroupInstr extends FieldBase
{
   TypeRef TypeRef?
   Instruction* [] Instructions
} 

group Operator { } 

group ConstantOp extends Operator
{
   Other Other?
} 

group DefaultOp extends Operator
{
   Other Other?
} 

group OpBase extends Operator
{
   unicodeString Dictionary?
   NsName Key?
   Other Other?
} 

group CopyOp extends OpBase { } 

group IncrementOp extends OpBase { } 

group DeltaOp extends OpBase { } 

group TailOp extends OpBase { } 

group Other
{
   Attribute [] ForeignAttributes
   Element [] ForeignElements
} 

group ForeignInstr extends Instruction
{
   Element Element
} 

group Attribute
{
   NsName Name
   unicodeString Value
} 

group Content { } 

group Element extends Content
{
   NsName Name
   Attribute [] Attributes
   Content* [] Content
} 

group Text extends Content
{
   unicodeString Value
}
6.2.2.1 TemplateId

The message can optionally contain a template identifier. If specified, the message serves as both a declaration and definition at the same time.

NOTE: The TemplateId field should not be confused with the AuxId field. Both may be present and may contain representations of the same identifier in a particular message. However, the AuxId field corresponds to the auxiliary identifier attribute in the XML syntax and has no semantics defined by this specification and does not constitute a template declaration.
6.2.2.2 The Reset Property

The reset property is specified in the Reset field of the TemplateDef message. If the field has the value true, the reset property of the template being defined is enabled. If the value is false, no reset must be issued. A decoder should reset all dictionaries as defined by the FAST Specification 1.1 whenever a message with this property enabled is received. The reset must be done just after reading the template identifier and before any fields of the template are processed.

Since the concrete syntax of the FAST Specification 1.1 does not natively support this property, this specification provides the definition of a foreign attribute to be used whenever it needs to be expressed in XML. The pattern of this attribute expressed in RELAX NG is as follows


namespace scp = "http://www.fixprotocol.org/ns/fast/scp/1.1"
element scp:reset { "yes" | "no" }

An implementation honoring this attribute must only recognize it when it appears on a <td:template> element as in the following example


<templates xmlns="http://www.fixprotocol.org/ns/fast/td/1.1" xmlns:scp="http://www.fixprotocol.org/ns/fast/scp/1.1">
  <template name="MyResettingTemplate" scp:reset="yes"> <uInt32 name="Payload"/> </template>
</templates>

If the attribute is present and has the value “yes”, the reset property is enabled for the template. Otherwise it is not enabled.
NOTE: Even though the reset property is implemented as a foreign attribute, it should never be encoded as such when sending template definitions as specified by this specification. This means that the dedicated reset property should always be used and the scp:reset attribute should never appear in the Other group in a TemplateDef instance.
7 Conformance
There are three conformance levels of SCP 1.1 implementations. Higher levels are supersets of the lower levels. Even though an implementation conforms to a certain level, it is not required to make use of all features in a particular setup.
7.1 Level 1
A level 1 implementation

· must use an encoding compatible with what is defined in the FAST 1.1 specification,

· must support the Reset message of this specification,

· must more generally honor the reset property on any template, and
· must not use any other reset method than through a message with a template having the reset property set to true.
The first message sent by a level 1 encoder must be resetting.

NOTE: The third conformance rule is soft in the sense that there is no requirement on an implementation to support any particular syntactic representation of templates that can be used to formally convey the reset property. This rule should be read as: the reset property must be explicitly conveyed to the receiving end by the same means by which template definitions are conveyed.
The main purpose of level 1 is to provide a minimal conformance level to be used in implementations where an unreliable, datagram-oriented, transport is used.

7.2 Level 2

A level 2 implementation

· must conform to level 1, and

· must support the Hello and Alert messages of this specification.

If a level 2 encoder makes use of the Hello message, it must only be sent as the first message of the session. A level 2 decoder may choose to signal an error if a Hello message appears after other messages have been received.
The main purpose of level 2 is to provide a conformance level to be used in implementations where a reliable, stream-oriented, transport is used and where dynamic template exchange is not required.

7.3 Level 3

A level 3 implementation

· must conform to level 2,

· must support the TemplateDef and TemplateDecl messages of this specification, and

· must follow the rules defined in 5.1 Template Exchange Methods.
The purpose of level 3 is to provide a conformance level for implementations that fully support dynamic template exchange.
Appendix 1 Translation to XML

The translation of an instance of a TemplateDef message into XML syntax is specified by a set of translation functions. Each translation function corresponds to a message or group type. The name of the associated type appears after the translate keyword. The expression that follows after the arrow specifies how to calculate the XML representation of an instance of the associated type.

