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Foreword

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 ngr~ —tiai T ; i ; ; of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

ional Standards are drafted in accordance with the rules given in the ISO/IEC Directives| Part 2.

The mpin task of the joint technical committee is to prepare International Standards. Draft International
Standgrds adopted by the joint technical committee are circulated to national bodies for voting.| Publication as
ipn is drawn to the possibility that some of the elements of this document may be the sybject of patent

rights. |SO and IEC shall not be held responsible for identifying any.or-all such patent rights.

ISO/IELC 15962 was prepared by Joint Technical Commitiee’ ISO/IEC JTC 1, Informatidn technology,
Subcoiqnmittee SC 31, Automatic identification and data capture techniques.

This second edition cancels and replaces the first edition (ISO/IEC 15962:2004), which has bgen technically
revised.
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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 tag 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 ISO/IEC 18000. 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 s
carriers, for th
time in a com
must be form
objective. This|
arguments def
ISO/IEC 2479
between busi
management
support defing
functional ruleg

Manufacturers
standards-bas
International S
standards defi

The transfer (
subject of ISO
developed to f

data to be encoded on the RFID tag in one systems implementation for it to be read at
letely different and unknown systems implementation. The data bits stored on each R
ted in such a way as to be reliably read at the point of use if the RFID tag is-to fulfil it
reliability is achieved through the specification of a data protocol using the application-
ned in ISO/IEC 15961-1 and the data encoding rules of this International Standard. Add
-1 specifies a software system infrastructure architecture that enables REID system ope
ess applications and RFID interrogators. Specific parts of ISONEC 24791 addres
equirements (ISO/IEC 24791-2) and device interface requirements{(1SO/IEC 24791-5).
d implementations that incorporate the encoding rules of thisnternational Standard 3
of the commands and responses in ISO/IEC 15961-1.

of RFID equipment (interrogators, RFID tags, etc.) and-the’users of RFID technology re
bd data protocol for RFID for item management. ISQAEC 15961-1 to ISO/IEC 15961
tandard, and ISO/IEC 24791 specify this protocal, which is layered above the air in
ned in ISO/IEC 18000.

f data to and from an application, supported by appropriate application commands,
IEC 15961-1. This International Standard specifies the overall process and the method
brmat the application data into a structure'to store on the RFID tag.

pf data
a later
-ID tag
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INTERNATIONAL STANDARD

ISO/IEC 15962:2013(E)

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

1 Sq

The da
ISO/IE
unders|

This In

to the application commands defined in ISO/IEC 15961. The\encodation is in a Logical Memory

analog

This In

cope
ta protocol used to exchange information in an RFID system for item management
C 15961 and in this International Standard. Both International Standards are-required
fanding of the data protocol in its entirety; but each focuses on one particularinterface:

ISO/IEC 15961 addresses the interface with the application system.

This International Standard deals with the processing of data.and its presentation to t
the initial processing of data captured from the RF tag.

ternational Standard focuses on encoding the transfer syntax, as defined in ISO/IEC 15
Lie of the physical memory of the RFID tag being-addressed by the interrogator.
ernational Standard

defines the encoded structure of objectidentifiers;

specifies the data compaction_rules that apply to the encoded data;

specifies a Precursor for.encoding syntax features efficiently;

specifies formattingwrules for the data, e.g. depending on whether a directory is used o

defines how application commands, e.g. to lock data, are transferred to the Tag Driver

specifies/processes associated with sensory information and the transfers to the Tag [

defines other communication to the application.

is specified in
for a complete

ne RF tag, and

961 according
as a software

not;

river;

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO/IEC 15961-1, Information technology — Radio frequency identification (RFID) for item management —
Data protocol — Part 1: Application interface

ISO/IEC 19762-1, Information technology — Automatic identification and data capture (AIDC) techniques —
Harmonized vocabulary — Part 1: General terms relating to AIDC
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ISO/IEC 19762-3, Information technology — Automatic identification and data capture (AIDC) techniques —
Harmonized vocabulary — Part 3: Radio frequency identification (RFID)

3 Terms, definitions and conventions

31

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762-1, ISO/IEC 19762-3 and
the following apply.

O 407004 L o

NOTE For

3.1.1

data compact
mechanism, o
data carrier tha

3.1.2
Data Process

- Ll ol e LN WVl =Fay
CTTTTS UTTINICU UTTUW Aallu T ToVU/IMEL TIJ70L=1T U TOoVJUNEU

on

OZAaD Q4L Looirar i : Lorrmrd 1
JIroc=9, T UTHTIUUNS yIivert UTIUW dpply .

algorithm, to process the original data so that it is represented efficiently in-fewer bytes in a

n in the original presentation

DI

implementatiof of the processes defined in this International Standard, including the Data Com

Formatter, Log

3.1.3
Precursor
byte, sometim
metadata for tH

314
Relative-OID
particular obje
remaining arcg

3.2 Conver

Conventionally
separator". Th
object identifig

ical Memory, and Command/Response Unit

bs a sequence of bytes, used in the Directory and_No-Directory Access-Methods that
e subsequent Object-ldentifier and Object

ct identifier where a common root-OID" (for the first and subsequent arcs) is implig
after the Root-OID are defined by the'Relative-OID

tions

in International Standards; long numbers are separated by a space character as a "tho
s convention has not been followed in this International Standard, because the arcg
r are defined by @ space separator (according to ISO/IEC 8824 and ISO/IEC 8825).

correct represégntation of thesé arcs is vital to this International Standard, all numeric values have ng

separators exd

4 Conforn

ept to denote a.node between two arcs of an object identifier.

nance

pactor,

hcts as

d, and

Isands
of an
As the
space

Conformance
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in the following three sub-clauses.

41

Conformance with the air interface

defined

A conformant implementation of this International Standard shall support one or more air interface protocols
through the tag drivers defined in Annex C. Declarations of conformance shall refer to the specific air interface

protocol(s). Th

is applies to encoders, decoders, or more comprehensive devices.

4.2 Conformance with the application interface

The conformance requirements depend on the type of device as follows:
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Encoders and the application interface

Within the constraints of the air interface protocol supported, a conformant implementation of this International
Standard 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).

422

Within
Stand

argume

4.2.3

Within
Standd

associgted process argument, as defined in Clause 10. In addition, the Delete-Object (see 8.4.

Object
each c

Decoders and the application interface

ne d ]
rd on a decoder shall support the appllcatlon commands deflned in 8.3 and the asso
nt, as defined in Clause 10.

Comprehensive encoder/decoder devices and the application interface

the constraints of the air interface protocol supported, a conformant implementation of th
rd on an encoder/decoder shall support the application commands defined in 8.2 an

(see 8.4.3) commands shall be supported. Other commands defined in 8.4 may be s
bmmand that is supported shall be declared.

is International
ciated process

s International
d 8.3 and the
P) and Modify-
upported, and

4.3 Conformance with the Access-Method

The copformance requirements depend on the type of implémentation as follows:

4.3.1 |Encoders and the Access-Method

A confprmant implementation of this Internatiohal Standard on an encoder shall support the pncoding rules
and formatting rules of one or more Access-Methods as defined in Clause 11 and associpted Annexes.

Declargtions of conformance shall refer to the specific Access-Method(s) supported.

4.3.2

A conf

formatling rules of all the Access-Methods as defined in Clause 11 and associated Annexes.

An inte

following shall apply~to achieve conformance:

Decoders and the Access-Method

brmant implementation of this International Standard on a decoder shall support the decqd

rrogator is naot expected to fully support the decoding functions of all the Access-Me

For <full"conformance, the decoder process on the interrogator shall output the Ob
Object and other arguments as required in the responses to the commands.

ding rules and

hods, and the

ject-ldentifier,

For partial conformance, the decoder 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 needs to be fully decoded by a decoder process,
external to the interrogator, that is fully compliant with the rules defined in this International Standard.

Declarations of conformance shall refer to the specific Access-Method(s) supported.

43.3

Comprehensive encoder/decoder devices and the Access-Method

A conformant implementation of this International Standard on an encoder/decoder shall support the encoding
rules and formatting rules of one or more Access-Methods as defined in Clause 11 and associated Annexes.
Declarations of conformance shall refer to the specific Access-Method(s) supported. The decoding function
shall be as defined in 4.3.2.
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5 Protocol model

5.1 Overview

RFID supports bit encodation in the RFID tag memory. Unlike other data carrier standards prepared by
ISO/IEC JTC1 SC31 which require encodation schemes that are specific to the individual data carrier
technology, ISO/IEC 18000 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 needs to have data encoded in a consistent manner.
ISO/IEC 15961-1 is to specify a common interface between the application programs and the RFID
interrogator. The prime function of this International Standard is to specify the common encoding rules and

logical memor

functions.

The prime function of

RFID tags utili
of product are
are recognised

Different appli
application stg

avoiding confu
protocol specif

5.2 Layeres

The protocol

l protocol

5e electronic memory, which is typically capable of increasing data capacity as new geng
introduced. Differences in data capacity of each RFID tag type, whether similarjop dis|
by the data protocol defined in these two International Standards.

Cation standards may have their own particular data sets or data dictionaries. Each
ndard for item management needs to have its data treated in an unambiguous manner,
sion with data from other applications and even with data from closed systems. TH
ed in these International Standards ensures the unambiguous identification of data.

layers of an implementation of RFID for item mafagement are illustrated schenm

rations
Similar,

major

e data

atically

in Figure 1 — $chematic of protocol layers for an implementation of RFID for item management.
Application and
Business Intelligence
3 Scope of
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F Y
¥
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Figure 1 — Schematic of protocol layers for an implementation of RFID for item management
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5.2.1 Application layer - as defined in the various parts of ISO/IEC 15961

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 needs to be registered according to the rules of 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

comma
the RF

To illus
and re
operati
betwesd
ISO/IE
ISO/IE
the cor

This R
RFID t

nds and responses. [his Is so that application programs can specity what data to trans
D tag and to append, update, selectively lock, delete data, or perform other functions.on

trate how the functions and arguments are assembled into a structured format;a numbe
Eponses have been constructed using an abstract syntax. This is independent 'of the h
hg system, and programming language and also independent of the §pecific comm
n the interrogator and tag driver. The abstract syntax used in ISO/IEC_15961-1 is similar]
C 24791-5, and is intended to enable closer integration with that standard. The orig

hmands that were originally defined in this manner have been included in an annex of IS

-ID data protocol also defines arguments and codes to support responses of data that i
hg, including error messages, which are returned to theapplication.

er to and from
the RFID tag.

F of commands
pst application,
And  structures
to that used in
nal version of

C 15961:2004 included commands defined using ASN.1 abstract\syntax. For backwand compatibility

D/IEC 15961-1.

5 read from an

The alpstract syntax may be used as a basis to prepare commands in different programie languages,

suppor]

5.2.2

The ap
this Int
from a
RFID t
so that

fing the functionality and arguments of the abstract'‘commands.

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

plication interface may be implemented in a number of different ways that are not expl
ernational Standard, nor in ISO/IEC™5961-1. The basic requirement is to identify data o
| others using object identifiers;\even to enable different data formats to be intermixe
hg. The application interfacealso needs to define command and response arguments U
they can be intermixed with\data on the same wired or wireless network.

One

functiohs and arguments used to construct commands and the arguments and codes use
responkes, as specified in this International Standard, are directly input to the encoding

ISO/IE

systems. The advantage of this process is that it avoids the creation of the transfer encoding (s

requir
ISO/IE

than the requirement that it be integrated with the encoding rules of ISO/IEC 15962.

ajor class of implementation, described as a straight-through process, is appropri

15962. Sugh“input can be from computer screens or forms, or more direct trans

more.\rigorous adherence to the functional requirements of the commands a
15961-1 imposes no constraints on the particular application interface process to be

citly defined in
bjects distinctly
| on the same
nambiguously,

hte where the
d to construct
processes of
fers from host
ee below), but
nd responses.
adopted, other

An alternative process, consistent with the first edition of ISO/IEC 15961, is to use the abstract syntax for
defining the commands and responses in a structured, consistent and verifiable manner. It is then necessary
to generate the transfer encoding that defines the byte stream transferred between the processes of this
International Standard and those of ISO/IEC 15962.

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

5.2.3 Data Protocol Processing - as defined in this International Standard

The RFID data protocol specifies how data is encoded, compacted and formatted on the RFID tag and how
this data is retrieved from the RFID tag to be meaningful to the application.
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This RFID data protocol provides for a set of schemes that compact the data to make more efficient use of the
memory space.

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

5.2.4 Data Protocol Interface - as defined in this International Standard

Each air interface protocol standard in ISO/IEC 18000 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 rule

s through specific tag drivers. These allow the basic application commands and respo

ISO/IEC 15961

The tag driver
specific tag req

Additional tag
series of stand

5.3 Flexible¢ implementation configurations

ards.

-1 to be applied independently of the air interface protocol and specific tag architecture.

component of the data protocol provides the mapping rule from the generic précesseg
uirements. These mapping rules are used to write data and to read data.

drivers can be specified as new air interface protocols are introduced, in)the ISO/IEC

nses of

to the

18000

This RFID dafa protocol specifies the application level communication and the RFID tag interrogator level

rules for data 4

with
defing

with |

devic
comp,

5.4 Functid

There are vari
from it. Figure

shows a schefnatic of an example_implementation where the processing of the data protocol resides

interrogator. T
typical implem

ncoding, compaction and storage formats. This protocol may be implemented:

he International Standard incorporated into the ‘software system infrastructure arch
d in ISO/IEC 24791. This is the recommended approach for any networked application.

SO/IEC 15961 Part 1 and this International-Standard incorporated into stand-alone soft

bs that have as its output conformant enceding and / or conformant decoding with res
iant to the responses of ISO/IEC 159641=1.

nal processes — interrogator-implementation

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

his illustration is provided to help with the understanding of the processes, and alth
bntation, many others are possibly compliant with this data protocol.
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Figure 2 — Logical functions and interfaces of ISO/IEC 15962 with other RFID system G

5.4.1

The d3
Stand4d
to be
moduldg

N(
to
IS

regd/write and the ability to lock data. Older protocols are unlikely to support such features.

APPLICATION ‘ INTERROGATOR RF TAG
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AIR Logical
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Map
APPLICATION :
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— :
Command / Driver >
Response 4_’ and
‘ Unit Mapping 1
APPLICATION Rules RESPONSES
RESPONSES 4
2
Logical Memory [T iy NoteTheLog|ca|MemoryMap-|n b
Tag Physical Memory is-given by the
Tag architecture and the mapping rulgs
DATA PHYSICAL in the Tag Driver. Alkthe information fin
PROCESSOR INTERROGATOR the Logical Memory, is represented in
the Logical Memofy Ma
\ J\ J\ J\. ° v
Y Y
ISO/IEC 15961 ISO/IEC 15962 ISO/IEC 15962 ISO/IEC 18000
Annexes
A\ J
Y
May be implemented using 24791-2 & 24791-5

Functional processes — application interface

ta flows between the application and.the Data Processor are formatted according to th
rd and are not compacted. Howeyer, there are numerous established systems where d3
ompliant, for example, with a bar code related syntax. It is therefore reasonable to
s in the data flow to convert from and to existing application formats.

omponents

s International
ta is formatted
nsert interface

TE Careful consideration should be given to the extent that established systems need to be slipported relative

the potential benefits«{o\be gained from adopting the data protocol specified in this Internation
D/IEC 15961-1. This(is)because this protocol has been developed around the features of RFID, §

bl Standard and
uch as selective

5.4.2 |Functional processes - interrogator

In the process illustrated in Figure 2 — Logical functions and interfaces of ISO/IEC 15962 wjth other RFID
system components, the interrogator is the module in which all the basic processing of the data| protocol takes
place and—there—is—an interface—to—the—RHD tag- Bifferent imptementations—might—separate some of the

functions described below and have an interface between the application and the physical interrogator.

5.4.21

Data processor

The Data Processor provides all the processing, which is as specified in this International Standard and is
required for handling application data. It consists of the following components, all of which are described more
fully below: Command/Response Unit, Logical Memory, Encoder (which supports a Data Compactor and
Formatter function) and Decoder (which supports the inverse functions of the Encoder). The Data Processor
can physically reside anywhere between the application software and the tag driver but shall contain all the
components. Some, or all, of the Data Processor functions may be implemented using processes defined in
ISO/IEC 24791-2 and ISO/IEC 24791-5.
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54211

Command/Response unit

The Command/Response Unit receives the application commands from the application in a format specified in
this International Standard, acting upon these commands where appropriate and converting to the specific
RFID tag lower level command codes.

EXAMPL

E

An application command of write Data Object {name} is application related. The data protocol recognises this and
can format the data onto the Logical Memory in the Data Processor. Information from the particular RFID tag is
required to set the parameters of the Logical Memory Map (e.g. number of bytes, whether a directory is in use, etc)
on the RFID Tag. The Tag Driver converts the application command into a tag-specific command.

It can be seen
Tag Driver.

54.21.2 Ld
This is an arra
memory acces
The Logical M
number of blod

The use of the

tag, but that ipdividual RFID tags can have completely different memory capacities and architecture

enables an im
ISO/IEC 1800(

5.4.21.3 En

The Encoder
Compactor Mg

54214 D¢

The Data Conppactor provides the standand,compaction rules to reduce the number of bytes stored

RFID tag and
character set f

5.4.21.5 Fdg

The Formatter|
efficient format

N
in

gical Memory

y of contiguous bytes of memory acting as a common software representation of the R

sible by an application and to which the object identifiers and data objects are mapped in

bmory takes into account some parameters of the real RFID tag, forlexample the block s

ks and the storage format. The Logical Memory ignores any detailed tag architecture.
Logical Memory means that an application can interface,with an application-compliar

blementation to benefit from new technological developments permitted within the frame
, such as larger capacity or faster access RFID tags; without changing the application.

coder

controls the process of writing data through the functional processes performed by th
dule and Formatter Module.

ta Compactor

transferred across the aif interface. Numeric data, for example, is byte based to some
br the application, but can be encoded in a compact form on the RFID tag memory.
rmatter

for storing,on the Logical Memory.

from this example that there is a distinct logical boundary between the Data Processor elmd the

-ID tag
bytes.
ze, the

t RFID
s. This
vork of

e Data

on the
coded

provides the processes to place the object identifier and object (data) into an approprigte and

DTE The physical mapping of bits to comply with the RFID tag architecture is performed b

ormation provided by the Tag Driver.

Tsed on

5.4.2.1.6

Decoder

The Decoder controls the process of reading and interpreting data through the functional processes performed
by the Data De-compactor Module and De-formatter Module.

5.42.2 Tag

Driver

The Tag Driver provides two main functions:

It provides mapping rules on the structure of the RFID tag to enable the contents of the Logical

Memory in the Data Processor to be exchanged with the Logical Memory Map of the RFID tag in use.
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It provides facilities that accept the application commands of this data protocol, and converts them to
a format that results in calls to command codes supported by the particular RFID Tag. For example,
an application command write Data Object {name} could result in the RFID tag related command of

write (block #, data).

The description of the tag driver for particular RFID tags is provided in annexes of this International Standard.
For the purpose of this International Standard, a tag driver is unique to a particular air interface type of RFID
tag as specified in the appropriate part of ISO/IEC 18000. This is a logical representation; physical
implementation could combine features of different logical tag drivers. An interrogator may support one or
many tag drivers.

5.4.2.3
The tra

the img
or inco

5.4.3

Although the RFID tag is beyond the scope of this International Standdrd, the tag is shown

Logica
of data
Memor
in the 1

55 |

This In

these fules is described in this International Standard as the Data Processor. As described

proces
declari
tag. Th
the RF
tag. Th

BO/IEC 15962 and the Data Processor

Transfer mechanisms

nsfer mechanisms for transferring data, commands and responses between the Data
lementation of this International Standard) and the RFID tag need to be done through
rporated within the functions of the interrogator.

RFID tag

functions and interfaces of ISO/IEC 15962 with other RFID system components to corn
and commands. Within the RFID tag, the Logical Memory Map represents all the dats
y of the Data Processor converted (or mapped) to a locatiof structure determined by the|
[ag Driver and the architecture of the RFID tag.

ternational Standard defines all the rules for encoding data on an RFID tag. The imp

5es are undertaken to achieve successful encoding. The rules ensure the encoded |
ng' in a reading operation without any>previous or independent knowledge of what is e
is allows the Data Protocol to be used in open systems where the organisation encodi
D tag might be completely unaware of what organisation might eventually read the data
is is achieved by:

Having clearly defined“rules for compacting data that are applied independently of
and the type of RFID_ tag.

Defining fundamental structuring rules for the encoding of data largely determin
selectable feature called the Access-Method.

Having. precise structuring rules within each Access-Method, including a clearly defin
allews reading systems to selectively identify data required for the application.

Clause

"

rocessor (i.e.
interrogator

in Figure 2 —
nplete the flow
in the Logical
mapping rules

lementation of
in 5.4, various
ytes are 'self-
hcoded on the
hg the data on
from the RFID

he application

ed by a user-

ed syntax that

processing is fully specified in Annexes referred to in Clause 11.

6 Data and presentation conventions

The following conventions are used:

© ISO/IE

The associated

The field/argument names are shown in bold type face using this format: Access-Method.

Basic data types are shown in UPPERCASE type face using this format: BOOLEAN
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6.1

Data types in ISO/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.

to FFh.

— BYTESTIRING: A sequence of hytes (Fquivalent toa OCTET STRING)

— HEXADECIMAL ADDRESS: A location (on the memory of an RFID tag), expressed
hexadecimal value

INTE
value

OBJH

6.2 Extens

The EBV bloc
characteristic.
of bits in each
original edition

6.3 Object

6.3.1 Object
This Internatig
identifiers assi
node (ISO/IEC
particular obje

has a

is ass

can njanage thesallecation of arcs under its node, independently of other bodies

SER: An integer can take any whole number. In the context of this International Standz
5 are all positive.

CT IDENTIFIER: An Object Identifier as defined in 6.3.1.

ble bit vector (EBV)

structure is used as a self-declaring code to determine the length, position or size o
\Various EBV-n structures are used in this International)Standard, where n refers to the
block. EBV-8 is identical to the length encoding.(s€e 9.2.10), which has been used si
of this International Standard.

dentifier presentation in the application interface

identifier structure to ISO/IEC 8824-1

gned as specified in ISO/IEC.9834-1. This uses a registration tree with a common impli
9834-1), a series of afcs from each node, with new arcs added as required to d
tt. Thus, the body responsible for a particular node:

defined set of arcs-to identify itself

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

it

BYTE: An integer with the possible values 0 to 255, usually expressed as a hexadecimal value 00h

as

rd, the

f some
umber
ce the

nal Standard uses the OBJECT IDENTIFIER type as defined in ISO/IEC 8824-1 apd with

ed root
bfine a

EXAMPLE

1 0 15434 1 arcs
T ® ® ®
= iso
= standard

= particular standard

= sub-division within 15434 (= Format 01)

The only top arcs permitted for all object identifiers are shown in Table 1 — Object Identifier Top Arcs.

10
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Table 1 — Object Identifier Top Arcs

Identifier Arc Name Numeric Value
itu-t 0
o) 1
joint-iso-itu-t 2

The second arc is administered by the relevant organisation named for the top arc. The current list of top and
second arcs is given in ISO/IEC 15961 Part 3.

The th
Author
object
within i

N(
en

Three 1

6.3.2

When
ISO/IE

coded unambiguously on an RFID tag memory.

orms of object identifier are used with the RFID Data Protocol:

C 8824~1, spaces are inserted between each arc as follows:

TE This structure enables object identifiers from different domains (e.g. open~and closed

Object-ldentifier: This full structure is used for communications between the appli
Data Processor defined by the scope of this International. Standard. The full structurs
use in this International Standard where the set of abject identifiers to be encoded o
have different higher level arcs, or where a genericSystem is in place.

Relative-OID: This structure is used in conjunction with the Root-OID (see below) for
between the application and the Data Processor. These structures are applied in situ
common root applies to the set of object.idéentifiers to be encoded on the RFID tag. Fo

)

rd arc is conirolled by the sysiem or body defined for the second arc; somelimes thisjs| a Registration
ty. The hierarchical structure continues until the object is identified uniquely. The proce
dentifiers ensures that each object is unique within its "parent" arc and that each‘paren
Es previous level, right back to the top 3 arcs.

ure of naming
t arc is unique

systems) to be

cation and the
is suitable for
h the RFID tag

communication
htions where a
example, if all

the object identifiers have the common,root 1 0 15961 12 encoding space can be saved on the RFID

tag if this common Root-OID doesnot have to be encoded for each object identifier.
OID is a suffix to a common Root-OID, which is either encoded or declared in some ot

Root-OID: The Root-OID is-the common part of a set of encoded object identifier|
common prefix to the Relative-OID values encoded on the RFID tag. This structurg
important in applications-that require a variety of data from a common data dictionary
on an RFID tag. The Root-OID is either explicitly encoded or declared in some other
to the encoding rules of this International Standard.

Presenting-the ‘Object-ldentifier in the style of ISO/IEC 8824-1

the Object-Identifier is presented in application commands and responses in

The Relative-
her way.

5. It acts as a

is particularly
to be encoded
vay, according

the style of

1045864424

6.3.3

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

The Object-ldentifier may also be presented in the URN in the following format, based on IETF RFC 3061,
with the decimal point character between each arc:

urn:0id:1.0.15961.12.1

© ISO/IEC 2013 — All rights reserved
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6.4 The Object

On the interface with the application, all data that is intended to be encoded on the RFID is described as the
Object in this International Standard. The Object shall be qualified by the use of an Object-ldentifier to

ensure unambi

guous communication.

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

6.5 The 8-bit byte

This Internatio
referred to as

'byte'), the mo
each bit is defi

hed in Table 2 — Bit sequence in the 8-bit byte.

Table 2 — Bit sequence in the 8-bit byte

hal Standard supports the encoding of data and data objects aligned as 8-bit bytes (son
pctets to be more compatible with communications standards). Within each 8-bit byte (hgreafter
St significant bit is bit 8 and the least significant is bit 1. Accordingly, the weight alloc|

Bit Value | bit8 | bit7 | bit6 | bits

bit 4

bit 3

bit 2

bit 1

Weight 128 64 32 16

8

4

2

turn complied with ASN.1 rules.

6.6 N-bit encoding

This Internatio
boundary. The
defined, the fir

7 Data Pr¢

The main flow
information flo

5t bit field occupies the most significantbits.

pcessor — high level processing

vs, which focuseson'the encoding process.

nal Standard supports the encoding of bit fields that are not necessarily aligned on
most significant bit is bit N and the least significant bit is bit 1. When a sequence of bit fields is

5 of information to and\from the command/response unit are illustrated in Figure 3 — Hig

etimes

ated to

NOTE  Although other bit position conventions are possible’and more common, this bit seqgience is
used here for backward compatibility with the original yersion of this International Standard,

vhich in

a byte

h level
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Tag Driver
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ISO/IEC 18000-n

Air Interface
Services

ISO/IEC ] . \ \\ i
15961-1 M Required Command / Encoded Logical

A

The D
suppor
by the
the cor

Applice

the particular tag provides the air interface services as defined in Clause 9. These are used by

Respo

The Data Processor is not required’to support all tag types, but shall support the encoding

capabi
ISO/IE
Proces
series

8 D

Commands Argtments /l Rcapunac Hnit BytEa 7 my-

Encoding
Rules

Access-Method
Structures

L
[ [4

Figure 3 — High level information flows

bta Processor is not required to support all . application commands. For the comm
fed, all the set of incorporated arguments shall be processed correctly to achieve the end
application. These requirements are definedhin Clause 8. The method of transferring thg
nmand response unit is not specified in this’International Standard.

tions should define that the data is<to ' be encoded on a particular type of RFID tag. The|
nse Unit to correctly encode data on, and decode data from, the type of tag required by
ities of any type of tag-that is supported. As some types of RFID tag that are
C 18000 series of airtinterface protocols have optional components, the precise capabi

sor needs to be clearly defined against optional components and Revisions to the
bf standards.

Aata Processor and the application interface

8.1 Application commands — overview

ands that are
oding required
commands to

Tag Driver for
e Command /
he application.
and decoding
defined in the
ity of the Data
SO/IEC 18000

ISO/IEC 15961-1 defines a number of commands and associated responses to provide instructions of how
data is to be encoded on the RFID tag. Table 3 — ISO/IEC 15961-1 commands lists these commands. The
column headed "Code" identifies 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
original publication (ISO/IEC 15961:2004).

EXAMPLE The inventory-tag command has the object identifier: 1 0 15961 126 3. lts response has the object
identifier: 1 0 15961 127 3.

© ISO/IEC 2013 — All rights reserved
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Table 3 — ISO/IEC 15961-1 commands

Code | Command Name Write Read Other
1 Configure-AFI Note 1
2 Configure-DSFID Note 1
3 Inventory-Tags YES
5 Delete-Object YES
6 Modify-Object YES
8 ReadObject-ldentifiers YES
10 Read-Logical-Memory-Map YES
12 Erase-Memory Note 2
13 | Get-App-based-System-Info Note 3
17 WHTe-OBJeCts YES
18 Read-Objects YES
19 | Write-Objects-Segmented-Memory-Tag YES
20 | Write EPC-UII YES
21 Inventory-1ISO-Ulimemory 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-Ull YES
31 Configure-Extended-DSFID YES
32 Configure-Multiple-Records-Header YES
33 Read-Multiple-Records YES
34 Delete-Multiple-Record YES

NOTE 1. Thé Configure-AFIl and Configure-DSFID commands are implemented in different ways, depending op the air
interfalce protocol. Some support specific air interface commands that are distinctly different from the|generic
write gommands (e.g. ISO/IEC 18000-3M1)-Others use the write command, but require the data to bg written
into a ppecific location (e.g. ISO/IEC 18000-6B and ISO/IEC 18000-6C).

2. Some air interface protocols support a specific Erase-Memory command, whereas others require thg data to
be overwritten with a null-bytetwalue (typically 001¢).

3. The Get-App-Based+System-Info command is one that is explicitly supported in some air interface pfotocols
but in pthers is completely redundant, because the information is returned as part of another command.

Table 3 — ISQ/IEC 1596i1~1 commands has three columns: write, read, other. The write column shqws the
commands thdt are most likely to be implemented in a device such as a printer-encoder, and in an application
that simply pragvides_source marking for data capture at a later stage and at a different point. The read folumn
identifies comnands that need to be implemented in the simplest of data capture devices. The conjmands
highlighted in the other column either require more complex processing (€.g. Modify-ODbject) or require a
special process (e.g. Kill-Segmented-Memory-Tag).

The commands associated with code values not included in Table 3 — ISO/IEC 15961-1 commands were
originally specified in ISO/IEC 15961:2004. This International Standard no longer needs to support these
commands, mainly because their functionality has been absorbed in other commands. The original commands
may continue to be supported by encoding systems compliant with ISO/IEC 15962:2004.

To implement the encoding rules of this International Standard it is necessary to understand the detail of the
commands and responses in ISO/IEC 15961-1. The sub-clauses 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
sub-clauses.

14 © ISO/IEC 2013 — All rights reserved
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8.2 Application commands and responses— write

8.2.1 Configure-AFI

The AFl is a single byte code and is used as part of the selection process in an application. Depending on the
air interface protocol, it may 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 AFI using a generic air interface write command.

8.21.1 Process requirements

eyl H ] F Y P~ b Pat () H AP HH FS H o ALl |
To Cor U\Jlly MTTPTICTTICTTIU o CUTTITIidimia mr i Udld T TUCVCOOUT, 1T aUUItulT U PIU\JUDDIIIU LA~ ) I In the range

9046 to|CF 44, the following process argument shall be supported:

AKl (see 10.1.3)
AKl-Lock (see 10.1.4)

The foljowing arguments shall be supported for the response:

Cgmpletion-Code (see 10.2 and below)
ExXecution-Code (see 10.3)

The Completion-Codes for this command are:

No-Error
AFI-Not-Configured
AFI-Not-Configured-Locked
AFI-Configured-Lock-Failed
Singulation-ld-Not-Found
55 Execution-Error

NNoWWN-=-0

8.2.1.2l Conformance requirements
To conform, an encoder shall suppoftithis command and its arguments, subject to the following fconditions:

— That the RFID tag(s) supported by the encoder have the AFI in a memory locatign requiring an
explicit air interfacetcommand, or that a generic air interface write command supports jwriting 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.

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

8.2.2 “Configure-DSFD

The DSFID is a single byte or multiple byte code that is used to reduce the encoding of Object-ldentifiers,
based on encoding rules in this International Standard. 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.

© ISO/IEC 2013 — All rights reserved 15
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8.2.21 Process requirements

To correctly implement this command in the Data Processor, in addition to processing the DSFID, the
following process argument shall be supported:

DSFID (see 10.1.11)
DSFID-Lock (see 10.1.12)

The following arguments shall be supported for the response:

Completion-Code (see 10.2 and below)
Execution-Code (see 10.3)

The Completi

0 NoE
4 DSFI
5 DSFI
6 DSFI
8 Singy
2

bn-Codes for this command are:

ror
D-Not-Configured
D-Not-Configured-Locked
D-Configured-Lock-Failed
lation-1d-Not-Found

55 Execlition-Error

8.2.2.2 Con
To conform, ar
— That
explig

DSFI

— If the
argun

— Thesg

8.2.3 Write-(

This command

formance requirements

encoder shall support this command and its arguments; subject to the following conditig
he RFID tag(s) supported by the encoder have.the DSFID in a memory location requi
D to a specific location determined by the tagcdriver with a single byte write transaction.

encoder supports writing the DSFID, then it shall also support the transfer of any DSFII
nent so that it can be implemented inthe air interface.

ncoder shall support the associated Completion-Codes and Execution-Codes.
Dbjects

shall not be used-to;write a Monomorphic-UIl. If the AFI on the RFID tag declares t

registered for § Monomorphic=Ull; the appropriate error shall be returned and the encoding process 4

The correct co

mmand to usetis.defined in 8.2.8.

The Write-Objects command is used to write one or more Object-ldentifiers and associated Object

RFID tag. This
tag. The comr

command may be implemented to write the initial data to the RFID tag, or to add data
hand.i$ supported by the following compound arguments, for which individual argume

listed below:

NS:

Fing an

it air interface command, or that a generic air.interface write command supports wrifjng the

D-Lock

nat it is
borted.

