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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work.
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Introduction

The technology of radio frequency identification (RFID) is based on non-contact electronic

communication across an air interface. The structure of the bits stored on the memory of the RFID t

ag

is invisible and accessible between the RFID tag and the interrogator only by the use of an air interface
protocol, as specified in the appropriate part of the ISO/IEC 18000 series. The result of the transfer
of data between an application and an interrogator in open systems requires data to be encoded in a
consistent manner on any RFID tag that is part of that open system. This is not only to allow equipment
to be interoperable, but in the special case of data carriers, for the data to be encoded on the RFID t

ag

in ISO/IHC 15961-1 and the data encoding rules of this document. Additionally, ISOQMEC 24791
specifies p software system infrastructure architecture that enables RFID system opefrations betwe
business ppplications and RFID interrogators. Specific parts of the ISO/IEC 24791 series address da
managenient requirements (ISO/IEC 24791-2) and device interface requirements-{ISO/IEC 24791-
These support defined implementations that incorporate the encoding rules of\this document and
functiondl rules of the commands and responses in ISO/IEC 15961-1.

Manufactiurers of RFID equipment (e.g. interrogators, RFID tags) and ¢the users of RFID technolo
require standards-based Data Protocol for RFID for item_<management. ISO/IEC 15961
ISO/IEC 15961-2, ISO/IEC 15961-3, this document and the ISO/IEE\24791 series specify this protod
which is lpyered above the air interface standards defined in the JSO/IEC 18000 series.

The Data[Protocol used to exchange information in an RFID system for item management is specified
ISO/IEC 15961-1 and in this document. Both documents.ate required for a complete understanding
the Data Protocol in its entirety, but each focuses on one\particular interface:

— ISO/IEC 15961-1 addresses the interface with the'application system.

— This Hocument deals with the processing.of data and its presentation to the RF tag, and the init
procg¢ssing of data captured from the REtag.

The trangfer of data to and from an application, supported by appropriate application commands,| i

the subjeict of ISO/IEC 15961-1. Thistdocument specifies the overall process and the methodolog
developedl to format the application-data into a structure to store on the RFID tag.

ta

).
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Information technology — Radio frequency identification
(RFID) for item management — Data protocol: data
encoding rules and logical memory functions

1 —Scope

This document focuses on encoding the transfer syntax of the application commands jlefined in
ISP/IEC 15961-1. The encodation is in a Logical Memory as a software analogue of the physical memory
of|the RFID tag being addressed by the interrogator.

This document

—|{ defines the encoded structure of object identifiers;

— specifies the data compaction rules that apply to the encoded data;
—| specifies a Precursor for encoding syntax features efficiently;

— specifies formatting rules for the data, e.g. depending onwhether a directory is used or npt;
—|{ defines how application commands, e.g. to lock datayare transferred to the Tag Driver;
—|{ specifies processes associated with sensory information and the transfers to the Tag Driver;

— defines other communication to the application.

2| Normative references

The following documents are referred to in the text in such a way that some or all of thejr content
copnstitutes requirements of this decument. For dated references, only the edition cited applies. For
urfdated references, the latest édition of the referenced document (including any amendmentg) applies.

ISP/IEC 15961-1, Information technology — Radio frequency identification (RFID) for item mapagement
—{Data Protocol — Pant1:Application interface

ISP/IEC 19762, Information technology — Automatic identification and data capture (AIDC) techniques —
Hqrmonized vocdbulary

3| Terms-and definitions and abbreviated terms

3.1“9Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762 and the following
apply. ISO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1.1

data compaction

mechanism, or algorithm, to process the original data so that it is represented efficiently in fewer bytes
in a data carrier than in the original presentation

© ISO/IEC 2022 - All rights reserved 1
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3.1.2

data processor

implementation of the processes defined in this document, including the Data Compactor, Formatter,
Logical Memory, and Command/Response Unit

3.1.3

precursor

byte, sometimes a sequence of bytes, used in the Directory and No-Directory Access-Methods that acts
as metadata for the subsequent Object-Identifier and Object

3.2 Abpreviated terms

FQIDV Fully-qualified ID value
IDLPO ID List Packed Object

IDMPO ID Map Packed Object

PO Packed Object

TBD To be determined

TEI Text element identifier
URN uniform resource name

Since "TOS", "Type A" to "Type D" are commonly used in the industry to refer to the technology compo-
nents as 4pecified by these standards, the following designations are used in this document:

Type A refers to ISO/IEC 18000-61
Type B refers to ISO/IEC 18000-62
Type C refers to ISO/IEC 18000-63
Type D refers to [SO/IEC 18000-64

TDS refers to GS1 EPC, Tag-Data Standard

4 Conformance

4.1 Conformance with the air interface

A conformant implementation of this document shall support one or more air interface protocgls
through the Tag Drivers defined in Annex C. Declarations of conformance shall refer to the specific gir
interface [ptetocol(s). This applies to encoders, decoders, or more comprehensive devices.

4.2 Conformance with the application interface

4.2.1 Encoders and the application interface

Within the constraints of the air interface protocol supported, a conformant implementation of this
document on an encoder shall support the application commands defined in 8.2 and the associated
process argument, as defined in Clause 10.

A conformant RFID tag shall have its encoding in a state that can be properly decoded by a conformant
decoder (see 4.2.2).

2 © ISO/IEC 2022 - All rights reserved
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4.2.2 Decoders and the application interface

Within the constraints of the air interface protocol supported, a conformant implementation of this
document on a decoder shall support the application commands defined in 8.3 and the associated
process argument, as defined in Clause 10.

4.2.3 Comprehensive encoder/decoder devices and the application interface

Within the constraints of the air interface protocol supported, a conformant implementation of this
document on an encoder/decoder shall support the application commands defined in 8.2 and 8.3 and
tl:1£ associated process argument, as defined in Clause 10. In addition, the Delete-Object, (}ee 8.4.2)

arld Modify-Object (see 8.4.3) commands shall be supported. Other commands defined in 84 may be

supported, and each command that is supported shall be declared.

4.3 Conformance with the Access-Method

4.8.1 Encoders and the Access-Method

A conformant implementation of this document on an encoder shall(support the encoding fules and
formatting rules of one or more Access-Methods as defined in Glause 11 and associated|Annexes.
D¢clarations of conformance shall refer to the specific Access-Method(s) supported.

4.8.2 Decoders and the Access-Method

A [conformant implementation of this document on a.decoder shall support the decoding fules and
formatting rules of all the Access-Methods as definedsin Clause 11 and associated Annexes.

A1 interrogator is not expected to fully support thé decoding functions of all the Access-Methods, and
the following shall apply to achieve conformanee:

— For full conformance, the decoder process on the interrogator shall output the Object-[dentifier,
Object and other arguments as required in the responses to the commands.

— For partial conformance, theldecoder process on the interrogator shall output the byte string
that represents the encoded package (depending on the Access-Method) containing the requested
Object-Identifier. The encoded package then shall be fully decoded by a decoder process, ekternal to
the interrogator that s fully in conformity with the rules defined in this document.

D¢clarations of conformance shall refer to the specific Access-Method(s) supported.

4.8.3 Comprehensive encoder/decoder devices and the Access-Method

A tonformantiimplementation of this document on an encoder/decoder shall support the encogling rules
arld formatting rules of one or more Access-Methods as defined in Clause 11 and associated|Annexes.
Dgclarations of conformance shall refer to the specific Access-Method(s) supported. The [decoding
fupé€tion shall be as defined in 4.3.2.

5 Protocol model

5.1 Overview

RFID supports bit encodation in the RFID tag memory. Unlike other data carrier standards which require
encodation schemes that are specific to the individual data carrier technology, the ISO/IEC 18000
series does not specify the interpretation of bits or bytes encoded on the RFID tag memory. However,
as an RFID tag is a relay in a communication system, each tag used for open systems item management
shall have data encoded in a consistent manner. The prime function of ISO/IEC 15961-1 is to specify a
common interface between the application programs and the RFID interrogator. The prime function of
this document is to specify the common encoding rules and Logical Memory functions.

© ISO/IEC 2022 - All rights reserved 3
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RFID tags utilise electronic memory, which is typically capable of increasing data capacity as new
generations of product are introduced. Differences in data capacity of each RFID tag type, whether
similar or dissimilar, are recognised by the Data Protocol defined in these two documents.

Different application standards may have their own datasets or data dictionaries. Each major
application standard for item management shall have its data treated in an unambiguous manner,
avoiding confusion with data from other applications and even with data from closed systems. The
Data Protocol specified in these documents ensures the unambiguous identification of data.

5.2 Layered protocol

5.2.1 Lpyers

The protqcol layers of an implementation of RFID for item management are illustrated schematically|in
Figure 1.

Application and
Business Intelligence

!

Data Constructs Rules |

Data Constructs Register | AP'T_'X\?Q;'ON ISSCS/F;ng1 5961-1

i \

Application Object IDs, Objects &

Scope of
ISO/IEC 15961-3

Arguments (e.g. “lock”) Scope of
A
Application Commands APPLICATION ISO/IEC 159611
& Responses INTERFACE
v May be implemented
Data Compactor AT Scope of > using ISO/IEC 24791-2
Data Formatter PROCESSOR ISO/IEC 15962 & ISO/IEC 24791-5
Logical Memory
| I | DATA Annexes
Tag Driver PROTOCOL
INTERFACE of ISO/IEC 15962
P4
| Air interface hardware / software |
AIR Scope of
* INTERFACE ISO/IEC 18000

RFID T
tag

Figure [l — Scheématic of protocol layers for an implementation of RFID for item management

5 2 2 Amunlhicationlavor ac dafinad in thoa ISO/IEC 1E061 coriac
wkan Appntaaonay Cr a5 Gttt m Tt oo In T T 70T 5CTrICS

The RFID Data Protocol specifies how data is presented as objects, each uniquely identified with
an object identifier, which are meaningful to the application and can be encoded on the RFID tag.
ISO/IEC 15961-3 specifies the data construct rules for the AFI, DSFID, object identifier for the unique
item identifier, and object identifier structure for other item-related data. This ensures that each
piece of data can be uniquely identified, both within the scope of a particular application and between
applications.

Each application shall be registered according to ISO/IEC 15961-2 so that the data constructs can be
declared and used in an unambiguous manner.

The RFID Data Protocol in ISO/IEC 15961-1 defines functions and arguments used to construct
application commands and responses. This is so that application programs can specify what data to

4 © ISO/IEC 2022 - All rights reserved
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transfer to and from the RFID tag and to append, update, selectively lock, delete data, or perform other
functions on the RFID tag.

NOTE To illustrate how the functions and arguments are assembled into a structured format, several
commands and responses have been constructed using an abstract syntax. This is independent of the
host application, operating system, and programming language and independent of the specific command
structures between the interrogator and Tag Driver. The abstract syntax used in ISO/IEC 15961-1 is like that
used in ISO/IEC 24791-5, and is intended to enable closer integration with that standard. The original version
of ISO/IEC 15961:20041) included commands defined using ASN.1 abstract syntax, see ISO/IEC 8825-1. For
backward compatibility, the commands that were originally defined in this manner have been included in an
annex of ISO/IEC 15961-1.

This RFID Data Protocol also defines arguments and codes to support responses of data) thpt is read
frgm an RFID tag, including error messages, which are returned to the application.

The abstract syntax may be used as a basis to prepare commands in different programme languages,
supporting the functionality and arguments of the abstract commands.

5.2.3 Application interface as defined in ISO/IEC 15961-1

The application interface may be implemented in several different ways.that are not explicitly ¢lefined in
ths document, nor in ISO/IEC 15961-1. The basic requirement is to identify data objects distirjctly from
al] others using object identifiers, even to enable different data formats to be intermixed on|the same
RKID tag. The application interface also shall define command.and response arguments unambiguously,
sothat they can be intermixed with data on the same wiredyor'wireless network.

One major class of implementation, described as a straight-through process, is appropriate where the
fupctions and arguments used to construct commangds and the arguments and codes used to ponstruct
regponses, as specified in this document, are directly input to the encoding processes of ISO/IEC 15962.
Such input can be from computer screens orsforms, or more direct transfers from host|systems.
The advantage of this process is that it avoids the creation of the transfer encoding (see bglow) but
reuires more rigorous adherence to the-functional requirements of the commands and rgsponses.
ISP/IEC 15961-1 imposes no constraints on the application interface process to be adopted, gther than
the requirement that it be integrated with the encoding rules of ISO/IEC 15962.

Whichever approach is used, the encoding rules of ISO/IEC 15962 shall be followed, and the enfoding on
the RFID tag shall be in conformity with all the arguments in the commands specified in ISO/IE{ 15961-1.

5.2.4 Data Protocol processing

The RFID Data Protocol specifies how data is encoded, compacted, and formatted on the RFID tag and
hdw this data is fetrieved from the RFID tag to be meaningful to the application.

This RFID Data-Protocol provides for a set of schemes that compact the data to make more effficient use
of|the memor'y space.

This.RFID Data Protocol also supports various storage formats to enable efficient use of memory and
efficient access procedures.

5.2.5 Data Protocol interface

Each air interface protocol standard in the ISO/IEC 18000 series has its own specific rules for
defining commands and responses. Furthermore, some air interface protocols can support different
tag architectures with different memory sizes, and possibly support optional commands. The Data
Protocol provides a mechanism to interface with these rules through specific Tag Drivers. These allow
the basic application commands and responses of ISO/IEC 15961-1 to be applied independently of the
air interface protocol and specific tag architecture.

1) Withdrawn standard. Revised by ISO/IEC 15961-1:2013, ISO/IEC 15961-2:2019, ISO/IEC 15961-3:2019,
ISO/IEC 15961-4:2016.
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The Tag Driver component of the Data Protocol provides the mapping rule from the generic processes

to the specific tag requirements. These mapping rules are used to write data and to read data.

NOTE

Additional Tag Drivers can be specified as new air interface protocols are introduced in the
ISO/IEC 18000 series of standards.

5.3 Flexible implementation configurations

This RFID Data Protocol specifies the application level communication and the RFID tag interrogator

level rules for data encoding, compaction, and storage formats. This protocol may be implemented:

— with
the IS

—  with
have
with

5.4 Functional processes — Interrogator implementation

54.1 L

There are

data fro

pgical functions and interfaces

the document incorporated into the software system infrastructure architecture defined{i
0/IEC 24791 series. This is the recommended approach for any networked applicatipfi.

ISO/IEC 15961-1 and this document incorporated into stand-alone software on;devices tH
as its output conformant encoding and/or conformant decoding with responses-in conform
the responses of ISO/IEC 15961-1.

various functional processes that need to take place to writ€ data to an RFID tag and to re
it. Figure 2 shows a schematic of an example implementation where the processing of t
Data Profocol resides in the interrogator. This illustration is provided to help with the understanding

hd
he
of

the processes, and although a typical implementation, many othérs are possibly in conformity with this
Data Protfocol.
APPLICATION ‘ INTERROGATOR RF TAG
Decoder 9 Tag Physical Memory
7'y AIR ]
Encoder | INTERFACE Logical
7 Memory Map
APPLICATION 1! 1!
COMMANDS | | Tag COMMANDS
Command / Driver
. > and
Response Unit 1 M X
" apping [«
RESPONSES
A 4
Logical = s
Memory
DATA PHYSICAL
PROCESSOR INTERROGATOR
\ J\ J\ J\ /
Y Y Y
ISONIEC 15961  ISO/IEC 15962  |50/EC 15062 ISO/IEC 18000
Annexes
\— /
~
May be implemented using 24791-2 & 24791-5
NOTE The Logical Memory Map in the Tag Physical Memory is given by the Tag architecture and the mapping

rules in the Tag Driver. All the information in the Logical Memory is represented in the Logical Memory Map.

Figure 2 — Logical functions and interfaces of ISO/IEC 15962 with other RFID system

components
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5.4.2 Functional processes — Application interface

The data flows between the application and the Data Processor are formatted according to this
document and are not compacted. However, there are numerous established systems where data is
formatted to be in conformance, for example, with a bar code related syntax. It is therefore reasonable
to insert interface modules in the data flow to convert from and to existing application formats.

Careful consideration should be given to the extent that established systems need to be supported
relative to the potential benefits to be gained from adopting the Data Protocol specified in this
document and ISO/IEC 15961-1. This is because this protocol has been developed around the features of
Ri1H; i i i : i D support
h features.

.3 Functional processes — Interrogator

5.4.3.1 General

In[the process illustrated in Figure 2, the interrogator is the module in whieh-all the basic professing of
the Data Protocol takes place and there is an interface to the RFID tag-Different implementdtions can
separate some of the functions described below and have an interface-bétween the applicatign and the
pHysical interrogator.

5.4.3.2 Data processor

5.4.3.2.1 General

The Data Processor provides all the processing, which is as specified in this document and i required
for handling application data. It consists of the fallowing components, all of which are descriped more
fully below: Command/Response Unit, Logical Memory, Encoder (which supports a Data Compactor
arld Formatter function) and Decoder (which'supports the inverse functions of the Encoder).

The Data Processor can physically reside anywhere between the application software angl the Tag
Difiver but shall contain all the cemiponents. Some, or all, of the Data Processor functions may be
infplemented using processes defined in ISO/IEC 24791-2 and ISO/IEC 24791-5.

4.3.2.2 Command/Response Unit

cified in this doeument, acting upon these commands where appropriate and converting to the

5

The Command/Response Unit receives the application commands from the application in|a format
s

splecific RFID tagltower-level command codes.

23]

AMPLE An application command of write Data Object "name” is application related. The Datph Protocol
refognises, this and can format the data onto the Logical Memory in the Data Processor. Informatiof from the
particulaRFID tag is required to set the parameters of the Logical Memory Map (e.g. number of bytef, whether
a gflirectary is in use) on the RFID Tag. The Tag Driver converts the application command into a thg-specific
command.

It can be seen from this example that there is a distinct logical boundary between the Data Processor
and the Tag Driver.

5.4.3.2.3 Logical Memory

This is an array of contiguous bytes of memory acting as a common software representation of the
RFID tag memory accessible by an application and to which the object identifiers and data objects are
mapped in bytes. The Logical Memory considers some parameters of the real RFID tag, for example the
block size, the number of blocks and the storage format. The Logical Memory ignores any detailed tag
architecture.
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The use of the Logical Memory means that an application can interface with an application-
conformant RFID tag, but that individual RFID tags can have completely different memory capacities
and architectures. This enables an implementation to benefit from new technological developments
permitted within the framework of the ISO/IEC 18000 series, such as larger capacity or faster access
RFID tags, without changing the application.

5.4.3.2.4 Encoder

The Encoder controls the process of writing data through the functional processes performed by the
Data Compactor Module and Formatter Module.

5.4.3.2.5| Data Compactor

The Data|Compactor provides the standard compaction rules to reduce the number of bytés stored pn
the RFID ftag and transferred across the air interface. Numeric data, for example, is byte®ased to soine
coded character set for the application but can be encoded in a compact form on the REID tag memorl.

5.4.3.2.6|/ Formatter

The Fornjatter provides the processes to place the object identifier and objeét{data) into an appropridte
and efficipnt format for storing on the Logical Memory.

NOTE The physical mapping of bits to conform with the RFID tag-drchitecture is performed based fon
informatign provided by the Tag Driver.

5.4.3.2.7| Decoder

The Decqgder controls the process of reading and interpreting data through the functional procesges
performeld by the Data de-compactor Module and de-fermatter Module.

5.4.3.3 |Tag Driver
The Tag [river provides two main functions;

— It prgvides mapping rules on thesstructure of the RFID tag to enable the contents of the Logi¢al
Mempry in the Data Processor tobe exchanged with the Logical Memory Map of the RFID tag in use.

— Itprgvides facilities that aceept the application commands of this Data Protocol and converts them|to
a forgat that results in ¢alls'to command codes supported by the particular RFID Tag. For examplle,
an agplication commandwrite Data Object "name" could result in the RFID tag related command|of
writq (block #, data).

The desciiption ofthe Tag Driver for RFID tags is provided in the annexes of this document, specifically
Annexes B and CxFor this document, a Tag Driver is unique to a particular air interface type of RHID
tag as spgcified~in the appropriate part of the ISO/IEC 18000 series. This is a logical representatiqn;
physical jmplementation could combine features of different logical Tag Drivers. An interrogator mjay
Support IIC Ul lllCllly TQS Dl ;VCI D

5.4.3.4 Transfer mechanisms

The transfer mechanisms for transferring data, commands, and responses between the Data Processor
(i.e. the implementation of this document) and the RFID tag shall be done through the interrogator or
incorporated within the functions of the interrogator.

5.4.4 RFID tag

Although the RFID tag is beyond the scope of this document, the tag is shown in Figure 2 to complete
the flow of data and commands. Within the RFID tag, the Logical Memory Map represents all the data in
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the Logical Memory of the Data Processor converted (or mapped) to a location structure determined by
the mapping rules in the Tag Driver and the architecture of the RFID tag.

5.5 ISO/IEC 15962 and the Data Processor

This document defines all the rules for encoding data on an RFID tag. The implementation of these
rules is described in this document as the Data Processor. As described in 5.4, various processes are
undertaken to achieve successful encoding. The rules ensure the encoded bytes are "self-declaring” in a
reading operation without any previous or independent knowledge of what is encoded on the tag. This
allows the Data Protocol to be used in open systems where the organisation encoding the data on the
RKID tag can be completely unaware of what organisation can eventually read the data frem|the RFID
tap. This is achieved by:

— Having clearly defined rules for compacting data that are applied independently)of the application
and the type of RFID tag.

—| Defining fundamental structuring rules for the encoding of data largely ‘determined hiy a user-
selectable feature called the Access-Method.

— Having precise structuring rules within each Access-Method, includinhg a clearly defined syntax that
allows reading systems to selectively identify data required forthe application.

Clause 11 provides a description and a definition of the Access-Methods currently suppofted. The
aspociated processing is fully specified in annexes referred t0in Clause 11.

6| Data and presentation conventions

6.1 Data typesinISO/IEC 15961-1 commands and responses
The following data types are used in the commands and responses:

—{ BOOLEAN: An argument that can have the values TRUE or FALSE.
—|{ BIT STRING: A sequence of bits.

— BYTE: An integer with th&possible values 0 to 255, usually expressed as a hexadecimal value 00h to
FFh.

—| BYTE STRING: A sequence of bytes (equivalent to OCTET STRING).

— HEXADECIMAL-ADDRESS: A location (on the memory of an RFID tag), expressed as a heyadecimal
value

— INTEGER: An integer can take any whole number. In the context of this document, the valjies are all
positive.

— COBJECT IDENTIFIER: An Object Identifier as defined in 6.3.1.

6.2 Extensible bit vector (EBV)

The EBV block structure is used as a self-declaring code to determine the length, position, or size of
some characteristic. Various EBV-n structures are used in this document, where n refers to the number
of bits in each block. EBV-8 is identical to the length encoding (see 9.3.11), which has been used since
the original edition of this document.
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6.3 Object Identifier presentation in the application interface

631 O

bject identifier structure to ISO/IEC 8824-1

This document uses the OBJECT IDENTIFIER type as defined in ISO/IEC 8824-1 and with identifiers
assigned as specified in ISO/IEC 9834-1. This uses a registration tree with a common implied root node
(ISO/IEC 9834-1), a series of arcs from each node, with new arcs added as required to define a particular
object. Thus, the body responsible for a particular node (see Figure 3):

— hasa

defined set of arcs to identify itself;

— cann

— isass

The only

The secofd arc is administered by the relevant organisation named for the top arc. The current list

top and s

The thira

registratjon authority. The hiefarchical structure continues until the object is identified uniquely. T

procedur
that each

NOTE

encoded upambigueusly on an RFID tag memory.

Three fon

nanage the allocation of arcs under its node, independently of other bodies;

ured of uniqueness from all other arcs in the registration tree.

1.0.15434 .1 arcs
t =10
= standard

= particular standard ISO/IEC 15434
= sub-division within 15434 (= Format Q1)

Figure 3 — Example of arcs

fop arcs permitted for all object identifiers are shown jn Table 1.

Table 1 — Object Identifier, top arcs

Identifier arc name Numerievalue
itu-t 0
iso 1
joint-iso-itu-t 2

pcond arcs is given in ISO/IEC\15961-3.

arc is controlled by theSystem or body defined for the second arc; sometimes this is

e of naming objectidentifiers ensures that each object is unique within its "parent” arc a
parent arc is unique within its previous level, right back to the top 3 arcs.

This structure enables object identifiers from different domains (e.g. open and closed systems) to

ms oflebject identifier are used with the RFID Data Protocol:

of

he
hd

— Obje

t-Identifier: This full structure is used for communications between the application and

e

Data Processor defined by the scope of this document. The full structure is suitable for use in this
document where the set of object identifiers to be encoded on the RFID tag have different higher-

level

arcs, or where a generic system is in place.

— Relative-OID: This structure is used in conjunction with the Root-OID (see below) for communication
between the application and the Data Processor. These structures are applied in situations where
a common root applies to the set of object identifiers to be encoded on the RFID tag. For example,
if all the object identifiers have the common root 1 0 15961 12 1, encoding space can be saved on
the RFID tag if this common Root-OID does not have to be encoded for each object identifier. The
Relative-OID is a suffix to a common Root-OID, which is either encoded or declared in some other

way.

10
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— Root-0ID: The Root-0OID is the common part of a set of encoded object identifiers. It acts as a common
prefix to the Relative-OID values encoded on the RFID tag. This structure is particularly important
in applications that require a variety of data from a common data dictionary to be encoded on an
RFID tag. The Root-0OID is either explicitly encoded or declared in some other way, according to the
encoding rules of this document.

6.3.2 Presenting the Object-Identifier in accordance with ISO/IEC 8824-1

When the Object-Identifier is presented in application commands and responses in accordance with
ISO/IEC 8824-1, spaces are inserted between each arc as follows:

1015961121

6.8.3 Presenting the Object-Identifier as a Uniform Resource Name (URN)

The Object-Identifier may also be presented in the URN in the following forniat,"based on [ETF RFC
3(61, with the decimal point character between each arc:

urn:oid:1.0.15961.12.1

6.4 The Object

On the interface with the application, all data that is intended<¢o be encoded on the RFID is flescribed
as| the Object in this document. The Object shall be qualified using an Object-Identifier fo ensure
urfambiguous communication.

When the Object-Identifier is that of a unique itenpjidentifier then its combination with the Object
confers domain uniqueness. Other Object-Identifier\plus Object pairs (e.g. to identify a particylar batch
nymber) are not unique but represent attribute.data that is associated with the unique item identifier.

6.5 8-bit byte

This document supports the encoding of data and data objects aligned as 8-bit bytes (spmetimes
referred to as octets to be more ¢ompatible with communications standards). Within each 8-bit byte
(hlereafter "byte"), the most significant bit is bit 8 and the least significant is bit 1. Accordingly, the
weight allocated to each bits\defined in Table 2.

Table 2 — Bit sequence in the 8-bit byte

Bityalue |bit8 bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl
Weight [128 64 32 16 8 4 2 1

NOTE Although other bit position conventions are possible and more common, this bit sequence i used here
for backward compatibility with the original version of this document, which in turn was in confomity with
A9N.L4ules (ISO/IEC 8825-1).

6.6 N-bit encoding

This document supports the encoding of bit fields that are not necessarily aligned on a byte boundary.
The most significant bit is bit N and the least significant bit is bit 1. When a sequence of bit fields is
defined, the first bit field occupies the most significant bits.

7 Data Processor — High level processing

The main flows of information to and from the Command/Response Unit are illustrated in Figure 4,
which focuses on the encoding process.
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Figure 4 — High level information.flows

Processor is not required to support all applicatiori.eommands. For the commands that 3
1, all the set of incorporated arguments shall be préocessed correctly to achieve the encodi
by the application. These requirements are defined in Clause 8. The method of transferri
ands to the command response unit is not.specified in this document.

bns should define that the data is to be encoded on a particular type of RFID tag. The Tag Driy
rticular tag provides the air interfage Services as defined in Clause 9. These are used by t|

Comman

by the application. The Data Processor is. 1ot required to support all tag types but shall support t
encodingland decoding capabilities ofany type of tag that is supported. As some types of RFID tag th
are defing¢d in the ISO/IEC 18000 series of air interface protocols have optional components, the prec
capability of the Data Processor shall be clearly defined against optional components and revisions
the ISO/IEC 18000 series.

8 Data Processorand the application interface

8.1 Applicatien.commands — Overview

ISO/IEC 1596141 defines several commands and associated responses to provide instructions of h
datais tope®encoded on the RFID tag. Table 3 lists these commands. The column headed "Code" identif

/Response Unit to correctly encede’data on, and decode data from, the type of tag requir

ng
ng

er
he
ed
he
at
se

w

€S

the final arc of the object identifier that identifies the command module and response module. These
code values have been retained to provide a structure that is compatible with the previous, withdrawn

edition (I

EXAMPLE
identifier:

12

SO/IEC 15961:2004).

The inventory-tag command has the object identifier: 1 0 15961 126 3. Its response has the object

1015961127 3.
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Table 3 — ISO/IEC 15961-1 commands

Code |Command name Write Read Other

1 Configure-AFI a

2 Configure-DSFID a

3 Inventory-Tags YES

5 |Delete-Object YES

6 Modify-Object YES

8 ReadObject-Identifiers YES

10 |Read-Logical-Memory-Map YES

12 |Erase-Memory b

13 |Get-App-based-System-Info ;

17 |Write-Objects YES

18 |Read-Objects YES

19 |Write-Objects-Segmented-Memory-Tag YES

20 |Write EPC-UII YES

21 |Inventory-ISO-Ullmemory YES

22 |Inventory-EPC-Ullmemory YES

23 |Write-Password-Segmented-Memory-Tag YES

24 |Read-Words-Segmented-Memory-Tag YES

25 |[Kill-Segmented-Memory-Tag YES

26 |Delete-Packed-Object YES

27 |Modify-Packed-Object YES

28 |Write-Segments-6TypeD-Tag YES

29 |Read-Segments-6TypeD-Tag YES

30 |Write-Monomorphic:UIT YES

31 |Configure-Extended-DSFID YES

32 |Configure-Multiple-Records-Header YES

33 |Read-Multiple-Records YES

34 |Delete-Multiple-Record YES
a  The Coifigure-AFI and Configure-DSFID commands are implemented in different ways,
depending-on the air interface protocol. Some support specific air interface commands that
are distinetly different from the generic write commands (e.g. ISO/IEC 18000-3 Mode 1).
OtheTrsyuse the write command but require the data to be written into a specific location (e.g.
Type-B and Type C).
b{ Some air interface protocols support a specific Erase-Memory command, whereas others
require the data to be overwritten with a null-byte value (typically 0016).
¢ The Get-App-based-System-Info command is one that is explicitly supported in some air
interf:icecprotf)hcols butin oghers is completely redundant because the information is returned
as-partefanothercommand:

Table 3 has three columns: write, read, other. The write column shows the commands that are most
likely to be implemented in a device such as a printer-encoder, and in an application that simply provides
source marking for data capture at a later stage and at a different point. The read column identifies
commands that need to be implemented in the simplest of data capture devices. The commands
highlighted in the other column either require more complex processing (e.g. Modify-Object) or require
a special process (e.g. Kill- Segmented-Memory-Tag).

The commands associated with code values not included in Table 3 were originally specified in
ISO/IEC 15961:2004. This document no longer shall support these commands, mainly because their
functionality has been absorbed in other commands.
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To implement the encoding rules of this document it is necessary to understand the detail of the
commands and responses in ISO/IEC 15961-1. The subclauses that follow, provide a listing of commands
under the three main headings of: read, write, and other. The arguments for each command are listed
in the subclauses.

8.2 Application commands and responses — Write

8.2.1 Configure-AFI

8.2.1.1 |[Use

The AFI ik a single byte code and is used as part of the selection process in an application. Depending
on the aif interface protocol, it may write into a particular location of memory using ancexplicit qir
interface [protocol command. This application command is intended to support this processylt may also
be used tp support the encoding of the AFI using a generic air interface write command.

8.2.1.2 |Process requirements

To corredtly implement this command in the Data Processor, in addition tp processing the AFI in the
range 904, to CFy,, the following process argument shall be supported:

AFI ($ee 10.2.3)
AFI-Llock (see 10.2.4)

The folloyving arguments shall be supported for the response:
Completion-Code (see 10.3 and below)
Exectyition-Code (see 10.4)

The Completion-Codes for this command are:
0 Np-Error
1 AFI-Not-Configured
2 AFI-Not-Configured-Locked
3 AFI-Configured-Lock=Failed
8 Singulation-1d-Not-Found

255 Execution-Epror

8.2.1.3 [Conformance requirements

To confortm=an encoder shall support this command and its arguments, cllhjprf to the followi g

conditions:

— That the RFID tag(s) supported by the encoder have the AFI in a memory location requiring an
explicit air interface command, or that a generic air interface write command supports writing the
AFI to a specific location determined by the Tag Driver with a single byte write transaction.

— If the encoder supports writing the AFI, then it shall also support the transfer of any AFI-Lock
argument so that it can be implemented in the air interface.

— The encoder shall support the associated Completion-Codes and Execution-Codes.

14 © ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

8.2.2 Configure-DSFID

8.2.2.1 Use

The DSFID is a single byte or multiple byte code that is used to reduce the encoding of Object-Identifiers,
based on encoding rules in this document. In particular, the DSFID specifies the Access-Method and the
Data-Format assigned to particular applications. Depending on the air interface protocol, the DSFID
is written into a particular location of memory using an explicit air interface protocol command. This
application command is intended to support this process. It may also be used to support the encoding of
the DSFID using a generic air interface write command.

8.2.2.2 Process requirements

Td correctly implement this command in the Data Processor, in addition to processing the [JSFID, the
following process argument shall be supported:

DSFID (see 10.2.11)

DSFID-Lock (see 10.2.12)

The following arguments shall be supported for the response:
Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)

The Completion-Codes for this command are:
0 No-Error

4 DSFID-Not-Configured

5 DSFID-Not-Configured-Locked

6 DSFID-Configured-Lock-Faijled

8 Singulation-1d-Not-Found

255 Execution-Error

8.2.2.3 Conformaneerequirements

Td conform, an<encoder shall support this command and its arguments, subject to the [following
conditions:

— That the'RFID tag(s) supported by the encoder have the DSFID in a memory location reduiring an
expli€it air interface command, or that a generic air interface write command supports wiriting the
DSFID to a specific location determined by the Tag Driver with a single byte write transa¢tion.

— Ifthe encoder supports writing the DSFID, then it shall also support the transfer of any DSFID-Lock
argument so that it can be implemented in the air interface.

— The encoder shall support the associated Completion-Codes and Execution-Codes.
8.2.3 Write-Objects

8.2.3.1 Use
This command shall not be used to write a Monomorphic-UII. If the AFI on the RFID tag declares that it

is registered for a Monomorphic-UlI, the appropriate error shall be returned, and the encoding process
aborted. The correct command to use is defined in 8.2.8.
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The Write-Objects command is used to write one or more Object-Identifiers and associated Objects to
an RFID tag. This command may be implemented to write the initial data to the RFID tag, or to add
data to the tag. The command is supported by the following compound arguments, for which individual
arguments are listed below:

Add-Objects-List
DSFID-Constructs

Ext-DSFID-Constructs

Multiple-Records-Constructs

Packg¢d-Object-Constructs

8.2.3.2 |Process requirements

To corredtly implement this command in the Data Processor, the process arguments'and compouhd
arguments defined for the command in ISO/IEC 15961-1 shall be supported. FordMultiple Records they
are appli¢d once per record, otherwise they are applied once per Logical Memerty:

Data{CRC-Indicator (see 9.3.12)
DSFID (see 10.2.11)
DSFID-Lock (see 10.2.12)

DSFID-Pad-bytes (see 9.3.18)
Length-Of-Encoded-Data (see 9.3.11)
Mempry-Capacity (see 9.3.11)
Tag-Ipata-Profile-ID-Table (see 10.2.53)

The main| determinant for conformant encoding is the Access-Method, which is incorporated as part|of
the DSFID). The DSFID is provided as an optional argument for use in one of the following ways:

— If datfa is being written to a blanksRFID tag, then the DSFID is provided as part of this command|to
minimise communications.

— If data is being added to-the RFID tag, then the DSFID in the command should match the DSHID
already encoded on the 'RFID tag, otherwise there is an error and the encoding process can cedse
beforje significant amounts of data have been processed.

To corredtly implement this command in the Data Processor, the following process arguments shall pe
supportefl for each‘Object-Identifier and Object pair, irrespective of the Access-Method:

Avoid-Duplicate (see 10.2.7)

Compact-Parameter (see 10.2.9)
Object-Lock (see 10.2.38)

The Avoid-Duplicate, Compact-Parameter and Object-Lock arguments shall be applied in a manner
consistent with the rules of the Access-Method (see Clause 11) to ensure reliable encoding. If there is an
inconsistency within the application command, then it shall be in error and the encoding process shall
not be implemented.

If the Access-Method = Packed-Objects, the input states are all defined in the Packed-Objects-Constructs
argument specified in ISO/IEC 15961-1 and apply to a single Packed Object. That argument in turn has
the following arguments, for which the processes are defined in Annex I:
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Block-Align-Packed-Objects
Editable-Pointer-Size

ID-Type
Object-Offsets-Multiplier
Packed-Object-Directory-Type

PO-Directory-Size

2022(E)

If

Tdble and encoded as a single Tag Data Profile using the processes defined in Anhéx N.

T}
th

If
1d
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th
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PO-ID-Table
PO-Index-Length

the Access-Method = Tag-Data-Profiles, the input states are all defined by thé)Tag-Data-H

e following tag-related arguments, if declared by the Extended DSFID are used as follows to
e encoding process:

If the memory Memory-Capacity (see 9.3.11) is encoded, or thé\air interface has its own

be fully implemented.

9.3.13.

If the Length-Of-Encoded-Data (see 9.3.11) is signalled to be encoded, then this shall be ¢
after all encoded bytes have been determined. This field is then written, or overwritten, t3
account the availability of DSFID-Pad-bytes; (see 9.3.18).

the compound argument Multiple-Records-Constructs is used in the command, then th
entifier structure as defined in 11.6 shall be used for identifying each data Object in the add

e Multiple-Record itself, this command can require other areas of the Logical Memory to be|
e MR-header if the number ofrecords is maintained and the directory if already encoded or
the command arguments. If any part of the memory required to implement the command
en the command shall be aborted.

the first four afes are 1.0.15961.402 or 1.0.15961.403. The compound argument in tur
lowing arguments, for which the processes are defined in Annex Q and Annex R.

Append=To-Existing-Multiple-Record (see 10.2.5)

Application-Defined-Record-Capacity (see 10.2.6)

rofile-ID-

complete

means of

providing this information, it can be used to assess if there is sufficient memory for the cofnmand to

If one or both Data-CRC-Indicators (see 9.3.12) is set;then the CRC-16 shall be applied as ¢lefined in

alculated
iking into

e Object-
-Objects-

5t argument. If this is not the case,then the command shall not be processed. In addition o writing

encoded:
called for
is locked,

coding shall be as defined in Annex Q if the first four arcs are 1.0.15961.401, or as defined ijn Annex R

n has the

ldpnfifipr-ﬂf-My-Pnrpnf (QPP 102 17)

Lock-Directory-Entry (see 10.2.24)

Lock-Record-Preamble (see 10.2.26)

Number-In-Data-Element-List (see 10.2.36)

Record-Memory-Capacity (see 10.2.46)
Record-Type-Classification (see 10.2.48)

Update-Multiple-Records-Directory (see 10.2.58)

The following arguments shall be supported for the response:

© ISO/IEC 2022 - All rights reserved
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Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)
Object-Identifier (see 6.3)
The response arguments Completion-Code and Object-Identifier are associated with each data element.

The Completion-Codes for this command will vary based on the associated compound arguments. The
complete list is:

0 Np-Error

8 Singulation-Id-Not-Found

9 Opject-Not-Added

10 Dpplicate-Object

11 Opject-Added-But-Not-Locked

29 Opject-Not-Editable

31 P4qcked-Object-ID-Table-Not-Recognised-No-Encoding

32 Tag-Data-Profile-ID-Table-Not-Recognised

33 Insufficient-Tag-Memory

36 Command-Cannot-Process-Monomorphic-UII

37 Data-CRC-Not-Applied

38 Lé¢ngth-Not-Encoded-In-DSFID 255 Execution-Error

43 Data-Format-Not-Compatible-Multiple~Records-Header
44 Agcess-Method-Not-Compatible-Multiple-Records-Header
45 Sg¢ctor-Identifier-Not-Compafible-Multiple-Records-Header
46 Record-Preamble-Not-Configured

47 Record-Preamble-Not-Locked

255 Execution-Errer

8.2.3.3 |[Conformance requirements

To confofm; an encoder shall support this command and its arguments, subject to the followihg
condition|s:

— The encoder supports all aspects of the Access-Method.
— The encoder supports all the processes defined by the Extended DSFID.
— The encoder supports the associated Completion-Codes and Execution-Codes.

— Ifany of the first two conditions are not supported, an error is signalled by returning the Execution-
Code = 4 Command-Not-Supported.
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8.2.3.4 Guidance for appending data

To maximize reliability when adding additional data or modifying data, it is recommended that the
interrogator performs the following procedure in the order presented below:

a) write all the new bytes except the first word or block of data (i.e. the data that will overwrite the
existing 00, terminator), including the new terminator at the end of the new data;

b) optionally read all the new encoded data to ensure that it was stored correctly;

c) _write the first word/block, which overwrites the original terminator.

NOTE Writing the new data in this sequence preserves the ability to parse the pre-existing data ||n an event
of p failure to write of the new data.

8.2.4 Write-Objects-Segmented-Memory-Tag

8.2.4.1 Use

This command shall not be used to write a Monomorphic-UII. If the AEfon the RFID tag declafes that it
is registered for a Monomorphic-UlI, the appropriate error shall be retiirned, and the encodinlg process
aborted. The correct command to use is defined in 8.2.8.

The Write-Objects-Segmented-Memory-Tag command is liketle Write-Objects command excgpt that it
is fntended to write data to a selected memory bank in a segménted memory tag. The command may be
infplemented to write initial data to the RFID tag, or to add data to the tag. The command is qupported
by the following compound arguments, for which individual arguments are listed below:

Add-Objects-List
DSFID-Constructs
Ext-DSFID-Constructs
Multiple-Records-Constructs

Packed-Object-Constructs

8.2.4.2 Process requirements

Tqd correctly implement this command in the Data Processor, the process arguments and dompound
arguments definedfor the command in ISO/IEC 15961-1 shall be supported. For Multiple Redords they
ar applied onge per record, otherwise they are applied once per Logical Memory.

AccesscPassword (see 10.2.1)

AFl\{see 10.2.3)

Pata-CRC-Indicator (cpp 913 17)

DSFID (see 10.2.11)

DSFID-Lock (see 10.2.12)
DSFID-Pad-bytes (see 9.3.18)
Length-Of-Encoded-Data (see 9.3.11)
Memory-Bank (see 10.2.29)
Memory-Capacity (see 9.3.11)
Tag-Data-Profile-ID-Table (see 10.2.53)
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The Access-Password in the application command shall match that encoded on the RFID tag to continue
processing. If there is a mismatch, then an error shall be reported.

The main determinant for conformant encoding is the Access-Method, which is incorporated as part of
the DSFID. The AFI and DSFID are provided as arguments for use in one of the following ways:

— Ifdatais being written to a blank segmented memory RFID tag, then these arguments are provided
as part of this command to minimise communications.

— Depending on the memory bank concerned, if data is being added to the segmented memory RFID
tag, then the AFL and DSFEID in the command should match the AEL and DSEID alreadv encoded on

the RFID tag, otherwise there is an error and the encoding process can cease before signjfi¢cgnt
amoynts of data have been processed.

To corredtly implement this command in the Data Processor, the following process arguments shall pe
supportefl for each Object-Identifier and Object pair, irrespective of the Access-Method:

Avoid-Duplicate (see 10.2.7)
Compact-Parameter (see 10.2.9)
Obje¢t-Lock (see 10.2.38)

The Avoifl-Duplicate, Compact-Parameter and Object-Lock arguments ‘shall be applied in a manrler
consistent with the rules of the Access-Method (see Clause 11) to ensure reliable encoding. If there is pn
inconsistency within the application command, then it shall be in‘érror and the encoding process shpll
not be implemented.

If the Accgss-Method = Packed-Objects, the input states arealldefined in the Packed-Objects-Construgts
argument specified in ISO/IEC 15961-1 and apply to a single Packed Object. That argument in turn has
the following arguments, for which the processes are defined in Annex I:

Block-Align-Packed-Objects
Editgble-Pointer-Size

ID-Tylpe
Objeqt-Offsets-Multiplier
Packg¢d-Object-Directory-Type

PO-Dijirectory-Size
PO-ID-Table
PO-Index-Length

If the Acdess*Method = Tag-Data-Profiles, the input states are all defined by the Tag-Data-Profile-ID-
Table and enc¢oded as a single Tag Data Profile using the processes defined in Annex N.

The following tag-related arguments, if declared by the Extended DSFID are used as follows to complete
the encoding process:

— If the memory Memory-Capacity (see 9.3.11) is encoded, or the air interface has its own means of
providing this information, it can be used to assess if there is sufficient memory for the command to
be fully implemented.

— If one or both Data-CRC-Indicators (see 9.3.12) are set, then the CRC-16 shall be applied as defined
in 9.3.13.
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— If the Length-Of-Encoded-Data (see 9.3.11) is signalled to be encoded, then this shall be calculated
after all encoded bytes have been determined. This field is then written, or overwritten, taking into
account the availability of DSFID-Pad-bytes (see 9.3.18).

If the compound argument Multiple-Records-Constructs is used in the command, then the Object-
Identifier structure as defined in 11.6 shall be used for identifying each data Object in the add-Objects-
List argument. If this is not the case, then the command shall not be processed. In addition to writing
the Multiple-Record itself, this command can require other areas of the Logical Memory to be encoded:
The MR-header if the number of records is maintained and the directory if already encoded or called for
by the command arguments. If any part of the memory required to implement the command is locked,
thEn tThe command shall be aborted.

Erfcoding shall be as defined in Annex Q if the first four arcs are 1.0.15961.401, or as defined in Annex R
if [the first four arcs are 1.0.15961.402 or 1.0.15961.403. The compound argument i turh has the
following arguments, for which the processes are defined in Annex Q and Annex R,

Append-To-Existing-Multiple-Record (see 10.2.5)
Application-Defined-Record-Capacity (see 10.2.6)
Identifier-Of-My-Parent (see 10.2.17)

Lock-Directory-Entry (see 10.2.24)
Lock-Record-Preamble (see 10.2.26)

Number-In-Data-Element-List (see 10.2.36)

Record-Memory-Capacity (see 10.2.46)
Record-Type-Classification (see 10.2.48)

Update-Multiple-Records-Directory (see10.2.58)

The data shall only be encoded in memory bank 11 of the segmented memory tag.
The following arguments shall be supported for the response:

Completion-Code (see 18:3'and below)

Execution-Code (see 10.4)

Object-Identifier\(see 6.3)

The Completion:Codes for this command will vary based on the associated compound argunients. The
complete list'is:

0 Ne-Error

8) Singulation-Id-Not-Found

9 Object-Not-Added

10 Duplicate-Object

11 Object-Added-But-Not-Locked
25 Password-Mismatch

26 AFI-Mismatch

27 DSFID-Mismatch

29 Object-Not-Editable
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31 Packed-Object-ID-Table-Not-Recognised-No-Encoding
32 Tag-Data-Profile-ID-Table-Not-Recognised

33 Insufficient-Tag-Memory

36 Command-Cannot-Process-Monomorphic-UII

37 Data-CRC-Not-Applied

38 Length-Not-Encoded-In-DSFID

43 Data-Format-Not-Compatible-Multiple-Records-Header

44 Agcess-Method-Not-Compatible-Multiple-Records-Header
45 Se¢ctor-ldentifier-Not-Compatible-Multiple-Records-Header
46 Record-Preamble-Not-Configured

47 Record-Preamble-Not-Locked

255 Execution-Error

8.2.4.3 |[Conformance requirements

To confofm, an encoder shall support this command and its, arguments, subject to the followipg
conditionfs:

— The gncoder supports all aspects of the Access-Method:
— The gncoder supports encoding to a segmented memory tag.

— The gncoder supports a process to match the"Access-Password in the command with that encoded
on the RFID tag.

— The gncoder supports all the processédydefined by the Extended DSFID.
— The gncoder supports the associated Completion-Codes and Execution-Codes.

— Ifanyf of the first four conditions are not supported an error is signalled by returning the Executidn-
Code|= 4 Command-Not-Stipported.

8.2.4.4 ([Guidance for@appending data

The proc¢dure described in 8.2.3.4 applies to this command.

8.2.5 Write-EPC-UII

8.2.5.1 Use

The Write-EPC-UIl command specifies an EPC code to be written to the UIl memory of a segmented
memory tag (e.g. Memory Bank 01 of a Type C tag).

8.2.5.2 Process requirements

To correctly implement this command in the Data Processor, the following process arguments shall be
supported:

Access-Password (see 10.2.1)

EPC-Code (see 10.2.15)
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Memory-Bank-Lock (see 10.2.30)

NSI-bits (see 10.2.35)

2022(E)

The Access-Password in the command is required to match that on the RFID tag to promote writing
data to the RFID tag.

This command can be used to initially write the EPC-Code to the RFID tag, or to overwrite the code
value. If the new code is of a shorter length, the interrogator shall ensure that bytes representing part

of

the older code are removed.

TH
th

T}

T}

8.

Tdg

e interrogator shall calculate the length bits in the Protocol Control word. If the bits are pr
e application, the interrogator shall use its calculation of the length bits in preference.

e following arguments shall be supported for the response:
Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)
e Completion-Codes for this command are:
0 No-Error
8 Singulation-ld-Not-Found
25 Password-Mismatch
33 Insufficient-Tag-Memory

255 Execution-Error

P.5.3 Conformance requirements

conform, an encoder shall support-this command and its arguments, subject to the

conditions:

8

8.
T}

The encoder supports encoding to a segmented memory tag.

The encoder supports-aprocess to match the Access-Password in the command with tha
on the RFID tag.

The encoder supports the associated Completion-Codes and Execution-Codes.

2.6 Write-Password-Segmented-Memory-Tag

P.6.1-Use

bvided by

following

[ encoded

e-Write-Password-Segmented-Memory-Tag command does not require any encoding, othler than a

transfer using the device interface (e.g. as in ISO/IEC 24791-5) to the interrogator. If it is incorporated
in the Data Processor, then the output interface will simply carry through the command arguments.

8.2.6.2 Process requirements

The following process arguments shall be supported:

Password (see 10.2.40)
Password-Type (see 10.2.41)

The following arguments shall be supported for the response:
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Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)

The Completion-Codes for this command are:
0 No-Error
8 Singulation-1d-Not-Found

26 Password-Not-Written

255 Execution-Error

8.2.6.3 |[Conformance requirements

To confofm, an encoder shall support this command and its arguments, subject to~the followipg
conditionfs:

— The gncoder supports encoding to a segmented memory tag.

— Thegncoder supports a process to write the password in the application.éemimand to the approprigte
mempry location on the RFID tag.

— The gncoder supports the associated Completion-Codes and Exeetition-Codes.
8.2.7 Write-Segments-6TypeD-Tag

8.2.7.1 |Use

This command shall not be used to write a Monomorphic-UII. If the AFI on the RFID tag declares that it
is registered for a Monomorphic-Ull, the appropriate error shall be returned, and the encoding procgss
aborted. The correct command to use is definedin'8.2.8.

The Writg-Segments-6TypeD-Tag is used to-write data to the UIl segment, the item-related segment|or
both segrents. The command may be implemented to write initial data to the Type D tag, or to add ddta
to the tag

The Writle-Segments-6TypeD-Tag ¢command is similar to the Write-Objects-Segmented-Memory-Tjag
command except that it is intehded to write data to the Type D tag that has its segmented memdry
boundarips determined dyhamically by the encoder. The command is supported by the following
compounfd arguments, for-which individual arguments are listed below:

Ext-ISFID-Constracts
Item{Related-Add-Objects-List

Item4Related-DSFID-Constructs

Multiple-Records-Constructs
Packed-Object-Constructs
UII-Add-Objects-List
UII-DSFID-Constructs

8.2.7.2 Process requirements

To correctly implement this command in the Data Processor, the process arguments and compound
arguments defined for the command in ISO/IEC 15961-1 shall be supported. For Multiple Records they
are applied once per record, otherwise they are applied once per Logical Memory.
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AFI (see 10.2.3)
DSFID-Lock (see 10.2.12)

Item-Related-DSFID (see 10.2.20)

Lock-Ull-Segment-Arguments (see 10.2.27)
Memory-Segment (see 10.2.31)
Tag-Data-Profile-ID-Table (see 10.2.53)

2022(E)

Th
in]
of
th
re

T}
th

Tqg

supported for each Object-Identifier and Objéct pair, irrespective of the Access-Method:

T}

consistent with the rules’of the Access-Method (see Clause 11) to ensure reliable encoding. If t

in
ng
If

ar|
th

UII-DSFID (see 10.2.56)

e Type D does not require implementing any of the features of the Extended DSFID thal
pact on encoding processes. The tag has its own methods for declaring memoryccapacity a
the encoded data. It also calculates a CRC-16 for each segment. Given these hardware
js command defines no processes associated with the Extended DSFID. Thé\Extended DSH
quired to encode an Access- Method code value greater than 3.

e main determinant for conformant encoding is the Access-Method,which is incorporated
e DSFID. The AFI and DSFID are provided as arguments for use in 6n¢ of the following ways

If data is being written to a blank segment, then these arguments are provided as p4
command to minimise communications.

Depending on the memory segment concerned, if data‘is being added to the segmented
then the AFI and DSFID in the command should match the AFI and DSFID already enco
RFID tag, else there is an error and the encoding process can cease before significant a
data have been processed.

correctly implement this command in theData Processor, the following process argument

Avoid-Duplicate (see 10.2.7)
Compact-Parameter (see 10.2.9)
Object-Lock (see 10.2.38)

e Avoid-Duplicate, Cempact-Parameter and Object-Lock arguments shall be applied in

Consistency within\the application command, then it shall be in error and the encoding pro
t be implemented.

he Access-Method = Packed-Objects, the input states are all defined in the Packed-Objects-C
cumentspecified in ISO/IEC 15961-1 and apply to a single Packed Object. That argument iy
e following arguments, for which the processes are defined in Annex I:

have an
d length
features,
ID is still

as part of

rt of this

memory,
d on the
ounts of

s shall be

h manner
here is an
cess shall

pnstructs
turn has

R]nr‘k-A]ign-Pnrkpd-ﬂh’ipr‘fQ

Editable-Pointer-Size

ID-Type
Object-Offsets-Multiplier
Packed-Object-Directory-Type
PO-Directory-Size
PO-ID-Table

PO-Index-Length
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If the Access-Method = Tag-Data-Profiles, the input states are all defined by the Tag-Data-Profile-ID-
Table and encoded as a single Tag Data Profile using the processes defined in Annex N.

If the compound argument Multiple-Records-Constructs is used in the command, then the Object-
Identifier structure as defined in 11.6 shall be used for identifying each data Object in the add-Objects-
List argument. If this is not the case, then the command shall not be processed. In addition to writing
the Multiple-Record itself, this command can require other areas of the Logical Memory to be encoded:
The MR-header if the number of records is maintained and the directory if already encoded or called for
by the command arguments. If any part of the memory required to implement the command is locked,
then the command shall be aborted.

Encoding|shall be as defined in Annex Q if the first four arcs are 1.0.15961.401, or as defined in Apne) R
if the fir$t four arcs are 1.0.15961.402 or 1.0.15961.403. The compound argument in turn ha$ the
followinglarguments, for which the processes are defined in Annex Q and Annex R.

Append-To-Existing-Multiple-Record (see 10.2.5)
Application-Defined-Record-Capacity (see 10.2.6)
Identjfifier-Of-My-Parent (see 10.2.17)
Lock{Directory-Entry (see 10.2.24)
LockiRecord-Preamble (see 10.2.26)

Number-In-Data-Element-List (see 10.2.36)
Record-Memory-Capacity (see 10.2.46)
Record-Type-Classification (see 10.2.48)
Updafte-Multiple-Records-Directory (see 10.2.58)

The data phall only be encoded in the item-related-segment of the tag memory.
The folloyving arguments shall be supported-for the response:
Completion-Code (see 10.3 and below)
Execyition-Code (see 10.4)

The Completion-Codes for this.command will vary based on the associated compound arguments. The
completeflist is:

0 Np-Error
7 Object-Locked-Could-Not-Modify
8 Singulation-l1d-Not-Found

9 O H DNl ode Aol
Ujctirinutrauucu

10 Duplicate-Object

11 Object-Added-But-Not-Locked
13 Object-Identifier-Not-Found

21 Object-Not-Modified

22 Object-Modified-But-Not-Locked
26 AFI-Mismatch
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27 DSFID-Mismatch

29 Object-Not-Editable

31 Packed-Object-ID-Table-Not-Recognised-No-Encoding
32 Tag-Data-Profile-ID-Table-Not-Recognised

33 Insufficient-Tag-Memory

36 Command-Cannot-Process-Monomorphic-UIl

37 Data-CRC-Not-Applied

38 Length-Not-Encoded-In-DSFID

43 Data-Format-Not-Compatible-Multiple-Records-Header

44 Access-Method-Not-Compatible-Multiple-Records-Header
45 Sector-ldentifier-Not-Compatible-Multiple-Records-Header
46 Record-Preamble-Not-Configured

47 Record-Preamble-Not-Locked

255 Execution-Error

8.2.7.3 Conformance requirements

Td conform, an encoder shall support this command and its arguments, subject to the [following
conditions:

—{ The encoder supports all aspects of the Access-Method.
—{ The encoder supports encodingto a Type D segmented memory tag.
—{ The encoder supports the associated Completion-Codes and Execution-Codes.