An expression is evaluated in the context of a current object and zero or more arguments. The current object is of the associated type of the translation function. If the expression makes use of arguments, they are listed in parentheses following the type name.
In addition to the translation functions there is a set of helper functions. The helper functions are indicated by the keyword fun. A helper function works like a translation function except that there is no associated type and consequently no current object.

The occurrence of a capitalized name in an expression refers to a field or to a base type of the current object. The evaluation of such name is the result of applying the corresponding translation function. If the name refers to:

· a base type of the current object, the translation function matching that type is applied.

· an optional field that has no value, the reference evaluates to the special value null. The translation of null is the empty XML fragment, ( ).
· a statically typed field, the translation function matching the type of the field is selected. If there is no matching translation function, the following predefined translations apply:

· an asciiString or unicodeString translates to the string of characters it represents.
· an uInt32, int32, uInt64 or int64 translates to a character string as defined in section 8.2.3 of the FAST Specification 1.1.

· a decimal translates to a character string as defined in section 8.3.2 of the FAST Specification 1.1.

· a byteVector translates to a character string as defined in section 8.4 of the FAST Specification 1.1.
· for any other type, the value translates into it self.

· a dynamically typed field, the translation function matching the dynamic type of the value is applied.

· a dynamically typed sequence, each element of the sequence is translated by applying the translation function matching the dynamic type of the element. The results of the translations are concatenated as if the (x, y) operator was successively applied as in (t1, (t2, (t3, ()))), where t1 is the translated result of the first element, t2 of the second and so on.

The result of a translation function is an XML fragment. An XML fragment consists of a set of attributes and a sequence of elements and character data. The sequence is referred to as the content of the fragment. An XML fragment is not formally a string in XML syntax. A serialization of a fragment as XML must take care of namespace declarations and prefixes and quoting of attribute values.
Expressions use the following notation:

· x denotes the value of the argument named x
· X denotes the translated value of the field or base type named X as described above
· X.Y denotes the value of the field Y in the group typed value of X
· x.Y denotes the value of the field Y in the group typed value of the argument named x
· X (y) passes the value of y as argument to the translation function of X
· ( ) denotes an empty XML fragment
· (x, y) denotes the concatenation of the XML fragments x and y. The attributes of the result is the union of the attributes of x and y and the content of the result consist of the concatenation of the contents of x and y.
· f (x, y, …) denotes the value of the function f applied to the arguments x, y, …; in addition to the helper functions the following predefined functions are available:
· attribute (x, y): returns an XML fragment consisting of an attribute with the name x, and the value y. If y is null, the function returns the empty XML fragment ( ).
· attribute (x, y, z): returns an XML fragment consisting of an attribute with the name x with the namespace URI y and the value z.
· element (x, y, z): returns an XML fragment consisting of an element with the name x with the namespace URI y. The attributes of the element are the attributes of the XML fragment z and the content of the element is the content of the XML fragment z.
· text (x): returns an XML fragment consisting of character data representing the string x.
· applyXml (x, y): returns an XML fragment consisting of an element whose name is the name of the element y, whose attributes are the union of the attributes of x and y, and whose content is the concatenation of the content of x and y.
· x ? y : z denotes a conditional expression. If x is true, the value of the expression is y. If x is false, the value of the expression is z.
· <foo x> y </foo> denotes an XML fragment consisting of an element from the FAST 1.1 namespace with local name foo, attributes x, and content y.
· "abracadabra" denotes a string constant of the characters abracadabra
 