B to an

to the
hts are

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

8.2.3.1  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 p

16

er record, otherwise they are applied once per Logical Memory.
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Data-CRC-Indicator (see 9.2.11)

DSFID (see 10.1.11)

DSFID-Lock (see 10.1.12)
DSFID-Pad-Bytes (see 9.2.17)
Length-Of-Encoded-Data (see 9.2.10)
Memory-Capacity (see 9.2.10)
Tag-Data-Profile-ID-Table (see 10.1.53)

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

— If data is being written to a blank RFID tag, then the DSFID is provided as part of thi

as part of the

s command to

minimise communications.

—1 If data is being added to the RFID tag, then the DSFID in the command shoeuld match the DSFID

already encoded on the RFID tag, else there is an error and the encoding process ca
significant amounts of data have been processed.

To correctly implement this command in the Data Processor, the following ‘process argun
supported for each Object-ldentifier and Object pair, irrespective of the Acee'ss-Method:

Avoid-Duplicate (see 10.1.7)
Compact-Parameter (see 10.1.9)
Object-Lock (see 10.1.38)

The Apoid-Duplicate, Compact-Parameter and ObjectiLock arguments shall be applied
consistent with the rules of the Access-Method (see Clause 11) to ensure reliable encoding
inconsistency within the application command, then_itsshall be considered to be in error ang
procesg shall not be implemented.

If the Access-Method = Packed-Objects, the. input states are all defined in the Packed-Objec
argument specified in ISO/IEC 15961-1 andcapply to a single Packed Object. That argument
followimg arguments, for which the processes are defined in Annex I

Blpck-Align-Packed-Objects
itable-Pointer-Size

cked-Object-Directory-Type
-Directory-Sizé

-ID-Table

-Index-Lenhgth

ccess-Method = Tag-Data-Profiles, the input states are all defined by the Tag-Data-P
and enpoded‘as a single Tag Data Profile using the processes defined in Annex N.

N cease before

hents shall be

in a manner
If there is an
the encoding

ts-Constructs
n turn has the

rofile-ID-Table

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 9.2.10) is encoded, or the air interface has its

own means of

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

be fully implemented.

— If one or both Data-CRC-Indicators (see 9.2.11) is set, then the CRC-16 shall be applied as defined

in 9.2.12.

— If the Length-Of-Encoded-Data (see 9.2.10) is signalled to be encoded, then this sha

Il 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 9.2.17).

© ISO/IEC 2013 — All rights reserved

17


https://iecnorm.com/api/?name=60d5141f78843b07a777d4bda167a9bc

ISO/IEC 15962:2013(E)

If the compound argument Multiple-Records-Constructs is used in the command, then the Object-ldentifier
structure as define in 11.5 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 Annex R if
the first four arcs are 1.0.15961.402 or 1.0.15961.403. The compound argument in turn has the following
arguments, for which the processes are defined in Annex Q and Annex R.

Append-To-Existing-Multiple-Record (see 10.1.5)

Applicatipn-

efined-Record-Capacity (see 10.1.6)

Identifier{Of-My-Parent (see 10.1.17)
Lock-Dirgctory-Entry (see 10.1.24)

Record-Type-Classification (see 10.1.48)

Update-

ultiple-Records-Directory (see 10.1.58)

The following arguments shall be supported for the response:

Completi

Executio
Object-Id

The response

The Completi
complete list ig:

0

8

9

10
11
29
31
32
33
36
37
38
43
44
45
46
47

8.2.3.2

No-E

bn-Code (see 10.2 and below)

IL-Code (see 10.3)

ntifier (see 6.3)
arguments Completion-Code and Object-ldentifier are associated with each data elem

lon-Codes for this command will vary based on the associated compound argumen

ror

Singylation-ld-Not-Found
Objegt-Not-Added

Dupli

cate-Object

Objegt-Added-But-Not-Locked

Objeq

Pack

t-Not-Editable
d-Object-ID-Table=Not-Recognised-No-Encoding

Tag-Data-Profile-ID-T@abte-Not-Recognised
Insufficient-Tag-Memory
Comrmand-Canno6t-Process-Monomorphic-Ull
Data-CRC-Not-Applied

Leng

-Not=Encoded-In-DSFID 255 Execution-Error

Data-Format-Not-Compatible-Multiple-Records-Header
Accegs-Method-Not-Compatible-Multiple-Records-Header
Sector-Identifier-Not-Compatible-Multiple-Records-Header
Record-Preamble-Not-Configured
Record-Preamble-Not-Locked

255 Execution-Error

D
>
-~

-

s. The

Conformance requirements

To 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 all the processed defined by the Extended DSFID

18
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The encoder supports the associated Completion-Codes and Execution-Codes.

Code = 4 Command-Not-Supported.

8.2.3.3 Guidance for appending data

If any of the first two conditions are not supported an error is signalled by returning the Execution-

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

a) write all the new bytes except the first word or block of data (i.e., the data that will overwrite the existing

oormmmmmmwmmmm data;
b) oplionally read all of the new encoded data to ensure that it was stored correctly, then

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

NQTE Writing the new data in this sequence, preserves the ability to parse the pre-existing data
failure to write of the new data.

8.24

This cgmmand shall not be used to write a Monomorphic-Ull. Ifithe AFI on the RFID tag de

registe
The co

The W
it is inf]

Write-Objects-Segmented-Memory-Tag

'rect command to use is defined in 8.2.8.

n an event of a

Clares that it is

red for a Monomorphic-Ull, the appropriate error shall be.returned and the encoding prpcess aborted.

rite-Objects-Segmented-Memory-Tag commanghis similar to the Write-Objects command except that
ended to write data to a selected memory bank”in a segmented memory tag. The compmand may be

implemented to write initial data to the RFID tag, orido add data to the tag. The command is supported by the

followi

Add-Objects-List
D$FID-Constructs
EXt-DSFID-Constructs
Multiple-Records-Constructs

P

8.24.1

To colrectly implement” this command in the Data Processor, the process arguments g

argum
applied

Ac

g compound arguments , for which individual arguments are listed below:

cked-Object-Constructs

Process requirements

nts defined)for the command in ISO/IEC 15961-1 shall be supported. For Multiple Re
once per record, otherwise they are applied once per Logical Memory.

AEI\(sée 10.1.3)

cess-Password (see 10.1.1)

nd compound
cords they are

Data-CRC-Indicator (see9.2.11)

DSFID (see 10.1.11)

DSFID-Lock (see 10.1.12)
DSFID-Pad-Bytes (see 9.2.17)
Length-Of-Encoded-Data (see 9.2.10)
Memory-Bank (see 10.1.29)
Memory-Capacity (see 9.2.10)
Tag-Data-Profile-ID-Table (see 10.1.53)

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.

© ISO/IE

C 2013 — All rights reserved
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The main determinant for compliant 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:

— If data is 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 AFI and DSFID in the command should match the AFI and DSFID already encoded on
the RFID tag, else there is an error and the encoding process can cease before significant amounts
of data have been processed.

To correctly implement this command in the Data Processor, the following process arguments shall be
supported for gach Object-ldentifier and Object pair, irrespective of the Access-Method:

Avoid-Duplicate (see 10.1.7)
CompactiParameter (see 10.1.9)
Object-Lqck (see 10.1.38)

The Avoid-Dyplicate, 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 therg is an
inconsistency Wwithin the application command, then it shall be considered to_be‘in error and the erjcoding
process shall rjot be implemented.

If the Access-Method = Packed-Objects, the input states are all definediin the Packed-Objects-Constructs
argument spegified 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.k

Block-Align-Packed-Objects
Editable-Pointer-Size
ID-Type
Object-Offsets-Multiplier
Packed-Qbject-Directory-Type
PO-Directory-Size

ethod = Tag-Data-Profiles, the input states are all defined by the Tag-Data-Profile-ID-Table
and encoded gs a single Tag Data_Profile using the processes defined in Annex N.

The following {ag-related arguients, if declared by the Extended DSFID are used as follows to complete the
encoding procgss:

— If thejmemory\Memory-Capacity (see 9.2.10) is encoded, or the air interface has its own mg¢ans of
providing this information, it can be used to assess in there is sufficient memory for the command to
be fully implemented.

— If one or both Data-CRC-Indicators (see 9.2.11) are set, then the CRC-16 shall be applied as
defined in 9.2.12.

— If the Length-Of-Encoded-Data (see 9.2.10) 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 9.2.17).

If the compound argument Multiple-Records-Constructs is used in the command, then the Object-ldentifier
structure as define in 11.5 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.
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Encoding 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 in turn has the following

arguments, for which the processes are defined in Annex Q and Annex R.

Append-To-Existing-Multiple-Record (see 10.1.5)
Application-Defined-Record-Capacity (see 10.1.6)
Identifier-Of-My-Parent (see 10.1.17)
Lock-Directory-Entry (see 10.1.24)
Lock-Record-Preamble (see 10.1.26)
Number-In-Data-Element-List (see 10.1.36)
Record-Memory-Capacity (see 10.1.46)
Record-Type-Classification (see 10.1.48)

Update-Multiple-Records-Directory (see 10.1.58)

The data shall only be encoded in memory bank 11 of the segmented memory tag.
The following arguments shall be supported for the response:
Cogmpletion-Code (see 10.2 and below)

Execution-Code (see 10.3)
Object-ldentifier (see 6.3)

The Cpmpletion-Codes for this command will vary based on theZassociated compound afguments. The

complgte list is:

No-Error

Singulation-ld-Not-Found

Object-Not-Added

Duplicate-Object

Object-Added-But-Not-Locked

Password-Mismatch

AFI-Mismatch

DSFID-Mismatch

Object-Not-Editable
Packed-Object-ID-Table-Not:Recognised-No-Encoding
Tag-Data-Profile-ID-Table-Not-Recognised
Insufficient-Tag-Memory.
Command-Cannot-Rrocess-Monomorphic-Ull
Data-CRC-Not-Applied

Length-Not-Encoded-In-DSFID
Data-Format-Not-Compatible-Multiple-Records-Header
Access-Method-Not-Compatible-Multiple-Records-Header
Sectorldentifier-Not-Compatible-Multiple-Records-Header
Record-Preamble-Not-Configured
Record-Preamble-Not-Locked

Execution-Error

NPABEDRBEDRDOWWWWWNNDNN-= =20

8.24.2 Conformance requirements

To 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 encoding to a segmented memory tag.

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

on the RFID tag.

— The encoder supports all the processed defined by the Extended DSFID

© ISO/IEC 2013 — All rights reserved
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Code

8.24.3

The procedure

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

=4 Command-Not-Supported.

Guidance for appending data

described in 8.2.3.3 applies to this command.

8.2.5 Write-EPC-UII

.l

If any of the first four conditions are not supported an error is signalled by returning the Execution-

The Write-EP
tag (e.g. Memq

N

8.2.5.1 Pro

To correctly ifnplement this command in the Data Processor, the following process-arguments s

supported:

Access-P|

EPC-Codg

Memory-
NSI-Bits

The Access-Password in the command is required to match that 6nythe RFID tag to promote writing

the RFID tag.

This commandg
the new code
code are remo

L pu | H [l Yl ol 4 | Yy + +lo Ll £ ool
U LUTTITTIAr U opJTUITNICO diT LTTo CUUT U VT WITUCTT U UIC Ul IIIUIIIUIy vl d OUHIIIUIILUU 1

ry Bank 01 of an ISO/IEC 18000-6C tag).

cess requirements

assword (see 10.1.1)

(see 10.1.15)
ank-Lock (see 10.1.30)
see 10.1.35)

can be used to initially write the EPC-Code to-the RFID tag, or to overwrite the code \
s of a shorter length, the interrogator needs.to ensure that bytes representing part of th
ved.

1iemory

hall be

data to

alue. If
e older

NOTE The interrogator shall calculate the length\bits in the Protocol Control word. If the bits are provided by the

application
The following 3

Completi

Execution-Code (see 10.3)

The Completi

0 No-E
8 Singu

the interrogator shall use its calculation of the length bits in preference.
rguments shall be supported-for the response:

bn-Code (see 10.2 and below)

bn-Codes for this command are:

ror
lation=ld=Not-Found

25 Pass
33

Insufficient-Tag-Memory

vord~Mismatch

255 Execution-Error

8.2.5.2

Conformance requirements

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

The encoder supports encoding to a segmented memory tag.

on the RFID tag.

22

The encoder supports the associated Completion-Codes and Execution-Codes.
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Write-Password-Segmented-Memory-Tag

The Write-Password-Segmented-Memory-Tag command does not require any encoding, 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 P

8.2.6.1

The fol

rocessor, then the output interface will simply carry through the command arguments.

Process requirements

lowing process arguments shall be supported:

Password (see 10.1.40)
Password-Type (see 10.1.41)

The fol

Cq
EX

The Cq
0
8

26
25

8.2.6.2

To con

8.2.7

This cq
registe
The co

The W

owing arguments shall be supported for the response:

pmpletion-Code (see 10.2 and below)
ecution-Code (see 10.3)

ympletion-Codes for this command are:
No-Error
Singulation-ld-Not-Found

Password-Not-Written
5 Execution-Error

Conformance requirements
form, an encoder shall support this command and'its arguments, subject to the following

The encoder supports encoding to a segmented memory tag.

memory location on the RFID tag.

The encoder supports therassociated Completion-Codes and Execution-Codes.
Write-Segments-6TypeD-Tag
mmand shall not be used to write a Monomorphic-Ull. If the AFI on the RFID tag de

red for a Monomorphic-Ull, the appropriate error shall be returned and the encoding pr|
rrect command to use is defined in 8.2.8.

conditions:

The encoder supports a process 1 write the password in the application command to {he appropriate

Clares that it is
bcess aborted.

segme

hts.-The command may be implemented to write initial data to the ISO/IEC 18000-6 Ty

or to add-data-to the tag

e D RFID tag,

Fite-Segments-6TypeD-Tag is used to write data to the Ull segment, the item-related s;gment or both

The Write-Segments-6TypeD-Tag command is similar to the Write-Objects-Segmented-Memory-Tag
command except that it is intended to write data to the ISO/IEC 18000-6 Type D tag that has its segmented
memory boundaries determined dynamically by the encoder. The command is supported by the following
compound arguments, for which individual arguments are listed below:

Ext-DSFID-Constructs
Item-Related-Add-Objects-List
Item-Related-DSFID-Constructs

Mu

Itiple-Records-Constructs

Packed-Object-Constructs
Ull-Add-Objects-List
UII-DSFID-Constructs

© ISO/IEC 2013 — All rights reserved
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8.2.7.1 Pro

cess 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.

AFI (see 10.1.3)

DSFID-Lock (see 10.1.12)
Item-Related-DSFID (see 10.1.20)
Lock-Ull-Segment-Arguments (see 10.1.27)
Memory-Segment (see 10.1.31)

Tag-Data-

Profile-ID-Table (see 10.1.53)

UII-DSFID (see T0.1.56)

The ISO/IEC 1

have an impa
lemgth of the

this command
required to eng

The main detsd

DSFID. The A

Depe

then {

RFID

data have been processed.

To correctly ifnplement this command in the Data’;Processor, the following process arguments s
supported for ¢

Avoid-Du
Compact

Object-Lq

The Avoid-Du
consistent with

inconsistency

process shall

If the Access-

argument spec
following argur

If dat
comnpand to minimise communications.

8000-6 Type D does not require to implement any of the features of the Extended DSH
bt on encoding processes. The tag has its own methods for declaring memory .capaci
bncoded data. It also calculates a CRC-16 for each segment. Given these hardware f¢
defines no processes associated with the Extended DSFID. The Extenided DSFID
ode an Access-Method code value greater than 3.

rminant for compliant encoding is the Access-Method, which is\inCorporated as part
1 and DSFID are provided as arguments for use in one of the fallowing ways:

p is being written to a blank segment, then these arguments are provided as part

hding on the memory segment concerned, if data‘is being added to the segmented m
he AFI and DSFID in the command should match'the AFI and DSFID already encoded
tag, else there is an error and the encoding.process can cease before significant amo

ach Object-ldentifier and Object pair, irrespective of the Access-Method:

plicate (see 10.1.7)
Parameter (see 10.1.9)
ck (see 10.1.38)

the rules of the Access-Method (see Clause 11) to ensure reliable encoding. If ther|
within the application command, then it shall be considered to be in error and the er
ot be implemented.

Method = Packed-Obijects, the input states are all defined in the Packed-Objects-Cons$

ID that
ty amd
atures,
is still

of the

of this

emory,
on the
unts of

hall be

plicate, Compact-Parameter and Object-Lock arguments shall be applied in a manner

B is an
coding

ified-in ISO/IEC 15961-1 and apply to a single Packed Object. That argument in turn

Block-Align-Packed-Objects
Editable-Pointer-Size

ID-Type

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

PO-Index

-Length

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.

24
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If the compound argument Multiple-Records-Constructs is used in the command, then the Object-ldentifier
structure as define in 11.5 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 Annex R if
the first four arcs are 1.0.15961.402 or 1.0.15961.403. The compound argument in turn has the following
arguments, for which the processes are defined in Annex Q and Annex R.

Append-To-Existing-Multiple-Record (see 10.1.5)

A
Id

coA0Zr-r

Thed

plication-Defined-Record-Capacity (see 10.7.6)
ntifier-Of-My-Parent (see 10.1.17)
ck-Directory-Entry (see 10.1.24)
ck-Record-Preamble (see 10.1.26)
mber-In-Data-Element-List (see 10.1.36)
cord-Memory-Capacity (see 10.1.46)
cord-Type-Classification (see 10.1.48)
date-Multiple-Records-Directory (see 10.1.58)

a shall only be encoded in the item-related segment of the tag mémory.

The foljowing arguments shall be supported for the response:

Cgmpletion-Code (see 10.2 and below)

E

The C
comple

0

7

8

9

10
11
13
21
22
26
217
29
31
32
33

ecution-Code (see 10.3)

bmpletion-Codes for this command will varysbased on the associated compound a
te list is:

No-Error

Object-Locked-Could-Not-Modify
Singulation-ld-Not-Found
Object-Not-Added

Duplicate-Object
Object-Added-But-Not-Locked
Object-Identifier-Not-Found
Object-Not-Modified
Object-Modified-But-Not-Locked
AFI-Mismateh

DSFID-Mismatch

ObjectNot-Editable
Packed-Object-ID-Table-Not-Recognised-No-Encoding
TJag-Data-Profile-ID-Table-Not-Recognised

Insufficient-Tag-Memory

36
37
38
43
44
45
46
47
25
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Command-Cannot-Process-Monomorphic-Ull
Data-CRC-Not-Applied
Length-Not-Encoded-In-DSFID
Data-Format-Not-Compatible-Multiple-Records-Header
Access-Method-Not-Compatible-Multiple-Records-Header
Sector-ldentifier-Not-Compatible-Multiple-Records-Header
Record-Preamble-Not-Configured
Record-Preamble-Not-Locked

5 Execution-Error
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Conformance requirements

To 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 encoding to an ISO/IEC 18000-6 Type D segmented memory tag.

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

Code =4 Command-Not-Supported.

8.2.7.3

The procedure]

8.2.8 Write-Monomorphic-Ull

The Write-Monomorphic-Ull command instructs the Data Processor to writexa Monomorphic-Ull
initially or to m
of RFID tag be

The generic e
with an one f
possible eithe

found on the register then the encoding process is aborted.

If the AFI mat

Constructs reg
a warning abq

encoded. The

ISO/IEC 15961

8.2.8.1 Pro

To correctly implement this command in the Data Processor, the following process arguments s

supported onc

Access-P

AFI (see

AFl-Lock
Compact
Lock-UlI-

Memory-Bank-l ock (see10 1 30)

Gui

If any of the first two conditions are not supported an error is signalled by returning the Execution-

Hance for appending data

described in 8.2.3.3 applies to this command.

ng addressed.

ncoding process calls for the Data Processor to checl’that the AFI in the command n
br a Monomorphic-Ull on the ISO/IEC 15961-2 D4dta ‘Constructs register. If a match
because the AFI is not registered for a Monomorphic-Ull or that no matching AFI

hes, the Object-ldentifier is also checked-f6r a match with that on the ISO/IEC 15961
ister. A mismatch generates an appropriate Completion-Code, but this should only tr

Data Processor uses the explicitly defined compaction scheme associated with the AFI
-2 Data Constructs register to encode the Monomorphic-UlL.

cess requirements

P per tag:

assword (see\10.1.1)

0.1.3)

(see 10.1.4)

Parameter (see 10.1.9)
Begment-Arguments (see 10.1.27)

e
ut constructing the command. The process continues because the Object-ldentifieT

either

odify an existing Monomorphic-Ull. Arguments are applied selectively depending on the type

atches
is not
can be

2 Data
ted as
is not
on the

hall be

Memory-Type (see 10.1.32)
Object-Lock (see 10.1.38)

The command argument Memory-Type (see 10.1.32) should match the type of RFID tag being encoded. If
there is a match, then one of the following processes is applied.

For an ISO/IEC 18000-6 Type C tag:

again

st unauthorised writing of data to the RFID tag.

aborted, otherwise the process continues.

26

If the Access-Password is in the command it is used to match that on the RFID tag to protect

Next read the content of MB 01 to establish any existing encoding. If this is locked the process is
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— The encoding process compacts the Object, and if this results in an odd number of bytes appends
the terminator byte 004s.

— The Protocol Control word is constructed, incorporating the AFI and the length bits.

— If this command is used to over-write MB0O1 with a new Monomorphic-Ull it is necessary to compare
the length of the current and the new byte string. If the new code is of a shorter length, the
interrogator needs to ensure that bytes representing part of the older code are over-written with zero
bytes.

— If the command calls for the Monomorphic-Ull to be locked, the entire MBO1 is locked.

For an|ISO/IEC 18000-6 Type D tag:

—{ Read the content of the Ull segment to establish any existing encoding. If this-is-locked the process
is aborted, otherwise the process continues.

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

—{ The Protocol Control word is constructed, incorporating the AFland the length bits.| If the tag has
data encoded in the item related segment, or has a simple.sensor, these characterisfics need to be
encoded and maintained in the Protocol control word.

—{ If this command is used to over-write the Ull segment with a new Monomorphic-Ull 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-Ull, the interrogator needs to check if an item
related segment is already encoded. If the encoding can still be encoded in the Ull sggment without
re-wrting the item-related segment, the encoded bytes are transferred to the interrogator. If the Ull
segment needs to be increased in sizeCand none of the item-related bytes are locked, the entire
memory can be re-written, otherwise the process has to be aborted.

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

—{ If the command calls féor the Monomorphic-Ull to be locked, then the locking shall bg as defined in
the Lock-UllI-Segment-Arguments.

If the RFID tag has a single’' memory for all data:

—{ The first-requirement is to read the AFI on the RFID tag (which can be encoded|in a separate
memory-area). If this matches continue otherwies report an AFl mismatch.

—| Read at least 16 bytes of the content of the user memory to establish any existing encoding. If
egncoded bytes are found, then the process continues until a string of four zero by]es is found. If
erther the Of any part of the user memory Is locked the process Is aboried, otherwise the process

continues.

— The encoding process compacts the Object, and adds the length of the compacted Monomorphic-
Ull as a prefix.

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

— If the correct AFI for the Monomorphic-Ull is not already encoded on the RFID tag, then this is
encoded.
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The following arguments shall be supported for the response:

Completion-Code (see 10.2 and below)
Execution-Code (see 10.3)

The Completion-Codes for this command are:

0  No-Error

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

22 Object-Modified-But-Not-Locked
25 Password-Mismatch

26 AFI-Mismatch

33 Insuffijcient-Tag-Memory

34 AFI-Not-For-Monomorphic-Ull
35 Mongmorphic-Ull-OID-Mismatch
255 Execlition-Error

8.2.8.2 Cornformance requirements

To conform, an encoder shall support this command and its arguments, subject-o'the following conditigns:

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

Data fonstructs register.

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

the command.

8.2.9 Configure-Extended-DSFID

Whereas the Configure-DSFID command (see 8.2,2) provides the Data Processor with the basic erjcoding
rules to follow [when encoding data, there have been additional requirements that call for am extended set of
encoding instquctions. These include providingy the Data Processor with information about the memory
capacity and Igngth of encoded data where.this’cammot be provided by a mechanism in the tag architecture
or air interfacg protocol. Information is als@ provided about the requirement to encode a data-related CRC,
and to declarg to the decoder that this_process has been applied. Other signal are also included gnd the

feature can be|expanded in the future.

The Configur¢-Extended-DSFID-command is used prior to encoding the set these encoding parameters and

to also encode| the base DSFEID:

8.2.9.1 Protess requirements

To correctly irplement this command in the Data Processor, the following process arguments shall be

supported once per tag:

Battery-Assist-Indicator (see 9.2.15)
Data-CRC-Indicator (see 9.2.11)
DSFID-Lock (see 10.1.12)
DSFID-Pad-Bytes (see 9.2.17)
Full-Function-Sensor-Indicator (see 9.2.16)
Length-Of-Encoded-Data (see 9.2.10)
Memory-Capacity (see 9.2.10)
Memory-Length-Encoding (see 9.2.10)
Simple-Sensor-Indicator (see 9.2.14)

28
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The Extended DSFID is encodedin slighly different ways depending on the tag architecture:

— 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 need to be reserved for this purpose.

The following arguments shall be supported for the response:

Cogmpletion-Code (see 10.2 and below)
ExXecution-Code (see 10.3)

The Completion-Codes for this command are:

No-Error
DSFID-Not-Configured
DSFID-Not-Configured-Locked
DSFID-Configured-Lock-Failed
Singulation-ld-Not-Found

37| Data-CRC-Not-Applied

38 Length-Not-Encoded-In-DSFID
255 Execution-Error

(o) lé) IF - Ne)

8.2.9.2] Conformance requirements
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 locatign requiring an
explicit air interface command, then the Extended DSFID shall be split with tHe first byte(s)
transported by the explicit @ir interface command, and the remaining bytes tramsferred with a single
write transactiom.

—{ If the RFID tag(s)supported by the encoder have the DSFID in a memory location reqyiring a generic
air interface write.command, then the Extended DSFID shall be written with a single write transaction
to a specificJoeation starting with the DSFID position determined by the tag driver.

—{ If the 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.

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

8.2.10 Configure-Multiple-Records-Header

Encoding multiple records needs to be undertaken in a precise sequence of stages. The first stage is to
configure the MR-header, as defined in this clause. The Configure-Multiple-Records-Header command is
used to create all the fields on the RFID tag within the MR-header that provides information about the types of
record encoded on the RFID tag, including the directory. The command is supported by the following
compound arguments defined in ISO/IEC 15961-1, for which additional inherent arguments are also defined.

DSFID-Constructs
Ext-DSFID-Constructs
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8.2.10.1 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:

Access-Password (see 10.1.1)
Directory-Length-EBV8-Indicator (see 10.1.13)
Lock-Multiple-Records-Header (see 10.1.25)
Multiple-Records-Features-Indicator (see 10.1.34)
Pointer-To-Multiple-Records-Directory (see 10.1.43)
Sector-ldentifier (see10.1.49)

Singplation-Id (see 9.2.7)

For RFID tagg with segmented memory, the multiple records shall only be encoded in the dser memory.
Specifically, for ISO/IEC 18000-6 Type C this is Memory Bank 11; and for ISO/IEC 18000-6 Fype'D thip is the
item-related sggment.

The bit setting| for sensors and batteries shall only be applied if the tag has no hardware means of defining
that a sensor i attached. Currently, ISO/IEC 18000-6 Type C and Type D are the only RFID tags that $upport
sensors. Both Lise hardware mechanisms to declare the presence of sensors and\batteries.

The Extended| DSFID component of the header is encoded in slightly diffefent ways depending on fhe tag
architecture:

— For tags where the DSFID is encoded as the first byte . 6f memory, the entire Extended D$FID is
encoded starting at the position of the single DSFID.

— For t4gs that have a dedicated DSFID memory, the first byte(s) of the Extended DSFID are epcoded
in the|dedicated memory location. The remaining bytes are then encoded from the first positiop of the
data mnemory.

The Data Prockssor shall accept the address at the'start of the directory provided by the command, unless the
address is nontexistent in the tag memory. In this’case, an error shall be reported.

Because the memory length encoding ,en:the data CRC indicator refers to the requirement of thesq in the
directory, no pfocessing can take place whilst creating the header record.

The header shpll be locked according to the instructions provided in the command.

The response Jarguments, as'defined for the command response in ISO/IEC 15961-1, shall be supported by
the Data Procgssor wherntresponding to the application.

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

0  No-Error

4  DSFID-Not-Configured

8 Singulation-ld-Not-Found

25 Password-Mismatch

37 Data-CRC-Not-Applied

38 Length-Not-Encoded-In-DSFID

39 Multiple-Records-Header-Not-Configured
40 Multiple-Records-Header-Not-Locked
41 File-Support-Indicators-Not-Configured
42 File-Support-Indicators-Not-Locked
255 Execution-Error
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8.2.10.2 Conformance requirements

8.2.10.2.1 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 the remaining
bytes encoded in the user memory.

If the REID ’r:\g(c) Qllplhnr‘fpd hy the encader have the DSFEID in a memaory lacation req iring a generic

8.2.10.

To con

8.3 Application commands and responses— read

8.3.1

2.2 Other conformance

air interface write command, then the Extended DSFID shall be written to a specificHgcation starting
with the DSFID position determined by the tag driver.

If the 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.

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

The encoder supports all aspects of encoding the header:for the Multiple-Records Adcess-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¢ directory and
shall be ignored for the header record itself.

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

Read-Object-ldentifiers

The R¢ad-Object-ldentifiers command instructs the interrogator to read all the Object-ldentjfiers from the

RFID t
identify
the RF

bg. This module can'be used in advance of a more selective command to read a specific Object, or to

duplicate Object-ldentifiers so that a housekeeping procedure can be invoked. A valid response, if
D tag LogicaltMemory Map has no Object-ldentifiers stored, is to return an empty Object-ldentifiers

list. Only one RFID tag shall be programmed per command to ensure that the read process is rpbust.

This cg

in the Tead-MuItipIe-Records command (see 8.3.8)

mmangd-is not used to read Object-ldentifiers from a Multiple Record. The functionality s incorporated

8.3.1.1

Process requirements

To correctly implement this command in the Data Processor, the following points need to be taken into
account:

An interrogator 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.

The different 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.
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The following arguments shall be supported for the response:

Completion-Code (see 10.2 and below)
Execution-Code (see 10.3)
Object-ldentifier (see 6.3)

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

8 Singulation-ld-Not-Found
255 Execution-Error

8.3.1.2 Corfformance requirements

To conform, 3 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

The Read-Logical-Memory-Map command is intended to read the entire memory, content of the RHID tag,
and respond with this in a completely unstructured way (i.e. by returning the ‘encoded byte valugs). No
processing taes place through the Data Processor as part of this read command, so it is not possible to
identify the engoding structure.

8.3.2.1  Progess requirements

The command| applies equally to all Access-Methods, but if a\Directory structure has been defined| by the
Access-Method, this shall be included in the response, but shall not be distinguished from other bytes in the
Logical Memorny Map.

The following arguments shall be supported for the.response:
Completipn-Code (see 10.2 and below)
Execution-Code (see 10.3)

Logical-Memory-Map (see list in Clause 10)

The Completipn-Codes for this command are:

0  No-Efror
8 Singulation-ld-Not-Feund

19 Read{incomplete
255 Execuition-Error

8.3.2.2 Conformance requirements

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

The Read-Objects command is intended to read one or more data objects from the RFID tag, as defined by
their Object-ldentifiers. The argument Read-Type determines whether the first, selected, or all Object-
Identifier(s) are read from the RFID tag. The command also supports an argument, Max-App-Length, which
enables the application to prescribe an upper address point on the RFID tag beyond which reading is
discontinued.

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

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

Check-Duplicate (see 10.1.8)
Max-App-Length (see 10.1.28)
Read-Type (see 10.1.45)

The following arguments shall be supported for the response:

Compact-Parameter (see 10.1.9)

Cdmpletion-Code (see 10.2 and below)
ExXecution-Code (see 10.3)
Lgck-Status (see list in Clause 10)
Object (see 6.4)

(0]
Except
The Cqd

0

8

10

13

15
25

8.3.3.2

To con

8.34

ject-ldentifier (see 6.3)

for Execution-Code, the response arguments are associated with each data element.

pmpletion-Codes for this command are:

No-Error
Singulation-ld-Not-Found
Duplicate-Object
Object-ldentifier-Not-Found
Object-Not-Read

5 Execution-Error

Conformance requirements

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

If the Check-Duplicate argument is set to TRUE, then the entire encoded data sk
establish that the subjectObject-ldentifier is not duplicated. If the Access-Metha
Records, then the Check-Duplicate argument is only applied to the specific record b
As there is no requirement to decode the data Object for Object-ldentifiers not c3
application command, a process similar to the Read-Object-ldentifiers command cou

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

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

all be read to
d is Multiple-
bing accessed.
lled out in the
d be used.

to process the

Inventory-ISO-Ullmemory

The Inventory-ISO-Ullmemory command is intended to return the contents of the Ull memory from a number
of segmented memory tags, given the expectation that an Object-ldentifier for a non-EPC-Code is encoded.
The response returns the content of the Ull memory for all tags whose encoded bit string matches the
arguments of the command.

8.3.4.1

Process requirements

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

Additional-App-Bits (see 10.1.2)
AFI (see 10.1.3)
DSFID (see 10.1.11)
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The arguments provided in the command enable a bit mask to be incorporated into appropriate air interface
protocol commands to select only tags that match the bit mask. For tags with encoding based on Object-
Identifier, the AFI is included as a minimum component of the mask. The DSFID may be added, particularly
where its value is constant for an application. Additional bits may be added that, for example, identify the
Precursor of the first (sometimes only) encoded Data-Set and any additional bits that a certain to create a tag
selection criterion.

The Data Processor concatenates these values into a contiguous bit stream, and prepends this with a bit = '1'
and identifies this bit stream as beginning at Bit 17h of Memory Bank 01. An error occurs if Bit 17h of Memory
Bank 01 ='0".