—|{ Ifany of the first two conditions are not supported, an error is signalled by returning the Hxecution-
Code = 4 Command-Not*Supported.

8.2.7.4 Guidance for appending data

The procedure/described in 8.2.3.4 applies to this command.
8.2.8 Write-Monomorphic-UII

8.2181 Use

The Write-Monomorphic-UIl command instructs the Data Processor to write a Monomorphic-UI], either
initially or to modify an existing Monomorphic-UIl. Arguments are applied selectively depending on the
type of RFID tag being addressed.

The generic encoding process calls for the Data Processor to check that the AFIin the command matches
with the one for a Monomorphic-UII on the ISO/IEC 15961-2 Data Constructs register. If a match is not
possible, either because the AFI is not registered for a Monomorphic-UIl or that no matching AFI can be
found on the register, then the encoding process is aborted.

If the AFI matches, the Object-Identifier is also checked for a match with that on the ISO/IEC 15961-2
Data Constructs register. A mismatch generates an appropriate Completion-Code, but this should only
be treated as a warning about constructing the command. The process continues because the Object-
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Identifier is not encoded. The Data Processor uses the explicitly defined compaction scheme associated
with the AFI on the ISO/IEC 15961-2 Data Constructs register to encode the Monomorphic-UII.

8.2.8.2 Process requirements

To correctly implement this command in the Data Processor, the following process arguments shall be
supported once per tag:

The comr
If there is

Fora Typ

For a Typ

28

Access-Password (see 10.2.1)

AFI (see16-2-3)

AFI-i
Comy

Lock;

Mempry-Bank-Lock (see 10.2.30)

Mempry-Type (see 10.2.32)

Objed

If the)

unaufhorised writing of data to the RFID tag.

Next
abort

The 4
term

The K

If thi
comy
inter

byteq.

If the

Read

hand argument Memory-Type (see 10.2.32) should match thétype of RFID tag being encodg

e C tag:

ock (see 10.2.4)
act-Parameter (see 10.2.9)

UlIl-Segment-Arguments (see 10.2.27)

t-Lock (see 10.2.38)

a match, then one of the following processes is applied.

Access-Password is in the command it is used tentatch that on the RFID tag to protect agair

ed, otherwise the process continues.

ncoding process compacts the Objegt, and if this results in an odd number of bytes appends t
nator byte 00,.

rotocol Control word is censtructed, incorporating the AFI and the length bits.

s command is used-to.over-write MBO1 with a new Monomorphic-UII it is necessary
are the length of the-current and the new byte string. If the new code is of a shorter length, t
Fogator shall enstire that bytes representing part of the older code are over-written with z¢

command,calls for the Monomorphic-UII to be locked, the entire MB01 is locked.
e D tag:

the' content of the Ull segment to establish any existing encoding. If this is locked the proce

read the content of MB 01 to establish any existing encoding. If this is locked the process|i

d.

st

to
he

is aborted, otherwise the process continues.

The encoding process compacts the Object, and if this results in an odd number of bytes appends the
terminator byte 004.

The Protocol Control word is constructed, incorporating the AFI and the length bits. If the tag has
data encoded in the item related segment, or has a simple sensor, these characteristics shall be
encoded and maintained in the Protocol control word.

If this command is used to over-write the Ull segment with a new Monomorphic-UII it is necessary
to compare the length of the current and the new byte string. If the new code is of a different length
(i.e. shorter or longer) to an existing Monomorphic-UlI, the interrogator shall check if an item related
segment is already encoded. If the encoding can still be encoded in the UIl segment without re-
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writing the item-related segment, the encoded bytes are transferred to the interrogator. If the UII
segment shall be increased in size and none of the item-related bytes are locked, the entire memory
can be re-written, otherwise the process shall be aborted.

NOTE The interrogator calculates a CRC-16 and places this at the end of the encoded words of the UII
segment. Depending on the end position of the UIl segment and the lock boundary, one or more pad words
can be added by the interrogator to achieve alignment.

If the command calls for the Monomorphic-UII to be locked, then the locking shall be as defined in
the Lock-Ull-Segment-Arguments.

|

-

T}

T}

the RFID tag has a single memory for all data:

The firstrequirement is to read the AFI on the RFID tag (which can be encoded in a separatg memory
area). If this matches, continue, otherwise report an AFI mismatch.

Read at least 16 bytes of the content of the user memory to establish anyexisting enfcoding. If
encoded bytes are found, then the process continues until a string of fourzero bytes i found. If
either the AFI or any part of the user memory is locked the process is aborted, otherwise the process
continues.

The encoding process compacts the Object and adds the length-ofthe compacted Monomgrphic-UII
as a prefix.

If this command is used to over-write a new Monomorphic;Ull it is necessary to compare fhe length
of the current and the new byte string. If the new codéds of a shorter length, the interrogator shall
ensure that bytes representing part of the older code\are over-written with zero bytes.

If the correct AFI for the Monomorphic-Ull is10t already encoded on the RFID tag, thien this is
encoded.

e following arguments shall be supported for the response:
Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)
e Completion-Codes for this command are:
0 No-Error
7 Object-Locked=Could-Not-Modify
8 Singulation-td-Not-Found
22 Object*Modified-But-Not-Locked
25 Password-Mismatch

26 AFI-Mismatch

33 Insufficient-Tag-Memory
34 AFI-Not-For-Monomorphic-UIl
35 Monomorphic-UII-OID-Mismatch

255 Execution-Error
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8.2.8.3 Conformance requirements

To conform, an encoder shall support this command and its arguments, subject to the following
conditions:

— The Monomorphic-UII shall be compacted to the rules defined for the AFI on the ISO/IEC 15961-2
Data constructs register.

— The encoding on the tag shall be as defined in the processes above for the Memory-Type defined in
the command.

8.2.9 C(Copnfigure-Extended-DSFID

8.2.9.1 |Use

Whereas|the Configure-DSFID command (see 8.2.2) provides the Data Processor<with the bagic
encoding|rules to follow when encoding data, there have been additional requirements that call for pn
extended|set of encoding instructions. These include providing the Data Processor with informatipn
about thgg memory capacity and length of encoded data where this cannot be provided by a mechanigm
in the tag architecture or air interface protocol. Information is also provided'about the requirement|to
encode a fata-related CRC, and to declare to the decoder that this process has’been applied.

The Conflgure-Extended-DSFID command is used prior to encoding the set these encoding parametdrs
and to alqo encode the base DSFID.

8.2.9.2 |Process requirements

To corredtly implement this command in the Data Processor, the following process arguments shall pe
supportefl once per tag:

Battqry-Assist-Indicator (see 9.3.16)
Data{CRC-Indicator (see 9.3.12)
DSFID-Lock (see 10.2.12)

DSFIP-Pad-bytes (see 9.3.18)
Full-Function-Sensor-Indicator (see 9.3.17)
Lengfh-Of-Encoded-Data<{see 9.3.11)
Mempry-Capacity{see 9.3.11)
Mempry-Length-Encoding (see 9.3.11)

Simp|e-Sensor-Indicator (see 9.3.15)

Th Ext hdad DCSEIN e anecadad in o clightly Aiffarant vazavuc dovandinag on tha
e Extended-DSED-isencodedinashghtlhydiffe é the-t

TCITT vy oy o O C P eIt g~ oTr o

— For tags where the DSFID is encoded as the first byte of memory, the entire Extended DSFID is
encoded starting at the position of the single DSFID.

— For tags that have a dedicated DSFID memory, the first byte(s) of the Extended DSFID are encoded
in the dedicated memory location. The remaining bytes are then encoded from the first position of
the data memory.

If there is an intention to encode some extended DSFID parameters initially and add to this later, then
sufficient pad bytes shall be reserved for this purpose.

The following arguments shall be supported for the response:
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Completion-Code (see 10.3 and below)

Execution-Code (see 10.4)

The Completion-Codes for this command are:

0 No-Error
DSFID-Not-Configured

2022(E)

8.

Tdg

conditions:

8.

8.
En

4
5 DSFID-Not-Configured-Locked
6 DSFID-Configured-Lock-Failed
8 Singulation-ld-Not-Found

37 Data-CRC-Not-Applied

38 Length-Not-Encoded-In-DSFID

255 Execution-Error

.9.3 Conformance requirements

conform, an encoder shall support this command and-it§ arguments, subject to the

Ifthe RFID tag(s) supported by the encoder have the DSFID in a memory location requiring
air interface command, then the Extended DSFID, shall be split with the first byte(s) trg
by the explicit air interface command, and thie*remaining bytes transferred with a sin
transaction.

If the RFID tag(s) supported by the enc¢oder have the DSFID in a memory location re
generic air interface write command;then the Extended DSFID shall be written with a sij
transaction to a specific location starting with the DSFID position determined by the Tag

If the encoder supports writing-the DSFID, then it shall also support the transfer of any DS
argument so that it can be implemented in the air interface.

The encoder shall support the associated Completion-Codes and Execution-Codes.
.10 Configure-Multiple-Records-Header

.10.1 Use

coding ‘multiple records shall be undertaken in a precise sequence of stages. The first s

CO
is

nfigure'the MR-header, as defined in this clause. The Configure-Multiple-Records-Header
sed-to create all the f1elds on the RFID tag w1th1n the MR header that prov1des informatji

following

n explicit
nsported
gle write

quiring a
jgle write
Driver.

FID-Lock

fage is to
rommand
ion about

ed by the

followmg compound arguments deflned in ISO/IEC 15961 1 for whlch addltlonal 1nherent arguments
are also defined.

DSFID-Constructs

Ext-DSFID-Constructs

8.2.10.2 Process requirements

To correctly implement this command in the Data Processor, the process arguments and compound
arguments defined for the command in ISO/IEC 15961-1 shall be supported. The application command
has the following arguments:
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Access-Password (see 10.2.1)

Directory-Length-EBV8-Indicator (see 10.2.13)

Lock-Multiple-Records-Header (see 10.2.25)

Multi

ple-Records-Features-Indicator (see 10.2.34)

Pointer-To-Multiple-Records-Directory (see 10.2.43)

Sector-ldentifier (see 10.2.49)

Singy

For RFID
Specifica

The bit s
defining

lation-Id (see 9.3.2)

tags with segmented memory, the multiple records shall only be encoded in the user memo
ly, for Type C this is Memory Bank 11 and for Type D this is the item-related segnment.

ptting for sensors and batteries shall only be applied if the tag has no hardware means
hat a sensor is attached. Currently, Type C and Type D are the only RFID,tags that suppc

sensors. Both use hardware mechanisms to declare the presence of sensors and Batteries.

The Exte
tag archit

— For t

hded DSFID component of the header is encoded in slightly differentways depending on t
ecture:

encodled starting at the position of the single DSFID.

— Fort
in th¢
thed

The Data
unless th

Because 1
the direct

The head

hgs that have a dedicated DSFID memory, the first byte(s) of the Extended DSFID are encod
t dedicated memory location. The remaining bytes-are then encoded from the first position
ata memory.

e address is non-existent in the tag memory. In this case, an error shall be reported.

ory, no processing can take place'whilst creating the header record.

er shall be locked according to the instructions provided in the command.

The resp

nse arguments, as defipedfor the command response in ISO/IEC 15961-1, shall be support

by the Dafa Processor when responding to the application.

The Comjpletion-Codes for-this command will vary based on the associated compound arguments. T|
completellist is:

0 Np-Error

4 D3PFID-Noet-Configured

8 Singulation-1d-Not-Found

hgs where the DSFID is encoded as the first byte of memdry, the entire Extended DSFID|i

he memory length encoding on the'data CRC indicator refers to the requirement of thesel|i

of
rt

ed
of

Processor shall accept the address at the start of the directory provided by the commarnd,

25 Password-Mismatch

37 Data-CRC-Not-Applied

38 Length-Not-Encoded-In-DSFID

39 M
40 M
41 Fi
42 Fi

32

ultiple-Records-Header-Not-Configured
ultiple-Records-Header-Not-Locked
le-Support-Indicators-Not-Configured

le-Support-Indicators-Not-Locked
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255 Execution-Error
8.2.10.3 Conformance requirements

8.2.10.3.1 DSFID conformance

To conform, an encoder shall support this command and its arguments, subject to the following
conditions:

— If the RFID tag(s) supported by the encoder have the DSFID in a memory location requiring an
explicit air interface command, then the Extended DSFID shall be split with the first byte(s) encoded
by the explicit air interface command in the dedicated DSFID memory on the tag, and-thelemaining
bytes encoded in the user memory.

—|{ Ifthe RFID tag(s) supported by the encoder have the DSFID in a memory locatiotirequiring a generic
air interface write command, then the Extended DSFID shall be written to a spécificlocatioh starting
with the DSFID position determined by the Tag Driver.

—|{ Ifthe encoder supports writing the DSFID, then it shall also support the'transfer of any DYFID-Lock
argument so that it can be implemented in the air interface.

8.2.10.3.2 Other conformance

Td conform, an encoder shall support this command and\its arguments, subject to the [following
conditions:

— The encoder supports all aspects of encoding the;héader for the Multiple-Records Access-Method.
— The Data-CRC-Indicator shall be ignored for.the header record itself.

—| The total encoded data length (part of the Extended DSFID) refers to the size of the direftory and
shall be ignored for the header record.itself.

— The encoder supports the associatéd Completion-Codes and Execution-Codes.
8.8 Application commands and responses — Read
8.B.1 Read-Object-Identifiers

8.8.1.1 Use

The Read-Object-Identifiers command instructs the interrogator to read all the Object-Ifentifiers
from the RFID tag. This module can be used in advance of a more selective command to read[a specific
Object, or-to identify duplicate Object-Identifiers so that a housekeeping procedure can be ipvoked. A
validtesponse, if the RFID tag Logical Memory Map has no Object-Identifiers stored, is to feturn an
empty Object-Identifiers list. Only one RFID tag shall be programmed per command to ensurg that the
read process 1s robust.

This command is not used to read Object-Identifiers from a Multiple Record. The functionality is
incorporated in the Read-Multiple-Records command (see 8.3.8)

8.3.1.2 Process requirements
To correctly implement this command in the Data Processor, the following points shall be considered:

— Aninterrogator may provide all the functionality to achieve this application command. Alternatively,
the interrogator may invoke a read command to capture all the encoded bytes a transfer the decode
process to a higher-level device.
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— Thedifferent Access-Methods each provide a means of a faster delivery of the Object-Identifiers than
reading the entire data on the tag. For example, the basic No-Directory syntax enables a decoder to
"step over" the de-compaction process. Achieving this is an implementation issue for each decoder
manufacturer.

The following arguments shall be supported for the response:
Completion-Code (see 10.3 and below)

Execution-Code (see 10.4)

Objegt-Identifier (see 6.3)

The Completion-Codes for this command are:
0 Np-Error
8 Singulation-1d-Not-Found

255 Execution-Error

8.3.1.3 |[Conformance requirements

To confonym, a decoder shall support this command and its arguments, In’addition, it shall support the
associated Completion-Codes and Execution-Codes.

8.3.2 Read-Logical-Memory-Map

8.3.2.1 |Use

The Read-Logical-Memory-Map command is intended’to read the entire memory content of the RHID
tag and r¢spond with this in a completely unstructured way (i.e. by returning the encoded byte valugs).
No processing takes place through the Data Processor as part of this read command, so it is not possille
to identifly the encoding structure.

8.3.2.2 |Process requirements

The comimand applies equally toral“Access-Methods, but if a directory structure has been defined py
the Acceqs-Method, this shall/be.included in the response, but shall not be distinguished from other
bytes in the Logical MemoryMap.

The folloyving arguments'shall be supported for the response:
Completion-Code’(see 10.3 and below)
Exectition<Code (see 10.4)

LogidalsMemory-Map (see list in Clause 10)

The Completion-Codes for this command are:
0 No-Error
8 Singulation-1d-Not-Found
19 Read-Incomplete

255 Execution-Error
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2022(E)

To conform, a decoder shall support this command. In addition, it shall support the associated
Completion-Codes and Execution-Codes.

8.3.3 Read-Objects

8.3.3.1 Use

Th

by
Ot
Ld
W

Th
in

8
Td

supported:

T}

Ex
Th

.B.3.2 Process requirements

Read-0bje ommand ntended to read one or more d obje om the RFID tag

ject-Identifier(s) are read from the RFID tag. The command also supports an argument,
ngth, which enables the application to prescribe an upper address point on the RFID ta
pich reading is discontinued.

is command is not used to read Object-Identifiers from a Multiple Record) The functi
corporated in the Read-Multiple-Records command (see 8.3.8)

correctly implement this command in the Data Processor, the following process argument

Check-Duplicate (see 10.2.8)
Max-App-Length (see 10.2.28)
Read-Type (see 10.2.45)
e following arguments shall be supported for;the response:
Compact-Parameter (see 10.2.9)
Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)
Lock-Status (see list in Clause 10)
Object (see 6.4)
Object-Identifier (see 6.3)
cept for Execetition-Code, the response arguments are associated with each data element.
e Completion-Codes for this command are:

O™~.No-Error

their Obect—ldentifiers. The argument Read-Type determines whether the first, selectk

d, or all

bnality is

s shall be

8 Singulation-Id-Not-Found
10 Duplicate-Object

13 Object-Identifier-Not-Found
15 Object-Not-Read

255 Execution-Error
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8.3.3.3 Conformance requirements

To conform, a decoder shall support this command and its arguments, subject to the following:

— Ifthe Check-Duplicate argumentis set to TRUE, then the entire encoded data shall be read to establish
that the subject Object-Identifier is not duplicated. If the Access-Method is Multiple-Records, then
the Check-Duplicate argument is only applied to the specific record being accessed. As there is
no requirement to decode the data Object for Object-Identifiers not called out in the application
command, a process like the Read-Object-Identifiers command could be used.

8.3.4

8.3.4.1

The Invel
several s
is encode
matches t

8.3.4.2

To corre
supporte

The argu
interface
on Objec
added, p

If th

]\/Inv-App-I nngfh nrgnmnnf is invnl{ndj the infnrrngafnr and decoder shall nn]y process t

e

bytes
The ¢

Addif
AFI (
DSFI

up to the value for that argument.

ecoder shall support the associated Completion-Codes and Execution-Codes.

Inpventory-ISO-Ullmemory

Use

itory-ISO-Ullmemory command is intended to return the contents of the UIl memory fr(
bomented memory tags, given the expectation that an Object-Identifier for a non-EPC-Co
d. The response returns the content of the UIl memory for all tags whose encoded bit stri
he arguments of the command.

Process requirements

Ctly implement this command in the Data Processor, the following arguments shall
:

ional-App-bits (see 10.2.2)
bee 10.2.3)
D (see 10.2.11)

ments provided in the command enable a bit mask to be incorporated into appropriate
protocol commands to select'only tags that match the bit mask. For tags with encoding bas

-Identifier, the AFI is inclided as a minimum component of the mask. The DSFID may

m
de

be

ir
ed
be

rticularly where its yalu€ is constant for an application. Additional bits may be added that, for

example, [identify the Precutsor of the first (sometimes only) encoded dataset and any additional b
that a cerftain to create a tag'selection criterion.

The Data[Processor concatenates these values into a contiguous bit stream and prepends this with a
="1" and fidentifiestHis bit stream as beginning at bit 17h of Memory Bank 01. An error occurs if bit 1
of Memo

Bank-01"="0".

The folloyingarguments shall be supported for the response:

36

ts

hit
7h

Compact-Parameter (see 10.2.9)

Completion-Code (see 10.3 and below)

DSFID (see 10.2.11)

Execution-Code (see 10.4)

Lock-Status (see list in Clause 10)

Object (see 6.4)

Object-Identifier (see 6.3)
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Protocol-Control-Word (see list in Clause 10)

2022(E)

If the UIl memory encodes more than one Object-Identifier, then these arguments shall be returned
for each data element: Compact-Parameter, Completion-Code (some values), Lock-Status, Object, and
Object- Identifier.

The Completion-Codes for this command are:

0 No-Error

10 Duplicate-Object

8.
Tqg

13 Object-Identifier-Not-Found
15 Object-Not-Read

255 Execution-Error

8.4.3 Conformance requirements

conform, a decoder shall support this command and its arguments, subject to the

conditions:

T}
se

re
th

8.
Tdg

The decoder supports decoding from a segmented memory tag.

The decoder supports the associated Completion-Codes’and Execution-Codes.

.3.5 Inventory-EPC-Ullmemory

.B.5.1 Use

e Inventory-EPC-Ullmemory command is-intended to return the contents of the UIl men{
veral segmented memory tags, given ‘the expectation that an EPC-Code is encoded. The

e command.

8.5.2 Process requiremeénts

correctly implement this command in the Data Processor, the following arguments

supported:

If

Length-of-Mask/see 10.2.23)

Pointer (see 10.2.42)
Tag-Mask (see 10.2.54)

[lievalue of the pointer is less than 18h, an error occurs if bit 17h of Memory Bank 01 = "1".

following

ory from
response

furns the content of the UIl memory for all tags whose encoded bit string matches the arggiments of

shall be

The following arguments shall be supported for the response:

Completion-Code (see 10.3 and below)
EPC-Code (see 10.2.15)

Execution-Code (see 10.4)

Protocol-Control-Word (see list in Clause 10)

The Completion-Codes for this command are:

0 No-Error
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255 Execution-Error

8.3.5.3

Conformance requirements

To conform, a decoder shall support this command and its arguments, subject to the following

condition

S:

— The decoder supports decoding from a segmented memory tag.

— The decoder supports the associated Completion-Codes and Execution-Codes.

8.3.6 IJead-Words-Segmented-Memory—Tag

8.3.6.1

The Read
sequence
be used t
a passwo

8.3.6.2

To corre
supporte

Acce;
Mem
Word
Word
The folloy
Comy
Execy

Read

Use

-Words-Segmented-Memory-Tag command instructs the interrogator to reada contiguo
of words from one of the memory banks of a segmented memory RFID tag-This command c
h extract encoded bytes, which might not be object-based such as the unigire Singulation-Id
Fd. [t can also be useful for diagnostic purposes.

Process requirements

Ctly implement this command in the Data Processor, thé following arguments shall
:

s-Password (see 10.2.1)
bry-Bank (see 10.2.29)

-Count (see 10.2.59)

-Pointer (see 10.2.60)

ving arguments shall be supported-fer the response:
letion-Code (see 10.3 and below)

ition-Code (see 10.4)

LData (see list in Clause 10)

The Completion-Codes forthis command are:

0 N
25 P4
255 |

D-Error
ssword-Mismatch

xecution-Error

8.3.6.3

Conformance requirements

To conform, a decoder shall support this command and its arguments, subject to the following

condition

S:

— The decoder supports decoding from a segmented memory tag.

— The decoder supports a process to match the Access-Password in the command with that encoded

on th

e RFID tag.

— The decoder supports the associated Completion-Codes and Execution-Codes.

38
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8.3.7 Read-Segments-6TypeD-Tag

8.3.7.1 Use

The Read-Segments-6TypeD-Tag command instructs the interrogator to read all the data from a Type
D tag and instructs the Data Processor to provide the decoded data according to the arguments in the
command. This command can be used to show the content of each segment as a raw byte string, or to
provide more detailed analysis of the content of one or more segments.

This command is not used to read Objects or Object-Identifiers from a Multiple Record encoded on an
RETD tag in conformance with Type D. The functionality is incorporated in the Read-Multipl¢-Records
command (see 8.3.8)

8.8.7.2 Process requirements
Td correctly implement this command in the Data Processor, the following argunyent shall be syipported:
Segment-Read-Type (see 10.2.50)

The Type D air protocol delivers the entire data payload of the RFID. Therefore, the command agrgument
codes specify the processes that the Data Processor undertakes, as défined in 10.2.50.

The following arguments shall be supported for the response;”and be included dependifgg on the
command arguments:

Compact-Parameter (see 10.2.9) Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)

[tem-Related-DSFID (see 10.2.20)

[tem-Related-Segment-Map (see 10.2.21)
Lock-Status (see list in Clause 10)
Object (see 6.4)

Object-Identifier (see 6.3)
Simple-Sensor-Data-Bleck (see 10.2.51)

TID-Segment-Map(see 10.2.55)
Ull-Segment*Map (see 10.2.57)
The Complétion-Codes for this command are:

0¢ Wo-Error

T CoOTIpIeTe

255 Execution-Error

8.3.7.3 Conformance requirements

To conform, a decoder shall support this command and its arguments, subject to the following
conditions:

— The decoder supports decoding from to a segmented memory tag in conformance with Type D.

— The decoder supports the processing into segments and further into the constituent parts of the UII
segment and the Item-related segment
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— The decoder supports the associated Completion-Codes and Execution-Codes.
8.3.8 Read-Multiple-Records

8.3.8.1 Use

The Read-Multiple-Records command instructs the interrogator to read various logically structured
components from an RFID tag configured to encode multiple records. This includes performing relevant

functions defined in 8.3.1 to read a set of one or more Object-Identifiers; and performing the relevant
functions-definedin 8.3 3 toread data ﬂhjnrfc from anindividualrecord

The cominand is applied to memory bank 11 of the Type C tag, and to the Item-related data segnignt
of the Type D tag. Only one RFID tag shall be programmed per command to ensure that the|reading
process i§ robust.

The comrhand is supported by the following compound argument defined in ISO/IEC 15961-1, for which
the additjonal inherent Read-Objects argument is also defined.

8.3.8.2 |Process requirements

To correqtly implement this command in the Data Processor, the process*arguments and compouhd
arguments defined for the command in ISO/IEC 15961-1 shall be supported. The application commahd
has the fdllowing arguments:

Check-Duplicate (see 10.2.8)
Max-App-Length (see 10.2.28)
Objegt-Identifier (see 6.3)
Read}Record-Type (see 10.2.44)
Singylation-Id (see 9.3.2)

The Read-Record-Type codes 3 to 9 (as(defined in 10.2.44) require the use of one or more Objeft-
Identifierfs in the command for the Data Processor to invoke the relevant processes. Three very specific
formats df Object-Identifier are applied to multiple records:

— For 4 multiple record that“is not part of a hierarchy, the structure is: 1.0.15961.401."Data-

nn un nn

Formlat"."sector identifier.“record type"."instance-of"."Relative-OID of data element”

— For d multiple record-that is part of a hierarchy, but not a data element list, the structure [is:
1.0.1$961.402."Data*Format"."sector identifier"."record type"."hierarchical id"."Relative-OID |of
data plement”

— Foramultiplerecord thatis a data elementlist, the structureis: 1.0.15961.403."Data-Format"."sectfjor

identjifietr"."record type"."hierarchical id"."Relative-OID of data element"

NOT This object identifier calls for response to include all the list element numbers.

The first two Object-Identifier structures apply to Read-Record-Type codes 3 to 8. The third listed
Object- Identifier structure only applies to Read-Record-Type codes 3, 4 and 9.

If Read-Multiple-Records-Header (Read-Record-Type code 0) is selected, the Data Processor returns
the interpretation of the MR-header in the Multiple-Records-Header-Structure argument. The response
contains the following compound arguments, for which individual arguments are listed below:

— DSFID-Constructs with the following inherent arguments:
Access-Method (see Clause 11)

Data-Format (see 9.3.6)
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Ext-DSFID-Constructs with the following inherent arguments:
Battery-Assist-Indicator (see 9.3.16)

Data-CRC-Indicator (see 9.3.12)

DSFID-Pad-bytes (see 9.3.18)

Full-Function-Sensor-Indicator (see 9.3.17)

Length-Of-Encoded-Data (see 9.3.11)

T}

If
P
ar|
St

Th
Sp
Re
ar
Re

If
th
ar
ar

Memory-Capacity (see 9.3.11)
Memory-Length-Encoding (see 9.3.11)
Simple-Sensor-Indicator (see 9.3.15)

e following arguments are also in the Multiple-Records-Header-Structure-argument:

Multiple-Records-Directory-Length (see 10.2.33)
Multiple-Records-Features-Indicator (see 10.2.34)
Number-Of-Records (see 10.2.37)

Pointer-To-Multiple-Records-Directory (see 10.2.43)

Sector-Identifier (see 10.2.49)

Read-Multiple-Records-Header-Plus-1st-Preamble*(Read-Record-Type code 1) is selected,
ocessor returns the interpretation of the MR-header in the Multiple-Records-Header-
pument and the interpretation of the first“record's preamble in the Multiple-Records-}
ructure argument.

e response is a combination of the responses for Read-Record-Type code 0 and 3. It cor
ecific responses for the compound;arguments DSFID-Constructs, Ext-DSFID-Constructs and|
cords- Header-Structure that-are all listed above, and the specific responses for the d
pument Multiple- Records-Header-Structure that are listed for the Read-Preamble-Specific
cord (below).

Read-Multiple-RecordsrDirectory (Read-Record-Type code 2) is selected, the Data Processd
e interpretation_ef’the multiple records directories in the Multiple-Records-Directory-
pument. The response contains the following compound arguments, for which individual a
e listed belowx

DSFID<Constructs with the inherent arguments as defined for the Read-Multiple-Records

Ext¥DSFID-Constructs with the inherent arguments as defined for the Read-Multiple
Header.

the Data
Structure
reamble-

tains the
Multiple-
ompound
Multiple-

r returns
Structure
guments

tHeader.

L Records-

The following arguments are also in the Multiple-Records-Directory-Structure argument:

Hierarchical-Identifier-Arc (see 10.2.16)
Identifier-Of-My-Parent (see 10.2.17)
Instance-Of-Arc (see 10.2.19)
Record-Type-Arc (see 10.2.47)
Record-Type-Classification (see 10.2.48)

Sector-Identifier (see 10.2.49)
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Start-Address-Of-Record (see 10.2.52)

If Read-Preamble-Specific-Multiple-Record (Read-Record-Type code 3) is selected, the command shall
include a single Object-Identifier in the Read-Objects list that is certainly defined down to the record
type arc, and the instance-of arc (if applicable) or the hierarchical id arc (if applicable). The Data
Processor returns the interpretation of the record's preamble in the Multiple-Records-Preamble-
Structure argument. The response contains the following compound arguments, for which individual
arguments are listed below:

— DSFID-Constructs with the inherent arguments as defined for the Read-Multiple-Records-Header

— Ext-SFID-Constructs with the inherent arguments as defined for the Read-Multiple-Records-
Headpr

The folloyving arguments are also in the Multiple-Records-Preamble-Structure argument:
DataiLength-Of-Record (see 10.2.10)

Encofled-Memory-Capacity (see 10.2.13)

Hierdrchical-Identifier-Arc (see 10.2.16)

Identifier-Of-My-Parent (see 10.2.17)
Instajnce-0Of-Arc (see 10.2.19)
Record-Type-Arc (see 10.2.47)

Recofd-Type-Classification (see 10.2.48)
Sectdr-Identifier (see 10.2.49)

StarttAddress-Of-Record (see 10.2.52)

The Read-All-Record-OIDs-Specific-Record-Type~(Read-Record-Type code 4) is used for identifying
a series (f history records of the same type-or a set of records in a hierarchy of the same type. The
command shall include a single Object-Identifier in the Read-Objects list that is only defined down |to
the record type arc. The Data Processor returns the list of Object-Identifiers one layer lower in the
Read-OIDs-Response-List, i.e. either~with the set of instance-of arcs or with the set of hierarchical|id
arcs. To 4chieve this, the Data Pfoceéssor shall parse the entire Multiple Records directory; or if tmis
is not engoded, the Data Processor read and parse the preamble of each Multiple Record. During this
procedurg, the Data Processen shall only retain and report on records whose record type arc matches
that in the Object-Identifiérin the command.

If Read-QIDs-SpecificxMultiple-Record (Read-Record-Type code 5) is selected, the command shpll
include a|single Object-Identifier in the Read-Objects list that is certainly defined down to the record
type arc,|and the>instance-of arc (if applicable) or the hierarchical id arc (if applicable). The Ddta
Processof returns the list of Object-Identifiers encoded within the record in the Read-OIDs-Responge-
List. This|dees not apply to Data Element lists.

If Read-All-Objects-Specific-Multiple-Record (Read-Record-Type code 6) is selected, the command
shall include a single Object-Identifier in the Read-Objects list that is certainly defined down to the
record type arc, and the instance-of arc (if applicable) or the hierarchical id arc (if applicable). The
Data Processor returns the list of Object-Identifiers and Objects encoded within the record in the Read-
Objects-Response-List. This does not apply to Data Element lists.

If Read-Multiple-Objects-Specific-Multiple-Record (Read-Record-Type code 7) is selected, the command
shall include the nominated Object-Identifiers that are defined down to the specific data element in
the Read- Objects list. The Data Processor returns the list of nominated Object-Identifiers and Objects
encoded within the record in the Read-Objects-Response-List. This does not apply to Data Element lists.
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If Read-1st-Objects-Specific-Multiple-Record (Read-Record-Type code 8) is selected, the command shall
include the nominated Object-Identifier(s) that are defined down to the specific data element(s) in the
Read- Objects list. The Data Processor returns the list of nominated Object-Identifiers and Objects
encoded up to the Max-App-Length within the record in the Read-Objects-Response-List. This does not
apply to Data Element lists.

If Read-Data-Element-List-Specific-Multiple-Record (Read-Record-Type code 9) is selected, the
command shall include a single Object-Identifier in the Read-Objects list that is defined down to the
data element. The Data Processor first checks that the record is a Data Element list. If so, it uses the
rules of the Access-Method to re-construct the Object-Identifier down to the list element number as
erjcode €[record in
the Read-Objects-Response-List. The first four arcs of the root-OID for the application cominand and
regponse is 1.0.15961.403. If this is not in the command, then the Data Processor shall'not ilmplement
the command.

The Completion-Codes for this command will vary based on the Read-Record-Type-code value|set in the
mand. The complete list is:

0 No-Error

8 Singulation-Id-Not-Found

10 Duplicate-Object

13 Object-Identifier-Not-found

15 Object-Not-Read

35 Monomorphic-UII-OID-Mismatch

48 Multiple-Records-Directory-Not-Present

255 Execution-Error

8.8.8.3 Conformance requirements

Td conform, a decoder shall support this command and its arguments. In addition, it shall support the
aspociated Completion-Codessand Execution-Codes.

Td conform, a decoder~shall support this command and its arguments, subject to the [following
conditions:

— All the Read<Record-Types shall be supported.

—|{ For Read:Record-Type codes 5, 6, 7 and 8, if the Check-Duplicate argument is set to TRUH, then the
entirexrecord shall be read to establish that the subject Object-Identifier is not duplicated

—| For‘Read-Record-Type codes 4 and 9, if the Check-Duplicate argument is set to TRUE/| then the
argument shall be ignored, because the intention is to identify multiple occurrences of the Object-
Identifier in the command and return any additional arc.

— If the Max-App-Length argument is invoked, the interrogator and decoder shall only process the
bytes up to the value for that argument.

— The decoder shall support the associated Completion-Codes and Execution-Codes.

The decoder shall support the following, depending on the requirements of the application:
— Atleast one of the Access-Methods defined in this document.

— The decoding from a segmented memory tag in conformance with Type C.

— The decoding from to a segmented memory tag in conformance with Type D.
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8.4 Application commands and responses — Other
8.4.1 Inventory-Tags

8.4.1.1 Use

The Inventory-Tags command is intended to read a set of Singulation-Ids from RFID tags that have a
particular AFI. Itis only applicable where an air interface command supports an inventory process using
the AFI as a named argument and, generally, where a unique chip identifier is used in the arbitration
process.

8.4.1.2 |Process requirements

To correftly implement this command in the Data Processor, the following arguments” shall pe
supporte(l:

Identfify-Method (see 10.2.18)

Number-Of-Tags (see 10.2.18)

The folloyving arguments shall be supported for the response:
Completion-Code (see 10.3 and below)
Exectyition-Code (see 10.4)
Identjities (see list in Clause 10)
Number-of-Tags-Found (see list in Clause 10)

Typically|the response should include the argumentdentities, which is a list of Singulation-Ids each|of
which ha$ met the selection criteria.

The Comjpletion-Codes for this command are
0 Np-Error
23 Fjiled-To-Read-Minimum-Number-Of-Tags
24 Fjiled-To-Read-Exact-Number-Of-Tags

255 Execution-Error

8.4.1.3 [Conformance requirements

To confofm, a décoder shall support this command and its arguments, subject to the following
conditionfs:

4] RILII & La) RpIA I | 4] | | 11 £.1 - 1 ol H h P
Th 1
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declared AFI and that the response Singulation-Id is used in the arbitration process.

— The decoder shall support the associated Completion-Codes and Execution-Codes.
8.4.2 Delete-Object

8.4.2.1 Use
The Delete-Object command is intended to remove an Object-Identifier and its associated data Object

from the memory of the RFID tag. Invoking this command depends on the Access-Method declared for
the RFID tag. Each of the cases is discussed under the appropriate Access-Method (see Clause 11).
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To correctly implement this command in the Data Processor, the following arguments shall be
supported:

Check-Duplicate (see 10.2.8)

The way the Delete-Object command is implemented in the Logical Memory is dependent on the Access-
Method:

—|{ For Packed-Objects the Delete-Object command is supported in one of two ways:

— For Tag-Data-Profiles the Data Processor shall replace the deleted\bytes with a null da

If

an error.

If

Ohject, that there is only a single instance of tlié requested Object-Identifier. If the interrogat

th

pgrform the Delete- Object function and shall return the appropriate Completion-Code.

If
dq

TH
sh

T}

T}

For the No-Directory and Directory Access-Methods if other encoding follows the deleted Object-

Identifier, the Data Processor may replace the deleted bytes with a null dataset (seerD|
procedure is invoked automatically by the Data Processor.

— If the Packed Object contains an Addendum section then the rules definéd<n 1.5.7 are

— Otherwise the entire Packed Object shall be re-written.

D.7.5).

rules defined in 11.6.3. Within the record, the rules of the‘record-specific Access-Metho
followed.

hny of the bytes associated with the Object-Identifiéris locked, then the Data Processor sh

the Check-Duplicate flag is set to TRUE, the interrogator shall verify, before deleting the 1

at the RFID tag is encoding more thanone instance of the referenced Object-Identifier, if]

the Check-Duplicate flag is setto~FALSE, the interrogator shall delete the first occurrer
taset specified by its Object-Identifier.

is is an argument that éffectively provides no protection against duplicate Object-Ider
ould only be used when'there is a high expectation of no duplicates.

e following arguments shall be supported for the response:
Completion<Code (see 10.3 and below)
Execution-Code (see 10.4)

e Completion-Codes for this command are:

0/ No-Error

7.5). This

applied.

faset (see

For the Records-Directory Access-Method, the target Object-Identifier is identified accordiing to the

H shall be

hll return

equested
r detects
shall not

ce of the

tifiers. It

8 Singulation-ld-Not-Found

10 Duplicate-Object

12 Object-Not-Deleted

13 Object-Identifier-Not-Found

14 Object-Locked-Could-Not-Delete

255 Execution-Error

© ISO/IEC 2022 - All rights reserved

45


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC

8.4.2.3

15962:2022(E)

Conformance requirements

To conform, a device shall support encoding and decoding to support this command and its arguments,
subject to the following conditions:

— The device supports a delete function as defined for the Access-Methods that it supports

— If the Check-Duplicate argument is set to TRUE, then the entire encoded data shall be read to
establish that the subject Object-Identifier is not duplicated prior to invoking the delete process.

— Thed

evice supports the associated Completion-Codes and Execution-Codes.

If the Ac
specificr

843 N

8.4.3.1

The Modiffy-Object command is intended to change the value of a data Object aSsociated with an Obje

Identifien
that the
depends
resultant
is discuss

If the dat
a hierarc
to modify
on a data

instructigns to modify a data element list, the Data\Processor shall not implement the command a

report an

8.4.3.2

The Modify-Object command instructsithe Data Processor to carry out three related processes:

a) Read

Multiple Record, then only that record shall be read.

b) Ident
procg

c) Over

— 1
\

ess-Method is Multiple-Records, then the Check-Duplicate argument is only applied o't
bcord being accessed.

[odify-Object

Use

already encoded on the memory of the RFID tag. The complete mernory shall be read to ensu
Dbject-Identifier is not duplicated. If so, the command is aborted. Invoking this comma
bn the Access-Method declared for the RFID tag. In addition;,the procedure is different if t
encoding length of the modified object is different from the)original length. Each of the cas
ed under the appropriate Access-Method (see Clause 11}):

2 object is part of a multiple record (identified with.the basic root-OID of 1.0.15961.401)
hical multiple record (identified with the basic.raot-OID of 1.0.15961.402), then the procsg

element list (identified with the basic root=0ID of 1.0.15961.403). If a command carries t

error.

Process requirements

the complete Logical Memory Map from the RFID tag. If the command is being applied tc

ify the encoded packet specified by the Object-Identifier. If duplicated instances are found, t
ss is aborted.

write with'the modified encoded packet, or, depending on the Access-Method,

hvoking'a combination of a writing a null dataset where the original bytes were encoded a
Uriting a new dataset; or

Ct-
re
hd
he
es

or
SS

a data object shall be that of the declared Access-Method. A data object cannot be modified

he
hd

— invoking a combination of a deleting and writing a new encoded packet.

If any of the bytes associated with the Object-Identifier is locked, then the Data Processor shall abort

the proce

ss and return the appropriate completion code.

To correctly implement this command in the Data Processor, the following arguments shall be
supported:

Compact-Parameter (see 10.2.9)

Object-Lock (see 10.2.38)
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The way the Modify-Object command is implemented in the Logical Memory is dependent on the Access-
Method:

Fo
a)

r the Multiple-Records Access-Method the Modify-Object command is supported as follows:

The target Object-Identifier is identified according to the rules defined in 11.6.3.

b) Within the record, the rules of the record-specific Access-Method shall be followed (as defined

Fo

below).

r the No-Directory and Directory Access-Methods:

F

additional processing can be necessary to update the directory.

Fdr Packed-Objects the Modify-Object command is stipported in one of two ways:

a)
b)

Far Tag-Data-Profiles the following rules-apply:

T}

If the byte string, that represents the modified data when prepared for encoding in tH
Memory Map, is the same length as its previous encoded byte string, the modified value is
written to the same positions.

If the byte string is shorter than the previous encoded byte string, thén-the Data
automatically encodes an offset to re-align the modified encoding with the original.

If the byte stringis longer than the previous encoded byte string, themitshall be in a differe
the Logical Memory Map with this process controlled by the Data Processor. A similar sity
arise if the Object-Lock argument is set to TRUE in the commandZAlternatively, the Data
may apply a procedure that automatically replaces the modifiéd bytes with one or more §
(see D.7.5) and writes the longer dataset at the end of encaded memory.

r the Directory Access-Method, in addition to modifying the dataset itself (as define

If the Packed Object contains an Addendum-$ection then the rules defined in L.5.7 are app

Otherwise the entire Packed Object shall'be re-written.

If the byte string, that represents the modified data when prepared for encoding in th
Memory Map, is the same length as its previous encoded byte string, the modified value
to the same positions.

If the byte string(is -shorter than the previous encoded byte string, then the Data
automatically encodes an offset to re-align the modified encoding with the original.

e Logical
generally

Processor

ntarea of
ation can
Processor
[ull-bytes

d above),

ied.

e Logical
s written

Processor

If the byte string is longer than the previous encoded byte string, then there is an errdr and the

process shdll cease.
e following arguments shall be supported for the response:

Completion-Code (see 10.3 and below)

Execution-Code (see 10.4)

The Completion-Codes for this command are:

0 No-Error

7 Object-Locked-Could-Not-Modify
8 Singulation-Id-Not-Found

10 Duplicate-Object

13 Object-Identifier-Not-Found
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21 Object-Not-Modified
22 Object-Modified-But-Not-Locked

255 Execution-Error

8.4.3.3 Conformance requirements

To conform, a device shall support encoding and decoding to support this command and its arguments,
subject to the following conditions:

— The device supports a modify function as defined for the Access-Methods that it supports.

— The device supports the associated Completion-Codes and Execution-Codes.

8.4.3.4 |Guidance for appending modified data

If the mqdified data is longer that the original data and requires being appended, the procedyre
described in 8.2.3.4 applies to this command.

8.4.4 Erase-Memory

8.4.4.1 |Use

The Eras¢-Memory command is intended to reset to zero the entire'Logical-Memory-Map of a particular
RFID tag.[This includes the directory if this is defined by the Access-Method.

8.4.4.2 |Process requirements

To corredtly implement this command in the Data Processor, all bytes shall be reset, except those that
are lockegl. In this case, the Completion-Code Blo¢ks-Locked (17) shall be returned.

The folloyving arguments shall be supported for the response:
Completion-Code (see 10.3 and below)
Execfition-Code (see 10.4)

The Completion-Codes for thiscommand are:

0 Np-Error

8 Singulation-1d:Not-Found
17 Blocks-Locked

18 Etasé-Incomplete

255 EXecution-Error

8.4.4.3 Conformance requirements

To conform, a device shall support encoding and decoding to support this command and its arguments.
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8.4.5 Get-App-based-System-Info

8.4.5.1 Use

The Get-App-based-System-Info command is used to return the AFI and DSFID from the RFID tag.
In some air interface protocols, the equivalent air interface command is the only way in which this
information can be retrieved.

8.4.5.2 Process requirements

Td correctly implement this command the Data Processor shall call up the equivalent air|interface
command and transfer the Singulation-Id to that command.

The following arguments shall be supported for the response:
AFI (see 10.2.3)

Completion-Code (see 10.3 and below)

DSFID (see 10.2.11)

Execution-Code (see 10.4)

The Completion-Codes for this command are:
0 No-Error

8 Singulation-1d-Not-Found

20 System-Info-Not-Read

255 Execution-Error

8.4.5.3 Conformance requirements

Td conform, a decoder shall support this command and its arguments, subject to the [following
conditions:

—| Theair interface supportéd by the decoder shall have the equivalent command (e.g. ISO/IE( 18000-3
Mode 1).

—{ The decoder shall Support the associated Completion-Codes and Execution-Codes.
8.4.6 Kill-Segmented-Memory-Tag

8.4.6.1+Use

The¥Kill-Segmented-Memory-Tag command instructs the interrogator to apply appropriate ainjinterface
protocols to render the RFID tag unreadable in future. The Kill-Password in the command shall match
the Password encoded on the RFID tag.

8.4.6.2 Process requirements

The Kill-Segmented-Memory-Tag command does not require any processing through the Data Processor,
other than a transfer using the device interface (e.g. as in ISO/IEC 24791-5) to the interrogator. If it is
incorporated in the Data Processor, then the output interface will simply carry through the command
arguments.

The following arguments shall be supported for the response:

Completion-Code (see 10.3 and below)
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Execution-Code (see 10.4)
The Completion-Codes for this command are:
0 No-Error
8 Singulation-Id-Not-Found
27 Zero-Kill-Password-Error

28 Kill-Failed

255 Execution-Error

8.4.6.3 |[Conformance requirements
To conforjm, a device shall support this command and its arguments, subject to the following conditions:
— The device supports processing with a segmented memory tag.

— The device shall support the associated Completion-Codes and Execution¢Codes.
8.4.7 Delete-Packed-Object

8.4.7.1 |Use

The purppse of the Delete-Packed-Object command is to delete)a complete Packed Object, by using pn
encoded Pbject-Identifier as an alias for the Packed Object.

8.4.7.2 |Process requirements

The Delefle-Packed-Object command instructs the-Data Processor to:
a) Identfify the Packed Object using the Object-Identifier.

b) Estallish the memory location on the'entire Packed Object.

c) Eras¢ the complete memory typically by over-writing with the default byte value of the RFID tag

If any part of the Packed Object\is locked, then the command cannot be invoked, and the process shpll
be abort€d, and the appropriate’completion code returned.

To corre¢tly implement this command in the Data Processor, the following arguments shall pe
supporte(l:

Check-Duplicate (see 10.2.8)
Objeqt-1dentifier (see 6.3)

Singulation-Id (see 9.3.2)
The following arguments shall be supported for the response:
Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)
The Completion-Codes for this command are:
0 No-Error

8 Singulation-1d-Not-Found
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10 Duplicate-Object

12 Object-Not-Deleted

13 Object-Identifier-Not-Found

14 Object-Locked-Could-Not-Delete

255 Execution-Error

8.4.7.3 Conformance rpqnirpmpnfc

Td conform, a device shall support this command and its arguments, subject to the followingconditions:
—{ The device supports processing of Access-Method Packed-Objects.

— The device shall support the associated Completion-Codes and Execution-Cddes.
8.4.8 Modify-Packed-Object-Structure

8.4.8.1 Use

The Modify-Packed-Object-Structure command is used to changé-the structure of a Packed (bject, for
exiample to introduce a directory structure. An encoded Objéct-Identifier is used as an aligs for the
pqrticular Packed Object.

8.4.8.2 Process requirements

The Modify-Packed-Object-Structure command instructs the Data Processor to:
a)| Identify the Packed Object using the Object-Identifier.

b)[ Check the status of any directory or capability to add a directory.

c)| Modify the Packed Object as n€cessary

d)| Ifnecessary, based on the.command arguments, write an additional Packed Object directpry.

If jt is not possible to add(the directory structure, or one is already in place, then the process shall be
aborted, and the appropriate completion code returned.

Tq correctly implenient this command in the Data Processor, the following arguments| shall be
supported:

Check-Duplicate (see 10.2.8)
Objeet-Identifier (see 6.3)

Packed-Object-Directory-Type (see 10.2.39)

Singulation-Id (see 9.3.2)
The following arguments shall be supported for the response:
Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)
The Completion-Codes for this command are:
0 No-Error
7 Object-Locked-Could-Not-Modify
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8 Singulation-1d-Not-Found
10 Duplicate-Object

13 Object-Identifier-Not-Found
30 Directory-Already-Defined

255 Execution-Error

8.4.8.3 Conformance rpqnirpmpnfc

To conforjm, a device shall support this command and its arguments, subject to the following conditions:
— The device supports processing of Access-Method Packed-Objects.

— The device shall support the associated Completion-Codes and Execution-Codes.
8.4.9 Delete-Multiple-Record

8.4.9.1 |Use

The Delefle-Multiple-Record command instructs the interrogator to mark’a Multiple Record as deletg¢d.
The bytes that make up the record are not actually deleted, but the-stibject record and its entry in the
directory] (if present) have code values set to indicate that the recérd‘is no longer to be treated as valjd.

8.4.9.2 |Process requirements

The Objeq¢t-Identifier is to the level where the final arc is that of the instance-of or hierarchical identififr.
Multiple-Records are identified with one of the following basic root-OIDs:

1.0.1$961.401
1.0.15961.402
1.0.1$961.403
If the Objgect-Identifier has a differént root, the command shall not be processed.

If either the record preamble(oy the directory is locked, then the command cannot be invoked. If the
record is part of a hierarchicalstructure with the root-OID 1.0.15961.402, then all the child(ren) records
and in turn their children’shall be deleted first. If any of these record preambles, or the associated
directory] entry, is locked then none of the records can be deleted. This requires the hierarchy to pe
establish¢d and thejlock status of each record in that hierarchy to have an unlocked status in the
preambles and thédirectory (if present).

To corregtly<implement this command in the Data Processor, the following arguments shall pe
supportegl:

Access-Password (see 10.2.1)
Object-Identifier (see 6.3)
Singulation-Id (see 9.3.2)
The following arguments shall be supported for the response:
Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)

The Completion-Codes for this command are:
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0 No-Error

8 Singulation-1d-Not-Found

13 Object-Identifier-Not-Found

25 Password-Mismatch

49 Record-Not-Deleted-Preamble-Locked

50 Record-Not-Deleted-Directory-Locked

2022(E)

8.4.9.3 Conformance requirements

Tdg

Diffferent air interface protocols can support some, butinot all, of the application commar

SP

Annex A provides this infortnation in more detail for specific air interface protocols.

9

9.

Th
de
in

.p Air interface support for application commands

51 Record-Not-Deleted-Lower-Level-Preamble-Locked

255 Execution-Error

conform, a device shall support this command and its arguments, subjecttorthe following c
The device supports processing of Access-Method Multiple-Records:

The device shall support the associated Completion-Codes and Execution-Codes.

ecific air interface protocol, an application command:

Can be supported as included in this document;whether this is because there is a directly ¢
air interface command, or by invoking a sertes of air interface commands.

an optional manner.

Can be supported, but anotherapplication command achieves the same results probably i
way.

Data Processor and the air interface

1 Use

e Data Processor receives communications across the air interface, via the Tag Driver. T
fines\the basic requirements that enable the Data Processor and RFID tag to transfer ¢
Formation.

nditions:

ds. For a

quivalent

Is unable to be supported, because features are not supported on the air interface protoc¢l, even in

h a better

nis clause
nd share

9.2 Air interface services

This document is open-ended with respect to the fact that new types of RFID tag may be added to the
ISO/IEC 18000 series that require some interface with the Data Processor. To achieve this, some basic

pr

esumptions are made about the types of RFID tag in the ISO/IEC 18000 series.

Application memory is an integer number of bytes.

— Application memory shall be organised in blocks. These shall be fixed size and be of one or more

bytes.
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NOTE1 The term "block" is used in this document in a manner consistent with its definition in Clause 3,
because this aligns with the most common usage of the term in air interface protocols. In Type C the term

"word" has a similar function.

— Theindividual blocks shall each be accessible by read and/or write. This applies to the basic function,
additional features may be used to restrict access to authorised users.

— In addition to the requirements (above) relating to the memory, there shall be a reliable mechanism
for writing and reading to and from the application memory.

Each type of RFID tag in the ISO/IEC 18000 series shall provide the following air interface services of

the physifal characteristics and data capabilities of the RFID tag:

a) Provlde a byte location addressing mechanism from the beginning to the end of the applicati

mempry, starting from byte 0. This shall map to the Logical Memory.

b) Provide a mechanism to address a specific RFID tag using a permanent or virtual tdgidentifier.

c) Provlde the block size (in bytes).

d) Provlde the value of the number of blocks in the application memory.

e) Optidnally support selection and/or addressing of groups of RFID tags\tising to the AFI as part

the s¢lection mechanism.

f) Provlde a mechanism to write and read the DSFID.

g) Retufpn a positive or negative acknowledgement (error codé¢)to read and to write commands.

h) Optidnally provide the writing capabilities supporteddby’the RFID tag.

i) Optignally provide the locking capabilities supported by the RFID tag.

i) Suppprt the ability to query the status (lockedyor not locked) of the memory blocks.

of

These air|interface services should be provided by the Tag Driver. A description of a generic Tag Driver
is provide¢d in Annex B. Details of specific(Tag Drivers are provided in Annex C.

9.3 Defining the system infoymation

9.3.1 System information.elements

The systdm information-is’a set of elements that is encoded, or provided by other means, from the
tag to thel Data Processprwhen communications are established. The systems information shall cons
of the elements liste@in Table 4 with the length of each element and shall be as defined in the followi

subclassés.

Table 4 — System information elements

Element

Length

Singulation-1d

up to 255 bytes

physical block size (in bytes)

1 byte (hexadecimal value of block size)

number of blocks

1 or more bytes (hexadecimal value of number of blocks)

AFI

1 byte

DSFID

1 byte

9.3.2 Singulation-Id

The Singulation-Id is the means of ensuring reliable communication between the application and the
RFID tag throughout the transaction process via the Data Processor. It is communicated across the air
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interface and the application interface. The Singulation-Id may be up to 256 bytes long, depending on
the rules of the air interface protocol or the way that the interrogator maintains a register of RFID tags
with which it communicates.

NOTE In the 2004 edition of this document the Singulation-1d was called the "Tag-1d". Apart from the change
of name all functions remain the same.

The format of the Singulation-Id shall be as defined for each Tag Driver (see Annex C) and shall be based
on one of the following:

a) _A completely unique identifier programmed in the RFID tag, as specified in the ISO/IEC 18000
series).

b)| A data related identifier (e.g. like the unique identifier of transport units cas” spg¢cified in
ISO/IEC 15459-1), that provides for uniqueness within the domain of item management o1f logistics.
This requires the data to be read to establish the Singulation-Id.

c)| Avirtual or session ID based on a time slot or other feature managed by,theair interface protocol.

d)| Combinations of (b) and (c), e.g. a virtual identifier across the air interface, but requiring the data
related identifier to be returned as a response.

9.8.3 Physical block size

The physical block size is defined as the minimum number of 8-bit bytes that are capablg¢ of being
written to, read from, on the particular RFID tag. If the minimum number of bytes differs forjread and
write operations, for the purposes of this document the.block size shall be the smaller value. [he value
is constrained to between 1 and 256 bytes.

NOTE The block size relates to memory units on'the RFID tag and not necessarily to any constraipnt, such as
a frame, on the air interface.

The physical block size shall be identifiedBy any reasonable means using the Tag Driver and aif{interface
features and is communicated to the\Data Processor. The physical block size is not comrmunicated
acoss the application interface.

9.8.4 Number of blocks

The number of blocks is defined as the number of physical blocks in the user memory of the particular
RKID tag. For RFID tags with segmented memory structures, the number of blocks is requiregl for each
memory bank to which/the application has access for a read or write command.

The number ofblecks shall be identified by any reasonable means using the Tag Driver and airfinterface
features and is.ecommunicated to the Data Processor. The number of blocks is not communicatled across
the applicdtion interface.

9.8.5 \ AFI

The AFI is defined by the application as a single byte value and is used as an air interface selection
mechanism to separate RFID tags with a given AFI from tags with different AFI values. The AFI is
defined by the application as a single byte value in conformity with ISO/IEC 15961-3 and the register
maintained as part of ISO/IEC 15961-2.