The translation functions are:

translate TemplateDef 
   applyXml (Other, <template scp:reset=Reset ? "yes" : "no" tplName (TemplateName, attribute ("id", AuxId))> TypeRefInstructions </template>)

translate TypeRef 
   applyXml (Other, <typeRef nsName (Name)/>)

translate NsNameWithAuxId 
   (nsName (NsName), attribute ("id", AuxId))

translate FieldBase 
   (Name, (presenceAttr (Optional), Other))

translate PrimFieldBase (init) 
   (FieldBase, Operator (init))

translate LengthPreamble 
   applyXml (Other, <length NsNameWithAuxId/>)

translate PrimFieldBaseWithLength (init) 
   (PrimFieldBase (init), Length)

translate Int32Instr 
   applyXml (PrimFieldBase (InitialValue), <int32/>)

translate UInt32Instr 
   applyXml (PrimFieldBase (InitialValue), <uInt32/>)

translate Int64Instr 
   applyXml (PrimFieldBase (InitialValue), <int64/>)

translate UInt64Instr 
   applyXml (PrimFieldBase (InitialValue), <uInt64/>)

translate DecimalInstr 
   applyXml (PrimFieldBase (InitialValue), <decimal/>)

translate Exponent 
   applyXml (Other, <exponent> Operator (InitialValue) </exponent>)

translate Mantissa 
   applyXml (Other, <exponent> Operator (InitialValue) </exponent>)

translate CompositeDecimalInstr 
   <decimal FieldBase> ExponentMantissa </decimal>

translate AsciiStringInstr 
   applyXml (PrimFieldBase (InitialValue), <string/>)

translate UnicodeStringInstr 
   applyXml (PrimFieldBaseWithLength (InitialValue), <string charset="unicode"/>)

translate ByteVectorInstr 
   applyXml (PrimFieldBaseWithLength (InitialValue), <byteVector/>)

translate StaticTemplateRefInstr 
   applyXml (Other, <templateRef tplName (TemplateName)/>)

translate DynamicTemplateRefInstr 
   applyXml (Other, <templateRef/>)

translate SequenceLength 
   applyXml (Other, <length Name> Operator (InitialValue) </length>)

translate SequenceInstr 
   <sequence FieldBase> LengthInstructions </sequence>

translate GroupInstr 
   <group FieldBase> Instructions </group>

translate ConstantOp (init) 
   applyXml (Other, <constant valAttr (init)/>)

translate DefaultOp (init) 
   applyXml (Other, <default valAttr (init)/>)

translate OpBase 
   (attribute ("dictionary", Dictionary), (attribute ("key", Key.Name), (attribute ("ns", Key.Ns), Other)))

translate CopyOp (init) 
   applyXml (OpBase, <copy valAttr (init)/>)

translate IncrementOp (init) 
   applyXml (OpBase, <increment valAttr (init)/>)

translate DeltaOp (init) 
   applyXml (OpBase, <delta valAttr (init)/>)

translate TailOp (init) 
   applyXml (OpBase, <tail valAttr (init)/>)

translate Other 
   (ForeignAttributes, ForeignElements)

translate ForeignInstr 
   Element

translate Attribute 
   attribute (Name.Ns, Name.Name, Value)

translate Element 
   element (Name.Ns, Name.Name, (Attributes, Content))

translate Text 
   text (Value)

fun presenceAttr (opt) 
   attribute ("presence", opt ? "optional" : "mandatory")

fun valAttr (init) 
   attribute ("value", init)

fun tplName (nm) 
   (attribute ("name", nm.Name), attribute ("templateNs", nm.Ns))

fun nsName (nm) 
   (attribute ("name", nm.Name), attribute ("ns", nm.Ns))
Appendix 2 Templates
Appendix 2.1 Mapping Rules

The following rules define the mapping of application type fields to template instructions where there is no natural mapping defined by the FAST Specification.
· A boolean field is represented by an uInt32 field instruction n the template. The value 0 represents false and the value 1 represents true.

· An enum field is represented by an uInt32 field instruction in the template. A numeric value is associated with each member of the enumeration. The number of a member is the number of the preceding member incremented by one. The first member has the numeric value 0.
· A dynamic sequence field is represented by a sequence field instruction in the template. Each element of the sequence consists of a single dynamic template reference.
· A dynamic group field is represented by a group field instruction in the template. The group comprises a single dynamic template reference.

· A mandatory static group field is represented by the mapping of the fields of the referred group type. That is, the content of the group is inlined at the point of reference.
· An optional static group field is represented by an optional group field instruction. The group comprises the mapping of the fields of the referred group type.
· A group type can extend a base group type. Since there is no direct correspondence to this concept in a template definition, the template must comprise the mapping of the fields of the base type in addition to the mapping of the fields of the sub type. In practice this is solved by static template references that correspond to the base types. 
Appendix 2.2 Template Identifiers

The templates defined by this specification have predefined template identifiers. The identifiers are allocated in the reserved ranges enumerated in the following table.