The following arguments shall be supported for the response:

CompactiParameter (see 10.1.9)
Completipn-Code (see 10.2 and below)
DSFID (sge 10.1.11)

Execution-Code (see 10.3)

Lock-Stafus (see list in Clause 10)

Object (s¢e 6.4)

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

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

The Completipn-Codes for this command are:
0 No-Error
10 Dupli¢ate-Object
13 Objeqt-ldentifier-Not-Found

15 Objegt-Not-Read
255 Execuition-Error

8.3.4.2 Cornfformance requirements

To conform, a decoder shall support thissscommand and its arguments, subject to the following condition

2

— The decoder supports decading from a segmented memory tag.

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

8.3.5 Inventory-EPC-Ullmemory

The Inventory-EPC UIImemory command is intended to return the contents of the Ull memory [from a

m g s . esponse
returns the content of the UII memory for all tags whose encoded bit strlng matches the arguments of the
command.

8.3.5.1  Process requirements

To correctly implement this command in the Data Processor, the following arguments shall be supported:
Length-of-Mask (see 10.1.23)
Pointer (see 10.1.42)
Tag-Mask (see 10.1.54)

If the value of the pointer is less than 18h, an error occurs if bit 17h of Memory Bank 01 ='1".
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The following arguments shall be supported for the response:

Completion-Code (see 10.2 and below)
EPC-Code (see 10.1.15)

Execution-Code (see 10.3)
Protocol-Control-Word (see list in Clause 10)

The Completion-Codes for this command are:

0 No-Error
255 Execution-Error

5962:2013(E)

8.3.5.2] Conformance requirements

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

—{ The decoder supports decoding from a segmented memory tag.

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

8.3.6 |Read-Words-Segmented-Memory-Tag

The Read-Words-Segmented-Memory-Tag command instructs ‘the interrogator to read
sequerjce of words from one of the memory banks of a segmented memory RFID tag. This co

a contiguous
mmand can be

used tp extract encoded bytes, which might not be object-based such as the unique Singulation-ld or a

password. It can also be useful for diagnostic purposes.

8.3.6.1 Process requirements
To cortectly implement this command in the Data Processor, the following arguments shall be s
Agcess-Password (see 10.1.1)
Memory-Bank (see 10.1.29)
Word-Count (see 10.1.59)
Word-Pointer (see 10.1.60)
The following arguments shall be supported for the response:
Completion-Code(see 10.2 and below)
Execution-Code (see 10.3)
Rgad-Data (see'list in Clause 10)

The Completion-Codes for this command are:

0 | "No-Error

Lipported:

25 Password-Mismatch
255 Execution-Error

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

— The decoder supports decoding from a segmented memory tag.

onditions:

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

on the RFID tag.

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

© ISO/IEC 2013 — All rights reserved
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8.3.7 Read-Segments-6TypeD-Tag

The Read-Segments-6TypeD-Tag command instructs the interrogator to read all the data from an
ISO/IEC 18000-6 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-ldentifiers from a Multiple Record encoded on an RFID
tag compliant with ISO/IEC 18000-6 Type D. The functionality is incorporated in the Read-Multiple-Records
command (see 8.3.8)

8.3.71 Pro
To correctly im
Segment

The ISO/IEC
command argu

The following
arguments:

Compact

cess requirements

plement this command in the Data Processor, the following argument shall be supparted
Read-Type (see 10.1.50)

8000-6 type D air protocol delivers the entire data payload of the),RFID. Therefo
ment codes specify the processes that the Data Processor undertakes; as defined in 10,

Parameter (see 10.1.9)

Completi
Executio
Item-Rel
Item-Rel

Lock-Stafus (see list in Clause 10)
Object (s¢e 6.4)
Object-ldentifier (see 6.3)

Simple-S
TID-Segn
Ull-Segm

The Completi

0 No-E
19 Read

255 Execlition-Error

8.3.7.2 Corn

To conform, a

bn-Code (see 10.2 and below)
-Code (see 10.3)

ed-DSFID (see 10.1.20)
ed-Segment-Map (see 10.1.21)

nsor-Data-Block (see 10.1.51)
ent-Map (see 10.1.55)
bnt-Map (see 10.1.57)
bn-Codes for this command-are:

ror
Incomplete

formance requirements

decader shall support this command and its arguments, subject to the following condition

re, the
1.50.

arguments shall be supported for the response, and be included\depending on the conmand

&

— The decoder supports decoding from 0 a segmented memory tag compliant with TSO/TEC 18000-6

Type

D.

— The decoder supports the processing into segments and further into the constituent parts of the Ull

segm

ent and the Item-related segment

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

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-ldentifiers; and performing the relevant
functions defined in 8.3.3 to read data Objects from an individual record.

The command is applied to memory bank 11 of the ISO/IEC 18000-6 Type C tag, and to the Item-related data
segment of the ISO/IEC 18000-6 Type D tag. Only one RFID tag shall be programmed per command to

ensure

that the reading process is robust.

The command is supported by the following compound argument defined in ISO/IEC 15961-1, for which the

additio

8.3.8.1

To co
argum
the foll

The R
Identif
formats

Fd
idg

Fd
1.
el

Fd

Tal imherent Read-Objects argument 1S also defined:

Process requirements

ectly implement this command in the Data Processor, the process arguments
bwing arguments:

Check-Duplicate (see 10.1.8)

Max-App-Length (see 10.1.28)

Object-ldentifier (see 6.3)

Read-Record-Type (see 10.1.44)

Singulation-ld (see 9.2.1)
pad-Record-Type codes 3 to 9 (as defined in_10.1.44) require the use of one or

ers in the command for the Data Processor {orinvoke the relevant processes. Thre
b of Object-ldentifier are applied to multiple records:

entifier}.{record type}.{instance-of}.{Relative-OID of data element}

ment}

identifier}.{record type}:{hierarchical id}.{Relative-OID of data element}

The fir
Identif

NOTE This object identifier calls for response to include all the list element number.

5t two Object-ldentifier structures apply to Read-Record-Type codes 3 to 8. The third
er structure only applies to Read-Record-Type codes 3, 4 and 9.

the follow

.

g9

.
1nts defined for the command in ISO/IEC 15961-1 shall be supported. The-application

r a multiple record that is not part of a hierarchy, the structure is: 1.0.15961.401.{Data-f

r a multiple record that-is a data element list, the structure is: 1.0.15961.403.{Data-}

nd compound
command has

more Object-
e very specific

Format}.{sector

r a multiple record that is patb of a hierarchy, but not a data element list, thé structure is:
.15961.402.{Data-Format}.{sector identifier}.{record type}.{hierarchical id}.{RelatiV

e-0OID of data

Format}.{sector

listed Object-

sor returns the

-Multiple-Records-Header

(

ing compound arguments, for which individual arguments are listed below:

Read-Record-Type code 0) is selected, the Data Proces

DSFID-Constructs with the following inherent arguments:
Access-Method (see Clause 11)
Data-Format (see 9.2.5)

Ext-DSFID-Constructs with the following inherent arguments:

Battery-Assist-Indicator (see 9.2.15)
Data-CRC-Indicator (see 9.2.11)
DSFID-Pad-Bytes (see 9.2.17)
Full-Function-Sensor-Indicator (see 9.2.16)
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L

ength-Of-Encoded-Data (see 9.2.10)

Memory-Capacity (see 9.2.10)

Memory-Length-Encoding (see 9.2.10)

Simple-Sensor-Indicator (see 9.2.14)

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

Multiple-Records-Directory-Length (see 10.1.33)
Multiple-Records-Features-Indicator (see 10.1.34)

Number-Of-Records (see 10.1.37)

Pointer-To-Multiple-Records-Directory (see 10.1.43)

Sector-ldentifier (see 10.1.49)

If Read-Multi;LIe-Records-Header-Plus-1st-PreambIe (Read-Record-Type code 1) is selected; the Data

Processor rety
and the interpr

The response
Records-Hea

Multiple-Rec
(below).

specific respOjlw

interpretation

If Read-MuIti;1;

— DSFID-Cq
— Ext-DSFII

The following 3

archical-ldentifier-Arc (see 10.1.46)

nstructs with the inherent arguments as defined.for the Read-Multiple-Records-Headgr

rguments are also in the Multiple-Records-Directory-Structure argument:

rns the interpretation of the MR-header in the Multiple-Records-Header-Structure argument
ptation of the first record's preamble in the Multiple-Records-Preamble-Structure’arguiment.

is a combination of the responses for Read-Record-Type code 0 and-3). It contajns the
ses for the compound arguments DSFID-Constructs, Ext-DSFID-Constructs and Multiple-
er-Structure that are all listed above, and the specific responses for.the compound argument
rds-Header-Structure that are listed for the Read-Preamble-Specific-Multiple-Record

e-Records-Directory (Read-Record-Type code 2) is seleGted, the Data Processor retyrns the
f the multiple records directory in the Multiple-Records-Directory-Structure argumept. The
response contains the following compound arguments, for which individual arguments are listed below:

D-Constructs with the inherent arguments:as defined for the Read-Multiple-Records-Header

If Read-Preamble-Specific-Multiple-Record (Read-Record-Type code 3) is selected, the command shall
Object-ldentifier in the Read-Objects List that is certainly defined down to the record type
tanee-of arc (if applicable) or the hierarchical id arc (if applicable) he Data Processor feturns

t. The

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

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

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

Data

-Length-Of-Record (see 10.1.10)

Encoded-Memory-Capacity (see 10.1.13)
Hierarchical-ldentifier-Arc (see 10.1.16)
Identifier-Of-My-Parent (see 10.1.17)
Instance-Of-Arc (see 10.1.19)
Record-Type-Arc (see 10.1.47)
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Record-Type-Classification (see 10.1.48)
Sector-ldentifier (see 10.1.49)
Start-Address-Of-Record (see 10.1.52)

The Read-All-Record-OIDs-Specific-Record-Type (Read-Record-Type code 4) is used for identifying a

series of 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-ldentifier in the Read-Objects List that is only defined down to the record type
arc. The Data Processor returns the list of Object-ldentifiers one layer lower in the Read-OlDs-Response-
List, i.e. either with the set of instance-of arcs or with the set of hierarchical id arcs. To achieve this, the Data
Processor needs to parse the entire Multiple Records directory; or if this is not encoded, the Data Processor
read and parse the preamble of each Multiple Record. During this procedure, the Data Processor shall only
retain and report on records whose record type arc matches that in the Object-ldentifier in the command.

If Read-OIDs-Specific-Multiple-Record (Read-Record-Type code 5) is selected, the commat
a single Object-ldentifier in the Read-Objects List that is certainly defined down to the'recor
the instance-of arc (if applicable) or the hierarchical id arc (if applicable). The Data Processor re
Object-ldentifiers encoded within the record in the Read-OlDs-Response-List. This'does no
Element lists.

If Read-All-Objects-Specific-Multiple-Record (Read-Record-Type code. 6) is selected, the
includg a single Object-ldentifier in the Read-Objects List that is certainly defined down to
arc, and the instance-of arc (if applicable) or the hierarchical id arc (if applicable). The Data Prq
the list| of Object-ldentifiers and Objects encoded within the record in the Read-Objects-R
This dges not apply to Data Element lists.

If Read-Multiple-Objects-Specific-Multiple-Record (Read-Record-Type code 7) is selected
shall include the nominated Object-ldentifiers that are defined down to the specific data eleme
Objects List. The Data Processor returns the list of .neminated Object-ldentifiers and Ob
within the record in the Read-Objects-Response-List:. This does not apply to Data Element list

If Read-1st-Objects-Specific-Multiple-Record (Read-Record-Type code 8) is selected, the
includg the nominated Object-ldentifier(s).that are defined down to the specific data element(
Objects List. The Data Processor returns the list of nominated Object-ldentifiers and Objec
to the Pax-App-Length within the recofd in the Read-Objects-Response-List. This does no
Element lists.

If Read-Data-Element-List-Specific-Multiple-Record (Read-Record-Type code 9) is

d shall include
i type arc, and
turns the list of

apply to Data

ommand shall
he record type
cessor returns
esponse-List.

the command
ht in the Read-
ects encoded

D.

ommand shall
) in the Read-
ks encoded up
apply to Data

selected, the
wn to the data

command shall include a single Object-ldentifier in the Read-Objects List that is defined dg
element. The Data Processor first checks that the record is a Data Element list. If so, it uses

Acces
elemer
Respo
1.0.15¢4

t list and returns this and associated Objects encoded within the record in the
se-List. /fhe" first four arcs of the root-OID for the application command an

The Completion-Codes for this command will vary based on the Read-Record-Type code
command>The complete list is:

he rules of the

5-Method to re-construct the Object-ldentifier down to the list element number as encogled in the data

ead-Objects-
response is

61.403.(Tfithis is not in the command, than the Data Processor shall not implement the gommand.

lue set in the

0
8
10
13
15

No-Error

Singulation-ld-Not-Found
Duplicate-Object
Object-Identifier-Not-found
Object-Not-Read

35 Monomorphic-UllI-OID-Mismatch

48 Multiple-Records-Directory-Not-Present
255 Execution-Error
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8.3.8.2

Conformance requirements

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

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

All the Read-Record-Types shall be supported.

entire record shall be read to establish that the subject Object-ldentifier is not duplicated.

For Read-Record-Type codes 5, 6, 7,and 8, if the Check-Duplicate argument is set to TRUE, then the

For Read
argument
Identifier

If the Max
up to the

The decoq
The decoder n
— Atleast o
The decoq

The deco
Type D.

8.4 Applicg

8.4.1 Inventd

The Inventory

particular AFI.
AFIl as a name

8.4.1.1 Pro

To correctly im

-Record-Type codes 4 and 9, if the Check-Duplicate argument is set to TRUEth
shall be ignored, because the intention is to identify multiple occurrences of the™(
n the command and return any additional arc.

-App-Length argument is invoked, the interrogator and decoder only need to,process th
alue for that argument.

er shall support the associated Completion-Codes and Execution-Codes.
eeds to support the following, depending on the requirements of.the application:
e of the Access-Methods defined in this International Standard

ing from a segmented memory tag. compliant with4dSO/IEC 18000-6 Type C.

Her supports decoding from to a segmented.memory tag compliant with ISO/IEC 1

tion commands and responses-—<other

bry-Tags
-Tags command is intended to read a set of Singulation-lds from RFID tags that

It is only applicable where an air interface command supports an inventory process us
d argument and, generally, where a unique chip identifier is used in the arbitration proce

cess requirements

plementthis command in the Data Processor, the following arguments shall be supporte

Identify-
Number-

f-Tags (see 10.1.18)

en the
Dbject-

e bytes

8000-6

have a
ing the
bS.

=N

%ethod (see 10.1.18)

The following arguments shall be supported for the response:

Completion-Code (see 10.2 and below)
Execution-Code (see 10.3)

Identities

(see list in Clause 10)

Number-of-Tags-Found (see list in Clause 10)

Typically, the response should include the argument Identities, which is a list of Singulation-lds each of

which has met

40

the selection criteria.
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The Completion-Codes for this command are:

0
23
24

No-Error
Failed-To-Read-Minimum-Number-Of-Tags
Failed-To-Read-Exact-Number-Of-Tags

255 Execution-Error

8.41.2

Conformance requirements

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

That the RFID tag(s) supported by the decoder are capable of being selected usin

g an explicitly

8.4.2

The Delete-Object command is intended to remove an Object-ldentifier and jts associated da
the mgmory of the RFID tag. Invoking this command depends on the Access-Method declarg
ch of the cases is discussed under the appropriate Access-Method (see Clause 11).

tag. Ea

8.4.2.1

To corfectly implement this command in the Data Processor; the following arguments shall be s

Ch

The m
Acces

Delete-Object

eck-Duplicate (see 10.1.8)

declared AFI and that the response Singulation-ld is used in the arbitration process:

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

Process requirements

nner in which the Delete-Object commandis implemented in the Logical Memory is de
-Method:

For the No-Directory and Directory Access-Methods if other encoding follows the d
Identifier, the Data Processor:may replace the deleted bytes with a null Data-Set (seq
This procedure is invoked automatically by the Data Processor.

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

i) If the Packéd) Object contains an Addendum section then the rules defined in A
applied.

i) Elsédhe entire Packed Object needs to be re-written.

Faor Tag-Data-Profiles the Data Processor shall replace the deleted bytes with a null
Annex D.6.4).

fa Object from
d for the RFID

Lipported:

pendent on the

eleted Object-
Annex D.6.4).

nnex |.5.6 are

Data-Set (see

For the Records-Directory Access-Method, the target Object-ldentifier is identifie

d according to

the rules defined in 11.5.2. Within the record, the rules of the particular record-specific Access-

Method shall be followed.

If any of the bytes associated with the Object-ldentifier is locked, then the Data Processor shall return an

error.

If the Check-Duplicate flag is set to TRUE, the interrogator shall verify, before deleting the requested Object,
that there is only a single instance of the requested Object-ldentifier. If the interrogator detects that the RFID
tag is encoding more than one instance of the referenced Object-ldentifier, it shall not perform the Delete-

Object

function and shall return the appropriate Completion-Code.

© ISO/IEC 2013 — All rights reserved
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If the Check-Duplicate flag is set to FALSE, the interrogator shall delete the first occurrence of the data set
specified by its Object-ldentifier.

NOTE This is an argument that effectively provides no protection against duplicate Object-ldentifiers. It
should only be used when there is a high expectation of no duplicates.

The following arguments shall be supported for the response:

Completion-Code (see 10.2 and below)
Execution-Code (see 10.3)

The Completion-Codes for this command are:

0  No-Efror

8 Singulation-ld-Not-Found

10 Dupli¢ate-Object

12 Objeqt-Not-Deleted

13 Objeqt-ldentifier-Not-Found

14 Objeqt-Locked-Could-Not-Delete
255 Execlition-Error

8.4.2.2 Corfformance requirements

To conform, g device shall support encoding and decoding to support,this command and its argyments,
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 fead to
establish that the subject Object-ldentifier is net.duplicated prior to invoking the delete procegs.

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

If the Access-Method is Multiple-Records,“then the Check-Duplicate argument is only applied|to the
specific record|being accessed.

8.4.3 Modify-Object

The Modify-Opject command is.intended to change the value of a data Object associated with an Qbject-
Identifier already encoded on the memory of the RFID tag. The complete memory needs to be read tolensure
that the Objegt-ldentifier-is:hot duplicated. If so the command is aborted. Invoking this command depends
-Method~declared for the RFID tag. In addition, the procedure is different if the rgsultant
encoding length of thesmodified object is different from the original length. Each of the cases is dispussed

If the data obje D D ' f . 1) or a
hierarchical multiple record (|dent|f|ed with the basic root-OID of 1.0.15961 402), then the process to modify
a data object shall be that of the declared Access-Method. A data object cannot be modified on a data
element list (identified with the basic root-OID of 1.0.15961.403). If a command carries the instructions to
modify a data element list, the Data Processor shall not implement the command and report an error.

8.4.3.1 Process requirements
The Modify-Object command instructs the Data Processor to carry out three related processes:

1) Read the complete Logical Memory Map from the RFID tag. If the command is being applied to a
Multiple Record, then only that record needs to be read.
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Identify the encoded packet specified by the Object-ldentifier. If duplicated instances
process is aborted.

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

writing a new Data-Set; or

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

are found, the

invoking a combination of a writing a null Data-Set where the original bytes were encoded and

If any of the bytes associated with the Object-ldentifier is locked, then the Data Processor shall abort the
process and return the appropriate completion code.

To corfectly implement this command in the Data Processor, the following arguments shall.be's

Compact-Parameter (see 10.1.9)

0

The m
Acces

For the

For the

For the

ject-Lock (see 10.1.38)

nner in which the Modify-Object command is implemented in the Logical'Memory is de
-Method:

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

i)
i)

The target Object-Identifier is identified according tathe rules defined in 11.5.2.

defined below).
No-Directory and Directory Access-Methods:

If the byte string, that represents the modified data when prepared for encoding
Memory Map, is the same length astits previous encoded byte string, the modified val
written to the same positions.

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

If the byte string is\longer than the previous encoded byte string, then it needs to &
different area of_the Logical Memory Map with this process controlled by the Datg
similar situation might arise if the Object-Lock argument is set to TRUE in
Alternatively, 'the Data Processor may apply a procedure that automatically replace
bytes with one or more Null-Bytes (see Annex D.6.4) and writes the longer Data-Set
encoded memory.

Lipported:

bendent on the

Within the record, the rules of the particular record-specific Access-Method shall e followed (as

in the Logical
ue is generally

ata Processor

e located in a
Processor. A
he command.
5 the modified
ant the end of

Directory Access-Method, in addition to modifying the Data-Set itself (as defined abg

ve), additional

proces

bil 1Y Illigi I1l IUU INeLsadly iU updaic ﬁ I dileiUly.

For Packed-Objects the Modify-Object command is supported in one of two ways:

i)
applied.
ii)

Else the entire Packed Object needs to be re-written.

For Tag-Data-Profiles the following rules apply:

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

© ISO/IEC 2013 — All rights reserved

If the Packed Object contains an Addendum section then the rules defined in Annex .5.6 are

in the Logical
ue is written to

43


https://iecnorm.com/api/?name=60d5141f78843b07a777d4bda167a9bc

ISO/IEC 15962:2013(E)

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

— If the byte string is longer than the previous encoded byte string, then there is an error and the
process shall cease.

The following arguments shall be supported for the response:

Completion-Code (see 10.2 and below)
Execution-Code (see 10.3)

The Completion-Codes for this command are:

0  No-Efror

7  Objegt-Locked-Could-Not-Modify
8 Singulation-ld-Not-Found

10 Dupli¢ate-Object

13 Objeqt-ldentifier-Not-Found

21 Objeqt-Not-Modified

22 Objedt-Modified-But-Not-Locked
255 Execlition-Error

8.4.3.2 Corfformance requirements

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

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

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

8.4.3.3 Guigance for appending modified data

If the modified|data is longer that the originalldata and requires to be appended, the the procedure depcribed
in 8.2.3.3 applies to this command.

8.4.4 Erase-Memory

The Erase-Mgmory command_is intended to reset to zero the entire Logical-Memory-Map of a pgrticular
RFID tag. Thig includes the.directory if this is defined by the Access-Method.

8.4.41 Progess requirements

To correctly implement this command in the Data Processor, all bytes shall be reset, except those that are
locked. In this%mmmmwmm.i

The following arguments shall be supported for the response:

Completion-Code (see 10.2 and below)
Execution-Code (see 10.3)

The Completion-Codes for this command are:

0  No-Error

8 Singulation-ld-Not-Found
17 Blocks-Locked

18 Erase-Incomplete

255 Execution-Error
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8.4.4.2 Conformance requirements
To conform, a device shall support encoding and decoding to support this command and its arguments.

8.4.5 Get-App-Based-System-Info

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.

8.4.51 Process requirements

To corllectly implement this command in the Data Processor shall call up the equivalent air interface command,
and transfer the Singulation-ld to that command.

The foljowing arguments shall be supported for the response:
AKIl (see 10.1.3)
Cogmpletion-Code (see 10.2 and below)
DSFID (see 10.1.11)
ExXecution-Code (see 10.3)
The Completion-Codes for this command are:
0 [ No-Error
8 | Singulation-ld-Not-Found

20 System-Info-Not-Read
255 Execution-Error

8.4.5.2l Conformance requirements
To conform, a decoder shall support this cemimand and its arguments, subject to the following cpnditions:

—{ That the air interface supported by the decoder has the equivalent command (e.g. ISD/IEC 18000-3
Mode 1).

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

8.4.6 |Kill-Segmented-Memory-Tag

The Kjll-Segmented-Memory-Tag command instructs the interrogator to apply appropriate air interface
protocdls to render the RFID tag unreadable in future. The Kill-Password in the command nmpust match the
Passwprd enceded on the RFID tag.

8.4.6.1 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 10.2 and below)
Execution-Code (see 10.3)
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The Completion-Codes for this command are:

0 No-Error

8 Singulation-ld-Not-Found
27 Zero-Kill-Password-Error
28 Kill-Failed

255 Execution-Error

8.4.6.2 Conformance requirements

To conform, 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 DeleteiPacked-Object

The purpose ¢f the Delete-Packed-Object command is to delete a complete Packed Object, by us
encoded Obje¢t-ldentifier as an alias for the particular Packed Object.

8.4.71 Progess requirements

The Delete-Packed-Object command instructs the Data Processor to;
1) Identify the Packed Object using the Object-Identifier.
2) Estallish the memory location on the entire Packed Object.

3) Erasq the complete memory typically by over-writing with the default byte value of the RFID ta

If any part of the Packed Object is locked, then the command cannot be invoked, and the process §
aborted and thge appropriate completion code returned.
To correctly implement this command in.the Data Processor, the following arguments shall be supporte
Check-Duplicate (see 10.1.8)
Object-ldentifier (see 6.3)
Singulatign-Id (see 9.2.1)
The following arguments €hall be supported for the response:

Completipn-Code (see 10.2 and below)
Execution-Code (see 10.3)

ing an

.
hall be

L

The Completion-Codes for this command are:

0 No-Error
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
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To conform, 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.

8.4.8 Modify-Packed-Object-Structure

The Modify-Packed-Object-Structure command is used to change the structure of a Packed Obiject, for

example-to-introduce a directory structure. An encoded Object-ldentifier is used as an alias g

Packeq

8.4.8.1

The Medify-Packed-Object-Structure command instructs the Data Processor to;

1)

If it is 1

and the appropriate completion code returned.

To corfectly implement this command in the Data Processor, the following arguments shall be s

Ch
o

Packed-Object-Directory-Type'(see 10.1.39)

Sin

The fol

Completion-Code (see 10.2 and below)

EX

The Completion-Codes for this command are:

Object.

Process requirements

Identify the Packed Object using the Object-Identifier.
Check the status of any directory or capability to add a directary)
Modify the particular Packed Object as necessary

If necessary based on the command arguments, write*an additional Packed Object dire

r the particular

ctory.

ot possible to add the directory structure, or oneuis already in place, then the process shall be aborted

ck-Duplicate (see 10.1.8)
ect-ldentifier (see 6.3)

gulation-Id (see 9.2.1)

owing arguments shall be supported for the response:

ecution-Code\(see 10.3)

0 No-Error
7 Object-Locked-Could-Not-Modify
8 Singulation-ld-Not-Found
10 Duplicate-Object
13 Object-Identifier-Not-Found
30 Directory-Already-Defined
255 Execution-Error
8.4.8.2 Conformance requirements

Lipported:

To conform, 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.
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8.4.9 Delete-Multiple-Record

The Delete-Multiple-Record command instructs the interrogator to mark a Multiple Record as deleted. The
bytes that make up the record are not actually deleted, but the subject record and its entry in the directory (if
present) have code values set to indicate that the record is no longer to be treated as valid.

8.4.9.1 Process requirements

The Object-ldentifier is to the level where the final arc is that of the instance-of or hierarchical identifier.

Multiple-Recor

ds are identified with one of the following basic root-OIDs:

1.0.15961.401

1.0.15p61.402

1.0.15p61.403

If the Object-l

If either the re

part of a hierarchical structure with the root-OID 1.0.15961.402, then all the child(ren) records and in tu

children need
then none of t
each record in

To correctly im

entifier has a different root, the the command shall not be processed.

cord preamble or the directory is locked, then the command cannot bg invoked. If the rg
o be deleted first. If any of these record preambles, or the assoeiated directory entry, is
that hierarcy to have an unlocked status in the preambles @nd the directory (if present).

plement this command in the Data Processor, the following arguments shall be supporte

Access-Password (see 10.1.1)
Object-ldéentifier (see 6.3)

Singulati
The following ¢

Completi

Execution-Code (see 10.3)

The Completi
0 No-E
8 Singy

13 Objeg
25 Pass
49 Reco
50 Reco
51 Reco

n-ld (see 9.2.1)
rguments shall be supported for the rgsponse:

bn-Code (see 10.2 and below)

bn-Codes for this command are:

ror
lation-ld-Not-Found

t-ldentifier-Not-Found

vord-Mismatch
d-Not-Deleted-Preamble-Locked
d-Not-Deleted-Directory-Locked
d*Not-Deleted-Lower-Level-Preamble-Locked

cord is
rn their
locked

e records can be deleted. This requires the hierarchy to he ‘established and the lock sfatus of

=N

255 EXeCUt;UI I EI TUI1

8.49.2 Conformance requirements

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

— Thed

evice supports processing of Access-Method Multiple-Records.

— The device shall support the associated Completion-Codes and Execution-Codes.
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8.5 Air interface support for application commands

Different air interface protocols are able to support some, but not all, of the application commands. For a
specific air interface protocol, an application command:

Annex

9 D

The Da
the bas

9.1 Air interface services

This In

the 1S(
some |

Can be supported as included in this International Standard, whether this is because

there is with a

directly equivalent air interface command, or by invoking a series of air interface commands.

Is unable to be supported, because particular features are not supported on the air interface protocol,

even in an optional manner.

Can be supported, but another application command achieves the same results prob

bly in a better

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

hta Processor and the air interface

way.

ta Processor receives communications across the air interface, via‘the Tag Driver. This
ic requirements that enable the Data Processor and RFID tag tetransfer and share infor

ernational Standard is open-ended with respect to the fact that new types of RFID tag m
asic presumptions are made about the types of RFID tag in ISO/IEC 18000.

Application memory is an integer numberof bytes.

clause defines
mation.

Yy be added to

D/IEC 18000 multi-part standard that require some ‘interface with the Data Processor. Tp achieve this,

Application memory shall be organised in blocks. These shall be fixed size and be ¢f one or more

bytes.

NOTE The term 'block’ isused in this International Standard in a manner consistent with
Clause 3, because this ,aligns with the most common usage of the term in air interfa
ISO/IEC 18000-6C the term’'word' has a similar function.

The individual blocks shall each be accessible by read and/or write.

NOTE  This\applies to the basic function, additional features may be used to restrict acce
users.

its definition in
e protocols. In

5s to authorised

In addition to the requirements (above) relating to the memory, there shall be a relialple mechanism

forwriting and reading to and from the application memory.

Each type of RFID tag in ISO/IEC 18000 shall provide the following air interface services of the physical
characteristics and data capabilities of the RFID tag:

Provide a byte location addressing mechanism from the beginning to the end of the application

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

Provide a mechanism to address a specific RFID tag using a permanent or virtual tag identifier.

Provide the block size (in bytes).

Provide the value of the number of blocks in the application memory.

© ISO/IEC 2013 — All rights reserved
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5) Optionally support selection and/or addressing of groups of RFID tags using to the AFI as part of the
selection mechanism.

6) Provide a mechanism to write and read the DSFID.

7) Return a positive or negative acknowledgement (error code) to read and to write commands.
8) Optionally provide the writing capabilities supported by the RFID tag.

9) Optionally provide the locking capabilities supported by the RFID tag.

10) Support the ability to query the status (locked or not locked) of the memory blocks.

These air intefface services should be provided by the Tag Driver. A description of a generic Tag, Blriver is
provided in Anpex B. Details of specific Tag Drivers are provided in Annex C.

9.2 Defining the system information

The system information is a set of elements that is encoded, or provided by other means, from the Rf tag to
the Data Prodessor when communications are established. The systems information shall consist| of the
elements listeq in Table 4 — System information elements with the length of,each element, and shall be as
defined in the following subclasses.

Table 4 — System information elements

Element Length

Singylation-Id up to 255 bytes

physjcal block size (in bytes) | 1 byte (hexadecimalwalue of block size)

number of blocks 1 or more bytes-(hexadecimal value of number of blocks)
AFI 1 byte

DSF|D 1 byte

9.2.1 Singulation-id

The Singulatipn-ld 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 interfdce and
the application| interface. The Singulation-ld may be up to 256 bytes long, depending on the rules of|the air
interface protpcol or the way jthat the interrogator maintains a register of RFID tags with which it
communicates

NOTE In[the 2004 edition of this International standard the Singulation-Id was called the Tag-Id'. Apart from the
change of rme all:functions remain the same.

The format of the.Singulation-ld shall be as defined for each Tag Driver (see Annex C) and shall be bgsed 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 as specified in ISO/IEC 15459-1),
that provides for uniqueness within the particular domain of item management or logistics. This requires
the data to be read to establish the Singulation-Id.

c) A virtual or session ID based on a time slot or other feature managed by the air 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.
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9.2.2 Physical block size

The physical block size is defined as the minimum number of 8-bit bytes that are capable of being written to,
read from, on the particular RFID tag. If the minimum number of bytes differs for read and write operations, for
the purposes of this International Standard the block size shall be the smaller value. The 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 constraint, such as a
frame, on the air interface.

The physical block size shall be identified by any reasonable means using the Tag Driver and air interface
features and is communicated to the Data Processor. The physical block size is not communicated across the
applicgtton imterface.

9.2.3 |Number of blocks

The ndmber of blocks is defined as the number of physical blocks in the user memory of the particular RFID
tag. Fqr RFID tags with segmented memory structures, the number of blocks ‘isyrequired for|each memory
bank tg which the application has access for a read or write commands.

The ndmber of blocks shall be identified by any reasonable means using the Tag Driver arld air interface
featurgs and is communicated to the Data Processor. The number of ‘blocks is not communicdted across the
applicgtion interface.

9.2.4 |AFI

The AFI is defined by the application as a single byte“value and is used as an air intefface selection
mechahism to separate RFID tags with a given AFI fromtags with different AFI values. The AFKI is defined by
the application as a single byte value compliant withASO/IEC 15961 Part 3 and the register maiptained as part
of ISOJIEC 15961 Part 2.

9.2.5 |DSFID
The DSFID is defined by the application‘as a single byte value with the following structure:

Bifs 8 and 7 Determine the Access-Method (see Clause 11).
Bi{ 6 Is the extended syntax indicator bit (see 9.2.7).

Bifs5to 1 Identify~the Data-Format, as defined in ISO/IEC 15961 Part 3 and | registered to
ISO/IEC-15961 Part 2.

Once 4 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 compliant manner. Once an Accegs-Method has
been gpecifiedsfor an RFID tag (or a specific bank of a Segmented memory RFID tag), all subsequent
additiopal, data shall be encoded in a compliant 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-Nethods (see Clause 1T and associated annexes).

The only alternative process to change the Data-Format and / or Access-Method is to invoke an erase
command and then overwrite all the new data. This process might fundamentally change the original function
of the application data on the RFID tag.