9.3.6 DSFID
The DSFID is defined by the application as a single byte value with the following structure:
Bits 8 and 7 Determine the Access-Method (see Clause 11).

Bit 6 [s the extended syntax indicator bit (see 9.3.8).
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Bits 5 to 1 Identify the Data-Format, as defined in ISO/IEC 15961-3 and registered to
ISO/IEC 15961-2.

Once a Data-Format has been specified for an RFID tag (or a specific bank of a segmented memory RFID
tag), all subsequent additional data shall be encoded in a conformant manner. Once an Access-Method
has been specified for an RFID tag (or a specific bank of a segmented memory RFID tag), all subsequent
additional data shall be encoded in a conformant manner, with one exception. It is possible to convert
a No-Directory structure to a directory structure. These points are discussed in greater detail for the
specific Access-Methods (see Clause 11 and associated annexes).

The only @
commang
function ¢f the application data on the RFID tag.

entally change the original

The single byte DSFID can support up to four Access-Methods and up to 30 Data-Formats. Extensipn
mechanigms that can be applied independently to each are possible as defined in thée)rules of the
following| subclauses. These subclauses also define support for other functions that\are not direcfly
supportefl by air interface features.

9.3.7 ncoding the Extended-Data-Format

When thg ISO/IEC 15961-1 specifies a Data-Format value greater than 313, the Extended-Data-Fornjat
byte is reguired to encode the value of the Data-Format. bits 5 to 1 of the Single (primary) DSFID are get
to the value 11111 to indicate that an Extended-Data-Format bytefollows. The value of the Extendqd-
Data-Forinat byte is the value of the Data-Format provided by thelapplication command less 32;,. Hor
example, Data- Format 69, requires the Extended-Data-Formatbyte to have the value 00100101,,.

9.3.8 (ther extensions using the Extended Syntax indicator bit

If the Extpnded Syntax indicator bit = 0, then all the information about the Access-Method is encoded|in
the singlg byte DSFID and no other functions are indicated as present. If the Extended Syntax indicator
bit = 1, then an Extended Syntax flag byte 1 is used (see 9.3.9).

9.3.9 Ttended Syntax flag byte 1
e

The Extenpded Syntax flag byte 1 is défined by the application and/or by processes of the Data Processpr,
as will bg described in varioussubclauses. The initial structure is as a single byte value with the
following|structure:

Bit 8 Extended Syntax flag byte 2 indicator (see 9.3.14)
Bits T & 6 Extensions to Access-Method (see Clause 11)

Bits § & 4 Mémory length indicator (see 9.3.10)

Bits 3 &2 ‘Data CRC indicator (see 9.3.12)

Bit 1 Reserved
9.3.10 Memory length indicator bits

9.3.10.1 Values

The memory length indicator bits are determined by arguments in an application command that
recommends its use where the relevant memory is greater than 256 bits, taking into account the
information provided by the air interface (see 9.3.10.2). There are a number of conditions that apply to
particular Access-Methods that are discussed in 9.3.10.3. The 2-bit code values for the memory length
indicator are:
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00, No encoding of the total length of data or memory capacity, as these are small (i.e. not more
than 256 bits)

01, Memory capacity is declared
10, The total length of encoded data is declared

11, Both memory capacity and total length of encoded data are declared

Irrespective of the capability of the air interface to provide a hardware solution for encoding the total

1ewmmmmmmmmmwmn—m» encoded
length each time that data is written to the RFID tag.

9

Th
Ad

En
th

.B.10.2 Air interface exceptions

.B.10.3 Access-Method requirements and exceptions

e following air interface protocol shall make use of memory length encoding;’ as qualified by the
cess-Method as follows:

ISO/IEC 18000-3 Mode 1: The memory capacity does not need to be encgded, because this i provided
by other means in the services from the air interface, particularly through part of the cpde value
of the Singulation-Id. The length of the encoded data over 256 bits'should be encoded unlgss this is
supported by the Access-Method. The length shall be expressed in blocks, which can vary between
conformant RFID tags.

Type C: Length encoding shall not be used either for theimemory capacity or the encoded |ength for
Memory Banks 00,, 01,, and 10,. The total length of the encoded data over 256 bits in Menjory Bank
11, should be encoded unless this is supported by,the Access-Method. The length shall be ¢xpressed
in blocks as defined in this document and expréssed as 16-bit words in this air interface grotocol.

available pages of memory. The total length of encoded data is not required for the UIl segment and

Type D: The memory capacity does not need to be encoded because this is declared by the%’umber of
the Item-related segment because these lengths are encoded on the tag using hardware p

ocesses.

coding the memory capacity'and the total length of encoded data is applied to the Access-Methods in
e following way:

No-Directory

Unless the TagDriver has another means of declaring the memory capacity, this should bg declared
and encoded. if this is greater than 256 bits. The total length of the encoded data should also be
declared:and encoded if this is greater than 256 bits.

Direetoery

The memory capacity should be encoded if greater than 256 bits unless the Tag Driver hals another

means ofdeclarina the momaorv canacity The totallenath of the encoaded-data should an ly to the
o 5 ° Y g Y © ] < Sreserest crretep

directory only, irrespective of its length.

If the directory is added at some later stage over an existing No-Directory structure the original
length of data encoding will not only be different but will refer to different bytes. The length of
encoded directory shall be overwritten at the time that the directory is first prepared.

Packed Objects

Unless the Tag Driver has another means of declaring the memory capacity, this should be declared
and encoded if this is greater than 256 bits. As each Packed Object declares its length, if only one
Packed Object is encoded there is no need to encode the total length of encoded data. The total
length of the encoded data should be declared and encoded if there are two or more Packed Objects
and the total length of all the encoded data is greater than 256 bits.
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— Tag Data Profile

The length of the encoding is declared in the encoded header record, so there is no requirement to
encode length.

— Multiple-Records

The memory capacity is encoded for each Multiple-Record in its preamble.

9.3.11 Procedure for length encoding

The proc¢dure for encoding the memory capacity or total length of encoded data shall be based of|]

length en

9.3.12 Data CRC indicators

The data

a data CR[C is determined by arguments in an application command.

The 2-bit
00,
01,
10,
11,

9.3.13 Data CRC

9.3.13.1
The data

known ag CRC-CCITT): x16 + x12 + x> + 1( The 16-bit register shall be preloaded with FFFF16 prior
calculatinyg the CRC-16.

9.3.13.2
The CRC-

is a requifement to block@lign after the CRC-16, then padding in conformance with the Access Meth
shall be used. The CRC-16/shall be applied to all the datasets encoded on the RFID tag.

9.3.13.3
The CRC-

encoded jmmediately after the terminator byte.

coding rules defined in D.3.

CRC indicator bits are generated by the Data Processor, as defined in this subclause. The use

code values for the data CRC indicator are:
No data CRC
Data CRC applied to each individual dataset
Data CRC applied only to the entire encoded data

Data CRC applied to each dataset and to the entire encoded data

Algorithm
CRC is calculated using the polynomial defined in ISO/IEC 13239 (CRC-16-CCITT, commot]

Data CRC applied to adataset

16 shall be appliedtethe entire dataset and encoded immediately after the dataset. If thed

Data CRC applied to the entire encoded bytes

16 shall be applied to the entire encoded data plus the terminator byte (00,¢) and shall

of

ly
to

re
bd

9.3.14 Extended Syntax flag byte 2

The Extended Syntax flag byte 2 is defined by the application and/or by processes of the Data Processor,
as will be described in various subclauses. The initial structure has the following structure:

Bit 8
Bit7
Bit 6
Bit 5

58

Extended Syntax flag byte 3 indicator - an extension for future special features
Simple sensor indicator (see 9.3.15)
Battery-Assist indicator (see 9.3.16)

Full-function sensor indicator (see 9.3.17)
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Bit s 4 to 1 Reserved

9.3.15 Simple Sensor indicator

Simple Sensors have limited configuration capabilities and can be factory programmed, so provide
resultant observations based on their pre-designed functionality. The Simple Sensor indicator is used
when one such sensor is added to an RFID tag. The indicator is only used where the functionality, if
supported on the RFID tag, is not declared by some air interface mechanism. The indicator is set to "1" if
the RFID tag supports a Simple Sensor.

TH
fo

9.

T}
th

e Information 1s transmitted In any response that contains the Extended Syntax flag byt
low-up action by the interrogator or the application is beyond the scope of this documefit,

B.16 Battery Assist indicator

e Battery Assist indicator is used when a battery is added to a passive tag toassist with i
e communication capability of the RFID tag. The indicator is only used where the functi

supported on the RFID tag, is not declared by some air interface mechanismr. The indicatoris s

th

TH
fo

9

Th
Th
ai
Se

TH
fo

9

TH
se

e RFID tag employs battery-assist power.

e information is transmitted in any response that contains the Extended Syntax flag byte
low-up action by the interrogator or the application is beyond the scope of this document.

.B.17 Full-Function Sensor indicator

e Full-Function Sensor indicator is used when one ‘9r’more such sensors are added to an
e indicator is only used where the functionality, if Supported on the RFID tag, is not declare
" interface mechanism. The indicator is set to "1if the RFID tag supports one or more Full
Nsors.

e information is transmitted in any response that contains the Extended Syntax flag byte
low-up action by the interrogator or the-application is beyond the scope of this document.

.3.18 DSFID and Extended Syntax

is syntax depends on the value of the Data-Format and Extended Syntax indicator bit. The
guence of elements shall'be‘used, with elements omitted if not signalled by earlier bytes:

b, but any

mproving
pnality, if
et to "1" if

P, but any

RFID tag.
l by some
tFunction

P, but any

following

The term "shall follow*-by each element depends on how the DSFID is encoded, and whetHer all the
prieceding elements aré declared to be present. All the elements shall precede any encoding pf data in
conformance withythe declared Access-Method.

—{ DSFIDx This shall be encoded according to the rules of the air interface prqtocol,
which could be in a separate memory location or with other user-rglated
data.

Data-Format: If bits 5 to 1 have the value 11111, then this shall follow the DSFID.
— Extended Syntax
Flag byte 1: If the Extended Syntax flag byte 2 indicator bit is set in the Extended Syntax

flag byte 1, then this byte shall be the next logical element. In turn, it deter-
mines which of the following optional elements are encoded, which depend
on the air interface and Access-Method constraints as discussed above.
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Extended Syntax
Flag byte 2: If the Extended Syntax flag byte 3 indicator bit is set in the Extended Syntax
flag byte 2, then this byte shall be the next logical element. In turn, it deter-
mines which of the following optional elements are encoded, which depend

on the air interface and Access-Method constraints as discussed above.

Syntax Extension
(provisional): If future editions of this document specify and support this element, then it

will appear in this logical sequence in the structure.

Memjory capacity: This is a single byte or multiple bytes indicating the size of the memoryrin|

terms of the block size definition provided by the Tag Driver for the partiqu-

lar tag. It is not required if the memory capacity is 256 bits or less.

— Total Encoded
Datallength: This is a single bye or multiple bytes indicating the length ofthe encoded
bytes in terms of the block size definition provided by the Tag Driver for the
particular tag. It is not required if the total length of encoded data is 256
bits or less.
— Pad byte(s): If there is a requirement to lock this extended system information, or for

Table 5 shows all the syntax structures that are possible, ingluding how future extensions will
. The table only shows bytes that are encoded mnder the different conditions and shoys
the sequence in which they would appear to a'decoder. Bytes that signal a feature that
eyond the extended DSFID (e.g. a data CRC).are shown with "x" in the relevant bit positign.
ence of these is only relevant to the byte in“which they are encoded and does not affect the
of the remaining bytes in the Extended DSFID.

addresse
these in

invoked 1
The pres
structure

example to provide memory for length encoding to be added at a later timpg
it can be necessary to align to a block boutidary. The Null-byte mechanisnj,

encoding a sequence of byte 8016 shallbeised (see D.7.5).

Table 5 —DSFID extension syntax

N

be

—e

S
n

DSFID Extended-|Extended Syn-|Extended Syn-|Syntax ex- | Memory ca- Encoded|Pad byte{

Data-Format|tax flag byte'1 [tax flag byte 2 |tension |pacity length
bb00000p to|Not present |Not present Not present Reserved |Not present|Not present|Not preseht
bb011110
bb011111 Present Not present Not present Reserved |Not present|Not present |Conditionpl
bb10000p to|Not present +0bb00000 Not present Reserved |Not present|Not present |Conditionpl
bb111110 Access- Method

only

bb10000p to|Notpresent |0xx00xxx Not present Reserved |Not present|Not present|Conditionpl
bb111110,
bb10000p to'|Not present |0xx01xxx Not present Reserved |Present Not present | Conditionpl
bb111110
bb100000 to|Not present |0xx10xxx Not present Reserved |Not present|Present Conditional
bb111110
bb100000 to|Not present |0xx11xxx Not present Reserved |Present Present Conditional
bb111110
bb100000 to|Not present |1xx00xxx Present Reserved |Not present|Not present|Conditional
bb111110
bb100000 to|Not present |1xx01xxx Present Reserved |Present Not present | Conditional
bb111110

b indicates any value.

x indicates that the value is not relevant to the subsequent structure.

60

© ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

Table 5 (continued)
DSFID Extended-|Extended Syn-|Extended Syn-|Syntax ex-|Memoryca-| Encoded|Pad bytes
Data-Format |tax flag byte 1 |tax flag byte 2 |tension |pacity length
bb100000 to|Not present |1xx10xxx Present Reserved |Not present|Present Conditional
bb111110
bb100000 to|Not present |1xx11xxx Present Reserved |Present Present Conditional
bb111110
bb111111 Present 0bb00000 Not present Reserved |[Not present|Not present|Conditional
Access—Method
only
bp111111 Present 0xx00xxx Not present Reserved |Not present|Not present|C¢nditional
bli)111111 Present 0xx01xxX Not present Reserved |Present Not present | Cdnditional
bli)111111 Present 0xx10xxXx Not present Reserved |Not present|Présent Cgnditional
bli)111111 Present 0xx11xxx Not present Reserved |Present Present Cgnditional
bli)111111 Present 1xx00xxx Present Reserved |Not présent|Not present |C¢nditional
bli)111111 Present 1xx01xxx Present Reserved |Present Not present | C¢nditional
bli)111111 Present 1xx10xxX Present Reserved {Not present|Present Cgnditional
bih111111 Present 1xx11xxx Present Reserved- {Present Present Conditional
b Indicates any value.
x Indicates that the value is not relevant to the subsequent structure.

T}

e "conditional” state for pad bytes depends on the air interface support for selective lo

king, the

call by the application to lock this syntax sequefice, or alternatively to leave it unlocked but tp lock the

encoded data.

TH
fe

Access Method =5

Data format = 69

Memory capacity 128 blocks
Length of encoded data = 37 blocks
Data CRC applied to all the data

A simple’sensor is on the tag

e following hypothetical example illustrates various aspects of encoding the DSFID ¢
hitures. The data to be encoded is asfollows:

Any'pad bytes to enable the length of the encode data to be the same size as the memory

nd other

apacity.

T

the byte that immediately follows the DSFID byte:

€ Data format = 69 1S encoded to the rules defined in 9.3.7. T he calculation determines the value of

69 - 32 37 =

00100101,

The Access Method = 5 is encoded to rules defined in Table 7. Four bits shall be encoded 0010, spread
over different bytes. The lead bits of the DSFID are encoded with 00, and the next bit is set = 1, to signal
that the Extended Syntax flag byte 1 shall be encoded. The value of the first two bytes can be fully
determined and contain the DSFID byte and Extended data format byte:

00111111, 00100101, = 3F25,,
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The Extended Syntax flag byte 1 has the following initial structure to encode the other two bits of the
Access Method (see 9.3.9):

x10XxXXX,

Encoding the indicators for memory capacity and length of the encoded data determines two more bits:

x1011xxx,

Encoding that a Data CRC is applied to the entire data but not to the individual datasets determines two
more bitg;

x101110x,

The final it is reserved, so has the default value 02. As this tag has a simple sensor that isynot declared
by an airfinterface mechanism, the Extended Syntax flag byte 2 is required, so the lead-bit of this flag
shall be spt = 12. The complete encoding of the Extended Syntax flag byte 1 is:

11011100, = DCy
This byte| follows immediately after the encoded bytes that have already-been determined, resulting|in
the following string:

3F25DC, ¢

The Extepded Syntax flag byte 2 has the following initial structure to encode the fact that there is a
simple sepsor encoded on the RFID tag (see 9.3.14):

X1 XXXX KK

There is o indicator for battery assist and full function sensors, so the structure is set as follows:

x100xxxx,

As there gre no further extensions defined, the lead bit = 0, and the trailing bits are = 0000, to indicqte
that theyfare reserved, resulting in this encoding:

01000000, = 40,

The byte ptring is now-éxtended to:

3F25DC40,,

The encodling.for the memory capacity follows the rules defined in 9.3.11, resulting in these two byte

2]

LUUUUUUL, UUUUUUUU, = S1UU 4

The length of the encoded data is 37 blocks, encoded as 25,4. These three bytes are appended to the
four already determined:

3F25DC40810025,

Finally, as the memory capacity requires two bytes but the length of the current encoded data only
requires one byte, it is necessary to provide a single pad byte, as described in 9.3.18. The complete
encoded DSFID byte string comprises: 3F25DC4081002580.
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9.4 Configuring the Logical Memory

The Logical Memory is assumed to be empty at the beginning of the process of any application read or
write command. This enables the Data Processor to populate the Logical Memory with encoded bytes
using the encoding rules of this document. It also enables transfers across the air interface (usually in
blocks) to partially populate the Logical Memory, to enable decoding by the rules of this document.

The size of the Logical Memory is defined using the physical block size and number of blocks from the
system information (see 9.3.3 and 9.3.4). This can be perceived as a matrix with the physical block size
determining the X-axis and the number of blocks determining the Y-axis. This matrix concept is used

in

lik
TH

1

1(0.1 Function

TH
re
be
de

commands by the air interface protocol; this information.béing delivered by the Tag Driver. It

fo
Ad

conditional selections) which requires a set of air ifiterface commands of the particular ISO/I

se
U

TH

thre Tenmaitderof thisdocument However other Structures SUCT as arrays ard by te Stredl
ely to be used in implementations.

e Access-Method determines additional structuring rules (see Clause 11 for a detailed-defiy

) Command/Response Unit — Processing of command and response argy

e Command/Response Unit is responsible for processing application commands and
kponses to the application system from the RFID tag(s) with whigh it is communicating. Thi

fined in ISO/IEC 15961-1 and illustrated in Figure 4. It takes account of the support for aj

" the rules for encoding (or decoding) and formatting.functions as defined by the Access-M¢

ditionally, certain command arguments result inthe processing of the tag memory (e.g. lock

Fies to achieve. Throughout this process, theZlCommand/Response Unit is continually monit
dating the Logical Memory of each RFID tag with which it is maintaining a logical associati

e arguments used in the application\éommands are classified as:

process arguments, which determine that some action is required by the Data Procesg
interrogator to achieve suecessful encoding or decoding of the bytes on the RFID tag.
defined in 10.2.

Completion-Codes,which are command-related error or pass codes. These are described
Execution-Codes, which are system-related error or pass codes. These are described in 1(

command-feldted and response-related field names, which distinguish a particular typ
and for this document simply act as descriptors for data which is input to the encode prq
outputfrom the decode process. These are listed below and defined in ISO/IEC 15961-1.

Pataset

are also

jition).

lments

providing
5 unit can

considered conceptually as some form of executive softwarge that receives application commands as

pplication
then calls
thod.

unctions,
EC 18000
pring and
n.

or or the
[hese are

n 10.3.

.4.

e of data,
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Tdentities

Lock-Status
Logical-Memory-Map
Number-of-Tags-Found
Protocol-Control-Word

Read-Data
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10.2 Process arguments

10.2.1 Access-Password

The Access-Password is a 32-bit (4 byte) code that provides permission to access data on the RFID tag
either to read or to write. Of the Tag Drivers currently supported, the Access-Password argument only
applies to Type C tags.

The Access-Password is included as an argument in the following ISO/IEC 15961-1 application
commands: Write-Objects-Segmented-Memory-Tag, Write-EPC-UIl, and Read-Words-Segmented-

on the R

Memory-Tag. If the Access-Password is a non-zero value, then this 32-bit code shall match with t}at

according to the rules of the air interface protocol, with the password separated into two 16-bit'stri

FID tag to gain access for subsequent secure transactions. The interrogator processés, this
gs

and procgssed according to the rules of Type C. If a perfect match is achieved of the 32-bit code, then the

other arg

iments in the application commands can be processed.

Type C inldicates that the Access-Password itself is optional, as is support for the Access air interfgce
command both on interrogators and RFID tags. If any of these optional features/are not present, then

the Complletion-Code (25) Password-Mismatch is returned.

10.2.2 Additional-App-bits

The Inventory-ISO-Ullmemory command enables a search on a Type-Gdag to match a bit pattern on the
command with that on one or more RFID tags in the field. The application command supports selectipn
on the AHI and DSFID. The Additional-App-bits field allows thehit pattern to be extended to enablg a

search to|

a finer resolution. For example, it could include thévalue of the Precursor and the Relatiye-

OID. If this field is included in an application command,.it@ concatenated to the AFI and DSFID ahd

incorporgted directly into the associated Type C Inventoryair interface command.

This argyment is used with Type C when accessing Qbject-Identifier related data.

10.2.3 AFI

The application command argument AFI(is used as parameter in the construction of an air interfgce
command. Processing this argument maps the value of the AFI into bit positions in the air interfgce
command. There is a possibility thatithe AFI will not be explicitly called out in the command, but fts

location Within the encoded memory’is specified in the relevant part of ISO/IEC 18000.

This argyment is used with Fype C.

10.2.4 A‘lf'l-Lock
li

The app
the RFID
locked.

The AFI-

ation cemmand argument AFI-Lock is BOOLEAN. If set to TRUE, the AFI shall be written|to
Lag's systém information and be permanently locked. If set to FALSE it shall be written but ot

+ di 4l carnan e +aod by T e
\ZA> ¥

adle orgria gt 1 rt 1A a
t recery-—SHpporteaoy—Ty

o
Ot aT S UTIICIIc 15 pot

C (see A.3.2).

Possible failures to complete the command argument result in the following error, represented by the
Completion-Codes (more fully defined in 10.3):

1 AFI-Not-Configured

2 AFI-Not-Configured-Locked

3 AFI-Configured-Lock-Failed

64

© ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

10.2.5 Append-To-Existing-Multiple-Record

The application command argument Append-To-Existing-Multiple-Record is a BOOLEAN argument. If
TRUE, the data objects are to be appended to an existing multiple record, subject to various checks by
the Data Processor. If FALSE, then a new multiple record shall be created.

10.2.6 Application-Defined-Record-Capacity

The application command argument Application-Defined-Record-Capacity isa BOOLEAN argument that
applies to a multiple record. If FALSE, the Data Processor automatically determines that the capacity for
the given multiple record is simply based on the encoded data and then increased to be block aligned.
If et to TRUE, then the application sets the size of memory assigned to the record using) the Record-
Memory-Capacity argument. This is the value used by the Data Processor.

10.2.7 Avoid-Duplicate

The application command argument Avoid-Duplicate is used in a write command to ensur¢ that the
Obyject-Identifier is not already encoded on the RFID tag.

This is a BOOLEAN argument. If set to TRUE, sufficient content of the\memory is read into the Logical
Memory until a duplicate Object-Identifier is found, or until the end of the encoding. Variant processes
bdsed on the Access-Methods are as follows:

—{ No-Directory: sufficient content of each dataset shall befread to identify the Object-Identifier.
— Directory: the directory can be read to establish the.presence of the candidate Object-Idetifier.

— Packed-Objects: the index of each Packed-Objeetd5 read to establish whether the candidafe Object-
Identifier is present.

—|{ Tag-Data-Profile: sufficient content of each dataset shall be read to identify the Object-Identifier.

— Multiple-Records: The specific Object-Identifier structure (see 11.6.3) identifies a datq element
within a specific record. The finallarc identifies the data element, which shall be used to apply this
argument within the record using the processes (above) for the Access-Method of the rec¢rd.

If & duplicate of the specified @bject-Identifier is found, the write process is aborted, and the appropriate
Cdmpletion-Code is used to'indicate the error.

If the BOOLEAN arguniernt is set to FALSE, no attempt shall be made to check for duplicates.

Pdssible failures to-<Complete the command argument result in the following errors, represenfed by the
Cdmpletion-Codes:

9 Object-Not-Added
10 Duplicate-Object

10.2.8 ChecKk-Duplicate

The application command argument Check-Duplicate is used in a read command to ensure that the
Object-Identifier is not already encoded on the RFID tag. This is a check of encoded data that is either
not in conformity with this document, or where the Avoid-Duplicate argument was set to FALSE in the
original write command, possibly by a trading partner.

This is a BOOLEAN argument. If set to TRUE, sufficient content of the memory is read into the Logical
Memory until a duplicate Object-Identifier is found, or until the end of the encoding. The variant
processes based on the Access-Method are as defined in 10.2.7 for the Avoid-Duplicate argument. If a
duplicate of the specified Object-Identifier is found, the Completion-Code (10) is used to indicate the
error, and neither Object-Identifier nor associated Object is returned as a response, because there is no
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way to ascertain which is valid. Other housekeeping commands such as Read-Logical-Memory-Map can
then be used to identify errors on the tag.

If the BOOLEAN argument is set to FALSE, no attempt shall be made to check for duplicates.

Possible failures to complete the command argument result in the following errors, represented by the
Completion-Codes:

10 Duplicate-Object
13 Object-Identifier-Not-Found

10.2.9 Compact-Parameter

The application command argument Compact-Parameter determines what compaction |scheme|is
applied tg the data Object, based on the following integer code values:

0  Application-Defined - The Object shall not be processed through the data compaction rules of ISP/
IEC 15962 and remains unaltered when stored in the Logical Memory Mapof the RFID tag. This
compaction applies to the No-Directory and Directory Access-Methods.

1 Comiact - This requires using the basic ISO/IEC 15962 compaction fules to compact the Object|as
efficiently as possible to reduce the number of bytes required on the Logical Memory Map. This
compaction applies to the No-Directory and Directory Access-Methods.

2 UTF§-Data - This identifies that the Object has been externally transformed from the ISO/IEC 106§6
codedl character set to UTF-8 encoding. The Object shall nét-be processed through the data compdc-
tion fules of ISO/IEC 15962 and remains unaltered for&ransfer to the Logical Memory Map. This
compaction applies to the No-Directory and Directory-Access-Methods.

3 PackjObjects - This identifies that a set of Objects\s to be encoded using the Packed-Object encodipg
scheine and identified with the associated Access-Method. If any of the set is defined with a differgnt
ComI;ct-Parameter an error occurred in.the command and encoding shall be aborted. The set|of
Objeqts shall be compacted using the Packed-Object encoding rules.

—

4  Tag-Data-Profile - This identifies that a set of Objects is to be encoded using the Tag Data Profjle
encofling scheme and identified-with the associated Access-Method. Although the set of compactipn
scheines is identical to the basic’ISO/IEC 15962 compaction rules, the Profile IDTable can call fof a
specific compaction schenre,

5 to 14 reserved for futuredefinition.

15 De-Cpmpacted-Data - This identifies that the Object in a response has been de-compacted usipg
ruleq in ISO/LEC(15962 and restored to its original application input format. This code applies|to
any de-compacted data from Access-Methods: No-Directory, Directory, and Packed- Objects. It ddes
not apply t0-Objects that were originally encoded as Application-Defined or UTF8-Data, because
thes¢ codes are carried throughout the command arguments encoded on the tag, and response(to
the appticatiom:

The Packed-Object encoding scheme may only be applied if the application administrators choose
to adopt the scheme by creating an index table to which source references should be provided in the
register of data constructs (associated with ISO/IEC 15961-2).

10.2.10Data-Length-Of-Record
This application response argument provides the size of the encoded Multiple Record in terms of the

write block size, as encoded in EBV-8 format in the record preamble. The Data Processor returns this in
EBV-8 format.
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10.2.11DSFID

The application command argument DSFID is used as parameter in the construction of an air interface
command. Processing this argument basically maps the value of the DSFID into bit positions in the air
interface command. There is a possibility that the DSFID will not be explicitly called outin the command,
but its location within the encoded memory is specified in the relevant part of ISO/IEC 18000.

This argument is used with Types C and D.

10.2.12DSFID-Lock

The application command argument DSFID-Lock is BOOLEAN. If set to TRUE, the DSFID shalllHe written
to|the RFID tag's system information and be permanently locked. If set to FALSE it shall\be"wfitten but
ndt locked.

The DSFID-Lock argument is part of the Configure-DSFID command, which is notdirectly supported by
Tylpe C (see A.3.3).

Pdssible failures to complete the command argument result in the following error, represented by the
Cdmpletion-Codes (more fully defined in 10.3):

4 DSFID-Not-Configured
5 DSFID-Not-Configured-Locked
6 DSFID-Configured-Lock-Failed

10.2.13Directory-Length-EBV8-Indicator

This application command argument is used to.determine the size of the EBV-8 field in the MR-header
thpt encodes the size of the directory. The following codes apply:

1 Single byte EBV-8
2 Double byte EBV-8, even if the\length is less than 128 blocks

The value 2 is used for a directory that is originally small in size but is expected to increase|in size at
some future time. The Data Processor shall encode the EBV-8 using the length defined by the application
command.

10.2.14Encoded-Membory-Capacity

This application response argument provides the size reserved for a Multiple Record in terjms of the
write block size; as encoded in EBV-8 format in the record preamble. The Data Processor retugns this in
ERV-8 format.

10.2:15EPC-Code

The application command argument EPC-Code provides a unique code defined by TDS. Because some
of the codes do not align on an 8-bit boundary, these shall be rounded to 8-bit bytes for processing
through the Data Processor and be rounded to 16-bit words for encoding on the associated RFID tag. No
other processing is required.

10.2.16Hierarchical-Identifier-Arc
The application response argument Hierarchical-Identifier-Arc is an integer value, converted by the

Data Processor from the EBV-8 value encoded in the Multiple Record's preamble from a hierarchical
record.

© ISO/IEC 2022 - All rights reserved 67


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

10.2.171dentifier-Of-My-Parent

The command and response argument Identifier-Of-My-Parent is used for a multiple record that is part
of a hierarchy and has the value of the hierarchical code of that record. The Data Processor shall check
that the associated parent record exists by establishing that the hierarchical code exists. In addition, it
shall check that it can be a parent from bits 8 to 6 of the Multiple-Records intermediate arcs indicator
having the values 010 or 011. If the hierarchical code exists and the fact that the record can be a parent
is proven, then the record can be written. Otherwise, the encoding process is discontinued, and an error
reported.

10.2.18Identify-Method and Number-Of-Tags

The appljcation command argument Identify-Method is used to define whether all or somge-of the
RFID tag$ belonging to the selected AFI in the operating area shall be identified. It shall’'be"used|in
conjunctipn with the command argument Number-Of-Tags (defined later in this subclause)\The value|of
Identify-lethod is an integer, and the following codes apply:

0 Inverjtory-All-Tags - This call for the Singulation-Id of all RFID tagsiinthe operating figld
to be identified, probably with the additional\system constraint of a
time limit.

1 Inventory-At-Least - This call for the Singulation-Id of all REID tags in the operating field|to

be identified but differs from (1) inthat an error occurs if the minimym
number is not found. The minimuin‘quantity should reflect some value
relevant to the application.

2 Inverftory-No-More-Than - This call for the Singulation-Id of a maximum number of RFID tdgs
in the operating field to’be identified. This could be used for samplipg
purposes.

3 Inverjtory-Exactly - This call for the-Singulation-Id of a specific number of RFID tags in the

operating field to be identified. This argument can be used to confifm
that items.aate present in the operating field (e.g. within a container).

The application command argument Number-Of-Tags is a conditional qualifier to the basis argumgnt
Identify-Method. This numeric selection is defined by the application to confirm by an actual count,|or
a partial fount, of which RFID tags'‘are in the operating field. The Data Processor and the Tag Driver do
not need fo be concerned with the-application logic of this command. However, there are some systeins
applicatigns to consider:

— If thg Identify-Method-is set to Inventory-All-Tags (0) the Number-Of-Tags should be set to 0 in the
applifation arguniént.

— If the Identify~Method is set to Inventory-At-Least (1) and the Number-Of-Tags is set to 1, the RHID
inter rogater is effectively being set to wait for an RFID tag to enter the operating field. It thien
resp(
opers3
argument will need to support Wlth an additional system constraint of a time limit.

— Some of the identify arguments can result in an open-ended loop and an indefinite wait. Additional
systems constraints may be required to respond with an appropriate Completion-Code.

10.2.19Instance-Of-Arc

The application response argument Instance-Of-Arc is an integer value, converted by the data Processor
from the EBV-8 value encoded in the Multiple Record's preamble.
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10.2.20Item-Related-DSFID

The application argument Item-Related-DSFID is used as parameter to identify the DSFID encoded with
the Item-Related segment of a Type D tag.

10.2.21Item-Related-Segment-Map

The application response argument Item-Related-Segment-Map is used as parameter to identify the
raw byte string encoded within the Item-Related segment of a Type D tag.

10.2.22Kill-Password

The application command argument Kill-Password requires the Data Processor to (pass this to the
inferrogator so that the Kill-Password in the command is matched with that on theRFID tag. A match
repults in the RFID tag function being permanently disabled. A mismatch results‘in the air|interface
rejecting the command.

10.2.23Length-Of-Mask

The application command argument Length-Of-Mask represents the aumber of bits in the Tag{Mask and
isused as a parameter in the associated Type C Inventory air interface command.

This argument is used with Type C when accessing TDS data,

10.2.24 Lock-Directory-Entry

The application command argument Lock-Directdry-Entry is BOOLEAN and if set to TRUE the
inferrogator shall lock the directory entry for the record.

10.2.25Lock-Multiple-Records-Header

The application command argument Lock-Multiple-Records-Header is used to determine if pll, some,
or|none of the MR-header is locked.~Fhis command argument is presented as an integer value and the
following codes apply:

0 Notlocked
1 Completely locked
2 The Number*ofRecord's field remains unlocked; the preceding fields are locked.

3 The Dataliength of the directory field remains unlocked, all other fields including th¢ Number
of Record’s-field are locked.

4 The Data Length of the directory field and the Number of Record's field remain unlpcked; all
other fields are locked.

The Data PTocessor shall ensure block alignment. The Interrogator snall I0ck the memory as instructed
by the command.

10.2.26Lock-Record-Preamble

The application command argument Lock-Record-Preamble is BOOLEAN and if set to TRUE the
interrogator shall lock the fields in the preamble.

The Data Processor shall ensure block alignment. The interrogator shall lock the memory as instructed
by the command.
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10.2.27Lock-UIl-Segment-Arguments

The application command argument Lock-UIl-Segment-Arguments defines which component parts
of the UIl segment of a Type D tag to lock. The size of the lock block is determined by the tag model
declared by the TID-S page(s) of the tag.

10.2.28Max-App-Length

The application command argument Max-App-Length is provided as a numeric value equivalent to the
number of bytes to be read starting from the first location on the RFID tag. This shall be converted into
blocks, by dividing the value of the Max-App-Length by the block size and rounding up to a whole blotk,
as necesspry.

The number of blocks is then transferred to the interrogator for the air interface protocol t¢ réad ahd
return thjs number of blocks, which should provide the application with the first dataset(s$)ehcoded pn
the RFID fag.

The Max-App-Length argument is only applicable to the Access-Method No-Directory and Directory] It
should bq applicable to all single bank memory structures, and to Memory Bank‘/1, of the Type C thg
and otherf segmented memory structures.

10.2.29Memory-Bank

The application command argument Memory-Bank represents a 2:hit code used to distinguish which
memory lpank shall be accessed to invoke the following commands:

— Read{Words-Segmented-Memory-Tag, with possible values (01, to 11,)
— Writ¢-Objects-Segmented-Memory-Tag, with possible‘values (01, or 11,)

These bitjvalues are incorporated directly into the associated Type C air interface commands.

10.2.30Memory-Bank-Lock

The appljcation command argument Membory-Bank-Lock is BOOLEAN. If set to TRUE, the selected
memory ¢f the Type C tag shall be permanently locked. If set to FALSE, any data written to the tag shpll
not be lodked in the specified mempory-bank.

The Mempry-Bank-Lock argument is part of the Write-EPC-UIl command, which is only supported py
Type C.

<

NOTE For the Write-ISQ=UII and other ISO-related data to be encoded in a Type C tag, different rules appl}

10.2.31Memory-Segment

of a Type[DZare addressed.

The appliration command argument Memory-Segment is used to distinguish which memory segments

10.2.32Memory-Type

The command argument Memory-Type is used to define which memory structure is intended for
encoding a Monomorphic-Ull, effectively instructing the Data Processor which of the optional and
conditional arguments and processes to apply to the encoding process.

10.2.33 Multiple-Records-Directory-Length

The application response argument Multiple-Records-Directory-Length is an EBV-8 value. If the data
length of directory is not encoded in the MR-header, then a zero value is returned.
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10.2.34Multiple-Records-Features-Indicator

The application command and response argument Multiple-Records-Features-Indicator is a bit map.
The 8-bit value in the command shall be encoded as submitted in the MR-Header. As currently defined
in Q.2.8 some of the values for bits 7 to 4 are either not permitted or are reserved. Bit 1 is also currently
reserved.

The Data Processor shall abort processing the Configure-Multiple-Records-Header command if any
of the bits that are not permitted or are reserved are included in the application command for this
argument.

10.2.35NSI-bits

The application command argument NSI-bits defines a 9-bit code defined by TDS used-as’a pré¢fix to the
ERC-Code when encoded on the associated RFID tag. The NSI-bits are encoded in'bit locations 17h to
1Hh of memory bank 01, of a Type C tag, only when encoding TDS data.

10.2.36 Number-In-Data-Element-List

The application command argument Number-In-Data-Element-List is-only used in a hierarchi¢al record
thpt is a data element list. The value is the count of the number of instances-of the data element being
encoded. The Data Processor should use this as an aid to ensufe' that the number of data|elements
matches this value. A mismatch is not treated as an error, so th€ encoding process continues.

1(Q.2.37Number-Of-Records

The response argument Number-Of-Records is used.ify one of two ways. If bit 2 of the MultiplefRecords-
Fefatures-Indicator equals:

—{ 1 then this field is fully maintained as new records are added. A zero value is encoded when the
MR-header is created. In this case the Pata Processor returns the EBV-8 value as encoded in the MR-
header.

—|{ 0 then this field is not maintdined, and the value should be zero, but any other value $hould be
ignored, e.g. if some record count was initially maintained but later this function was dec]ded to be
stopped. In this case the Data Processor returns the EBV-8 value of zero, irrespective of|the value
encoded in the MR-header.

10.2.380bject-Lock

The application €ormimand argument Object-Lock is BOOLEAN. If set to TRUE, the selected (Object and
Object-Identifier-(as presented in the ISO/IEC 15961-1 commands) shall be locked according td the rules
thpt apply for(the Tag Drivers. If set to FALSE, neither the Object, nor its associated Object-|dentifier,
shiall be lecked.

The-sequence of bytes that need to be locked will vary according to the Access-Method, and further

ditenssionsaboutlocking Objectsandassociated Objectldentifiersisincluded oo

Additional rules apply to Type C tags (see A.3.8) for details.

10.2.39Packed-Object-Directory-Type

The application command argument Packed-Object-Directory-Type is used in write and modify
commands to either indicate whether the Pack Object is treated as a directory Packed Object or to
change the status to be a directory. The following codes apply:

0 This Packed-Object is not a directory and does not require one

1 Packed-Object Presence/Absence
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2 Packed-Object index field

3 Packed-Object offset

4 Packed-Object pointer-allocation only expecting a future command to set the directory type

Code "0" is used in a write command to identify that the Packed Object is not a directory Packed Object.
Code "5" is used to indicate that a directory will be set at some future time. The other three codes
define different types of directory.

10.2.4‘0Proovvun d

The appl
qualified
Type det
Password
interface

10.2.41P

The appli
to in the §
type of P4

0 K
1 A

Processin
written t

by the Password-Type, in a command that writes the password to the RFID tag. The Passwo
brmines the structure of the Password, and if wrong the command shall be rgjected. T
-Type also determines the location to which the Password is written for the-particular
protocol.

assword-Type

cation command argument Password-Type determines which location a password is writt]
pecified memory bank of an RFID tag with a segmented memogis This argument qualifies t
issword with the following code values.

11-Password
rcess-Password

g this argument requires the password defined by the Password-Type to be specified to

Write compmand.

This argu

10.2.42P
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which to
directly i
Mask.
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10.2.43P
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define the

ment is used with Type C.
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cation command argumentpointer identifies the hexadecimal address of the first bit agair
apply the Tag-Mask in/the’ Inventory-EPC-Ullmemory command. This field is incorporat|
to an associated Type,Cair interface command. It is also used in conjunction with Length-

ment is used with"Type C when accessing TDS data.

ointer-To-Multiple-Records-Directory

cation command argument Password defines the byte string that represents a code\valte,

d-
he
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en
he

be

b the appropriate address location in the corfect memory bank using a generic air interfdce

st
ed
D -

cationcommand and response argument Pointer-To-Multiple-Records-Directory is used

If a direc

to

e highest block number at the start address of the directory. This is defined as an EBV-8 vale.
[ N tod—t] P PRVt " 1 1 'Id

for the start point shall be encoded with a value zero. The start of the directory is not necessarily the
highest address in Logical Memory, because other hardware features of the tag can be specified to be
located there.

The Data Processor shall encode the value provided by the application command unless the value is
greater than the highest addressable memory location. In this case the command processing shall be
aborted, and the MR-header not encoded.
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10.2.44Read-Record-Type

The application command argument Read-Record-Type is used to identify various logical structures
from the RFID tag. This command argument is presented as an integer value and the following codes

apply:
Read-Multiple-Records-Header
Read-Multiple-Records-Header-Plus-1st-Preamble

Read-Multiple-Records-Directory

Read-Preamble-Specific-Multiple-Record
Read-All-Record-OIDs-Specific-Record-Type
Read-OIDs-Specific-Multiple-Record
Read-All-Objects-Specific-Multiple-Record
Read-Multiple-Objects-Specific-Multiple-Record
Read-1st-Objects-Specific-Multiple-Record

O© 0O N o U1 b» W DD =, O

Read-Data-Element-List-Specific-Multiple-Record The process rules are defined in 8.3)8.2.

10.2.45Read-Type

The application command argument Read-Type defines which Object-Identifier is to read from the RFID
tag. There are three Read-Type codes:

0 Read-First-Objects
1 Read-Multiple-Objects
2 Read-All-Objects

The Read-First-Objects argument is restricted to the No-Directory and directory Access-Mgthods. If
thfs Read- Type is selected, then the command shall include the list of Object-Identifiers together with a
value for the Max-App-Length (see 10.2.28).

The Read-Multiple-Objects argument requires a list of Object-Identifiers to be provided| and can
bd applied to any of‘the Access-Methods. If the Check-Duplicate argument is set to FALSE for all the
Object-Identifiers, the read process may cease once all the Object-Identifiers on the read list have been
identified. If afhy-of the Object-Identifiers have the Check-Duplicate argument set to TRUE, then reading
continues to\the end of the memory or until a duplicate Object-Identifier is found at which |point the
refpd proeess is aborted and an error is returned.

T}e Read All Ob]ects argument does not requlre a llst of Ob]ect-ldentlflers If any Ob]ect [dentifier
is AL ding process
aborted An approprlate "housekeepmg command should then be used to read the bytes from the RFID
tag.

10.2.46 Record-Memory-Capacity

The application command argument Record-Memory-Capacity is used in commands to write a multiple
record to indicate the amount of memory (in terms of write blocks) to assign, usually to enable the
record to have additional data elements added. It is only used if the application shall over-ride the
automatic sizing by the Data Processor when the Application-Defined-Record-Capacity argument is set
to TRUE.
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10.2.47Record-Type-Arc

The application response argument Record-Type-Arc is an integer value, converted by the Data
Processor from the EBv-8 value encoded in the Multiple Record's preamble.

10.2.48Record-Type-Classification

The application command and response argument Record-Type-Classification is a bit string that
identifies the class of record being encoded. The code values are as defined in Q.3.5.

The Data Processorsiattcheck that the vatue forthisargument i the commmand atigns withr the Objert-
Identifier]in the command (particularly the value of the fourth arc and the value of the instance;offor
hierarchifal-id). For hierarchical records there also shall be a logical agreement with the preserce|of
a parent fode. Any discrepancy points to an ambiguous error in the construction of the cemhmand,|in
which cage the Data Processor shall not proceed with the command.

10.2.49Sector-Identifier

The Sectdr-Identifier is used in the MR-header either to indicate the true Sector-Identifier for all recorids
in the Logical Memory, or to signal that the true value varies between records and the true value|is
encoded |n the record. This application command and response argument.i$ presented as an integer
value. The Data Processor accepts the integer value provided in the command and converts this to EBV-
8 format pefore encoding in the MR-header.

In commgnds to write, read, modify, or delete, the Sector-Identifier is provided as part of the Objeft-
Identifier{and is already in EBV-8 format. The Data Processorshall compare the value in the MR-header
with the yalue in the command. If the MR-header value is:

0, then the command value shall be any value >2
1, tHen the command value shall be =1

2, then the command value shall be = 2

>2,thHen the command value shall be the'same

All other ptates are in error and the eemmand shall not be invoked.

10.2.50Spgment-Read-Type

The appljcation command:-argument Segment-Read-Type defines which segment, and to what detqil,
segmentd from a Type D are to be read. There are four Segment-Read-Type codes:

0 Read-Segments

1 Read-All:Segment-Details

2 Read:Ull-Segment-Details

3 Read-Item-Related-Segment-Details

Read-Segments requires the Data Processor to parse the payload into a set of byte strings that
represent: the TID segment, the Ull segment, the Item-Related segment (if present), and the Simple
Sensor Data Block (if present).

Read-UII-Segment-Details requires the Data Processor to provide in the response: the AFI, DSFID,
Object Identifier, and data object.

Read-Item-Related-Segment-Details requires the Data Processor to provide in the response: the DSFID
and list of object identifiers.
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Read-All-Segment-Details requires the Data Processor to provide: the TID segment, the UIl segment
to the detail of the Read-UlI-Segment-Details argument, the Item-Related segment to the detail of the
Read-Item- Related-Segment-Details argument, and the Simple Sensor Data Block.

10.2.51Simple-Sensor-Data-Block

The application response argument Simple-Sensor-Data-Block is used as parameter to identify the raw
byte string encoded for simple sensors on a Type D tag.

10.2.52Start-Address-0f-Record

This application response argument provides the address of first byte of the encoded Multiple Record
in[terms of the write block size, as encoded in EBV-8 format in the multiple record's difectory

1(.2.53 Tag-Data-Profile-ID-Table

The application command argument Tag-Data-Profile-ID-Table identifies the, table that shalll be used
as|a reference for the sequence of Object-Identifiers and the compactionseheme to apply td the data
Object.

10.2.54 Tag-Mask

The application command argument Tag-Mask represents a bit pattern in the Inventory-EPC-U]Imemory
command to enable tags with this bit pattern from the pointer to be identified and returned.|This field
i{E'r“)corporated directly into the associated Type C Inyentory air interface command. It is al4o used in
copjunction with Length-Of-Mask.

This argument is used with Type C when accessing*TDS data.

10.2.55TID-Segment-Map

The application response argument TiD-Segment-Map is used as parameter to identify the[raw byte
string encoded as the TID, or Singulation-Id, on a Type D tag.

—

10.2.56 UII-DSFID

The application argument.UII-DSFID is used as parameter to identify the DSFID encoded wifh the UII
segment of a Type D tag,

10.2.57UII-Segment-Map

The applicatigh response argument Ull-Segment-Map is used as parameter to identify the [raw byte
string encoded within the UIl segment of a Type D tag.

10.2.58Update-Multiple-Records-Directory

The application command argument Update-Multiple-Records-Directory is BOOLEAN, but the
processing on the Logical Memory by the Data Processor shall consider whether a directory already
exists. The following states and processes apply:

— Ifadirectory pre-exists and the command argument is set to TRUE, the directory is fully updated,
including any previously missed directory entries.

— Ifa directory pre-exists and the command argument is set to FALSE, the argument is ignored and
the directory is fully updated, including any previously missed directory entries.

— Ifno directory exists and the command argument is set to TRUE, the directory is created and fully
updated, including any previously missed directory entries.
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— Ifnodirectory exists and the command argument is set to FALSE, no directory is created.

10.2.59Word-Count

The application command argument Word-Count identifies the number of words, counting from t

he

Word-Pointer, that are to be read from a Type C tag using the application command Read-Words-
Segmented-Memory-Tag. This field is incorporated directly into associated Type C air interface

commands.

10.2.60Word-Pointer

The applipation command argument Word-Pointer identifies the first word to be read in a Read-Wpr(
Segmentg¢d-Memory-Tag that returns an un-interpreted sequence of bytes on a Type C tag. This field
used in cgnjunction with the Word-Count field, and it is incorporated directly into an assogiated Typ¢
air interface command.

10.3 Completion-Codes

|s-
is

hl1

Ifa commfand fails to be properly executed and an error is identified, the response'to the application sh

in Table ¢. If errors occur, at least one Completion-Code shall be returned per response. Addressi
multiple ¢rrors is beyond the scope of this document, but multiple Completion-Codes may be provid
dependinig on the design of the interface. Additionally, the "housekeeping” commands such as Red
Logical-Memory-Map and Read-Words-Segmented-Memory-Tag can be used for diagnostic purposes.

include this information. This is achieved by means of the appropriate Coempletion-Code, as specifiEd

Table 6 — List of Completion-Codes

8
d

d-

0 No-Error

AFI-Not-Configured

For some reason, possibly because of a priot’configure action, the command was not completed.

2 AFI-Not-Configured-Locked
As (1) but responding that the existing AFI was also found to be locked.

3 AFI-Configured-Lock-Failed
Successfully configured butnot locked as required
4 DSFID-Not-Configured

For some reason, pgssibly because of a prior configure action, the command was not completed.

5 DSFID-Not-Configured-Locked
As (4) but responding that a pre-existing DSFID was found to be locked

6 DSFID-Cénfigured-Lock-Failed
Succéssfully configured but not locked as required.
7 0Object-Locked-Could-Not-Modify

value could not be completed.

The previous encodation on the RFID tag was locked, and as a result the attempt to update the Object

8 Singulation-1d-Not-Found
The RFID tag, specified by the Singulation-1d, could not be found in the operating area.

9 Object-Not-Added

ory Map (e.g. because there was insufficient memory space). This response also applies if the RFID
tag supports a lock function that failed.

The Object and Object-Identifier plus associated syntax bytes could not be added to the Logical Mem-
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Table 6 (continued)

10

Duplicate-Object

An Object-Identifier with the same value as the one to be processed (added, modified, or deleted) was
found. The process was aborted.

11

Object-Added-But-Not-Locked

The Object and Object-Identifier plus associated syntax bytes was added to the RFID tag that did not
support a lock feature in the memory.

11

Object-Not-Deleted

The Object and Object-Identifier plus associated syntax bytes could not be deleted from the|Logical
Memory Map (e.g. because the delete function is not supported by the particular RFID.inteffogator).

17

Object-Not-Deleted

The Object and Object-Identifier plus associated syntax bytes could not be deleted from the[Logical
Memory Map (e.g. because the delete function is not supported by the particdla¥’RFID interfogator).

Object-Identifier-Not-Found
The Object-Identifier intended to be processed was not actually encoded.on the RFID tag.

14

Object-Locked-Could-Not-Delete
The Object and Object-Identifier plus associated syntax bytesdslocked and could not be del¢ted.

Object-Not-Read
The intention to read the specified Object failed.

14

Reserved

Blocks-Locked

This indicates that the intended action to erase encoded bytes from one or more blocks could not be
actioned.

Erase-Incomplete

This indicates that the intended action to erase encoded bytes from one or more blocks was|inter-
rupted and that not all blocks hawe been processed. The command can be re-invoked to complete the
process.

14

Read-Incomplete

The intention to readthe complete contents of the Logical Memory Map failed, because not 4ll blocks
from the RFID tag.were transferred to the Logical Memory.

System-Info-Net-Read

The intention’fo read the system information failed.

Object-Not-Modified

The.Object and Object-Identifier plus associated syntax bytes could not be modified on the Logical
Memory Map (e.g. because the modify function is not supported by the particular RFID intefrogator).

23

Object-Modified-But-Not-Locked
The Object was modified in the RFID tag that did not support a lock feature in the memory.

DTS TR - - TR~ g - A 1 o]
ralcu=-r10-RE4dU=NMITNIITUII=INUIITDCT=UI=1d g5

The minimum number of RFID tags was not identified with the specified selection criterion, possibly
because of a time-out.

24

Failed-To-Read-Exact-Number-Of-Tags

The pre-defined exact number of RFID tags was not identified with the specified selection criterion,
possibly because of a time-out.

25

Password-Mismatch

The Password in the command failed to match the Password encoded on the RFID tag.
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Table 6 (continued)

26

Password-Not-Written

The Password in the command was not written to the RFID (e.g. this writing feature was not sup-
ported on the interrogator or RFID tag).

27

Zero-Kill-Password-Error

The Kill operation was not executed because the Kill password has a zero value.

28

Kill-Failed

The intended air interface Kill command failed (e.g. There was insufficient power to perform the Kil

operation).

29

Object-Not-Editable

The Object, encoded as part of a Packed-Object, was not modified because it is not editabley

30

Directory-Already-Defined
A Packed-Object already has a directory type defined.

31

Packed-Object-ID-Table-Not-Recognised

The ID-Table called for in the command was not supported by the encoder oxinterrogator, and encof-
ing is impossible to achieve.

32

Tag-Data-Profile-ID-Table-Not-Recognised

The ID-Table called for in the command was not supported by thelencoder or interrogator, and encofd-
ing is impossible to achieve.

33

Insufficient-Tag-Memory

The operation failed because there was insufficient memory on the tag to satisfy the requested oper
ation.

34

AFI-Not-For-Monomorphic-UII

The operation failed because the AFI called for'in'the command is not registered for Monomor-
phic-Ulls.

35

Monomorphic-UII-OID-Mismatch

The Object-Identifier defined in thecommand does not match that on the ISO/IEC 15961-2 Data Con}
structs register for this AFI.

36

Command-Cannot-Process-Menomorphic-UII

A Monomorphic-Ull was presented as an Object to command that does support this type of UII.

37

Data-CRC-Not-Applied
At least one of the-Data-CRCs requested in the Extended-DSFID was not applied to the data.

38

Length-Not-Encoded-In-DSFID
At least one\of the requested lengths was not encoded in the Extended-DSFID.

39

MultiplexRécords-Header-Not-Configured

Some 'of the processes required to configure the Multiple-Records-Header could not be processed b}
the)Data Processor, resulting in an incomplete record.

<

40

Multiple-Records-Header-Not-Locked

The Multiple-Records-Header was added to an RFID tag that did not support a selective lock feature
in the memory.

41

File-Support-Indicators-Not-Configured

Some of the processes required to configure the File-Support-Indicators could not be processed by
the Data Processor, resulting in an incomplete encoding.

42

File-Support-Indicators-Not-Locked

The File-Support-Indicators field was added to an RFID tag that did not support a selective lock fea-
ture in the memory.
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Table 6 (continued)

43 Data-Format-Not-Compatible-Multiple-Records-Header

The Data-Format in the command is at variance with the controlling Data-Format rules defined in the
MR-header. The record was not encoded.

44 Access-Method-Not-Compatible-Multiple-Records-Header

The Access-Method in the command is at variance with the controlling Access-Method rules defined
in the MR-header. The record was not encoded.

45 Sector-Identifier-Not-Compatible-Multiple-Records-Header

The sector identifier in the Object-Identifier in the command is at variance with the controliing sec-
tor identifier rules defined in the MR-header. The record was not encoded.

46 Record-Preamble-Not-Configured

Some of the processes required to configure the record preamble could not be processed by|the Data
Processor, resulting in an incomplete encoding.

47 Record-Preamble-Not-Locked
The record preamble was added to an RFID tag that did not support asélective lock featurefin the
memory.

48 Multiple-Records-Directory-Not-Present

The command to read this directory could not be invoked beCause of the absence of the dirgctory.
49 Record-Not-Deleted-Preamble-Locked

The command could not be invoked because the record's preamble is locked.
5 Record-Not-Deleted-Directory-Locked

The command could not be invoked becausethérecord's entry in the directory is locked.
5] Record-Not-Deleted-Lower-Level-Preamblé-Locked:

The command could not be invoked be¢ause the preamble of a lower-level record is locked.
52 Record-Not-Deleted-Encoding-LoeKed:

The command could not be invokéd because part of the record is locked

53 to Unassigned

2!

2%3 ISO/IEC 24791-5 Result-Code
This Completion-€ode may be used to pass through the Result code from an ISO/IEC 24791-b re-
sponse in the form of "message code" "result value".

2%4 Undefined-Command-Error
An error occurred in a command, not defined by another code.

255 Execution-Error

Asystem error occurred which made it impossible to action the command. The appropriate|Execu-
tion-Code is returned in the response.

102" EXecution-Codes

If a command fails to be completely executed because of a systems error, the response to the application
shall include this information. This is achieved by means of the appropriate Execution-Code, as specified
below. If systems errors occur, at least one Execution-Code shall be returned per response. Addressing
multiple errors is beyond the scope of this document, but multiple Execution-Codes may be provided
depending on the design of the interface.