	TID
	Description

	0
	Reserved (Never allocated)

	120-127
	High frequency FAST predefined templates

	16000-16383
	Low frequency FAST predefined templates


Templates other than those defined in this specification or in other FAST specifications issued by FPL, must not use identifiers from the reserved ranges.

Prior to this specification, the identifiers 120, 16000 and 16001 have been allocated by SCP 1.0. The identifier 120 is reused by this specification for the predefined Reset template.
Appendix 2.3 Template Definitions
The auxiliary identifier attribute is used here to indicate the predefined template identifier of each template.


<templates xmlns:scp="http://www.fixprotocol.org/ns/fast/scp/1.1" xmlns="http://www.fixprotocol.org/ns/fast/td/1.1" templateNs="http://www.fixprotocol.org/ns/fast/scp/1.1" ns="http://www.fixprotocol.org/ns/fast/scp/1.1">

  <template name="Hello" scp:reset="yes" id="16002">
    <typeRef name="Hello"/>
    <string name="SenderName"/>
    <string name="VendorId" presence="optional"/>
  </template>

  <template name="Alert" id="16003">
    <typeRef name="Alert"/>
    <uInt32 name="Severity"/>
    <uInt32 name="Code"/>
    <uInt32 name="Value" presence="optional"/>
    <string name="Description" presence="optional"/>
  </template>

  <template name="Reset" scp:reset="yes" id="120"> <typeRef name="Reset"/> </template>

  <template name="NsName">
    <string name="Ns" charset="unicode"> <copy/> </string>
    <string name="Name" charset="unicode"/>
  </template>

  <template name="TemplateName">
    <string name="Ns" charset="unicode"> <copy dictionary="template"/> </string>
    <string name="Name" charset="unicode"/>
  </template>

  <template name="TypeRef">
    <group name="TypeRef" presence="optional">
      <templateRef name="NsName"/>
      <templateRef name="Other"/>
    </group>
  </template>

  <template name="TemplateDecl" id="16010">
    <typeRef name="TemplateDecl"/>
    <templateRef name="TemplateName"/>
    <uInt32 name="TemplateId"/>
  </template>

  <template name="TemplateDef" id="16011">
    <typeRef name="TemplateDef"/>
    <templateRef name="TemplateName"/>
    <string name="AuxId" charset="unicode" presence="optional"/>
    <uInt32 name="TemplateId" presence="optional"/>
    <templateRef name="TypeRef"/>
    <uInt32 name="Reset"/>
    <templateRef name="Other"/>
    <sequence name="Instructions"> <templateRef/> </sequence>
  </template>

  <template name="NsNameWithAuxId">
    <templateRef name="NsName"/>
    <string name="AuxId" charset="unicode" presence="optional"/>
  </template>

  <template name="FieldBase">
    <templateRef name="NsNameWithAuxId"/>
    <uInt32 name="Optional"/>
    <templateRef name="Other"/>
  </template>

  <template name="PrimFieldBase">
    <templateRef name="FieldBase"/>
    <group name="Operator" presence="optional"> <templateRef/> </group>
  </template>

  <template name="LengthPreamble">
    <templateRef name="NsNameWithAuxId"/>
    <templateRef name="Other"/>
  </template>

  <template name="PrimFieldBaseWithLength">
    <templateRef name="PrimFieldBase"/>
    <group name="Length" presence="optional"> <templateRef name="LengthPreamble"/> </group>
  </template>

  <template name="Int32Instr" id="16012">
    <typeRef name="Int32Instr"/>
    <templateRef name="PrimFieldBase"/>
    <int32 name="InitialValue" presence="optional"/>
  </template>

  <template name="UInt32Instr" id="16013">
    <typeRef name="UInt32Instr"/>
    <templateRef name="PrimFieldBase"/>
    <uInt32 name="InitialValue" presence="optional"/>
  </template>

  <template name="Int64Instr" id="16014">
    <typeRef name="Int64Instr"/>
    <templateRef name="PrimFieldBase"/>
    <int64 name="InitialValue" presence="optional"/>
  </template>

  <template name="UInt64Instr" id="16015">
    <typeRef name="UInt64Instr"/>
    <templateRef name="PrimFieldBase"/>
    <uInt64 name="InitialValue" presence="optional"/>
  </template>

  <template name="DecimalInstr" id="16016">
    <typeRef name="DecimalInstr"/>
    <templateRef name="PrimFieldBase"/>
    <decimal name="InitialValue" presence="optional"/>
  </template>