The single byte DSFID can support up to four Access-Methods and up to 30 Data-Formats. Extension
mechanisms that can be applied independently to each are possible as defined in the rules of the following
sub-clauses. These sub-clauses also define support for other functions that are not directly supported by air
interface features.
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9.2.6 Encoding the Extended-Data-Format

When the ISO/IEC 15961-1 specifies a Data-Format value greater than 31,,, the Extended-Data-Format
byte is required to encode the value of the Data-Format. Bits 5 to 1 of the single (primary) DSFID are set to
the value 11111 to indicate that an Extended-Data-Format byte follows. The value of the Extended-Data-
Format byte is the value of the Data-Format provided by the application command less 32,. For example
Data-Format 69, requires the Extended-Data-Format byte to have the value 00100101..

9.2.7 Other extensions using the Extended Syntax Indicator bit

If the Extended Syntax Indicator bit = 0, then all the information about the Access-Method is encoded in the

single byte DSFID and no other functions are indicated as present. If the Extended Syntax Indicator

bit = 1,

then an Exteng

9.2.8 Extend

The Extended
will be descril
structure:

Bit 8
Bits 7 & 6
Bits 5 & 4
Bits 3 & 2
Bit 1

9.2.9 Memol

The memory leéngth indicator bits are determined by arguments in an application command that recom

its use where {
air interface (s
discussed in 9

00

256 b
01
10
11

The t
Both

Irrespective of
encoded data,
that data is wri

9.29.1 Air

No emcoding of the total length of'data or memory capacity, as these are small (i.e. not mo

Memgry capacity is declared

ed Syntax Flag Byte 1 is used (see 9.2.8).

ed Syntax Flag Byte 1
Syntax Flag Byte 1 is defined by the application and/or by processes of the.Data Proced

ed in various sub-clauses. The initial structure is as a single byte value with the fg

Extended Syntax Flag Byte 2 indicator (see 9.2.13)
Extensions to Access-Method (see Clause 11)
Memory length indicator (see 9.2.9)

Data CRC indicator (see 9.2.11)

Reserved

y length indicator bits

he relevant memory is greater than 256 bits, taking into account the information provided

2.9.2. The 2-bit code values for the.iemory length indicator are:

its)

ptal length of encoded.data is declared
memory capacity andtotal length of encoded data are declared

the capability ‘ef .the air interface to provide a hardware solution for encoding the total Ie

if the indicator bits are set, then the Data Processor shall update the encoded length ea
ften to the RFID tag.

ntérface exceptions

sor, as
llowing

mends
by the

e 9.2.9.1). There are a number of copditions that apply to particular Access-Methods that are

re than

ngth of
Ch time

The following air interface protocol shall make use of memory length encoding, as qualified by the Access-
Method as follows:

ISO/IEC 18000-3 Mode 1: The memory capacity does not need to be encoded, because this is

provided by other means in the services from the air interface, particularly through part of the code
value of the Singulation-ld. The length of the encoded data over 256 bits should be encoded, unless
this is suppoerted by the Access-Method. The length shall be expressed in blocks, which can vary
between compliant RFID tags.

ISO/IEC 18000-6 Type C: Length encoding shall not be used either for the memory capacity or the

encoded length for Memory Banks 00,, 01,, and 10,. The total length of the encoded data over 256
bits in Memory Bank 11, should be encoded unless this is supported by the Access-Method. The
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length shall be expressed in blocks as defined in this International Standard and expressed as 16-bit

words in this air interface protocol.

ISO/IEC 18000-6 Type D: The memory capacity does not need to be encoded because this is
declared by the number of available pages of memory. The total length of encoded data is not
required for the Ull segment and the Item-related segment because these lengths are encoded on

the tag using hardware processes.

Access-Method requirements and exceptions

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

u
e
e

Directory

-Directory

less the Tag Driver has another means of declaring the memory capacity, this should b
oded if this is greater than 256 bits. The total length of the encoded data should*also b
oded if this is greater than 256 bits.

p declared and
b declared and

THe memory capacity should be encoded if greater than 256 bits, {nless the Tag Drivér has another

m
Di

If
of
sh

M
TH

9.2.10

The pr

ans of declaring the memory capacity. The total length of the ‘'encoded data shoul
ectory only, irrespective of its length.

he Directory is added at some later stage over an existing*"No-Directory structure the
data encoding will not only be different but will refer toldifferent bytes. The length of eng
Il be overwritten at the time that the Directory is first prepared.

cked Objects

less the Tag Driver has another means of declaring the memory capacity, this should b
oded if this is greater than 256 bits. Asxeach Packed Object declares its length, if on
ject is encoded there is mo need to encode the total length of encoded data. The totd
oded data should be declared and.encoded if there are two or more Packed Object
gth of all the encoded data is greater than 256 bits.

g Data Profile

e length of the encoding is*declared in the encoded header record, so there is no
ode length.

Itiple-Records
e memory capacity is encoded for each Multiple-Record in its preamble.

Procedure for length encoding

bcedure for encoding the memory capacity or total length of encoded data shall be base

1 apply to the

original length
pded Directory

e declared and
ly one Packed
I length of the
5 and the total

requirement to

] on the length

encodi

ng rules defined in Annex D2 Table 5 — Fynmpan of Inng‘rh pnr‘nding shows exan

ples of length

encoding.

Table 5 — Examples of length encoding

0 0 0000000
1 0 0000001
27 -1 127 0 1111111
27 128 1 0000001 0 0000000
2% -1 16383 1 1111111 0 1111111
214 16384 1 0000001 1 0000000 0 0000000
221 -1 2097151 |1 1111111 1 1111111 0 1111111
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9.2.11 Data CRC indicators

The data CRC indicator bits are generated by the Data Processor, as defined in this sub-clause. The use of a
data CRC is determined by arguments in an application command.

The 2-bit code values for the data CRC indicator are:

00 No data CRC

01 Data CRC applied to each individual data set

10 Data CRC applied only to the entire encoded data

11 Data CRC applied to each data set and to the entire encoded data

9.2.12 Data CRC
The data CRCJis calculated using the polynomial defined in ISO/IEC 13239 (which is also known as th¢ CRC-

CCITT Interngtional Standard, ITU Recommendation X.25): x'® + x'? + x* + 1. The 16-bit.régister shall be
preloaded with| FFFF,¢ prior to calculating the CRC-16.

9.2.12.1 The|Data CRC applied to a data set
The CRC-16 shall be applied to the entire data set, and encoded immediately-after the data set. If, thIre is a

requirement tg block align after the CRC-16, then padding compliant with the,/Access Method shall b¢ used.
The CRC-16 shall be applied to all the data sets encoded on the RFID tag:

9.2.12.2 The|Data CRC applied to the entire encoded bytes

The CRC-16 shall be applied to the entire encoded data plus the terminator byte (004¢) and shall be epcoded
immediately affer the terminator byte.

9.2.13 Extended Syntax Flag Byte 2

The Extended [Syntax Flag Byte 2 is defined by the‘application and/or by processes of the Data Procegdsor, as
will be describgd in various sub-clauses. The initial structure has the following structure:

Bit 8 Extended Syntax Flag-Byte 3 indicator - an extension for future special features
Bit 7 Simple sensor indicator’(see 9.2.14)

Bit 6 Battery-Assist indicator (see 9.2.15)

Bit 5 Full-function sénsor indicator (see 9.2.16)

Bits4to1 Reserved

9.2.14 Simple Sensor indicator

Simple Sensofs hdve limited configuration capabilities and can be factory programmed, so provide rgsultant
observations Has€d on their pre-designed functionality. The Simple Sensor indicator is used when orle such
sensor is addedtoam RFDtag—Themdicator s onty used-where-thefunctionatity,if supported-omrthe RFID
tag, is not declared by some air interface mechanism. The indicator is set to “1” if the RFID tag supports a
Simple Sensor.

The information is transmitted in any response that contains the Extended Syntax Flag Byte, but any follow-up
action by the interrogator or the application is beyond the scope of this International Standard.

9.2.15 Battery Assist indicator

The Battery Assist indicator is used when a battery is added to a passive tag to assist with improving the
communication capability of the 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
employs battery-assist power.
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The information is transmitted in any response that contains the Extended Syntax Flag Byte 2, but any follow-
up action by the interrogator or the application is beyond the scope of this International Standard.

9.2.16 Full-Function Sensor indicator

The Full-Function Sensor indicator is used when one or more such sensors are 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 one or more Full-Function Sensors.

The information is transmitted in any response that contains the Extended Syntax Flag Byte 2, but any follow-
up action by the interrogator or the application is beyond the scope of this International Standard.

9.2.17
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Flag Byte 1:
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Mémory ,Capacity:

ntax Extension
rovisional):

DSFID and Extended Syntax

ntax depends on the value of the Data-Format and Extended Syntax Indicator bit.
ce of elements shall be used, with elements omitted if not signalled by earlierbytes:

The term "shall follow" by each element depends on how the DSFIDhNs~encoded, and
ceding elements are declared to be present. All the elements shall precedeany encoding of dat
declared Access-Method.

This shall be encoded according to the sules of the air interface §

The following

whether all the
B compliant with

rotocol, which

could be in a separate memory location or'with other user-related data.

If bits 5 to 1 have the value 11¥41/then this shall follow the DSFID.

If the Extended SyntaxcFlag Byte 2 Indicator bit is set in the Ext|
Flag Byte 1, then this byte shall be the next logical element. In turr]
which of the following optional elements are encoded, which dep
interface and Access-Method constraints as discussed above.

If the Extended Syntax Flag Byte 3 Indicator bit is set in the Ext
Flag/Byte 2, then this byte shall be the next logical element. In turr]
which~of the following optional elements are encoded, which dep
interface and Access-Method constraints as discussed above.

If future editions of this International Standard specify and suppor
then it will appear in this logical sequence in the structure.

This is a single or multiple bytes indicating the size of the memory
block size definition provided by the Tag Driver for the particula

pnded Syntax
, it determines
bnd on the air

pended Syntax
, it determines
bnd on the air

t this element,

n terms of the
- tag. It is not

2B 6 bite o |

Total Encoded
Data Length:

Pad Byte(s):

racurad i f VNN VP~V V-V-X1 V] Q.
TCUOm e U e TTICTIOTy - CapaUtity 15 Z 90U UIitS OUT 103357

This is a single or multiple bytes indicating the length of the 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.

If there is a requirement to lock this extended system information, or
provide memory for length encoding to be added at a later tim

for example to
e, it might be

necessary to align to a block boundary. The Null-Byte mechanism, encoding a

sequence of byte 8044 shall be used (see Annex D.6.4).
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Table 6 — DSFID extension syntax shows all the syntax structures that are possible, including how future
extensions will be addressed. The table only shows bytes that are encoded under the different conditions, and
shows these in the sequence in which they would appear to a decoder. Bytes that signal a feature that is
invoked beyond the extended DSFID (e.g. a data CRC) are shown with X' in the relevant bit position. The
presence of these is only relevant to the byte in which they are encoded and does not affect the structure of

the remaining bytes in the Extended DSFID.

Table 6 — DSFID extension syntax

DSFID Extended- |Extended Extended Syntax Memory Encoded |Pad Bytes
Data-Format |Syntax Flag [Syntax Flag |Extension|Capacity |[Length

Byte 1 Byte 2
bb000000 to |Not present |[Not present Not present Reserved |Not present [Not present [Not present
bb011110
bb011111 Present Not present Not present Reserved |Not present |Not presentiCondlitional
bb100000 to [Not present |0bb00000 Not present Reserved |Not present [Not present’ |Condlitional
bb111110 Access-

Method only
bb100000 to [[Not present |0xx00xxx Not present Reserved |Not present.{Not present |Condlitional
bb111110
bb100000 to [[Not present |0xx01xxx Not present Reserved |Present Not present |Condlitional
bb111110
bb100000 to [[Not present |0xx10xxx Not present Reserved |Notpresent |[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 |Condlitional
bb111110
bb100000 to [Not present |1xx01xxx Present Reserved |Present Not present |Condlitional
bb111110
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 [Condlitional

Access-

Method only
bb111111 Present 0xx00xXx Not present Reserved |Not present |Not present |Condlitional
bb111111 Present 0xx0 Txxx Not present Reserved |Present Not present |Condlitional
bb111111 Present 0xx10xxx Not present Reserved |Not present |Present Condlitional
bb111111 Present Oxx11xxXX Not present Reserved |Present Present Condlitional
bb111111 Present 1xx00xxx Present Reserved |Not present [Not present |Condlitional
bb111111 Present Txx01xxx Present Reserved |Present Not present |Condlitional
bb111111 Present 1xx10xxx Present Reserved |Not present |Present Condlitional
bb111111 Present 1xx11xxX Present Reserved |Present Present Condlitional

NOTE: In the table,

b indicates any value

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

The "conditional" state for Pad bytes depends on the air interface support for selective locking, the call by the
application to lock this syntax sequence, or alternatively to leave it unlocked but to lock the encoded data.

The following hypothetical example illustrates various aspects of encoding the DSFID and other features. The
data to be encoded is as follows:

Access Method = 5

Data format = 69
Memory capacity = 128 blocks

Length of encoded data = 37 blocks
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Data CRC applied to all the data
A simple sensor is on the tag
Any pad bytes to enable the length of the encode data to be the same size as the memory capacity.

The Data Format = 69 is encoded to the rules defined in 9.2.6. The calculation determines the value of the
byte that immediately follows the DSFID byte:

69 — 32 =37 =00100101,
The Access Method = 5 is encoded to rules defined in
Table 8 — Assigned and reserved Access-Methods. Four bits need to 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 needs to be encoded. The value of the first two bytes can be fully detefmingd and contain
the DSFID byte and Extended data format byte:

00111111, 00100101,..= 3F254¢

The ExXtended Syntax Flag Byte 1 has the following initial structure to encode the other two bitg of the Access
Method (see 9.2.8):

X10XXXXXo
Encoding the indicators for memory capacity and length of the encoded data determines two mqgre bits:
x1011xxx3

Encoding that a Data CRC is applied to the entire data.but not to the individual data sets deternpines two more
bits:

x101110x,
The fingl bit is reserved, so has the default'value 0,. As this tag has a simple sensor that is not feclared by an
air intefface mechanism, the Extended*Syntax Flag Byte 2 is required, so the lead bit of this flag needs to be
set = 1p. The complete encoding of the-Extended Syntax Flag Byte 1 is:
11011100, = DCqe

This byte follows immediately after the encoded bytes that have already been determined, fesulting in the
following string.

3F25DCs

The Extended-Syntax Flag Byte 2 has the following initial structure to encode the fact that there is a simple
sensor|encoded on the RFID tag (see 9.2.13):

X TXXXXXXo
There is no indicator for battery assist and full function sensors, so the structure is set as follows:
X100xxXX

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

01000000, = 404
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The byte string is now extended to:
3F25DC4046

The encoding for the memory capacity follows the rules defined in 9.2.10, resulting in these two bytes

10000001, 00000000

810016

The length of the encoded data is 37 blocks, encoded as 2545. These three bytes are appended to the four

already determined:

3F25DC408100254¢

Finally as the memory capacity requires two bytes but the length of the current encoded data enly T
one byte, it is hecessary to provide a single pad byte, as described in 9.2.17. The complete encoded
byte string conpprises: 3F25DC4081002580+6.

9.3 Configliring the Logical Memory

The Logical Memory is assumed to be empty at the beginning of the process ofiahy application read
command. This enables the Data Processor to populate the Logical Memory with encoded bytes us
encoding ruleg of this International Standard. It also enables transfers across the air interface (us
blocks) to pattially populate the Logical Memory, to enable decoding by the rules of this Intern
Standard.

The size of the Logical Memory is defined using the physicallblock size and number of blocks fr
system informption (see 9.2.2 and 9.2.3). This can be perceived as a matrix with the physical blo
determining thg X-axis and the number of blocks determiningthe Y-axis. This matrix concept is useg
remainder of this International Standard. However other stflctures such as arrays and byte streams 4

likely to be usgd in implementations.

The Access-

10 The Cor

The Commang
to the applica
conceptually
ISO/IEC 1596
application co
Driver. It then
Method.

o
13 some form (of) executive software that receives application commands as defi

ethod determines additional structuring rules (see Clause 11 for a detailed definition).

hmand/Response Unit:-processing of command and response argum

/Response Unit is responsible for processing application commands and providing res
n system from the, RFID tag(s) with which it is communicating. This unit can be con

-1 and illustrated in Figure 3 — High level information flows. It takes account of the sup
mmands by/the particular air interface protocol; this information being delivered by t

bquires
DSFID

Dr write
ng the
hally in
ational

bm the
Ck size

in the
re also

ents

bonses
Sidered
ned in
bort for
ne Tag

calls for.the rules for encoding (or decoding) and formatting functions as defined by the Alccess-

Additionally, th

e command arguments concerned with processing (e.q. lock functions, conditional sel

ctions

and so on) call for interfaces with the interrogator to transfer this as particular ISO/IEC 18000 air interface
command sets. Throughout this process, the Command/Response unit is continually monitoring and updating

the Logical Me

mory of each RFID tag with which it is maintaining a logical association.

The arguments used in the application commands are classified as:

process arguments, which determine that some action is required by the Data Processor or the

interrogator to achieve successful encoding or decoding of the bytes on the RFID tag. These are
defined in 10.1.
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command-related and response-related field names, which distinguish a particular type of data, and

for this International Standard simply act as descriptors for data which is input to the encode process
or is output from the decode process. These are listed below and defined in ISO/IEC 15961-1.

Data-Set

Identities

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

The foljowing sub-clauses define the process arguments.

10.1.1 |Access-Password

The A¢cess-Password is a 32-bit (4 byte) code that provides permission(to access data or} the RFID tag
either [o read or to write. Of the Tag Drivers currently supported, the’Access-Password prgument only
applieq to ISO/IEC 18000-6C tags.

The Ag¢cess-Password is included as an argument in the followihg 1SO/IEC 15961-1 applicatipn commands:
Write-Dbjects-Segmented-Memory-Tag, Write-EPC-UIl, and Read-Words-Segmented-Memory-Tag. If the

Accesg-Password is a non-zero value, then this 32-bit codeneeds to match with that on the R

access
interfag
ISO/IE
applicg

ISO/IE

for subsequent secure transactions. The interrogator’processes this according to the
e protocol, with the password separated into twQ.16-bit strings and processed according
C 18000-6C. If a perfect match is achieved*of the 32-bit code, then the other arg
tion commands can be processed.

C 18000-6C indicates that the Access-Password itself is optional, as is support for

FID tag to gain
rules of the air
to the rules of
uments in the

he Access air

interfage command both on interrogators and"RFID tags. If any of these optional features are ngt present, then
the Completion-Code (25) Password-Mismatch is returned.

10.1.2 |Additional-App-Bits

The Inventory-ISO-Ullmemory command enables a search on an ISO/IEC 18000-6C tag fo match a bit
patterrl:]:/on the command,with that on one or more RFID tags in the field. The application command supports
selectipn on the AFI and”DSFID. The Additional-App-Bits field allows the bit pattern to he extended to
enable| a search to ‘a finer resolution. For example, it could include the value of the Pregursor and the

Relativ
incorpg

This ar

e-OID. If this-field is included in an application command, it is concatenated to the AFI &
rated directly into the associated ISO/IEC 18000-6C Inventory air interface command.

gument is used with ISO/IEC 18000-6C when accessing Object-ldentifier related data.

nd DSFID and

10.1.3

AFI

The application command argument AFl is used as parameter in the construction of an air interface command.
Processing this argument basically maps the value of the AFI into bit positions in the air interface command.
The AFI might not be explicitly called out in the command, but its location within the encoded memory is
specified in the relevant ISO/IEC 18000 standard.

This argument is used with ISO/IEC 18000-6C.

10.1.4 AFI-Lock

The application command argument AFI-Lock is BOOLEAN. If set to TRUE the AFI shall be written to the
RFID tag's system information and be permanently locked. If set to FALSE it shall be written but not locked.
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The AFIl-Lock argument is part of the Configure-AFI command, which is not directly supported by
ISO/IEC 18000-6C (see Annex A.3.1).

Possible failures to complete the command argument result in the following error, represented by the
Completion-Codes (more fully defined in 10.2):

1  AFI-Not-Configured

2 AFI-Not-Configured-Locked
3  AFI-Configured-Lock-Failed

10.1.5 Append-To-Existing-Multiple-Record

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

10.1.6 Application-Defined-Record-Capacity

The application command argument Application-Defined-Record-Capacity is a BOOLEAN argumgnt that
applies to a myltiple record. If FALSE, the Data Processor automatically determines that that the capdcity for
the given multiple record is simply based on the encoded data and then increased to be block aligned. |f set to
TRUE, then the application sets the size of memory assigned to the record using the Record-Me¢mory-
Capacity argument. This is the value used by the Data Processor.

10.1.7 Avoid-Puplicate

The application command argument Avoid-Duplicate is used inva write command to ensure that the Qbject-
Identifier is ngt already encoded on the RFID tag.

This is a BOQLEAN argument. If set to TRUE, sufficient content of the memory is read into the |ogical
Memory until § duplicate Object-ldentifier is found, oriuntil the end of the encoding. Variant processeq based
on the Accesg-Methods are as follows:

No-Directory: sufficient content of each.Data-Set shall be read to identify the Object-ldentifier.

Directory| the directory can be read.to establish the presence of the candidate Object-ldentifier.

Packed-Qbjects: the index-of\each Packed-Object is read to establish whether the candidate Qbject-
Identifier|is present.

Tag-DataiProfile: sufficient content of each Data-Set shall be read to identify the Object-ldentifier.
Multiple-Records: The specific Object-ldentifier structure (see 11.5.2) identifies a data element Within a

specific r¢cord-/The final arc identifies the data element, which shall be used to apply this argument
within theTrecord using the processes (above) for the Access-Method of the record.

If a duplicate of the specified Object-ldentifier is found, the write process is aborted and the appropriate
Completion-Code is used to indicate the error.

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:

9  Object-Not-Added
10 Duplicate-Object
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Check-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 basically a check of encoded data that is either non-
compliant with this International Standard, or where the Avoid-Duplicate argument was set to FALSE in the

origina

| 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-ldentifier is found, or until the end of the encoding. The variant processes based on
the Access-Method are as defined in 10.1.7 for the Avoid-Duplicate argument. If a duplicate of the specified
Object-ldentifier 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 way to ascertain which is

valid.
errors

If the B

Possib

Completion-Codes:

10
13

10.1.9

The ap
the daf]

0

Dther housekeeping commands such as Read-Logical-Memory-Map can then be_u
bn the tag.

OOLEAN argument is set to FALSE, no attempt shall be made to check for duplicates.

e failures to complete the command argument result in the following-€rrors, repre

Duplicate-Object
Object-Identifier-Not-Found

Compact-Parameter

plication command argument Compact-Parameter-determines what compaction schemn
A Object, based on the following integer code values:

Application-Defined - The Object shall not be processed through the data comq
ISO/IEC 15962 and remains unaltered*when stored in the Logical Memory Map o
This compaction applies to the No=Directory and Directory Access-Methods.

Compact - This requires using'the basic ISO/IEC 15962 compaction rules to compg
as efficiently as possible to-reduce the number of bytes required on the Logical
This compaction applies;to the No-Directory and Directory Access-Methods.

ISO/IEC 10646.coded character set to UTF-8 encoding. The Object shall not
through the(data compaction rules of ISO/IEC 15962 and remains unaltered for
Logical Memory Map. This compaction applies to the No-Directory and Direc
Methods:

Pack-Objects - This identifies that a set of Objects is to be encoded using the R
encoding scheme and identified with the associated Access-Method. If any of thq

5t

15

© ISO/IE

ed to identify

sented by the

e is applied to

action rules of
the RFID tag.

act the Object
Memory Map.

UTF8-Data - This “identifies that the Object has been externally transforined from the

be processed
transfer to the
ttory Access-

acked-Object
set is defined
oding shall be

with a different Compact-Parameter an error occurred in the command and end

.....

Tag-Data-Profile - This identifies that a set of Objects is to be encoded using

g rules.

the Tag Data

Profile encoding scheme and identified with the associated Access-Method. Although the set of
compaction schemes is identical to the basic ISO/IEC 15962 compaction rules, the Profile

IDTable can call for a specific compaction scheme.
0 14 reserved for future definition.

De-Compacted-Data — This identifies that the Object in a response has been

de-compacted

using rules in ISO/IEC 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 does not apply to Objects that were originally encoded as Application-
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Defined or UTF8-Data, because these codes are carried throughout the command arguments

e

ncoded on the tag, and response to the application.

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).

10.1.10 Data-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.

10.1.11 DSF
The applicatio
command. Prg
interface comr
encoded mem

This argument

10.1.12 DSF

The applicatio
the RFID tag'y
locked.

The DSFID-Ld
ISO/IEC 1800(

D

h command argument DSFID is used as parameter in the construction of an air in
cessing this argument basically maps the value of the DSFID into bit ‘positions in
hand. The DSFID might not be explicitly called out in the command, but.its location wit
pry is specified in the relevant ISO/IEC 18000 standard.

is used with ISO/IEC 18000-6 Types C and D.

D-Lock

system information and be permanently locked.\f set to FALSE it shall be written

d)ck argument is part of the Configure-DSFID command, which is not directly suppo
-6C (see Annex A.3.2).

Possible failu

Completion-Clodes (more fully defined in 10.2);

4
5
6

10.1.13 Dire

This applicatio)
encodes the si

1

DSFID-Not-Configured
DSFID-Not-Configured-Locked
DSFID-Configured-Lock-Failed

s to complete the command argument result in the following error, represented

ctory-Length-EBV8-Indicator

h command-argument is used to determine the size of the EBV-8 field in the MR-heag
e of the\directory. The following codes apply:

ingle byte EBV-8

terface
the air
hin the

h command argument DSFID-Lock is BOOLEAN. If §et'to TRUE the DSFID shall be wijitten to

put not

ted by

by the

er that

(D

ouble h\ll’rn FR\/-R, even ifthe Inngfh isless than 128 hlocks

The value 2 is used for a directory that might originally be 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.

10.1.14 Encoded-Memory-Capacity

This application response argument provides the size reserved for a 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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10.1.15 EPC-Code

The application command argument EPC-Code provides a unique code defined by EPCglobal Tag Data
Standard. Because some of the codes do not align on an 8-bit boundary, these need to 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.

10.1.16 Hierarchical-ldentifier-Arc

The application response argument Hierarchical-ldentifier-Arc is an integer value, converted by the Data
Processor from the EBV-8 value encoded in the Multiple Records preamble from a hierarchical record.

10.1.17 Identifier-Of-My-Parent

The cgmmand 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
associgted parent record exists by establishing that the hierarchical code exists. IhJaddition it ghall check that
it can he a parent from bits 8 to 6 of the Multiple-Records intermediate arcs indicator having thg values 010 or
011. Iffthe hierarchical code exists and the fact that the record can be a parént is proven then [the record can
be writfen. Otherwise the encoding process is discontinued and an error reported.

10.1.18 Identify-Method and Number-Of-Tags

The agplication command argument Identify-Method is used/to 'define whether all or some of|the RFID tags
belong|ng to the selected AFI in the operating area shall belidentified. It shall be used in conjunction with the
commgnd argument Number-Of-Tags (defined later in this sub-clause). The value of Identify-Method is an
integer{and the following codes apply:

0 Inventory-All-Tags

This callsdor the Singulation-ld of all RFID tags irl the operating
field to be identified, probably with the additional sygtem constraint
of astime limit.

Inventory-At-Least +«This calls for the Singulation-ld of all RFID tags in] the operating
field to be identified, but differs from (1) in that an errpr occurs if the
minimum number is not found. The minimum quantity should reflect
some value relevant to the application.

2 Inventory-No-Mere-Than This calls for the Singulation-ld of a maximum nymber of RFID
tags in the operating field to be identified. This could be used for

sampling purposes.

8 Inventory-Exactly - This calls for the Singulation-ld of a specific number of RFID tags
in the operating field to be identified. This argument ¢an be used to
confirm that particular items are present in the operating field (e.g.
within a container). T

The application command argument Number-Of-Tags is a conditional qualifier to the basis argument
identify-Method. This numeric selection is defined by the application to confirm by an actual count, or a
partial count, of which particular RFID tags are in the operating field. The Data Processor and the Tag Driver
do not need to be concerned with the application logic of this command. However, there are some systems
applications to consider:

— If the Identify-Method is set to Inventory-All-Tags (0), the Number-Of-Tags should be set to 0 in
the application argument.

— If the Identify-Method is set to Inventory-At-Least (1) and the Number-Of-Tags is set to 1, the

RFID interrogator is effectively being set to wait for an RFID tag to enter the operating field. It then
responds with the Singulation-ld of the first RFID tag that it detects, and others that are in the
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operating area at the same time. If the Number-Of-Tags is set to greater than 1, the argument might
need to supported with an additional system constraint of a time limit.

systems constraints may be required to respond with an appropriate Completion-Code.

10.1.19

Instance-Of-Arc

Some of the identify arguments can result in an open-ended loop and an indefinite wait. Additional

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 Records preamble.

10.1.20 Item
The applicatio
Iltem-Related

10.1.21 Item
The applicatio
string encoded

10.1.22 Kill-

The applicatid
interrogator soj
in the RFID tg
command.

10.1.23 Length-Of-Mask

The applicatio
used as a parg

This argument
10.1.24 Lock

The applicatio
shall lock the d

10.1.25 Lock

+tacdd - DSELD.
< L=4

tCU~ooT 1

argument Item-Related-DSFID is used as parameter to identify the DSFID encaded V
gment of an ISO/IEC 18000-6 Type D tag.

Related-Segment-Map

response argument Iltem-Related-Segment-Map is used as parameter to identify the ra
within the Item-Related segment of an ISO/IEC 18000-6 Type D tag:

Password

n command argument Kill-Password requires the‘/Data Processor to pass this
that the Kill-Password in the command is matched,with that on the RFID tag. A match

n command argument Length-Of-Mask represents the number of bits in the Tag-Mask
meter in the associated ISO/IEC A8000-6C Inventory air interface command.

is used with ISO/IEC 18000-6C when accessing EPCglobal related data.
(-Directory-Entry

h command argument Lock-Directory-Entry is BOOLEAN and if set to TRUE the inter
irectory entry for.the particular record.

(-Multiple-Records-Header

vith the

w byte

to the
results

g function being permanently disabled. A mismatch results in the air interface rejectjng the

and is

fogator

The applicatioh €emmand argument Lock-Multiple-Records-Header is used to determine if all, sqme, or
none of the MR-header is locked This command argument is presented as an integer value and the fdllowing
codes apply:

0 Not locked

1 Completely locked

2 The Number of Records field remains unlocked, the preceding fields are locked.

3 The Data Length of the Directory field remains unlocked, all other fields including the Number of

Records field are locked.

N

fields

are locked.

The Data length of the directory field and the Number of Records field remain unlocked, all other

The Data Processor shall ensure block alignment. The interrogator shall lock the memory as instructed by the

command.
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10.1.26 Lock-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.

10.1.27 Lock-Ull-Segment-Arguments

The appllcauon command argument Lock-Ull- Segment-Arguments defines which componemt parts of the
ined by the tag

hivalent to the
converted into
whole block as

The number of blocks is then transferred to the interrogator for the aitinterface protocol to read|and return this
numbef of blocks, which should provide the application with the first Data-Set(s) encoded on th¢ RFID tag.

The Mpx-App-Length argument is only applicable to the Access-Method No-Directory angl Directory. It

should|be applicable to all single bank memory structures{and to Memory Bank 11, of the ISOJ[IEC 18000-6C
RFID tag and other segmented memory structures.

10.1.29 Memory-Bank

The application command argument Memory=Bank represents a 2-bit code used to distinguish [which memory
bank needs to be accessed to invoke the following commands:

— Read-Words-Segmented-Memory-Tag, with possible values (01, to 11,)
—{ Write-Objects-Segmented-Memory-Tag, with possible values (01, or 11,)

These pit values are incorporated directly into the associated ISO/IEC 18000-6C air interface cgmmands.

10.1.30 Memory-Bank-Lock

The application:.eommand argument Memory-Bank-Lock is BOOLEAN. If set to TRUE, the selected memory
of the |SO/IEC 18000-6C tag shall be permanently locked. If set to FALSE, any data written fo the tag shall
not be Jo€Ked in the specified memory bank.

The Memory-Bank-Lock argument is part of the Write-EPC-UlIl command, which is only supported by
ISO/IEC 18000-6C.

NOTE  For the Write-ISO-UIl and other ISO-related data to be encoded in an ISO/IEC 18000-6C tag, different
rules apply.

10.1.31 Memory-Segment

The application command argument Memory-Segment is used to distinguish which memory segments of an
ISO/IEC 18000-6 Type D are addressed.
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10.1.32 Memory-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.

10.1.33 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.

10.1.34 Mult
The applicatio
8-bit value in
Annex Q.2.7 s
reserved.

The Data Prod
bits that are ng

10.1.35 NSI-

The applicatio

the EPC-Cod¢g when encoded on the associated RFID tag. The NSI3Bits are encoded in bit locations

1Fh of memory

10.1.36 Nun

The applicatio
is a data elem
The Data Prog
value. A mis-mm

10.1.37 Nunj

The response
Features-Indi

1 the
head
head

:

iple-Records-Features-Indicator
n command and response argument Multiple-Records-Features-Indicator is a bit m3

the command shall be encoded as submitted in the MR-Header. As currently def]
bme of the values for bits 7 to 4 are either not permitted or are reserved. Bit1. is also ¢

essor shall abort processing the Configure-Multiple-Records-Header, command if any
t permitted or are reserved are included in the application commanddor this argument.

Bits
n command argument NSI-Bits defines a 9-bit code defined by EPCglobal used as a p

bank 01, of an ISO/IEC 18000-6C tag, only when‘encoding EPCglobal data.

ber-In-Data-Element-List
h command argument Number-In-Data-Element-List is only used in a hierarchical recq
ent list. The value is the count of the @umber of instances-of the data element being er

essor should use this as an aid to-ensure that the number of data elements is matcH
atch is not treated as an error, so:the encoding process continues.

ber-Of-Records

Cator equals:
this field is, fully maintained as new records are added. A zero value is encoded when t

r.