The following Execution-Codes apply and are equivalent to those defined in ISO/IEC 15961-1.

0 No-Error: The command was executed without error
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1 No-Response-From-Tag: No response was received from the RF tag

2 Tag-Communication-Error: The response(s) from the RFID tag(s) was corrupted (e.g. there
was an aborted frame)

3 Tag-CRC-Error: A CRC error was detected in the RFID tag's response
4 Command-Not-Supported: The interrogator or RFID tag does not support the command.

5 Invalid-Parameter: The command parameter(s) are invalid

6 Interrogator-Communication-Error: An error occurred in the communication between|the
application and in the interrogator

7 Internal-Error: An error occurred in the application software

255 [ Undefined-Error: An error occurred, not defined by another code

11 Access-Method

11.1 Methods

The Acceps-Method, as defined by the application, is the most sigrificant determinant of how datalis
encoded pn the RFID tag. The value of Access-Method should be(stored on the RFID tag, or may pe
defined bly the air interface services, if this can be done unambiguously. The Access-Method is defined
as an intdger value in the application command and encoded, as a compound bit value in the DSFID ahd
the SFF (§pecial Features flag) byte on the RFID tag.

Table 7 d¢fines the code structure.

Table 7 — Assigned and'reserved Access-Methods

15961-1|| 15962 | 15962 |[Name Description
integer || DSFID | SFF bit
code bit code code
00 00 No-Diredtory This structure supports the contiguous abutting of all the datasqts
1 01 00 Directory The data is encoded exactly as for No-Directory but the RFID thg

supports an additional directory, which is first read to point to the
address of the relevant object identifier.

2 10 00 Packed-Objects |Thisisanintegrated compaction and encoding scheme that formgts
data in an indexed structure as defined by the

application administrator (see ISO/IEC 15961-2)

3 11 00 |Tag-Data-Profile|This is anintegrated compaction and encoding scheme for a fix
set of data elements, each of a defined length

d

Y

4 00 01 Multiple-Records | This encoding scheme enables multiple instances of No- Directory,
Packed-Objects, and Tag-Data-Profile to be encoded on the same
Logical Memory

5 00 10 reserved for future revisions of ISO/IEC 15962
6 00 11 reserved for future revisions of ISO/IEC 15962
7 01 01 reserved for future revisions of ISO/IEC 15962
8 01 10 reserved for future revisions of ISO/IEC 15962
9 01 11 reserved for future revisions of ISO/IEC 15962
10 10 01 reserved for future revisions of ISO/IEC 15962
11 10 10 reserved for future revisions of ISO/IEC 15962
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2022(E)

15961-1| 15962 | 15962 |[Name Description
integer | DSFID | SFF bit

code bit code code

12 10 11 reserved for future revisions of ISO/IEC 15962

13 11 01 reserved for future revisions of ISO/IEC 15962

14 11 10 reserved for future revisions of ISO/IEC 15962
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TE In addition to the encoding schemes declared by the Access-Method, the Monomotphi
ditional encoding scheme that is declared directly by the AFI (see 9.3.5).

e Extended Syntax flag byte 1 is required for all Access-Methods 4 to 15. Ityis’only reg
cess-Methods 0 to 3 to signal other functions supported by the RFID tag.

ch of the Access-Methods defines specific encoding rules for the Object:ldentifier and foj
ject. The subclauses that follow describe each of the Access-Methods and define specific
coding Object-Identifiers and data Objects.

A
S

y of the Access-Methods may be applied to the user memory of-a single memory structure
ject to that Access-Method being supported by the applicatien standard.

-UII is an

uired for

the data
rules for

RFID tag,

Fdr segmented memory structures, only some of the Access-Methods can be applied to memary banks.

D¢

11

11

TH
th

T}
to

tails are provided in the following subclauses.
.2 No-Directory structure

.2.1 Structure

e Access-Method = No-Directory is designed to achieve a combination of flexibility and effi
e bytes that are encoded on the RFItag. In particular:

Data Objects are compacted efficiently using a defined set of compaction techniques that 1
encoding of data objects.on\the RFID tag across the air interface.

Ciency for

educe the

Data formatting minimises the encoding of the Object-Identifiers on the RFID tag and ¢n the air

interface, but still.provides complete flexibility for identifying specific data.

e encoding consiSts of a repeating cycle of datasets (see 11.2.3), with each additional datase
the previousdataset as illustrated in Figure 5.

Data-Set-1>>>>>>>>
>> > Data-Set-2>>>>>
S>>>>>>>>>>>>>
Data-Set-3>>>>>>>>

t abutted

D> > > D i i et e et e e e s

e veo...... Data-Set--n >
S>>>>>>>>>>>>>
>S>>>>>>>>>>>>>

1

Free space is used for
additional data sets

Figure 5 — Logical Memory Schematic — No-Directory structure
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The first dataset is encoded in the lowest block, subject to any requirements to encode the AFI and
DSFID in the same encoding space.

11.2.2 Restrictions to air interfaces

This Access-Method may be used to encode ISO-related data in any memory area where applications
are able to write a UIl and/or item-related data, including the relevant memory banks in a segmented

memory tag.

11.2.3 Thedataset

Each data:

the Object-Identifier:

Objeqt-Identifier and Object.

ensu

only

The Iength of the Object.

The length of the Object-Identifier.

Objeg¢t - This is the compacted object.

This is a general description and there are some varjations to this defined in Table 8.

Table 8 —(Dataset structures

set comprises the following component parts some of which are conditional on the yalue

Precyirsor - This is typically 1 byte long and provides a bit-based meta-data structureofthe encod|

Offseft - This is only present when the dataset shall be aligned on a block boundary, for example
"e that the dataset is locked or not locked relative to adjacent datasets.

Objegt-Identifier - This is a formatted Object-Identifier that may be encoded as a Relative-OID, usi
the Data-Format to identify the Root-OID and reduce the number ofencoded bytes, but still requir
h simple process to reconstruct the complete Object-ldentifier.

of

ng
es

Description Structure of byte String for an encoded dataset

Single Rellative-OID |Precursor |Lengthef data |Data ~~

1-14

Single Rejlative-OID |Precursor |Relative-OID |Length of data |Data ~~

15-127

Other OIL} Precursor/|Length of OID |OID ~~ Length of data |Data ~~

Single Relptive-OID 1|Precuysor |Offset Length of data |Data ~~ Pad ~~

-14 with Qffset

Single Rellative-OlD\Precursor |Offset Relative-OID |Length of data |Data ~~ |Pad ~~

15 -127 with Offset

Other OID|with Offset|Precursor |Offset Length of OID |OID ~~ Length of | Data ~~ |Pad ~+
data

~~ indicates that this component typically can be multiple bytes.

The number of pad bytes can be 0 to 254, depending on the block size and lock block alignment.

11.2.4 Encoding rules

The encoding rules for this Access-Method are defined in Annex D, with the following annexes providing

additional details:

— Annex E provides detailed rules for the data compaction schemes.

— Annex F provides details of the characters supported in each compaction scheme.
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— Annex G provides an encoding example.

11.3 Directory structure

11.3.1 Structure

The Access-Method = directory has a two-part structure in the Logical Memory:

— The lower addressed blocks are identical to the No-Directory structure.

—{ The higher blocks contain the directory.

Di

a

St
en
TH
la

combination.

It
a
tr
in
uf
TH

lock, but in reverse block sequence starting from the last block. Figure 6 illustratesthis.

Data-Set-1>>>>>>>>
>>> Data-Set-2>>>>>
>S>>>>>>>>>>>>>
Data-Set-3>>>>>>>>
S>> i e e e e e e

vee ... ... Data-Set--n >
>S>>>>>>>>>>>>>
>S>>>>>>>>>>>>>
Free space is used for
additional data si§\
A2 |
>>>>>block N2> > >>

>>>>>blockn-1>>>>
Directory>&»>>>>>>

Figure 6 — Logical Mémory schematic — Directory structure

Fucturing the directory in this reverse sequence of blocks leaves unused blocks available
code additional datasets or.directory until there are too few blocks remaining to encode
is flexibility allows for-a.small directory (i.e. few Object-Identifiers) with large data Ob
'ge directory (i.e. many ©bject-Identifiers), each of which could have a small data Object; or

is possible to begin with a No-Directory Logical Memory structure, and sometime later d
lirectory structure. This first requires all the content of the RFID tag's application mem

licate that'a directory structure is now invoked, and a directory created. Finally, the DSFI
dated:on the RFID tag, and the content of the directory transferred to the RFID tag.

ectory entries shall be stored in the lowest byte address to the highest byte address sequerjce within

either to
hew data.
ects or a
any other

onvert to
ory to be

insferred.to'the Logical Memory of the Data Processor. Then the Access-Method shall be changed to

D shall be

edirectory should not be locked, because if so done, it renders it impossible to update datag

etsin the

No-Directory part of the Logical Memory. However, the datasets in that region of memory may or may
not be locked to suit the needs of the application.

11.3.2 Restrictions to air interfaces

For Type C tags, this Access-Method shall only apply to Memory Bank 11,. No other restrictions are
known.
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11.3.3 Directory structure for Data-Format = "3 ...287"

The directory has the following structure of a repeating cycle for each dataset consisting of:

— The Precursor for the dataset.

— The length of the Object-Identifier (conditional).

— The Object-Identifier (conditional).

— The address as a byte value of the start of the precursor in the associated dataset within the No-

Dired

The lengt
than 127
in the ran

The end d

11.3.4 D

This dire
element t|

tory area.

h of the Object-Identifier is conditional because it is only required for Relative-OIDs'gréat
or for full Object-Identifiers. The Object-Identifier is conditional because Relative-OIP valu
ge 1to 14 are directly encoded in the Precursor.

f the directory is signalled by the terminator byte, value 00,4, as defined in D4

irectory structure for Data-Format = 2

ctory structure is identical to that as described in 11.3.3 except-for the fact that the fil
D be encoded refers to the Root-OID as follows:

— Precuirsor of the Root-OID.

— Thel
— The|

ength of the Root-OID (in bytes).
foot-0OID.

There is o need to define the address of the Root-OID.because this is encoded in the first dataset w

the first i

11.3.5 E
The addr

yte being at the lowest address in the No-Diféctory structure.

ncoding the address of the dataset

ess of the Precursor of each dataset in the No-Directory section of the Logical Memory

encoded in the directory using the length.encoding rules defined in Annex O. The address shall be bas

on the by

NOTE

11.3.6 E

fe address of the memory, with the first byte in the first block being defined as byte value 00

The byte address is used bécause a dataset can begin or end at other than a block boundary.

ncoding example

An exam

le of the enceding with a directory is provided in Annex H.

11.4 Pa¢ked:Objects structure

The Pac

€S

st

is
ed

nt.

d<Objects encoding scheme has been developed since the first edition of this docume

It uses a

rules-based table, defined by the application administrator, and registered according

to

ISO/IEC 15961-2. This encoding scheme specifies common compaction schemes which are significantly
more efficient than those defined for the No-Directory structure, and a compaction scheme can be
specified for each Relative-OID value in the table. In addition, the Packed-Objects encoding scheme may
specify the use of the same compaction schemes as of the No-Directory Access-Method. This enables a
simpler implementation, but still with encoding efficiencies over the basic No-Directory Access-Method.
The basic process is illustrated in Figure 7.
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Object identifiers
and data Objects

Rule-based

Table [~ Compaction
Schemes

y
I Metadata I Identifiers I (‘nmpnrfpd ﬂhjnrtc I

Th
Id
is

by
to
If

Ok

T}

N
w

Th
ar
m

1]

Figure 7 — Packed-Objects encoding process

e Object-Identifiers and data Objects are input into the rules-based table;) where th
entifiers are separated from the Objects. The Object-Identifiers are encoded in a group, ang
compacted in a group. The encoding sequence consists of metadata, anindéx of identifiers
the compacted Objects. The index allows for all Object-Identifiers encoded within the Pack
be identified, which enables a search for a particular Object-Identifier to be undertaken e

ject structure, if any are encoded on the RFID tag.
e details of Packed-Objects are provided in the following dannexes:

Annex [ defines fully comprehensive Packed Object structure detailing all the mand:
optional features.

Annex | defines the ID tables.

Annex K provides details of the encodingtables.
Annex L provides encoding examples:

Annex M provides decoding guidelines.

tall features are mandatory;\and a distinction will be made in relevant parts of the text of th
ere optional componentsexist, and how the option is invoked.

is Access-Method may, be used to encode ISO-related data in any memory area where ap
e able to write a Ull-and/or item-related data, including the relevant memory banks in a s
Pmory tag.

|.5 Tag Data Profile

11.5.

T}

-Method = g-1) Profile is designed to ata¥a annli ions th n_de

achieve an efficient encoding of the bytes on the RFID tag. In particular:

e Object-
| the data

followed
ed-Object
fficiently.

the required Object-Identifier is not present, then the search can continue in a subsequent Packed-

itory and

E annexes

blications
pomented

: ag-Data- s desig pplicatic atca ine all the
encoded data as mandatory and of a fixed or maximum length. It is possible to apply encoding

rules that

The Tag-Data-Profile table, if accessed by the interrogator, provides a rapid access to any data on the

RFID tag.

Data Objects are compacted efficiently using a defined set of compaction techniques thatr
encoding of data objects on the RFID tag across the air interface.

educe the

The Precursor and other syntax on the No-Directory Access-Method are retained to enable

interrogators with no access to the Tag-Data-Profile to decode the data.
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The encoding consists of some meta-data that uniquely identifies the Tag-Data-Profile plus encoded
datasets that are the same as if encoded using the No-Directory Access-Method, except that all the data
has a predetermined length and compaction.

11.5.2 Restrictions to air interfaces

This Access-Method may be used to encode [SO-related data in any memory area where applications

are able t

11.5.3

o write a UIl and/or item-related data, including the relevant memory.

pfining the Tng-nntn-l)rnfilp

A Tag-Da
registere
as define
length, fo

fa-Profile is identified by a rules-based table, defined by the application administrator, a

| by the application, to a byte-mapped position on the Logical Memory. The table alsp specif
Imats, compaction scheme and whether the Data Object is locked.

11.5.4 Encoding Rules

hd

1 according to ISO/IEC 15961-2. The table enables the encoder to convert the Object-Identifiefs,

€S

The ID tdble and encoding rules for this Access-Method are defined in Anmex\N, with the followihg
annexes providing additional details:

— Annex O provides details of the structure of the Profile table.

— Annex E provides detailed rules for the data compaction schemes:.

— Annex F provides details of the characters supported in each*compaction scheme.

— Annex P provides an encoding example.

11.6 Multiple-Records

11.6.1 S

The Mult
record in
this claus
Memory ¢

fructure

the same memory area of the RFID tag. For precision, the term Logical Memory is used
e and associated annexeste'define the bounds of the memory that is being addressed. Logi
an therefore be applied(to the entire encoding space of a tag with a single addressable memo

iple-Records Access-Method is designed to enable an application to encode more than ope

in
al
'y,

to a partitioned memory suchsas an addressable memory bank, or to a memory that is partitioned ifjto

files.

The first
Relative-
overcame
Access-M
different

The basics

DID encodeddn the same Logical Memory. The rules of the Multiple-Records Access-Meth

pthods;—to” be distinguished one from another. The records may be all the same type or
Ly pesy

...... Q

edition of thisidocument placed a restriction on having more than one instance of the same

bd

this restgiction, but also enables distinct records, which use the encoding rules of otHer

of

SLIEWY STEIPNE PR 1 | PR WY Y P2 IEEPN
StroactoarcrS oSt atC O T r I urcos

R
ecord Record #1|Record #2 f«ssssns Record #n Directory
Header
Lowest memory address Highest memory address

Figure 8 — Basic structure for multiple records

The Access-Method = Multiple-Records has a three-part structure in the Logical Memory:

— A Multiple-Records header (hereafter MR-header) that is encoded from the lowest address in the
memory. The MR-header shall be of a sufficient size to support the number of initial and future
records.
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— One or more individual records, where each record fully complies with one of the following Access-
Methods: No-Directory, Packed-Objects, and Tag-Data-Profile. The constraint is that the Multiple-
Records Access-Method shall not contain the directory Access-Method (1) or the Multiple-Records
Access-Method (4) itself.

NOTE Future revisions to this document can have the capability to support additional yet-to-be defined
Access-Methods of the individual records.

— The higher blocks contain the directory of all these records, as a series of directory entries, which
may be added later. The directory entries are stored in reverse block sequence starting from the
hichaoct ~ddraccahla (1act) hlacly hait aqch Whlacly 1o anendad fram tha Tovact huta f\r]r]vnSS to the
hichestaddressable Hastg-bleckbuteachblockisencodedfromthelowest byteadds

highest byte address. This is like the ordering defined in 11.2 for the directory Acces$-Method.
Structuring the directory in this reverse sequence of blocks leaves unused blocks avatlabl¢ either to

encode additional records or directory until there are too few blocks remaining to encode pew data.

A{ additional records are added, they are encoded in the next available memory®lock higher than the
enld of the previous record. The directory entries are made in the next available’memory blpck lower
thpn the previous end of the directory.

11.6.2 Categories of multiple records

11.6.2.1 Homogeneous Multiple-Records

F(Elthis document, a homogeneous Multiple-Records encoding is one where all the records have the
same Data-Format. This is illustrated schematically in Figute 9.

Record Service Service
Manufacturer | Warrant . ¢ Director
‘ Header v | history #1 {mstory #2 I <
Lowest memory address Highest memory address

Figure 9 — Example of a homogeneous Multiple-Records encoding, with the same d¢gmain

Figure 8 illustrates a Logical Memory where data is associated with the same domain, buf with the
sefvice history records being created by different individuals, even by different organisations, within
the framework of that domain. This results in the same Data-Format for each record.

11.6.2.2 Heterogeneous Multiple-Records

Far this document,a-heterogeneous Multiple-Records encoding is one where at least two records have a
different Data-Fermat. This is illustrated schematically in Figure 10.

Record Gov't End of | Retailer's .
Manufacturer . . Directpry
Header Life Recycling | Warranty
Lowest memory address Highest memory address

Figure 10 — Example of a heterogeneous Multiple-Records encoding, with different domains

Figure 9 illustrates a Logical Memory where data is encoded by organisations from three different
domains. This results in different Data-Formats for some of the records.

11.6.2.3 Hierarchical records

This is a subset of the Multiple-Records Access-Method where hierarchical levels of data are logically
dependent across the levels in the hierarchy, using a parent-child link between the records. The top-
level records in the hierarchy may be either homogeneous or heterogeneous, but all lower-level records
shall use homogeneous encoding.
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Record Type A
(top level)

Record Type B

The exam
the overvj
of levels
shows a s
example
different
of these n
types C a
included.
record ty|

additiona|l boxes).

The presg
update th

(2™ level)
R\,wrd|Typu 1 Record-Fype B Rywrd|Typv K
(3level) (3"level) (3level)
Obsolete '
2010-12-31

Record Type E
(3" level)

Figure 11 — Example of a hierarchy of records

ple in Figure 11 illustrates a set of hierarchical records schematically and a suggested style for

er

iew to be presented in an application standard. A hierarchical’structure may have any numh
breater than 1. There can only be one instance of thetop-level record type. This exam

ay be optional and not present in each hierarchical structure. The example shows that rec
hd K can be included several times, but that récord type D at this level can only occur oncg
The example shows that record type E is at\the lowest (fourth) level and that each instance
pe C may in turn have only one instanceof record type E (illustrated graphically by having

nce of record type K in the structyre also illustrates that the application administrators m|
e basic hierarchical structuge by adding a completely new type of record at a later date. T

le

econd level record where there is only one instance, simply to illustrate that it is possible, for
o have an order record below a shipping record. The.third layer in the example shows three
record types that are possible below the second level and depending on the application somne

d
if
of
no

ay
he
as
er

reverse i$ also permitted (as illustrated with record type D), but such a record should be shown

"obsolete[ on the hierarchical structure, because tags with the structure will still be in circulation aft

the final fecord of that type has.been encoded.

This docyiment places the following constraints and freedoms in structuring a hierarchical record

structure:

— Each|record shallhave a different hierarchical record number.

— The tpop-leveltecord shall have the lowest number in the set.

— Ther¢ are no constraints on the sequence for adding lower level records.

— There are no constraints on the number of record types in a hierarchy, or the number of records of
each type.

— Eachrecord type in the hierarchy may comprise of mandatory and optional data elements.

— No relative-OID may be encoded more than once in a record.

— Records may be subsequently added to an existing hierarchy, but reference shall be made to its
parent record.

The structuring rules for multiple records enable many different hierarchical structures to be
developed in application standards. Application administrators should define permitted structures to
provide useful information to those encoding and decoding the records. Because the parent-child link

88

© ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:

2022(E)

is encoded, receiving systems can always reconstruct the intended without knowing the application
standard, but knowledge of what records can establish such a relationship will ensure more efficient

ge

neration of commands and efficient responses.

11.6.2.4 Data element lists

A data element list contains a loop of several instances of the same single data element (e.g. the product
codes of items in a container). Special encoding rules are used to enable what appears to be the encoding

of

multiple instances of the same Object-Identifier within the same record.

Hé
by

EX
ea

11

11

Tdg
Py
st

hat enable

ving multiple instances of the same Relative-OID is not generally permitted in Access-Meth¢ds 0 to 3,
t the mechanisms defined for a data element list enable this to be achieved.
AMPLE An airline container has 27 individual items of baggage. The data element has ptles t
Ch of these to be uniquely identified.
.6.3 Object-Identifier structure
.6.3.1 Use
support the processing of Multiple-Records on the interrogator;”an implementation of

the Data

ocessor, or at the application layer, the Object-Identifier shall' follow one of three stapjdardised

ructures. This also ensures that older implementations that cannot support Multiple-Re

carry out some basic processing.

11
T}

TH

.6.3.2 The non-hierarchical Multiple-Record

e full Object-Identifier for a non-hierarchical record is:
1.0.15961.401. "data format = dictionary*sector identifier"."record type"."instance-of".
"Relative-OID of data element”

e arcs shown in bold text identify the root-OID. The following example describes the struct

The arc 401 identifies thisas a Multiple-Record that is not part of a hierarchical structurg.

The arc for the data format = dictionary shall be the same as that for an existing registrg
Data- Format. For example, the arc =13 identifies the data dictionary for the mapping tabl
Identifiers.

NOTE THis)means that even if the registered data format has a root other than 1.0.15961 th
defined in this clause applies for multiple records.

The administrators of the data dictionary should assign a sector identifier to an administr|
willdefine record types for a particular sector, e.g. a manufacturing sector using Data Ig
Further details are provided in 11.6.4.

rords can

lre:

tion for a
b for Data

ht the root

htion that
lentifiers.

Thereafter, the sector administrators will be responsible for the assignment of a value for the arc
for the record type for each defined record. The records shall be defined in a sector application

standard, but do not need to be registered under ISO/IEC 15961-2 procedures.

The instance-of arc is assigned by the user at the time that the record is created. Non-zero values
indicate the encoding of the same record type (e.g. a maintenance record) at different points in time.
A zero-value instance-of arc in the OID structure is used to mean that there can be only one instance

of this record in the Logical Memory.

The Relative-OID of the data element arcis identical to that of the data elementin the datad

ictionary,

e.g. when using Data-Format 13, Relative-OID = 16 = Data Identifier 1P (Item Identification Code

assigned by Supplier).
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11.6.3.3 Hierarchical Multiple-Record

The full Object-Identifier for a hierarchical record is:

1.0.15961.402."data format = dictionary"."sector identifier"."record type"."hierarchical id".

"Relative-0ID of data element”

NOTE

See 11.6.3.4 for the data element list, which is a subset of the hierarchical record structure.

The arcs shown in bold text identify the root-OID. The following example describes the structure:

The qrc 402 identifies this as a Multiple-Record that is part of a hierarchical record structure:

The drc for the data format = dictionary is in conformity with the rules defined in 11.6.3.2(for d3

form

ht = dictionary.

The ddministrators of the data dictionary should assign a sector identifier to an admiinistration th
will define record types.

Ther

recor|d type for each defined record. The records shall be defined in a sector application standar

but d

In ad
appli

pafter, the sector administrators will be responsible for assigning a-value to the arc for t

p not need to be registered under I[SO/IEC 15961-2 procedures.

Hition, the hierarchical parent-child relation as illustrated, ifFigure 11 shall be defined in t
Cation standard.

The hierarchical identifier arc is assigned by the user at.the time that the record is created. T
valug 0 shall not be used to avoid ambiguity with a nen-hierarchical record that has zero value

instal

The
OID ¢

11.6.3.4

This is a lhierarchical record that lists the Same data element repeatedly. The full Object-Identifier fof

data elem

1.0.1

"hier

The arcs

90

The 4
recof

The 4
form

nce-of arc.

alue of the data element arc is in conformity@vith the rules defined in 11.6.3.2 for the Relativ
f the data element.

The data element list

ent list is:

b961.403."data format =dictionary"."sector identifier"."record type".

hrchical id"."Relative:OID of data element"."list element number”

shown in bold text identify the root-OID. The following example describes the structure:

rc 403 idenfifies this as a Multiple-Record that is a data element list and part of a hierarchi
d strueture.

re-for the data format = dictionary is in conformity with the rules defined in 11.6.3.2 for da

e-

al

ta

t ~dictionary
o4

The administrators of the data dictionary should assign a sector identifier to an administration that
will define record types.

Thereafter, the sector administrators will be responsible for the assignment of a value for the arc
for the record type for each defined record. The records shall be defined in a sector application
standard, but do not need to be registered under ISO/IEC 15961-2 procedures.

In addition, the hierarchical parent-child relation as illustrated in Figure 11 shall be defined in the
application standard.
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The hierarchical identifier arc is assigned by the user at the time that the record is cre
value 0 shall not be used to avoid ambiguity with a non-hierarchical record that has z
instance-of arc.

The value of the data element arc is in conformity with the rules defined in 11.6.3.2 for the
OID of the data element.

2022(E)

ated. The
ero value

Relative-

The list element number is a sequentially assigned number to each data element encoded in the

record.

1

T}
Id
id
A

Sy

A

h3
en
di
id
pr]
th
th

Th
st

11

TH
to
se
M
se

11
T}

.0.4 dector identiiier

ree sector identifiers have specific meanings. The sector identifier = 0 is not used.in’t}h
entifier structure because it is used in the encoding of the MR-header to indicate thatithe ti
entifiers defined in each record.

sector identifier with the value = 1 shall be used to declare that the record types are fo
stem application. The data elements shall be in conformance with the data dictionary.

Sector identifier with the value = 2 shall be used in the following manner. Many data di
ve one or more primary keys identified by Relative-OID value(s)cA¥pically, such primary
coded in the first position in a record, for example the Relativé<0ID = 19 in the Data Ident
Ctionary is for a CLEI code for telecommunications equipment. ©ther data elements are enc

imary key data element, the record type following sector identifier= 2 shall have the sam
e first data element of the record, i.e. the same value as'the record's primary key, so, in the
e following full Object-Identifier identifies that the CEEI code is the primary key:

1.0.15961.402. "data dictionary"."sector identifier = 2"."record type =19".

erefore, the administrators of the datadictionary shall assign sector identifiers incr
hrting with the value 3.

.6.5 Restrictions to air interfaces

be a larger requirementA£orencoding capacity. Specific additional constraints apply to
pmented memory. For theType C tags, the Multiple-Records Access-Method shall only be 4
pmory Bank 11,. For the-Type D tag, this Access-Method shall only applied be to the item-re}
pment.

.6.6 Encodingrules
e details.of'Multiple-Records defined in the following annexes:

Adqivex Q defines all the basic rules for homogeneous or heterogeneous Multiple-Records ¢

e Object-
ue sector

" a closed

tionaries
keys are
ifier data
pded that

entify associated attributes of the CLEI coded item. To sighal that the record contains a particular

b value as
example,

ementally

is Access-Method may be applied to any tag that has sufficient memory to support what is likely

fags with
ipplied to
ated data

ncoding.

X D1 L ol h IR 1 1 £ h Jos 1 |
AIITITA IN UCIIIICS LT dAUUItIUIIAI TUITS TUL ITITIH AT CUITICATL TTLCULUS.

An example of the encoding with a directory is provided in Annex S.

12 ISO/IEC 15434 direct encoding and transmission method using Access-Method

0

and Data-Format 3

12.1 Use

The ISO/IEC 15434 direct encoding and transmission method is designed to support the encodation
and transmission of a complete ISO/IEC 15434 message in a compatible manner with similar messages
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in 2-D bar code symbols. This enables ISO/IEC 15434 messages to be used independently of the data
carrier technology being selected.

Developers of application standards shall be aware this method requires the entire message to be read
and parsed to extract a particular data element. There are alternative encoding schemes supported by
the document that support the encoding of individual data elements defined with an Object-Identifier
that enable selective reading and writing between the application and the RFID tag.

12.2 General rules for ISO/IEC 15434 direct encoding

ISO/IEC 15434 specifies a syntax for high-capacity ADC media for a message envelope consisting of;
— amessage header,

— one dr more format envelope(s),

— amessage trailer (when required).

Each format envelope within the message envelope consists of:

— a forIlat header,

— data,|formatted according to the rules defined for that format,

— aformat trailer (when required).

An ISO/IEC 15434 message always starts with the following four-character string for the message
header:

[)>Fs

The direft encoding method has rules to simplify”the encoding, often enabling a specific 6-pit
compactipn scheme to be used. This code set includes the ISO/IEC 15434 control characters <RS>, <G$>,
and <EOT>. Also encoding "shorthand" techniques are employed, for example to eliminate the need|to
encode the message header, yet still re-creaté this on the output transmission from the decoder.

Annex T |defines the detailed encoding rules for ISO/IEC 15434 direct encoding and transmissipn
method using Access-Method 0 and Bata-Format 3.

12.3 Specific support for 1SQ0.17364, ISO 17365, ISO 17366 and ISO 17367

The chargcter set and encoding rules for ISO 17364, ISO 17365, ISO 17366 and ISO 17367 applications
are a subpet of the general rules for ISO/IEC 15434 direct encoding. As a result, the same encoder ahd
decoder processes aredised.

Annex U |describes”ISO/IEC 15434 direct DI encoding and Transmission for ISO 17364, ISO 17365,
ISO 17366 and'ISO 17367.

13 Monomorphic-Ull encoding

13.1 Use

The Monomorphic-Ull encoding scheme is designed to achieve a simple encoding of a Unique Item
Identifier when encoded in a memory area dedicated to this function, and where no additional data is
encoded in the same memory area. All the features can be self-declaring through the registration of the
particular AFI code values according to ISO/IEC 15961-2. The following conditions apply:

— An AFI assigned to a particular Monomorphic-UII shall not support the encoding of any additional
item-related data. If item-related data is required for the application, then this shall use an entirely
different AFI and Data-Format.
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— The Monomorphic-UlI is therefore only capable of being encoded in a tag memory architecture that
supports the separate encoding of a UIl or as a single data object in a monolithic structured memory
tag.

— The AFI fully defines all the arcs of the Object-Identifier for communications in the commands of
ISO/IEC 15961-1 and in the ISO/IEC 24791 series.

— The Monomorphic-UIl does not require the encoding of a DSFID.

Each AFI shall declare which of the encoding schemes, as defined in the following subclauses, is used. In
additi . : . . . i . ecessary
additional parameters, including: The Object-identifier for the Ull, whether the UII is fixéd [length or
variable length, and the length in bytes. If the tag architecture does not support a methodlof|declaring
the length of the encoded UlI then the fact that this is required as a preamble to the encoded U[I shall be
pdrt of the registration.

13.2 6-bit encoding

If the AFI declares that 6-bit encoding is used for the particular UlI, the character set shall be |imited to
chlaracters 20, to 5F ;¢ as defined in Annex F. The UlI shall be encoded using the 6-bit encodirlg scheme
as|defined in E.5.

If the tag architecture supports a method to declare the size of encoding of the UIl memory, there is no
reguirement to encode any length indicator on the RFID tagseven if the UIl may be of differerft lengths.
If the tag architecture does not support a method to declaresthe size of encoding of the UIl memory, then
the compacted UII shall be preceded by a single byte indicating the length, in bytes, of the cpmpacted
UIIL.

The end of the encoding is defined by the 6-bit encoding rules, with one minor variation. [[f the tag
architecture supports an encoding unit of more than an 8-bit byte (e.g. Type C uses a 16-bit word) then
of|the pad string "100000" is repeated as neegssary in full and then truncated to fill the encodng space.
Uding the example of encoding on a 16-bitword structure, the following are the eight end conglitions:

— Exactly on the boundary - no actieh

— Requiring two pad bits - encode 10,

— Requiring four pad bits'=encode 1000,

— Requiring six pad.bits'- encode 100000,

— Requiring eightpad bits - encode 10000010,

— Requiring ten pad bits - encode 1000001000,

— Requihing twelve pad bits - encode 100000100000,

— ARequiring fourteen pad bits - encode 10000010000010,

The decoding rules as defined in E.5 apply so that if pad strings "10,", "1000," or "100000," are present
at the end of the encoded bit string, they are discarded. For a Monomorphic-UII there can be repeated
patterns, as shown above, that need to be discarded.

13.3 7-bit encoding

If the AFI declares that 7-bit encoding is used for the particular Ull, the character set shall be limited to
characters 20,4 to 7E¢ as defined in Annex F. The UlI shall be encoded using the 7-bit encoding scheme
as defined in E.6.

If the tag architecture supports a method to declare the size of encoding of the UIl memory, there is no
requirement to encode any length indicator on the RFID tag, even if the UIl may be of different lengths.
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If the tag architecture does not support a method to declare the size of encoding of the UIl memory, then
the compacted UII shall be preceded by a single byte indicating the length, in bytes, of the compacted

UIL.

The end of the ending is defined by the 7-bit encoding rules, with as many 1 bit as necessary to complete
the encoding space. For example, if a 16-bit encoding structure is being used and only the first bit of the
final word is part of the encoding, this shall be followed by the bit string "111111111111111,". During
the decode process this will be identified as two complete pad characters followed by a single 1 bit. All
of which are discarded.

134 U

This encpding is designed to support the encoding of a hierarchical URN with the apprepriz
separatorfs being the hierarchical components. Therefore, when the URN is decoded from the RFID 4
itis presdnted in a structure that is compatible with that required for resolving on the Internet.

If the AFlldeclares that URN Code 40 encoding is used for the particular Ull, the character set shall
as definedl in AnnexV, including any required UTF-8 character codes. The Ull shallbe‘encoded using t|

URN Cod

13.5 88

If the AFI|declares that 8-bit encoding is used for the UlI, the characteft set shall be any ISO/IEC 8859
character} including control characters, in the range 00,4 to FF .

If the tag

requirem

If the tag

the comppcted UII shall be preceded by a single\byte indicating the length, in bytes, of the compact

UIL.

13.6 Ap

If 8-bit e
compacti

defined. Iin this case, the character set, encoding scheme and decoded interpretation are defined by t
applicatiqn and beyond thé-scope on this document.

NOTE

94

Code 40 encoding

e 40 encoding defined in Annex V.

b9-1 octet encoding

architecture supports a method to declare the size ef.encoding of the UIl memory, there is

hrchitecture does not support a method to declare the size of encoding of the UIl memory, th

plication-defined 8-bit coding

hcoding is used, including-any variable length 8-bit encodings (e.g. UTF-8) or any extert
bn that is different frem~an ISO/IEC 8859-1 interpretation shall be declared as applicatid

The output from the decoder transfers the byte string and declares this as Application-Defined.

be
he

1
[

10

ent to encode any length indicator on the RFID tagyeven if the UIl may be of different lengths.
Any additional bytes required to meet the air interface length (e.g. the length of a word) shall compri
the necessary number of bytes 004, the first of which i§processed as a terminator.

se
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Annex A
(informative)

Air interface support for application commands

A
AS

inflividual application commands. Details are set out below for some of the air interface"proto

1 Overview

indicated in 8.5, different air interface protocols have different degrees of compatib

lity with

cols. If an

air interface protocol is not covered, then some of the remainder of this annex, inegmbination with the

air interface protocol standard, can still be helpful to implementers developing solutions.

A

ISP/IEC 18000-3 Mode 1 Rev 1 provides mandatory and optional conriiands (some of which aj
requirements for RFID for [tem Management) that support thetapplication command as detailed in

Table A.1.

as|

2 ISO/IEC 18000-3 Mode 1 support

Table A.1 — ISO/IEC 18000-3 Mode 1 support for application commands

Code |Application command name Supported |Qualified
support
1 |Configure-AFI YES
2 Configure-DSFID YES
3 Inventory-Tags YES
5 Delete-Object YES
6 Modify-Object YES
8 |Read-Objéct-1dentifiers YES
10 |Read-Logical-Memory-Map YES
12 |Erase<Memory YES
13 _(Get-App-based-System-Info YES
17-7) [Write-Objects YES
18 |Read-Objects YES
19 |Write-Objects-Segmented-Memory-Tag NO
20 |Write EPC-UII NO
21 |Inventory-ISO-Ullmemory NO
22— Inventery-ERC-Ullmemory NG
23 |Write-Password-Segmented-Memory-Tag NO
24 |Read-Words-Segmented-Memory-Tag NO
25 [Kill-Segmented-Memory-Tag NO
26 |Delete-Packed-Object YES
27 |Modify-Packed-Object-Structure YES
28 |Write-Segments-6TypeD-Tag NO
29 |Read-Segments-6TypeD-Tag NO
30 |Write-Monomorphic-UII YES
31 |Configure-Extended-DSFID YES
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Table A.1 (continued)
Code |Application command name Supported |Qualified
support
32 |Configure-Multiple-Records-Header YES
33 |Read-Multiple-Records YES
34 |Delete-Multiple-Record YES

indicates that application commands are either supported, or not supported. Therefore, there

is no requirement to create an additional interface mechanism to support the application commands
that have["NO" in the supported column.
A.3 Type C support
A.3.1 Application commands
Table A.2]lists whether an application command can be supported or not and identifies those that can pe
supportefl in a qualified manner. Details of this qualified support, or alternatiye'solutions, are provided
in the following subclauses.
Table A.2 — Type C support for application commands
Code |Command name Supported |[Qualified
support

1 Configure-AFI NO YES

2 Configure-DSFID NO YES

3 Inventory-Tags NO YES

5 Delete-Object YES

6 Modify-Object YES

8 Read-Object-Identifiers YES

10 |Read-Logical-Memor¥-Map NO YES

12 |Erase-Memory YES

13 |Get-App-based-System-Info NO YES

17 | Write-Objects NO YES

18 |Read-@bjects YES

19 | Writé20bjects-Segmented-Memory-Tag YES

20 {Write EPC-UII YES

21~ Y| Inventory-ISO-Ullmemory YES

22 |Inventory-EPC-Ullmemory YES

23 |Write-Password-Segmented-Memory-Tag YES

24— Read-Words-Segmented-Memery-Tag YES

25 [Kill-Segmented-Memory-Tag YES

26 |Delete-Packed-Object YES

27 |Modify-Packed-Object-Structure YES

28 |Write-Segments-6TypeD-Tag NO

29 |Read-Segments-6TypeD-Tag NO

30 |Write-Monomorphic-UII YES

31 |Configure-Extended-DSFID YES

32 |Configure-Multiple-Records-Header YES

33 |Read-Multiple-Records YES

96

© ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

Table A.2 (continued)

Code |Command name Supported |Qualified
support

34 |Delete-Multiple-Record YES

A.3.2 Configure-AFI

The preferred means of encoding the AFI for this air interface is to use the Write-Objects-Segmented-
Memory-Tag command, which incorporates the AFI as part of the sequence of bytes to be encoded in the
RFTD Tag. This is because the AFI1s a single byte, and the minimum communication across.the Type C
aif interface is a 16-bit word. Invoking the Configure-AFI command on its own will require/the 16-bit
word in memory to be overwritten at some subsequent stage.

AB.3 Configure-DSFID

The preferred means of encoding the DSFID for this air interface is to use the Write-Objects-Segmented-
Memory-Tag command, which incorporates the DSFID as part of the sequence’of bytes to be encoded in
the RFID tag. This is because the DSFID is generally a single byte, and\thé minimum commjunication
acoss the Type C air interface is a 16-bit word. Invoking the Configure~DSFID command on it own will
require the 16-bit word in memory to be overwritten at some subseguent stage.

AB.4 Inventory-Tags

The Inventory-Tags command is intended to return.a ‘unique Singulation-Id to enabld ongoing
cimunications with the RFID tag. For many air intexface protocols, this is a permanentlyf encoded

code in a dedicated part of memory on the RFID ¢tag. Type C uses different methods to|maintain
communication, a dynamically created value.

If there is a requirement to read the optional‘dnique Singulation-1d encoded on a Type C tag} then the
Rdad-Words-Segmented-Memory-Tag command may be used instead, with the Memory-Bank argument
sef = 10.

If the requirement is to read a unique item identifier, then the Inventory-ISO-Ullmemory or Ihventory-
ERC-Ullmemory command may be used, depending on the domain of the application. These cpmmands
refurn the content of the UIl memory, which is required to be unique.

AB.5 Read-Object-Identifiers
The Read-Object-Identifiers command returns a set of Object-Identifiers encoded on the RFID|tag.

Bdcause Type £ does not support an air interface command to read the content of differenf memory
banks simultaneously, one way to invoke this application command is to apply it only using the{Memory-
Bgnk argument = 11. If there is an additional requirement to read any Object-Identifier(S) fronmp Memory
Bdnk 0%, then the Inventory-ISO-Ullmemory command should be used.

AB.6 Read-Logical-Memory-Map

The Read-Logical-Memory-Map command was designed to read the encoded bytes from a single flat
file memory on an RFID tag, and not a segmented memory as used with Type C tags. The Read-Words-
Segmented-Memory-Tag command should be used in preference, setting the selected Memory-Bank
argument for which information is required.

A.3.7 Get-App-based-System-Info
The Get-App-based-System-Info command is primarily intended to support tags where there is a

directly equivalent air interface command. The information that is returned is the AFI and DSFID.
An alternative way to obtain this information (possibly with other data) is to use the Inventory-
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[SO-Ullmemory command to return the AFI and DSFID from memory bank = 01. The Read-Words-
Segmented-Memory-Tag command can be used to read the DSFID for memory bank = 11.

NOTE No AFI code value is encoded in memory bank = 11.

A.3.8 Write-Objects

The Write-Objects command may be implemented with Type C if it is restricted to memory bank =
11. The Write-Objects-Segmented-Memory-Tag command should be used in preference because this
contains all the relevant arguments needed to interface with a Type C tag.

If the Object-Lock argument (see 10.2.38) is invoked for any data element, the implementation depenlds
on the capability of the individual RFID tag, ranging for selective locking of part of memory bank11|to
only being able to lock a complete memory bank. The capability to lock data on a Type C tagisi.definpd
in C.8.5.

The folloying rules apply to locking memory:

a) If thq tag is in conformance with Type C, locking is only allowed for the complete memory bank.
Therefore, if the Write-Objects-Segmented-Memory-Tag command contains.ohe or more object-lock
arguments that are contradictory (i.e. some TRUE and some FALSE arguments), or if the commapd
specifies a lock status that differs from the lock status of encoding an the memory bank, then the
entire command shall be considered in error.

b) If thq tag is in conformance with a version of Type C then selective locking is an optional feature,
which is declared by each tag model. There are sub-rules fotencoding as follows in MB11:

1) Ifthe feature is supported, and the encoding is for MB11, then selective locking shall be applied
ds determined by the object-lock arguments for each data element.

2) If the feature is not supported on the RFID:tag for MB11, but locking is called for when only a
ingle data element is to be encoded, or for‘all data elements in a consistent manner, then the
gntire memory bank shall be locked.

v

3) If the feature is not supported on‘the RFID tag for MB11, and the object-lock arguments gre
hconsistent, then the entire command shall be considered in error.

e

c) The delective locking feature isnot supported for MBO1, so the following rules apply:

1) Ifasingle data elementis.to be encoded in MB01, then the object-lock argument shall be applied

tp all of MBO1.

2) If multiple data’elements are to be encoded and all have the same object-lock argument, then
this shall be applied to all of MBO1.

3) Ifmultiple.data elements are to be encoded and these have different object-lock arguments the

entirelfecommand shall be considered in error.

A.4 Type D support

A.4.1 Application commands

The support by Type D for the application commands is based on ISO/IEC 18000-64. This air interface
differs from others in in that it uses a modified tag-talks-first protocol. To avoid interference with other
air interface protocols no forward link is specified in that standard. This means that any encoding
of data shall be achieved using custom air interface commands, and in turn there are no application
commands specified in this document for writing data to the tag. Table A.3 lists whether an application
command can be supported or not and identifies those that can be supported in a qualified manner.
Details of this qualified support, or alternative solutions, are provided in the following subclauses.
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Table A.3 — Type D support for application commands

Code |Command name Supported |Qualified
support
1 Configure-AFI NO
2 Configure-DSFID NO
3 Inventory-Tags YES
5 Delete-Object NOa
6  |Modify-Object NO2
8 |Read-Object-Identifiers YES
10 |Read-Logical-Memory-Map YES
12 |Erase-Memory NOa
13 |Get-App-based-System-Info NO YES
17 |Write-Objects NOa
18 |Read-Objects YES
19 |Write-Objects-Segmented-Memory-Tag NO2
20 |Write EPC-UII NQ
21 |Inventory-ISO-Ullmemory YES
22 |Inventory-EPC-Ullmemory NO
23 |Write-Password-Segmented-Memory-Tag NO
24 |Read-Words-Segmented-Memory-Tag NO
25 |Kill-Segmented-Memory-Tag NO
26 |Delete-Packed-Object NOa
27 |Modify-Packed-Object-Structiire NO2
28 |Write-Segments-6TypeD<Tag NO2
29 |Read-Segments-6TypeD-Tag YES
30 |Write-Monomorphic-UII NOa
31 |Configure-Extended-DSFID NO2
32 |ConfiguresMultiple-Records-Header NOa
33 |Read-Multiple-Records YES
34 |Delete-Multiple-Record NOa
a  Commands 5, 6,12, 17, 19, 26, 27, 28, 30, 31, 32 and 33 shall be supported by custom
air ifterface commands provided by the vendors of Type D tags. These application
coinmands may be used as a model for defining data to be encoded on a Type D tag. This
is“a realistic approach if the Type D air interface commands for the forward linked are
modelled on the Type C forward link commands.
AHX.2, ‘€onfigure-AFI
A customsmethod of encoding the AFI forthisairinterface isto hase it on the Write-Ohjects-Selsmented-

Memory-Tag command, which incorporates the AFI as part of the sequence of bytes to be encoded in the
RFID tag. This is because the AFI is a single byte, and the minimum communication across the Type D
air interface is a 16-bit word. Invoking the Configure-AFI command on its own will require the 16-bit
word in memory to be overwritten at some subsequent stage.

A.4.3 Configure-DSFID

A customs method of encoding the DSFID for this air interface is to base it on the Write-Objects-
Segmented-Memory-Tag command, which incorporates the DSFID as part of the sequence of bytes to
be encoded in the RFID tag. This is because the DSFID is generally a single byte, and the minimum
communication across the Type D air interface is a 16-bit word. Invoking the Configure-DSFID command
on its own will require the 16-bit word in memory to be overwritten at some subsequent stage.
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A.4.4 Inventory-Tags

The Inventory-Tags command is intended to return a unique Singulation-Id (known as a TID-S and
defined in C.9.1) to enable ongoing communications with the RFID tag or to determine a population of
tags within the reading zone. The Type D unique Singulation-Id is always encoded from the first page of
memory.

Because the Singulation-Id structure is pre-defined and based on the value of the lead byte, it is possible
to carry out an inventory of Type D tags with any mixture of Singulation-Id structures.

A.4.5 Gpt-App-based-System-Info

The Get-ppp-based-System-Info command is primarily intended to support tags where there’id a
directly ¢quivalent air interface command. The information that is returned is the AFI and’DSFI|D.
An alternative way to obtain this information (possibly with other data) is to use the Idventory-IS0-
Ullmemofy command to return

the AFI and DSFID from the UIl segment. The Read-Segments-6TypeD-Tag command can be used |to
read the DSFID for from the item-related segment and the AFI and DSFID from th& VIl segment.

NOTE No AFI code value is encoded in the Item-related data segment.

A.4.6 Read-Segments-6TypeD-Tag

The Read-Segments-6TypeD-Tag command is used to subdivide<thé encoding from a Type D into |ts
segmenty and further subdivisions. This is possible because the air interface protocol delivers the
completelencoding from the tag in a single transaction.

As this cdmmand is currently only specific to this tag details are specified in 8.3.7.
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Pro forma description for the Tag Driver
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1 General

amples of the type of definition required.

2 Defining the Singulation-Id

e Singulation-Id is the device in the Data Protocol to link the RFID (tag to the Logical Mem
bntifies some of the possible methods that can be invoked on the\RFID tag, the air interfac
ing unique encoded data to achieve this.

e Tag Driver shall define the technique that the RFID tag uSes to create the Singulation-Id.

3 System information — AFI

e AFI (see 9.3.5) is a prime selection mechanism for specifying a relevant subset of RFID

fined by the application.

e Tag Driver shall define whether the RFID tags supports the AFI feature, not just as a pro
coding the value, but also for it to belused as a selection tool. The Tag Driver shall also specify
e code value, once encoded, can bejlocked and if this locking facility is mandatory or optiong

4 System information — DSFID

e DSFID (see 9.3.6).incorporates the Access-Method to define the structure of the bytes on|
b's Logical Memory~“Map and incorporates the Data-Format to define particular sets of

th
d

T
e

ca

plication dataItis a key to the Data Processor on how to organise selective transactions d
application’éommands and how to condense the Object-Identifiers during encoding and to
ring decoding. The DSFID is one byte long and its value shall be defined by the application.

e Tag.Driver shall define how the RFID tags support the DSFID feature, not just as a pro
coding the value, but also for it to be used as an organlsatlonal tool, particularly for how thg

is annex provides the structure for defining a Tag Driver description for a classcof RFID tags in
copformity with a mode of the ISO/IEC 18000 series. The details in Annex C providé mor

e specific

ory. 9.3.2
P, Or even

tags that
e shall be

vision for
 whether
1.

—

the RFID

encoded
efined by
expand it

yision for
different

n be locked and if this locklng facility is mandatory or optional.

encoded,

An extension mechanism for the Data-Format is defined in 9.3.7 and a separate extension mechanism
for the Access-Method and other tag functions is defined in 9.3.8. If these extension mechanisms are

su

B.

B.

pported, they shall be encoded as defined for the individual Tag Drivers in Annex C.

5 Memory-related parameters

5.1 Blockssize

The Tag Driver shall specify the size of a block in terms of number of bytes and the means of transferring
this information to the Data Processor.
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B.5.2 Locking feature

The Tag Driver shall specify whether any, all, or some of the blocks can be selectively locked to render it
impossible (or at least extremely difficult) to change the encoded bytes in a block.

B.5.3 Number of blocks

The Tag Driver shall specify the number of blocks on the RFID tag and the means of transferring this
information to the Data Processor.

B.5.4 Memory mapping
The Tag Qriver shall specify:

Pt

a) Whether the memory is structured as a single "flat" file or is organised in multiplg;, separat¢
addressable, partitioned zones (or memory banks).

y

b) The lpcation within the memory (as defined in the ISO/IEC 18000 series) where(the Logical Memary
Map begins. This requires additional rules for addressing partitioned zones;

c) The byte sequence in the block - the Data Protocol presumes Most Sighificant byte in the fifst
positjon, so a different order can require a conversion process.

d) The bit sequence in the byte - the Data Protocol presumes most-significant bit in the first positi¢n,
so a different ordering requires a conversion process.

e) Any ¢ther structuring rules within the ISO/IEC 18000 series, definition of user memory (e.g. errjor
corrgction bits or bytes) that impact on the structure ofthe Logical Memory Map.

NOTE If error correction consumes bit or byte capacity eutside the block size defined for user data, then this
can be ignpred for the purposes of the Data Processor.

B.6 Support for commands

The way [the application commands are préesented in ISO/IEC 15961-1 is likely to be at a higher leyel
than the foded commands communicated across the air interface. Each application command shall pe
supportefl in one of the following ways:

a) Fully|support (i.e. action) the functionality across the air interface.

b) Fully| support the functionality of some of the command arguments and responses but return
appropriate error ¢odes for those arguments not supported. For example, there is a possibilfty
that § command argument of Object-Lock will not be supported by the RFID tag command calfls;
thergfore, the.appropriate Completion-Codes shall be used.

or delete‘an Object-Identifier and Object on an RFID tag that is One Time Programmable (or that

c) Be ugﬁable te'support the functionality of a complete application command, for example to mod|fy
uses Mrite Once Read Mahy fnr‘hnn]ngy)

The Tag Driver shall identify in broad terms how the two levels of command (application command
and RFID tag command) are linked. Precise coding rules are not required and are to be resolved at the
implementation level.

NOTE Annex A provides an overview of the relevance of an application command to particular air interface
protocols, but does not address the detail of air interface commands that are optional either in the RFID tag or
the interrogator.
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commands. If the tag.dees not support DSFID programming, the tag shall return DSFID ="00'

C.
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application memory.

Tag Driver tor ISO/IEC 18000-2: Parameters for air interface commun

gs are identified by a 64-bit Unique Identifier (UID). The UID is used duxing arbitratio
dressing each tag individually.

D/IEC 18000-2 supports commands that can ignore the UID, such that.all'tags in the ready {
ecute the command.

1.2 System information — AFI

e AFI represents the type of air interface application targeted by the Interrogator and i
tract only those tags meeting the required selection cgiterion from all the tags present. Th¢
programmed and locked by the respective commarnds! The AFI is coded on one byte.

e support of AFI by the tag is optional. If the AFkis not supported by the RFID tag and if the .
L in a command, the tag shall not respond whatever the AFI value is in the request.

the AFI mechanism is supported by the tag; it shall respond when the AFI on the tag match{
the request; or if the command specifies AFI 00, irrespective of the AFI value on the taj
all also respond if the AFI flag is not'set in the command.

1.3 System information— DSFID

e DSFID is supported in.ISO/IEC 18000-2 through the DSFID mechanism. The DSFID is on
FID is returned during the Inventory process. The DSFID can be programmed and locked b

1.4 Memory-related parameters

e physical tag memory is divided into two logical sections. The first Logical Memory sectior]
e system data. The second Logical Memory section contains the user data and is referred

cations

h and for

tate shall

s used to
e AFI may

\FI flag is

s the AFI
b. The tag

one byte.
ly specific

contains
to as the

T}

e user data or application memory is organised in blocks of a fixed number of bytes, Up to

4 blocks

can be addressed, starting from block 0. Block sizes can be 4, 8, 12 or 16 bytes. Each block may be
locked independently of the others, using a bitwise one time programmable 64-bit field in the system
data. Information on the number of blocks and the size of the blocks is returned by the Get System
Information command.

C.1.5 Support for commands

Not all commands are mandatory. If a tag does not support a command, the tag shall answer with an
error code as specified in ISO/IEC 18000-2. This allows the application and/or the interrogator to know
that they cannot use the requested feature on this tag.
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C.2 Tag Driver for Mode 1 of ISO/IEC 18000-3 — Parameters for air interface
communications at 13,56 MHz

C.2.1 Defining the Singulation-Id

Each tag is identified uniquely by a Singulation-Id (also known as UID) on 64 bits. Each tag returns
its Singulation-Id during the inventory process. The Singulation-Id can be further used to selectively
address a tag. The Singulation-Id format is specified in ISO/IEC 18000-3 Mode 1.

C.2.2 Svystem-information—AFIl

The AFI s supported in ISO/IEC 18000-3 Mode 1 through the AFI mechanism, which is a separdte
register Jn the tag memory. The AFI can be programmed and locked by specific commadnds. The
Inventory process then uses it. The AFI is on 8 bits.

If the tagdoes not support AFI programming (see C.2.5), the RFID tag shall participate tothe Inventgry
process gs if it had received AFI = "00", meaning that the tag will always respond to an Inventgry
command, whatever the AFI value.

C.2.3 System information — DSFID

C.2.3.1 [Mechanisms

The DSFID is an 8-bit code and is supported in ISO/IEC 18000-3 Mode 1 through one of thgse
mechanigms:

a) the DISFID air interface mechanism, which is a separate¥égister in the tag memory (see C.2.3.2); pr

b) the ISFID encoding rule, which requires the DSEID to be encoded and read using general air
interface write and read commands (see C.2.3.3):

C.2.3.2 [The DSFID air interface mechanism

The DSFIP is supported in some ISO/IEC.18000-3 Mode 1 RFID tags through the DSFID air interfgce
mechanigm, which is a separate register in the tag memory supported by specific commands. DSHID
is returnpd during the Inventory/process. The DSFID can be programmed and locked by specific
commands.

If the tag does not supportZDSFID programming (see C.2.3.3), the tag shall return DSFID = "00"|in
response(to the air interfaceInventory command.

C.2.3.3 [DSFID enceding rule

If the DSFID aijr<interface mechanism is not available, then the DSFID shall be encoded as part of the
encoded pyté stream in the first byte of the user memory. Used in this way, the DSFID cannot pe
returned|duping the air interface inventory process and cannot be programmed and locked by specific
air interface commands. The only way the DSFID can be Tocked is by locking the first block, but this has
implications for locking of encoded data.

The manufacturer and models of tags supported by this mechanism are defined in the Standing
Document, mentioned above.

C.2.3.4 Extensions mechanisms for the Data-Format, Access-Method and other tag functions

If the RFID tag supports the DSFID air interface mechanism, then all of the required extension bytes
defined in 9.3.7 to 9.3.18 shall be encoded starting from the first byte of user memory and precede any
encoded packets of data.
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If the RFID tag supports the DSFID encoding rule, then all of the required extension bytes defined in
9.3.7 t0 9.3.18 shall be encoded starting from the second byte of user memory and precede any encoded
packets of data.