  <template name="CompositeDecimalInstr" id="16017">
    <typeRef name="CompositeDecimalInstr"/>
    <templateRef name="FieldBase"/>
    <group name="Exponent" presence="optional">
      <group name="Operator"> <templateRef/> </group>
      <int32 name="InitialValue" presence="optional"/>
      <templateRef name="Other"/>
    </group>
    <group name="Mantissa" presence="optional">
      <group name="Operator"> <templateRef/> </group>
      <int64 name="InitialValue" presence="optional"/>
      <templateRef name="Other"/>
    </group>
  </template>

  <template name="AsciiStringInstr" id="16018">
    <typeRef name="AsciiStringInstr"/>
    <templateRef name="PrimFieldBase"/>
    <string name="InitialValue" presence="optional"/>
  </template>

  <template name="UnicodeStringInstr" id="16019">
    <typeRef name="UnicodeStringInstr"/>
    <templateRef name="PrimFieldBaseWithLength"/>
    <string name="InitialValue" presence="optional" charset="unicode"/>
  </template>

  <template name="ByteVectorInstr" id="16020">
    <typeRef name="ByteVectorInstr"/>
    <templateRef name="PrimFieldBaseWithLength"/>
    <byteVector name="InitialValue" presence="optional"/>
  </template>

  <template name="StaticTemplateRefInstr" id="16021">
    <typeRef name="StaticTemplateRefInstr"/>
    <templateRef name="TemplateName"/>
    <templateRef name="Other"/>
  </template>

  <template name="DynamicTemplateRefInstr" id="16022">
    <typeRef name="DynamicTemplateRefInstr"/>
    <templateRef name="Other"/>
  </template>

  <template name="SequenceInstr" id="16023">
    <typeRef name="SequenceInstr"/>
    <templateRef name="FieldBase"/>
    <templateRef name="TypeRef"/>
    <group name="Length" presence="optional">
      <group name="Name" presence="optional"> <templateRef name="NsNameWithAuxId"/> </group>
      <group name="Operator" presence="optional"> <templateRef/> </group>
      <uInt32 name="InitialValue" presence="optional"/>
      <templateRef name="Other"/>
    </group>
    <sequence name="Instructions"> <templateRef/> </sequence>
  </template>

  <template name="GroupInstr" id="16024">
    <typeRef name="GroupInstr"/>
    <templateRef name="FieldBase"/>
    <templateRef name="TypeRef"/>
    <sequence name="Instructions"> <templateRef/> </sequence>
  </template>

  <template name="OpBase">
    <string name="Dictionary" presence="optional" charset="unicode"/>
    <group name="Key" presence="optional"> <templateRef name="NsName"/> </group>
    <templateRef name="Other"/>
  </template>

  <template name="ConstantOp" id="16025">
    <typeRef name="ConstantOp"/>
    <templateRef name="Other"/>
  </template>

  <template name="DefaultOp" id="16026">
    <typeRef name="DefaultOp"/>
    <templateRef name="Other"/>
  </template>

  <template name="CopyOp" id="16027">
    <typeRef name="CopyOp"/>
    <templateRef name="OpBase"/>
  </template>

  <template name="IncrementOp" id="16028">
    <typeRef name="IncrementOp"/>
    <templateRef name="OpBase"/>
  </template>

  <template name="DeltaOp" id="16029">
    <typeRef name="DeltaOp"/>
    <templateRef name="OpBase"/>
  </template>

  <template name="TailOp" id="16030">
    <typeRef name="TailOp"/>
    <templateRef name="OpBase"/>
  </template>

  <template name="Other">
    <group name="Other" presence="optional">
      <sequence name="ForeignAttributes"> <templateRef name="Attribute"/> </sequence>
      <sequence name="ForeignElements"> <templateRef name="Element"/> </sequence>
    </group>
  </template>

  <template name="ForeignInstr" id="16031">
    <typeRef name="ForeignInstr"/>
    <templateRef name="Element"/>
  </template>

  <template name="Attribute">
    <string name="Ns" charset="unicode"> <copy dictionary="template"/> </string>
    <string name="Name" charset="unicode"/>
    <string name="Value" charset="unicode"/>
  </template>

  <template name="Element" id="16032">
    <typeRef name="Element"/>
    <string name="Ns" charset="unicode"> <copy dictionary="template"/> </string>
    <string name="Name" charset="unicode"/>
    <sequence name="Attributes"> <templateRef name="Attribute"/> </sequence>
    <sequence name="Content"> <templateRef/> </sequence>
  </template>