0 the

nwthis field is not maintained and the value should be zero, but any other value shqg

p. The
ned in
irrently

of the

refix to
17h to

rd that
coded.
es this

argument Number-Qf-Records is used in one of two ways. If bit 2 of the Multiple-Rgcords-

ne MR-

r is created. In this case the Data Processor returns the EBV-8 value as encoded in the MR-

uld be

ignor

d, Tor example IT some record count was Initially maintained put later tis tunction was

ecided

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.

10.1.38 Object-Lock

The application command argument Object-Lock is BOOLEAN. If set to TRUE, the selected Object and
Object-ldentifier (as presented in the ISO/IEC 15961-1 commands) shall be locked according to the rules
that apply for the Tag Drivers. If set to FALSE, neither the Object, nor its associated Object-ldentifier, shall
be locked.

The sequence of bytes that need to be locked will vary according to the Access-Method, and further
discussions about locking Objects and associated Object-ldentifiers is included in Clause 11.
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nal rules apply to ISO/IEC 18000-6C tags (see Annex A.3.7) for details.

10.1.39 Packed-Object-Directory-Type

The application command argument Packed-Object-Directory-Type is used in write and modify commands
to either indicate whether the particular 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

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 Packedl Object. Code

'B'isu
types g

5ed to indicate that a directory will be set at some future time. The other thrée codes
f directory.

10.1.40 Password

The ap
by the
determ
also de

plication command argument Password defines the byte string-that represents a code

Password-Type, in a command that writes the password_to"the RFID tag. The P
ines the structure of the Password, and if wrong the command shall be rejected. The P
termines the location to which the Password is written for'the particular air interface prof

lefine different

alue, qualified
ssword-Type
ssword-Type
ocol.

10.1.41 Password-Type
The application command argument Password-Type.determines which location a password |is written to in
the spé¢cified memory bank of an RFID tag with.a‘segmented memory. This argument qualifles the type of
Passwjord with the following code values.

0| Kill-Password

1| Access-Password
Processing this argument requires:the password defined by the Password-Type to be specifigd to be written

to the appropriate address locatiort in the correct memory bank using a generic air interface Wri

fe command.

This argument is used with\]SO/IEC 18000-6C.

10.1.42 Pointer

The agplicationn\command argument Pointer identifies the hexadecimal address of the first (msb) bit against
which {o apply. the Tag-Mask in the Inventory-EPC-Ulimemory command. This field is incorgorated directly
into an| associated ISO/IEC 18000-6C air interface command. It is also used in conjunction wjth Length-Of-
Mask.

This argument is used with ISO/IEC 18000-6C when accessing EPCglobal related data.

10.1.43 Pointer-To-Multiple-Records-Directory

The application command and response argument Pointer-To-Multiple-Records-Directory is used to define
the highest block number at the start address of the directory. This is defined as an EBV-8 value. If a directory
is not initially encoded, then a fixed length EBV-8 string of the same length as required 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 might be specified to be located there.
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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.

10.1.44 Read-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
ReadPreamble-Specific-Multiple-Record
ReadlAll-Record-OlIDs-Specific-Record-Type
ReadtOIDs-Specific-Multiple-Record
Read}-All-Objects-Specific-Multiple-Record
ReadMultiple-Objects-Specific-Multiple-Record
ReadH1st-Objects-Specific-Multiple-Record
ReadData-Element-List-Specific-Multiple-Record

O©CoONOOOITA,WN-_0O

The process ruyles are defined in 8.3.8.1.

10.1.45 Read-Type

The application command argument Read-Type defines which Object:ldentifier is to read from the RHAID tag.
There are threg Read-Type codes:

0 Read}First-Objects
1 Read{Multiple-Objects
2 ReadtAll-Objects

The Read-Firgt-Objects argument is restricted tothe No-Directory and Directory Access-Methods| If this
Read-Type is|selected, then the command needs to include the list of Object-ldentifiers together| with a
value for the Max-App-Length (see 10.1.28).

The Read-Multiple-Objects argument requires a list of Object-ldentifiers to be provided, and can be gpplied
to any of the |JAccess-Methods. If the Check-Duplicate argument is set to FALSE for all of the Qbject-
Identifiers, thg¢ read process may‘cease once all the Object-ldentifiers on the read list have been idgntified.
If any of the Opject-ldentifiers-have the Check-Duplicate argument set to TRUE, then reading contipues to
the end of thg memory or untiVa duplicate Object-ldentifier is found at which point the read profess is
aborted and an error is returned.

The Read-All-Pbjects.argument does not require a list of Object-ldentifiers. If any Object-ldentifier is found
to be duplicat¢d,,then the Completion-Code 10 should be returned and the reading process abor{ed. An
appropriate “hgusékeeping” command should then be used to read the bytes from the RFID tag.

10.1.46 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 needs to over-ride the automatic sizing
by the Data Processor, when the Application-Defined-Record-Capacity argument is set to TRUE.

10.1.47 Record-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 Records preamble.
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10.1.48 Record-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 Annex Q.3.4.

The Data Processor shall check that the value for this argument in the command aligns with the Object-
identifier in the command (particularly the value of the fourth arc and the value of the instance-of or
hierarchical-id). For hierarchical records there also needs to be a logical agreement with the presence of a
parent code. Any discrepancy points to an ambiguous error in the construction of the command, and the Data
Processor shall ne proceed with the command.

10.1.49__Sector-ldentifier

The Sector-ldentifier is used in the MR-header either to indicate the true Sector-ldentifier.fgr all records in
the Logical Memory, or to signal that the true value varies between records and the true valug is encoded in
the redord. This application command and response argument is presented as an finteger value. The Data
Processor accepts the integer value provided in the command and converts this-to EBV-8| format before
encodipg in the MR-header.

In commands to write, read, modify or delete, the Sector-ldentifier is, provided as part ¢f the Object-
Identifjer and is already in EBV-8 format. The Data Processor needs to compare the value in the MR-header
with the value 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

2,1 then the command value shall be = 2

>2. then the command value shall be the same

All othgr states are in error and the command shall not be invoked.

10.1.50 Segment-Read-Type

The application command argument_Segment-Read-Type defines which segment, and tp what detail,
segmehts from an ISO/IEC 18000-6 type D are to be read. There are four Segment-Read-Typ¢g codes:

Read-Segments
Read-All-Segment-Details
Read-Ull-Segment-Details
Read-ltem-Related-Segment-Details

WN -0

Read-$egments requires the Data Processor to parse the payload into a set of byte strings that represent:
the TID) segment; the Ull segment, the ltem-Related segment (if present), and the Simple Sengor Data Block
(if present).

Read-UH-Segment-Details requires the Data Processor to provide in the response: the AFI, DSFID, Object
Identifier, and data object.

Read-ltem-Related-Segment-Details requires the Data Processor to provide in the response: the DSFID and
list of object identifiers.

Read-All-Segment-Details requires the Data Processor to provide: the TID segment, the Ull segment to the

detail of the Read-Ull-Segment-Details argument, the ltem-Related segment to the detail of the Read-ltem-
Related-Segment-Details argument, and the Simple Sensor Data Block.

10.1.51 Simple-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 an ISO/IEC 18000-6 Type D tag.
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10.1.52 Start-Address-Of-Record

This application response argument provides the address of first byte of the encoded Multiple Record in terms

of the write blo

10.1.53 Tag-

ck size, as encoded in EBV-8 format in the multiple records directory.

Data-Profile-ID-Table

The application command argument Tag-Data-Profile-ID-Table identifies the table that shall be used as a
reference for the sequence of Object-ldentifiers and the compaction scheme to apply to the data Object.

10.1.54 Tag-

Mask

The applicatio
command to §
field is incorpo
used in conjun

This argument

10.1.55 TID-

The applicatio
encoded as th

10.1.56 UII-[

The applicatig
segment of an

10.1.57 UII-§

The applicatio
encoded withir

10.1.58 Update-Multiple-Records-Directory

The applicatio
on the Logical
The following 9

Ifad
includ

h command argument Tag-Mask represents a bit pattern in the Inventory-EPC-Ulln
nable tags with this particular bit pattern from the Pointer to be identified and returne
rated directly into the associated ISO/IEC 18000-6C Inventory air interface command. It
ction with Length-Of-Mask.

is used with ISO/IEC 18000-6C when accessing EPCglobal related data!

Segment-Map

b TID, or Singulation-Id, on an ISO/IEC 18000-6 Type D tag.

SFID

n argument UII-DSFID is used as parameter {0 identify the DSFID encoded with
ISO/IEC 18000-6 Type D tag.

egment-Map

the Ull segment of an ISO/IEC 18000-6 Type D tag.

n command argument' Update-Multiple-Records-Directory is BOOLEAN, but the pro
Memory by the Data Processor needs to takes into account whether a directory alreadyj
tates and processes apply:

rectory_pre-=exists and the command argument is set to TRUE, the directory is fully u
ing any-previously missed directory entries.

emory
d. This
is also

n response argument TID-Segment-Map is used as parameter to identify the raw byt¢ string

he Ul

N response argument Ull-Segment-Map is used as parameter to identify the raw byt¢ string

essing
exists.

pdated,

If a di

rectory pre-exists and the command argument is set to FALSE, the argument is ignored &nd the

directory is fully updated, including any previously missed directory entries.

updated, including any previously missed directory entries.

If no directory exists and the command argument is set to FALSE, no directory is created.

10.1.59 Word-Count

If no directory exists and the command argument is set to TRUE, the directory is created and fully

The application command argument Word-Count identifies the number of words, counting from the Word-
Pointer, that are to be read from an 18000-6C tag using the application command Read-Words-Segmented-
Memory-Tag. This field is incorporated directly into associated ISO/IEC 18000-6C air interface commands.
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10.1.60 Word-Pointer

The application command argument Word-Pointer identifies the first word to be read in a Read-Words-
Segmented-Memory-Tag that returns an un-interpreted sequence of bytes on an ISO/IEC 18000-6C tag.
This field is used in conjunction with the Word-Count field, and it is incorporated directly into an associated
ISO/IEC 18000-6C air interface command.

10.2 Completion-Codes

If a command fails to be properly executed and an error is identified, the response to the application needs to
include this information. This is achieved by means of the appropriate Completion-Code, as specified

— - = e returned per

response. Addressing multiple errors is beyond the scope of this International Standard, but multiple

tion-Codes may be provided depending on the design of the interface. “Additionally, the
keeping” commands such as Read-Logical-Memory-Map and Read-Words-Segmehted-Memory-
n be used for diagnostic purposes.

Table 7 — List of Completion-Codes

0 No-Error

1 AFI-Not-Configured
For some reason, possibly because of a prior configure action, the commarnd 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 but not locked as,required

4 DSFID-Not-Configured
For some reason, possibly because™of a prior configure action, the commarjd was not
completed.

5 DSFID-Not-Configured-Locked
As (4) but responding that a pre:existing DSFID was found to be locked

6 DSFID-Configured-Lock-Failed
Successfully configured but not locked as required.

7 Object-Locked-Could-Not-Modify
The previous encodation on the RFID tag was locked, and as a result the attempt tolupdate the
Object value colld hot be completed.

8 Singulation-ldsNot-Found
The particular RFID tag, specified by the Singulation-ld, could not be found in the gperating
area.

9 Object-Not-Added
The.Object and Object-ldentifier plus associated syntax bytes could not be added |to the
Logical Memory Map (e.g. because there was insufficient memory space). This response also
applies if the RFID tag supports a lock function that failed.

10 Duplicate-Object
An Object-ldentifier with the same value as the one to be processed (added, modified, or
deleted) was found. The process was aborted.

1 Object-Added-But-Not-Locked
The Object and Object-ldentifier plus associated syntax bytes was added to the RFID tag that
did not support a lock feature in the memory.

1 Object-Not-Deleted
The Object and Object-ldentifier 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
interrogator).

12 Object-Not-Deleted
The Object and Object-ldentifier 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
interrogator).
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13 Object-ldentifier-Not-Found

The Object-ldentifier intended to be processed was not actually encoded on the RFID tag.
14 Object-Locked-Could-Not-Delete

The Object and Object-ldentifier plus associated syntax bytes is locked and could not be
deleted.

15 Object-Not-Read

The intention to read the specified Object failed.

16 Reserved

17 Blocks-Locked

This indicates that the intended action to erase encoded bytes from one or more blocks could
not be actioned.

18 Erase-Incomplete

ThE indicates that the intended action to erase encoded bytes from one or more blocks was

intgrrupted and that not all blocks have been processed. The command can be re-invoked-tp
coiplete the process.

19 R?d-lncomplete

The intention to read the complete contents of the Logical Memory Map failed,(bécause not|all
blgcks from the RFID tag were transferred to the Logical Memory.
20 Syttem-lnfo-Not-Read

Thg intention to read the system information failed.
21 Ohbject-Not-Modified
The Object and Object-ldentifier plus associated syntax bytes could not be modified on th
Logical Memory Map (e.g. because the modify function is not supported by the particular RF
intgrrogator).
22 OHject-Modified-But-Not-Locked
The Object was modified in the RFID tag that did not support a lock feature in the memory.
23 Fajled-To-Read-Minimum-Number-Of-Tags
The minimum number of RFID tags was not identified with the specified selection criterion,
possibly because of a time-out.
24 Fajled-To-Read-Exact-Number-Of-Tags
The pre-defined exact number of RFID tagsiwas not identified with the specified selection
criferion, possibly because of a time-out.
25 Patsword-Mismatch

The Password in the command failed to match the Password encoded on the RFID tag.
26 Paksword-Not-Written
The Password in the command was not written to the RFID (e.g. this writing feature was nqt
supported on the interrogatoror 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
killloperation):
29 Object-Not-Editable
The Object, encoded as part of a Packed-Object, was not modified because it is not editah
30 Directory-Already-Defined
':‘ od-Obtiee - ey - .‘ OTYv Y/
31 Packed-Object-ID-Table-Not-Recognised
The ID-Table called for in the command was not supported by the encoder or interrogator, and
encoding is impossible to achieve.
32 Tag-Data-Profile-ID-Table-Not-Recognised
The ID-Table called for in the command was not supported by the encoder or interrogator, and
encoding is impossible to achieve.
33 Insufficient-Tag-Memory
The operation failed because there was insufficient memory on the tag to satisfy the requested
operation.
34 AFI-Not-For-Monomorphic-Ull
The operation failed because the AFI called for in the command is not registered for
Monomorphic-Ulls.

11%

D

e.
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35 Monomorphic-Ull-OID-Mismatch
The Object-ldentifier defined in the command does not match that on the ISO/IEC 15961-2
Data Constructs register for this AFI.
36 Command-Cannot-Process-Monomorphic-Ull
A Monomorphic-Ull was presented as an Object to command that does support this type of
UlI.
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 Multiple-Records-Header-Not-Configured
Some of the processes required to configure the Multiple-Records-Header could not be
processed by 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 supperta 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 elective
lock feature in the memory.
43 Data-Format-Not-Compatible-Multiple-Records-Header
The Data-Format in the command is at variance with¢the controlling Data-Format rjiles
defined in the MR-header. The record was not en€oded.
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.hot encoded.
45 Sector-ldentifier-Not-Compatible-Multiple-Records-Header
The sector identifier in the Object-ldentifier in the command is at variance with the [controlling
sector identifier rules defined in thedMR-header. The record was not encoded.
46 Record-Preamble-Not-Configufed
Some of the processes required‘to configure the record preamble could not be procgssed 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 a selective locK feature in
the memory.
48 Multiple-Records-Directory-Not-Present
The command to read this directory could not be invoked because of the absence of the
directory.
49 Record=Not-Deleted-Preamble-Locked
The_cemmand could not be invoked because the record's preamble is locked.
50 Record-Not-Deleted-Directory-Locked
The command could not be invoked because the record's entry in the directory is logked.
51 Record-Not-Deleted-Lower-Level-Preamble-Locked:
Thecommand-could-notbe-invoked because-thepreamble-of alowerlevelrecord-id locked.
52 Record-Not-Deleted-Encoding-Locked:
The command could not be invoked because part of the record is locked
53 to | Unassigned
252
253 ISO/IEC 24791-5 Result-Code
This Completion-Code may be used to pass through the Result code from an
ISO/IEC 24791-5 response in the form of {message code} {result value}.
254 Undefined-Command-Error
An error occurred in a command, not defined by another code.
255 Execution-Error
A system error occurred which made it impossible to action the command. The appropriate
Execution-Code is returned in the response.
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10.3 Execution-Codes

If a command fails to be completely executed because of a systems error, the response to the application
needs to 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 International Standard, 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

1

255

11 Access:

No-Error:

The command was executed without error

=1

Internal-Error:

Uhdefined-Error:

Tag-CRC-Error:

valid-Parameter:

Method

Np-Response-From-Tag: No response was received from the RF tag

Tag-Communication-Error:
whs an aborted frame)

Cpmmand-Not-Supported:

An error occurred in the application-software

A CRC error was detected in the RFID tag's response

The command parameter(s) are invalid

An error occurred, not defined by another code

The response(s) from the RFID tag(s) was corrupted’(e.g. there

The interrogator or RFID tag does not support the commapd.

Interrogator-Communication-Error:  An error occurred-in the communication betwgen the
application and in the interrogator

The Access-Mgthod, as defined by the application, is the most significant determinant of how data is epcoded
on the RFID t4g. The value of Access-Method should be stored on the RFID tag, or may be defined by the air
interface serviges, if this can be done Unambiguously. The Access-Method is defined as an integer alue in
the application| command and encoded.as a compound bit value in the DSFID and the SFF (Special Fg¢atures

Flag) byte on the RFID tag.

Table 8 — Asdigned and reserved Access-Methods defines the code structure.

Table 8 — Assigned and reserved Access-Methods

15961 | 159 15962 |Name Description
integer DSF(:E SFF bit
code |bit code| code
0 00 00 |No-Directory This structure supports the contiguous abutting of all the Data-
Sets
1 01 00 |Directory The data is encoded exactly as for No-Directory but the RFID
tag supports an additional directory, which is first read to point to
the address of the relevant object identifier.
2 10 00 |Packed-Objects |This is an integrated compaction and encoding scheme that
formats data in an indexed structure as defined by the
Application administrator (see ISO/IEC 15961-2)
3 11 00 |Tag-Data-Profile |This is an integrated compaction and encoding scheme for a
fixed set of data elements, each of a defined length
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15961 | 15962 | 15962 |Name Description
integer| DSFID | SFF bit
code |bit code| code
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
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
15 11 11 reserved for future revisions of ISO/EC 15962
NOQTE In addition to the encoding schemes declared by the Access-Method, the Monomqrphic-Ull is an

ad

The Ex
Methoq

Each ¢
Object
encodi

Any of
subjec

For Se
banks.

11.1 No-Directory structure

The Ac
bytes t

Hitional encoding scheme that is declared directly by the AFI (see 9.2.4).

. The sub-clauses that follow describe each of the. Access-Methods and define sp
ng Object-ldentifiers and data Objects.

gmented memory structures, only some of the Access-Methods can be applied to parj

tended Syntax Flag Byte 1 is required for all Access-Methods'4/to 15. It is only requin
s 0 to 3 to signal other functions supported by the RFID tag.

f the Access-Methods defines specific encoding rules for the Object-ldentifier an

the Access-Methods may be applied to the user memory of a single memory struc|
to that Access-Method being supported:by the particular application standard.

Details will be provided in the following sub-clauses.

Data Objects are compacted efficiently using a defined set of compaction techniques
encoding-of.data objects on the RFID tag across the air interface.

Data-fermatting minimises the encoding of the Object-ldentifiers on the RFID tag
inferface, but still provides complete flexibility for identifying specific data.

ed for Access-

H for the data
ecific rules for

fure RFID tag,

icular memory

tcess-Method = No-Directory is designed to achieve a combination of flexibility and efficiency for the
hat are encoded on-the 'RFID tag. In particular:

hat reduce the

and on the air

The encoding consists of a repeating cycle of Data-Sets (see 11.1.2), with each additional Data-Set abutted
to the previous Data-Set as illustrated in Figure 4 — Logical Memory Schematic - No-Directory Structure.
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1stData-Set>>>>>>>
> > >>2nd Data-Set > > >
>>>3>>3>>>3>>>>>>
> 3rd Data-Set > >>>> >
>>>>>>> L.

... nth Data-Set > >>>>>
S>S>>53>3>3>3>>>>>>>>

l Free space is used

for-additional-Data-sets.

The first Data-
in the same en

11.1.1 Restric

Figure 4 — Logical Memory Schematic - No-Directory Structure

Set is encoded in the lowest block, subject to any requirements to encode the AFI and
coding space.

tions to air interfaces

This Access-Method may be used to encode ISO-related data in any mémory area where applicatiq

able to write a

11.1.2 The D4

Each Data-Se

UIl and/or item-related data, including the relevant memory banks in a segmented memg

ta-Set

I comprises the following component parts-some of which are conditional on the value

Object-ldentifjer:

—  Precd
Obje¢

— Offse
exam

rsor - This is typically 1 byte long and provides a bit-based meta-data structure of the e
tt-ldentifier and Object.

- This is only present whén the Data-Set needs to be aligned on a block bound
ple to ensure that the Data-Set is locked or not locked relative to adjacent Data-Sets.

— The Igngth of the Object=Identifier.

— Obijeg
using

tt-ldentifier - \\TFhis is a formatted Object-ldentifier that may be encoded as a Relativ
the Data-Format to identify the Root-OID and reduce the number of encoded bytes,

requite only a(simple process to reconstruct the complete Object-ldentifier.

DSFID

ns are
ry tag.

of the

ncoded

bry, for

e-0ID,
put still

— The ITngth of the Object

— Object - This is the compacted object.

This is a general description and there are some variations to this defined in Table 9 — Data-Set structures.
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Description Structure of Byte String for an Encoded Data Set
Single Relative-OID |Precursor |Length of data |Data ~~

1-14

Single Relative-OID |Precursor |Relative-OID |Length of data |Data ~~

15 -127

Other OID Precursor |Length of OID |OID ~~ Length of data |Data ~~

Single Relative-OID |Precursor |Offset Length of data |Data ~~ Pad ~~

1 —14 with Offset

Single Relative-OID |Precursor |Offset Relative-OID  |Length of data |Data ~~ |Pad ~~
15 =127 with Offset

Other OID with Precursor |Offset Length of OID |OID ~~ Length |Data ~~ |Pad ~~

11.1.3 |Encoding Rules

NOTE ~~ indicates that this component typically can be multiple bytes,

The encoding rules for this Access-Method are defined in Annex D, with-the"following ann

additiopal details:

Amnex E provides detailed rules for the data compaction schemes:

Amnex F provides details of the characters supported in each"ecompaction scheme.

Amnex G provides an encoding example.

11.2 Directory structure

The number of pad bytes could be 0 — 254, depending on the block size andock b

The Agcess-Method = Directory has a two part structure in the Logical Memory:

— The lower addressed blocks are identical to the No-Directory structure.

—1 The higher blocks contain the.directory.

Directdry entries shall be stored.in the lowest byte address to the highest byte address seq
block, put in reverse block sequence starting from the last block. Figure 5 — Logical Memo
Directdry Structure illustrates‘this.

1st Data-Set>>>>>>>
>> > > 2nd Data-Set > > >
>>>3>3>>>>>>>>>>
> 3rd Data-Set>>>>>>
S>S>>>>>> .0 ..

—pth-Data-Set >

ock alignment

bxes providing

lence within a
y Schematic -

Figure 5 — Logical Memory Schematic - Directory Structure
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Structuring the directory in this reverse sequence of blocks leaves unused blocks available either to encode
additional Data-Sets or directory until there are too few blocks remaining to encode new data. This flexibility
allows for a small directory (i.e. few Object-ldentifiers) with large data Objects); or a large directory (i.e.
many Object-ldentifiers), each of which could have a small data Object; or any other combination.

It is possible to begin with a No-Directory Logical Memory structure, and some time later convert to a
Directory structure. This first requires all of the content of the RFID tag’s application memory to be transferred
to the Logical Memory of the Data Processor. Then the Access-Method needs to be changed to indicate that
a Directory structure is now invoked, and a directory created. Finally the DSFID needs to be updated on the
RFID tag, and the content of the directory transferred to the RFID tag.

The directory should not be locked, because if so done, it renders it impossible to update Data-Sets in the No-
Directory partrefthe+togical-Memor OWEY he-Data-Sets-in-thatregier-oef-memery-rmay-eray not be

locked to suit the needs of the application.

11.2.1 Restrigtions to air interfaces

For ISO/IEC 1B000-6C RFID tags, this Access-Method shall only applied to Memory,-Bank 11,. Np other
restrictions arg known.

11.2.2 The Difectory structure for Data-Format = {3 ...287}

The Directory has the following structure of a repeating cycle for each Data-Set consisting of:
— The Rrecursor for the Data-Set.
— The Igngth of the Object-ldentifier (conditional).
— The Qbject-ldentifier (conditional)

— The gddress as a byte value of the start of the ‘precursor in the associated Data-Set within the No-
Directory area.

The length of the Object-ldentifier is conditional, because it is only required for Relative-OIDs greater than
127 or for full|Object-ldentifiers. The Object-ldentifier is conditional because Relative-OID valueq in the
range 1 to 14 gre directly encoded in the Precursor.

The end of the|Directory is signalled.by the terminator byte, value 0046, as defined in Annex D.3.

11.2.3 The Difectory structure for Data-Format = 2

This Directory ptructure is_identical to that as described in 11.2.2 except for the fact that the first element to be
encoded referg to the Root-OID as follows:

— Precdrsor'of the Root-OID.

— The length of the Root-OID (in bytes).

—  The Root-OID.

There is no need to define the address of the Root-OID, because this is encoded in the first Data-Set with the
first byte being at the lowest address in the No-Directory structure.

11.2.4 Encoding the address of the Data-Set
The address of the Precursor of each Data-Set in the No-Directory section of the Logical Memory is encoded

in the directory using the length encoding rules defined in Annex 0. The address shall be based on the byte
address of the memory, with the first byte in the first block being defined as byte value 00+6.

NOTE The byte address is used, because a Data-Set may begin or end at other than a block boundary.
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11.2.5 Encoding Example

An example of the encoding with a directory is provided in Annex H.

11.3 Packed-Objects structure

The Packed-Objects encoding scheme has been developed since the first edition of this International
Standard. It uses a rules-based table, defined by the application administrator and registered under the rules
of 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 i -Di - ' bles a simpler
implemnentation, but still with encoding efficiencies over the basic No-Directory Access-Method. The basic
procesk is illustrated in Figure 6 — The Packed-Objects encoding process.

Object Identifiers
and data Objects

I

Rules-based .
Table Compaction

Schemes

Metadata | Identifiers | Compacted Objects

Figure 6— The Packed-Objects encoding process

The Object-lIdentifiers and.data Objects are input into the rules-based table, where the Object-ldentifiers
are separated from the Objects. The Object-ldentifiers are encoded in a group, and the data i$ compacted in
a group. The encoding.sequence consists of metadata, an index of identifiers, followed by the compacted
Objects. The indexallows for all Object-ldentifiers encoded within the Packed-Object to be identified, which
enablep a search{for a particular Object-ldentifier to be undertaken efficiently. If the required Object-
Identifjer is noet-present, then the search can continue in a subsequent Packed-Object strucjure, if any are
encodgd onthe RFID tag.

Annex | defines fully comprehensive Packed Object structure detailing all the mandatory and optional features
Annex J defines the ID tables

Annex K provides details of the encoding tables

Annex L provides the encoding rules

Annex M provides suggested decoding algorithms.

Not all features are mandatory, and a distinction will be made in relevant parts of the text of the annexes
where optional components exist, and how the option is invoked.
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This Access-Method may be used to encode ISO-related data in any memory area where applications are
able to write a Ull and/or item-related data, including the relevant memory banks in a segmented memory tag.

11.4 Tag Data Profile

The Access-Method = Tag-Data-Profile is designed to support applications that are able to define all the
encoded data as mandatory and of a fixed or maximum length. It is possible to apply encoding rules that
achieve an efficient encoding of the bytes on the RFID tag. In particular:

The Tag-Data-Profile table, if accessed by the interrogator, provides a rapid access to any data on
the RFID tag.

Data
encoq

Dbjects are compacted efficiently using a defined set of compaction techniques that red
ing of data objects on the RFID tag across the air interface.

ice the

The
interr

Precursor and other syntax on the No-Directory Access-Method are retained to |enable

pgators with no access to the Tag-Data-Profile to decode the data.

d data

The encoding

consists of some meta-data that uniquely identifies the Tag-Data-Rrofile plus encodsd

sets that are the same as if encoded using the No-Directory Access-Method, except that all the data has a

predetermined

11.4.1 Restric

This Access-Method may be used to encode ISO-related data in(any memory area where applicatic

able to write a

11.4.2 Definirn
A Tag-Data-Pi
under the rulg

defined by the
formats, comp

11.4.3 Encod

The ID Table 4

providing additional details:

Annex O {
Annex E ¢

Annex F

length and compaction.

tions to air interfaces

Ull and/or item-related data, including the relevant memory.

g the Tag-Data-Profile
ofile is identified by a rules-based table;\defined by the application administrator and reg

application, to a byte-mapped position on the Logical Memory. The table also specifies
hction scheme and whether the Bata Object is locked.

ng Rules

nd encoding rules forithis Access-Method are defined in Annex N, with the following a

rovides detdils of the structure of the Profile table.

rovides detailed rules for the data compaction schemes.

ns are

istered

s of ISO/IEC 15961-2. The table enables the encoder to convert the Object-ldentifiers, as

length,

Nnexes

rovides details of the characters supported in each compaction scheme.

Annex P provides an encoding example.

11.5 Multiple-Records

The Multiple-Records Access-Method is designed to enable an application to encode more than one record
in the same memory area of the RFID tag. For precision, the term Logical Memory is used in this clause and
associated annexes to define the bounds of the memory that is being addressed. Logical Memory can
therefore be applied to the entire encoding space of a tag with a single addressable memory, to a partitioned
memory such as an addressable memory bank, or to a memory that is partitioned into files.

The first edition of this International Standard placed a restriction on having more than one instance of the
same Relative-OID encoded in the same Logical Memory. The rules of the Multiple-Records Access-
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Method overcome this restriction, but also enables distinct records, which use the encoding rules of other
Access-Methods, to be distinguished one from another. The records may be all of the same type or of
different types.

The basic structure is illustrated in Figure 7 — The basic structure for multiple records.

RECORDS

Record | pocord #1 |Record #2|+====+| Record #n
Header

o

Lowest Highest
Adgress Address
Figure 7 — The basic structure for multiple records
The Agcess-Method = Multiple-Records has a three part structure in the Logical:Memory:

As add

previol
11.5.1

11.5.1.

Categories of multiple records

L

A Multiple-Records header (hereafter MR-header) that is encoded from the lowest
memory. The MR-header needs to be of a sufficient size to support the number of in
records.

hddress in the
itial and future

One or more individual records, where each record fullyscomplies with one of the foll
Methods: No-Directory, Packed-Objects, and Tag-Data-Profile. The constrai
Multiple-Records Access-Method shall not coptain the Directory Access-Meth
Multiple-Records Access-Method (4) itself.

NOTE Future revisions to this International Standard might have the capability to support ad
defined Access-Methods of the individual records.

ing Access-

W
:E is that the

d (1) or the

jitional yet-to-be

The higher blocks contain the directory, of all of these records, as a series of directory
may be added later. The directoryCentries are stored in reverse block sequence st

entries, which
rting from the

highest addressable (last) block;~but each block is encoded from the lowest byte address to the
highest byte address. This is'similar to the ordering defined in 11.2 for the Direg¢tory Access-
Method. Structuring the difeetory in this reverse sequence of blocks leaves unused bjocks available
either to encode additionalrecords or directory until there are too few blocks remaifing to encode

new data.

Homogeneous Multiple-Records

itional records are added, they are encoded in the next available memory block higher than the end of
the prgvious record. The directory entries are made in the next available memory block |
s end of the directory.

pwer than the

For the purpose of this International Standard a homogeneous Multiple-Records encoding is one where all
the records have the same Data-Format. This is illustrated schematically in Figure 8 — Example of a
homogeneous Multiple-Records encoding, with the same domain.

RECORDS
Record Service Service .
[HeaderIManufacturerIWarrantyIHistory #11 History #2] |:> <]
Lowest Highest
Address Address

Figure 8 — Example of a homogeneous Multiple-Records encoding, with the same domain

© ISO/IEC 2013 — All rights reserved

81


https://iecnorm.com/api/?name=60d5141f78843b07a777d4bda167a9bc

ISO/IEC 15962:2013(E)

Figure 8 — Example of a homogeneous Multiple-Records encoding, with the same domain illustrates a
Logical Memory where data is associated with the same domain, but with the service 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.

11.5.1.2 Heterogeneous Multiple-Records

For the purpose of this International Standard a heterogeneous Multiple-Records encoding is one where at
least two records have a different Data-Format. This is illustrated schematically in Figure 9 — Example of a
heterogeneous Multiple-Records encoding, with different domains.

RECORDS
Record Manufacturer Gov't End of | Retailer's Directo
Header Life Recycling | Warranty [y
Lowest Highest
Address Address

Figure 9 — Example of a heterogeneous Multiple-Records encoding, with different domaing

Figure 9 — Example of a heterogeneous Multiple-Records encoding, with. different domains 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.

11.5.1.3 Hierarchical records

This is a subget of the Multiple-Records Access-Method<where hierarchical levels of data are Ipgically
dependent across the levels in the hierarchy, using a parent-child link between the records. The tqp-level
records in the |hierarchy may be either homogeneous or\heterogeneous, but all lower-level records shall use
homogeneous|encoding.

Record Type A
(top level)

Record Type B
(2nd level)

82

Record Type E
(4th level)

Record Type C Record Type D Record Type K
(3rd level) (3rd level) (3rd level)
= Obsolete I
2010-12-31 :

Figure 10 — Example of a hierarchy of records
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The example in Figure 10 — Example of a hierarchy of records illustrates a set of hierarchical records
schematically, and suggested style for the overview to be presented in an application standard. A hierarchical
structure may have any number of levels greater than 1. There can only be one instance of the top-level
record type. This example shows a second level record where there is only one instance, simply to illustrate
that it is possible, for example an order record below a shipping record. The third layer in the example shows
three different record types that are possible below the second level, and depending on the application some
of these may be optional and not present in each hierarchical structure. The example shows that record types
C and K can be included a number of times, but that record type D at this level can only occur once if included.
The example shows that record type E is at the lowest (fourth) level and that each instance of record type C
may in turn have only one instance of record type E (illustrated graphically by having no additional boxes).