C.2.4 Memory-related parameters

The System Information is stored in a memory area that is logically distinct from the user memory and
that can be accessed only by specific commands. Information on the number of blocks and the size of
the blocks can be returned by the air interface Get System Information command.

Tl
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C.

Only two air interface commands are mandatory, the Inventory command<and the Quiet com,

ot
dd
M
fe

IS
th
IS

€ USET MENoTy 15 0rganised 11 btocKs, Starting at btock 07 T e Logical Memory Tmapping Sia
bck 0. Bits and bytes ordering shall be the same.

D/IEC 18000-3 Mode 1 supports the selective locking of blocks. The hardware impleme
termined by the manufacturer of the chip.

2.5 Support for commands

her commands are optional. Some tag products may therefore not have implemented ther
es not support a command, the tag shall answer with an error coed®as specified in ISO/IE(
bde 1. This allows the application and/or the interrogator to knew that they cannot use the 1
hiture on this tag.

it a command is "required for item management“\The details of this status are in
D/IEC 18000-3:2010, Annex G. Table C.1 provides a sumhmary of the required commands.

Table C.1 — Required.commands and their codes

Il start at

htation is

mand. All
h. If a tag

18000-3
equested

D/IEC 18000-3 Rev 1 now includes a new class oftair interface command status, indicating

rluded in

Command ISO/IEC Function Item management requiremert
code 18000-3
Mode 1 Ba-
sicType

"01" Mandatory |Inventory The AFl is a requirement in the commanf, and the
DSFID is required as part of the response

"02" Mandatory (| Stay quiet No change

"20" Optional ) ‘|Read single block The interrogator shall support this comrhand. The
RFID tag shall support this command if the Read
multiple blocks command is not supported

"21" Optional | Write single block The interrogator shall support this comrhand. The
RFID tag shall support this command iffthe Write
multiple blocks command is not supporte

M22% Optional |Lock block Required for the interrogator and for the|RFID tag.

"23" Optional |Read multiple blocks The interrogator shall support this comrhand. The
R¥tD tag stratt SUpPpPOTC thiscommmamdif the Read
single block command is not supported

"24" Optional |Write multiple blocks The interrogator shall support this command. The
RFID tag shall support this command if the Write
single block command is not supported

"25" Optional |Select This command shall be supported in interrogators
and should be supported in tags

"26" Optional |Reset to ready This command shall be supported in interrogators
and should be supported in tags

"27" Optional |Write Afi Required for the interrogator and for the RFID tag.

"28" Optional |Lock Afi Required for the interrogator and for the RFID tag.
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Table C.1 (continued)

Command ISO/IEC Function Item management requirement
code 18000-3
Mode 1 Ba-
sicType
"29" Optional |Write DSFID Required for the interrogator and for the RFID tag.
"2A" Optional |Lock DSFID Required for the interrogator and for the RFID tag.
"2B" Optional |Get system information Required for the interrogator and for the RFID tag.
"2Cf Optional |Get multiple block security|Required for the interrogator and for the RFIDtafg.
status

C.2.6 Pprformance optimisation

If the application and/or the interrogator plan to have a continuous sequence of commands with a given
tag, they fan use the Select command. The Select command is addressed to a specific tag and desele¢ts
all other|tags. It contains the Singulation-Id of the tag to be selected. All further commands shpll
have their Select flag set, but do not contain the Singulation-Id, therefore saving transmission tinpe.
Individugl commands with other Singulation-Ids can be sent to specific tags'during the sequence. See
ISO/IEC 18000-3 Mode 1 for details.

C.3 Tag Driver for Mode 2 of ISO/IEC 18000-3 — Pardmeters for air interface
commupnications at 13,56 MHz

C.3.1 Defining the Singulation-Id

Each tag|is identified uniquely by a Specific Identifier (SID). Each tag returns its SID during the
Applicatipn Group Identifier command. Subsequent cemmands may include the SID to address a specific
tag.

C.3.2 System information: AFI

The AFI fis supported in ISO/IEC 18000-3 Mode 2 through the Application Group Identifier (GID)
command. Tags will respond to valid.commands if the GID in the command is equal to the GID stored|in
the tag memory. The tags will also respond if the GID in the command is set to FFFF .

C.3.3 System information — DSFID

The protqcol describesHardcode fields that provide a function like system information and include the
DSFID. Ifrequested by reader command the Hardcode fields are included in Tag replies. The protogol
described the Hardcgde in virtual terms only. Thus, the Hardcode may be realised by mask or memoty.
If mask i chosen;*the Hardcode is set at the chip design. If memory is chosen, the Hardcode is written
using a special write to memory.

C.3.4 emory-related parameters

The RFID tag memory is organised and addressed as 16-bit words. ISO/IEC 18000-3 Mode 2 supports
tag types with varying block sizes, where a block is one or more 16-bit words. The total memory
capacity is defined in words, so the number of blocks can be derived from this.

The user memory is addressed from Word 0 upwards. Read commands address the memory on word
boundaries. Write commands address the memory on block boundaries. The protocol allows commands
to address user memory using 8-bit address and 8-bit length or 16-bit address and 16-bit length.

The user memory may be locked by using a locked pointer. All memory addresses less than the value
stored in the lock pointer are locked addresses. The lock pointer value can only be incremented. The
lock pointer is updated using a special write command.
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C.3.5 Support for commands

The RFID tag will respond to valid commands. No response is sent for an invalid command. Invalid
commands include commands with invalid command types, invalid identifiers, invalid address ranges,
attempts to write to locked memory or invalid CRCs.

Tags respond to valid read commands by providing the requested data. Tags respond to valid write
commands by writing the data included in the command to the tag memory and then responding to the
write command. The write response can include read data if requested by the write command (read/
write command).

C4 Tag Driver for ISO/IEC 18000-4 — Parameters for air interface
cgmmunications at 2,45 GHz — Mode 1

C.4.1 Defining the Singulation-Id

Eqch tag is identified uniquely by a UID of 64 bits. Each tag returns its UID during the inventory process.
The UID can be further used to address selectively a tag for subsequent tiansactions.

C.t.2 System information — AFI

The AFI is supported in ISO/IEC 18000-4 Mode 1 through the AFI mechanism. bytes 12 tHrough 17
of[tag system information are reserved for tag memory system information. byte 12 repregsents the
Embedded Application Code (EAC) field. This information‘field defines the data architectufe system
represented in application memory (bytes 17 and aboyve). The remaining five (5) bytes define the
memory architecture and usage within the data architecture system defined in byte 12. If|this byte
is|set to the value 0A,; the tag data architecture<is'in conformity with this document. The data field
tefmed Application Family Identifier (AFI) is represented in the next byte (byte 13) of the reserved tag
memory system information.

If the tag does not support AFI programhmiing, the tag shall participate to the Inventory process as if it
hdd received AFI = "00", meaning thatthe tag will always respond to an Inventory command, whatever
the AFI value.

C.t.3 System information-= DSFID

The DSFID is supported inlSO/IEC 18000-4 Mode 1 through the DSFID mechanism. The DSFID|indicates
hdw the application data is structured in the tag application memory. As defined in C.4.2 [bytes 12
through 17 are reserved in tag system memory for representation of tag memory system infprmation.
byfte 12 with thewalue 0A,4 defines a tag in conformity with this document. Byte 14 is designated to
stpre the DSFID/information. As this information can be stored in tag system memory, read (READ) and
write (WRITE) commands may be used to program and retrieve this information.

If the tag-does not support DSFID programming, the tag shall return DSFID = "00".

C.h4 Mpmnry-rplntpd parameters

The first 18 bytes (bytes 0 through 17) are reserved for system information. The Identification process
provides information about the tag from reserved memory locations. Upon tag segregation (the anti-
collision process), the tag state is moved from the "Identify" state to the "Data Exchange" state with the
retrieval of such relevant tag system information.

Bytes 12, 13, and 14 are as defined above. Bytes 10 and 11 are reserved for "Hardware Tag Type". This
two-byte field provides information about the hardware (physical) tag, which includes the total number
of blocks and block size (bytes per block).

The application memory (user data storage) begins in byte 18 (or the first addressable block after
system data). This is treated as the first byte of block 0 of the Logical Memory map for user memory.
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bits and bytes ordering shall be the same, i.e. the msb and MSB shall match in both the Logical Memory
and in the tag memory.

As noted in the response to question three above, unique, and unambiguous addressing of all data
transactions is provided through the Tag UID (bytes O through 7 of system memory). All data
transactions are uniquely addressed with this mechanism. The submission provides ISO/IEC 18000-4
Mode 1 supports writing and locking of data with two commands: (WRITE) and (LOCK). These
commands operate at the block level. The locking mechanism is physical (fusible link) and protects data
from any change permanently. Once the data block is "locked" it cannot be "unlocked". All data that is
locked cannot be changed through the air interface.

C.4.5 Sppport for commands

Not all ISP/IEC 18000-4 Mode 1 commands are mandatory. If a tag does not support a command, the
tag shall answer with an error code as specified in ISO/IEC 18000-4 Mode 1. This allows thedpplicatipn
and/or thie interrogator to know that they cannot use the requested feature on this tags

C5 TaﬁDriver for ISO/IEC 18000-4 — Parameters for air interface
commupications at 2,45 GHz — Mode 2

C.5.1 General

This mo¢le supports different user interfaces and the following subclauses are based on the
implementation using the "real image" user interface.

C.5.2 Defining the Singulation-Id

Each tag |s identified uniquely by a tag ID of 32 bits. The tag ID is used to address selectively a tag for
subsequept transactions.

C.5.3 System information: AFI

ISO/IEC 18000-4 Mode 2 does not support the functionality of AFI. As the Mode does not suppgrt
AFI programming, the tag shall participate in any application command that specifies AFI as if it hpd
received AFI =" 00", meaning that the'tag will always respond to an AFI argument in an applicatipn
command, whatever the AFI value.

C.5.4 System information:-DSFID

ISO/IEC 18000-4 Mode2\does not support the functionality of DSFID. This has the effect of reducihg
support fpr this document to:

— Acce$s-Method= No-Directory;

— Data{Fofmat = Full-Feature.

C.5.5 Memory-related parameters

The tag ID provides supplementary information about the size of the user memory. Blocks are always
one byte in length, irrespective of the size of memory. Read or write functions address memory by
using a 2-byte position that identifies the beginning of the required data string, and a single byte value
to determine its length. The maximum length of the data string is 246 bytes.

C.5.6 Support for commands

ISO/IEC 18000-4 Mode 2 supports several commands including read and write. The response to the
command includes specific error codes where the command cannot be executed.
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C.6 Tag Driver for Type A — Parameters for air Interface Communications at
860 MHz to 960 MHz

C.6.1 Defining the Singulation-Id

Type A is a tag based on ISO/IEC 18000-61. Each tag is identified uniquely by a UID of 64 bits or an SUID
of 40 bits. Each tag returns its UID (or SUID) during the inventory process. The UID/SUID can be further
used to address selectively a tag for subsequent transactions.

C.6.2 chfnm information — AFI

The AFlis supported in Type A tags through the AFI mechanism.

The AFI can be programmed and locked by specific commands. The Inventory procéss-then yses these
commands to retrieve the AFI data. The AFI is on 8 bits.

If the tag does not support AFI programming (see C.6.5), the tag shall participate to the |nventory
prpcess as if it had received AFI = "00", meaning that the tag will always-respond to an |nventory
command, whatever the AFI value.

C.p.3 System information — DSFID
The DSFID is supported in Type A tags through the DSFID mechanism.

The DSFID is returned during the Inventory process. The<DSFID can be programmed and |ocked by
splecific commands. The DSFID is defined on 8 bits.

If the tag does not support DSFID programming (see\€.6.5), the tag shall return DSFID = "00".

C.p.4 Memory-related parameters

The System Information is stored in a memory area that is logically distinct from the user memory and
thpt can be accessed only by specific commands. Information on the number of blocks and the size of
the blocks is returned by the Get System Information command.

The Logical Memory mapping for‘user memory shall start at block 0. Bits and bytes ordering shall be
the same.

C.b.5 Support for commands

Tylpe A provides_for both mandatory and optional commands. Mandatory commands prpvide the
minimum funetionality for activation and identification (e.g. inventory) of conformant fags in a
pdpulation. Alllether commands (reading and writing) are optional. Some tag products may [therefore
ndt have implemented them. If a tag does not support a command, the tag shall answer with} an error
code as.specified in Type A. This allows the application and/or the interrogator to know [that they
calnnot use the requested feature on this tag.

C.6.6 Performance optimisation

If the application and/or the interrogator requires a continuous dialogue with a specific tag, Type A
provides a mechanism for "selection” through the command set. The Select command is addressed
to a specific tag and deselects all other tags. It contains the UID of the tag to be selected. All further
commands shall have their Select flag set, but do not contain the tag UID, therefore saving transmission
time. Individual commands with other UIDs can be sent to specific tags during the sequence.
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C.7 Tag Driver for Type B — Parameters for air Interface Communications at
860 MHz to 960 MHz

C.7.1 Defining the Singulation-Id

Type B is a tag based on ISO/IEC 18000-62. Each tag is identified uniquely by a UID of 64 bits. Each tag
returns its UID during the inventory process. The UID can be further used to address selectively a tag
for subsequent transactions.

C.7.2 Svystem-information—AFIl

The AFI i supported in Type B tags through the AFI mechanism.

Bytes 12 fthrough 17 of tag system information are reserved for tag memory system information. Byjte
12 repregsents the Embedded Application Code (EAC) field. This information field defines the ddta
architectfire system represented in application memory (bytes 17 and above). The remaining five (|5)
bytes define the memory architecture and usage within the data architecture system defined in byjte
12. If thi{ byte is set to the value 0A, the tag data architecture is in conformityywith this documept.
The datalfield termed Application Family Identifier (AFI) is represented in the\next byte (byte 13)|of
the reseryed tag memory system information.

If the tag does not support AFI programming (see C.7.5), the tag shall)participate to the Inventtlry
process gs if it had received AFI = "00", i.e. the tag will always resgond to an Inventory command,
whatever|the AFI value.

C.7.3 System information — DSFID

The DSFID is supported in Type B tags through the DSFID\mechanism.

—

The DSFID indicates how the application data is structured in the tag application memory. As defined|in
C.7.2, bytes 12 through 17 are reserved in tag system memory for representation of tag memory syste¢m
informatjon. byte 12 with the value 0A;, defines’a tag in conformity with this document. Byte 14{is
designatdd to store the DSFID information. As this information can be stored in tag system memoty,
read (READ) and write (WRITE) commands may be used to program and retrieve this information.

If the tagdoes not support DSFID pregtamming (see C.7.5), the tag shall return DSFID ="00".

C.7.4 Memory-related parameters

The first [L8 bytes (bytes 0.through 17) are reserved for system information. The Identification procgss
provides [information about the tag from reserved memory locations. Upon tag segregation (the anfti-
collision process), thedag'state is moved from the "ldentify" state to the "Data Exchange" state with the
retrieval pf such relevant tag system information.

Bytes 12,(13, and 14 are as defined above. Bytes 10 and 11 are reserved for "Hardware Tag Type". This
two-bytelfield.provides information about the hardware (physical) tag, which includes the total number
of blocks pnd block size (bytes per block).

The application memory (user data storage) begins in byte 18 (or the first addressable block after
system data). This is treated as the first byte of block 0 of the Logical Memory map for user memory.
Bits and bytes ordering shall be the same.

C.7.5 Support for commands

Type B provides for both mandatory and optional commands. Mandatory commands provide the
minimum functionality for activation and identification (e.g. inventory) of conformant tags in a
population. All other commands (reading and writing) are optional. Some tag products may therefore
not have implemented them. If a tag does not support a command, the tag shall answer with an error
code as specified in Type B. This allows the application and/or the interrogator to know that they
cannot use the requested feature on this tag.
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C.7.6 Performance optimisation

2022(E)

If the application and/or the interrogator requires a continuous dialogue with a specific tag, Type B
provides a mechanism for "selection" through the command set. The group selection commands
(GROUP_SELECT_XX) provide an efficient means to logically query the contents of either system
memory (e.g. UID, AFI, DSFID) or user memory as a means to for selecting a subset of tags for data
transactions. Only the tags logically queried as TRUE based on the contents of the selected memory
(system and/or user) would thus be activated and participate in subsequent data transactions.

C.
8
C.
T

C.

T}
TH

ART and DSFID rules, bit 17,4 shall have the value = 1, toidistinguish this from encoding in ¢

w

T}
pr

C.

C

TH
be

C

A
en
dg

WY

C.

.8.3.1 General

.8.3.2 DSFID in Memory Bank 01

0 MHz to 960 MHz

.1 Defining the Singulation-I1d

pe C is a tag based on ISO/IEC 18000-63. Each RFID tag is defined uniquely)by a dynar
e, the RN-16. The value of the RN-16 is returned during selection processes and is used to
munications with the RFID tag while in the operating field. In additiof); access to Memor
turns a Unique Item Identifier, which does provide a unique identifier-atthe application levg

B.2 System information — AFI

e AFlis supported in Type C as an optional element in the ptdtocol control word in Memory
e AFI is encoded in bits 18, to 1F,,. To identify that thejencoding of the tag is in conform

th the TDS EPC scheme.

e AFI only requires to be encoded in Memory Banik 01 to fulfil its function with the RFID tag
ocess.

B.3 System information — DSFID

e DSFID is supported in Type C tag in the manner described in the following subclauses, w
implemented independently:
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DSFID is used in Memory Bank 01 when this is called for by an AFI. In this case, Memory Banlk 01 shall

code the DSFIB/in position 20,4 to 27,4. The encoding that follows shall be in conformity
cument forrencoding a Ull based on an Object-Identifier structure.

hen theAFI declares a Monomorphic-UII, the DSFID shall not be encoded in Memory Bank OfL.

with this

B.3.3 DSFID in Memory Bank 11

If Memory Bank 11 is present on the Type C tag and encodes data based on Object-Identifier structures,
then the DSFID shall be encoded in the first byte position of this memory bank (i.e. bits 00,4 to 074¢).

C.8.3.4 Extensions mechanisms for the Data-Format, Access-Method and other tag functions

If any of the extension mechanisms defined in 9.3.7 to 9.3.18 are required, then all of the extension
bytes shall be encoded starting immediately after the encoded DSFID. All the extension bytes shall

pr

ecede any encoded packets of data.
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C.8.4 Memory-related parameters

The memory of a Type C tag is organised into four logical sectors known as Memory Bank 002, 012, 102,
112. All read and write processes are based on transactions in multiples of 16-bit words.

Memory Bank 00, contains passwords that are used to provide permission to access other memory, and
to carry out the kill function.

Memory Bank 01, contains the Unique Item Identifier, either this is a GS1 specified number or an ISO
specified number. Processes on the RFID tag calculate the length of the encoding. This length (in words)
encoded im-bi teh

Memory Bank 10, contains tag identification details, which may be based on a code structure managed
by TDS, qr a Unique Tag ID in conformity with ISO/IEC 15693. There is no simple way to determine
whether 4 tag uses one of the code structures or the other without reading this Memory Bank-

Memory Bank 11, contains the encoding of application data beyond the basic Unique’Item Identifjer
and the epcoding capacity of Memory Bank 01,. There are no air interface rules to determine the sizelof
this mempry (i.e. the equivalent of the number of words or blocks), without an uaderstanding of the|IC
manufactjurer's specification or looking up information based on the encoded-values in Memory Bapk
10,.

C.8.5 Memory locking

If the taglfis in conformance with Type C, locking is only allowed fap)the complete memory bank for MBs
other thap MB11. Selective locking of MB11 is an optional feature, which is declared by each tag modEl.

NOTE There are no currently defined rules in the air interface protocol to identify whether a particular
RFID supports selective locking to the rules defined abovexUntil such rules are defined this remains a§ a
vendor sp%cific solution for the RFID tag to declare its capability and a vendor specific solution for interrogator
manufactyrers to implement.

C.8.6 Sppport for commands

Type C supports several commands includingread and write. Some commands and associated functions
are optiopal. The response to any command includes specific error codes where the command could rjot
be executled.

C.9 Tag Driver for Type D — Parameters for air Interface Communications at
860 MHz to 960 MHz

C.9.1 Defining thé.Singulation-Id

Type D iy a tag.based on ISO/IEC 18000-64. Each tag is identified uniquely by a Singulation-Id (also
known aq TID-$); which can have one of three lengths. The Singulation-Id format is specified in Type|D.
The TID-$ is.in conformity with ISO/IEC 15963-1 and can therefore begin with one of the following byjte

values and-avingapre-definedlength:

— EO044, with a total length of 64 bits;
— E24¢, with a total length of up to 192 bits;
— E344, with a total length of 96 bits.

Each structure has an internal rule that enables the total length of the TID-S to be self-declaring. Each
scheme also supports an IC manufacture plus model number that makes it possible to identify the
functions supported by a particular tag.

Each tag returns its Singulation-Id during the tag communication process and is at the beginning of the
transmitted message.
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Bit positions 63 to 48 of the first data page shall encode the Protocol Control word. The AFlis an element
in the Protocol Control word in the UIl segment of memory. The AFI is encoded in bits 55;, to 48;,. To
identify that the encoding of the tag is in conformance with AFI and DSFID rules, bit 56, shall have the

va

lue = 1, to distinguish this.

The AFI only requires to be encoded in the UIl segment of memory to fulfil its function with the RFID
tag selection process.

C.

C

TH
be

WY

C.
If

O dystieln Infornmmation — DSFID

.9.3.1 Support

e DSFID is supported in a Type D tag in the manner described in the following subclauses, W
implemented independently.

.p.3.2 DSFID in UIl memory segment

.p.3.2.1 DSFID when the AFI declares a Monomorphic-UII

hen the AFI declares a Monomorphic-UIl, the DSFID shall nogbe-encoded in the UIl memory|

D.3.2.2 DSFID for other AFI types

the UIl segment is in conformity with encoding rules defined in this document, then in addit

rhich may

segment.

ion to the

ART, the UII segment shall encode a single byte DSEID in position 47, to 40, of the UII segment, or a

m
dg

C

If
Id
T}

Th
Ité
tr

C.

If
by
p1]

hitiple byte DSFID starting at position 47,,. Thé encoding that follows shall be in conformityj
cument for encoding a Ull based on an Objeét-Identifier structure.

.9.3.3 DSFID in the item-related data-segment

the item-related data segment(is:present on the Type D tag and encodes data based g
is position varies depending.on the end point of the UIl segment.

m-related segment.(in’'words) from the beginning of the length-lock byte to the end of the
hiling three bits provide an indication of the pages that are locked.

D.3.4 Extension mechanisms for the Data-Format, Access-Method and other tag funct

any of the’extension mechanisms defined in 9.3.7 to 9.3.18 are required, then all of the
tes_shall be encoded starting immediately after the encoded DSFID. All the extension b
ecede any encoded packets of data.

with this

n Object-

entifier structures, then the DSFID shall be encoded in the second byte position of this mempry bank.

e preceding byte is the length-lock byte that in the leading five bits encodes the encoded lenjgth of the

CRC. The

lons

bxtension
rtes shall

C.9.4 Memory-related parameters

When used in conformity with this document, the memory of a Type D tag is organised into four logical
sectors known as:

The TID segment;
the UIl segment, which begins on the first data page of the Type D tag;
the item-related data segment (optional);

the simple sensor encoding segment (optional), always 64 bits if present.
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All read and write processes are based on transactions in multiples of 16-bit words, organised in 64-bit

pages.

C.9.5 Memory locking

C.9.5.1

General

Memory locking is applied in a consistent manner for any one Type D tag, with locking over 16-bits, 32-
bits, or 64-bits as specified by the tag manufacturer.

NOTE

RFID supports selective locking to the rules defined above. Until such rules are defined this remains ,as
vendor specific solution for the RFID tag to declare its capability and a vendor specific solution for interroga

manufact

C.9.5.2

The Ull s
page bou

The Ull s
locked. If
bytes (va

There are no currently defined rules in the air interface protocol to identify whether a partieu

rers to implement.

Encoding and locking the UIIl segment

bgment begins immediately after the locked TID-S segment, and therefore-begins on a 64-
hdary.

egment may end on any 16-bit word unless there is an application’ requirement for it to
the UIl segment requires locking and the UIIl does not end on a\lock boundary, then pad lo
ue 0044) are included until the end of the lock boundary.

C.9.5.3 JEncoding and locking the item-related data segment

The opti
segment
boundary

The first
which pr
on wheth

The secol
segment,

The item
segment,
locked. A

C9.6 S

Type D ¢
specified

begins immediately after the end of the UIl segmment, and therefore begins on a 16-bit w
, which does not have to be on a page boundary:

byte (bit positions n to "n-7" of the item-related data segment) is the length-lock indicat
pvides precise information about the number of words in the segment and basic informati
er pages in the segment are locked.

which may be different from'the DSFID of the UIl segment.

related data is encoded from bit "n-16" of the item-related data segment until the end of 4]
using the rules of this)document. Datasets within the encoded sequence may be selectivg
hy dataset, or contiglious datasets that are to be locked, shall be on lock boundaries.

ipport for commands

pmmunicates its data payload without the need for air interface commands. As curren
there.are no encoding commands defined. Therefore, encoding is achieved in a vendor speci

manner
write co

cross'the air interface, but which need to support the encoding as defined by the functior

nal item-related data segment is encoded if the Protocol Control word bit 5810 is set = 1. Thi

ar

or

hit

be
ck

d

nd byte (bit positions "n-8" to."n<15" of the item-related data segment) is the DSFID for this

he
l]y

_ly
fic
al

mands as described in A.4.
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Encoding rules for No-Directory Access-Method

2022(E)

D
T}

S
en
Re
en

D

D,

D3
tr
sh

1 General

is annex, and associated referenced annexes, specifies the encoding rules for the Aceess-M

DLi‘ILectory, which is the basic encoding scheme for this document. The process described.in the

clauses builds up the structure of a dataset in a logical process starting with: cemipacting t
coding the length of the compacted Object, processing the Object-Identifieri*formatting t
lative-OID wherever possible, encoding the length of the Object-Identifier or the Relative
coding the Precursor and Offset byte (if required).

2 Object processing

2.1 Use

ta compaction is applied as a transformation to the data Objects to reduce the number of bit

all be done according to the Compact-Parameter (defined in 10.2.9) received in the ISO/IE

appplication commands. Only Compact-Parameters.0, 1, 2 apply to the encoding of this Acces

an

Th
in
en
is

D3
Cq
re
by
an

D
T}

d Compact- Parameters 0, 2, and 15 apply to the decoding.

e interpretation of the source data Objects (e.g. conforming to character sets) can be ignof
ferrogator and while encoded on the RFID tag. This is because the decode process is the inve
code process, and the compacted data Objects are restructured to their original forms whe
read.

ta compaction performs all the processes necessary to compact a data Object and to dete
mpaction Type, which is(encoded on the RFID tag as part of the Precursor. The Object

the application and'the Logical Memory. The command argument Object-Lock remains u
d is passed through-to the next stage of processing: data formatting.

2.2 Compaéetion process

e command argument Compact-Parameter determines whether the Object is subje

compaction process or not, based on the following integer values:

0

bthod No-
following
he Object,
his into a
-0ID, and

s that are

insferred across the air interface and that are required to encode data in memory. The cgmpaction

C 15961-1
5-Method,

ed by the
rse of the
N the tag

'mine the
[dentifier

mains unchanged and is.not subject to any form of compaction, to enable it to be directly identifiable

hchanged

't to the

Application-Defined: The data object is read by and passed through the data compactio

1 process

without any compaction being applied but is assigned the Compaction Type Code 000,.

Compact: The data object is read by and passed through the data compaction process to be
compacted as efficiently as possible and assigned the appropriate Compaction Type Code in the

range 001, to 110,.

UTF8-Data: The data object is read by and passed through the data compaction process without
any compaction being applied, but is assigned the Compaction Type Code 111, to indicate that it is

in conformity with the UTF-8 transformation of ISO/IEC 10646.
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The Objec

tis read by and passed through the data compaction process:

1. The data Object itself is transformed to its compacted form. If the command argument Compact-
Parameter:

is set to 1 (Compact) the data Object input string is compacted (see D.2.3 and Annex E for the
detailed processes).

is set to 0 (Application-Defined), or to 2 (UTF8-Data) the input string is not compacted but the data

Objec

tis still processed through step 2 and step 3.

2. The 3

3. The lpngth of the compacted data Object is defined.

D.2.3 Cpmpaction schemes

Data co
the Com

parsing the bytes in the data Object and analysing their values as defined in.Table D.1, which shoj

the Comy

compactipn rules for all the compaction Schemes are defined in Annex E.

-bit Compaction Type Code is assigned (see D.2.4).

paction shall be applied to each entire data Object. When compactipn is requested
act-Parameter, the selection of the particular data compaction scheme-is determined

action Schemes in sequence of preferred application, starting with-the most efficient. T|

Table D.1 — Determining the data compaction scheme

All bytes in the Secondary conditions Use compaction Refer to
range (HEX) scheme Annex
30to 39 1. Leading byte(s) # 304, integer E2

2. Length of object > 1 byte
3. Length of object < 19 bytes

30 to 39 Length of object > 1(byte numeric E3

41to 5F Length of object=2 bytes 5-bit code E4

20 to 5F Length of object > 3 bytes 6-bit code E.5

00to 7E Length of object > 7 bytes 7-bit code E.6

00 to FF N/A octet string E.7
If the original character stringis too short to satisfy the secondary condition for length, the octet stri
scheme shall be used. If thé-other secondary conditions for integer compaction cannot be met, th
numeric ¢ompaction shall‘be used.

For illust
for value

of their ipterpretation. The precise interpretation is defined by the definition of the Object-Identif

given ext

ration, the compaction types refer to character representations of ISO/IEC 646 (see Annex
00 to 7EHowever, the compaction schemes apply to the string of byte values, irrespecti

brndlly in the application.

by
by
VS
he

ng
en

)
ve

D.2.4 Compaction Type codes

The codes for the Compaction Type are defined in Table D.2. One of these is applied to the data Object
after it has been through the data compaction process. On subsequent reading from the RFID tag, this is
used to identify how the data object shall be de-compacted.

Table D.2 — Compaction Type codes

Code value Name Description
Decimal Binary

0 000 application defined |as presented by the application

1 001 integer Integer
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Code value Name Description
Decimal Binary
2 010 numeric Numeric String (from "0"..."9")
3 011 5-bit code Uppercase alphabetic
4 100 6-bit code Uppercase, numeric, etc.
5 101 7-bit code ISO/IEC 646 character
6 110 octet string unaltered 8-bit
7 111 UTF-8 string External compaction of ISO/IEC 1064.6
D{3 Encoding the length of the compacted Object
The length of all Objects on output from the compaction process (including the)Objects not intended for
compaction, or not achieving a compacted state) shall be determined and enctoded as follows:
1.| Ifthelength is between 0 and 127 bytes, the length is encoded in gnie'byte with the lead bjit =0
0bbbbbbb
where bbbbbbb = length in bytes
2.| Ifthelength is between 128 and 16383 bytes, the length is encoded in two bytes as follows:
a. Setthe first bit of the lead byte = 1 and the first bit of the second byte = 0.
1bbbbbbb Obbbbbbb
b. Convert the length (in bytes) to its binary value.
c. Encode the value in the bits 701 of each byte of the length encoding.
3.| Ifthelength is between 16384 and 2097151, the length is encoded in three bytes as follos:
a. Set the first bit of thelead byte = 1 and the first bit of the last byte = 0 and the first bit of all
intervening bytes = 1.
1bbbbbbb 1bbbbbbb O0bbbbbbb
b. Convertthe length (in bytes) to its binary value.
c. Encode the value in the bits 7 to 1 of each byte of the length encoding.
NOTE Although probably an unrealistic requirement, the rule (in step 3.a) can be extended to|cover any
lexrgth.

D.4 Processing the Object-Identifier

D.4.1 Object-Identifier

The Object-Identifier in the application commands is in conformity with ISO/IEC 8824-1 and may be
presented in a style in conformity with that standard (see 6.3.1) or as a Uniform Resource Name (see
6.3.3). It may also be presented in a truncated form as a Relative-0ID, and this structure is discussed in
D.5.

The Object-Identifier value is encoded as a series of byte-aligned values as follows:
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1. The first two arcs of the registration tree are encoded as a single integer using the formula:

40f+s

where fis the value of the first arc;

s is the value of the second arc.

n_n

2. The value "n" of each additional arc is encoded into a byte-aligned-bit-field. This is done as follows

non,

for values of "n":

a. Horn<128:
the decimal value is converted to binary and encoded in a single byte; thus bit 8 is settozerd
b. Hor 128 <n < 16384:
the decimal value is converted to binary and subdivided into two 7-bit strings:*bit 7 to bit 1,
14 to bit 8. Each of these new bit strings is encoded in a byte; with bit 8 ofthe first byte set to
hit 8 of the last byte set to 0.
c. Horn=16384:
the decimal value is converted to binary and subdivided inte 7-bit strings: bit 7 to bit 1, bit
tp bit 8, bit 21 to bit 15, and so on. Each of these new bit strings is encoded in a byte; with bit
df the first byte set to 1, bit 8 of the last byte set to 0 and.bit 8 of the intervening byte(s) set to
The example below shows the process.
EXAMPLE
1. Value=91234,,=1,01100100, 01100010,
2. Yplit into 7-bit strings
0000101, 10010084 1100010,
3. Add prefix bits 0 for last byte
1 for preeeding byte(s)
16000101, 11001000, 01100010,
Using thip technique, the length of each component arc of the Object-Identifier is self-declaring. T|
first bytelalways definés'the first two arcs. Each subsequent arc is defined by one byte if the lead bit
that bytelis 0; and, multiple bytes if the lead bit is 1, the group of bytes ends with the byte with its le
bit equal P. The arewalue is encoded in the sequence of 7-bit values.
EXAMPLE
[00101000] , 1[1111000] , 0[1001010] , 0[0000001] ,
(1x40)+0 15434 1
10 15434 1

hit
1,

he
of
hd

Although the number of arcs allows for an Object-Identifier of any length, this document limits the
length of the encoded value to be no more than 127 bytes. This is a constraint placed to meet encoding
requirements on the RFID tag and the structure of the Logical Memory.

The constraint is on the encoded length of the Object-Identifier and not the number of arcs. It should
also be understood that an Object-Identifier encoded in 127 bytes is highly unlikely.
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D.4.2 Encoding the Object-Identifier

The need to encode the full Object-ldentifier is rare, because the formatting rules enable it to be
truncated in most cases. In those situations where the Object-Identifier shall be encoded, then the
structure, as described above, represents the bytes that shall be encoded.

The Object-Identifier is preceded by a length code as defined in D.6.

D.4.3 The dataset structure when the Object-Identifier is encoded

efined in
 precede

le D.3, which clearly identifies that the length of the Object-Identifier shall be calculatediatx
the encoded value of the Object-Identifier.

Table D.3 — Dataset structures for Object-Identifiers

Dgscription Structure of byte String for an encoded dataset
Object-Identifier Precur- [Length of Ob-|Object-Identi-|Length of datafData ~~

sor ject-Identifier |fier
Opject-ldentifier with| Precur- |Offset Length of Object- Length |Data~~|Pad ~~
0) sor Object-Identi<|Identifier of data

fier

~{ indicates that this component typically can be multiple bytes.
The number of pad bytes can be 0 to 254, depending on the block size and lock block alignment.

D|5 Processing the Relative-OID

D{5.1 General

In[some circumstances, a truncated form of the Object-Identifier, the Relative-0OID, can be inc¢rporated
info application commands.

Aq the first arc(s) of the.Object-Identifier is declared by some other means (e.g. the Data-Fofmat), the
refmaining arcs that are“presented shall be encoded according to the rules of Step 2 in the[encoding
rufles defined in D.4;

In[some casessithé application will only provide the single final arc, and, for most practical ¢xamples,
this is likely~to be a value either less than 128 or less than 16384.

DJ5.2; 'Formatting the Object-Identifier based on the Data-Format

T}n PNataEormat nrauvidac o chaorthand maathod 0 ~chiogn afficiont aneading of tha Ohiact dentifier
e—jata o S o—aecrHeve—erHeient—e -6 .

T OT ot Prov oo o OO trot o rIirctrrotr— TICOTTITS T CITC—ooJeeT

This is done by the Data-Format declaring a specific common Root-OID that is used to truncate the
full Object-Identifier into a Relative-OID. For encoding, the byte values representing the Root-OID are
deleted from the beginning of the full Object-Identifier to create the Relative-OID. For decoding, the
Root-0ID is concatenated as a prefix to the Relative-OID to re-create an Object-Identifier in conformity
with ISO/IEC 8824-1.

The processes described below are based on a typical write application command being processed
by the Data Processor for encoding on an RFID tag. Where there are significant variants these are
described.

A. If Data-Format = Not-Formatted (0), Closed-System (30), or Extension (31)
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An error has occurred, and formatting is not possible.

B. If Data-Format = Full-Featured (1)

Each Object-Identifier shall be encoded as a full Object-Identifier, as defined in D.4.2. If a Rela-
tive-OID is presented, the application command is in error and formatting is not possible

C. IfData-Format = Root-OID-Encoded (2)

1. Parse the set of Object-Identifier values to identify any common Root-OID that has at least two

1
1

TCS. If the RFID Tag already has an encoded Root-01D, establish whether this can be appiied
he new Object-Identifiers. Once a common Root-OID has been identified, any other Objectzlde
ifier value with a different root shall be encoded as a full Object-Identifier.

2. (reate the common Root-OID if one is not already encoded on the RFID tag.
3. $trip out the common Root-OID from each Object-Identifier to create a Relative-OID from t
‘emaining arcs.
4. If Steps 2 and 3 are not possible, an error has occurred, and formattingis not possible.
5. Each other Object-Identifier that cannot have the Root-OID stripped remains unchanged and i
encoded as an Object-Identifier.
An example of the input as shown in Annex G, subsequently processed with a Data-Format = Ro
OID-Encoded is illustrated in G.6.2.
D. IfDafa-Format=  Any code value 3 to 29, as defined jiithe register of data constructs to the ru
of ISO/IEC 15961-2, with some examples illustrated in Table D.4.
Table D.4 — Example mappings of Data-Format to Root-OID
Data-Format |Application common Root-0ID
3 ISO/IEC 15434 "1015434" "28 F84A "
4 ISO/IEC 6523 "106523" "28 B2 7B 14"
5 ISO/IEC 15459 "1015459" "28F863 1"
6 Library{Loan-Items "1 015961 8" "28FC5908 4"
8 [S015961-Combined "1015961" "28 FC 59 4"
10 Data-ldentifier-Algorithm "1 015961 10"  "28 FC 59 0A 44"
12 IATA-Baggage "101596112" "28FC59 0C 14"
NOTE The example of the library items clearly indicates that there is no requirement for a one-to-g

relationshfp betweeirthe Data-Format and the final arc of the Root-OID.

1. Parsq

to
n_

€S

ne

the'set of Object-Identifier values to identify the common Root-OID, as defined on the regist

of da

L2 constructs @Mlth illustrated exampms inTahle D 4)
J

2. IfStep 1is not possible, an error has occurred, and formatting is not possible.

3. Strip out the common Root-OID from Step 1 from each Object-Identifier to create a Relative-OID

from

NOTE

the remaining arcs.

The Root-0OID is not encoded, but implied by the Data-Format.

4. Every other Object-Identifier that cannot have the Root-OID stripped remains unchanged and is
encoded as an Object-Identifier.

An example of the input as shown in Annex G, subsequently processed with a Data-format = Data-

Identifier

120

-Algorithm is illustrated in G.6.3.

© ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

D.5.3 Encoding the Root-OID for Data-Format = Root-OID-Encoded (2)

A Root-OID up to 126 bytes long can be encoded. The value of the length is directly encoded in the
Precursor (see D.6.2), so the Root-OID immediately follows the Precursor. The value of the Root-OID is
exactly as the byte string derived from process C defined in D.5.2. It shall be encoded at the start of the
Logical Memory.

As the Root-0ID has no associated data Object, the length of the data shall be set to zero.

D.5.4 Dataset structure when the Root-OID is encoded

In|the situations where a Root-OID shall be encoded, the dataset is structured as definedsin{lable D.5.
THhis identifies that a length value 00,4 shall be encoded, to enable the beginning of the next dataset to
bq identified. If the Offset is required for block alignment, then the appropriate number of pad bytes
shiall be encoded.

Table D.5 — Dataset structures for Root-OID

Dpscription Structure of byte String for an‘encoded dataset
Root-OID Precursor |Length of Root-|Root-OID ~~ |Length of data
OID

= 0016

Reot-OID with Offset|Precursor |Offset Length of Root- | Root-OID ~~ |Length of data |Pad ~~
01D

~{ indicates that this component typically can be multiple bytes.

The number of pad bytes can be 0 to 254, depending on the blogk size and lock block alignment.

D{5.5 Encoding the Relative-OID

D.p.5.1 Method

If the Relative-OID is provided by the application, then it is already in a form for encoding in|the rules
ddfined in this subclause. If the' application provides the full Object-Identifier, then the Relgtive-OID
shll be derived using the truncation rules described in D.5.2.

The rules for encoding.a/Relative-OID depend on the number of arcs and the value of the fial arc, as
dgfined below.

D.5.5.2 Single arc Relative-OID value 1 to 14

The final.byte of the Object-Identifier (representing the single arc value 1 to 14) transferred| from the
aTlication interface has a value 01 to OE4. This single arc value shall be encoded in bits 4 tp 1 of the

Precursor as defined in D.7. No additional bytes are encoded in the Logical Memory for thIis Object-

Id niEifiaryalin and e oot
et e varbtaaesSTe gt

D.5.5.3 Single arc Relative-OID value 15 to 127

The final arc of the Object-Identifier (representing the single arc value 15 to 127) transferred from the
application interface has a value OF to 7F ;. The single arc shall be encoded in a single byte as follows:

Obbbbbbb,
Where bbbbbbb = arc value -15
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EXAMPLE

RELATIVE-OID = 23

bbbbbbb = 23-15=8

= 00001000,
0844

No additipratbytesarereguiredtoencodethelensthofthe Relative-04bD-with- thisrange et values:
D.5.5.4 [Other Relative-OID values
Irrespectjve of the number of arcs and the value of those arcs, other Relative-OID value$ shall pe
encoded yvith the byte values presented in the application command or as derived froniprocessing the

Data-Format to strip off the Root-OID.

The Relat

D.5.6 T

In the sitt
This iden
of the OII

ive-OID is preceded by a length code as defined in D.6.

he dataset structure when the Relative-OID is encoded

jations where a Relative-OID shall be encoded, the dataset is structured as defined in Table Dj
Lifies that if the Relative-OID is other than a single arc with the value 1 to 127, then the leng
shall be calculated and precede the encoded value of the(Relative-OID.

Table D.6 — Dataset structures for Relative-OIDs

The numbd

Descriptjon Structure of byte String for an encoded dataset
Single Rellative-OID|Precursor |Length of data |Data ~=

1-14

Single Relptive-OID 1|Precursor |Offset Length of data |Data ~~ Pad ~~

-14 with Qffset

Single Rellative-OID |Precursor |Relative-OID.) |Length of data |Data ~~

15 -127

Single Rellative-OID |Precursor |Offsét Relative-OID  |Length of data |Data ~~ |Pad ~~
15 -127 with Offset

Other Relptive-OID |Precursor‘(Length of OID |OID ~~ Length of data |Data ~~

Other Re]ative-OID|Precursoi”|Offset Length of OID |OID ~~ Length of | Data ~~ |Pad ~+
with Offset data

~~ indicates that this component typically can be multiple bytes.

r of pad bytes can be 0 to 254, depending on the block size and lock block alignment.

D.6 Encoding the length and Object-Identifier or Relative-OID

The process to encode the length of the Object-Identifier or Relative-OID is as follows:

Record the byte string that represents the Object-Identifier or Relative-OID value.

t the number of bytes in the Object-Identifier or Relative-OID.

length is between 1 to 16 bytes, continue, otherwise go to step 4.

Assign 1 byte for length encoding.

b. Assign value 100 for bits 8 to 6 to act as an indicator.

1.

2. Coun
3. Ifthe
a.
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c. Encode the length (in bytes) of the Object-Identifier or Relative-OID in the remaining 5 bits:
length + 1 = bbbbb

d. Encode the Object-Identifier or Relative-OID in the subsequent bytes.
NOTE This procedure allows a Relative-OID with a single arc value 0 (presented as 00,4) to be encoded.
4. [Ifthelength is between 17 to 126 bytes:

a. Assign 2 bytes for length encoding.

b. Assign value 101 for bits 8 to 6 of the Iirst byte to act as an indicator.
c. Encode the length (in bytes) in bits 7 to 1 of the second byte.
10100000 Obbbbbbb

d. Encode the Object-Identifier or Relative-OID in the subsequent bytes.

EXAMPLE
RELATIVE-OID ="12345678901234567890023456789"

From application =31 32 33 34 35 36 37 38 39 303132 33 34 3536 37 3839 30 31132 33 34
(29 bytes long) 35363738394

Encoding = A0 1D 31 32 33 34 35.36737 38 39 30 31 32 33 34 35 36 37 38 39 30 31 32
3334 3536373839,

The first two bytes‘define the length, but all the other bytes are as|provided
by the application command, or the process to strip off the Root-QID based
on the Data=Format.

D|7 Precursor

DJ7.1 Definition

The Precursor is a_single metadata byte that is always the first byte of the dataset and|provides
information about¢

— The Compaction Scheme applied to the encoded Object.
— The Object-Identifier.

— Whether any block alignment has been necessary (e.g. for locked data).

There are also some values of the Precursor that are used for different functions, as described in the
subclauses below.

D.7.2 Precursor for Data-Format not equal to 2

The Precursor is a single byte that positioned at the beginning of each dataset. The structure of the
Precursor is bit based from bit 8 to bit 1, as follows:

Bit 8: the offset and expansion bit

ifbit8=0 no offset is present
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ifbit8=1 an additional byte follows as part of the Precursor
Bits 7 to 5: the Compaction Type Code (see D.2.4)
Bits 4 to 1: used to directly encode some Relative-OID values

values 0001 to 1110, shall encode a Relative-OID that has only one arc and that arc
has a value 1 to 14

value 1111 indicates that the Relative-OID, Object-Identifier or Root-OID is directly
encoded 1N SUDSEqUent bytes

D.7.3 The Precursor for the Root-OID for Data-Format = 2

The Data{Format = Root-OID-Encoded (2) requires the Root-OID to be directly encoded. The"Precurdor
for the Rpot-OID only shall be 1 byte that precedes the Root-OID; there is no associated compacted
Object. This Precursor structure applies to the Root-OID being encoded in the directory and in the
dataset afea.

The strudture of the Precursor is bit based from bit 8 to bit 1:

Bit 8: the offset and expansion bit

if bit8 =10 no offset is present

ifbit8=1 an additional byte follows as\part of the Precursor
Bits 7 to 1: the length of the Root-OID (in bytes) betweén 1 to 126

bbbbbbb = length of the Root-OID

The Precprsor for all other datasets in Logical Memory structures with Data-Format =2 shall be [as
defined i D.7.2.

D.7.4 Precursor value 00, as a terminator

The Precyirsor with the value 00,,acts as a terminator of the dataset list of No-Directory structure| It
also acts ps a terminator of the direetory in a directory structure on the Logical Memory.

D.7.5 Precursor value 805, for the Null byte

The Precyirsor with the&\value 80,4 signals a Null byte that is inserted in a sequence of datasets when
one has been modified{or deleted.

In the cage of thexModify command (see 8.4.3), if the encoded length of the modified dataset is longder
than the jpreyviously encoded dataset, there can be a requirement to re-organise all subsequent ddta
on the R{ID:tag. An alternative solution is to encode the required number of Null bytes in the existi
space and-efcode-the-modifieddatasets —enrd-of-attexistingdatasets: ts—sotuttonof-using
Null byte, might not be possible in the situation where the modified dataset, placed at the end of the
encoding, causes the encoding to overflow the memory capacity.

A similar option is available for the Delete command, which simply requires the deleted dataset to be
overwritten with a series of Null bytes. The Null-byte should not be used as the last dataset, because
this is consuming encoding capacity for no logical advantage.

During the decoding process, if the byte value 80,4 occurs as a valid Precursor, then all contiguously
encoded bytes with the same value shall be ignored. The first byte that has a different value shall be
processed as the Precursor of the next dataset.
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D.8 Offset byte

The Offset byte is required if the block(s) containing the dataset shall be block aligned. This can be
necessary because the dataset or an adjacent dataset is required to be locked.

The Offset byte shall encode the value of the number of pad bytes (byte value 80,4) required to follow
the end of the Object to place the next Precursor or terminator at the beginning of the next block.

NOTE As the maximum block size is 256 bytes (see 9.3.3), and the Precursor plus offset require two bytes,
the maximum value for the Offsetis FE .

The Offset value 0044 is valid. It is used when the Offset itself provides the padding feature, i‘e.lwhen the
dqtaset without the Offset is one byte short of reaching a block boundary.

The Offset value FF shall be used to indicate that the Offset is followed by a PrecurSpr expar]sion byte
(s¢e D.9).

D|{9 Precursor expansion byte

If the Offset byte has the value FF, it shall be followed by the Precuirsor expansion byte. At present,
thjs only has a limited specification. Bit 7 to 1 are reserved for future-éxpansion of the Precufsor. Until
this document is amended or revised, the Precursor expansion byte shall not be used.

When it is more fully specified, if bit 8 = 0, there is no Offset yte to follow. If bit 8 = 1, then an gdditional
Offfset byte shall follow and values 00 to FE,4 shall be used'to indicate the value of the Offset.

NOTE This subclause is included to show that the Precursor feature has scope for expansion if required in

the future.

D{10Decoding the Logical Memory

D{10.1 General

The following sub clauses provideladvice and rules to decode components of the Logical Memory. The
sifnpler decode functions that ean-easily be determined from the encoding rules are not coverfed.

D{10.2 Overall decode strategy

The DSFID is the primeKey to decoding. Particular values determine whether a directory stfucture is
used, which enables-athree-stage search to be undertaken:

1.| toread théentire directory.
2.| to parsethe directory to locate the address of the required dataset.

3.| towead the dataset starting from that address.

In contrast, a No-Directory structure requires continual processing of the dataset area until the desired
Object- Identifier is found.

The DSFID also provides information about the Root-OID, particularly whether this is implicitly or
explicitly encoded.

The parsing process is continually looking forward, whether this is for reading the directory, the
datasets in a No-Directory structure, or a particular dataset.

If the Object-Identifier is not required, the value for length of Object can be used to skip forward to the
next Precursor. A similar, but slightly more complex process is possible to invoke to skip over the Object-
Identifier. In this case, the first byte(s) of the encoded Object-Identifier shall be parsed to determine the
length and type of Object-Identifier. These points are more fully described below.
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ecoding the DSFID

The following DSFID values are in the format m, n where m = Access-Method (0-1) and n = Data-Format
(0-31). This advice only applies to those values already assigned in this document and in ISO/IEC 15961.

The following values indicate structures and processes:

0,1 --

0,2 --

No-Directory, with each Object-Identifier presented in full.

No-Directory with an explicitly encoded Root-OID in the firstlogical position. All subsequent

0,n (1
ative
the e

1,1--

1,2 --

1,n (n
ues a

Retative-ODvaluesare prefixed by the Root=0tbwhendecoded Fult Object=Tdentifiersm
appear in the encodation.

= 3...287) -- No-Directory with the Root-OID defined by the Data-Format. All subsequent R
OID values are prefixed by the Root-OID when decoded. Full Object-Identifiers may“appear
hcodation.

Directory with each Object-Identifier presented as in full in both the directory and the g
taset area.

Directory with an explicitly encoded Root-OID in the firstlogical position of the directory a
in the dataset area. All subsequent Relative-OID values are prefixed by the Root-OID wh
decoded. Full Object-Identifiers may appear in the encodatjon.

=3...287) -- Directory with the Root-OID defined by the DSFID. All subsequent Relative-OID v

These rulles do not necessarily apply to different Access-Methods and the detailed specification of oth

Access-M

pthods should be used as the correct reference,

D.10.4 Dlecoding the Precursor

D.10.4.1

The follo
following

Precursor

wing bit-based structure applies to the Precursor, with three exceptions defined in t
sub clauses.

If=0 There is.io expansion nor offset byte to follow.
There is amexpansion byte (see D.9) which may be followed by a second offset byte.

Defings the Compaction Type Code (see D.2.4). Decompaction is only required if the comma
callsfor the particular Object to be returned.

Yy

JE
in

a-

e prefixed by the Root-OID when decoded. Full Object-Identifiers may appear in the encodatign.

hd

Values 0001 to 1110 represent the value of the single Relative-OID arc value 1 to 14. In th

is

D.10.4.2

case, the Precursor 1s followed by the byte(s) defining the Ilength of the Ubject. The Ubject-

Identifier is treated as a Null field.

Value 1111 indicates that the Precursor is followed by an encoded Object-Identifier (of any

permitted type).

Terminator byte

If the Precursor has the value 00, it acts as a terminator to signal the end of the directory and/or the
end of the encoding of the datasets.
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If the Precursor has the value 8044 it signals that this and contiguous bytes with the same value have
been used to deal with the encoding space following a delete or modify command. The first byte that
has a different value shall be treated as the valid Precursor of the next dataset.

D.

10.4.4 Precursor for the explicitly encoded Root-OID

If the DSFID is 0,2 the Precursor in the first logical byte position shall have the following structure:

If

bits

8 If=0 There is no expansion nor offset byte to follow.

7to1 Defines the length (in bytes) of the Root-OID.

the DSFID is 1,2 the Precursor in the first logical byte position of the direCtory and of the da

shiall have the structure as above.

D.

Ge
to

10.5 Decoding the leading byte(s) of the encoded Object-Identifier

this are when the Precursor itself encodes the Object*ldentifier (i.e. as for a low value

Rglative-OID), and where an offset byte is inserted after-the Precursor.

Th
an

d sometimes the value of this, as defined below:

First byte value
(HEX)

bits 5 to 1 encode this, and the length = bbbbb - 1.
This byte is followed by the Relative-OID.

lengths between 17 to 126 bytes. bits 7 to 1 of the second byte directly e
length.

Thic ot o f oot iefall mvad hartbha Dalotia AOIN

If=1 Thereis an expansion byte (see D.9) which may be followed by a second’offset byte.

This byte\s followed by the byte(s) encoding the length of the encoded O

aset area

nerally, the encoding of the Object-Identifier immediately4ollows the Precursor. The only efxceptions

fingle arc

e first byte(s) of the encoded Object-Identifier idertify the type of Object-Identifier and the length,

00to 70 This encodes théwvalue of a Relative-OID that has a single arc. To calculate{the value
of the arc for the application interface add OF ¢ to that in the Logical Merpory.

bject.

80 to 9F This encodes the length of a Relative-OID (see D.6) for lengths between 1 tq 16 bytes.

A0 This encodes the length of a Relative-OID using this lead byte and the next byte for

hcode the

XL 3 X 2
TS pPaiT UT Oy LS 1S TonMoUW ot Uyt I CTatrv e Ot

CO0 to DF This encodes the length of an Object-Identifier for lengths between 1 to
bits 5 to 1 encode this; and the length = bbbbb - 1.

This byte is followed by the Object-Identifier.

EO This encodes the length of an Object-Identifier using this lead byte and the

32 bytes.

next byte

for lengths between 33 to 127 bytes. bits 7 to 1 of the second byte directly encode

the length.

This pair of bytes is followed by the Object-Identifier.
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Annex E
(normative)

Basic data compaction schemes

E1l Ge

The basic
the No-D
Access-M
subclause

The basic

heral

rectory Access-Method. They are also called out in the Packed-Objects and Tag-Datd-Prof
ethods. Annexes associated with the other Access-Methods make specifievfeference
s below.

data compaction schemes are applicable to data Objects to reduce the amount of encodi

space required to store that data on the RFID tag. The schemes shall apply to entire' data Object, i.e. it

not possi

ble to switch schemes in the middle of a data Object. Nor shall a compaction scheme stradd

two, or more, data Objects. By applying data compaction to a complete Object, it can be extracted in

compacte

The sche
character

d form as part of a read or write command.

string is too short to compact under any one compactionscheme, the character string shall

encoded fising octets.

E.2 Integer compaction

Integer cc
(i.e.any 2
the leadin

If the dec
digits, or

The rules
a) Ifthe

This

a sim
langt
proce

1)

mpactionis designed to compact decimal integers from the value 10 t0 99999999999999999
-digit to 19-digit value) to a binary formgat. All input bytes shall be in the range 30 to 394; a
g byte(s) shall not be 304.

mal integer value is less than 10, use octet encodation. If the decimal integer is longer than
the leading byte(s) are 30, aumeric compaction shall be applied.

for integer compactionare:
decimal numeric value is 10 to 9999999999999999999, convert to a binary value.

hllows for conyersion within a 64-bit value (or 8 bytes). Some program languages can supp
ple data type_eonversion to an integer value (different names are used). If the particu

ss should.be used:

se‘the data type conversion up to the limit of the program language.

mes are defined below in sequence of greatest potentialé{compaction to no compaction. If

data compaction schemes were first introduced in the 2004 version of this document for

jle
to

ng
is
[le
ts

D9
hd

rt
ar

age does.notsupport a data type conversion of a decimal value of 19 digits, then a two-stajge

2) UseaModulo 256 conversion for higher values.

b) Alignto abyte boundary, by padding with leading zero bits if required. Depending on the conversion
procedure used, it could be necessary to strip off any leading bytes with the value 00,4 to achieve
the minimum encoded length. The encoded byte string should not include Encode as integer, code
value 001 in the Precursor.