  <template name="Text" id="16033">
    <typeRef name="Text"/>
    <string name="Value" charset="unicode"/>
  </template>
</templates>

Appendix 3 Examples
The following sections contain annotated examples of FAST encoded SCP messages. The annotated encoding has three columns. The leftmost column contains the actual encoded bytes in hexadecimal notation, the middle column contains a summary of the role of the bytes and the rightmost column contains the decoded data model instance. In the Role column, the n[m] notation is a reference to the bit m in the presence map n. A capital N on the right hand side in the Role column indicates that the field is encoded in a nullable representation. In addition to the decoded instance, the Decoded column also shows the bits for each presence map.
Appendix 3.1 Session Messages

Hello:

Encoded                 | Role                | Decoded

------------------------+---------------------+--------------------------------

c0                      | pmap 1              | 1

7d 82                   | cp set tid 1[0]     | Hello/16002 ->

45 78 61 6d 70 6c e5    | str                 |   SenderName = "Example"

68 74 74 70 3a 2f 2f 65 | str               N |   VendorId = "http://example.

78 61 6d 70 6c 65 2e 6f | ...                 |     org/ns/TheFastProcessor/1.

72 67 2f 6e 73 2f 54 68 | ...                 |     1.0"

65 46 61 73 74 50 72 6f | ...                 |

63 65 73 73 6f 72 2f 31 | ...                 |

2e 31 2e b0             |                     |

Alert:

Encoded                 | Role                | Decoded

------------------------+---------------------+--------------------------------

c0                      | pmap 1              | 1

7d 83                   | cp set tid 1[0]     | Alert/16003 ->

83                      | u32                 |   Severity = Info/3

80                      | u32                 |   Code = Close/0

80                      | u32               N |   Value = NULL

53 65 73 73 69 6f 6e 20 | str               N |   Description = "Session Clos

43 6c 6f 73 65 e4       | ...                 |     ed"

Reset:

Encoded                 | Role                | Decoded

------------------------+---------------------+--------------------------------

c0                      | pmap 1              | 1

f8                      | cp set tid 1[0]     | Reset/120 ->

Appendix 3.2 Template Definitions

The following sections contain annotated examples of FAST encoded template definitions. Each example comprises the template in XML syntax followed by the annotated encoding. 
Template Example 1:


<template xmlns="http://www.fixprotocol.org/ns/fast/td/1.1" name="HelloWorld"> <uInt32 name="Field1"/> </template>
Encoded                 | Role                | Decoded

------------------------+---------------------+--------------------------------

e0                      | pmap 1              | 1100    

7d 8b                   | cp set tid 1[0]     | TemplateDef/16011 ->

                        |                     |   TemplateName =

80                      | cp set ustr 1[1]    |     Ns = 0""

8a 48 65 6c 6c 6f 57 6f | ustr                |     Name = 10"HelloWorld"

72 6c 64                | ...                 |     

80                      | ustr              N |   AuxId = NULL

80                      | u32               N |   TemplateId = NULL

                        | opt grp 1[2]        |   TypeRef = NULL

80                      | u32                 |   Reset = false

                        | opt grp 1[3]        |   Other = NULL

81                      | seq len             |   Instructions [1] =

                        |                     |     0:

e0                      | pmap 2              |       1100    

7d 8d                   | cp set tid 2[0]     |       UInt32Instr/16013 ->

                        |                     |         Name =

80                      | cp set ustr 2[1]    |           Ns = 0""

86 46 69 65 6c 64 31    | ustr                |           Name = 6"Field1"

80                      | ustr              N |           AuxId = NULL

80                      | u32                 |         Optional = false

                        | opt grp 2[2]        |         Other = NULL

                        | opt grp 2[3]        |         Operator = NULL

80                      | u32               N |         InitialValue = NULL

Template Example 2:


<template xmlns="http://www.fixprotocol.org/ns/fast/td/1.1" name="HelloWorld">
  <uInt32 name="Field1"> <copy value="17"/> </uInt32>
  <string name="Field2" presence="optional"> <default value="Foo"/> </string>
</template>
Encoded                 | Role                | Decoded

------------------------+---------------------+--------------------------------

e0                      | pmap 1              | 1100    

7d 8b                   | cp set tid 1[0]     | TemplateDef/16011 ->

                        |                     |   TemplateName =

80                      | cp set ustr 1[1]    |     Ns = 0""