The presence of record type K in the structure also illustrates that the application administrators may update
the baIm hierarchical structure by adding a completely new type of record at a later date. The feverse is also
d (as illustrated with record type D), but such a record should be shown as)ob

permit solete” on the
hierarchical structure, because tags with the structure will still be in circulation after the finabrecprd of that type
bn encoded.

has be

This In
structu

ternational Standard places the following constraints and freedoms in strg¢tdring a hierprchical record

e:
Each record shall have a different hierarchical record number.
The top-level record shall have the lowest number in the set.
There are no constraints on the sequence for addingdewer level records.

There are no constraints on the number of record types in a hierarchy, or the numbgr of records of

each type.
Each record type in the hierarchy may comprise of mandatory and optional data elements.
No relative-OID may be encoded more than once in a given record.

Records may be subsequently~added to an existing hierarchy, but reference needs to|be made to its

parent record.

The st
applica

inform

system

record

respon

11.5.1

fucturing rules for multiple records enable many different hierarchical structures to beg
tion standards. Application administrators should define permitted structures to
ation to those encoding and decoding the records. Because the parent-child link is encq
s can always reconstruct the intended without knowing the application standard, but kno

can establish*such a relationship will ensure more efficient generation of command
Ses.

q

Data element lists

developed in
provide useful
ded, receiving
ledge of what
s and efficient

A data element list contains a loop of a number of 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

multipl

NOTE

e instances of the same Object-ldentifier within the same record.

Having multiple instances of the same Relative-OID is not generally permitted in Access-Methods 0 to 3, but
the mechanisms defined for a data element list enable this to be achieved.

EXAMPLE:

An airline container has 27 individual items of baggage. The data element has rules that enable each of these to be

uniquely identified.
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11.5.2 Object-ldentifier structure
To support the processing of Multiple-Records on the interrogator, an implementation of the Data Processor,
or at the application layer, the Object-lIdentifier shall follow one of three standardised structures. This also

ensures that older implementations that cannot support Multiple-Records can carry out some basic
processing.

11.5.2.1 The non-hierarchical Multiple-Record

The full Object-ldentifier for a non-hierarchical record is:

1.0.15961.401 of data

element}

The arcs shown in bold text identify the root-OID. The following example describes the structure:

— The grc 401 identifies this as a Multiple-Record that is not part of a hierarchical structure.
— The grc for the data format = dictionary shall be the same as that for an“existing registratign for a
Data{Format. For example, the arc =13 identifies the data dictionary for.thé mapping table for Data
Identifiers.

OTE  This means that even if the registered data format has a root other than 1.0.15961 that fthe root
efined in this clause applies for multiple records.

— The gdministrators of the data dictionary should assign a)sector identifier to an administration that
will define record types for a particular sector, e.g. asmanufacturing sector using Data Ideptifiers.

— Thergafter, the sector administrators will be responsible for the assignment of a value for the|arc for
the rgcord type for each defined record. The-fecords shall be defined in a sector application standard,
but d¢ not need to be registered under ISQHEC 15961-2 procedures.

— The ipstance-of arc is assigned by _the user at the time that the record is created. Non-zero|values
indicgte the encoding of the same(fecord type (e.g. a maintenance record) at different points [n time.
A zerp value instance-of arc in(the OID structure is used to mean that there can be only one injstance
of thig record in the logical memory.

— The Relative-OID of the.data element arc is identical to that of the data element in the data digtionary,
e.g. when using Data-Format 13, Relative-OID = 16 = Data Identifier 1P (Item Identificatioh Code
assighed by Supplier).

11.5.2.2 Thelhierarchical Multiple-Record

The full Object-ldentifier for a hierarchical record is:

1.0.15961.402.{data format = dictionary}.{sector identifier}.{record type}.{hierarchical id}.{Relative-OID of
data element}

NOTE See 11.5.2.3 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 arc 402 identifies this as a Multiple-Record that is part of a hierarchical record structure.

— The arc for the data format = dictionary complies with the rules defined in 11.5.2.1 for data format =
dictionary.
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— 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 assigning a value to 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 10 — Example of a
hierarchy of records shall be defined in the application standard.

— The hierarchical identifier arc is assigned by the user at the time that the record is created. The value
0 shall not be used to avoid ambiguity with a non-hierarchical record that has zero value instance-of
arc.

—{ The value of the data element arc complies with the rules defined in 11.5.2.1 féi for the Relative-OID
of the data element.

11.5.2.8 The data element list

This is|a hierarchical record that lists the same data element repeatedly.The full Object-ldentfifier for a data
element list is:

1.0.15961.403.{data format = dictionary}.{sector identifier}.{record type}.{hierarchical id}.{Rglative-OID of
data element}.{list element number}

The ar¢s shown in bold text identify the root-OID. The follawing example describes the structurd:

—{ The arc 403 identifies this as a Multiple-Record that is a data element list and part of a hierarchical
record structure.

— The arc for the data format = dictiofrary complies with the rules defined in 11.5.2.1 fdr data format =
dictionary.

—{ The administrators of the data dictionary should assign a sector identifier to an adninistration that
will define record types.

—{ Thereafter, the sector administrators will be responsible for the assignment of a valuqg for the arc for
the record type for'each defined record. The records shall be defined in a sector appligation standard,
but do not ne€d to be registered under ISO/IEC 15961-2 procedures.

—1 In addition,” The hierarchical parent — child relation as illustrated in Figure 10 — |Example of a
hierar¢hy of records shall be defined in the application standard.

—{ dhehierarchical identifier arc is assigned by the user at the time that the record is cregted. The value
0°shall not be used to avoid ambiguity with a non-hierarchical record that has zero value instance-of
arc.

— The value of the data element arc complies with the rules defined in 11.5.2.1 for for the Relative-OID
of the data element.

— The list element number is a sequentially assigned number to each data element encoded in the
record.

11.5.3 The sector identifier

Three sector identifiers have specific meanings. The sector identifier = 0 is not used in the Object- Identifier
structure because it is used in the encoding of the MR-header to indicate that the true sector identifieris
defined in each record.
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A sector identifier with the value = 1 shall be used to declare that the record types are for a closed system
application. The data elements shall be compliant with the data dictionary.

A Sector identifier with the value = 2 shall be used in the following manner. Many data dictionaries have one
or more primary keys identified by particular Relative-OID value(s). Typically such primary keys are encoded
in the first position in a record, for example the Relative-OID = 19 in the Data |dentifier data dictionary is for a
CLEI code for telecommunications equipment. Other data elements are encoded that identify associated
attributes of the particular CLEI coded item. To signal that the record contains a particular primary key data
element, the record type following sector identifier= 2 shall have the same value as the first data element of
the record, i.e., the same value as the record’s primary key. So in the example, the following full Object-
Identifier identifies that the CLEI code is the primary key:

T.0.159671.402. {data dictionary}.{sector identifier = 2} {record type =19}

Therefore, the| administrators of the data dictionary shall assign sector identifiers incrementally startipg with
the value 3.

11.5.4 Restrigtions to air interfaces

This Access-rmethod may be applied to any tag that has sufficient memory to support what is likely fo be a
larger requirempent for encoding capacity. Specific additional constraints apply to.tags with segmented memory.
For the ISO/IHC 18000-6 Type C RFID tags the Multiple-Records Access-Method shall only be applied to
Memory Bank|11,. For the ISO/IEC 18000-6 Type D RFID tag, this Access=Method shall only applief be to
the item-relatefl data segment.

11.5.5 Encod|ng rules

The details of Multiple-Records defined in the following annéxes:

Annex Q defings all the basic rules for homogeneous or heterogeneous Multiple-Records encoding.
Annex R defings the additional rules for hierarchicalecords.

An example of|the encoding with a directory.is provided in Annex S.

12 ISO/IEC|15434 direct encoding and transmission method using Access-Methpd 0
and Data-Format 3

The ISO/IEC 15434 directeencoding and transmission method is designed to support the encodatipn and
transmission gf a compléete-15434 message in a compatible manner with similar messages in 2-D bgr code
symbols. This|enables\ISO/IEC 15434 messages to be used independently of the data carrier technology
being selected

Developers of application standards need to be aware this method requires the entire message o be rdad and
parsed to extract a particular data element. There are alternative encoding schemes supported by the
International Standard that support the encoding of individual data elements defined with an Object-ldentifier
that enable selective reading and writing between the application and the RFID tag.

12.1 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:
— a Message Header,
— one or more Format Envelope(s), and

— a Message Trailer (when required).
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ormat Envelope within the Message Envelope consists of:
a Format Header,
data, formatted according to the rules defined for that Format, and

a Format Trailer (when required).

A “15434” message always starts with the following four character string for the message header:

[)>Fs

The di
schem
encodi
header

Annex
using A

12.2 $pecific support for ISO TC122 standards

ISO T(
use IS
for I1ISC
the sa
1ISO 17]

Annex

13 M

The Mq
when ¢
same 1
values

ect encoding method has rules to simplify the encoding, often enabling a specific(6-
b to be used. This codeset includes the 15434 control characters <RS>, <GS>, ang
g 'shorthand' techniques are employed, for example to eliminate the need tofencods
, yet still re-create this on the output transmission from the decoder.

T defines the detailed encoding rules for ISO/IEC 15434 direct encodifng and transn
ccess-Method 0 and Data-Format 3.

[ 122 has a set of standards (currently 1ISO 17364, ISO 17365, ISO 17366, and I1SO 1]
D/IEC 15434 Format "06" messages encoding Data Identifiers. The character set and
TC 122 applications are a subset of the general rules for ISO/IEC 15434 direct encodi
me encoder and decoder processes are used. Compliant 1ISO 17364, ISO 17365, IS
367 applications need only to ensure that the correct subset of characters is used.

U describes the ISO TC 122 differences fromdthe general rules defined in Annex T.

pnomorphic-Ull encoding
bnomorphic-Ull encoding scheme is designed to achieve a simple encoding of a Uniqus

hemory area. All of the features can be self-declaring through the registration of the parti
under the rules of ISO/EC 15961-2. The following conditions apply:

An AFI assigned to a particular Monomorphic-Ull shall not support the encoding of
item-related\data. If item-related data is required for the application, then this shall
different¢AFl and Data-Format.

The Monomorphic-Ull is therefore only capable of being encoded in a tag memory a
supports the separate encoding of a Ull or as a single data object in a monolithic stru

bit compaction
<EQOT>. Also
the message

ission method

[367) that only
encoding rules
ng. As a result
0 17366, and

Iltem Identifier

ncoded in a memory area-dedicated to this function, and where no additional data is ¢ncoded in the

cular AFI code

any additional
ise an entirely

rchitecture that
Ctured memory

taa
~J

The AFI fully defines all the arcs of the Object-ldentifier for communications in the
ISO/IEC 15961 and in the ISO/IEC 24791 standards.

The Monomorphic-Ull does not require the encoding of a DSFID

commands of

Each AFI shall declare which of the encoding schemes, as defined in the following sub-clauses, is used. In
addition, the registration of the AFI in compliance with ISO/IEC 15961-2 shall define all the necessary
additional parameters, including: the Object-identifier for the Ull, whether the Ull is fixed length or variable
length, and the length in bytes. If the tag architecture does not support a method of declaring the length of the
encoded Ull then the fact that this is required as a preamble to the encoded Ull shall be part of the registration.
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13.1 6-bit encoding

If the AFI declares that 6-bit encoding is used for the particular Ull, the character set shall be limited to
characters 2046 to 5F ¢ as defined in Annex F. The Ull shall be encoded using the 6-bit encoding scheme as
defined in Annex E 4.

If the tag architecture supports a method to declare the size of encoding of the Ull memory, there is no
requirement to encode any length indicator on the RFID tag, even if the Ull may be of different lengths. If the
tag architecture does not support a method to declare the size of encoding of the Ull memory, then the
compacted Ull shall be preceded by a single byte indicating the length, in bytes, of the compacted UlI.

The end of the encoding is defined by the 6-bit encoding rules, with one minor variation. If the tag architecture
supports an erjcoding unit of more than an 8-bit byte (for example ISO/IEC 18000-6C uses a 16-bit word) then
of the pad strirjg “100000” is repeated as necessary in full and then truncated to fill the encoding space| Using
the example of encoding on a 16-bit word structure, here are the eight end conditions:

— Exactly on the boundary — no action

— Requijring two pad bits — encode 10

— Requiring four pad bits — encode 1000

— Requijring six pad bits — encode 100000

— Requijring eight pad bits — encode 10000010

— Requijring ten pad bits — encode 1000001000

— Requjring twelve pad bits — encode 100000100000

— Requijring fourteen pad bits — encode 10000040000010
The decoding fules as defined in Annex E.4 apply so that if pad strings “10”, “1000” or “100000” are prgsent at

the end of the |encoded bit string, they are discarded. For a Monomorphic-Ull there can be repeated patterns,
as shown aboye, that need to be discarded.

13.2 7-bit encoding

If the AFI dedlares that 7-bit(encoding is used for the particular Ull, the character set shall be limited to
characters 204 to 7E+ as defined in Annex F. The Ull shall be encoded using the 7-bit encoding schéme as
defined in Anngx E.5.

If the tag architecture supports a method to declare the size of encoding of the Ull memory, ther¢ is no
requirement to] enaeode any length indicator on the RFID tag, even if the Ull may be of different lengthg. If the
tag architecture_does nat support a method to declare the size of encoding of the Ull memary then the
compacted Ull shall be preceded by a single byte indicating the length, in bytes, of the compacted UlI.

The end of the ending is defined by the 7-bit encoding rules, with as many 1 bits 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.

13.3 URN Code 40 encoding

This particular encoding is designed to support the encoding of a hierarchical URN with the appropriate
separators being the hierarchical components. Therefore, when the URN is decoded from the RFID tag it is
presented in a structure that is compatible with that required for resolving on the Internet.
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If the AFI declares that URN Code 40 encoding is used for the particular Ull, the character set shall be as
defined in Annex V, including any required UTF-8 character codes. The Ull shall be encoded using the URN

Code 40 encoding defined in Annex V.

13.4 8859-1 octet encoding

If the AFI declares that 8-bit encoding is used for the particular Ull, the character set
ISO/IEC 8859-1 character, including control characters, in the range 0046 to FF 6.

shall be any

If the tag architecture supports a method to declare the size of encoding of the Ull memory, there is no
reqwrement to encode any length |nd|cator on the RFID tag, even if the Ull may be of different lengths. Any

If the tag architecture does not support a method to declare the size of encoding of the’ Ul me
compagted Ull shall be preceded by a single byte indicating the length, in bytes, of thé compact

13.5 Application-defined 8-bit coding

If 8-bif encoding is used, including any external compaction, that is.'different from an |
interprétation it shall be declared as application-defined. In this case, the character set, encodir
decoddd interpretation are defined by the application and beyond the-scope on this Internationa

NOTE The output from the decoder transfers the byte string and declares this as Applicati

omprise of the

mory, then the
bd Ul

BO/IEC 8859-1
g scheme and
Standard.

bn-Defined.
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Annex A
(informative)

Air interface support for application commands

A.1 Overview

As indicated ip 8.5, different air interface protocols have different degrees of compatibility with indlividual
application commands. Details are set out below for some of the air interface protocols. If an air ifterface

protocol is nof covered, then some of the remainder of this annex, in combination with the\air interface
protocol standard, could still be helpful to implementers developing solutions.
A.2 ISO/IEC 18000-3 Mode 1 support
ISO/IEC 18000-3 Mode 1 Rev 1 provides mandatory and optional commands(some of which are defined as
requirements [for RFID for Item Management) that support the application command as detailed
in Table A.1 — ISO/IEC 18000-3 Mode 1 support for application commands:
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-Object-ldentifiers YES
10 Read-Logical-Memary-Map YES
12 Erase-Memory YES
13 | Get-App-based-System-Info YES
17 | Write-Objecis YES
18 Read-Ohbjects YES
19 | Write-Objects-Segmented-Memory-Tag NO
20 | Write EPC-UII NO
21 Inventory-1ISO-Ulimemory NO
22 Inventory-EPC-Ullmemory NO
28/ | 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-Ull YES
31 Configure-Extended-DSFID YES
32 | Configure-Multiple-Records-Header YES
33 Read-Multiple-Records YES
34 Delete-Multiple-Record YES
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Table A.1 — ISO/IEC 18000-3 Mode 1 support for application commands 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 "NQO" in the supported column.

A.3 ISOJ/IEC 18000-6 Type C support

The support by ISO/IEC 18000-6C for the application commands is based on ISO/IEC 18000-6
AMD1:2006. Table A.2 — ISO/IEC 18000-6 Type C support for application commands 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 sub-clauses.

Table A.2 — ISO/IEC 18000-6 Type C support for application commands
Code | Command Name Supported | Qualified
Support
1 Configure-AFlI NO YES
2 Configure-DSFID NO YES
3 Inventory-Tags NQ YES
5 Delete-Object YES
6 Modify-Object YES
8 Read-Object-Identifiers YES
10 | Read-Logical-Memory-Map NO YES
12 Erase-Memory YES
13 | Get-App-Based-System-Info NO YES
17 | Write-Objects NO YES
18 Read-Objects YES
19 | Write-Objects-Segmented-Memory-Tag YES
20 | Write EPC-UII YES
21 Inventory-ISO-Ullmemary YES
22 | Inventory-EPC-Ulimemory YES
23 | Write-Password-Segmented-Memory-Tag YES
24 Read-Words-Segmented-Memory-Tag YES
25 Kill-Segmented-Memory-Tag YES
26 Delete-RPacked-Object YES
27 Modify-Packed-Object-Structure YES
28 | Write=Segments-6TypeD-Tag NO
29 Read-Segments-6TypeD-Tag NO
30 { Write-Monomorphic-Ull YES
31 Configure-Extended-DSFID YES
32 Configure-Multiple-Records-Header YES
33 Read-Multiple-Records YES
34 Delete-Multiple-Record YES

A.3.1 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
RFID tag. This is because the AFI is a single byte, and the minimum communication across the
ISO/IEC18000-6C 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.3.2 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
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RFID tag. This is because the DSFID is generally a single byte, and the minimum communication across the
ISO/IEC18000-6C 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.

A.3.3 Inventory-Tags

The Inventory-Tags command is intended to return a unique Singulation-ld to enable ongoing
communications with the RFID tag. For many air interface protocols, this is a permanently encoded code in a
dedicated part of memory on the RFID tag. ISO/IEC 18000-6C uses different methods to maintain
communication, a dynamically created value.

en the
jument

If there is a requi 0 o
Read-Words-$egmented-Memory-Tag command may be used instead, with the Memory-Bank ar
set =10.

y-EPC-
urn the

If the requirem
Ullmemory co
content of the

ent is to read a unique item identifier, then the Inventory-ISO-Ullmemory or Inventor)
mmand may be used, depending on the domain of the application. These commands ref
U1l memory, which is required to be unique.

A.3.4 Read-Dbject-ldentifiers

The Read-Obj
memory banks

ect-ldentifiers command returns a set of Object-ldentifiers.eéncoded on the RFID tag. |
were not supported when this command was first defined (in ISO/IEC 15962:2004).

Aultiple

Because ISO/
memory banks
Memory-Bank
Memory Bank

EC 18000-6C does not support an air interface command to read the content of different
5 simultaneously, one way to invoke this application”command is to apply it only us|ng the
argument = 11. If there is an additional requirement to read any Object-ldentifier($) from
D1, then the Inventory-ISO-Ullmemory command should be used.

A.3.5 Read-Logical-Memory-Map
The Read-Logical-Memory-Map command was “designed to read the encoded bytes from a single [flat file
memory on aj RFID tag, and not a segmented’ memory as used with ISO/IEC 18000-6C tags. The| Read-
Words-Segmeénted-Memory-Tag command:should be used in preference, setting the selected Mgmory-
Bank argument for which information is réquired.

A.3.6 Get-App-Based-System-=Info

The Get-App-
equivalent air
to obtain this

Based-System-lnfo command is primarily intended to support tags where there is a
nterface command. The information that is returned is the AFI and DSFID. An alternati
informatien<(possibly with other data) is to use the Inventory-ISO-Ulimemory comm

directly
ve way
and to

return the AFI
can be used tg

and DSFID from memory bank = 01. The Read-Words-Segmented-Memory-Tag command
read the DSFID for memory bank = 11.

NO

[ Al " 1 : Lol 1 i 4.4
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A.3.7 Write-Objects

The Write-Objects command may be implemented with ISO/IEC 18000-6C, 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 an ISO/IEC 18000-6C RFID tag.

If the Object-Lock argument (see 10.1.38) is invoked for any data element, the implementation depends on
the capability of the individual RFID tag, ranging for selective locking of part of memory bank 11 to only being
able to lock a complete memory bank. The capability to lock data on an ISO/IEC 18000-6 Type C tag is
defined in Annex C.8.5.

92 © ISO/IEC 2013 — All rights reserved


https://iecnorm.com/api/?name=60d5141f78843b07a777d4bda167a9bc

The following rules apply to locking memory:

ISO/IEC 15962:2013(E)

a) If the tag is complaint with ISO/IEC 18000-6C AMD1, locking is only allowed for the complete memory
bank. Therefore, if the Write-Objects-Segmented-Memory-Tag command contains one or more object-
lock arguments that are contradictory (i.e. some TRUE and some FALSE arguments), or if the command
specifies a lock status that differs from the lock status of encoding on the memory bank, then the entire
command shall be considered in error.

b) If the tag is compliant with a version of ISO/IEC 18000-6C later than AMD1 then selective locking is an
optional feature, which is declared by each tag model. There are sub-rules for encoding as follows in

MB11:

c) THhe selective locking feature is not supported for MBO1,so the following rules apply:

A.4 I1SO/IEC 18000-6 Type D-support

The support by ISO/IEC 18000-6 Type D for the application commands is based on ISO/IEC 18
interfage differs from othersiin ISO/IEC 18000-6 in that it uses a modified tag talks first prot
interfeffence with other the air interface protocols no forward link is specified in that standard. T
any erfcoding of data has to be achieved using custom air interface commands, and in tur
applicgtion commands specified in this International standard for writing data to the tag

i) If the feature is not supported on the RFID tag for MB11, but locking is)called f
single data element is to be encoded, or for all data elements in a consistent ma
entire memory bank shall be locked.

iii) If the feature is not supported on the RFID tag for MB11, and.-the object-lock
inconsistent, then the entire command shall be considered in.efror.

i) If a single data element is to be encoded in NMIBO1, then the object-lock argy
applied to all of MBO1

i) If multiple data elements are to be ,encoded and these have different object-lock
entire command shall be considered in error.

1) It the feature Is supported, and the encoding Is for MB11, then selective locking
as determined by the object-lock arguments for each data element.

all be applied

r when only a
nner, then the

prguments are

ment shall be

i) 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.

arguments the

000-6. This air
ocol. To avoid
his means that
N there are no
. Table A3 —

ISO/IELC 18000-6.Type D support for application commands lists whether an application compmand can be
supported or_not; and identifies those that can be supported in a qualified manner. Details qgf this qualified
support, or @lternative solutions, are provided in the following sub-clauses.

Table A.3 — ISO/IEC 18000-6 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 NO® "
6 | Modify-Object NO® "
8 Read-Object-Identifiers YES
10 | Read-Logical-Memory-Map YES
12 | Erase-Memory NQS® o
13 | Get-App-Based-System-Info NO YES
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Code | Command Name Supported | Qualified
Support

17 | Write-Objects NO®®e "¢

18 Read-Objects YES

19 | Write-Objects-Segmented-Memory-Tag NO®®e "¢

20 | Write EPC-UII NO

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 NQSee M

27 | Modify-Packed-Object-Structure NO®®e "¢

28 | Write-Segments-6TypeD-Tag N

29 Read-Segments-6TypeD-Tag YES

30 | Write-Monomorphic-Ull N

31 | Configure-Extended-DSFID NO®®° "

32 | Configure-Multiple-Records-Header NO®®e "¢

33 Read-Multiple-Records YES

34 | Delete-Multiple-Record NO®®e "¢
NOTE Commands 5, 6, 12, 17, 19, 26, 27, 28, 30, 31, 32 and-33"need to be supported by|custom
air interface commands provided by the vendors of ISO/IEC,.18000-6 Type D tags. These pprticular
application commands may be used as a model for defining ‘data to be encoded on a Typé¢ 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.

A.4.1 Configure-AFI

A customs method of encoding the AFI for this air interface is to base it on the Write-Objects-Segmented-
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
ISO/IEC18000t6 Type D air interface is a 16-bit-word. Invoking the Configure-AFI command on its qwn will
require the 16-bit word in memory to be overwritten at some subsequent stage.

A.4.2 Configure-DSFID

A customs method of encoding the DSFID for this air interface is to base it on the Write-Objects-Segniented-
Memory-Tag ¢gommand, whichrincorporates the DSFID as part of the sequence of bytes to be encoded in the
RFID tag. Thig is because the DSFID is generally a single byte, and the minimum communication acrpss the
ISO/IEC18000t6 Type Dcairinterface is a 16-bit word. Invoking the Configure-DSFID command on |ts own
will require the| 16-bit word‘in memory to be overwritten at some subsequent stage.

A.4.3 Inventpry-Tags

The Inventory-Tags command is intended to return a unique Singulation-ld (known as a TID-S and defined
in Annex C.9.1) to enable ongoing communications with the RFID tag or to determine a population of tags
within the reading zone. The ISO/IEC 18000-6 Type D unique Singulation-ld is always encoded from the first
page of memory.

Because the Singulation-ld 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-ld structures.

A.4.4 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 AFl and DSFID. An alternative way
to obtain this information (possibly with other data) is to use the Inventory-ISO-Ullmemory command to
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return the AFI and DSFID from the Ull segment. The Read-Segments-6TypeD-Tag command can be used to
read the DSFID for from the item-related segment and the AFl and DSFID from the Ull segment.

NOTE No AFI code value is encoded in the ltem-related data segment.

A.4.5 Read-Segments-6TypeD-Tag

The Read-Segments-6TypeD-Tag command is used to subdivide the encoding from an ISO/IEC 18000-6
Type D into its segments and further subdivisions. This is possible because the air interface protocol delivers
the complete encoding from the tag in a single transaction.

As this command is currently only specific to this tag details are specified in 8.3.7
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Annex B
(normative)

Pro forma description for the Tag Driver

This annex provides the structure for defining a Tag Driver description for a class of RFID tags compliant with
a mode of ISO/IEC 18000. The details in Annex C, provide more specific examples of the type of definition

required.

B.1 Defining the Singulation-Id

The Singulation-ld is the device in the Data Protocol to link the RFID tag to the Logical Memory. Claug

identifies some
unique encode

The Tag Drive

B.2 Systen

The AFI (see

be in the operating area of the interrogator. Its coded value is gne*byte long and its value shall be def

the application

The Tag Driver shall define whether the RFID tags supports the AFI feature, not just as a provig

encoding the
code value, on

B.3 Systen

The DSFID (s
Logical Memoi
It is a key to
commands an
The DSFID is

The Tag Drive
the value, butf
Methods are

of the possible methods that can be invoked on the RFID tag, the air interface, or eve
d data to achieve this.

shall define the technique that the RFID tag uses to create the Singulation-id.

information : AFI

D.2.4) is a prime selection mechanism for specifying ‘a/relevant subset of RFID tags thg

e 9.2.1
N using

t could
ned by

ion for

alue, but also for it to be used as a selegtion tool. The Tag Driver shall also specify whether the

ce encoded, can be locked and if thisocking facility is mandatory or optional.

information: DSFID

e 9.2.5) incorporatesithe Access-Method to define the structure of the bytes on the RFID tag's

y Map, and incorporates the Data-Format to define particular sets of encoded applicatio

the Data Processer on how to organise selective transactions defined by the app
H how to condense the Object-ldentifiers during encoding and to expand it during de
bne byte long and its value shall be defined by the application.

" shall-define how the RFID tags support the DSFID feature, not just as a provision for er

n data.
ication
coding.

coding

also_for it to be used as an organisational tool, particularly for how the different

supported. The Tag Driver shall also specify whether the code value, once encoded,

cess-
an be

locked and if this Tocking facility is mandatory or optional.

An extension mechanism for the Data-Format is defined in 9.2.6 and a separate extension mechanism for the
Access-Method and other tag functions is defined in 9.2.7. If these extension mechanisms are supported,
they shall be encoded as defined for the individual Tag Drivers in Annex C.

B.4 Memory-related parameters

B.4.1 Block

size

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.4.2 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.4.3 Number of blocks

The Tag Driver shall specify the number of blocks on the particular RFID tag and the means of transferring
this information to the Data Processor.

B.4.4 Memory mapping

The T4g Driver shall specify:

1. Whether the memory is structured as a single 'flat' file or is organised in multiple, separately addressable,
partitioned zones (or memory banks).

2. The location within the memory (as defined in ISO/IEC 18000) where the ‘Logical Memorny Map begins.
This requires additional rules for addressing partitioned zones.

3. Thge byte sequence in the block - the Data Protocol presumes Most Significant Byte in the first position, so
a different order may require a conversion process.

4. The bit sequence in the byte - the Data Protocol presumés most significant bit in the firs{ position, so a
different ordering requires a conversion process.

5. Any other structuring rules within the ISO/IEC 18000 definition of user memory (e.g. error|correction bits
or pytes) that impact on the structure of the Logical Memory Map.

=

NQTE If error correction consumes bit or byte capacity outside the block size defined for user dafa, then this can
be Jgnored for the purposes of the Data Processor.

B.5 Support for commands

The manner in which the application commands are presented in ISO/IEC 15961-1 is likely to|be at a higher
level than the coded commands communicated across the air interface. Each application conjmand shall be
supported 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 responsges, but return
appropriate error codes for those arguments not supported. For example, a command argument of
Object-Lock might not be supported by the RFID tag command calls; therefore the appropriate

__Completion-Codes shall he used

c. be unable to support the functionality of a complete application command, for example to modify or
delete an Object-ldentifier and Object on an RFID tag that is One Time Programmable (or that
uses Write Once Read Many technology).

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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Annex C
(normative)

ISO/IEC 18000 Tag Driver Descriptions

C.1 Tag Driver for ISO/IEC 18000-2: Parameters for air interface communications
below 135 kHz
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annex explains and specifies how this International Standard shall be implemented-q
O/IEC 18000-2.
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ified by a 64 bit Unique Identifier (UID). The UID is used during arbitration and for add
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-2 supports commands that can ignore the UID, such thatCall“tags in the ready staf
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bents the type of air interface application targeted:by the Interrogator and is used to extra
bting the required selection criterion from all thetags present. The AFI may be programm
espective commands. The AFIl is coded onone byte.

AFI by the tag is optional. If the AFI is;not supported by the RFID tag and if the AFI fla
the tag shall not respond whatever-the AFI value is in the request.

AFI flag is not set in the command.

supported inISO/IEC 18000-2 through the DSFID mechanism. The DSFID is on on
ned duringthe Inventory process. The DSFID can be programmed and locked by
'00".

ry-related parameters
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ressing
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nanism is supported by the tagl-it shall respond when the AFI on the tag matches the ARl in the

bl also

e byte.
specific

The physical tag memory is divided into two logical sections. The first logical memory section contains the
system data. The second logical memory section contains the user data and is referred to as the application

memory.

The user data or application memory is organised in blocks of a fixed number of bytes. Up to 64 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.
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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.

C.2 Tag Driver for Mode 1 of ISO/IEC 18000-3: Parameters for air interface
communications at 13,56 MHz

This normative annex explains and specifies how this International Standard shall be implemented on tags
compliant to ISO/IEC 18000-3 Mode 1.

C.2.1 |Defining the Singulation-Id

Each thg is identified uniquely by a Singulation-ld (also known as UID) on 64-bits. Each [tag returns its
Singulation-ld during the inventory process. The Singulation-ld can be furtherused to selectively address a
tag. The Singulation-ld format is specified in ISO/IEC 18000-3 Mode 1.

C.2.2 |System information: AFI

The AKl is supported in ISO/IEC 18000-3 Mode 1 through the AFlymechanism, which is a sepdrate register in
the tagl memory. The AFI can be programmed and locked by §pecific commands. The Inventory process then
uses it| The AFl is on 8 bits.

If the tag does not support AFI programming (see Annex'C.2.5), the RFID tag shall participate tp the Inventory
procesp as if it had received AFI = '00', meaning that the tag will always respond to an Invenfory command,
whateVer the AFI value.

C.2.3 |System information : DSFID
The DSFID is an 8 bit code and is supported in ISO/IEC 18000-3 Mode 1 through one of these mechanisms:

A. thg DSFID air interface mechanism, which is a separate register in the tag memory (see Annex C.2.3.1);
or

B. thg DSFID encoding‘tule, which requires the DSFID to be encoded and read using general air interface
write and read commands (see C.2.3.2).

C. Option A ispréferred; but option B is provided for ISO/IEC 18000-3 Mode1 tags that cannot|support option
A. PDetails-of the Singulation-Ids (i.e. the first three bytes of the 64-bit code defined in C.2.[1) that support
ong or other option are available on a JTC1 SC31 WG4 Standing Document.

C.2.3.1 The DSFID air interface mechanism

The DSFID is supported in some ISO/IEC 18000-3 Mode 1 RFID tags through the DSFID air interface
mechanism, which is a separate register in the tag memory supported by specific commands. DSFID is
returned during the Inventory process. The DSFID can be programmed and locked by specific commands.

If the tag does not support DSFID programming (see Annex C.2.3.2), the tag shall return DSFID = '00' in
response to the air interface Inventory command.

C.2.3.2 The DSFID encoding rule

If the DSFID air interface mechanism is not available, then the DSFID shall be encoded as part of the
encoded byte stream in the first byte of the user memory. Used in this way, the DSFID cannot be returned
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during the air interface inventory process, and cannot be programmed and locked by specific air interface
commands. The only way the DSFID can be locked 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.2.3.3 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 9.2.6 to 9.2.17 shall be encoded starting from the first byte of user memory and precede any encoded

packets of data.