E.3 Nu

meric compaction

Numeric compaction is designed to encode any decimal numeric character string, including leading
zeros. The character string shall be 2 or more characters long. Numeric compaction preserves the

128
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original character string length so that, once decoded, leading zeros, if present, are output. All input
bytes shall be in the range 30 to 39.

The rules for numeric compaction are:
a) Convert each decimal digit to its 4-bit binary equivalent (Binary Coded Decimal).

b) If the numeric character string has an odd number of digits, append an additional 4-bit string
"1111" to align the compaction to byte boundaries.

c) _Encode each 4-bit pair as a byte. Define the compacted sequence as numeric, code value 010 in the
Precursor.

During the decode process, if the last byte has the value "xF", the last four bits "1111" @are disfcarded to
refcreate the numeric character string of an odd number of decimal digits.

E4 5-bit compaction

5-pit compaction is designed to encode uppercase Latin characters and.S6me punctuation.|All input
bytes shall be in the range 41 to 5F;,. The character string shall be 3 0r more characters Iqng. Up to
37 % of memory space can be saved using this scheme. Annex F shows'the ISO/IEC 646 charafters that
can be encoded.

The rules for 5-bit compaction are:

a)| For each character:

1) Confirm that the byte value is in the range 4&to 5F .
2) Convert the byte value to its 8-bit binarytequivalent.
3) Strip off the lead 3 bits "010".

4) Write the remaining 5-bits to albit string.

b)| Once all the characters have beén converted to 5-bit values and concatenated, divide the[resultant
bit string into 8-bit segments starting with the most significant bit. If the last segment contains less
than 8 bits, pad with "0/ bits.

c)J| Convert the 8-bit segmiéents to hexadecimal values.
d)| Encode the copverted byte sequence as 5-bit code, code value 011 in the Precursor.

Dyring the deeode process, each 5-bit segment of the compacted bit string has "010" added as a prefix
to|re- create the 8-bit value of the source data. If "0" pad bits are present at the end of the cdmpaction
bit string,'they are discarded.

If 5,66 0r 7 pad bits are present, the decoder could attempt to convert the first 5-bits to the source
data-However, this results in character 404, which is not supported in 5-bit compaction anfl shall be
discarded.

E.5 6-bit compaction

6-bit compaction is designed to encode uppercase Latin characters, numeric digits, and some
punctuation. All input bytes shall be in the range 20 to 5F;,. If the trailing byte(s) are 20,4, 7-bit
compaction shall be used. The character string shall be 4 or more characters long. Up to 25 % of memory
space can be saved using this scheme. Annex F shows the ISO/IEC 646 characters that can be encoded.

© ISO/IEC 2022 - All rights reserved 129


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC

The rules

15962:2022(E)

for 6-bit compaction are:

a) Check for byte 20,4 in the final position(s). If found, go to 7-bit compaction, otherwise continue

steps

2to 5.

b) For each character:

1) Confirm that the byte value is in the range 20 to 5F .

2) Convert the byte value to its 8-bit binary equivalent.

3) Strip off the Teading Z bits: "00," for bytes 20 to 3F;, or '01," for bytes 40 to 5Fq.

4)

c) Divide the resultant bit string into 8-bit segments starting from the most significant bit\If the 13

segm
strin

d) Cony
e) Enco
During th
If the
If the

If pad st
discarded

If6padb
2044 that

Using the
data com

EXAMPLE

oncatenate the remaining 6-bits to a bit string.

ent contains less than 8 bits pad, as appropriate, with the first two, four or all‘bits of the p
5 "100000,".

brt the 8-bit segments to hexadecimal values.

e the converted byte sequence as 6-bit code, code value "100," in the-Precursor.

e decode process, each 6-bit segment of the compacted bit string'is analysed.

first bitis "1,", the bits "00" are added as a prefix before converting to values 20 to 3F.
first bitis "0,", the bits "01" are added as a prefix before converting to values 40 to 5F,.

rings "10", "1000" or "100000" are present at.thé’ end of the encoded bit string, they 3
.

ts are present, the decoder can attempt to_convert this to source data. This results in charact
is not supported in this final position and shall be discarded.

example in 8.1.2, the example below shows the effect of processing the Object through t
baction process.

The Object content"ABC123456" converts to HEX as 41 42 43 31 32 33 34 35 36. Analysi
this byte streamhows that all values are in the range 20 to 5F ¢, enabling 6-bit compacti
to be used. The:Object byte stream converts as follows:

st
hd

er

ng
bn

130

HEX: 4142 43313233343536

Binary: 10000001 10000010 10000011 00110001 0011001
00110011 00110100 00110101 00110110

Remove bits 8 & 7: 000001 000010 000011 110001 110010110011

110100 110101 110110

As this is only 54 bits, the first two bits of the pad string "10" are appended and the 56-bit

string is divided into a sequence of 8-bit values:
000001 00 00100000 11110001 110010 11 0011 1101
00110101 11011010

Convertto HEX: 04 20F1 CB3D 35 DA
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E.6 7-bit compaction

7-bit compaction is designed to encode all ISO/IEC 646 characters including control characters except
for DELETE. All input characters shall be in the range 00 to 7E;. The character string shall be 8 or
more characters long. Up to 12 % of memory space can be saved using this scheme. Annex F shows the
ISO/IEC 646 characters that can be encoded.

The rules for 7-bit compaction are:

a) For each character:

1) Confirm that the byte value is in the range 00 to 7E .
2) Convert the byte value to its 8-bit binary equivalent.
3) Strip off the lead bit "0".

4) Concatenate the remaining 7-bits to a bit string.

b)[ Once all the characters have been converted to 7-bit values, divide thetesultant bit string|into 8-bit
segments starting with the most significant bit. If the last segment contains less than 8-bits, pad
with "1," bits.

c)J| Convert the 8-bit segments to hexadecimal values.

d)[ Encode the converted byte sequence as 7-bit code, codévalue "101," in the Precursor.

EXAMPLE

The Object content "Ace#123451337" converts'to HEX as 41 63 65 23 31 32 33 34 35 3133 33 37
Analysing this byte stream shows that all vakies are in the range 00 to 7E, enabling 7-bit cqmpaction
to be used. The Object byte stream converts as follows:

HEX: 4163 6523 313233343531333337
Binary: 01000001 01100011 01100101 00100011 00110001 00110010 0017j0011
00120100 00110101 00110001 00110011 00110011 00110111
Remove bit 8: 1000001 1100011 1100101 0100011 0110001 0110010 0110011 0110100
0110101 0110001 0110011 0110011 0110111

As this/is only 91 bits, the first five bits of the pad string "11111" are appended and the 96-bit
stringiis'divided into a sequence of 8-bit values:

10000011 10001111 00101010 00110110 00101100 10011001 10119100
01101010 11000101 10011011 00110110 11111111

Convertto HEX: 83 8F 2A 36 2C 99 B4 6A C5 9B 36 FF

NOTE Although the last encoded byte contains all "1,"s, decoding from the first byte in 7-bit steps ensures
that the pad bits are correctly recognised and discarded

During the decode process, each 7-bit segment of the compacted bit string has bit "02" added as a prefix
to recreate the 8-bit value of the source data. If "12" pad bits are present at the end of the encoded bit
string, they are discarded.

If 7 pad bits are present, the decoder can attempt to convert these to source data. However, this results
in character 7F 4, which is not supported in 7-bit compaction and shall be discarded.
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EXAMPLE

The encoded string " AF CB OE EC FB 32 F2 40 BE 0C 28 71 22 FF " is presented to the decoder, and
processed as follows:

Convert to 8 bits: 10101111 11001011 00001110 11101100 11111011 00110010 11110010
01000000 10111110 00001100 00101000 01110001 00100010 11111111

Concatenate & 1010111 1110010 1100001 1101110 1100111 1101100 1100101 1110010
SPIIt to /7 DItS:

0100000 0101111 1000001 1000010 1000011 1000100 1000101 1111191

Adld lead 0 to 01010111 01110010 01100001 01101110 01100111 011011006,011001P1
edch 7 bits: 01110010 00100000 00101111 01000001 01000010 01000021 010001p0
01000101 01111111

Convert to HEX: 57 72 61 6E 67 6C 65 72 20 2F 41 42 43 44 45 7F

Convertto ISO/ W r a n g 1 e t / A B
IHC 646 charac- C D E

tefrs:

NOTE The HEX byte 7F at the end of the encoding appears to be @ valid character, except that 7F is nof a
supported character for the 7-bit compaction scheme. The apparentrambiguity is caused by the fact that ghe
15-character string "Wrangler /ABCDE" encodes over 105 bits anéxéquires 7 pad bits at the end to encode jon
a byte aligned basis. During the decode process the 14 encoded bytes (112 bits) are concatenated and split ifjto
sixteen 7-bit sequences each of which is prefixed by a leading @ 'bit. The last 7-bit sequence "11111112" indicates
a pad seqyence. When this has the 02 prefix this appears as\a legitimate byte, except for the fact that 7F isfan
invalid chgracter, and so is discarded. This occurs for char@eter strings of 15, 23, 31 and so forth in length.

E.7 Octet encodation

Octet endodation is used when none of the above compaction schemes can be invoked. It encodes pll
bytes in the range 00 to FF.

The encofled byte string is identicalto the source byte string. Encode as octet string, code value 110|in
the Precuyrsor. No decode procgessing is required.
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Annex F
(normative)

ISO/IEC 646 characters supported by the compaction schemes

_[S_Q,LLE_C_&A-B Character Included in rnmparfinn type .
character value (HEX) 7-bit 6-bit 5-bit (@ﬂleric
NUL 00 . AN v
SOH 01 . ] R
STX 02 . D
ETX 03 . B N~
EOT 04 . ‘\Qy
ENQ 05 . o
ACK 06 . R
BEL 07 . . O]
BS 08 . X
HT 09 . LY
LF 0A . O
VT 0B . =
FF 0C . Y
CR 0D -0
SO OE A
SI OF L
DLE 10 S .
DC1 1 .
DC2 12 5 .
DC3 18, .
DC4 (4 .
NAK N\’ 15 .
syN <7 16 .
ETB_ o | 17 .
CANN 18 .
<M 19 .
& 5UB 1A .
ESC 1B .
FS 1C .
GS 1D .
RS 1E .
US 1F .
SPACE 20 . .
! 21 . .
" 22 . .
# 23 . .
$ 24 . .
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ISO/IEC 646

character

Character
value (HEX)

Included in compaction type

7-bit

6-bit

5-bit

Numeric

%

25

26

27

28

29

2A

2B

2C

2D

2E

2F

30

31

32

33

34

35

36

37

38

OIS TWINIEO

39

3A

3B

3C

3D

V

3E

SRS

oDl >

OO |Z ||| R|—|—~|=
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ISO/IEC 646

character

Character
value (HEX)

Included in compaction type

7-bit

6-bit

5-bit

Numeric

51

52

53

54

55

56

57

58

59

5A

5B

5C

5D

Sl— |- INI< x| SKlal3|vn|m|o

5E

5F

60

61

62

63

64

65

66

67

S || ||l |ofw

—

W_.

[a—

o |o |z |8

e
,74)

K

<

&/\

N < |[x|S|<|e|+]|w
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ISO/IEC 646 Character Included in compaction type
character value (HEX) 7-bit 6-bit 5-bit Numeric
" 7D .
~ 7E .
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Annex G
(informative)

Encoding example for No-Directory structure

G

TH
clz
m

G

Th
TH
ar

EX
Us|

Th

G

Fdr this illustration, assume that the full Object-Identifier is first created in the correct forn

an

Uf{

G

1 General

e encoding example shown below is based on the processes specified in this document)Th
use is referred to at each stage of the illustrated example. Specific implementations‘are li

2 Starting position

is stage is based on the transfer of the Object-ldentifiers and OWjects in application cd
is example uses two hypothetical Object-Identifiers and Objects;biit not considering any 4
ouments such as locking the dataset.

AMPLE

h

urn:oid: 1.0.15691.27.48 with the nine-character ddata"ABC123456"
urn:oid:1.0.15961.27.13 with the two-character,data "50"
e data is probably transferred as the hexadecimal strings "41 42 43 31 32333435 36" and "35 30", re

3 Encoding the Object-Idéntifiers

y truncation to remove the common Root-OID. This is a procedure that can be used with Dat
P, but for other Data-Formats it is possible to identify the Root-OID and only encode the Reld

ing the rules defined’in D.3:
urn:oid: 1.0;135691.27.48 encodes as "28 FC 59 1B 30"
urn:o0id:1.0.15961.27.13 encodes as "28 FC 59 1B 0D"

4~ Initial state of the entry for the Logical Memory

e relevant
kely to be

bre efficient, but the detailed steps are shown to aid readers with an understanding of the process.

mmands.
dditional

ing the urn form (see 6.3.3) for the Object-Identifier and pgrintable characters for the Object, the injput values
arg:

Epectively.

at before
a-Format
tive-OID.

Using the example in G.3, the bytes can be mapped to create the initial encoding as illustrated in
Table G.1. The Precursor bits are set to NULL. All the other encoding is of bytes.

NOTE The contents of Table G.1 will be updated as additional processes are applied.

©
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Table G.1 — Initial encoding example of application data

Precursor (bits) Offset | L of Ob- | Object-Identi- |Length Object
b8 | b7 [ b6 [ b5 [ba [b3 [ b2 [ b1 ject-1d fier Oife‘z‘t"

05 28FC59 1B 30 09 |414243313233343536
05 28FC591B 0D 02 |3530

G.5 Logical Memory after data compaction

After professing through the Data Compactor, the data Object and its length can be redefined, butithe
Object-Identifier remains unchanged.

—

The compaction process (as defined in D.2 and Annex E) can be applied to the two data'Objects|in

Table G.1

— The data Object 41 42 43 31 32 33 34 35 36 is compacted to 7 bytes, using thé 6-bit code Type,|to
become 04 20 F1 CB 3D 35 DA (see E.5 for the detailed conversion).

— The data Object 35 30 is compacted to 1 byte "32" using the integer Type(see E.2 for the detailed
conversion).

The first flata Object has the following changes:

— Compaction Type in the Precursor bits 7 to 5 = 100BIN
— Length of data Object =07

— data Pbject: 04 20 F1 CB 3D 35 DA

The second data Object has the following changes:

— Compaction Type in the Precursor bits 7 to 5= 001BIN
— Length of data Object = 01

— data Pbject: 32

The results are shown in Table G(2.

Table-G.2 — Encoding example after data compaction

Precursor (bits) Offset | L of Ob- | Object-Identi- | Length Object
b8 [ b7 [ b6 | b5 | bafb3 [ b2 [ b1 ject-1d fier °ife(:‘t"
1| 0] 0 05 |28FC591B30 07 |0420F1CB3D35DA
0] O{~ 1 05 |[28FC591B0OD 01 32

G.6 Logical Memory after formatting for a No-Directory Access-Method

G.6.1 General

The format rules have a different effect depending on the Data-Format values. The following subclauses
illustrate this using the same input with different Data-Formats.
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G.6.2 Logical Memory after formatting for Data-Format = 2 (Root-OID-Encoded)

Table G.3 shows the result of formatting the input of Table G.2 with Data-Format = 2 (Root-OID-
Encoded):

The Root-0ID 28 FC 59 1B is created, and its length of 4 bytes encoded in the Precursor.

The first Relative-OID is created. As it is a single arc it is a potential candidate for encoding in
the Precursor, but as its value is greater than OE, the Relative-OID shall be directly encoded in
subsequent bytes and the Precursor bits 4 to 1 = 1111,

The Type of Object-Identifier and its length are encoded, as follows:

The Type is encoded in the first 3 bits; Relative-OID = 100,

The length is less than 16 bytes, so is encoded in bits 5 to 1 with length =-bbbbb2-1; l¢
is encoded as 00010,

The bit steam 10000010, = 82,4

The second Relative-OID is created. As it is a single arc it is a potential candidate for en
the Precursor, and as its value is no greater than OE, the Relatives0ID is encoded in the K
Relative- OID = 0D encoded in Precursor bits 4 to 1 = 1101,

No length, nor value, needs to be encoded for this Relative-OID, because it is bit encod
Precursor, saving two bytes.

Table G.3 — Encoding example for Data-Format = 2

ength of 1

coding in
recursor.

ed in the

Precursor (bits) Offset | Object<ld | Object-Identi- | Length Objeqt
bB | b7 [b6 [ b5 [ba [ b3 [b2 [ b1 gpe & fier of Ob-
length ject
0| 1|0 0 28 FC59 1B 00
82 |30 07 |04 20F1CB3035DA
01 (32

G.6.3 Logical Memory after formatting for Data-Format not equal to 2

Table G.4 shows the result of formatting the input of Table G.2 with Data-Format not equal

fo 2. This

clg¢arly shows that the-Root-0ID is not encoded, because it is directly indicated by the Data-Hormat. In
all other respects, the encodation is as in Table G.3, because the same procedures are used to ¢reate the
priecursor for each)Object-Identifier/Object pair.
Table G.4 — Encoding example of Data-Format not equal to 2
Precursor (bits) Offset | Object-Id | Object-Identi- | Length Objeqt
bB{B7 [ b6 [ b5 [ ba [ b3 [b2 | b1 type & fier of Ob-
cngn Ject
1| 0] O 1 82 (30 07 |0420F1CB3D35DA
0] o 1 01 (32
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Annex H
(informative)

Encoding example for a directory structure

H.1 Bape data
Table H.1[shows 64 bytes of encoding for nine datasets, with the shaded cells indicating compaeted dafa.
The byte|values in white cells therefore represent the Precursor, the encoding of the Object-ldentifier
and length bytes.
Table H.1 — Example encoded byes without a directory
2nd pnibble of HEX Address
x0 [x1 ([x2 |x3 (x4 |x5 [x6 [x7 ([x8 [x9 |xA (xB" |xC |[xD |xE [xF
0x 4F |82 (32 |07 |04 |20 |F1 |[CB (3D |35 DA\‘ 1D |01 (32 |11 |06
1Stf“lil]’3‘)’(le 1x |0B [3A (73 |CE |2F |F2 |02 |01 |F8 [43<{0A (38 |CB |71 |CB |30
0
Addresd |2X |35 [DB |7E [39 |c2 |44 |05 |38 |[CB Q}) E7 |98 [15 |02 |04 |CO
3x 16 |05 |02 |4C (B0 (16 |EA |17 |06.\{70 |48 |86 |0D |[DF |79 (00
H.2 Enfoding the first directory entry
Each directory entry takes leading bytes of the dataset as follows:
— The Rrecursor for the dataset.
— The lpngth of the Object-Identifier (conditional).
— The (bject-Identifier (conditional)
As the fifst dataset has the Reldtiye-OID value 4810, each of these components shall be encoded.|In
hexadecijnal, the byte sequenceys:
46 = the Precursor
82 = the lengthiof the Object-Identifier
30 = the Objeét-Identifier
The address ofithe Precursor for this dataset is 00,4. This address applies irrespective of the block size
of the LogicakMemory. The complete sequence is encoded, starting from the highest addressed block
in the mdniory. For this example, assume that the block size is 8 bytes. The bytes are encoded in the

highest block, but still with the normal read direction as shown in Table H.2.

140

Table H.2 — Start of the directory

2nd pibble (HEX) of block
x0 [x1 [|x2 |x3 |x4 |x5 |x6 |x7

(n-3)x
1stnibble (n-2)x
(HEX) of
block |(-1)x
(mx |4F [82 (32 |00
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H.3 Encoding the second directory entry

2022(E)

The second dataset has its Relative-OID encoded in the Precursor, so only the value (1D;4) of the
Precursor is encoded in the directory. This is followed by the byte address (1D;¢z) of the Precursor.
These bytes are encoded immediately after the previous directory entry, as shown in Table H.3.

Table H.3 — Second directory entry

2nd pibble (HEX) of block
X0 [x1 [x2 Ix3 x4 IX5 |x6 |x7

H

Th
fo

T}

4 Encoding the remaining directory entries

e remaining datasets are processed to add the Object-Identifier-and location to the dir
lows:

e complete encoded directory is shown in Table H.4 and is encoded in blocks (n-2) to blocK
"is’the value of the highest block.

(n-3)x
1stnibble (n-2)x
(HEX) of

block |(m-1)x
(m)x |4F [82 [32 |00 [1D |oB

The third dataset only requires the Precursor and its location to be encoded, and this is ¢
the end of the highest block (based on this example of ain\8-byte block).

The fourth dataset only requires the Precursor and.its'location to be encoded, and this is §
the beginning of the next highest block (based onthis example of an 8-byte block).

The fifth dataset only requires the Precursor and its location to be encoded, and this is ¢
the block (n-1), based on this example of a@8-byte block.

The sixth dataset only requires the Rfécursor and its location to be encoded, and this is ¢
the block (n-1), based on this example of an 8-byte block.

The seventh dataset only requires the Precursor and its location to be encoded, and this
in the block (n-1), based omthis example of an 8-byte block.

The eighth dataset only'réquires the Precursor and its location to be encoded, and this is ¢
the block (n-2), based oh this example of an 8-byte block.

The ninth dataset-only requires the Precursor and its location to be encoded, and this is §
the block (n-1),‘based on this example of an 8-byte block.

The terminator is encoded in the next byte location of the directory.

pctory, as

ntered at

ntered at

ntered in

ntered in

s entered

ntered in

ntered in

n, where

Table H.4 — Complete directory entries

2nd pibble (HEX) of block
x0 [x1 [x2 |x3 |x4 |x5 [x6 |x7

(n-3)x
1stnibble [.2)x[16 [30 [17 [37 |00
(HEX) of

block |mDx[02 [17 [43 [1A |44 [26 |15 [2cC

(m)x |4F |82 |32 |00 |1D (OB |11 |OE
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In this example, all the directory blocks are located at higher block address than the encoded data,
otherwise it is not possible to encode a directory. As block (n-3) has not been used for the directory,
subsequent encoding of data or directory may be placed in this block.

H.5 Decoding the directory and reading the target Object-Identifier

The directory is decoded from the highest block address. The first byte is the Precursor of the first
dataset and the structure to the end of the Object-identifier is self-declaring and is decoded as defined
in D.10.4 and D.10.5. As the location address of the target Precursor is encoded to the length encoding
rules defi D351 = T ; TOTT T Tt - is
required;| for locations at addresses up to 16383, two bytes are required; and additional bytes ean/e
used for gny size of address.

With thege structuring rules it is possible to parse and decode the directory until the target Objert-
Identifier]and its location are found.

Using the block size, it is possible to identify the block containing the Precursor of the target Objeft-
Identifierland to invoke a selective read transaction across the air interface.
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Annex I
(normative)

Packed-Objects structure

I.1 Overview

The Packed Objects format provides for efficient encoding and access of user data. TheyRackdd Objects
format offers increased encoding efficiency compared to the No-Directory andDirectory Access-
Methods, partly by utilizing sophisticated compaction methods, partly by defininganinherent/directory
structure at the front of each Packed Object (before any of its data is encoded)that supports random
acress while reducing the fixed overhead of some prior methods, and partly by utilizing datp-system-
specific information (such as the GS1 definitions of fixed-length Applicatieh dentifiers).

I.2 Overview of associated Annexes

The formal description of Packed Objects is presented in this annex and in the annexes defined as
follows:

—{ The overall structure of Packed Objects is described.in L.3.
—{ The individual sections of a Packed Object are.déscribed in 1.4 to L.9.

—{ The structure and features of ID tables (utilized by Packed Objects to represent various dafa system
identifiers) are described in Annex J.

—{ The numerical bases and character,sets used in Packed Objects are described in Annex K|
— An encoding algorithm and werked example are described in Annex L.
— The decoding algorithm forPacked Objects is described in Annex M.

In|addition, note that all degcriptions of specific ID tables for use with Packed Objects are rjegistered
separately, under the procedures of ISO/IEC 15961-2, as is the complete formal descriptipn of the
machine-readable fofmat for registered ID tables.

1.3 High-lével Packed-Objects format design

I.3.1 Overview

The“Packed Objects memory format consists of a sequence in memory of one or more Packed Objects
data structures. Each Packed Ubject may contain either encoded data or directory information, but not
both. The DSFID associated with a particular memory or memory bank indicates the use of Packed
Objects as the memory's Access Method and indicates the registered Data-Format that is the default
format for every Packed Object in that memory. Every Packed Object may be optionally preceded or
followed by padding patterns (if needed for alignment on word or block boundaries). In addition, at most
one Packed Object in memory may optionally be preceded by a pointer to a directory Packed Object (this
pointer may itself be optionally followed by padding). This series of Packed Objects is terminated by
optional padding followed by one or more zero- valued octets aligned on byte boundaries. See Table 1.1,
which shows this sequence when appearing in an RFID tag.

NOTE Because the data structures within an encoded Packed object are bit-aligned rather than byte-aligned,
this annex uses the term "octet" instead of "byte" except in cases where an eight-bit quantity must be aligned on
a byte boundary.
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Table 1.1 — Overall memory structure when using Packed-Objects

DSFID2 |Optional |First Packed- |[Optional |Optional Second Optional |Optional |Zero
Pointer®?  |Object Pointer®?  |Packed- Object Packed- Pointer®  |Octet(s)
And/Or And/Or Object And/Or
Padding Padding Padding

a2 For many tag architectures the DSFID is encoded separately in a predefined area of memory, and not as illustrated
here.

b The optional pointer to a directory Packed Object may appear at most only once in memory.

Every Pag >
reference to an entry within a base ID table from a registered data format. The entry is referenepd
by its relptive position within the base table; this relative position or base table index is reférreéd |to
throughopt this specification as an "ID value." There are two different Packed Objects methods availa
for repregenting a sequence of Identifiers by reference to their ID values:

— AnI[ List Packed Object (IDLPO) encodes a series of ID values as a list, whose length depends on the
number of data items being represented;

— An I} Map Packed Object (IDMPO) instead encodes a fixed-length bit array;'whose length depends
on thie total number of entries defined in the registered base table. Eacli-bit in the array is "1" if the
corrgsponding table entry is represented by the Packed Object and is*0" otherwise.

An ID Ligt is the default Packed Objects format, because it uses few&r bits than an ID Map, if the ljst
contains pnly a small percentage of the data system's defined ID ¢aldues. However, if the Packed Objgct
includes nore than about one-quarter of the defined entries, then an ID Map requires fewer bits. Hor
example, [if a data system has sixteen entries, then each ID ¥alue (table index) is a four-bit quantity,
and a list{of four ID values takes as many bits as would the'Complete ID Map. An ID Map's fixed-length
characteifistic makes it especially suitable for use in a directory Packed Object, which lists all of the
Identifierfs in all of the Packed Objects in memory (se¢1.9). The overall structure of a Packed Objec{is
the same|whether an IDLPO or an IDMPO, as shown.in Table 1.2, and as described in the next subsecti¢n.

Table 1.2 — Packed Object structure

Optional |Object Info section Secondary |Aux format Data section (if
Format (IDLPO or IDMPO) ID section |section needed)
Flags (if needed) (if needed)

Packed Opjects may be made (editable", by adding an optional Addendum subsection to the end of the
Object Info section, which includes a pointer to an "Addendum Packed Object" where additions andjor
deletions|have been made—One or more such "chains" of editable "parent” and "child" Packed Objegts
may be pfesent within'the overall sequence of Packed Objects in memory, but no more than one chain|of
directory| Packed Qbjects may be present.

1.3.2 escriptions of each section of a Packed Object's structure

Each Packed e eral bit-aligned section e, no pad bits between sections dre
used), carried in a variable number of octets. All required and optional Packed Objects formats are
encompassed by the following ordered list of Packed Objects sections. Following this list, each Packed
Objects section is introduced, and later sections of this annex describe each Packed Objects section in
detail.

A Packed Object may optionally begin with the pattern "0000", which is reserved to introduce one or
more format flags, as described in 1.4.3. These flags may indicate use of the non-default ID Map format.
If the format flags are not present, then the Packed Object defaults to the ID List format:

— Certain flag patterns indicate an inter-Object pattern (Directory pointer or padding).

— Other flag patterns indicate the Packed Object's type (Map or List) and may indicated the presence
of an optional Addendum subsection that enables data to be edited.
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All Packed Objects contain an Object Info section that includes Object length information and ID value
Information:

— Objectlength information includes an Object length field (indicating the overall length of the Packed
Object in octets) followed by pad indicator bit, so that the number of significant bits in the Packed
Object can be determined.

— ID value Information indicates which Identifiers are present and in what order, and (if an IDLPO)
also includes a leading NumberOfIDs field, indicating how many ID values are encoded in the ID List.

The ﬂh}'pr‘f Info sectionis encaoded in one of the Fn]]m/\ring formats:

—{ ID List (IDLPO) Object Info format (Table 1.3 and Table 1.4):

— Objectlength (EBV-6) plus pad indicator bit,

— Asingle ID List or an ID Lists section (depending on format flags),
— ID Map (IDMPO) Object Info format (Table 1.5):

— One or more ID Map sections,

— Objectlength (EBV-6) plus pad indicator bit.

Far either of these Object Info formats, an optional Addendunisubsection may be present at the end of
the Object Info section.

Table 1.3 — IDLPO Default ID Eist Object Info structure

Object Info, in a&Default ID List PO

Objectlength| Numberiof | IDlist | Optional adden-
IDs dum

Table 1.4 — IDLPONon-default ID List Object Info structure

Object Info, in a Non-default ID List PO

Object ID Lists section (one or |Optional adden-
length more lists) dum

Table 1.5 — IDMPO Object Info structure

Object Info, in an ID Map PO

ID Map section (one or Object Optional ad-
more maps) length dendum

A Packed-Object may include a secondary ID section, if needed to encode additional bits that affe defined
for some classes of IDs (these bits complete the definition of the ID).

A data Packed Object may include an Aux format section, which if present encodes one or more bits that
are defined to support data compression, but do not contribute to defining the ID.

A data Packed Object includes a data section, representing the compressed data associated with each of
the identifiers listed within the Packed Object. This section is omitted in a directory Packed Object, and
in a Packed Object that uses No-directory compaction (see 1.7.2). Depending on the declaration of data
format in the relevant ID table, the data section will contain either or both of two subsections:

— Known-Length Numerics subsection: this subsection compacts and concatenates all the non-empty
data strings that are known a priori to be numeric.

— AlphaNumeric subsection: this subsection concatenates and compacts all the non-empty data
strings that are not a priori known to be all-numeric.
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1.4 Format flags section

1.4.1 Flags

This subclause defines the valid format flags patterns that may appear at the expected start of a Packed
Object to override the default layout if desired. For example, a format flag can change the Packed
Object's format or signal the insertion of padding patterns to align the next Packed Object on a word or
block boundary). The set of defined patterns is shown in Table L.6.

Tablel.6 — Eormat flngc

Bit patfern Description Additional Info See Annex
0000 000p Termination pattern No more packed objects follow L4.2
0000 oooft Invalid pattern
0000 001p Invalid pattern
0000 001f Invalid pattern
LLLLLL xk First octet of an IDLPO Forany LLLLLL >3 L5
0000 Format flags starting pattern (if the full EBV-6 is non-zero) 14.3
0000 10N|A IDLPO with: If N = 1: allows multiple ID tables 144

N = 1: non-default Info If A=1: Addendum pointef(s)at end of Object

A =1: Addendum present Info section
0000 01xk Inter-Packed Object pattern A directory pointery.or padding L4.5
0000 010p¢ Signifies a padding byte No padding length indicator follows L4.5
0000 0101 Signifies run-length padding An EBV-8 padding length follows L4.5
0000 0119 RFU L4.5
0000 011} Directory pointer Follewed by EBV-8 pattern L4.5
0000 11xk ID Map Packed Object 14.3

1.4.2 Data terminating flag pattern

A pattern of eight or more "0" bits atthe expected start of a Packed Object denotes that no more Pack

Objects afe present in the remainder)of memory.

NOTE

1.4.3 Fprmat flagssection starting bit patterns

A non-zeijo EBV-64with a leading pattern of "0000," is used as a format flags section indicating pattel

Six successive "0" bits at the expected start of a Packed Object can (if interpreted as a Packed Obje
indicate a ID List Packed Objeetof length zero.

The additjional bits following an initial "0000," format flag indicating pattern are defined as follows:

— A following two-bit pattern of "10," (creating an initial pattern of "000010,") indicates an IDL

Ct)

n.

PO

with atieastone non-default optional feature (See LA4).

— A following two-bit pattern of "11," indicates an IDMPO, which is a Packed Object using an ID
Map format instead of ID List format The ID Map section (see 1.9) immediately follows this two-bit

pattern.

— Afollowing two-bit pattern of "012" signifies an External pattern (Padding pattern or pointer) prior
to the start of the next Packed Object (see 1.4.5).

Aleading EBV-6 ObjectLength of less than four is invalid as a Packed Objects length.

The shortest possible Packed Object is an IDLPO, for a data system using four bits per ID value, encoding
a single ID value. This Packed Object has a total of 14 fixed bits. Therefore, a two-octet Packed Object
would only contain two data bits and is invalid. A three-octet Packed Object would be able to encode
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a single data item up to three digits long. In order to preserve "3" as an invalid length in this scenario,
the Packed Objects encoder shall encode a leading format flags section (with all options set to zero, if
desired) in order to increase the object length to four.

1.4.4 IDLPO format flags

The presence of the bit pattern "000010," at the expected start of a Packed Object is followed by two
additional bits, to form a complete IDLPO format flag of "000010NA", where:

— Ifthe first additional bit "N" is "0,", then the default IDLPO format is employed for the IDLPO Object
ffosection T hisattows foromy asimgie D Eisttutihzing the registration s defautt base 1 table).

— If the first additional bit "N" is "1,", then a non-default format is employed for thé IDLPO Object
Info section. The optional non-default IDLPO Object Info format supports a sequence |of one or
more ID Lists, and each such list begins with identifying information as to which registergd table it
represents (see .5.2).

— If the second additional bit "A" is "1,", then an Addendum subsection {s present at the g¢nd of the
Object Info section (see [.5.7).

— If the second additional bit "A" is "0,", then no Addendum subsecfion'is present.

1.4.5 Patterns for use between Packed Objects

The presence of "000001," at the expected start of a Packed@Object is used to indicate either ppdding or
a dlirectory pointer, as follows:

A following two-bit pattern of "11," indicates that a dibectory Packed Object pointer follows the pattern.
The pointer is one or more octets in length, in EBV<8 format. This pointer may be Null (a valug of zero),
byt if non-zero, indicates the number of octets-from the start of the pointer to the start of a directory
Pqcked Object (which if editable, shall be thefirst in its "chain"). For example, if the format|flag byte
fof a directory pointer is encoded at bytecoffset 1, the pointer itself occupies bytes beginning at offset
2,land the directory starts at byte offset'9, then the Dir Ptr encodes the value "7" in EBV-8 [format. A
directory Packed Object pointer may.‘appear before the first Packed Object in memory, or at pny other
pdsition where a Packed Object nmiay begin, but may only appear once in a given data carriell memory,
arld (if non-null) must be at a lower address than the directory it points to. The first octet after this
pdinter may be padding (as,defined immediately below), a new set of format flag patterns, oy the start
offan ID List Packed Object:

— A following two-bit-pattern of "00," indicates that the full eight-bit pattern of "00000100}" pattern
serves as a padding byte, so that the next Packed Object may begin on a desired word or block
boundary. This pattern may repeat as necessary to achieve the desired alignment.

— A following two-bit pattern of "01," indicates as a run-length padding indicator, and shall be
immediately followed by an EBV-8 indicating the number of octets from the start of the EBV-8 itself
to the start of the next Packed Object (for example, if the next Packed Object follows immpnediately,
the EBV-8 has a value of one). This mechanism eliminates the need to write many words of memory

faonad ot o lovan o ao o ooy
A} l.l(/l\.l uul aIidr 6\4 ITICIIIVUT j UITUTCIN,.

— A following two-bit pattern of "10," is Reserved.

I.5 Object Info section

I.5.1 General

Each Packed Object's Object Info section contains both length information (the size of the Packed
Object, in bits and in octets), and ID values information. A Packed Object encodes representations of
one or more data system Identifiers and (if a data Packed Object) also encodes their associated data
elements [Application Identifier (Al) strings, Data Identifier (DI) strings]. The ID values information
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encodes a complete listing of all the Identifiers (e.g. Als, DIs) encoded in the Packed Object, or (in a
directory Packed Object) all the Identifiers encoded anywhere in memory.

To conserve encoded and transmitted bits, data system Identifiers (each typically represented in data
systems by either two, three, or four ISO/IEC 646 characters) is represented within a Packed Object by
an ID value, representing an index denoting an entry in a registered base table of ID values. A single ID
value may represent a single Object Identifier or may represent a commonly used sequence of Object
Identifiers. In some cases, the ID value represents a "class" of related Object Identifiers, or an Object
Identifier sequence in which one or more Object Identifiers are optionally encoded; in these cases,
secondary ID bits (see 1.6) are encoded in order to specify which selection or option was chosen when
the Packdd Object was encoded. A "Tully-qualified ID value" (FQIDVJ 1s an ID value, plus a partlcuEr
choice of|associated secondary ID bits (if any are invoked by the ID value's table entry). Ondy lohe
instance pf a particular fully-qualified ID value may appear in a data carrier's data Packed Objects, Hut
a particular ID value may appear more than once, if each time it is "qualified" by different secoridary|[D
bits. If anj ID value does appear more than once, all occurrences shall be in a single Packéd Object (or
within a gingle "chain" of a Packed Object plus its Addenda).

There arg two methods defined for encoding ID values: an ID List Packed Object uses a variable-length
list of ID yalue bit fields, whereas an ID Map Packed Object uses a fixed-length bit\array. Unless a Packed
Object's :E)rmat is modified by an initial format flags pattern, the Packed Object's format defaults|to

that of anp ID List Packed Object (IDLPO), containing a single ID List, whose’ID values correspond [to
the defaullt base ID table of the registered data format. Optional formatflags can change the format|of
the ID segtion to either an IDMPO format, or to an IDLPO format en€oding an ID Lists section (which
supports [multiple ID tables, including non-default data systems).

Although|the ordering of information within the Object Info section varies with the chosen format (gee
1.5.2), thejObject Info section of every Packed Object shall previde length information as defined in .53,
and ID v3lues information (see 1.5.4) as defined in L.5.5,01~L.5.6. The Object Info section (of either pn
IDLPO orfan IDMPO) may conclude with an optional Addendum subsection (see 1.5.7).

I.5.2 Object Info formats

1.5.2.1 ([IDLPO default Object Info format

The defaylt IDLPO Object Info formatis‘used for a Packed Object either without a leading format fldgs
section, dqr with a format flags section indicating an IDLPO with a possible addendum and a defaplt
Object Info section. The default IPLPO Object Info section contains a single ID List (optionally followed
by an Addendum subsection if;s9,.indicated by the format flags). The format of the default IDLPO Objgct
Info sectipn is shown in Tablel7.

Table 1.7 — Default IDLPO Object Info format

Field name: |Length information NumberOfIDs ID listing Addendum subsejc-
tion
Usage: The number of octets in this| Number of ID val-|A single list of ID values;|Optional pointer(s) fo
Object, plus alast- octet pad|ues in this Object|value size depends on reg-| other Objects contaipn-
Indicator (minus one]J istered data format Ing edit information
Structure: Variable: see .5.3 Variable: EBV-3 See L.5.5 See.5.7.2

In an IDLPO's Object Info section, the NumberOfIDs field is an EBV-3 Extensible bit Vector, consisting of
one or more repetitions of an Extension bit followed by 2 value bits. This EBV-3 encodes one less than
the number of ID values on the associated ID Listing. For example, an EBV-3 of "101, 000," indicates (4
+ 0 +1) = 5 IDs values. The length information is as described in 1.5.3 for all Packed Objects. The next
fields are an ID Listing (see 1.5.5) and an optional Addendum subsection (see 1.5.7).
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Leading format flags may modify the Object Info structure of an IDLPO, so that it may contain more
than one ID Listing, in an ID Lists section (which also allows non-default ID tables to be employed). The
non-default IDLPO Object Info structure is shown in Table 1.8.

Table 1.8 — Non-Default IDLPO Object Info format

Fieldname:|Length ID Lists section, first list Optional ID | Null App indi- |Addendum
info Application|Number of[ID listing ll_st sec- cator (szl_n‘gle subsection

indicator IDs tion(s) ZETO DIt)

Usage: The num-|Indicates the|Number of|Listing of ID|Repeatedlists,|Zero or more re={O’pjtional
ber of|selected ID|IDvalueson|values, then|each for a dif- | peated lists, each{poipter(s) to
octets in|table and the|the list one F/Rusebit|ferentID table | for a differént 1D |other Objects
this Ob-|size of each table, followed by|cojtaining
ject,plusa|entry anullapplication |edif informa-
last-octet indicator (single |tio]
pad zéro bit)
indicator

Structure: |[See .5.3 |See .5.4.2 See.5.2.1 |See L.5.5 and|Referencesin|See [.5.4.2 See|l.5.7

1.5.4.3 previous col-
umns

1.3.2.3 IDMPO Object Info format

Ldading format flags may define the Object Info structure to be an IDMPO in which t
formation (and optional Addendum subsection) fellow an ID Map section (see 1.5.6). This arr
ensures that the ID Map is in a fixed location for d\given application, of benefit when used as a
e IDMPO Object Info structure is shown in Table 1.9.

in

T}

Table 1.9 ~— IDMPO Object Info format

he length
hingement
lirectory.

Field name: ID Map section Length information Addendum

Usage: One or more |D Map struc-|The number of octets in this|Optional pointer(s) to otler Objects
tures, each.Gsing a different| Object, plus a last- octet pad|containing Edit informjation
ID table indicator

Structure: See [9:2 See .5.3 See .L5.7

T}

I.3.3 Length information

shiown in Fable 1.10.

e format of the length information, always present in the Object Info section of any Packed

Table 1.10 — Packed Object length information

Object, is

Field name: ObjectLength Pad indicator
Usage: The number of 8-bit bytes in this Object. This in- [If"1", then Object'slast
cludes the 1st byte of this Packed Object, including |byte contains at least
its IDLPO/IDMPO format flags if present. It excludes | 1 pad bit
patterns for use between packed objects, as spec-
ified in [.4.5.
Structure: Variable: EBV-6 Fixed: 1 bit

The first field, ObjectLength, is an EBV-6 Extensible bit Vector, consisting of one or more repetitions
of an Extension bit and 5 value bits. An EBV-6 of "000100," (value of 4) indicates a four-byte Packed
Object. An EBV-6 of "100001, 000000," (value of 32) indicates a 32-byte Object, etc.

© ISO/IEC 2022 - All rights reserved

149


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC

15962:2022(E)

The pad indicator bitimmediately follows the end of the EBV-6 ObjectLength. This bitis setto "0" if there
are no padding bits in the last byte of the Packed Object. If set to "1,", then bitwise padding begins with
the least- significant or rightmost "1," bit of the last byte, and the padding consists of this rightmost
"1," bit, plus any "0" bits to the right of that bit. This method effectively uses a single bit to indicate a
three-bit quantity (i.e. the number of trailing pad bits). When a receiving system wants to determine the
total number of bits (rather than bytes) in a Packed Object, it would examine the ObjectLength field of
the Packed Object (to determine the number of bytes) and multiply the result by eight, and (if the pad
indicator bit is set) examine the last byte of the Packed Object and decrement the bit count by (1 plus

the numb

er of "0" bits following the rightmost "1" bit of that final byte).

1.5.4 General description of ID values

1.5.4.1

A registe
registere
represent
entry, an
when int
Object, it
table pos

Base table

l various implicit rules (taken from a predefined rule set) that decodifig systems shall
brpreting data encoded according to each entry. When a data iten1is encoded in a Pac

tion or index is the ID value that is represented in Packed Objects.

red data format defines (at a minimum) a primary base ID table (a detailed spécification for
1 ID tables can be found in Annex J). This base table defines the data system Identifier|s)
ed by each row of the table, any secondary ID bits or Aux format bits invoked by each talple

se
d

5 associated table entry is identified by the entry's relative position in the base table. This

A base table containing a given number of entries inherently specifies the number of bits needed [to
encode atable index (i.e. an ID value) in an ID List Packed Object(as the Log (base 2) of the number
of entried). Since current and future data system ID tables will ¥ary in unpredictable ways in terms|of
their nunmbers of table entries, there is a need to pre-define an.D value size mechanism that allows for
future extensibility to accommodate new tables, while minimizing decoder complexity and minimizipg
the need [to upgrade decoding software (other than the addition of new tables). Therefore, regardlgss
of the exfict number of base table entries defined,.each base table definition shall utilize one of the
predefindd sizes for ID value encodings defined in-Table 1.11 (any unused entries shall be labelled [as
reserved,as provided in Annex |). The ID Size hiDpattern is encoded in a Packed Object only wher it
uses a nop-default base ID table. Some entrieslin the table indicate a size that is not an integral power
of two. When encoding (into an IDLPO) ID.values from tables that utilize such sizes, each pair of ID
values is pncoded by multiplying the earlier ID of the pair by the base specified in the fourth column|of
Table .11} and adding the later ID of the pair, and encoding the result in the number of bits specified|in
the fourth column. If there is a trailing single ID value for this ID table, it is encoded in the number|of
bits specified in the third column.of Table 1.11.

Table .11 — Defined ID value sizes
ID size |bit|Maximwminumberof)| Number ofbits per single or trailing| Number of bits per pair of 1D
pattern table entries ID value, and how encoded values, and how encoded
000 Up.teY6 4, as 1 base 16 value 8, as 2 base 16 values
001 Up to 22 5,as 1 base 22 value 9, as 2 base 22 values
010 Up to 32 5,as 1 base 32 value 10, as 2 base 32 values
011 Up to 45 6, as 1 base 45 value 11, as 2 base 45 values
100 Up to 64 6, as 1 base 64 value 12, as 2 base 64 values
101 Up to 90 7,as 1 base 90 value 13, as 2 base 90 values
110 Up to 128 7,as 1 base 128 value 14, as 2 base 128 values
1110 Up to 256 8, as 1 base 256 value 16, as 2 base 256 values
111100 Up to 512 9,as 1 base 512 value 18, as 2 base 512 values
111101 Up to 1024 10, as 1 base 1024 value 20, as 2 base 1024 values
111110 Up to 2048 11, as 1 base 2048 value 22, as 2 base 2048 values
111111 Up to 4096 12, as 1 base 4096 value 24, as 2 base 4096 values
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1.5.4.2 Application indicator subsection

An application indicator subsection can be utilised to indicate use of ID values from a default or non-
default ID table. This subsection is required in every IDMPO but is only required in an IDLPO that uses
the non-default format supporting multiple ID Lists.

An application indicator consists of the following components:

A single ApplIndicatorPresent bit, which if "0" means that no additional ID List or Map follows. Note
that this bit is always omitted for the first List or Map in an Object Info section. When this bit is

prncnnf and "n"’ then none ofthe Fn”nuring bit fields are encaded

1.5

4.3  Full/Restricted use bits

A single ExternalReg bit that, if "1,", indicates use of an ID table from a registration-other than the
memory's default. If "1", this bit is immediately followed by a 9-bit representation‘of-a data format
registered under ISO/IEC 15961.

An ID Size pattern which denotes a table size (and therefore an ID Map bitlength, when ysed in an
IDMPO), which shall be one of the patterns defined by Table I.11. The table size indicated ix] this field
must be less than or equal to the table size indicated in the selected{D;table. The purpdse of this
field is so that the decoder can parse past the ID List or ID Map, even if the ID table is notjavailable
to the decoder.

A three-bit ID Subset pattern. The registered data format's primary base ID table, if used by the
current Packed Object, shall always be indicated by an encoded ID Subset pattern of "000".|However,
up to seven alternate base tables may also be defined-in/the registration (with varying|ID sizes),
and a choice from among these can be indicated by:the encoded Subset pattern. This fepture can
be useful to define smaller sector-specific or application-specific subsets of a full data sydtem, thus
substantially reducing the size of the encoded ID:Map.

When contemplating the use of new ID table registrations, or registrations for external datg
appplication designers may utilise a "restricted use" encoding option that adds some over
P4cked Object but in exchange results/in a format that can be fully decoded by receiving sy
in[possession of the new or external ID table. With the exception of an IDLPO using the defa

systems,
nead to a
btems not
11t Object

Info format, one full/restrictediuse bit is encoded immediately after each ID table is represented in the

Map section or ID Lists gsection of a data or directory Packed Object. In a directory Packgd object,

thjs bit shall always be set to "0" and its value ignored. If an encoder wishes to utilise the "festricted

th

" option in an IDLP@;it shall preface the IDLPO with a format flags section invoking the ngn-default

"Full/Restricted use" bitis "0," then the encoding of data strings from the corresponding rjegistered
table makesdfull use of the ID table's IDstring and FormatString information. If the bit is |'1,", then
s signifi€s that some encoding overhead was added to the secondary ID section and (in the case of

Pqcked-0Object compaction) the Aux format section, so that a decoder without access to the|table can
ndnetheless output OIDs and data from the Packed Object according to the scheme specified in ].5.2.

Splecifically, a full/restricted use bit set to "1," indicates that:

— for each encoded ID value, the encoder added an EBV-3 indicator to the secondary ID section, to

indicate how many secondary ID bits were invoked by that ID value. If the EBV-3 is nonzero, then the
secondary ID bits (as indicated by the table entry) immediately follow, followed in turn by another
EBV-3, until the entire list of ID values has been represented.

the encoder did not take advantage of the information from the referenced table's FormatString
column. Instead, corresponding to each ID value, the encoder inserted an EBV-3 into the Aux format
section, indicating the number of discrete data string lengths invoked by the ID value (which could
be more than one due to combinations and/or optional components), followed by the indicated
number of string lengths, each length encoded as though there were no FormatString in the ID table.
All data items were encoded in the A/N subsection of the data section.

© ISO/IEC 2022 - All rights reserved 151


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

I.5.5 ID values representation, in an ID List Packed Object

Each ID value is represented within an IDLPO on a list of bit fields; the number of bit fields on the list is
determined from the NumberOfIDs field (see Table 1.7). Each ID value bit field's length is in the range
of four to eleven bits, depending on the size of the base table index it represents. In the optional non-
default format for an IDLPO's Object Info section, a single Packed Object may contain multiple ID List
subsections, each referencing a different ID table. In this non-default format, each ID List subsection
consists of an application indicator subsection (which terminates the ID Lists, if it begins with a "0" bit),
followed by an EBV-3 NumberOfIDs, an ID List, and a full/restricted use flag.

1.5.6 ID values representation, in an ID Map Packed Object

Encodingl an ID Map can be more efficient than encoding a list of ID values, when representing a
relativelyl large number of ID values (constituting more than about 10 percent of a large basé tablg's
entries, or about 25 % of a small base table's entries). When encoded in an ID Map, eachoID value|is
represented by its relative position within the map (for example, the first ID Map bit)represents [ID
value "0") the third bit represents ID value "2", and the last bit represents ID value-'n""(correspondipg
to the lagt entry of a base table with (n+1) entries). The value of each bit withird,an ID Map indicafes
whether the corresponding ID value is present (if the bitis "1,") or absent (if "05")."An ID Map is alwgys
encoded 4s part of an ID Map section structure (see 1.9.2).

1.5.7 tional Addendum subsection of the Object Info section

1.5.7.1 |Definition bits

The Packgd Object Addendum feature supports basic editing 6perations, specifically the ability to add,
delete, or[replace individual data items in a previously writtén Packed Object, without a need to rewrjte
the entir¢ Packed Object. A Packed Object that does nat contain an Addendum subsection cannot pe
edited in fhis fashion and must be completely rewritten‘if changes are required.

An Addendum subsection consists of a Reverse (Ginks bit, followed by a Child bit, followed by eitHer
one or two EBV-6 links. Links from a data Packed Object shall only go to other data Packed Objegts
as addengla; links from a directory Packed:Qbject shall only go to other directory Packed Objects Jas
addenda.|The standard Packed Object structure rules apply, with some restrictions that are described
in .5.7.3.

The Revefse Links bit shall be set identically in every Packed Object of the same "chain." The Reveise
Links bit |s defined as follows:

— IftheReverse Links bitis™0,", then each child in this chain of Packed Objects is at a higher memary
locatjon then its parent. The link to a Child is encoded as the number of octets (plus one) that are|in
betwgen the last ‘@ctet of the current Packed Object and the first octet of the Child. The link to the
parent is encoded as the number of octets (plus one) that are in between the first octet of the pargnt
Packe¢d Objectand the first octet of the current Packed Object.

— Ifthe Reverse Links b1t is 12 , then each chlld in this chaln of Packed Ob]ects is at a lower memry
locatlen < < i
between the flrst octet of the current Packed Ob]ect and the flrst octet of the Chlld The lmk to the
parentis encoded as the number of octets (plus one) that are in between the last octet of the current
Packed Object and the first octet of the parent.

The Child bit is defined as follows:

— Ifthe Child bitis a "0", then this Packed Object is an editable "Parentless" Packed Object (i.e. the first
of a chain), and in this case the Child bit is immediately followed by a single EBV-6 link to the first
"child" Packed Object that contains editing addenda for the parent.

— Ifthe Child bitis a "1", then this Packed Object is an editable "child" of an edited "parent,"” and the bit
is immediately followed by one EBV-6 link to the "parent" and a second EBV-6 line to the next "child"
Packed Object that contains editing addenda for the parent.
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A link value of zero is a Null pointer (no child exists), and in a Packed Object whose Child bit is "0", this
indicates that the Packed Object is editable, but has not yet been edited. A link to the Parent is provided,
so that a directory may indicate the presence and location of an ID value in an Addendum Packed Object,
while still providing an interrogator with the ability to efficiently locate the other ID values that are
logically associated with the original "parent” Packed Object. A link value of zero is invalid as a pointer
towards a Parent.

In order to allow room for a sufficiently-large link, when the future location of the next "child" is
unknown at the time the parent is encoded, it is permissible to use the "redundant” form of the EBV-6
(for example using "100000, 000000," to represent a link value of zero).

I.5

In
bi
th

coresponding EditingOp bit or bits are defined as follows:

N(

op
Ad

A
Ot

.3.7.3 Packed Objects containing an Addendum subsection

.7.2 Addendum "EditingOP" list (only in ID List Packed Objects)

an IDLPO only, each Addendum section of a "child" ID List Packed Object contains aset of "E
s encoded immediately after its last EBV-6 link. The number of such bits~i§) determi
e number of entries on the Addendum Packed Object's ID list. For each IDvwalue on thi

"1," means that the corresponding Fully-Qualified ID value (FQIDV) is Replaced. 4
operation has the effect that the data originally associated with-.the' FQIDV matching the|

data encoded in this Addendum Packed Object).

"00," means that the corresponding FQIDV is Deleted huit hot replaced. In this case, neithg
format bits nor the data associated with this ID value afe encoded in the Addendum Pack

"01," means that the corresponding FQIDV is Added (either this FQIDV was not previously

data shall be encoded in the Addendum Packed Object.

TE If an application requests several 'edit" operations at once (including some Delete ¢
erations as well as Adds) then implementations can achieve more efficient encoding if the Adds
dendum overhead, rather than being implethented in a new Packed Object.

Packed Object containing an'/Addendum subsection is otherwise identical in structure to oth
jects. However, the following observations apply:

A "parentless" Packed Object (the first in a chain) may be either an ID List Packed Objec
Map Packed Object (and a parentless IDMPO may be either a data or directory IDMPO]
"parentless’"\PO’is a directory, only directory IDMPOs may be used as addenda. A directory
Map bits.shall be updated to correctly reflect the end state of the chain of additions and
to theamemory bank; an Addendum to the directory is not utilized to perform this maint
directory addendum may only add new structural components, as described later in this
[ contrast, when the edited parentless object is an ID List Packed Object or ID Map Pack
its ID List or ID Map cannot be updated to reflect the end state of the aggregate Object (pa

litingOp"
ned from
5 list, the

. Replace
FQIDV in

this Addendum Packed Object shall be ignored, and logically replaced by the Aux format bits and

r the Aux
bd Object.

encoded,

or it was previously deleted without replacement). In this case, the associated Aux formalt bits and

r Replace
share the

er Packed

L or an ID
. When a
r IDMPO's
deletions
enance (a

section).
bd Object,
‘ents plus

children).

Although a "child" may be either an ID List or an ID Map Packed Object, only an IDLPO can indicate
deletions or changes to the current set of fully-qualified ID values and associated data that is

embodied in the chain.

When a child isan IDMPO, it shall only be utilized to add (not delete or modify) structural information
and shall not be used to modify existing information. In a directory chain, a child IDMPO may add
new ID tables, or may add a new AuxMap section or subsections, or may extend an existing PO Index

table or ObjectOffsets list. In a data chain, an IDMPO shall not be used as an Addendum,
add new ID tables.
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— When a child is an IDLPO, its ID list (followed by "EditingOp" bits) lists only those FQIDVs that have
been deleted, added, or replaced, relative to the cumulative ID list from the prior Objects linked to
it.