8a 48 65 6c 6c 6f 57 6f | ustr                |     Name = 10"HelloWorld"

72 6c 64                | ...                 |     

80                      | ustr              N |   AuxId = NULL

80                      | u32               N |   TemplateId = NULL

                        | opt grp 1[2]        |   TypeRef = NULL

80                      | u32                 |   Reset = false

                        | opt grp 1[3]        |   Other = NULL

82                      | seq len             |   Instructions [2] =

                        |                     |     0:

e8                      | pmap 2              |       1101

7d 8d                   | cp set tid 2[0]     |       UInt32Instr/16013 ->

                        |                     |         Name =

80                      | cp set ustr 2[1]    |           Ns = 0""

86 46 69 65 6c 64 31    | ustr                |           Name = 6"Field1"

80                      | ustr              N |           AuxId = NULL

80                      | u32                 |         Optional = false

                        | opt grp 2[2]        |         Other = NULL

                        | opt grp 2[3]        |         Operator = 

c0                      | pmap 3              |           100

7d 9b                   | cp set tid 3[0]     |           CopyOp/16027 ->

80                      | ustr              N |             Dictionary = NULL

                        | opt grp 3[1]        |             Key = NULL

                        | opt grp 3[2]        |             Other = NULL

92                      | u32               N |         InitialValue = 17

                        |                     |     1:

c8                      | pmap 4              |       1001

7d 92                   | cp set tid 4[0]     |       AsciiStringInstr/16018 ->

                        |                     |         Name =

                        | cp ustr 4[1]        |           Ns = 0""

86 46 69 65 6c 64 32    | ustr                |           Name = 6"Field2"

80                      | ustr              N |           AuxId = NULL

81                      | u32                 |         Optional = true

                        | opt grp 4[2]        |         Other = NULL

                        | opt grp 4[3]        |         Operator = 

c0                      | pmap 5              |           10

7d 9a                   | cp set tid 5[0]     |           DefaultOp/16026 ->

                        | opt grp 5[1]        |             Other = NULL

46 6f ef                | str               N |         InitialValue = "Foo"

Template Example 3:


<templates xmlns="http://www.fixprotocol.org/ns/fast/td/1.1" ns="example.org">
  <template name="MyTpl" id="4711">
    <typeRef name="MyMsg"/>
    <templateRef name="StdHdrTpl"/>
    <decimal name="Buy"> <delta key="Price"/> </decimal>
    <decimal name="Sell"> <delta key="Price"/> </decimal>
  </template>

  <template name="StdHdrTpl">
    <string name="BeginString"> <constant value="FIX.4.3"/> </string>
    <string name="MsgType" id="35"> <copy dictionary="type"/> </string>
  </template>
</templates>

Encoded                 | Role                | Decoded

------------------------+---------------------+--------------------------------

f0                      | pmap 1              | 1110

7b 8d                   | cp set tid 1[0]     | TemplateDef/16011 ->

                        |                     |   TemplateName =

80                      | cp set ustr 1[1]    |     Ns = 0""

85 4d 79 54 70 6c       | ustr                |     Name = 5"MyTpl"

85 34 37 31 31          | ustr              N |   AuxId = 4"4711"

24 e8                   | u32               N |   TemplateId = 4711

                        | opt grp 1[2]        |   TypeRef =

c0                      | pmap 2              |     10

8b 65 78 61 6d 70 6c 65 | cp set ustr 2[0]    |     Ns = 11"example.org"

2e 6f 72 67             | ...                 |     

85 4d 79 4d 73 67       | ustr                |     Name = 5"MyMsg"

                        | opt grp 2[1]        |     Other = NULL

80                      | u32                 |   Reset = false

                        | opt grp 1[3]        |   Other = NULL

83                      | seq len             |   Instructions [3] =

                        |                     |     0:

c0                      | pmap 3              |       100

7d 95                   | cp set tid 3[0]     |       StaticTemplateRefInstr/16021 ->

                        |                     |         Name =

                        | cp 3[1]             |           Ns = 0""

89 53 74 64 48 64 72 54 | ustr                |           Name = 9"StdHdrTpl"