If the RFID ta
t0 9.2.17 shall
of data.
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ry-related parameters

formation is stored in a memory area that is logically distinct from the user memory and t
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pry is organised in blocks, starting at block 0. The logical memory mapping shall start at
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.
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terface commands are mandatery, the Inventory command and the Quiet command. A

mand, the tag shall answer with an error code as specified in ISO/IEC 18000-3 Mode
ication and/or the interrogator to know that they cannot use the requested feature on thig

for item management". The details of this status are included in Annex G
e C.1 — Required commands and their codes provides a summary of the required comm

Table C.1 — Required commands and their codes

h 9.2.6
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hat can
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System
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tion is

Il other
es not
1. This
tag.

-3 Rev 1 now includes a new class of air interface command status, indicating that a commmand

pf that
ands.

Command 1ISOHEE Function ltem-Management Requirement—
Code 18000-3
Mode 1
BasicType
'01' Mandatory | Inventory The AFl is a requirement in the command, 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 command.
The RFID tag shall support this command if the
Read multiple blocks command is not
supported
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Command ISO/IEC Function Item Management Requirement
Code 18000-3
Mode 1
BasicType
21 Optional Write single block The interrogator shall support this command.

The RFID tag shall support this command if the
Write multiple blocks command is not

supported

'22' Optional Lock block Required for the interrogator and for the RFID
tag.

'3 Optienal Read-muttiple-bloeks The-nterregater-shal-suppertthis-gommand.

The RFID tag shall support this command if the
Read single block command is\not|supported

'24' Optional Write multiple blocks The interrogator shall support this gommand.
The RFID tag shall support this corpmand if the
Write single block command is not supported

'25' Optional Select this command shall be supported i
interrogators.and should be suppo;Fed in tags

'26' Optional Reset to ready this command shall be supported ii
interrogators and should be supported in tags

Required for the interrogator and for the RFID

‘27 Optional Write Afi

tag.
8" Optional Lock Afi tF;qured for the interrogator and for the RFID
19" Optional Write DSFID Z«;qUIred for the interrogator and for the RFID
A" Optional Lock DSFID Z«;qUIred for the interrogator and for the RFID
1" Optional Get system information tF;(;qwred for the interrogator and for the RFID
) Get multiple block security | Required for the interrogator and for the RFID

'3C' Optional Status tag.

C.2.6 |Performance optimisation

If the gpplication @nd/or the interrogator plan to have a continuous sequence of commands with a given tag,
they cgn use thé Select command. The Select command is addressed to a specific tag and dedelects all other
tags. Itjcontains the Singulation-ld of the tag to be selected. All further commands shall have their Select flag
set, byt downot contain the Singulation-ld, therefore saving transmission time. Individual cpmmands with
other $ingulation-lds can be sent to specific tags during the sequence. See ISO/IEC 1800(Q-3 Mode 1 for
details.

C.3 Tag Driver for Mode 2 of ISO/IEC 18000-3: Parameters for air interface
communications at 13,56 MHz

This normative annex explains and specifies how this International Standard shall be implemented on tags
compliant to ISO/IEC 18000-3 Mode 2.
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C.3.1 Defining the Singulation-Id

Each tag is identified uniquely by a Specific Identifier (SID). Each tag returns its SID during the Application
Group Identifier command. Subsequent commands may include the SID to address a specific tag.

C.3.2 System information: AFI

The AFI is 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 4.

C.3.3 Systenprinformation—DSFiD
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anges,

1 write
e write
d/write

C.4 Tag Driver for ISO/IEC 18000-4: Parameters for air interface communications at
2,45 GHz - Mode 1

This normative annex explains and specifies how this International Standard shall be implemented on tags
compliant to ISO/IEC 18000-4 Mode 1.

C.4.1 Defining the Singulation-Id

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.
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C.4.2 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 represents the Embedded
Application Code (EAC) field. This information field defines the data architecture 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 byte 12. If this byte is set to the value 0A; the tag data
architecture is compliant to this International Standard. The data field termed 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 programming, the tag shall participate to the Inventory process as if it had
receive = '00' ing i atever the AFI

A

C.4.3 |System information : DSFID

The D$FID is supported in ISO/IEC 18000-4 Mode 1 through the DSFID mechanism. The DSFID indicates
how thie application data is structured in the tag application memory. As defined in Annex ¢.4.2, bytes 12
through 17 are reserved in tag system memory for representation of tag memory system information. Byte 12
with the value 0A ¢ defines a tag compliant with this International Standard{Byte 14 is designafed to store the
DSFID|information. As this information can be stored in tag system memeory, read (READ) and|write (WRITE)
commgnds may be used to program and retrieve this information.

If the tag does not support DSFID programming, the tag shall return DSFID = '00'.

C.4.4 Memory-related parameters

The fir
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Bytes
byte fig
and bld

The af
data).
orderin
memof

st 18 bytes (bytes 0 through 17) are reseryved for system information. The Identifi
s information about the tag from reserved\memory locations. Upon tag segregation (th
5), the tag state is moved from the “ldentify” state to the “Data Exchange” state with
levant tag system information.

2, 13, and 14 are as defined above. Bytes 10 and 11 are reserved for “Hardware Tag T
ck size (bytes per block);
plication memory (usér data storage) begins in byte 18 (or the first addressable blog

[his is treated as the first byte of block 0 of the logical memory map for user memory.
g shall be the same, i.e. the msb and MSB shall match in both the logical memory

y.

Cation process
e anti-collision
he retrieval of

ype”. This two-

Id provides information aboutthe hardware (physical) tag, which includes the total number of blocks

k after system
Bits and bytes
and in the tag

As nofed in_the’ response to question three above, unique and unambiguous addressipg of all data

transag
unique

tions~ia- provided through the Tag UID (bytes 0 through 7 of system memory). All data t
y. addressed with this mechanism. The submission provides

ansactions are

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 Support for commands

Not all ISO/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 the application and/or
the interrogator to know that they cannot use the requested feature on this tag.
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C.5 Tag Driver for ISO/IEC 18000-4: Parameters for air interface communications at
2,45 GHz - Mode 2

This normative annex explains and specifies how this International Standard shall be implemented on tags
compliant to ISO/IEC 18000-4 Mode 2. This mode supports different user interfaces and the following sub-
clauses are based on the implementation using the “real image” user interface.

C.5.1 Defining the Singulation-id

Each tag is identified uniquely by a tag ID of 32 bits. The tag ID is used to address selectively a tag for
subsequent transactions.

C.5.2 SystelL information: AFI

ISO/IEC 1800(
programming,

-4 Mode 2 does not support the functionality of AFl. As the Mode does.-net supp
the tag shall participate in any application command that specifies AFI as,if-it had receiv

=' 00', meaning that the tag will always respond to an AFIl argument in an application cemmand, whate

AFI value.

C.5.3 System information: DSFID

ISO/IEC 1800(
for this Interna

Data-Forn

C.5.4 Memo

-4 Mode 2 does not support the functionality of DSFID. This has the effect of reducing
ional Standard to:

Access-Method = No-Directory

at = Full-Feature

ry-related parameters

The tag ID prgvides supplementary information.about the size of the user memory. Blocks are alwa

byte in length,
position that id
The maximum

C.5.5 Suppd

ISO/IEC 1800(
command incly

irrespective of the size of memory. Read or write functions address memory by using a
entifies the beginning of the required data string, and a single byte value to determine its
length of the data string is~246 bytes

rt for commands

-4 Mode 2 supports a number of commands including read and write. The response
des specifig error codes where the command cannot be executed.

C.6 Tag Dr

verfor ISO/IEC 18000-6 Type A: Parameters for air Interface

prt AFI
ed AFI
ver the

support

ys one
2-byte
length.

to the

Communications at 860 MHz to 960 MHz

This normative annex explains and specifies how this International Standard shall be implemented on RFID

tags compliant

to ISO/IEC 18000-6 Type A.

C.6.1 Defining the Singulation-Id

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.

The UID format for Type A is specified in ISO/IEC 18000-6 in Clause 8.1.2
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C.6.2 System information: AFI
The AFl is supported in ISO/IEC 18000-6 Type A tags through the AFI mechanism.

The AFI can be programmed and locked by specific commands. The Inventory process then uses these
commands to retrieve the AFIl data. The AFl is on 8 bits.

If the tag does not support AFI programming (see Annex C.6.5), the tag shall participate to the Inventory
process as if it had received AFIl ='00', meaning that the tag will always respond to an Inventory command,

whatever the AFI value.

C.6.3 System information: DSEID

The DIFID is supported in ISO/IEC 18000-6 Type A tags through the DSFID mechanism.

The D$FID is returned during the Inventory process. The DSFID can be programmed.and locked by specific
commands. The DSFID is defined on 8 bits.

If the tag does not support DSFID programming (see Annex C.6.5), the tag shall return DSFID 5 '00'.

C.6.4 [Memory-related parameters

The Syistem 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 theciumber of blocks and the size df the blocks is
returngd 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,
i.e. thelmsb and MSB shall match in both the logical. memory and in the tag memory.

C.6.5 [Support for commands

ISO/IELC 18000-6 Type A provides for both mandatory and optional commands. Mandatory commands provide
the minimum functionality for activation‘and identification (e.g. inventory) of compliant tags in a|population. All
other dgommands (reading and writing) are optional. Some tag products may therefore not have implemented
them. |f a tag does not supportva command, the tag shall answer with an error code gs specified in
ISO/IELC 18000-6. This allows the application and/or the interrogator to know that they cgnnot use the
requesfed feature on this tag:

C.6.6 |Performance optimisation

If the gpplication~and/or the interrogator requires a continuous dialogue with a specific tag, ISD/IEC 18000-6
Type A providesa mechanism for "selection" through the command set. The Select command is addressed to
a specfifictagiand 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 {ime. Individual
commands with other UIDS can be sent 1o specific tags during the Ssequence.

C.7 Tag Driver for ISO/IEC 18000-6 Type B: Parameters for air Interface
Communications at 860 MHz to 960 MHz

This normative annex explains and specifies how this International Standard shall be implemented on RFID
tags compliant to ISO/IEC 18000-6 Type B.

© ISO/IEC 2013 — All rights reserved
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C.7.1 Defining the Singulation-Id

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.

The UID forma

t for Type B is specified in ISO/IEC 18000-6 in Clause B.2

C.7.2 System information: AFI

The AFl is supported in ISO/IEC 18000-6 Type B tags through the AFI mechanism.
Bytes 12 thro i i i for. Gyte 12
represents thgl Embedded Application Code (EAC) field. This information field defines the data architecture

system repres
memory archit
value 0As th
Application Fa
information.

If the tag does

if it had received AFI = '00', meaning that the tag will always respond to an Inventory command, whate

AFI value.

C.7.3 System information: DSFID

ented in application memory (bytes 17 and above). The remaining five (5) bytés)def
ecture and usage within the data architecture system defined in byte 12. If this byte’is se
b tag data architecture is compliant to this International Standard. The @ata field
mily ldentifier (AFI) is represented in the next byte (byte 13) of the reserved:tag memory

not support AFI programming (see C.7.5), the tag shall participate.to the Inventory proc

ne the
t to the
termed
System

ess as
ver the

The DSFID is supported in ISO/IEC 18000-6 Type B tags through the DSFID mechanism.
The DSFID indicates how the application data is structured in the tag application memory. As defined in
Annex C.7.2, pytes 12 through 17 are reserved in tag. system memory for representation of tag memory

system information. Byte 12 with the value 0A4s defings a tag compliant with this International Standar

14 is designat
read (READ) g

If the tag does

C.7.4 Memo

The first 18 4
provides inforr
process), the
such relevant

Bytes 12, 13, ¢

ed to store the DSFID information. ‘A¢’ this information can be stored in tag system m
nd write (WRITE) commands may-be used to program and retrieve this information.

not support DSFID programming (see C.7.5), the tag shall return DSFID ='00".

ry-related parameters

ytes (bytes 0 through 17) are reserved for system information. The Identification
hation about the.tag from reserved memory locations. Upon tag segregation (the anti-g
ag state is"moved from the “Identify” state to the “Data Exchange” state with the retri
ag systemyinformation.

nd 14)are as defined above. Bytes 10 and 11 are reserved for “Hardware Tag Type”. Th

d. Byte
emory,

rocess
ollision
eval of

is two-
blocks

byte field prov

des’information about the hardware (physical) tag, which includes the total number of

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. 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.

C.7.5 Support for commands

ISO/IEC 18000-6 Type B provides for both mandatory and optional commands. Mandatory commands provide
the minimum functionality for activation and identification (e.g. inventory) of compliant 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

106 © ISO/IEC 2013 — All rights reserved


https://iecnorm.com/api/?name=60d5141f78843b07a777d4bda167a9bc

ISO/IEC 15962:2013(E)

ISO/IEC 18000-6. This allows the application and/or the interrogator to know that they cannot use the
requested feature on this tag.

C.7.6 Performance optimisation

If the application and/or the interrogator requires a continuous dialogue with a specific tag, ISO/IEC 18000-6
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, etc.) 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 Tag Driver for ISO/IEC 18000-6 Type C: Parameters for air Interface
Communications at 860 MHz to 960 MHz

This ngrmative annex explains and specifies how this International Standard shall’be implemg¢nted on RFID
tags cgmpliant to ISO/IEC 18000-6 Type C.

C.8.1 |Defining the Singulation-Id

Each RFID tag is defined uniquely by a dynamic 16-bit code, the, RN=16. The value of the RN}16 is returned
during [selection processes, and is used to maintain communications with the RFID tag while in the operating
field. In addition, access to Memory Bank 01 returns a Unique Item Identifier, which does provide a unique
identifier at the application level, so long as this is distinguished between EPCglobal code strugtures and ISO
code sfructures.

C.8.2 |System information: AFI

The AFI is supported in ISO/IEC 18000-6 Type C as an optional element in the protocol gontrol word in
Memorny Bank 01. The AFI is encoded in bits™84¢ to 1F46. To identify that the encoding of the tag is compliant
with AFl and DSFID rules, bit 174¢ shall-have the value = 1, to distinguish this from encoding [compliant with
the EP[Cglobal scheme.

The AFI only requires to be encoded in Memory Bank 01 to fulfil its function with the RFII tag selection
procesp.

C.8.3 |System information: DSFID

The D$FID is supported in ISO/IEC 18000-6 Type C RFID tag in the manner described in the| following sub-
clauses, which may be implemented independently.

C.8.3.1 <DSFID in Memory Bank 01

A DSFID is used in Memory Bank 01 when this is called for by an AFI. In this case Memory Bank 01 shall
encode the DSFID in position 2046 to 274¢. The encoding that follows shall be compliant with this International
Standard for encoding a Ull based on an Object-ldentifier structure.

When the AFI declares a Monomorphic-Ull, the DSFID shall not be encoded in Memory Bank 01.

C.8.3.2 DSFID in Memory Bank 11
If Memory Bank 11 is present on the ISO/IEC 18000-6C RFID 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
0016 to 0716)-
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C.8.3.3 Extensions mechanisms for the Data-Format, Access-Method, and other tag functions

If any of the extension mechanisms defined in 9.2.6 to 9.2.17 are required, then all of the extension bytes shall
be encoded starting immediately after the encoded DSFID. All the extension bytes shall precede any encoded
packets of data.

C.8.4 Memory-related parameters

The memory of an ISO/IEC 18000-6 Type C RFID tag is organised into four logical sectors known as Memory
Bank 00,, 01,, 105, 11,. All read and write processes are based on transactions in multiples of 16-bit words.
ISO/IEC 18000-6 Amd 1 defines that locking is for an entire Memory Bank.

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 an EPCglobal-based-'code or gn I1SO-
based code. Processes on the RFID tag calculate the length of the encoding. This length({in“words) epcoded
in bits 0045 to Q4+, which is part of the Protocol Control word.

Memory Bank|10, contains tag identification details, which may be based on aode structure manajged by
EPCglobal, or p Unique Tag ID compliant with ISO/IEC 15693. There is no simple 'way to determine whiether a
tag uses one df 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 Identifier and the
encoding capdcity of Memory Bank 01,. There are no air interface pul€s to determine the size of this memory
(i.e. the equivplent of the number of words or blocks), without.anvunderstanding of the IC manufagturer's
specification of looking up information based on the encoded values in Memory Bank 10,.

C.8.5 Memoty Locking

plaint with ISO/IEC 18000-6C AMD1;locking is only allowed for the complete memory bank. If
the tag is compliant with a version of ISO/IEC 18000-6C later than AMD1 then selective locking of MB11 is an

There are no currently defined rules in the air interface protocol to identify whether a particular RFID
suppofts selective locking to the (rules defined above. Until such rules are defined this remains as a| vendor
specific solution for the RFID tag to declare its capability and a vendor specific solution for intefrogator
manufacturers to implement:

C.8.6 Suppart for commands

ISO/IEC 18000-6 Type €' supports a number of commands including read and write. A number|of the
commands and asseciated functions are optional. The response to any command includes specific error
codes where the eommand could not be executed.

C.9 Tag Driver for ISO/IEC 18000-6 Type D: Parameters for air Interface
Communications at 860 MHz to 960 MHz

This normative annex explains and specifies how this International Standard shall be implemented on RFID
tags compliant to ISO/IEC 18000-6 Type D.

C.9.1 Defining the Singulation-Id
Each tag is identified uniquely by a Singulation-ld (also known as TID-S), which can have one of three

lengths. The Singulation-ld format is specified in ISO/IEC 18000-6 Type D. The TID-S is complaint with
ISO/IEC 15963 and can therefore begin with one of the following byte values and having a pre-defined length:
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EO046, with a total length of 64 bits
E2,4, with a total length of up to 192 bits

E346, with a total length of 96 bits

Each structure has an internal rule that enables the total lemgth 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-ld during the tag communication process, and is at the beginning of the

transm

tted message.

C.9.2

Bit pos
the Prq
that th
disting

The A

selectipn process.

C.9.3

The DS
sub-clg

C.9.3.1

C.9.3.1

System information: AFI

itions 63 to 48 of the first data page shall encode the Protocol Control word¢;The AFI is
tocol Control word in the Ull segment of memory. The AFI is encoded in bits 55, to 4
b encoding of the tag is compliant with AFl and DSFID rules, bit 564g.shall have the
lish this.

Fl only requires to be encoded in the Ull segment of memoryto. fulfil its function with

System information: DSFID

BFID is supported in an ISO/IEC 18000-6 Type D"RFID tag in the manner described i
uses, which may be implemented independently:

DSFID in Ull memory segment

.1 DSFID when the AFI declares 'a-Monomorphic-Ull

When

C.9.3.

he AFI declares a Monomorphic-Ull, the DSFID shall not be encoded in the Ull memory

.2 DSFID for other AFLtypes

an element in
B10. To identify
value = 1, to

the RFID tag

h the following

segment.

Il segment is compliant with encoding rules defined in this International Standard, then in addition to
, the Ull segment-shall encode a single byte DSFID in position 47, to 4040 of the UlI
b byte DSFID. starting at position 47,,. The encoding that follows shall be comp

segment, or a
liant with this

jes data based

on Object-ldentifier structures, then the DSFID shall be encoded in the second byte position of this memory
bank. This position varies depending on the end point of the Ull segment.

The preceding byte is the length-lock byte that

In the leading five bits encodes the encoded length of the ltem-related segment (in words) from the

beginning of the length-lock byte to the end of the CRC

The trailing three bits provide an indication of the pages that are locked
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C.9.3.3 Exte

nsions mechanisms for the Data-Format, Access-Method, and other tag functions

If any of the extension mechanisms defined in 9.2.6 to 9.2.17 are required, then all of the extension bytes shall
be encoded starting immediately after the encoded DSFID. All the extension bytes shall precede any encoded
packets of data.

C.9.4 Memory-related parameters

When used in a compliant manner with this International Standard, the memory of an ISO/IEC 18000-6 Type
D RFID tag is organised into four logical sectors known as:

The TID engmnnf

the U
the ite
the si

All read and w

C.9.5 Memo

Memory lockin
64-bits as spe

NOTH
sSuppo
specif
manuf
C.9.5.1
The Ull segms
boundary.
The Ull segms

the Ull segme

004) are inclugled until the end of the lock boundary.

C.9.5.2 Enco¢ding and.locking the Item-related data segment

The optional i
segment begin

Encoding and locking the Ull segment

| segment, which begins on the first data page of the ISO/IEC 18000-6 Type D tag
m-related data segment (optional)
Mple sensor encoding segment (optional); always 64 bits if present

ite processes are based on transactions in multiples of 16-bit wordsy{erganised in 64-bit

'y Locking

g is applied in a consistent manner for any one Type Ddag, with locking over 16-bits, 32-
ified by the tag manufacturer.

There are no currently defined rules in the air intétface protocol to identify whether a particul
rts selective locking to the rules defined above. Until such rules are defined this remains as a
c solution for the RFID tag to declare its capability and a vendor specific solution for inte
acturers to implement.

nt begins immediately after the-locked TID-S segment, and therefore begins on a 64-b

nt may end on any 16-bit word, unless there is an application requirement for it to be lo
ht requires locking and the Ull does not end on a lock boundary, then pad lock bytes

em-felated data segment is encoded if the Protocol Control word bit 584 is set =
s.immediately after the end of the Ull segment, and therefore begins on a 16-bit word bg

bages.

bits, or
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frogator
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undary,
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The first byte (bit positions n to {n-7} of the item-related data segment is the length-lock indicator, which
provides precise information about the number of words in the segment and basic information on whether
pages in the segment are locked.

The second byte (bit positions {n-8} to {n-15} of the item-related data segment is the DSFID for this segment,
which may be different from the DSFID of the Ull segment.

The item-related data is encoded from bit {n-16} of the item-related data segment until the end of the segment,
using the rules of this International Standard. Data sets within the encoded sequence may be selectively
locked. Any data set, or contiguous data sets that are to be locked, shall be on lock boundaries.
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C.9.6 Support for commands

ISO/IEC 18000-6 Type D communicates its data payload without the need for air interface commands. As
currently specified, there are no encoding commands defined. Therefore encoding is achieve in a vendor
specific manner across the air interface, but which need to support the encoding as defined by the functional
write commands as described in Annex A.4.
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Annex D
(normative)

Encoding rules for No-Directory Access-Method

This Annex, and associated referenced annexes, specifies the encoding rules for the Access-Method No-
Directory, which is the basic encoding scheme for this International Standard. The process described in the
following sub- clauses builds up the structure of a Data-Set ina Ioglcal process startrng wrth the compactmg

the Object, e
into a Relative
encoding the H

D.1 Object

Data compact
transferred ac

o]
done accordin:k

commands. O
Parameters 0

The interpretafion of the source data Objects (e.g. conforming to particular character sets) can be ign

the interrogato
encode proces

Data compact
Compaction T
unchanged ar
application ang
through to the

D.1.1 Compaction process

The command
process or not

0
witho

Application-Defined: The data object is read by and passed through the data compaction

-OID wherever pOSSIb|e encodlng the Iength of the Object Identlfler or the Relatlve-O
recursor and Offset byte (if required).

processing

on is applied as a transformation to the data Objects to reduce the humber of bits t
ss the air interface and that are required to encode data in memory/ The compaction §
to the Compact-Parameter (defined in 10.1.9) received in(the ISO/IEC 15961 app
ly Compact-Parameters 0, 1, 2 apply to the encoding of this/Access-Method, and Co
2, and 15 apply to the decoding.

I and while encoded on the RFID tag. This is because the decode process is the invers
s, and the compacted data Objects are restructured to their original forms when the tag

on performs all the processes necessary~to compact a data Object and to determ
pe, which is encoded on the RFID tag as part of the Precursor. The Object-ldentifier r|
d is not subject to any form of compaction, to enable it to be directly identifiable
the Logical Memory. The command\argument Object-Lock remains unchanged and is
hext stage of processing: data fortmatting.

argument Compact-Parameter determines whether the Object is subject to the com
based on the following integer values.

It any comipaction being applied, but is assigned the Compaction Type Code 000,.

Co

comppctedas efficiently as possible and assigned the appropriate Compaction Type Code
range-884—te-+40--

m }act:

The data object is read by and passed through the data compaction proces;

!

ng this
D, and

nat are
hall be
ication
mpact-

red by
of the
is read.

ne the
Bmains

by the
pbassed

baction

rocess

5 to be
in the

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

comp

liant with the UTF-8 transformation of ISO/IEC 10646.

The Object is read by and passed through the data compaction process.

1.

Parameter:

a.
fo

112

r the detailed processes).
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3.

D.1.2 Compaction schemes
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The 3-bit Compaction Type Code is assigned (see Annex D.1.3).

The length of the compacted data Object is defined.

is set to 0 (Application-Defined), or to 2 (UTF8-Data) the input string is not compacted but the
data Object is still processed through step 2 and step 3.

Data compaction shall be applied to each entire data Object. When compaction is requested by the
Compact-Parameter, the selection of the particular data compaction scheme is determined by parsing the

bytes — ining the Data
Compdction Scheme, which shows the Compaction Schemes in sequence of preferred appligation, starting
with thé most efficient. The compaction rules for all the compaction Schemes are defined in, Anrlex E.
Table D.1 — Determining the Data Compaction Scheme
All bytes in the Secondary Conditions Use Compaction Refﬁr to
range (HEX) Scheme Annex
30 to 39 1. Leading byte(s) = 3046
2. Length of object > 1 byte
3. Length of object < 19 bytes integer E.A
30 to 39 Length of object > 1 byte numeric E.2
41 to 5F Length of object > 2 bytes 5 bit code E.3
20 to 5F Length of object > 3 bytes 6 bit code E.4
00to 7E Length of object > 7 bytes 7 bit code E.5
00 to FF N/A octet string E.6
If the ofiginal character string is too short to*satisfy the secondary condition for length, the octef string scheme
shall Qe used. If the other secondary-conditions for integer compaction cannot be met,| then numeric
compagtion shall be used.
For illystration, the compaction types refer to character representations of ISO/IEC 646 (se¢ Annex F) for
values|00 to 7E. However;.the compaction schemes apply to the string of byte values, irrespective of their
interprétation. The precise interpretation is defined by the definition of the Object-ldentifier givgén externally in
the application.
D.1.3 |Compaction Type codes

The cg
applied

from th
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des (for the Compaction Type are defined in Table D.2 — Compaction Type Codes. Q

tolthe data Object after it has been through the data compaction process. On subsg¢quent reading
e_RFI'D'l_Hﬁ'W_ﬂ_h_rﬁ_t_b_t_h_m—Hag, IS 1S USEd to identity how the data object shall be de-compacted.
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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
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 US ASCII
6 110 octet string unaltered 8-bit
7 111 UTF-8 string External compaction of ISO/IEC. 10646

D.2 Encodi

The length of
compaction, of

1. Ifthe

2. Ifthe

a.

3. Ifthe

o.
a

A
q.

g.
o}

ng the length of the compacted Object

all Objects on output from the compaction process (including the Objects not inten
not achieving a compacted state) shall be determined and-encoded as follows:

Obbbbbbb
where bbbbbbb = length in bytes

ength is between 128 and 16383 bytes, the length is encoded in two bytes as follows:

Set the first bit of the lead byte =1"and the first bit of the second byte = 0.
1bbbbbbb  Obbbbbbb

Convert the length (in bytes)-to its binary value.

Encode the value in the\bits 7 to 1 of each byte of the length encoding.

ength is between 16384°and 2097151, the length is encoded in three bytes as follows:

Set the first bit of the lead byte = 1 and the first bit of the last byte = 0 and the first
intervening bytes = 1.
1bbbbbbb  1bbbbbbb  Obbbbbbb
Convert the length (in bytes) to its binary value.
Encode the value in the bits 7 to 1 of each byte of the length encoding.

N

ength is between 0 and 127 bytes, the length is encodéed in one byte with the lead bit = (

jed for

it of all

OTE  Although probably an unrealistic requirement the rule (in step 3.a) can be extended to ¢

ver any

length.

D.3 Processing the Object-ldentifier

The Object-ldentifier in the application commands is compliant with the rules of ISO/IEC 8824-1 and may be
presented in a style compliant 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-OID, and this structure is discussed in Annex D.4.

The Object-ldentifier value is encoded as a series of byte aligned values as follows:

1.

The first two arcs of the registration tree are encoded as a single integer using the formula:

40f + s
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the value of the first arc
the value of the second arc

where f
S

The value "n" of each additional arc is encoded into a byte-aligned-bit-field. This is d
for values of "n":

a. Forn<128:

one as follows

the decimal value is converted to binary and encoded in a single byte; thus bit 8 is set to

Zero

b. For:128 <n < 16384:

Using this technique, the length of-each component arc of the Object-ldentifier is self declaring

always

and multiple bytes if the lead bit is 1, the group of bytes ends with the byte with its lead bit eq

value i

the decimal value is converted to binary and subdivided into two 7-bit strings
bit 14 to bit 8. Each of these new bit strings is encoded in a byte; with bit.8
set to 1, bit 8 of the last byte set to 0.

c. Forn>16384:

the decimal value is converted to binary and subdivided into 7-bit strings: bit }
to bit 8, bit 21 to bit 15, and so on. Each of these new bit(strings is encoded
bit 8 of the first byte set to 1, bit 8 of the last byte set to.0/and bit 8 of the inte
set to 1. The example below shows the process.

EXAMPLE

1. Value = 912344 = 1 01100100 011000103

2. Split into 7-bit strings
0000101 1001000 1100010

3. Add prefix bits 0 for last byte
1 for preceding byte(s)
10000,101 11001000 01100010

defines the first two arcs. Each subsequent arc is defined by one byte if the lead bit of

5 encoded in the sequehce of 7-bit values.

: bit 7 to bit 1,
bf the first byte

to bit 1, bit 14
in a byte; with
'vening byte(s)

. The first byte
that byte is 0;
ual 0. The arc

EXAMPLE
[00101000] 1[1111000] 0[1001010] 0[0000001]
(1x40)+0 15434 1

10 15434 1

Although the number of arcs allows for an Object-ldentifier of any length, this International Standard 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.

NOTE

be

understood that an Object-ldentifier encoded in 127 bytes is highly unlikely.

© ISO/IEC 2013 — All rights reserved
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D.3.1 Encod

ing the Object-ldentifier

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-ldentifier has to be encoded, then the structure, as
described above, represents the bytes that need to be encoded.

The Object-ldentifier is preceded by a length code as defined in Annex D.5.

D.3.2 The Data-Set structure when the Object-ldentifier is encoded

In the situations where a full Object-ldentifier needs to be encoded, the Data-Set is structured as defined

in Table D.3

Data-Set structures for ﬁhjnr\f Idnnfifinre, which r\lnnrly identifies that the. Iongfh of the nbject-

Identifier has

o be calculated and precede the encoded value of the Object-ldentifier.

Table D.3 — Data-Set structures for Object-ldentifiers

Description Structure of Byte String for an Encoded Data - Set
Object-Identifier Precursor |Length of Object-ldentifier |Length of data |Data.~~
Object-Identifier |~~
Object-Identifier|with Offset |Precursor |Offset Length of Object- Length |Data ~~ |Pad ~~
Object-Identifier |Identifier of data
NOTE ~~ indicates that this component typically can be multiple bytes,

The number of pad bytes could be 0 — 254, depending on:the block size and lock block al

D.4 Processing the Relative-OID

In some circun
application corn

As the first arn
remaining arcs
defined in Ann

In some casesg,

likely to be a v

hmands.

that are presented shall be encoded,according to the rules of Step 2 in the encodin
bx D.3.

the application will only provide the single final arc and, for most practical examples
blue either less than 128 orless than 16384.

D.4.1 Formatting the Object-ldentifier based on the Data-Format

The Data-Format provides a shorthand method to achieve efficient encoding of the Object-ldentifier.

done by the L
Identifier into
beginning of

ata-Format«declaring a specific common Root-OID that is used to truncate the full

gnment

nstances, a truncated form of the Object-ldentifier, the Relative-OID, can be incorporafed into

c(s) of the Object-ldentifier is declared by some other means (e.g. the Data-Format), the

g rules

this is

This is

Object-

A Relative~OID. For encoding, the byte values representing the Root-OID are deleted fi
the full\Object-ldentifier to create the Relative-OID. For decoding, The Root-

concatenated @s aprefix to the Relative-OID to re-create an Object-ldentifier compliant with ISO/IEC

The processes

Data Processor for encodmg on an RFID tag. Where there are S|gn|f|cant variants these are descrlbed

A. If Dat

a-Format = Not-Formatted (0), Closed-System (30), or Extension (31)

An error has occurred and formatting is not possible.

B. If Dat

116

a-Format = Full-Featured (1)

om the

Each Object-ldentifier shall be encoded as a full Object-ldentifier, as defined in Annex D.3.1.

If a Relative-OID is presented, the application command is in error and formatting
possible

© ISO/IEC 2013 — All rights
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C. If Data-Format = Root-OID-Encoded (2)

1. Parse the set of Object-ldentifier values to identify any common Root-OID that has at least
two arcs. If the RFID tag already has an encoded Root-OID, establish whether this can be
applied to the new Object-lIdentifiers. Once a common Root-OID has been identified, any
other Object-ldentifier value with a different root shall be encoded as a full Object-
Identifier.

2. Create the common Root-OID, if one is not already encoded on the RFID tag.

3. Strip out the common Root-OID from each Object-ldentifier to create a Relative-OID from
the remaining arcs.

4. |If Steps 2 and 3 are not possible, an error has occurred and formatting is not'possible.

5. Each other Object-ldentifier that cannot have the Root-OID stripped’remajns unchanged
and is encoded as an Object-ldentifier.

An example of the input as shown in Annex G, subsequently processed with a Data-Fprmat = Root-
OID-Encoded is illustrated in Annex G.5.1.

DJ If Data-Format = Any code value {3 .. 29}, as defined.in_the Register of data cdnstructs to the
rules of ISO/IEC 15961-2, with some examples illustrated in Table D.4 —
Example mappings of Data-Formatto Root-OID.