1.6 Secondary ID bits section

The Packed Objects design requirements include a requirement that all of the data system Identifiers
(e.g. Al'"s, DI"s) encoded in a Packed Object can be fully recognised without expanding the compressed
data, even though some ID values provide only a partially-qualified Identifier. As a result, if any of the
ID valueginmvokesectomdary 1bbitsthe-Objecttnfosectiomrshatt-befoltowed by asecomdary tbtbijts
section. fxamples include a four-bit field to identify the third digit of a group of related Logistics Als:

Secondarjy ID bits can be invoked for several reasons, as needed to fully specify Identifiers. For éexamplle,
a single |D table entry's ID value may specify a choice between two similar identifiers, |((requiring
one encofled bit to select one of the two IDs at the time of encoding), or may specify a@)combinatipn
of required and optional identifiers (requiring one encoded bit to enable or disable each option). The
availablemechanisms are described in Annex . All resulting secondary ID bit fieldslare concatenated|in
this secompdary ID bits section, in the same order as the ID values that invoked them were listed witHin
the Packgd Object. Note that the secondary ID bits section is identically defined, whether the Packed
Object is in IDLPO or an IDMPO but is not present in a directory IDMPO.

I.7 Auik format section

.7.1 efinition bits

The Aux format section of a data Packed Object encodes auxiliary information for the decoding procefs.
A directory Packed Object does not contain an Aux format section. In a data Packed Object, the Aux
format sejction begins with "Compact-Parameter” bits;as defined in Table [.12.

Table 1.12 — Compact-Parameter bit patterns

Bit pattern Compaction method used in this Packed Object Reference
"1" "Packed-Object" compaction L7.3
"000" "Application-Definedsas:defined for the No-Directory access method L7.2
"001" "Compact", as defined for the No-Directory access method L7.2
"010" "UTF-8", as defined for the No-Directory access method L7.2
"011bbbb|' ("bbbb" shallb€'in the range of 4 to 14): reserved for future definition L7.2

If the Compact-Parameter bit pattern is "1", then the remainder of the Aux format section is encoded|as
described in [.7.3. Othérwise, the remainder of the Aux format section is encoded as described in 1.7.4.

1.7.2 Sppport for No-Directory compaction methods

If any of thexNg nivnr‘fnry r‘nmpar‘finn methads weore selected }‘\y the (‘nmpat‘f Parameoter hifc’ then-the
Compact-Parameter bits are followed by a byte-alignment padding pattern consisting of zero or more
"0" bits followed by a single "1" bit, so that the next bit after the "1" is aligned as the most-significant bit
of the next byte.

This next byte is defined as the first octet of a "No-Directory data section”, which is used in place of the
data section described in 1.8. The data strings of this Packed Object are encoded in the order indicated
by the Object Info section of the Packed Object, compacted exactly as described in Annex D (Encoding
rules for No- Directory Access-Method), with the following two exceptions:

— The Object-Identifier is not encoded in the "No-Directory data section", because it has already been
encoded into the Object Info and secondary ID sections.
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— The Precursor is modified in that only the three Compaction Type Code bits are significant, and the
other bits in the Precursor are set to "0".

Therefore, each of the data strings invoked by the ID table entry are separately encoded in a modified
dataset structure as:

<modified precursor> <length of compacted object> <compacted object octets>

The <compacted object octets> are determined and encoded as described in D.2.2 and D.2.3. and the
<length of compacted object> is determined and encoded as described in D.3.

Fdllowing the last dataset, a terminating precursor value of zero shall not be encoded (the|decoding

Y|
1.7

If
Cd
ta
se

fie

stem recognises the end of the data using the encoded ObjectLength of the Packed Object):

(.3 Support for the Packed-Object compaction method

the Packed-Object compaction method was selected by the Compact-Parameter bits, |then the
mpact-Parameter bits are followed by zero or more Aux format bits, asrmay be invoked py the ID
ble entries used in this Packed Object. The Aux format bits are then imimediately followed|[by a data
ction that uses the Packed-Object compaction method described in L8.
AJ ID table entry that was designed for use with the Packed-Object’compaction method cgn call for
various types of auxiliary information beyond the complete, indication of the ID itself (sych as bit
lds to indicate a variable data length, to aid the data comipaction process). All such bit fields are

concatenated in this portion, in the order called for by the'lD List or Map. Note that the Afix format

N

ction is identically defined, whether the Packed Objectis an IDLPO or an IDMPO.

An ID table entry invokes Aux format length bits for@ll entries that are not specified as fixedflength in

th
en
p3
ut
lo

e table (however, these length bits are not actually encoded if they correspond to the last data item
coded in the A/N subsection of a Packed Object). This information allows the decoding $ystem to
rse the decoded data into strings of the appropriate lengths. An encoded Aux format length entry
jlizes a variable number of bits, determined from the specified range between the shoftest and
gest data strings allowed for the data item, as follows:

If a maximum length is specified, and the specified range (defined as the maximum length minus
the minimum length) is less than eight, or greater than 44, then lengths in this range are epcoded in
the fewest number of bits:that can express lengths within that range, and an encoded valjie of zero
represents the minimum length specified in the format string. For example, if the range is|specified
as from three to six characters, then lengths are encoded using two bits, and "00" represents a
length of three.

Otherwise (including the case of an unspecified maximum length), the value (actual length-{specified
minimumjs’éncoded in a variable number of bits, as follows:

Vdlues from 0 to 14 (representing lengths from 1 to 15, if the specified minimum length is one
character, for example) are encoded in four bits

Values from 15 to 29 are encoded in eightbits (a prefix of "1111" followed by four bits representing

values from 15 ("00007) to 29 ("11107)

Values from 30 to 44 are encoded in twelve bits (a prefix of "1111 1111" followed by four bits
representing values from 30 ("0000") to 44 ("1110")

Values greater than 44 are encoded as a twelve-bit prefix of all "1"s, followed by an EBV-6
indication of (value - 44).

NOTE 1 If a range is specified with identical upper and lower bounds (i.e. a range of zero), this is
treated as a fixed length, not a variable length, and no Aux format bits are invoked.

NOTE 2 If a range is unspecified, or has unspecified upper or lower bounds, then this is treated
as a default lower bound of one, and/or an unlimited upper bound.
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1.8 Data section

I.8.1 Structure

A data section is always present in a Packed Object, except in the case of a directory Packed Object
or directory Addendum Packed Object (which encode no data elements), the case of a data Addendum
Packed Object containing only Delete operations, and the case of a Packed Object that uses No-directory
compaction (see 1.7.2). When a data section is present, it follows the Object Info section (and the
secondary ID and Aux format sections, if present). Depending on the characteristics of the encoded IDs
and data strings, the data section may include one or both of two subsections in the following order:
a KnowniLength Numerics subsection, and an AlphaNumerics subsection. The following paragraﬂhs
provide detailed descriptions of each of these data section subsections. If all of the subsections_of'the
data sectfon are utilised in a Packed Object, then the layout of the data section is as shown in Table 1.13.

Table 1.13 — Maximum structure of a Packed Objects data section

Knoyn-Length Numeric AlphaNumeric subsection
subsection A/N header bits Binary.data segments
1st KLN |2nd KLN|... |Last Non-  |Prefix |Suffix Char |Ext'd. Ext'd base 10 |Non-
Binar Binar KLN Num bit, bit, Map Num Non- Binar Num
y y Binar base Prefix  |Suffix Binary-\|Num y Binary
y Bit(s) |Run(s) [Run(s) Binary

1.8.2 Known-length-Numerics subsection of the data section

For always-numeric data strings, the ID table may indicatea fixed number of digits (this fixed-length
information is not encoded in the Packed Object) and/or.airariable number of digits (in which case the
string's length was encoded in the Aux format section,as described above). When a single data item| is
specified|in the FormatString column (see ].3.4) as:dontaining a fixed-length numeric string followed
by a varigble-length alphanumeric string, the numeric string is encoded in the Known-length-numerics
subsectign and the alphanumeric string in the alphanumeric subsection.

The summnation of fixed-length informatien:(derived directly from the ID table) plus variable-length
informatijon (derived from encoded bits as’just described) results in a "known-length entry" for each
of the always-numeric strings encoded. in the current Packed Object. Each all-numeric data string|in
a Packed|Object (if described as all-ntimeric in the ID table) is encoded by converting the digit stripg
into a sirlgle binary number (up.tb 160 bits, representing a binary value between 0 and (1048 - [1).
Table K.1| shows the number. of bits required to represent a given number of digits. If an all-numeric
string comtains more than 48-digits, then the first 48 are encoded as one 160-bit group, followed by the
next group of up to 48 digits, and so on. Finally, the binary values for each all-numeric data string in the
Object ar¢ themselves ¢oncatenated to form the Known-length-Numerics subsection.

1.8.3 phanuineric subsection of the data section

1.8.3.1 |General

The Alphanumeric (A/N) subsection, if present, encodes all the Packed Object's data from any
data strings that were not already encoded in the Known-length Numerics subsection. If there are
no alphanumeric characters to encode, the entire A/N subsection is omitted. The Alphanumeric
subsection can encode any mix of digits and non-digit ISO/IEC 646 characters, or eight-bit data. The
digit characters within this data are encoded separately, at an average efficiency of 4.322 bits per digit
or better, depending on the character sequence. The non-digit characters are independently encoded at
an average efficiency that varies between 5.91 bits per character or better (all uppercase letters), to a
worst-case limit of 9 bits per character (if the character mix requires base 256 encoding of non-numeric
characters).
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An Alphanumeric subsection consists of a series of A/N header bits (see 1.8.3.2), followed by from one to
four binary segments (each segment representing data encoded in a single numerical base, such as base
10 or base 30, see 1.8.3.5), padded if necessary to complete the final byte (see 1.8.3.6).

1.8.3.2 A/N header bits
The A/N header bits are defined as follows:

— One or two Non-Numeric base bits, as follows:

— 05 Imdicates thatbase-36-waschoserrfor the mormrmumrericbase;
— "10," indicates that base 74 was chosen for the non-numeric base;
— "11," indicates that base 256 was chosen for the non-numeric base;

— Either asingle "0," bit (indicating that no Character Map Prefix is encoded), @ba "1," bit fojlowed by
one or more "Runs" of six Prefix bits as defined in .8.3.4.

— Either asingle "0," bit (indicating that no Character Map Suffix is en¢odéd), or a "1," bit followed by
one or more "Runs" of six Suffix bits as defined in 1.8.3.4.

— Avariable-length "Character Map" bit pattern (see [.8.3.3), reptresenting the base of each df the data
characters, if any, that were not accounted for by a Prefix @r Suffix.

1.8.3.3 Dual-base Character-map encoding

Cdmpaction of the ordered list of alphanumeric data strings (excluding those data strings already
encoded in the Known-Length Numerics subsection) is achieved by first concatenating|the data
chiaracters into a single data string (the individual string lengths have already been recorded in the Aux
format section). Each of the data characters is&lassified as either base 10 (for numeric digits), base 30
ndn-numerics (primarily uppercase A-Z),-base 74 non-numerics (which includes both uppercase and
lowercase alphas, and other ISO/IEC 646'¢haracters), or base 256 characters. These character sets are
fully defined in Annex K. All characters;from the base 74 set are also accessible from base 30 vjia the use
offan extra "shift" value (as are mastyof the lower 128 characters in the base 256 set). Depending on the
rejative percentage of "native".base 30 values vs. other values in the data string, one of thosg bases is
selected as the more efficientichoice for a non-numeric base.

Ngxt, the precise sequence’ of numeric and non-numeric characters is recorded and encoded, using
a pariable-length bit-pattern, called a "character map,” where each "0" represents a base| 10 value
(encoding a digit) and-each "1," represents a value for a non-numeric character (in the selecfed base).
Note that, if (forvexample) base 30 encoding was selected, each data character (other than yppercase
letters and thésspace character) shall be represented by a pair of base 30 values, and thus ¢ach such
data charagter is represented by a pair of "1," bits in the character map.

1.8.3.4 \ Prefix and Suffix Run-Length encoding

For iulpl oved cffiuir;ut._y timrecases-wheretheconcatenmated sequence incladesrunsof stxor-more values
from the same base, provision is made for optional run-length representations of one or more Prefix or
Suffix "Runs" (single-base character sequences), which can replace the first and/or last portions of the
character map. The encoder shall not create a Run that separates a Shift value from its next (shifted)
value, and thus a Run always represents an integral number of source characters.

An optional Prefix Representation, if present, consists of one or more occurrences of a Prefix Run. Each
Prefix Run consists of one Run Position bit, followed by two Basis bits, then followed by three Run
Length bits, defined as follows:

— The Run Position bit, if "0,", indicates that at least one more Prefix Run is encoded following this one
(representing another set of source-characters to the right of the current set). The Run Position bit,
if"1," indicates that the current Prefix Run is the last (rightmost) Prefix Run of the A/N subsection.
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— The first basis bit indicates a choice of numeric vs. non-numeric base, and the second basis bit, if
"1," indicates that the chosen base is extended to include characters from the "opposite" base. Thus,
"00," indicates a run-length-encoded sequence of base 10 values; "01," indicates a sequence that
is primarily (but not entirely) digits, encoded in base 13; "10," indicates a sequence a sequence of
values from the non-numeric base that was selected earlier in the A/N header, and "11," indicates a
sequence of values primarily from that non-numeric base, but extended to include digit characters
as well. Note an exception: if the non-numeric base that was selected in the A/N header is base 256,
then the "extended" version is defined to be base 40.

— The 3-bit Run Length value assumes a minimum useable run of six same-base characters, and the
lengtfivalue1s further divided by Z. Thus, the possible 3-bit Run Length values ot U, 1, Z, ... 7 Indicdte
a Run of 6, 8, 10, ... 20 characters from the same base. Note that a trailing "odd" character value|at
the ehd of a same-base sequence must be represented by adding a bit to the Character Map,

An optional Suffix Representation, if present, is a series of one or more Suffix Runs, each-identical|in
format to|the Prefix Run just described. Consistent with that description, note that the Run Position hit,
if "1", ind]cates that the current Suffix Run is the last (rightmost) Suffix Run of the A/N\subsection, ahd
thus any preceding Suffix Runs represented source characters to the left of this finaLSuffix Run.

1.8.3.5 [Encoding into binary segments

Immediately after the last bit of the Character Map, up to four binany,numbers are encoded, each
representing all of the characters that were encoded in a single base system. First, a base 13-pit
sequence|is encoded (if one or more Prefix or Suffix Runs called forbase 13 encoding). If present, this
bit sequefce directly represents the binary number resulting fronrencoding the combined sequence|of
all Prefixfand Suffix characters (in that order) classified as base.}3 (ignoring any intervening charactdrs
not thus ¢lassified) as a single value, or in other words, applying a base 13 to binary conversion. The
number qdf bits to encode in this sequence is directly determined from the number of base 13 valyes
being represented, as called for by the sum of the Prefi¥*and Suffix Run lengths for base 13 sequences.
The number of bits, for a given number of base 13 values, is determined from the Table K.1. Next, pn
Extended-NonNumeric base segment (either base-40 or base 84) is similarly encoded (if any Prefix|or
Suffix Rups called for Extended-NonNumeric encoding).

Next, a base 10 binary segment is encoded jthat directly represents the binary number resulting frogm
encoding[the sequence of the digits in ‘the Prefix and/or character map and/or Suffix (ignoring aphy
intervenipg non-digit characters) aswa‘single value, or in other words, applying a base 10 to binary
conversidn. The number of bits te ‘encode in this sequence is directly determined from the number|of
digits beihg represented, as shown’'in Annex K.

Immediately after the last-bit‘of the base 10-bit sequence (if any), a non-numeric (base 30, base 74, |or
base 256) bit sequence is\encoded (if the character map indicates at least one non-numeric character).
This bit §equence represents the binary number resulting from a base 30 to binary conversion (or
a base 74 to binary \conversion, or a direct transfer of base 256 values) of the sequence of non-digit
characteifs in the\data (ignoring any intervening digits). Again, the number of encoded bits is direcfly
determingd fram-the number of non-numeric values being represented, as shown in Annex K. Note that
if base 256-was selected as the non- Numerlc base then the encoder is free to cla551fy and encode each
digit eithér=a i
take advantage ofa long Preflx or Suffix).

Note that an alphanumeric subsection ends with several variable-length bit fields (the character map,
and one or more binary sections representing the numeric and non-numeric binary values). Note further
that none of the lengths of these three variable-length bit fields are explicitly encoded (although one or
two Extended-base binary segments may also be present, these have known lengths determined from
Prefix and/or Suffix runs). In order to determine the boundaries between these three variable-length
fields, the decoder shall implement a procedure, using knowledge of the remaining number of data bits,
in order to correctly parse the alphanumeric subsection. An example of such a procedure is described
in Annex M.
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The last (least-significant) bit of the final binary segment is also the last significant bit of the Packed
Object. If there are any remaining bit positions in the last byte to be filled with pad bits, then the most
significant pad bit shall be setto "1,", and any remaining less-significant pad bits shall be set to "0,". The
decoder can determine the total number of non-pad bits in a Packed Object by examining the Length
section of the Packed Object (and if the pad indicator bit of that section is "1,", by also examining the
last byte of the Packed Object).

1.9—IBD-Map-and-directoryencoding-options

.9.1 General

\%
Th
in

AJ ID Map can be more efficient than a list of ID values, when encoding a relativelylatrge nun
|

ues. Additionally, an ID Map representation is advantageous for use in a di€etory Packg
e ID Map itself (the first major subsection of every ID Map section) is structured identically
a data or directory IDMPO, but a directory IDMPO's ID Map section contains additiona

S
e

bsections. The structure of an ID Map section, containing one or more D Maps, is describe
lained in terms of its usage in a data IDMPO; subsequent sections explain the added 5

el¢ments in a directory IDMPO.

1.9

.2 ID Map section structure

.2.1 Values

Anp IDMPO represents ID values using a structure cdlled an ID Map section, containing one o

M
w]
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fie
M
inj
th
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hps. Each ID value encoded in a data IDMPO isrepresented as a "1," bit within an ID May
nose fixed length is equal to the number of entries in the corresponding base table. Conver

s within the ID Map field equals the number of ID values being represented, no explicit Nun{
1d is encoded. To implement the range of functionality made possible by this representati

mediately follows the leading pattern indicating an IDMPO (as was described in 1.4.3), and
e following elements in the order listed below:

An application indicator-subsection (see 1.5.4.2);

a full/restricted’use bit (see 1.5.4.3);

(the above-sequence forms an ID Map, which may optionally repeat multiple times);
a data/Directory indicator bit;

an optional AuxMap section (never present in a data IDMPO);

nber of ID
d Object.
r whether

optional
din [9.2,
tructural

 more ID
bit field,
sely, each

"inthe ID Map field indicates the absence.ofthe corresponding ID value. Since the total number of "1,"

berOfIDs
bn, the ID

hp section contains elements othér-than the ID Map itself. If present, the optional ID Mdp section

contains

an ID Map bit field fwhose length is determined from the ID Size in the application indicatjor);

Closing flag(s), consisting of an "Addendum flag" bit. If "1,", then an Addendum subsection is present

at the end of the Object Info section (after the Object length information).

These elements, shown in Table 1.14 as a maximum structure (every element is present), are described

in

each of the next subsections.
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Table 1.14 — ID Map section

First ID Map Optional additional ID Null App | Data/ direc- (if directory) |Closing flag
Map(s) indicator | toryindica- | Optional AuxMap bit(s)
App indi-| ID Map bit | App indi- | ID Map field |(Singlezero|  torbit section
cator field (ends cator |(ends with F/R bit)
with F/R bit) bit)
See Seel9.2.2 As previ- |As previous See.5.4.2 See Table 1.15 Addendum
1.5.4.2 and [.5.4.3 ous flag bit

When an[iD"Map Section IS encoded, it IS always followed by an Object Length and pad indicator,.apd
optionally followed by an Addendum subsection (all as have been previously defined), and then maype
followed py any of the other sections defined for Packed Objects, except that a directory IDMRO "shpll
not include a data section.

1.9.2.2 JID Map and ID Map bit field

An ID Map usually consists of an application indicator followed by an ID Map bit field, ending with a
full/restrjicted use bit. An ID Map bit field consists of a single "MapPresent" flag bit; then (if MapPresgnt
is "1,") a pumber of bits equal to the length determined from the ID Size pattern within the applicatipn
indicator) plus one (the full/restricted use bit). The ID Map bit field indicates the presence/absence|of
encoded flata items corresponding to entries in a specific registered primary or alternate base tat]le.
The choide of base table is indicated by the encoded combination ef<{DSFID and application indicator
pattern that precedes the ID Map bit field. The MSB of the ID Map/bitfield corresponds to ID value 0fin
the base fable, the next bit corresponds to ID value 1, and so on;

In a data|Packed Object's ID Map bit field, each "1," bit indicates that this Packed Object contains pn
encoded ¢ccurrence of the data item corresponding to anentry in the registered base table associated
with this| ID Map. Note that the valid encoded entry.may be found either in the first ("parentless")
Packed Opject of the chain (the one containing the ID\Map) or in an Addendum IDLPO of that chain. Nqte
further tlhat one or more data entries may be engoded in an IDMPO but marked "invalid" (by a Delgte
entry in gn Addendum IDLPO).

An ID Map shall not correspond to a secoridary ID table instead of a base ID table. Note that data itefns
encoded In a "parentless” data IDMPQ shall appear in the same relative order in which they are listed
in the asdociated base table. However-additional "out of order” data items may be added to an existihg
data IDMPO by appending an Addendum IDLPO to the Object.

An ID Map cannot indicate aspecific number of instances (greater than one) of the same ID value, apd
this would seemingly imply~that only one data instance using a given ID value can be encoded in a ddta
IDMPO. However, the ID~Map method shall support the case where more two or more encoded ddta
items arelfrom the same-identifier "class" (and thus share the same ID value). The following mechanisins
address this need;

occufrenees of the same ID value can appear on an ID List, each associated with different encoded
valugs of the secondary ID bits.

— Another data item of the same class can be encoded in an Addendum IDLPO of the IDMPO. Multi;Fe

— Aseries of two or more encoded instances of the same "class" can be efficiently indicated by a single
instance of an ID value (or equivalently by a single ID Map bit), if the corresponding base table entry
defines a "Repeat” bit (see ].3.3).

An ID Map section may contain multiple ID Maps; a null application indicator section (with its
ApplIndicatorPresent bit set to "0") terminates the list of ID Maps.

1.9.2.3 Data/Directory and AuxMap indicator bits

A data/Directory indicator bit is always encoded immediately following the last ID Map. By definition,
a data IDMPO has its data/Directory bit set to "0,", and a directory IDMPO has its data/Directory bit
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setto "1,". If the data/Directory bit is set to "1,", it is immediately followed by an AuxMap indicator bit
which, if "1,", indicates that an optional AuxMap section immediately follows.

1.9.2.4 Closing flags bit(s)

The ID Map section ends with a single Closing flag. The final bit of the Closing flags is an addendum flag
bit which, if "1,", indicates that there is an optional Addendum subsection encoded at the end of the
Object Info section of the Packed Object. If present, the Addendum subsection is as described in L.5.7.

1.9.3 Directorv Packed Objects

1.9.3.1 General

irectory Packed Object is an IDMPO whose directory bit is set to "1". Its only inherent differgnce from
ata IDMPO is that it does not contain any encoded data items. However, additiohal mecharnisms and
ge considerations apply only to a directory Packed Object, and these are déscribed in the [following
sections.

[ZIE =R VRS

1.9.3.2 ID Maps in a directory IDMPO

Although the structure of an ID Map is identical whether in a data.or directory IDMPO, the §emantics
of[the structure are somewhat different. In a directory Packed Object"s ID Map bit field] each "1"
bit indicates that a data Packed Object in the same data carpyier memory bank contains a yalid data
itgm associated with the corresponding entry in the specified base table for this ID Map. (ptionally,
lirectory Packed Object may further indicate which Packed Object contains each data item (see the
gscription of the optional AuxMap section below).

oo

te that, in contrast to a data IDMPO, there is\no required correlation between the order|of bits in
lirectory's ID Map and the order in whichcthese data items are subsequently encoded i memory
thin a sequence of data Packed Objects.

£ =z

1.9.3.3 Optional AuxMap section. (Directory IDMPOs only)

An AuxMap section optionally allows a directory IDMPO's ID Map to indicate not only presenc¢/absence
of|all the data items in this memory bank of the tag, but also which Packed Object encodes pach data
itgm. If the AuxMap indicatdr bitis "1,", then an AuxMap section shall be encoded immediately|after this
bif. If encoded, the AuxMap.section shall contain one PO Index field for each of the ID Maps thdt precede
thfs section. After the.last PO Index field, the AuxMap section may optionally encode an Objg¢ctOffsets
ligt, where each ObjeetOffset generally indicates the number of bytes from the start of the| previous
Pqcked Object tothe start of the next Packed Object. This AuxMap structure is shown (for an example
IDMPO with twe-ID Maps) in Table I.15.

Table 1.15 — Compact-Parameter bit patterns

PlOAndex field for first | PO Index field for sec- | Object Optional ObjectOffsets subsection
1D Map ondID Map Qffsets
POindex |POindex |POindex |POindex | FTeSent [gpject Objectl |Object2 |.. |ObjectN
Length Table Length Table bit Offsets Mul- |offset offset offset
tiplier (EBV6) (EBV6) (EBV6)

Each PO Index field has the following structure and semantics:

— A three-bit POindexLength field, indicating the number of index bits encoded for each entry in the
PO index table that immediately follows this field (unless the POindex length is "000", which means
that no PO index table follows).

— A PO index table, consisting of an array of bits, one bit (or group of bits, depending on the
POIndexLength) for every bitin the corresponding ID Map of this directory packed object. A PO index
table entry (i.e. a "PO Index") indicates (by relative order) which Packed Object contains the data
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item indicated by the corresponding "1" bit in the ID Map. If an ID Map bit is "0", the corresponding
PO index table entry is present, but its contents are ignored.

Every Packed Object is assigned an index value in sequence, without regard as to whether it is a
"parentless” Packed Object or a "child" of another Packed Object, or whether it is a data or directory
Packed Object.

If the PO Index is within the first PO index table (for the associated ID Map) of the directory "chain",
then:

— PO Index of zero refers to the first Packed ﬂh}'pr‘f in memory,

— 4dvalue of one refers to the next Packed Object in memory, etc,

value of m, where m is the largest value that can be encoded in the PO Index (giventhe'number
f bits per index that was set in the POindexLength), indicates a Packed Object whose relative
ndex (position in memory) is m or higher. This definition allows Packed Objects)hiigher than|m
b be indexed in an Addendum directory Packed Object, as described immediately below. If ho
dddendum exists, then the precise position is either m or some indeterminate position greater
than m.

= 0 Q9

If thel PO Index is not within the first PO index table of the directory chain‘for the associated ID Mpp
(i.e.if is in an Addendum IDMPO), then:

— d PO Index of zero indicates that a prior PO index table of the chain provided the index
hformation,

—n

PO Index of n (n > 0) refers to the nth Packed Object above the highest index value available|in
he immediate parent directory PO; e.g. if the maximum index value in the immediate pargnt
irectory PO refers to PO number "3 or greater,\then a PO index of 1 in this addendum refers|to
O number 4,

Lo o o W o ol B}

PO Index of m (as defined above) similafly indicates a Packed Object whose position is the nfth
dosition, or higher, than the limit of thé-previous table in the chain,

|
Q

If thevalid instance of an ID value is ih.an Addendum Packed Object, an implementation may chodse
to seta PO Index to point directly to that addendum, or may instead continue to point to the Packed
Objeqt in the chain that originallyicontained the ID value.

NOTE
directory

After the)
Present”
this bit ig
"offsets"

Object). I
Object Of|

The first approach semetimes leads to faster searching; the second sometimes leads to fas
ipdates.

last PO Index-field, the AuxMap section ends with (at minimum) a single "ObjectOffse
bit. A"0" valueof this bit indicates that no ObjectOffsets subsection is encoded. If inste
a "1" it is immediately followed by an ObjectOffsets subsection, which holds a list of EBY
[the number of octets between the start of a Packed Object and the start of the next Pack
[ present, the ObjectOffsets subsection consists of an ObjectOffsetsMultiplier followed by
fsets\ist, defined as follows:

er

ts
hd
-6
ed

— An EBV-6 ObjectOffsetsMultiplier, whose value, when multiplied by 6, sets the total number of bits

reserved for the entire ObjectOffsets list. The value of this multiplier should be selected to ideally
result in sufficient storage to hold the offsets for the maximum number of Packed Objects that can
be indexed by this directory Packed Object's PO index table (given the value in the POIndexLength
field, and given some estimated average size for those Packed Objects).

a fixed-sized field containing a list of EBV-6 ObjectOffsets. The size of this field is exactly the number
of bits as calculated from the ObjectOffsetsMultiplier. The first ObjectOffset represents the start
of the second Packed Object in memory, relative to the first octet of memory (there would be little
benefit in reserving extra space to store the offset of the first Packed Object). Each succeeding
ObjectOffset indicates the start of the next Packed Object (relative to the previous ObjectOffset on
the list), and the final ObjectOffset on the list points to the all-zero termination pattern where the
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next Packed Object may be written. An invalid offset of zero (EBV-6 pattern "000000") shall be used
to terminate the ObjectOffset list. If the reserved storage space is fully occupied, it shall not include
this terminating pattern.

— In applications where the average Packed Object length is difficult to predict, the reserved
ObjectOffset storage space may sometimes prove to be insufficient. In this case, an Addendum
Packed Object can be appended to the directory Packed Object. This Addendum directory Packed
Object may contain null subsections for all but its ObjectOffsets subsection. Alternately, if it
is anticipated that the capacity of the PO index table will also eventually be exceeded, then the
Addendum Packed Object may also contain one or more non-null PO Index fields. Note that in a
glven Instance ol an AuxMap section, either a PU Index table or an UbjectUIISets subsecti¢n may be
the first to exceed its capacity. Therefore, the first position referenced by an ObjectOffset$ list in an
Addendum Packed Object need not coincide with the first position referenced by the\PO inpdex table
of that same Addendum. Specifically, in an Addendum Packed Object, the first ObjectOffsat listed is
an offset referenced to the last ObjectOffset on the list of the "parent” directoryPacked Opject.

1.9.3.4 Usage as a Presence/Absence directory

In| many applications, an Interrogator may choose to read the entire\contents of any data carrier
coptaining one or more "target" data items of interest. In such applications, the positional information
of{those data items within the memory is not needed during the“initial reading operations; only a
presence/absence indication is needed at this processing stagel)An ID Map can form a pafrticularly
efficient Presence/Absence directory for denoting the contentsof a data carrier in such applifations. A
fu]l directory structure encodes the offset or address (memory location) of every data elemgnt within
the data carrier, which requires the writing of many bits '(typically 32 bits or more per dpta item).
Inpvitably, such an approach also requires reading manybits over the air, just to determine whether an
identifier of interest is present on a particular tag. In€ontrast, when only presence/absence information
is heeded, using an ID Map conveys the same information using only one bit per data item defihed in the
ddqta system. The entire ID Map can be typically-represented in 128 bits or less and stays the pame size
as|more data items are written to the tag.

A |'Presence/Absence directory” Packed Object is defined as a directory IDMPO that does nqt contain
a PO Index, and therefore provides.noencoded information as to where individual data items reside
within the data carrier. A Presence/Absence directory can be converted to an "Indexed directory"
Pqcked Object (see 1.9.3.5) bydding a PO Index in an Addendum Packed Object, as a "chi|d" of the
Prlesence/Absence Packed Objgct.

1.9.3.5 Usage as an Indexed directory

In|many applicationsinvolving large memories, an Interrogator may choose to read a directory section
covering the entire memory's contents, and then issue subsequent Reads to fetch the "target” data items
of|interest. In.Such applications, the positional information of those data items within the miemory is
inportant but if many data items are added to a large memory over time, the directory itself|can grow
tolan undésirable size.

[DyMap, used in conjunction with an AuxMap containing a PO Index, can form a particularly efficient
texed diTectory for denoting the contents ot an Rr1D tag, and their approximate tocations as well.
Unlike a full tag directory structure, which encodes the offset or address (memory location) of every
data element within the data carrier, an Indexed directory encodes a small relative position or index
indicating which Packed Object contains each data element. An application designer may choose to also
encode the locations of each Packed Object in an optional ObjectOffsets subsection as described above,
so that a decoding system, upon reading the Indexed directory alone, can calculate the start addresses
of all Packed Objects in memory.

The utility of an ID Map used in this way is enhanced by the rule of most data systems that a given
identifier may only appear once within a single data carrier. This rule, when an Indexed directory is
utilized with Packed Object encoding of the data in subsequent objects, can provide nearly complete
random access to reading data using relatively few directory bits. As an example, an ID Map directory
(one bit per defined ID) can be associated with an additional AuxMap "PO Index" array (using, for
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example, three bits per defined ID). Using this arrangement, an interrogator would read the directory
Packed Object, and examine its ID Map to determine if the desired data item were present on the tag. If
so, it would examine the 3 "PO Index" bits corresponding to that data item, to determine which of the
first 8 Packed Objects on the tag contain the desired data item. If an optional ObjectOffsets subsection
was encoded, then the Interrogator can calculate the starting address of the desired Packed Object
directly; otherwise, the interrogator may perform successive read operations to fetch the desired
Packed Object.
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.2.2 File header section

General

is annex defines the Packed Objects ID table format definition, to be used by all registered
ese ID tables, customised for each data system, will be registered with the Registration
noted by ISO/IEC 15961-2.

. Packed Objects data format registration file structure

.1 Format

Packed Objects registered data format file consists of a series of,"Keyword lines" and one o
bles. Blank lines may occur anywhere within a data format(File and are ignored. Also, any
d with extra blank columns, which are also ignored.

a character string, which assigns a value to that,keyword. Zero or more space charactel
present on either side of the equal sign. Some kéyword lines shall appear only once, at the
registration file, and others may appear multiple times, once for each ID table in the file.

An ID table lists a series of ID values (asdefined in 1.5.4). Each row of an ID table contains ¢
value (in a required "IDvalue" colum),and additional columns may associate Object IDs
strings, format strings, and other information with that ID value. A registration file alway
a single "Primary" base ID table)Zzéro or more alternate base ID tables, and may also incly
more secondary ID tables (thatare referenced by one or more base ID table entries).

illustrate the file format;ya hypothetical data system registration is shown in Table ].

ings. The following subsections explain the syntax shown in Table ]J.1.

e as follows:

(Mandatory) K-Version = nn.nn, which the registering body assigns, to ensure that a
revisions to their registration are clearly labelled.

[D tables.
Authority

r more ID
line may

A keyword line consists of a keyword (which always'starts with "K-") followed by an equal sign and

s may be
top of the

single ID
(OIDs), ID
5 includes
de one or

1. In this

pothetical data systeni, each ID value is associated with one or more OIDs and corresp¢nding ID

yword lines-in the file header (the first portion of every registration file) may occur in any ¢rder, and

hy future

(Optional) K-Interpretation = string, where the "string" argument shall be one of the following:
"ISO-646", "UTF-8", "ECI-nnnnnn" (where nnnnnn is a registered six-digit ECI number), [SO-8859-
nn, or "UNSPECIFIED". The Default interpretation is "UNSPECIFIED". This keyword line allows non-
default interpretations to be placed on the octets of data strings that are decoded from Packed

Objects.

(Optional) K-ISO15434=nn, where "nn" represents a formatindicator (a two-digit numeric identifier)
as defined in ISO/IEC 15434. This keyword line allows receiving systems to optionally represent a
decoded Packed Object as a fully conformant ISO/IEC 15434 message. There is no default value for

this keyword line.
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— (Optional) K-AppPunc = nn, where nn represents (in decimal) the octet value of an ISO/IEC 646
character that is commonly used for punctuation in this application. If this keyword line is not
present, the default application punctuation character is the hyphen.

In addition, comments may be included using the optional keyword assignment line "K-text = string"
and may appear zero or more times within a file header or table header, but not in an ID table body.
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Table J.1 — Hypothetical data format registration file

2022(E)

K-Text = Hypothetical data format 100
K-Version = 1.0

K-TableID = F100BO

K-RootOID = urn:o0id:1.0.12345.100

K{TableEnd = F100BO0

[eB])

which includes an
Option

K-IDsize = 16
IDvalue OIDs IDstring Explanation FormatString

0 99 17 Legacy ID "1Z" cor- 14n
responds to OID 99,
is assigned IDval 0

1 9 %x30-33 7 %x42-45 An OID in the range 1*8an
90 to 93,
Corresponding to
ID 7B..7E

2 (10)(20)(25)(37) (A)(B)(C)(D) a commonly used (1n)(2n)(3n)(4n)
set of IDs

3 26/27 1A/2B Either 1A or 2B is 10n / 20n
encoded, but net
both

4 (30) [31] (24) [3B] 2A is always en- (11n) [1*20n]
coded, optionally
followed by 3B

5 (40/41/42) (53) (4A/4B/4C) (5D) QneofA/B/Cisen- (In/2n/3n) (4n) [9n]

[55] [5E] coded, then D, and

optionally E

6 (60/61/ (64)[66]) (6A /6B /\(6C) Selections, one of (In /2n / ([3n][41])

J.2.3 Table header section

One or more table header sgctions (each introducing an ID table) follow the file header secf
taple header begins with-a K-TableID keyword line, followed by a series of additional reqfiired and
oftional keyword lines) (which may occur in any order) as follows:

ion. Each

— (Mandatory). K-TableID = FnnXnn, where Fnn represents the [SO-assigned data formaf number

included, with sequential table IDs of the form "Snn".

(where "nn’ represents one or more decimal digits), and Xnn (where "X" is either "B" of
registrant- assigned table ID for each ID table in the file. The first ID table shall always be th
basesID table of the registration, with a table ID of "B0". As many as seven additional
bdse 1D tables may be included, with higher sequential "Bnn" table IDs. Secondary ID tabl

"S") is a
P primary
alternate
bs may be

— (Mandatory) K-IDsize = nn: For a base ID table, the value nn shall be one of the values from the
"Maximum number of table entries" column of Table 1.6. For a secondary ID table, the value nn shall
be a power of two (even if not present in Table 1.6).

— (Optional) K-RootOID = urn:oid:i.j.k.ff where:

— L, j, and k are the leading arcs of the OID (as many arcs as required);

© ISO/IEC 2022 - All rights reserved

167


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

— ffisthelast arc of the Root OID (typically, the registered data format number). If the K-RootOID
keyword is not present, then the default Root OID is urn:oid:1.0.15961.ff, where "ff" is the
registered data format number.

— Other optional keyword lines: to override the file-level defaults (to set different values for a
particular table), a table header may invoke one or more of the optional keyword lines listed in for
the file header section.

The end of the table header section is the first non-blank line that does not begin with a keyword.
This first non-blank line shall list the titles for every column in the ID table that immediately follows

th 1 1 Py | i
lS T, CUITUIIIT TITITS dI'TC LASTTSUIISILIVE,

An alfernate base ID table, if present, is identical in format to the primary base ID table (butusua
reprgsents a smaller choice of identifiers, targeted for a specific application).

<

A sedondary ID table can be invoked by a keyword in a base table's OIDs column. A’secondary [[D
table|is equivalent to a single Selection list (see ].4) for a single ID value of a base ID table (excdpt
that 3 secondary table uses K-Idsize to explicitly define the number of secondagy ID bits per ID); the
IDvalue column of a secondary table lists the value of the corresponding secéndary ID bits pattern
for egch row in the secondary table. An OIDs entry in a secondary ID table-shall not itself contain a
Selecftion list nor invoke another secondary ID table.

J.2.4 ID table section

Each ID tgble consists of a series of one or more rows, each row including a mandatory "[Dvalue" colunjn,
several dgfined optional columns (such as "OIDs", "IDstring", ahd "FormatString"), and any number|of
informatjve columns (such as the "Explanation” column in the‘hypothetical example shown above).

Each ID table ends with a required keyword line of the form:

K-TaljleEnd = FnnXnn, where FnnXnn shall matcth the preceding K-TableID keyword line that
introduced the table.

The syntdx and requirements of all Mandatoryand optional columns shall be as described ].3.

J.3 Mdndatory and optionalID. table columns

J.3.1 Format

Each ID Table in a Packed Objeécts registration shall include an IDvalue column and may include otHer
columns that are defined.ir’ this specification as optional, and/or Informative columns (whose colurhn
heading if not defined’in‘this specification).

J.3.2 IDPvaluecolumn (Mandatory)

Each ID table.in a Packed Objects registration shall include an IDvalue column. The ID values pn
successive_rows shall increase monotonically, However, the table may terminate before reaching the
full number of rows indicated by the keyword line containing K-IDsize. In this case, a receiving system
will assume that all remaining ID values are reserved for future assignment (as if the OIDs column
contained the keyword "K-RFA"). If a registered base ID table does not include the optional OIDs column
described below, then the IDvalue shall be used as the last arc of the OID.

J.3.3 OIDs and IDstring columns (Optional)

A Packed Objects registration always assigns a final OID arc to each identifier (either a number assigned
in the "OIDs" column as will be described below, or if that column is absent, the IDvalue is assigned as
the default final arc). The OIDs column is required rather than optional, if a single IDvalue is intended
to represent either a combination of OIDs or a choice between OIDs (one or more secondary ID bits are
invoked by any entry that presents a choice of OIDs).
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A Packed Objects registration may include an IDString column, which if present assigns an
ISO/IEC 646-string name for each OID. If no name is provided, systems must refer to the identifier by its
OID (see |.5). However, many registrations will be based on data systems that do have an ISO/IEC 646
representation for each defined Identifier and receiving systems may optionally output a representation
based on those strings. If so, the ID table may contain a column indicating the IDstring that corresponds
to each OID. An empty IDstring cell means that there is no corresponding ISO/IEC 646 string associated
with the OID. A non-empty IDstring shall provide a "name" for every OID invoked by the OIDs column
of that row (or a single name, if no OIDs column is present). Therefore, the sequence of combination and
selection operations in an IDstring shall exactly match those in the row's OIDs column.

string representing (1n decimal) a

try may contain one of the following keywords:

K-Verbatim = OIDddBnn, where "dd" represents the chosen penultimate arc of the OID, §
indicates one ofthe base 10,base 40, or base 74 encoding tables. This entry.ihvokes several g
ID bits that serve two purposes:

They encode an ISO/IEC 646 identifier "name" that might ngthave existed at the time
was registered. The name is encoded in the secondary ID hits section as a series of bas

the number of base n values that follow (zero is permissible, in order to support RFA
described below).

The cumulative value of these secondary ID bits, considered as a single unsigned bina
and converted to decimal, is the final "arc*©fthe OID for this "verbatim-encoded" ide

K-Secondary = Snn, where "Snn" represents the Table ID of a secondary ID table in
registration file. This is equivalent to a base ID table row OID entry that contains a single

ID table, each component is listed ds a separate row in the secondary ID table, where ea(
assigned a unique OID, IDString;and FormatString.

K-Proprietary=0IDddPnn,s where nn represents a fixed number of secondary ID

K-Proprietary=0IDddP0Q-indicates an "anonymous" proprietary data item).

K-RFA = OIDddBnm,where "Bnn" is as defined above for Verbatim encoding, except that "B0
assignment (meaning that no secondary ID bits are invoked). This keyword represents a

name is assigned by the entity who registered this data format. Encoders may use this e

nbination
e [Dstring
, an OIDs

nd "Bnn"
econdary

the table
e n values

representing the ISO/IEC 646 characters of the name, preceded by a four-bit field indicating

bntries as
"y integer
ntifier.

the same
Selection

list (with no other components at the fop level), but instead of listing these components i the base

h may be

bits that

encode an optional Enterprise Identifier indicating who wrote the proprietary data (an entry of

'isavalid
Reserved

for Future ASsignment entry, with an option for Verbatim encoding of the Identifier "nanpe" once a

htry, with

a four-bit("verbatim" length of zero, until an Identifier "name" is assigned. A specific For}
may-beassigned to K-RFA entries, or the default a/n encoding may be utilized.

entry may e

n

by on

ihallyrany OIDs nd with a single "R" character (preceded e or more space ch|

this bit indicates that another instance of this class of identifier is also encoded (that is, this b

atString

practers),
ry. If"17,

it acts as

if a repeat of the ID value were encoded on an ID list). If "1", then this bit is followed by another series of

secondary ID bits, to represent the particulars of this additional instance of the ID value.

An IDstring column shall not contain any of the above-listed keyword entries, and an IDstr
shall be empty when the corresponding OIDs entry contains a keyword.

J.3.4 FormatString column (Optional)

ing entry

An ID table may optionally define the data characteristics of the data associated with a particular
identifier, in order to facilitate data compaction. If present, the FormatString entry specifies whether a
data item is all-numeric or alphanumeric (i.e. may contain characters other than the decimal digits) and
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specifies either a fixed length or a variable length. If no FormatString entry is present, then the default
data characteristic is alphanumeric. If no FormatString entry is present, or if the entry does not specify
a length, then any length >=1 is permitted. Unless a single fixed length is specified, the length of each
encoded data item is encoded in the Aux format section of the Packed Object, as specified in L.7.

If a given IDstring entry defines more than a single identifier, then the corresponding FormatString
column shall show a format string for each such identifier, using the same sequence of punctuation
characters (disregarding concatenation) as was used in the corresponding IDstring.

The format string for a single identifier shall be one of the following:

n_n

— Alength qualifier followed by "n" (for always-numeric data);

— Alength qualifier followed by "an" (for data that may contain non-digits); or

n_n

— A fixed-length qualifier, followed by "n", followed by one or more space characters,féllowed by a
le- length qualifier, followed by "an".

A length gualifier shall be either null (that is, no qualifier present, indicating that.any length >= 1|is
legal), a slingle decimal number (indicating a fixed length) or a length range of theform "i*j", where [i"

represents the minimum allowed length of the data item, "j" represents the-maximum allowed length,
and i <=j|In the latter case, if "j" is omitted, it means the maximum length is-unlimited.

—

n_n

Data corrgsponding to an "n" in the FormatString are encoded in the KIKN stubsection; data correspondipng
to an "an'| in the FormatString are encoded in the A/N subsection.

iven instance of the data item is encoded in a Packed Object, its length is encoded in the Aux
tion as specified in L.7.3.

The formpt string for a single identifier shall consist of either the letter "n" (for always-numeric data)
or "an" (fpr data that may contain non-digits), optionally preceded by a length range of the form "i%j",
where "i'| represents the minimum allowed length.'0f the data item, and "j" represents the maximym
allowed length. When a given instance of the data item is encoded in a Packed Object, its length|is
encoded n the Aux format section, using the minimum number of bits that can express the range. The

minimunj value of the range is not itself encoded but is specified in the ID table's FormatString column.

EXAMPLE

A ForjmatString entry of "3*6n')indicates an all-numeric data item whose length is always betwen
threqand six digits inclusiye) A given length is encoded in two bits, where "00" would indicate a stripg
of digits whose length is”3", and "11" would indicate a string length of six digits.

J.3.5 Interp columm(Optional)

Some regjfistratiois can specify information needed for output representations of the Packed Objedt's
contents,| other. than the default OID representation of the arcs of each encoded identifier. If this
informatjonis‘invariant for a particular table, the registration file may include keyword lines [as
previouslly defined. If the interpretation varies from row to row within a table, then an Interp colurhn
may be added to the ID table. This column entry, if present, may contain one or more of the following
keyword assignments (separated by semicolons), as were previously defined (see ].2.2 and ].2.3):

— K-RootOID = urn:oid:i.j.k.I...
— K-Interpretation = string
— K-ISO15434=nn

If used, these override (for a particular Identifier) the default file-level values and/or those specified in
the table header section.
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J.4 Syntax of OIDs, IDString, and FormatString columns

]. 4.1 General

In each ID table entry, the OIDs, IDString, and FormatString column may indicate one or more
mechanisms described in this clause. ].4.2 specifies the semantics of the mechanism and ].4.3 specifies
the formal grammar for the ID table columns.

J.4.2 Semantics for OIDs, IDString, and FormatString columns

h;llthe descriptions below, the word "ldentifier” means either an OID final arc (in the contextpo
column) or an IDString name (in the context of the IDstring column). If both columns are’pré
the OIDs column invokes secondary ID bits.

f the OIDs
sent, only

A single component resolving to a single Identifier, in which case no additionalséeondary ID bits are

invoked.

(For OIDs and IDString columns only) A single component resolving/te_one of a series
related Identifiers, where the Identifier's string representation varies\only at one or more
positions. This isindicated using the Concatenation operator "%" to.introduce a range of IS
characters at a specified position. For example, an OID whose, final arc is defined as "391
the fourth digit "n" can be any digit from "0" to "6" (ISO/IEC 646 characters 30, to 36,4
is represented by the component 391 %x30-36 (note that@@o spaces are allowed). A Cond
invokes the minimum number of secondary ID digits needed to indicate the specified ran
both an OIDs column and an IDstring column are populated for a given row, both shall cd
same number of concatenations, with the same ranges (so that the numbers and values of §
ID bits invoked are consistent). However, the minimum value listed for the two ranges car
that (for example) the OID's digit can range frem'0 to 3, while the corresponding IDstring
can range from "B" to "E" if so desired. Note that the use of Concatenation inherently c
the relationship between OID and legacydD, and so Concatenation may not be useable
circumstances (the Selection operation, described below usually provides an alternative).

A Combination of two or morecidentifier components in an ordered sequence, ind
surrounding each component of the sequence with parentheses. For example, an IDstring]
(%x30-37B)(2C) indicates that the associated ID value represents a sequence of the follow
identifiers:

— Identifier "A", then

— An identifier-within the range "0B" to "7B" (invoking three secondary ID bits to repf
choice ofleading character), then

— Identifier "2C.

NOTE A Combination does notitselfinvoke any secondary ID bits (unless one or more of its cq
do).

of closely
character
D/IEC 646
n", where
inclusive)
Atenation
ge. When
ntain the
econdary
differ, so
character
pnstrains
under all

cated by
entry (A)
ing three

esent the

mponents

An npfinnql compaonent is indicated hy cnrrnnnding the component in brackets _whic

h may be

viewed as a "conditional combination." For example, the entry (A) [B][C][D] indicates that the ID
value represents identifier A, optionally followed by B, C, and/or D. A list of Options invokes one
secondary ID bit for each componentin brackets, whereina"1" indicates that the optional component

was encoded.

A selection between several mutually exclusive components is indicated by separating the

components by forward slash characters. For example, the IDstring entry (A/B/C/(D)(E))
that the fully qualified ID value represents a single choice from a list of four choices (the

indicates
fourth of

which is a Combination). A Selection invokes the minimum number of secondary ID bits needed to

indicate a choice from a list of the specified number of components.

In general, a "compound"” OIDs or IDstring entry may contain any or all of the above operations. However,
to ensure that a single left-to-right parsing of an OIDs entry results in a deterministic set of secondary
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ID bits (which are encoded in the same left-to-right order in which they are invoked by the OIDs entry),
the following restrictions are applied:

— A given Identifier may only appear once in an OIDs entry, e.g. the entry (A)(B/A) is invalid.

— A OIDs entry may contain at most a single Selection list.

— There is no restriction on the number of Combinations (because they invoke no secondary ID bits).

— There is no restriction on the total number of Concatenations in an OIDs entry, but no single
Component may contain more than two Concatenation operators.

— Ano
be a
Conc

— AOII
"na

43 F

In each IT
following
a keywor
COMPONEN

OIDs, IDString, and FormatString column (except if empty) shall have identical parse trees accordi

to this gi
ignored)
where ex

Expr ::=
Selectio
Selectio
ComboExp
ComboSub

For the O

COMPONEN
COMPONEN

For the II

COMPONEN
Unquoted
Unquoted

"o"..
QuotedID
QuotedID

an ?le)erator as described above. If one of these characters is part of a defined data' System Identif

tional component may be a component of a Selection list, but an optional component may'
rompound component, and therefore shall not include a Selection list nor a Combination n
htenation.

s or IDstring entry may not include the characters "(",")", "[", "]", "%", "-", or "/{;0inless used

e", then it shall be represented as a single literal Concatenated charactep

pbrmal Grammar for OIDs, IDString, and FormatString Columns

table entry, the contents of the OIDs, IDString, and FormatStringcolumns shall conform to |
d as specified in ].3.3. All three columns share the same-grammar, except that the syntax
" is different for each column as specified below. In a givén ID table Entry, the contents of t

ammar, except that the covponEnTs may be different. Space characters are permitted (a
anywhere in an Expr, except that in the interior of a coMPONENT spaces are only permitt
blicitly specified below.

SelectionExpr | " (" SelectionExpr ") | SelectionSubexpr
hExpr ::= SelectionSubexpr ( "/" SelléctionSubexpr )+
hSubexpr ::= COMPONENT | ComboExpr

I ::= ComboSubexpr+

bxpr ::= " (" COMPONENT ")" [("{Y" COMPONENT "]"

Ds column, componNeENT shalkconform to the following grammar:

' OIDs ::= (COMPONENT_QIDs Char | Concat)+
' OIDs Char ::= ("0"™,."9")+

String column, ¢omPONENT shall conform to the following grammar:

 IDString A= UnquotedIDString | QuotedIDString
[DString (=" (UnQuotedIDStringChar | Concat)+
[DStrindgChar ::=

oM | WA, vzt | Mat.ut"z" oo mm

Etring™: := QUOTE QuotedIDStringConstituent+ QUOTE
EeringConstituent ::=

grammar for Expr, unless the column is empty or (in the case of the OIDs column) it contaﬂns
0

ot
or

er

he

r
he
ng
hd
ed

won

e o, "~ | (QUOTE QUOTE)

ouoTk refers to ISO/IEC 646 character 34 (decimal), the double quote character.

When the guotedipstring form for coMPONENT TDString is used, the beginning and ending ouoTk
characters shall not be considered part of the IDString. Between the beginning and ending ouork, all
ISO/IEC 646 characters in the range 32 (decimal) through 126 (decimal), inclusive, are allowed, except
that two gquoTE characters in a row shall denote a single double-quote character to be included in the

[DString.

In the Quotedipstring form, a % character does not denote the concatenation operator, but instead
is just a percent character included literally in the IDString. To use the concatenation operator, the
UnguotedIDstring form must be used. In that case, a degenerate concatenation operator (where the
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start character equals the end character) may be used to include a character into the IDString that is
not one of the characters listed for unquotedIDStringChar.

For the FormatString column, componenT shall conform to the following grammar:

COMPONENTiFormatString ::= Range? ("an" | "n")
| FixedRange "n" " "+ VarRange "an"
Range ::= FixedRange | VarRange
FixedRange ::= Number
VarRange ::= Number "*" Number?
Number ::= ("0".."9")+

The syntax for componENT for the OIDs and IDString columns makes reference to concat, whose syntax
is ppecified as follows:

Concat ::= "&%" "x" HexChar HexChar "-" HexChar HexChar
HexChar ::= ("0".."9" | "A".."F")

The hex value following the hyphen shall be greater than or equal to the hex value preceding thie hyphen.
In[the OIDs column, each hex value shall be in the range 30,4 to 39,4, inclusivé. In the IDString column,
each hex value shall be in the range 20, to 7E, inclusive.

J.5 OID input/output representation

].3.1 Default method

The default method for representing the contents of a Packed Object to a receiving system is ds a series
of|[name/value pairs, where the name is an OID, and the value is the decoded data string associated
with that OID. Unless otherwise specified by a K-RgotOID keyword line, the default root OID is urn:oid:
1.0.15961.ff, where ff is the data format encoded, in the DSFID. The final arc of the OID is (bl default)
the IDvalue, but this is typically overridden By an entry in the OIDs column. Note that an encoded
application indicator (see 1.5.4.2) may change'ff from the value indicated by the DSFID.

If supported by information in the ID table's IDstring column, a receiving system shall translate the OID
oytput into various alternative formats, based on the ID String representation of the OIDs.|One such
format, as described in ISO/IEC 15434, requires as additional information a two-digit format {dentifier;
a flable registration may provide.this information using the K-ISO15434 keyword as described above.

The combination of the K-RootOID keyword and the OIDs column provides the registering|entity an
ablility to assign OIDs to data system identifiers without regard to how they are actually encpded, and
therefore the same QD assignment can apply regardless of the access method.

].5.2 "ID value’OID" output representation

If the receiving system does not have access to the relevant ID table (possibly because it[is newly-
registeréd), the Packed Objects decoder will not have sufficient information to convert the IDvalue
(plus’secondary ID bits) to the intended OID. In order to ease the introduction of new or exterlllal tables,

erjcoders have an option to follow "restricted use" rules (see .5.4.3).

When a receiving system has decoded a Packed Object encoded following "restricted use" rules, but
does not have access to the indicated ID table, it shall construct an "ID value OID" in the following
format:

urn:oid:1.0.15961.300.ff.bb.idval.secbits

where 1.0.15961.300 is a Root OID with a reserved data format of "300" that is never encoded in a
DSFID, but is used to distinguish an "ID value OID" from a true OID (as would have been used if the
ID table were available). The reserved value of 300 is followed by the encoded table's data format (ff)
(which may be different from the DSFID's default), the table ID (bb) (always "0", unless otherwise
indicated via an encoded application indicator), the encoded ID value, and the decimal representation
of the invoked secondary ID bits. This process creates a unique OID for each unique fully-qualified ID
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value. For example, using the hypothetical ID table shown in Annex L (but assuming, for illustration
purposes, that the table's specified Root OID is urn:oid:1.0.12345.9, then an "AMOUNT" ID with a fourth
digit of "2" has a true OID of:

urn:oid:1.0.12345.9.3912
and an "ID value OID" of
urn:oid:1.0.15961.300.9.0.51.2

When a single ID value represents multiple component identifiers via combinations or optional
componehts, their multiple OIDs and data strings shall be represented separately, each usingythe
same "ID[value OID" (up through and including the secondary ID bits arc), but adding as a final-arc'the
componeht number (starting with "1" for the first component decoded under that IDvalue).