70 6c                   | ...                 |           

                        | opt grp 3[2]        |         Other = NULL

                        |                     |     1:

c8                      | pmap 4              |       1001

7d 90                   | cp set tid 4[0]     |       DecimalInstr/16016 ->

                        |                     |         Name =

                        | cp ustr 4[1]        |           Ns = 11"example.org"

83 42 75 79             | ustr                |           Name = 3"Buy"

80                      | ustr              N |           AuxId = NULL

80                      | u32                 |         Optional = false

                        | opt grp 4[2]        |         Other = NULL

                        | opt grp 4[3]        |         Operator = 

e0                      | pmap 5              |           110

7d 9d                   | cp set tid 5[0]     |           DeltaOp/16029 ->

80                      | ustr              N |             Dictionary = NULL

                        | opt grp 5[1]        |             Key =

80                      | pmap 6              |               0

                        | cp ustr 6[0]        |               Ns = 11"example.org"

85 50 72 69 63 65       | ustr                |               Name = 5"Price"

                        | opt grp 5[2]        |             Other = NULL

80                      | dec               N |         InitialValue = NULL

                        |                     |     2:

c8                      | pmap 7              |       1001

7d 90                   | cp set tid 7[0]     |       DecimalInstr/16016 ->

                        |                     |         Name =

                        | cp ustr 7[1]        |           Ns = 11"example.org"

84 53 65 6c 6c          | ustr                |           Name = 4"Sell"

80                      | ustr              N |           AuxId = NULL

80                      | u32                 |         Optional = false

                        | opt grp 7[2]        |         Other = NULL

                        | opt grp 7[3]        |         Operator = 

e0                      | pmap 8              |           110

7d 9d                   | cp set tid 8[0]     |           DeltaOp/16029 ->

80                      | ustr              N |             Dictionary = NULL

                        | opt grp 8[1]        |             Key =

80                      | pmap 9              |               0

                        | cp ustr 9[0]        |               Ns = 11"example.org"

85 50 72 69 63 65       | ustr                |               Name = 5"Price"

                        | opt grp 8[2]        |             Other = NULL

80                      | dec               N |         InitialValue = NULL

c0                      | pmap 10             | 1000

7d 8b                   | cp set tid 10[0]    | TemplateDef/16011 ->

                        |                     |   TemplateName =

                        | cp ustr 10[1]       |     Ns = 0""

89 53 74 64 48 64 72 54 | ustr                |     Name = 9"StdHdrTpl"

70 6c                   | ...                 |

80                      | ustr              N |   AuxId = NULL

80                      | u32               N |   TemplateId = NULL

                        | opt grp 10[2]       |   TypeRef = NULL

80                      | u32                 |   Reset = false

                        | opt grp 10[3]       |   Other = NULL

82                      | seq len             |   Instructions [2] =

                        |                     |     0:

c8                      | pmap 11             |       1001

7d 92                   | cp set tid 11[0]    |       AsciiStringInstr/16018 ->

                        |                     |         Name =

                        | cp ustr 11[1]       |           Ns = 11"example.org"

8b 42 65 67 69 6e 53 74 | ustr                |           Name = 11"BeginString"

72 69 6e 67             | ...                 |

80                      | ustr              N |           AuxId = NULL

80                      | u32                 |         Optional = false

                        | opt grp 11[2]       |         Other = NULL

                        | opt grp 11[3]       |         Operator = 

c0                      | pmap 12             |           10

7d 99                   | cp set tid 12[0]    |           ConstantOp ->

                        | opt grp 12[1]       |             Other = NULL

46 49 58 2e 34 2e b3    | str               N |         InitialValue = "FIX.4.3"

                        |                     |     1:

c8                      | pmap 13             |       1001

7d 92                   | cp set tid 13[0]    |       AsciiStringInstr/16018 ->

                        |                     |         Name =

                        | cp ustr 13[1]       |           Ns = 11"example.org"

87 4d 73 67 54 79 70 65 | ustr                |           Name = 7"MsgType"

83 33 35                | ustr              N |           AuxId = 2"35"

80                      | u32                 |         Optional = false

                        | opt grp 13[2]       |         Other = NULL

                        | opt grp 13[3]       |         Operator = 

c0                      | pmap 14             |           100

7d 9b                   | cp set tid 14[0]    |           CopyOp/16027 ->

85 74 79 70 65          | ustr              N |             Dictionary = 4"type"

                        | opt grp 14[1]       |             Key = NULL

                        | opt grp 14[2]       |             Other = NULL

80                      | str               N |         InitialValue = NULL
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