If the decpding system encounters a Packed Object that references an ID table that is unavailable to the
decoder, but the encoder chose not to set the "Restricted use" bit in the application indicator, then the
decoder ghall either discard the Packed Object, or relay the entire Packed Object to the receiving syst¢m
as a single undecoded binary entity, a sequence of octets of the length specified.in’the ObjectLength
field of the Packed Object. The OID for an undecoded Packed Object shall be-utii:oid:1.0.15961.301.ff
.n, where["301" is a data format reserved to indicate an undecoded Packed Qbject, "ff" shall be the dgta
format erjcoded in the DSFID at the start of memory, and an optional final arc "n" may be incrementgd
sequentidlly to distinguish between multiple undecoded Packed Objécts in the same data carrjer

memory.
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Packed Objects Encoding tables

Packed Objects primarily utilise two encoding bases:

2022(E)

Fdr situations where a high percentage of the input data's non-numeric chatacters would req
base-30 values, two alternative bases, base 74 (see Table K.5) and base256, are also define

of

Fi
ba
a
Pr

hally, there are situations where compaction efficiency can be enhanced by run-length en
se indicators, rather than by charaéter map bits, when a long run of characters can be class
bingle base. To facilitate that classification, additional "extension" bases are added, only
efix and Suffix Runs.

base 10, which encodes each of the digits "0" through "9" in one base 10 value.

base 30, which encodes the capital letters and selectable punctuation in one base 30
encodes punctuation and control characters from the remainder of the ISO/IEC®46 chara
two base 30 values (using a Shift mechanism) (see Table K.2).

The values in the base 74 set correspond to the invariant subset ©£ISO/IEC 646 (which in
GS1 character set), but with the digits eliminated, and with the‘addition of GS and <spa
supported for uses other than as a data delimiter).

The values in the base 256 set may convey octets with'rio graphical-character interpre
"extended ISO/IEC 646 values" as defined in ISO/IE€:8859-1 (which is the default charac
this document), or UTF-8 (the interpretation may be'set in the registered ID table for an ap]j
The characters "0" through "9" (ISO/IEC 646 deéimal values 48 through 57) are supportg
encoder may therefore encode the digits eitheérby using a prefix or suffix (in base 256) o
a character map (in base 10). Note that in GS1'data, FNC1 is represented by ISO/IEC 646 <
decimal value 29,).

To support run-length-encoding of a primarily numeric string with a few interspersed lettg
13 is defined (see Table’K.3).

Two of these extension bases (base 40 (see Table K.4) and base 84 (see Table K.6)) are simpl
in that they extend the corresponding non-numeric bases (base 30 and base 74, respective
include thé teh decimal digits. The additional entries, for characters "0" through "9", are
the next tén sequential values (values 30 through 39 for base 40, and values 74 through 8
84).

The' "extended" version of base 256 is defined as base 40. This allows an encoder the

Falue and
Cter setin

lire pairs
:

ludes the
Ce> (GS is

tation, or
er set for
plication).
d, and an
by using
:S> (octet

coding of
ified into
for use in

rs,abase

 defined,
ly) to also

added as
B for base

option of

encoding a few ISO/IEC 646 control or uppercase ISO/IEC 646 characters in base 256, wh

le using a

Prefix and/or Suffix to encode the remaining non-numeric characters more efficiently.

The number of bits required to encode various numbers of base 10, base 16, base 30, base 40, base 74,
and base 84 characters are shown in Table K.1. In all cases, a limit is placed on the size of a single input
group, selected to output a group no larger than 20 octets.
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Table K.1 — Required number of bits for a given number of base "N" values

Basel0 encoding accepts up to 48 input values per group

static const unsigned char bitsForNumbaselO[]

0to9 0, 4, 7, 10, 14, 17, 20, 24, 27, 30,

10 to 19 34, 37, 40, 44, 47, 50, 54, 57, 60, 64,

20 to 29 67, 70, 74, 77, 80, 84, 87, 90, 94, 97,

30to 39 100, 103, 107, 110, 113, 117,120, 123, 127, 130,
40t0 48 133 137 140 143 147 150 153 157 160

Basel3 encoding accepts up to 43 input values per group

static const unsigned char bitsForNumbase4O[]

0to9 0, 4, 8, 12, 15, 19, 23, 26, 30, 34,

10 to 19 38, 41, 45, 49, 52, 56, 60, 63, 67, 71,

20 to 29 75, 78, 82, 86, 89, 93, 97,100, 104, 108,
30to 39 112, 115,119, 123, 126, 130, 134, 137, 141, 145,
40 to 43 149,152, 156, 160

Base30 encoding accepts up to 32 input values per group

static const unsigned char bitsForNumbase30|[]

0to9 0, 5, 10, 15, 20, 25, 30, 35, 40, 45,

10 to 19 50, 54, 59, 64, 69, 74, 79, 84, 89, 94,

20to 29 99,104, 108,113,118, 123,128, 133, 1388, 143,
30to 32 148,153, 158

Base40 encoding accepts up to 30 input values-per group

static const unsigned, char bitsForNumbase4O[]

0to9 0, 6, 11, 16, 22, 27, 32,738, 43, 48,

10 to 19 54, 59, 64, 70, 75, 80; 86, 91, 96,102,

20 to 29 107,112, 118, 128,428, 134, 139, 144, 150, 155,
30 160

Base74 encoding accept$up to 25 input values per group

statfc~€onst unsigned char bitsForNumbase74[]

0to9 0 7,13, 19, 25, 32, 38, 44, 50, 56,
10 to 19 63, 69, 75, 81, 87, 94,100, 106,112, 118,
20 to 25 125,131, 137,143,150, 156

Base84+encoding accepts up to 25 input values per group

static const unsigned char bitsForNumbase84[]

0te9 0, 7, 13, 20, 26, 32, 39, 45, 52, 58,
10 to 19 64, 71, 77, 84, 90, 96,103, 109, 116, 122,
20 to 25 128, 135, 141, 148, 154, 160
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Table K.2 — Base 30 Character set

Val Basic set Shift 1 set Shift 2 set
Char Decimal | Char | Decimal Char Decimal
0 A-Punc? N/A NUL 0 space 32
1 A 65 SOH 1 ! 33
2 B 66 STX 2 " 34
3 C 67 ETX 3 # 35
4 D 68 EQT 4 oy 36
5 E 69 ENQ 5 % 37
6 F 70 ACK 6 & 38
7 G 71 BEL 7 ! 39
8 H 72 BS 8 ( 40
9 [ 73 HT 9 ) 41
10 ] 74 LF 10 * 42
11 K 75 VT 11 * 43
12 L 76 FF 12 ) 44
13 M 77 CR 13 - 45
14 N 78 SO 14 46
15 0 79 SI 15 / 47
16 p 80 DLE 16 58
17 Q 81 ETB 23 ; 59
18 R 82 ESC 27 < 60
19 S 83 FS 28 = 61
20 T 84 GS 29 > 62
21 U 85 RS 30 ? 63
22 Vv 86 us 31 @ 64
23 w 87 invalid N/A \ 92
24 X 88 invalid N/A A 94
25 Y 89 invalid N/A _ 95
26 Z 90 [ 91 " 96
27 Shift 1 N/A ] 93 | 124
28 Shift 2 N/A " 123 ~ 126
29 P-Puncb N/A " 125 invalid N/A
a Application-Specified Punctuation character (Value 0 of the Basic set) is defined
by default as the ISO/IEC 646 hyphen character (45dec) but may be redefined by a
registered data format.
b Programmable Punctuation character (Value 29 of the Basic set): the first
appearance of P-Punc in the alphanumeric data for a packed object, whether that
first appearance is compacted into the base 30 segment or the base 40 segment,
acts as a <Shift 2>, and also "programs" the character to be represented by second
and subsequent appearances of P-Punc (in either segment) for the remainder
of the alphanumeric data in that packed object. The base 30 or base 40 value
immediately following that first appearance is interpreted using the Shift 2 column
gfl;;lenccttuation) and assigned to subsequent instances of P-Punc for the packed

© ISO/IEC 2022 - All rights reserved 177


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

Table K.3 — Base 13 Character set

Value Basic set Shift 1 set Shift 2 set Shift 3 set
Char | Deci- | Char | Deci- | Char | Deci- Char | Decimal
mal mal mal
0 0 48 A 65 N 78 space 32
1 1 49 B 66 0 79 $ 36
2 2 50 C 67 P 80 % 37
3 3 51 D 68 Q 81 & 38
4 4 52 E 69 R 82 * 42 q/
5 5 53 F 70 S 83 + 43 Qq/
6 6 54 G 71 T 84 , 44 -('1/(]/
7 7 55 H 72 U 85 - 45
8 8 56 I 73 v 86 46N~
9 9 57 J 74 w 87 /|
10 | shiftl | N/A | K 75 X 88 7 _[\63
11 | shifz | N/A | L 76 Y 89 . 95
12 | shift3 | NJA | M 77 Z 90 | <es> 29
A4
Table K.4 — Base 40 CharacteQ@
Val Basic set Shift 1 set §\§\ Shift 2 set
Char Decimal Char | Dg@l\al Char | Decimal
0 See base 3’&Yable
*\l
- O
29 See base 30 Table
30 0 a8 [ N
31 1 49 Y
32 2 50~
33 3 N
34 4 i 52
35 5y ] 53
36 |, @ 54
37 y7 7 55
38<] 8 56
L39 9 57
?b‘
é Table K.5 — Base 74 Character Set
Val Char Decimal |Val Char Decimal |Val Char Decimal
0 GS 29 25 F 70 50 d 100
1 ! 33 26 G 71 51 e 101
2 " 34 27 H 72 52 f 102
3 % 37 28 I 73 53 g 103
4 & 38 29 ] 74 54 h 104
5 " 39 30 K 75 55 i 105
6 ( 40 31 L 76 56 j 106
7 ) 41 32 M 77 57 107
8 * 42 33 N 78 58 1 108
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Val Char Decimal |Val Char Decimal |Val Char Decimal

9 + 43 34 0 79 59 m  |109

10 , 44 35 P 80 60 n 110

11 - 45 36 Q 81 61 0 111

12 . 46 37 R 82 62 p 112

13 / 47 38 S 83 63 q 113

14 : 58 39 T 84 64 r 114

15 ; 59 40 U 85 65 s A5

16 < e 41 v |86 66 tn O 116

17 = el 42 REL 67 |

18 > ez 43 X |88 68 O v [118

19 ? |63 44 Yy [89 69 N7 w |1

20 A |65 45 z 90 70 N X 140

21 B 66 46 _ 95 7N y 141

22 c |67 47 a 97 G2 z 122

23 D |68 48 b 98 |73 Space |32

24 E |69 49 c 99,

\V/
Table K.6 — Base 8%\ @aracter Set

Val Char Decimal ([Val Cha(,\Q " |Decimal |Val Char Dlecimal

0 FNC1 N/A 25 A F 50 d

1-73 ’\\Q)\‘ See base 74 Table

74 0 48 78 4 52 |82 8 56

75 1 49 \79° 5 53 |83 9 57

76 2 50 |\80 6 54

77 3 51, |7 81 7 55

>
O
&
QO
Q~
v
R
R
9
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Annex L
(informative)

Encoding example for Packed Objects

A number of the techniques that can be invoked when encoding a Packed Object are illustrated with the

following
represent

— AnE»

— AnA
the I
this d
ll3nll
digits

— A Lot

The application will present the above input to the encoder as a list'of OID/Value pairs. The resulti

input dat
parenthe

(7)0¢

The exanpple uses a hypothetical ID table based on GS1 Application Identifiers. In this hypotheti

table, ead
shown in

sample input data which consists of data elements from a hypothetical data system. This.dz
s:

kpiration date (OID 7) of October 31, 2006, represented as a six-digit number 06103il.

mount Payable (OID 3n) of 1234.56 Euros, represented as a digit string 978123456 ("978"
O Country Code which will indicate that the amount payable is in Euros). As'shown in Table

vill be "32", where the "2" in the data element name indicates the decimal’point is located t¥
from the right.

Number (OID 1) of 1A23B456CD.

a, represented below as a single data string (wheréin“each OID final arc is shown
bes) is:

1031(32)978123456(1)1A23B456CD

h ID value is a seven-bit index into the basedD table; the entries relevant to this example 3
Table L.1, for the example in this annex (Annex L).

ta

is
L,

ata element is all-numeric, with at least 4 digits and at most 18 digits. Inthis example, the OID

VO

ng
in

al
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Table L.1 — Hypothetical base ID table, for the example in Annex L

K-Version = 1.0

K-TableID = F99B0

K-RootOID = urn:0id:1.0.15961.99
K-IDsize = 128

IDvalue OIDs Data Title FormatString
3 1 BATCH/LOT 1*20an
o / USE BY UR EAFIRY oIl
51 3 %x30-39 AMOUNT 4*18n
125 (MY EXPIRY + BATCH/LOT (611) (1*204n)

K{TableEnd = F99B0

Erlcoding is performed in the following steps:
—|{ Three data elements are to be encoded, using Table L.1.

— Asshown in the table's IDstring column, the combination of OID Zand OID 1 is efficiently qupported
(because itis commonly seen in applications), and thus the encoder re-orders the input so that 7 and
1 are adjacent and in the order indicated in the OIDs column:

(7)061031(1)1A23B456CD(32)978123456

Now, this OID pair can be assigned a single ID value'0f'125 (decimal). The FormatString cplumn for
this entry shows that the encoded data will always'consist of a fixed-length 6-digit string| followed
by a variable-length alphanumeric string.

— Also as shown in Table L.1, for the exaitiple in this annex (Annex L), OID 3n has an ID value of
51(decimal). The OIDs column for this entry shows that the OID is formed by concptenating
"3" with a suffix consisting of a single character in the range 30,4 to 39,¢ (i.e. a decimal digit).
Since that is a range of ten pogsibilities, a four-bit number shall be encoded in the secpndary ID
section to indicate which suffix character was chosen. The FormatString column for this entry
shows that its data is variable-length numeric; the variable length information will require four
bits to be encoded in.the Aux format section.

— Since only a small percentage of the 128-entry ID table is utilised in this Packed Opject, the
encoder choosgsyan ID List format, rather than an ID Map format. As this is the default format,
no format flags section is required.

— This results in the following Object Info section:
—~EBV-6 (ObjectLength): the value is TBD at this stage of the encoding process

=~ Pad indicator bit: TBD at this stage

— EBV-3 (numberOfIDs) of 001 (meaning two ID values will follow)

— An ID List, including:
— FirstID value: 125 (decimal) in 7 bits, representing OID 7 followed by OID 1
— Second ID value: 51(decimal) in 7 bits, representing OID 3n

— A secondary ID section is encoded as "0010", indicating the trailing "2" of the 3n OID. It so
happens this "2" means that two digits follow the implied decimal point, but that information is
not needed to encode or decode the Packed Object.

— Next, an Aux format section is encoded. An initial "1" bit is encoded, invoking the Packed-Object
compaction method. Of the three OIDs, only OID (3n) requires encoded Aux format information:
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a four-bit pattern of "0101" (representing "six" variable-length digits - as "one" is the first

a

llowed choice, a pattern of "0101" denotes "six").

— Next, the encoder encodes the first data item, for OID 7, which is defined as a fixed-length six-digit
dataitem. The six digits of the source data string are "061031", which are converted to a sequence
of six base 10 values by subtracting 30,4 from each character of the string (the resulting values
are denoted as values v5 through v0 in the formula below). These are then converted to a single

bi

inary value, using the following formula:

105 * ve + 104 * v, + 103 * vo+ 102 * v+ 101 * v+ 100 * v,

Y

— The :ﬁeXt data item is for OID 1, but since the table indicates that this OID's data is alphanumeji

enco

— Next
whos
subsé
a bin
shall
equiy

— Atth

Note that],

represent
encode th
two Knoy

At this st

requiring
numeric |
string ha
two bits

full 10-bit

specifics

Up to thi
Annex K,
base 30 @

"0000, 11101110, 01100111,"

ing into the Packed Object is deferred until after all the known-length numleric data is encod¢

e length of 9 (in this example) was encoded as (9 - 4 = 5) into four-bits within the Aux form
ction. Thus, a Known-Length-Numeric subsection is encoded for this data item, consisting
hry value bit-pattern encoding 9 digits. Using Table K.1, the/encoder determines that 30 b
be encoded to represent a 9-digit number as a binary valie,)In this example, the binary val
alent of "978123456" is the 30-bit binary sequence:

111010010011001111101011000000,"

s point, encoding of the Known-Length Numeric'subsection of the data section is complete.

ing the IDLPO Length section (assuming that a single EBV-6 vector remains sufficient
e Packed Object's length), two 7-bit1D.values, the secondary ID and Aux format sections, a
n- Length-Numeric compacted binar'y fields.

a base 30 Shift out of the-basic base 30 character set, and so base 30 is selected for the ng
pase (and so the first-hit of the Alphanumeric subsection is set to "0" accordingly). The d3
5 no substrings withysix or more successive characters from the same base, and so the n¢
hre set to "00" (iadicating that neither a Prefix nor a Suffix is run-length encoded). Thus
Character Mapshall be encoded next. Its specific bit pattern is "0100100011", indicating t
bquence ofdigits and non-digits in the source data string "1A23B456CD".

5 point-the alphanumeric subsection contains the 13-bit sequence "0000100100011". Frd
it can’be determined that lengths of the two final bit sequences (encoding the base 10 a

uppercase

the encoder finds that OID 3n, is defined by Table L.1 for the example(in)Annex L as all-numerji

hge, only one non-numeric data string (for OID 1) remains to be encoded in the alphanumefi
subsection. The 10-character source data string is "1A23B456CD". This string contains no charactg

ccording to Table K.1, a six-digit number is always encoded into 20 bits (regardless of any leadiLg
Zero's in the input), resulting in a binary string of:

so far, the total number of encoded bitsis (3 +6 +1+ 7 +7 + 4 + 5 + 20 + 30) or 83 bis,

to
hd

omponents of the source data strlng) are 20 blts (for the SlX dlglts) and 20 bits (for the fo

which encodes to a 20- b1t sequence of

"00011110001001000000,"

which is appended to the end of the 13-bit sequence cited at the start of this paragraph.

The four non-digits of the source data string are "ABCD", which are converted (using Table K) to a
sequence of four base 30 values 1, 2, 3, and 4 (denoted as values v3 through vO0 in the formula below.
These are then converted to a single binary value, using the following formula:

303 *

182

vy +302*v, + 301 *v, +300*v,
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In this example, the formula calculates as (27000 * 1 + 900 * 2 + 30 * 3 + 1 * 4) which is equal to 070DE
(hexadecimal) encoded as the 20-bit sequence "00000111000011011110" which is appended to the end
of the previous 20-bit sequence. Thus, the alphaNumeric section contains a total of (13 + 20 + 20) or
53 bits, appended immediately after the previous 83 bits, for a grand total of 136 significant bits in the

Packed Object.

The final encoding step is to calculate the full length of the Packed Object (to encode the EBV-6 within
the Length section) and to pad-out the last byte (if necessary). Dividing 136 by eight shows that a total
of 17 bytes are required to hold the Packed Object, and that no pad bits are required in the last byte.
Thus, the EBV-6 portion of the Length section is "010001", where thi EBV-6 value indicates 17 bytes in

infthe last data byte.

The complete encoding process may be summarised as follows:

Original input: (7)061031(32)978123456(1)1A23B456CD Re-
ordered as: (7)061031(1)1A23B456CD(32)978123456

FORMAT FLAGS SECTION: (empty)
OBJECT INFO SECTION:

ebvObjectLen: 010001,
paddingPresent: 0,

ebvNumlIDs: 004,
[Dvals: 1111101, 0110011,

SECONDARY ID SECTION:
IDbits: 0010,

AUX FORMAT SECTION:
auxFormatbits: 1, 0101,

DATA SECTION:

KLnumeric: 0000;1101110, 01100111, 111010, 01001100, 11111010, 11000000,
ANheader: 0,

ANprefix: 0,

ANsuffixr0,

ANmap: 01, 00100011,

ANdigitVal: 0001, 11100010, 01000000,

the Ubject. Following that, the pad indicator bit1s set to U™ 1ndicating that no padding bits.aj

e present

ANnonDigitsval: U000, 01110000, 11011110,

Padding: none

Total bits in Packed Object: 136; when byte aligned: 136
Output as: 44 7E B3 2A 87 73 3F 49 9F 58 01 23 1E 24 00 70 DE

Table L.1 shows the relevant subset of a hypothetical ID table for a hypothetical [SO-registered data

format 99.
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Annex M
(informative)

Decoding Packed Objects

M.1 Overview

The decofle process begins by decoding the DSFID. If the leading two bits indicate the Packed ‘Obje¢ts
Access Mgthod, then the remainder of this annex applies. From the remainder of the DSFID;\determipne
the data format, which shall be applied as the default data format for all the Packed Pbjects in tlris
memory. [From the data format, determine the default ID table that shall be used tdprocess the [ID
values in pach Packed Object.

Typically| the decoder takes a first pass through the initial ID values list, as.described earlier, [to
completefthe list of identifiers. If the decoder finds any identifiers of interest inJa Packed Object (or if it
has been psked to report back all the data strings from a tag's memory), then-it shall record the implied
fixed lengths (from the ID table) and the encoded variable lengths (fromcthe Aux format subsection),|in
order to parse the Packed Object's compressed data. The decoder, when recording any variable-length
bit patterns, must first convert them to variable string lengths peithe table (for example, a three-pit
pattern npay indicate a variable string length in the range of two\to'nine).

Starting at the first byte-aligned position after the end of,the DSFID, parse the remaining memary
contents funtil the end of encoded data, repeating the rémainder of this section until a terminatipg
pattern i reached.

Determirje from the leading bit pattern (see L.4) which one of the following conditions applies:

a) Ther¢ are no further Packed Objects innmemory (if the leading 8-bit pattern is all zeroes, this
indicptes the terminating pattern).

b) One ¢r more padding bytes are present. If padding is present, skip the padding bytes, which areljas
descifibed in Annex I, and examine'the first non-pad byte.

c) A dirgctory pointer is enceded. If present, record the offset indicated by the following bytes, ahd
then fontinue examiningfrom the next byte in memory.

d) A forymat flags section’ is present, in which case process this section according to the fornjat
descifibed in Annéx-:

e) A defpult-format Packed Object begins at this location.

If the Padked\Object has a format flags section, then this section may indicate that the Packed Objgct
is of the [D-Map format, otherwise it is of the ID List format. According to the indicated format, parse
the Object Information section to determine the Object Length and ID information contained in the
Packed Object. See Annex I for the details of the two formats. Regardless of the format, this step results
in a known Object length (in bits) and an ordered list of the ID values encoded in the Packed Object.
From the governing ID table, determine the list of characteristics for each ID (such as the presence and
number of secondary ID bits).

Parse the secondary ID section of the Object, based on the number of secondary ID bits invoked by each
ID value in sequence. From this information, create a list of the fully qualified ID values (FQIDVs) that
are encoded in the Packed Object.

Parse the Aux format section of the Object, based on the number of Aux format bits invoked by each
FQIDV in sequence.
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Parse the data section of the Packed Object:

a)

b)

If one or more of the FQIDVs indicate all-numeric data, then the Packed Object's data section
contains a Known-Length Numeric subsection, wherein the digit strings of these all-numeric items
have been encoded as a series of binary quantities. Using the known length of each of these all-
numeric data items, parse the correct numbers of bits for each data item, and convert each set of
bits to a string of decimal digits.

If (after parsing the preceding sections) one or more of the FQIDVs indicate alphanumeric data
of nonzero length, then the Packed Object's data section contains an AlphaNumeric subsection,

Fdr each FQIDV in the decoded sequence:

1 3 4] la. + el £l Lol H 1 L. 1 + ol d d
VVIICI CIIT LIIT UlIlIdl dClTl OSll 1115) Ul LIITOU QIPIIQIIUIIICI IC ILTIIIS TIdaVO UCTUILD CLUILIUdlllidlTcU ally enCO e
into the structure defined in Annex I. Decode this data using the "Decoding Alphanumeric data"
procedure outlined below.

c)| convert the FQIDV to an OID, by appending the OID string defined in the registered fojmat's ID
table to the root OID string defined in that ID table (or to the default Root OID, if none is dlefined in
the table);

d)| complete the OID/Value pair by parsing out the next sequence ofdeeoded characters. The length of

this sequence is determined directly from the ID table (if the EQIDV is specified as fixed length) or
from a corresponding entry encoded within the Aux format section.

.2 Decoding Alphanumeric data

Wijthin the Alphanumeric subsection of a Packed Object, the total number of data charact
encoded, nor is the bit length of the character mdp; nor are the bit lengths of the succeedi
sections (representing the numeric and non-numeric binary values). As a result, the decc
plement a procedure using knowledge of the remaining number of data bits, to correctly
alphaNumeric section. An example of an appropriate procedure is described in this subclause

en decoding the A/N subsection using this procedure, the decoder will first count the 1
ndn-bitmapped values in each base-(as indicated by the various Prefix and Suffix Runs), and
count) will determine the number of bits required to encoded these numbers of values in the
The procedure can then calculate, from the remaining number of bits, the number of explicitl}
chiaracter map bits. After separately decoding the various binary fields (one field for each base
used), the decoder "re-interleaves” the decoded ISO/IEC 646 characters in the correct order.

The A/N subsectiondetoding procedure is as follows:
Dgtermine the total number of non-pad bits in the Packed Object, as described in 1.8.3.

—{ Keep acount of the total number of bits parsed thus far, as each of the subsections pr
Alphanumeric subsection is processed.

—| (Rarse the initial header bits of the alphanumeric subsection, up to but not including the

Prs is not
g binary
der shall
parse the

umber of
from that
pse bases.
y encoded
that was

or to the

Character

1R

XA | dd 1 L. i H 1 £+ ibtaD |
lvlcll.l, dllu daUuulu LI1io 1TUIIfucel tu lJl CVIUUS vadlutUT Ul TULAIDILS1I dI SCTU.

— Initialize a DigitsCount to the total number of base 10 values indicated by the Prefix and Suffix

(which may be zero).

— Initialize an ExtDigitsCount to the total number of base 13 values indicated by the Prefix and Suffix

(which may be zero).

— Initialize a NonDigitsCount to the total number of base 30, base 74, or base 256 values indicated by

the Prefix and Suffix (which may be zero).

— Initialize an ExtNonDigitsCount to the total number of base 40 or base 84 values indicated by the

Prefix and Suffix (which may be zero).

© ISO/IEC 2022 - All rights reserved

185


https://standardsiso.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

186

Calculate Extended-base bit counts: Using the tables in Annex K, calculate two numbers:

ExtDigitBits, the number of bits required to encode the number of base 13 values indicated by
ExtDigitsCount, and

ExtNonDigitBits, the number of bits required to encode the number of base 40 (or base 84)
values indicated by ExtNonDigitsCount.

Add ExtDigitBits and ExtNonDigitBits to TotalBitsParsed.

Create a PrefixCharacterMap bit string, a sequence of zero or more quad-base character-map pairs,

as inglicated by the Prefix bits just parsed. Use quad-base bit pairs defined as follows:

00," indicates a base 10 value;
P1," indicates a character encoded in base 13;
10," indicates the non-numeric base that was selected earlier in the A/N header;

11," indicates the Extended version of the non-numeric base that was sélécted earlier;

Create a SuffixCharacterMap bit string, a sequence of zero or more quad:base character-map paifs,

as inglicated by the Suffix bits just parsed.

Initiglize the FinalCharacterMap bit string and the MainCharactefMap bit string to an empty string.

Calcylate running bit counts: Using the tables in Annex B, calcilate two numbers:

set AlnumBits equal to the sum of DigitBits plus NonDigitBits.

DigitBits, the number of bits required to encode the number of base 10 values currently indicated
Ry DigitsCount,

NonDigitBits, the number of bits required to encode the number of base 30 (or base 74 or bdse
256) values currently indicated by NonDigitsCount,

if thelsum of TotalBitsParsed and AlnumBits equals the total number of non-pad bits in the Packed
Objegt, then no more bits remain, to.be parsed from the character map, and so the remaining bit
patterns, representing binary ydlues, are ready to be converted back to extended base values and/
or base 10/base 30/base 74 /base 256 values (skip to the Final Decoding steps below). Otherwise,
get the next encoded bit from the encoded Character map, convert the bit to a quad-base Hit-

MainCharacterMap bitstring, and:

py converting eaclz05" to "00," and each "1," to "10,", append the pair to the end of the

If the encoded/map bit was "0,", increment DigitsCount,
Hlse if "15%increment NonDigitsCount,

[loop-back to the Calculate running bit counts step above and continue,

Final Decoding steps: once the encoded Character Map bits have been tully parsed:

Fetch the next set of zero or more bits, whose length is indicated by ExtDigitBits. Convert this
number of bits from binary values to a series of base 13 values and store the resulting array of
values as ExtDigitVals.

Fetch the next set of zero or more bits, whose length is indicated by ExtNonDigitBits. Convert
this number of bits from binary values to a series of base 40, base 84, or base 30 values
(depending on the selection indicated in the A/N header) and store the resulting array of values
as ExtNonDigitVals.

Fetch the next set of bits, whose length is indicated by DigitBits. Convert this number of bits from
binary values to a series of base 10 values and store the resulting array of values as DigitVals.
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— Fetch the final set of bits, whose length is indicated by NonDigitBits. Convert this number of
bits from binary values to a series of base 30 or base 74 or base 256 values (depending on the
value of the first bits of the Alphanumeric subsection) and store the resulting array of values as
NonDigitVals.

— Create the FinalCharacterMap bit string by copying to it, in this order, the previously created
PrefixCharacterMap bit string, then the MainCharacterMap string, and finally append the
previously- created SuffixCharacterMap bit string to the end of the FinalCharacterMap string.

— Create an interleaved character string, representing the concatenated data strings from all of
re-nom-numerte-data-strings-of the Packed-Objectby-parsing-through-theFinatcharacterMap,

— For each "00," bit-pair encountered in the FinalCharacterMap, copy the'next value from
DigitVals to InterleavedString (add 48 to each value to convert to ISO/HE(646 characters);

— For each "01," bit-pair encountered in the FinalCharacterMap, fetch the next value from
ExtDigitVals, and use Table K-2 to convert that value to ISO/IEC 646 (or, if the valug is a base
13 shift, then increment past the next "01" pair in the FinalCharacterMap, and use|that base
13 shift value plus the next base 13 value from ExtDigitVals\to convert the pair off values to
ISO/IEC 646). Store the result to InterleavedString;

— For each "10," bit-pair encountered in the FinalCharacterMap, get the next character from
NonDigitVals, convert its base value to an ISO/IEC{646 value using Annex K, and|store the
resulting ISO/IEC 646 value into InterleavedStfing. Fetch and process an additional base 30
value for every base 30 Shift values encountered, to create and store a single ISQ/IEC 646
character.

— For each "11," bit-pair encountered inthe FinalCharacterMap, get the next character from
ExtNonDigitVals, convert its base value to an ISO/IEC 646 value using Annex K, pnd store
the resulting ISO/IEC 646 value into InterleavedString, processing any Shifts as greviously
described.

Once the full FinalCharacterMap has;been parsed, the InterleavedString is completely populated.

St
to

hrting from the first AlphaNumérie entry on the ID list, copy characters from the InterleayedString
each such entry, ending each, copy operation after the number of characters indicatdgd by the

corresponding Aux format length bits, or at the end of the InterleavedString, whichever comes first.
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N.2
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or newly

Each Tag

Annex N
(normative)

Tag Data Profile encoding

Ge

En

enco

The d

heral

x defines the encoding rules for Tag Data Profiles. Because this Access-Method usesywhat
hn external "directory” as represented by the Tag Data Profile Table, header information sh
d on the RFID tag so that the relevant table can be called for encoding and decodifig purpos

coding

ling scheme is designed to support the encoding of any type of application data using existi
Fegistered Data-Formats, as follows:

ata format may be any one of the registered data formats.

It maly be a new registration, subject to the rules of ISO/IEC 15961-2.

In the
be us

 case of small applications that do not justify their own’data format, then Data-Format = 2 sh
ed.

Data Profile scheme shall be registered withsthe Registration Authority of ISO/IEC 15961

with the ¢lata profile number being a detailed qualifief’to the Access-Method.

The

9.3.6 and

N.3

Acce

Re

9.3.7 (if applicable) and based on the'rules of the particular Tag Driver.

pistered Table

A Tag Data Profile table, specified’in detail in Annex O, shall be registered with the Registrati

Authority

(see

The

R.5.4
table
A ver

Infor

), then the assignedtable number shall begin with "9".
is designed to'be machine readable and is in two parts. The table header identifies:
sion numbef for the table;

matién-to enable interpretation of the input string of data;

bs-Method and Data-Format shall be ene€eded in the DSFID in the normal manner as defined|i

is,
1
PSS,

hll

.2’

pn

for ISO/IEC 15961-2(1f the Tag Data Profile table is for a data element list in a multiple record

The ]

ata-Format;

The Tag-Data-Profile registration number (which also acts as a unique table ID);

The Root-OID for external communication through ISO/IEC 15961-1 and ISO/IEC 24791-2 and

1S0/1

EC 24791-5;

The number of Relative-OIDs encoded as part of the Tag-Data-Profile scheme.

The url for the table does not need to be on the table but shall be part of the registration process.

The main part of the table has an entry for each data element with the following column headings:

— The sequence number of the data element encoded on the tag, starting from zero.
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The Relative-OID associated with that data element. By having the two columns, the organisation
of data elements can be in pre-determined groups, for example the more important ones in the first

positions, or to group locked and unlocked data elements together.
Alock data element indicator.

A block align indicator.

The length and format of the user data.

The code for the ISO/IEC 15962 basic compaction scheme that is applied to the user data,

including

UTF-8 and application-defined.

—{ The compacted length (in bytes).

Nj4 Encoding the Tag Data Profile on the RFID tag

N4.1 Segments

The encoding on the tag consists of two segments: a header segment'and the data encoding|segment.

It lis more effective to carry out a preliminary encoding of the compacted data, then detegmine the

encoding for the header segment and concatenate these two segments.

N@.2 Header segment

The header segment shall be encoded on the RFID tag and precede any data encoding, and immediately

follow the DSFID, if this is encoded as part of the usedmemory.

NOTE1 For some tag types, the DSFID is encoded.in a separate memory area.

The structure of the header segment shall censist (in sequence) of:

— The registered Tag-Data-Profile schéme number, using the same structure as used fpr length
encoding as defined in 9.3.11.

NQTE 2  This means that the number of Tag-Data-Profile schemes can be extended to over 16,000 in[two bytes

bult could even extend beyond this‘point.

—{ One byte to indicate the length of the encoded header. This includes any padding bytes td align the
header on a boundary relevant to the type of tag, for example to a word or block boundary.

— One byte to indicate the number of bytes per block. The term block in this case is defirled as the
minimum sjze'that can be locked in the tag.
For some'tag types this is a different value to the one generally used in the document| which is
defin€d as the minimum unit that can be read or written. These different values shall be cpnsidered
during the encoding process.

I'ne encoded Iength oI the entire lag-Data-Fror1ile using the method defined in 7.5.11.

The root-OID when Data-Format = 2. This shall be encoded as defined in D.5.3. This field is only

encoded if Data-Format = 2.

NOTE 3  Because the presence of this component is declared by the Data-Format and because the
root-OID is self-declaring it can be encoded in this sequence in the structure and subsequently decoded.

size of the

— Any padding to the end of the header, using byte 80,,. This field is only encoded to achieve some
alignment (e.g. for achieving a block boundary between the tag header and the encoded data.

This structure for the header information enables the Tag-Data-Profile ID table to be logical in structure
and for tags with different block sizes to be used with the same Tag-Data-Profile.
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N.4.3 Encoded data segment

N.4.3.1

Description

This segment simply consists of a contiguous byte string representing the compacted bytes supported
by any necessary pad bytes (byte 80,;) for block alignment. There are two main reasons for aligning to
a block boundary:

— to ensure that all the bytes of a dataset that is intended to be locked are properly aligned with

adjac

ent datasets, and/or

— toali

ISO/IEC 1
in their p
defined i
Data-Prof
then the ¢

N.4.3.2

Each data
supporte
for select
requiring
ensure a

As the en
shall appl

— Ifthe
the 14

— If the
lengt

N.4.3.3
The first

Athree-s
datasets:

a) Cons
dataq

— 1

bn a dataset to begin on a block boundary for faster read access to that data.

5961-1 commands and ISO/IEC 24791-2 messages provide information about object identifig
rocesses. These are used to communicate to the encoding process, which shall follew the ru
h the table with each data element encoded in the sequence defined by the¢registered T3
ile scheme table. If any data element is missing in the initial command or its\éngth is long]
ntire process shall be an error.

Basic compaction

Object shall be compacted according to the declared compactign code. If the character set
1, the compaction shall over-ride any optimisation rules for(the No-Directory Access-Meth
ing between compaction schemes. For example, an allsnumeric string may be defined

integer compaction, even if this begins with a leading:zero. This deterministic approach is
constant size of compacted data for each data Object.

roded length is required to be declared for the Tag-Data-Profile, the following additional ru
y:

declared compaction scheme is integer (cede 001) leading zeros shall be inserted to make
ngth.

declared compaction scheme issany other, then the compaction shall satisfy the requir
h, otherwise there is an error.

Encoding to the Logical Memory
bncoded compacted dataset always begins on a block boundary.

fep process is required to establish the starting position of the next and subsequent compact

dering the'lock-block size of the tag being encoded, determine whether the previous d3
et ends-o11 a lock-block boundary.

F so.mark-up for the previous dataset all the blocks to be locked or unlocked as specified by t

es
g-
er,
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— Otherwise continue at Step b).

b) Consider the BOOLEAN arguments for locking this dataset and the previous dataset.

— Ifthey are different, invoke the Offset (see D.8) and insert, if necessary the required number of
pad bytes (80;4) after the previous Object to reach a lock-block boundary. Compact this Object
and evaluate as from the beginning of step a).

— Ifthey are the same, continue at step c).
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c) Consider the BOOLEAN argument for write-block aligning this dataset.

— IfTRUE, invoke the Offset and any necessary pad bytes to the previous dataset to reach a write-
block boundary. Compact this Object and evaluate as from the beginning of step a).

— If FALSE, compact this Object and evaluate as from the beginning of step a).

In practice, because the number of lock-block and write-block sizes are likely to be few for a particular
tag, a set of basic pro forma structures can be established for encoding to a particular Tag-Data-Profile.

Furthermore, for those tag types where the lock-block and the write-block are identical, the process is
evenmore deterministic and Qimp]pr to imp]pmpnf

N{5 Decoding the Tag Data Profile

N.;5.1 Decoding Tag Data Profiles with an ID table

Various strategies can be used to decode the Tag-Data-Profile. In a systemrthat only expect$ the Tag-
D4dta-Profile, many of the steps discussed below can be omitted. In a moré/géneral situation ywhere the
encoding can or cannot be based on a Tag-Data-Profile, the following process is considered appropriate:

a)| If the RFID tag supports the encoding and reading of the DSFID\ffom a separate memoryj, then the
Access-Method "11" will clearly indicate encoding in confofimance with Tag-Data-Profi|es. If the
DSFID is not encoded and read as part of a separate proeess, it shall be captured as a prgamble to
the header segment.

b)| Read a limited amount of the user data to establish the Access-Method, Data-Format and other
information from the header segment. Effectively the generic reading process shall capture the
complete header segment before decoding canbegin.

NOTE Unless the Data-Format = 2, where’the length of the root-OID can vary, reading 8 byjtes should
return the header segment in most cases.

c)| Identify the length of encoding, and-if this is capable of being read by the application with one air
interface transaction, read the-appropriate number of blocks using the most efficient airjinterface
transfer option.

d)| If the encoding is large~and only selected data is required, use the Tag-Data-Profile gcheme to
identify the block(s) that contain the appropriate data elements and return these. The|sequence
and number of compacted bytes is specified in the ID table. To determine the actual| location,
account shall be taken of the block size and any alignment for locked and block-aligned data. Such
calculations can ‘be achieved using information in the ID table and the block size information
and end peint of the header segment from the header segment in the tag. This procegs may be
implemented in the interrogator or in application software.

e)| Use the EncodeLength data (from the ID table) to select the relevant compacted bytes.

f)| (De:compact these using the ISO/IEC 15962 basic de-compaction rule as declarefl by the

= VW AN | LL 4= 1IN ealala)
CUIIIpattLouc (11T uc I tdvicy.

g) Associate the de-compacted data element to the object identifier and process any response.

N.5.2 Decoding Tag Data Profiles without an ID table

Because the structure of the encoded header segment is self-declaring, it is possible to read all the
encoded blocks on the RFID tag (i.e. those where at least one byte is non-zero) and carry out some basic
processing.

If Data format = 2, then the root-OID is encoded. The encoding ensures that the structure and length are
self- declaring.
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Once the details of the header segment have been decoded, the datasets are decoded in the same
manner as for bytes encoded to a No-Directory structure. It is possible to partially decode datasets that
are not requested by the application command by only processing the Precursor and length of encoded
data until the target Relative-OID is found.

N.6 Modifying data

If the Tag-Data-Profile scheme supports the ability for the application to modify data, then this can be
achieved, so long as the encoded data remains the same encoded length. Additional pad bytes, as used

in the tagtreader; cammotbeusedbecausethedecoder isatwaysexpectimgafixedmumberofercoded
bytes.
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Annex O
(normative)

Tag Data Profile ID tables

2022(E)
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A1 ID table lists a series of ID values. Each row of an ID table contains a set of columns that id

1 General

is annex defines the Tag-Data-Profile ID table format definition, to be used by all registered
ese ID tables, customised for each data system, will be registered with the Registration
noted by ISO/IEC 15961-2.

2 Tag-Data-Profile Data-Format registration file structure
[ag-Data-Profile registered Data-Format file consists of a series of "Keyword lines" and one

keyword line consists of a keyword (which always starts with *K-") followed by an equal {
aracter string, which assigns a value to that keyword. Somekeyword lines shall appear onl
e top of the registration file, and others may appear multiple times, once for each ID table in

put data and the encoded structure:

IDValue;

OID (defining the Relative-OID);

LockData,a BOOLEAN argument andifTRUE indicating that the data, when encoded, shall

BlockAlign, a BOOLEAN argument and if TRUE indicating that the encoded data shall b
block boundary;

FormatString to define the'input data;
CompactCode to definethe ISO/IEC 15962 basic compaction schemes;
EncodeLengths

illustrate the file format, a hypothetical data system registration is shown in Table O
pothetical \data system, each ID value is associated with one OID and other features. This
Cludes five/OIDs with the following constraints:

"1 for 18-digit serialised traceability code that shall be locked;

ID tables.
Authority

ID table.

ign and a
y once, at
the file.

entify the

be locked;

egin on a

1. In this
example

"7/ tor a 6-character batch number;
"9" for an expiry date 8-digit format YYYYMMDD that shall be write block aligned;
"17" for the manufacturing plant as a 3-alpha code;

"14" for a 5-byte hex code.
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Table 0.1 — Hypothetical data format registration file

K-Version = 1.0
K-Interpretation = [SO-8859-1
K-ProfilelD = F150P123
K-Root-OID = urn:o0id:1.0.12345

K-Idsize =5
IDvalue oID LockData BlockAlign FormatString CompactCode En-
codelength

00 T T 18 DIGITS 001 8
01 F F 6 CHARS 100 5
02 F T 8 DIGITS 001 4
03 17 F F 3 ALPHAS 011 2
04 14 F F 6 HEXES 110 3

K-TableEnd = F150P123

The folloyving subclauses explain the syntax shown in the figure.

0.3 Filp header section

The definfed keyword lines in the file header (the first portion of.every registration file) are:

— (Man[datory) K-Version = nn.nn, which the registering body assigns, to ensure that any futyre
revisjons to their registration are clearly labelled.

— K-Intprpretation = string, where the "string" argument shall be one of the following: "ISO-64p",
"[S0-8859-1, "UTF-8". The default is ISO-8859-1'to align the basic processes of this document.

0.4 Table header section

One or mpre Table header sections (each introducing an ID table) follow the file header section. Each
Table hedder begins with a K-Table[D*keyword line, followed by a series of additional required ahd
optional keyword lines, as follows:

— (Mandatory) K-ProfileID-=FnnPnn, where Fnn represents the [SO-assigned data format numbgr,
and Hnn is the ISO assigned Table ID for each ProfilelD.

— (Marn|datory) K-Re@ot@ID = urn:oid:i.j.k.ff where:

s

j, and kéare the leading arcs of the OID (as many arcs as required) and ff is the last arc of the
Root QID. (which can be the registered data format number);

— (Mandatory) K-IDsize = nn, where nn represents the number of OIDs in the encoded Tag Ddta
Protile.

The end of the table header section is the first non-blank line that does not begin with a keyword. This
first non-blank line shall list the titles for every column in the ID table that immediately follows this
line.

0.5 Table trailer section
Each ID table ends with a required keyword line of the form:

K-TableEnd = FnnPnn, where FnnPnn shall match the K-ProfileID keyword line that introduced the
table.
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The syntax and requirements of all Mandatory columns shall be as described 0.6.

0.6 Mandatory ID table columns

0.6.1 General

Each ID table in a Tag Data Profile registration shall include several columns as defined in the
subclauses.

2022(E)

following

0J6.Z TDvalue column

Eqch ID table in a Tag Data Profile registration shall include an IDvalue column. The \first
ddfine the ID value zero, and successive rows shall increment monotonically until the, size d
the keyword line containing K-IDsize. This column defines the sequence of encodingoh the RE

046.3 OID column

Eqch ID table in a Tag Data Profile registration shall include an OID colutn’ The OID value m
Rdlative-OID specified for the Root-OID.

0/6.4 LockData column

row shall
efined by
ID tag.

ay be any

Eqch ID table in a Tag Data Profile registration shall include’ a LockData column. Using a BOOLEAN

argument this declares the application requirements toJlo¢k the encoded bytes that are der
the input data.

046.5 BlockAlign column

In|addition to any block alignment to achieve<the correct locking of data, there may be an ¢
reguirement to begin the encoding of a compacted data Object on a block boundary, for e
ernfable air interface commands to call spécifically for a particular encoded Object.

046.6 FormatString column

Edch ID table in a Tag Data Prefile registration shall include a FormatString column to defing
racteristics and fixed length of the data associated with a particular identifier, to facil
paction. The input characters shall be in conformity with IETF RFC 4234. Table 0.2 shows

ved from

dditional
rample to

b the data
tate data
the input

dqta format and the-pessible ISO/IEC 15962 compaction schemes. For any given data elemment, one

paction scheme shall be selected and specified in the ID table.

Table 0.2 — DataFormats and ISO/IEC 15962 Compactions

Input data Char value (HEX) Description CompactCode
format
DIGIT %x30-39 0-9 001 (integer) for numeric strings|z 2 digits

and witit feading digit=0

010 (numeric) for numeric strings
and with leading digit =0

110 (octet) for single digit string

> 2 digits

for other shorter strings

HEXDIG DIGIT /"A" /"B" /"C" / 110 (octet)
"D"/"E" /"F"
ALPHA %x45-5A / %x61-7A |A-Z/a-z 011 (5-bit) for A-Z strings = 3 chars

101 (7-bit) for a-z strings = 8 chars 110 (octet)
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Table 0.2 (continued)

Input data Char value (HEX) Description CompactCode
format
VCHAR %x21-7E visible (printing) characters|100 (6-bit) for char 20 to 5F;¢ = 6 chars 101

(7-bit) for strings = 8 chars
110 (octet) for other shorter strings

CHAR

acter, excluding NULL (7-bit) for strings = 8 chars

0x01- any 7-bit char- -bit) for char to > 6 chars
%x01-7F y 7-bit ISO/IEC 646 ch 100 (6-bit) for char 20 to 5F;; = 6 ch 101

11U [O0Ctey) Ior otner snorter strings

OCTET

%x00-FF 8 bits of data 110 (octet) for other shorter strings

0.6.7 C

Each ID t
ISO/IEC 1
automati
process r
length of
beginnin

This code
0.6.8 E

Each ID t
the numi
identify t

pmpactCode

hble in a Tag Data Profile registration shall include a CompactCode column, This defines t
5962 compaction scheme that shall be applied to the data string, rather than'leave this as
" choice by the encoder. The table shows logical choices that should be followed, but there 34
lles that differ from the No-Directory encoding. For example, because\the ID table shows t

r with 0.

is also relevant to decode the encoded bytes.

ncodeLength

able in a Tag Data Profile registration shall include an EncodeLength column. This defin
er of bytes required to encode the application ‘data. It is used to parse the encoded bytes
he byte string for de-compaction into the applieation data.

he
hn
re
he

the application data it is possible for the integer compaction to beused with numeric strings

€S
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Annex P
(informative)

Encoding example for Tag Data Profile

P Overview

Several of the techniques that can be invoked when encoding a Tag-Data-Profile in the folewing example
is pased on the Profile structure as illustrated in Table 0.1, with the following additional inputs:

—{ The lock-block size is 8 bytes

—{ The write-block size is 2 bytes

—{ The DSFID is encoded in user memory

—|{ The five data elements have the following values:
— Relative-OID 1 =0123456789121345678

— Relative-OID 7 = AB12XY

— Relative-0ID 9 = 20091231

— Relative-0OID 17 = JPN

— Relative-OID 14 = A2B380

P.2 Encoded data segment

P.2.1 Encoding the first dataset

The first dataset requires,a Rrecursor that identifies the compaction scheme used and the Relative-OID,
followed by the length of thé compacted data.

The data associatedwith Relative-OID 1 compacts as 00 2B DC 54 5E 14 D6 4E. It is 8 bytes|long, and
it |s required tobedocked. Adding the Precursor and length byte makes for a total length of|10 bytes,
which is not bloek’aligned. The Precursor shall be set to indicate that it is followed by an Offs¢t byte, so
hds the bit sequence:

— 1, tedindicate that an Offset follows;

—{ *001, to indicate the compaction scheme;

— 0001, to indicate the Relative-OID.

The Precursor has the hexadecimal value 91 and is followed by the Offset byte with the value 05
indicating five pad bytes after the compacted data to align on the boundary of an 8-byte lock block. So,
the first dataset of 16 bytes has the byte string of:

91 05 08 00 2B DC 54 5E 14 D6 4E 80 80 80 80 80

The dataset is marked-up as requiring locking.
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P.2.2 Encoding the second dataset

The second dataset requires a Precursor that identifies the compaction scheme used and the Relative-
0ID, followed by the length of the compacted data.

The data associated with Relative-OID 7 compacts as 04 2C 72 61 98. It is 5 bytes long and does not
require to be locked. Adding the Precursor and length byte makes for a total length of 7 bytes, which
is not block aligned. As the next dataset shall remain unlocked, no pad pads are required for lock-block
purposes. However, the next dataset shall begin on a write-lock boundary, so some re-alignment is
required comprising one byte. The Precursor shall be set to indicate that it is followed by an Offset byte,
so has th¢bitsequernce:

— 1, tofindicate that an Offset follows;
— 100, to indicate the compaction scheme;
— 0111} to indicate the Relative-OID.

The Precpursor has the hexadecimal value C7 and is followed by the Offset byte-with the value PO
indicating that of itself it provides sufficient pad bytes. So, the second dataset'0f'8 bytes has the byjte
string of:

C70005042C726198

The dataget is marked-up as not requiring locking.

P.2.3 Epcoding the third dataset

The third dataset requires a Precursor that identifies the~compaction scheme used and the Relative-
OID, followed by the length of the compacted data.

The data|associated with Relative-OID 9 compactsas 01 32 91 5F. It is 4 bytes long and does 1ot
require tp be locked, but it does require to be aligned for reading and writing. The previous dataget
required |block alignment, so this dataset is eficoded from the beginning of a block boundary. Addipg
the Precyrsor and length byte makes for a-total length of 6 bytes. As this is block aligned on the 2-byjte
boundary}, no Offset and no pad bytes are required. The Precursor so has the bit sequence:

— 0, tofindicate that no Offset follows;
— 001, [to indicate the compaetion scheme;
— 1001}, to indicate the Relative-OID.

The Preclirsor has the’hexadecimal value 19 and is followed by the length byte. So, the third dataset|of
8 bytes has the byte'string of:

19 04 01 3291 5F

The datagetis marked-up as not requiring locking.

P.2.4 Encoding the fourth dataset

The fourth dataset requires a Precursor that identifies the compaction scheme used. As the Relative-
OID value is greater than 14, the Precursor cannot directly encode this value and signals that the
Relative-OID is encoded separately as defined in D.5.5.3 with the value 02;,. This is then followed by
the length of the compacted data.

The data associated with Relative-OID 17 compacts as 54 1C. This 2-byte string is neither locked nor
shall be block aligned. It can be encoded as output from the encoder. Adding the Precursor, the Relative-
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OID and length byte makes for a total length of 5 bytes. The Precursor shall be set to indicate that it is
followed by a directly encoded Relative-0ID, so has the bit sequence:

0, to indicate that no Offset follows;
011, to indicate the compaction scheme;

1111, to indicate that the Relative-OID is separately encoded.

The Precursor has the hexadecimal value 7F and is followed by the byte with the value 02 indicating
the Relative-OID = 17. So, the fourth dataset of 5 bytes has the byte string of:

T}

P.

Re
en

T}

7F 02 02 54 1C

e dataset is marked-up as not requiring locking.

2.5 Encoding the fifth dataset

lative-OID 14 was presented with the six hexadecimal characters "A2B3C4", so these
coded as the three bytes A2 B3 80.

e fifth dataset requires a Precursor that identifies the compactien scheme used and the

OID, followed by the length of the compacted data. The previous dataset and this one require

al

length byte makes for a total length of 5 bytes. The Precursot has the bit sequence:

TH
by

T}

P.

TH
sh

0, to indicate that no Offset follows;
110, to indicate the compaction scheme;

1110, to indicate the Relative-OID.

hre to be

Relative-
E no block

gnment, so this dataset is abutted at the end of the previeus-encoding. Adding the Precyirsor and

e Precursor has the hexadecimal value 6Eand is followed by the length byte. So, the fifth ddtaset of 5
tes has the byte string of:
6E 03 A2 B3 80
e dataset is marked-up as notrequiring locking.
2.6 The complete data segment
e complete encodifigiis shown in Table P.1, with the locked bytes shown in bold and alternat¢ datasets
ded for illustration purposes.
Table P.1 — Complete data segment

91 01

08 00

2B DC

54 5E

14 D6

4E 80

80 80

80 80

C7 00

05 04

2C 72

61 98

19 04
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Table P.1 (continued)
01 32
91 5F
TF 02
02 54
1cC 6E
03 A2
B3 80

P.3 Enfoding the header segment

Account ghall be taken that the DSFID is encoded in user memory, and as this has the Data-Format value
150 two lyytes are required for the DSFID. For information and completeness of this example:

— The Access-Method = 11,, encoded in the leading bits of the first byte;

— As the only extension is for the Data-Format, the next bit is 0;

— The lpst five bits are set = 11111, to indicate an extended Data-Format;

— Thergfore, the first byte = 1101111, = DF¢;

— The decond byte encodes the value of the (Data-Format - 32) 350, - 32, = 118, = 764.

These twp bytes shall be considered for block alignment of théyheader segment. The following can pe
determingd:

a) The RrofileID = 123, which can be encoded in a single byte = 7B;
b) The header size cannot be determined until other component values are established;
c) Thelpck-block size is 8 bytes, encoded as\08;

d) The length of the complete Tag Data Profile is "header segment + data segment” = ?? + 24, and still
undefermined, but certain to only.réquire one byte;

e) As t:[ size of (a + c + d) is only'3 bytes, it is clear the (b) will only require one byte;
f) Asthe DSFID already takes up two bytes of the 8-byte block, b = 6 and is encoded 064;
g) The value of (d) can bedetermined as 6 + 24 = 30, which is encoded as 1E;

h) Two pad bytes arefrequired.

The compjlete encoding of the header segmentis: 7B 06 08 1E 80 80.
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Annex Q
(normative)

Basic encoding rules for Multiple-Records Access-Metho

Q

T}

Multiple-Records. These rules also cover generic aspects for encoding hierarchical records, 3
Annex R.

in

T}

T}
T}

E}

TH
re
ba
SO

Q
Q

1 Overview

e Multiple-Records Access-Method comprises the following components:

A MR-header (see Q.2) shall be encoded as the first entry in the Logical Memory and p
individual records. The MR-header may be locked or unlocked, or $electively locked.

A series of records that can support single records, multiple instances of the same type
hierarchical records, and data element lists. Each record comprises a preamble follow
encoding of the data in the record, which complies with the‘encoding rules of the nominateg
Method.

Optionally, a directory, which should be encoded fordarger logical memories.

e MR-header, all the records, data element list$,;and entries in the directory shall be bloc
e MR-header may be locked, or unlocked, or sélectively locked.

AMPLES
Encoding on a Type C tag shall begin and end on a word boundary.
Encoding on an ISO/IEC 18000-3 Mode 1 tag shall begin and end on a block boundary.

e MR-header and individual records may have an assigned memory capacity that is gre
guired for the initial eneading. This is to enable additional data to be correctly encoded
undaries defined for\the record. This mechanism is also useful to align records, or the MR-
me hardware feature such as a lock block boundary, or some file access mechanism.

2 Encoding the Multiple-Records header

2.1, ‘Byte structure of the Multiple-Records header

d

e basic encoding rules defined in this annex support the encoding of homogeneous or heterjogeneous

s defined

recede all

pf record,
bd by the
d Access-

k aligned.

Qter than
ithin the
neader, to

T}

e MR-header for the Multiple-Records Access-Method shall begin in the lowest addressabl

P block in

memory. The MR-header shall comprise several mandatory and conditional components defined in the
following subclauses. The structure is illustrated in Table Q.1.
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