Table D.4 — Example mappings ©f Data-Format to Root-OID

Data-Format | Application common Root-OID

3 1ISO15434 {1 0 15434} {28 F8 4A ¢}

4 ISO6523 {1 06523} {28 B2 7B 16}

5 1ISO15459 {1 0 15459} {28 F8 63 15}

6 Library’Loan-ltems {10 15961 8} {28 FC 59 08 ¢}

8 ISO15961-Combined {1 0 15961} {28 FC 59 16}

10 Data-ldentifier-Algorithm {10 15961 10} {28 HC 59 0A 16}
12 IATA-Baggage {1 015961 12} {28 FC 59 OC ¢}

NOTE: The'example of the library items clearly indicates that there is not requirement for a
one-tozone relationship between the Data-Format and the final arc of the Root-OID

1. Parse-the set of Object-ldentifier values to identify the common Root-OID,| as defined on
the.register of data constructs (with illustrated examples in Table D.4 — Examnple mappings
of‘Data-Format to Root-OID).

2.~ If Step 1 is not possible an error has occurred and formatting is not possible.

3. Strip out the common Root-OID from Step 1 from each Object- Identlflfr to create a
— Refative-OlDfrom the Temaining arcs.

NOTE  The Root-OID is not encoded, but implied by the Data-Format

4. Each other Object-ldentifier that cannot have the Root-OID stripped remains unchanged
and is encoded as an Object-ldentifier.

An example of the input as shown in Annex G, subsequently processed with a Data-format = Data-
Identifier-Algorithm is illustrated in Annex G.5.2.
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D.4.2 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 Annex 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 Annex D.4.1. It shall be encoded at the start of the

Logical Memor

As the Root-O

Y.

ID has no associated data Object, the length of the data shall be set to zero.

D.4.3 The Data-Set structure when the Root-OID is encoded

[ )at3 e S S HlaiiNid=Ta S
length value 0046 shall be enceo

ed, to

enable the beginning of the next Data-Set to be identified If the Offset is required for block alignment, then

the appropriaté number of Pad bytes shall be encoded.
Table D.5 — Data-Set structures for Root-OID
Descriptipn Structure of Byte String for an Encoded Data Set
Root-OID Precursor |Length of Root-|Root-OID ~~  |Length of data
(e]]n) = 0016
Root-OID vith Offset|Precursor |Offset Length of Root-|Root-OID ~~ (Length of data |Pad ~~
OID = 0016
NOTES: ~~ indicates that this component typically can be multiple bytes.
The number of pad bytes could be 0 — 254, depending on(the block size and lock block alignmént
D.4.4 Encoding the Relative-OID
If the RelativelOID is provided by the application, then itis‘already in a form for encoding in the rules flefined
in this sub-clapse. If the application provides the full Object-ldentifier, then the Relative-OID need$ to be
derived using the truncation rules described in AnnexD.4.1.
The rules for encoding a Relative-OID depend.én the number of arcs and the value of the final arc, as flefined
below.
D.4.41 Sindle arc Relative-OID value“1 to 14
The final bytq of the Object-Identifier (representing the single arc value 1 to 14) transferred from the
application intgérface has a value 01 to OE4s. This single arc value shall be encoded in bits 4 to 1| of the
Precursor as defined in Annex D.6. No additional bytes are encoded in the Logical Memory for this Pbject-
Identifier valug| and its length.
D.4.4.2 Sindle arc Relative-OID value 15 to 127
The final arc = om the
application interface ha a value OF to 7F 4. The single arc shall be encoded in a single byte as follows:
Obbbbbbb,
Where bbbbbbb = arc value -15
EXAMPLE
RELATIVE-OID = 23
bbbbbbb = 23-15=8
= 00001000,
= 084
No additional bytes are required to encode the length of the Relative-OID with this range of values.
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Irrespective of the number of arcs and the value of those arcs, other Relative-OID values shall be encoded
with the byte values presented in the application command or as derived from processing the Data-Format to
strip off the Root-OID.

The Relative-OID is preceded by a length code as defined in Annex D.5.

D.4.5 The Data-Set structure when the Relative-OID is encoded

In the situations where a Relative-OID needs to be encoded, the Data-Set is structured as defined

in Tabl
single
value g

brc with the value 1 to 127, then the length of the OID has to be calculated and preced

f the Relative-OID.

Table D.6 — Data-Set structures for Relative-OIDs

s other than a
e the encoded

De¢scription

Structure of Byte String for an Encoded Data Set

1

SiTgle Relative-OID

14

Precursor

Length of data

Data ~~

Siigle Relative-OID |Precursor |Offset Length of data |Data ~~ Pad ~~
1 4+14 with Offset
Si$gle Relative-OID |Precursor |Relative-OID  |Length of data |Data ~~
1% -127
Simgle Relative-OID |Precursor |Offset Relative-OID ¢ ,|Length of data |Data ~~ |Pad ~~
1% —127 with Offset
Other Relative-OID _|Precursor |Length of OID |OID ~~ Length of data |Data ~~
Other Relative-OID |Precursor |Offset Lengthrof OID |OID ~~ Length |Data ~~ |Pad ~~
with Offset of data
NOTES: ~~ indicates that this component typically can be multiple bytes
The number of pad bytes could be 0 — 254, depending on the block size and lock block alignment
D.5 Bncoding the length and Object-ldentifier or Relative-OID
The prpcess to encode the length.of-the Object-ldentifier or Relative-OID is as follows:
1. Record the byte string that represents the Object-ldentifier or Relative-OID value.
2.| Count the number of bytes in the Object-ldentifier or Relative-OID.
3.| Ifthe lengthis between 1 to 16 bytes, continue, else go to step 4.
a. Assign 1 byte for length encoding.
b. _<Assign value 100 for bits 8 to 6 to act as an indicator.
¢.\_Encode the length (in bytes) of the Object-ldentifier or Relative-OID in the remaiping 5 bits:
length + 1 = bbbbb
d. Encode the Object-ldentifier or Relative-OID in the subsequent bytes.
NOTE This procedure allows a Relative-OID with a single arc value 0 (presented as 001¢) to be encoded.
4. Ifthe length is between 17 to 126 bytes:

a. Assign 2 bytes for length encoding.
b. Assign value 101 for bits 8 to 6 of the first 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-ldentifier or Relative-OID in the subsequent bytes.

© ISO/IEC 2013 — All rights reserved
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EXAMPLE

Relative-OID ={123456789012345678901234567809}

From application
(29 bytes long)
3536 37 38 39+

A0 1D 31 32 33 34 35 36 37 38 39 30 31 32 33 34 35 36 37 38 39 3
33 34 35 36 37 38 3916

Encoding

3132 33 34 35 36 37 38 39 30 31 32 33 34 35 36 37 38 39 30 31 32 33 34

03132

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-OID based

on the Data-Format.

D.6 The Precursor

The Precursor
about:

The @

The @

Whet

There are also
sub-clauses bg

D.6.1 The Precursor for Data-Format not equal 2

The Precurso
Precursor is bi

Bit 8:

Bits 7 to 5]
Bits 4 to 1]

is a single metadata byte that is always the first byte of the Data-Set and provides info

ompaction Scheme applied to the encoded Object.
bject-ldentifier.

her any block alignment has been necessary (e.g. for locked\data)

low.

is a single byte that positioned at the beginning of each Data-Set. The structure
based from bit 8 to bit 1, as follows:

the offset and expansion bit
ifbit8 =0 no offsetlis present
if bit8 =1  an additional byte follows as part of the Precursor
the Compaction Type Code (see Annex D.1.3)
used to directly encode some Relative-OID values
values 0001 to 1110, shall encode a Relative-OID that has only one arc 3
arc'has a value 1 to 14

value 1111 indicates that the Relative-OID, Object-ldentifier or Root-
directly encoded in subsequent bytes

D.6.2 The Pllecursor for the Root-OID for Data-Format = 2

mation

some values of the Precursor that are used for diffefent functions, as described in some¢ of the

of the

nd that

OID is

The Data-Format = Root-OID-Encoded (2) requires the Root-OID to be directly encoded. The Precursor for
the Root-OID only shall be 1 byte that precedes the Root-OID; there is no associated compacted Object.
This particular Precursor structure applies to the Root-OID being encoded in the directory and in the Data-Set

area.

The structure of the Precursor is bit based from bit 8 to bit 1:

Bit 8:

Bits 7 to 1

120

the offset and expansion bit
if bit8 =0 no offset is present
if bit8 =1  an additional byte follows as part of the Precursor
: the length of the Root-OID (in bytes) between 1 to 126
bbbbbbb = length of the Root-OID

© ISO/IEC 2013 — All rights

reserved


https://iecnorm.com/api/?name=60d5141f78843b07a777d4bda167a9bc

ISO/IEC 15962:2013(E)

The Precursor for all other Data-Sets in Logical Memory structures with Data-Format =2 shall be as that
defined in Annex D.6.1.

D.6.3

The Precursor value 004 as a terminator

The Precursor with the value 0046 acts as a terminator of the Data-Set list of No-Directory structure. It also
acts as a terminator of the directory in a Directory structure on the Logical Memory.

D.6.4

The Precursor value 804 for the Null-Byte

The Precursor with the value 8045 signals a Null-Byte that is inserted in a sequence of Data-Sets when one

has be

In the
the preg
tag. An
the mqg
might 1
the enq

A simi
overwr|

H A | PP DA |
ST TTTOUcU Ul UticicU.

ase of the Modify command (see 8.4.3), if the encoded length of the modified DatarSe
viously encoded Data-Set, there can be a requirement to re-organise all subsequent da
alternative solution is to encode the required number of Null-Bytes in the exXistihg spad
dified Data-Set at the end of all existing Data-Sets. This particular solution of using
ot be possible in the situation where the modified Data-Set, placed at the end of the en
oding to overflow the memory capacity.

ar option is available for the Delete command, which simply requires the deleted [
tten with a series of Null-Bytes. The Null-Byte should not be Used as the last Data-Set,

is longer than
a on the RFID
e, and encode
the Null-Byte,
coding, causes

ata-Set to be
because this is

consurhing encoding capacity for no logical advantage.
During|the decoding process, if the byte value 804¢ occurs asa-valid Precursor, then all contigyously encoded
bytes With the same value shall be ignored. The first byte<that has a different value shall be pr¢cessed as the

Precur

sor of the next Data-Set.

D.7

necess

The Offset byte shall encode the-value of the number of pad bytes (byte value 80¢) required to

of the (

N(
ma

1Lh
The Offset byte is required if the block(s)-¢ontaining the Data-Set needs to be block aligned.,

e Offset byte

ary because the particular Data=Set or an adjacent Data-Set is required to be locked.

Dbject so as to place the next Precursor or terminator at the beginning of the next block.

TE  As the maximum block size is 256 bytes (see 9.2.2), and the Precursor plus offset requir
ximum value for the,Offset is FEe.

The O

set without the Offset is one byte short of reaching a block boundary.

The Offset value FF45 shall be used to indicate that the Offset is followed by a Precursor expar
Annex D:8Y.

set value 0043 is valid. It is used when the Offset itself provides the padding feature, i.e.

This could be

follow the end

e two bytes, the

when the data

sion byte (see

D.8 The Precursor expansion byte

If the Offset byte has the value FFg, it shall be followed by the Precursor expansion byte. At present, this only
has a limited specification. Bit 7 to 1 are reserved for future expansion of the Precursor. Until this International
Standard 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 byte to follow. If bit 8 = 1, then an additional
Offset byte shall follow and values 00 to FE¢ shall be used to indicate the value of the Offset.

NOTE This sub-clause is included to show that the Precursor feature has scope for expansion if required in
the future.
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D.9 Decoding the Logical Memory

The following sub clauses provide advice and rules to decode particular components of the Logical M
The simpler decode functions that can easily be determined from the encoding rules are not covered.

D.9.1 Overall decode strategy

emory.

The DSFID is the prime key to decoding. Particular values determine whether a Directory structure is used,

which enables a three-stage search to be undertaken.

1. toread the entire Directory.
2. topag i
3. toredd the Data-Set starting from that address.

o

In contrast, a [No-Directory structure requires continual processing of the Data-Set area until-the
Object-ldentifjer is found.

The DSFID algo provides information about the Root-OID, particularly whether this is_implicitly or e
encoded.

The parsing process is continually looking forward, whether this is for reading the Directory, the Data-
a No-Directory structure, or a particular Data-Set.

If the Object-ldentifier is not required, the value for length of Object,can’be used to skip forward to t
Precursor. A |similar, but slightly more complex, process is possible to invoke to skip over the (¢

Identifier. In this case, the first byte(s) of the encoded Object-ldentifier need to be parsed to determ
length and typ¢ of Object-ldentifier. These points are more fully:described below.

D.9.2 Decoding the DSFID
The following PSFID values are in the format m, nawhere m = Access-Method (0-1) and n = Data-}
(0-31). This advice only applies to those values: already assigned in this International Standard
ISO/IEC 15961.

The following Values indicate particular stractures and processes:
0,1 --  No-Directory, with each Object-ldentifier presented in full
0,2=+~" No-Directory with an explicitly encoded Root-OID in the first

when decoded. Full Object-ldentifiers may appear in the encodation.

0,n(n=3...287) -- No-Directory with the Root-OID defined by the

Hesired

xplicitly

Sets in

he next
Dbject-
ine the

Format
and in

logical

position. All subsequent Relative-OID values are prefixed by the Rgot-OID

Data-

Format. All subsequent Relative-OID values are prefixed by the Rgot-OID

when decoded. Full Object-ldentifiers may appear in the encodation.

1,1 -- Directory with each Object-ldentifier presented as in full in both the directory

and the Data-Set area.

1,2 -- Directory with an explicitly encoded Root-OID in the first logical position
of the Directory and also in the Data-Set area. All subsequent Relative-OID
values are prefixed by the Root-OID when decoded. Full Object-ldentifiers

may appear in the encodation.

1,n(n =3...287) -- Directory with the Root-OID defined by the DSFID. All
subsequent Relative-OID values are prefixed by the Root-OID when decoded.

Full Object-lIdentifiers may appear in the encodation.

NOTE  These rules do not necessarily apply to different Access-Methods and the detailed specification of

other Access-Methods should be used as the correct reference.
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D.9.3 Decoding the Precursor

The following bit-based structure applies to the Precursor, with three exceptions defined in the following sub
clauses.

bits
8 If=0 There is no expansion nor offset byte to follow.
If=1 There is an expansion byte (see Annex D.8) which may be followed by a second offset byte.

7105 Defines the Compaction Type Code (see Annex D.1.3). Decompaction is only required if the
command calls for the particular Object to be returned.

4101 Values 0001 to 1110 represent the value of the single Relative-OID arc™yalue [I to 14. In this
case, the Precursor is followed by the byte(s) defining the length of the:-Object. The Object-
Identifier is treated as a Null field.

Value 1111 indicates that the Precursor is followed by an encoded Object-ldgntifier (of any
permitted type).

D.9.3.1 The Terminator byte

If the Arecursor has the value 004 it acts as a Terminator to signal the end of the Directory arld/or the end of
the engoding of the Data-Sets.

D.9.3.7 The Null-Byte
If the Rrecursor has the value 804 it signals that-this and contiguous bytes with the same vglue have been

used tg deal with the encoding space following a delete or modify command. The first byte that|has a different
value ghall be treated as the valid Precursor0fthe next Data-Set.

D.9.3.3 The Precursor for the explicitly encoded Root-OID
If the OSFID is 0,2 the Precursor'in-the first logical byte position shall have the following structyre:
bits
8 If=0  There is no expansion nor offset byte to follow.

If =4 There is an expansion byte (see Annex D.8) which may be followed by & second offset
byte.

7 10,4 ;“Defines the length (in bytes) of the Root-OID.

If the DSFID is 1, 2 the Precursor in the first logical byte position of the Directory and of the Data-Set area
shall have the structure as above.

All other Precursors in DSFID, 0,2 and 1,2 shall comply with the decode process defined in xxx.

D.9.4 Decoding the leading byte(s) of the encoded Object-ldentifier

Generally, the encoding of the Object-ldentifier immediately follows the Precursor. The only exceptions to
this are when the Precursor itself encodes the Object-ldentifier (i. e. as for a low value single arc Relative-
OID), and where an offset byte is inserted after the Precursor.

The first byte(s) of the encoded Object-ldentifier identify the type of Object-ldentifier and the length, and
sometimes the value of this, as defined below:
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First byte value

(HEX)

00to 70

80 to 9F

This encodes the value 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 Memory.
This byte is followed by the byte(s) encoding the length of the encoded Object.

This encodes the length of a Relative-OID (see Annex D.5) for lengths between
bytes. Bits 5 to 1 encode this, and the length = bbbbb - 1.

This byte is followed by the Relative-OID.

110 16

AO

COto

EO

DF

This encodes the length of a Relative-OID using this lead byte and the next.byfte (see

xxxx), for lengths between 17 to 126 bytes. Bits 7 to 1 of the secondybyte
encode the length.

This pair of bytes is followed by the Relative-OID.

This encodes the length of an Object-ldentifier (see xxxx)forlengths between
bytes. Bits 5 to 1 encode this; and the length = bbbbb - 1

This byte is followed by the Object-ldentifier.
This encodes the length of an Object-ldentifier using this lead byte and the ng
(see xxx) for lengths between 33 to 127 byfes. Bits 7 to 1 of the second byte

encode the length.

This pair of bytes is followed by the Object-ldentifier.

directly

1 to 32

xt byte
directly
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Annex E
(normative)

Basic Data Compaction Schemes

The basic data compaction schemes were first introduced in the 2004 version of this International Standard for
the No-Directory Access-Method. They are also called out in the Packed-Objects and Tag-Data-Profile
Access-Methods. Annexes associated with the other Access-Methods make specific reference to sub-
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form ag part of a read or write command.

The schemes are defined below in sequence of greatest potential compaction to no compaction
string i too short to compact under any one compaction scheme, the character string shall be
octet epcodation.

E.1 Integer compaction

Integer] compaction is designed to compact decimal integers from the value 10 to 99999999999
any 2-dligit to 19-digit value) to a binary format. All input bytes shall be in the range 30 to 39+¢; 4

byte(s)

If the d
or the |

The ru

sic data compaction schemes are applicable to data Objects to reduce the amount\of &
d to store that data on the RFID tag. The schemes shall apply to entire data |Objed
e to switch schemes in the middle of a data Object. Nor shall a compaction-secheme s
lata Objects. By applying data compaction to a complete Object, it can bé-extracted in

shall not be 304s.

ecimal integer value is less than 10,.use*octet encodation. If the decimal integer is longe
pading byte(s) are 3046, numeric compaction shall be applied.

es for integer compaction are:

1. If the decimal numeric value is 10 to 9999999999999999999, convert to a binar

NOTE.\"™ This allows for conversion within a 64-bit value (or 8 bytes). Some prg
are_able to support a simple data type conversion to an integer value (different n
If the particular language does not support a data type conversion of a decimal v|
then a two-stage process should be used:

Use the data type conversion up to the limit of the program languags
Use a Modulo 256 conversion for higher values

a.
b.

ncoding space
t, i.e. it is not
traddle two, or
its compacted

. If a character
encoded using

99999999 (i.e.
nd the leading

r than 19 digits,

y value.

gram languages
pmes are used).
blue of 19 digits,

Align to a byte boundary, by padding with leading zero bits if required. Deg

ending on the

conversion procedure used, it could be necessary to strip off any leading bytes

with the value

0046 to achieve the minimum encoded length. The encoded byte string should not include

Encode as integer, code value 001 in the Precursor.

E.2 Numeric 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 original character
string length so that, once decoded, leading zeros, if present, are output. All input bytes shall be in the range

30to 3

946.
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The rules for numeric compaction are:
1. Convert each decimal digit to its 4-bit binary equivalent (Binary Coded Decimal).

2. 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.

3. 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 discarded to re-
create the numeric character string of an odd number of decimal digits.

E.3 5-bit cgmpaction

5-bit compactipn is designed to encode uppercase Latin characters and some punctuation. All input bytes
shall be in the fange 41 to 5F¢. The character string shall be 3 or more characters long: Up to 37% of memory
space can be gaved using this scheme. Annex F shows the ISO/IEC 646 charactersthat can be encoded.

The rules for 5tbit compaction are:

1. For each character:
Confirm that the byte value is in the range 41 to SF+gt
Convert the byte value to its 8-bit binary equivalent:

Strip off the lead 3 bits “010”.
Write the remaining 5-bits to a bit string.

00 oW

2. Oncelall the characters have been converted to 5-bit values and concatenated, divide the rgsultant
bit stfing into 8-bit segments starting with th&*most significant bit. If the last segment contaips less
than 8 bits, pad with “0” bits.

3. Convert the 8-bit segments to hexadecimal values.

4. Encodle the converted byte sequence as 5 bit code, code value 011 in the Precursor.
During the dedode process, each_5=bit segment of the compacted bit string has “010” added as a prefik to re-
create the 8-bif value of the source/data. If “0” pad bits are present at the end of the compaction bit strirlg, they

are discarded.

If 5, 6 or 7 pad bits are ,‘present, the decoder could attempt to convert the first 5-bits to the sourcp data.

However, this fesults.in.character 4045, which is not supported in 5-bit compaction and shall be discardgd.

E.4 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 2044, 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.

The rules for 6-bit compaction are:

1. Check for byte 2045 in the final position(s). If found, go to 7-bit compaction, otherwise continue
steps 2 to 5.
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5F 6.

bits of the pad

s 20 to 3F16.
s 40 to 5F 6.
Hiscarded.

ts in character

rough the data

2. For each character:
a. Confirm that the byte value is in the range 20 to 5F .
b. Convert the byte value to its 8-bit binary equivalent.
c. Strip off the leading 2 bits: “00” for bytes 20 to 3F 45 or “01” for bytes 40 to
d. Concatenate the remaining 6-bits to a bit string.
3. Divide the resultant bit string into 8-bit segments starting from the most significant bit. If the last
segment contains less than 8 bits pad, as appropriate, with the first two, four or all
string “100000”.
4. Convert the 8-bit segments to hexadecimal values.
5. Encode the converted byte sequence as 6-bit code, code value 100 in the Precurslr.
During|the decode process, each 6-bit segment of the compacted bit string is analysed
a. If the first bit is “1”, the bits “00” are added as a prefix before converting to valug
b. If the first bit is “0”, the bits “01” are added as a prefix befare‘converting to valug
If pad strings “10”, “1000” or “100000” are present at the end of the encoded bit string, they are
If 6 pafl bits are present, the decoder could attempt to convert this to source data. This resu
2046 that is not supported in this final position and shall be discarded.
Using the example in 8.1.2, the example below shows_the effect of processing the Object th
compagtion process.

EXAMPLE

The Object content {ABC123456} converts to HEX as 41 42 43 31 32 33 34 35 36. Analysing
shows that all values are in the range-20 to 5F 1, enabling 6-bit compaction to be used. The Of
converts as follows:

HEX: 41 42 43 31 32 33 34 35 36

Binary: 10000001 10000010 10000011 00110001
00110011 00110100 00110101 00110110

Remove bits 8 & 7: 000001 000010 000011 110001 110010 110011
110100 110101 110110

As'this is only 54 bits, the first two bits of the pad string "10" are appended and the 56 bit
into a sequence of 8-bit values:

this byte stream
ject byte stream

0110010

string is divided

000001 00 0010 0000 11 110001 110010 11

0011 1101

00 110101 110110 10

Convert to HEX: 04 20 F1 CB 3D 35 DA

E.5 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.

© ISO/IEC 2013 — All rights reserved
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The rules for 7-bit compaction are:

1. For each character:
a. Confirm that the byte value is in the range 00 to 7E .
b. Convert the byte value to its 8-bit binary equivalent.
c. Strip off the lead bit “0”.
d. Concatenate the remaining 7-bits to a bit string.

2. Once all the characters have been converted to 7-bit values, 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 “1” bits.

3. Cpnvert the 8-bit segments to hexadecimal values.
4. Encode the converted byte sequence as 7 bit code, code value 101 in the Precursor:
EXANIPLE

The Qbject content {Ace#123451337} converts to HEX as 41 63 65 23 31 32 33-34.35 31 33 33 37 Analysing
this byte stream shows that all values are in the range 00 to 7E+e, enabling 7hit.Compaction to be used. The
Object byte stream converts as follows:

HEX: 4163 6523 31 3233 34 3531333337

Binary: 01000001 01100011 01100101<00100011 00110001 00110010 0Q110011
00110100 00110101 00110001.00110011 00110011 00110111

Remove bit 8: 1000001 1100011 1100104~ 0100011 0110001 0110010 0110011 (110100
0110101 0110001 01460811 0110011 0110111

A\s this is only 91 bits, the first five bits ofsthe pad string "11111" are appended and the 96 bit ptring is
Hivided into a sequence of 8-bit values:

10000011 16001111 00101010 00110110 00101100 10011001 1¢110100
01101010, 11000101 10011011 00110110 11111111

Convert to HEX: 83 8F 2A 36 2C 99 B4 6A C5 9B 36 FF

NOTE  Although thefast'encoded byte contains all 1s, decoding from the first byte in 7 bit steps pnsures
that the pad bits are.correctly recognised and discarded

During the deg¢ode process;-each 7-bit segment of the compacted bit string has bit “0” added as a prefix to

recreate the 84bit value,ofthe source data. If “1” pad bits are present at the end of the encoded bit string, they
are discarded.

If 7 pad bits afepresent, the decoder could attempt to convert these to source data. However, this repults in
character 7F16'!-wh+dri7mmedﬁn—7ﬂah-cm1patﬁm-and-shaﬂ-bﬂﬁsmded.7

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 & split to 7-bit: 1010111 1110010 1100001 1101110 1100111 1101100 1100101 1110010
0100000 0101111 1000001 1000010 1000011 1000100 1000101 1111111
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Add lead 0 to each 7-bits: 01010111 01110010 01100001 01101110 01100111 01101100 01100101
01110010 00100000 00101111 01000001 01000010 01000011 01000100
01000101 01111111

Convert to HEX: 57 72 61 6E 67 6C 65 72 20 2F 41 42 43 44 45 7F

Convert to ASCII: W r a n g | e r / A B C D E

E.6 C

Octet 6
in the 1

The en
Precur

NOTE The HEX byte 7F at the end of the encoding appears to be a valid character, except that 7F is not a
supported character for the 7-bit compaction scheme. The apparent ambiguity is caused by the fact that the
15 character strlng {Wrangler /ABCDE} encodes over 105 blts and requires 7 pad blts at the end to encode on
alenated and split
into sixteen 7-bit sequences each of which is preflxed by a Ieadlng 0 bit. The last 7 bit segyence {1111111}
indicates a pad sequence. When this has the 0 prefix this appears as a legitimate byte,(@xcep} for the fact that
7F is an invalid character, and so is discarded. This occurs for character strings of 15,23, 3] and so forth in
length.

Dctet encodation

ncodation is used when none of the above compaction schemgés)can be invoked. It engodes all bytes
pnge 00 to FF.

coded byte string is identical to the source byte strings Encode as octet string, code value 110 in the
5or. No decode processing is required.
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Annex F
(normative)

ISO/IEC 646 Characters Supported by the Compaction Schemes

ISO/IEC 646 Octet Included in Compaction Type
Character | Value (HEX) 7-bit 6-bit 5-bit Numeric

NUL 00 o
SOH 01 .
STX 02 .
ETX 03 .
EOT 04 .
ENG 05 .
ACK 06 .
BEL 07 .
BS 08 .
HT 09 .
LF 0A .
VT 0B .
FF 0oC .
CR oD .
SO OE .
Sl OF .
DLE 10 .
DC1 11 .
DC2 12 .
DC3 13 .
DC4 14 .
NAK 15 .
SYN 16 .
ETB 17 .
CAN 18 .
EM 19 .
SUBE 1A .
ESC 1B .
FS 1C .
GS 1D .
RS 1E o
us 1F .

SPACE 20 o .

! 21 . .

“ 22 . .

# 23 . .

$ 24 . .

% 25 o .

& 26 o .

‘ 27 [ ) [ ]

( 28 . .

) 29 . .

* 2A . .
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ISO/IEC 646 Octet Included in Compaction Type
Character | Value (HEX) 7-bit 6-bit 5-bit Numeric

+ 2B ° °

, 2C . .

= 2D [ ] [

. 2E . .

/ 2F . .

0 30 . . .
1 31 . . .
2 32 . . .
3 33 . s .
4 34 . . .
5 35 . . .
6 36 . . .
7 37 [ ] [ ] [ ]
8 38 . . .
9 39 . . .
. 3A ° °

) 3B ° °

< 3C ° °

= 3D ° °

> 3E ° °

? 3F . .
@ 40 . .

A 41 . . .

B 42 . . .

C 43 . . .

D 44 ° . .

E 45 . . .

F 46 . . .

G 47 [ ) [ ) [ ]

H 48 . . .

I 49 . . .

J 4A . . .

K 4B . . .

L 4C [ ) [ ) [ ]

M 4D . . .

N 4E . . .

O 4F [ [ ] [ ]

P 50 [ ) [ ) [ ]

Q 54 . v -

R 52 . . .

S 53 . . .

T 54 . . .

] 55 . . .

V 56 [ ) [ ) [ ]

w 57 . . .

X 58 . . .

Y 59 . . .

Z 5A . . .

[ 5B [ ] [ ] [ ]

\ 5C [ ] [ ] [ ]
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ISO/IEC 646
Character

Octet
Value (HEX)

Included in Compaction Type

7-bit

6-bit

5-bit

Numeric

]

5D

A

5E

5F

-l

60

61

62

63

64

o
OJ

66

67

68

69

6A

6B

6C

6D

6E

6F

70

71

72

73

74

75

76

77

78

79

7A

7B

7C

l [~ |—[=~=IN|<|Xx|S|<|c|~|0n|[=s|a|lc|o|5|3|—|x|—|—|T|l@|+|®|a]o|T|®

7D

[{3

132
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Annex G
(informative)

Encoding example for No-Directory structure

The encoding example shown below is based on the processes specified in particular clauses in this
international Standard. The relevant clause is referred to at each stage of the illustrated example. Specific
implementations are likely to be more efficient, but the detailed steps are shown to aid readers with an

understanding-ofthe-prosess-

G.1 Starting position

This stage is based on the transfer of the Object-ldentifiers and Objects in{application cdmmands. This

example uses two hypothetical Object-ldentifiers and Objects, but not considering any additignal arguments

such a$ locking the Data-Set.

EXAMHALE

Using thhe urn form (see 6.3.3) for the Object-ldentifier and printable characters for the Object, the input alues are:
urn:oid: 1.0.15691.27.48 with the nine character data “ABC123456”

urn:oid:1.0.15961.27.13 with the two character data “50

The data is probably transferred as the hexadecimal strings {41 42 43 31 32 33 34 35 36 and {35 30},
respectively.

G.2 Bncoding the Object-ldentifiers
For this illustration, assume that the full Object-ldentifier is first created in the correct format before any
truncatjon to remove the common Root-OID. This is a procedure that could be used with Data-Format = 2,
but for jother Data-Formats.it'is possible to identify the Root-OID and only encode the RelativetOID.

Using the rules defined.in Annex D.3,

urp:oid: 1.0.45691.27.48 encodes as {28 FC 59 1B 30}

urp:0id:1,0.15961.27.13 encodes as {28 FC 59 1B 0D}

G.3 The initial state of the entry for the Logical Memory

Using the example in Annex G.2, the bytes can be mapped to create the initial encoding as illustrated
in Table G.1 — Initial Encoding Example of Application Data. The Precursor bits are set to NULL. All the
other encoding is of bytes.

NOTE  The contents of Table G.1 — Initial Encoding Example of Application Data will be updated as additional
processes are applied.
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Table G.1 — Initial Encoding Example of Application Data

Precursor (bits) L of . . L of .
Offset . Object-ldentifier . Object
b8 (b7 | b6 | b5 (b4 |b3 |b2 (b1 Object-Id Object
05 28 FC 59 1B 30 09 [414243313233343536

05 28 FC591B 0D 02 (3530

G.4 The Logical Memory after data compaction

After processipg through the Data Compactor, the data Object and its length can be redefined;. but the
Object-ldentifjer remains unchanged.

The compaction process (as defined in Annex D.1 and Annex E) can be applied to the.two data pbjects
in Table G.1 — Initial Encoding Example of Application Data.

— The data Object 41 42 43 31 32 33 34 35 36 is compacted to 7 bytes, using the 6 bit code Tlype, to
become 04 20 F1 CB 3D 35 DA (see Annex E.4 for the detailed conversion):

— The data Object 35 30 is compacted to 1 byte {32} using the integer Type (see Annex E.1[for the
detailpd conversion).

The first data Qbject has the following changes:
— Compaction Type in the Precursor bits 7 to 5 = 100gy
— Length of data Object = 07
— data Qbject: 04 20 F1 CB 3D 35 DA

The second dgta Object has the following changes:
— Compaction Type in the Precursor'bits 7 to 5 = 001gy
— Length of data Object = 01
— data Qbject: 32

The results arg shown inTable G.2 — Encoding example after data compaction.

Table G.2 — Encoding example after data compaction

Offset . . Object
b8 | b7 |b6 |b5 |b4 b3 |b2 |b1 Object-Id Object )
11010 05 28 FC 59 1B 30 07 |0420F1CB3D35DA
0|01 05 28 FC 59 1B 0D 01 |32

G.5 The Logical Memory after formatting for a No-Directory Access-Method

The format rules have a different effect depending on the Data-Format values. The following sub-clauses
illustrate this using the same input with different Data-Formats.
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G.5.1 The Logical Memory after formatting for Data-Format = 2 (Root-OID-Encoded)

Table G.3 — Encoding example for Data-Format = 2 shows the result of formatting the input of Table G.2 —
Encoding example after data compaction with Data-Format = 2 (Root-OID-Encoded):

— The Root-OID 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 has to be directly encoded in

subsequent bytes and the Precursor bits 4 to 1 = 1111\

— The Type of Object-ldentifier 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|>"bbbbbt1; Length of 1
is encoded as 00010

— The bit steam 10000010 = 824¢
— THe second Relative-OID is created. As it is a single arc it is a petential candidate for gncoding in the
Precursor, and as its value is no greater than OE, the Relative-OID is encoded in the Precursor.

Relative-OID = 0D encoded in Precursor bits 4 to 1 = 1101k

— NQq length, nor value, needs to be encoded for thisRelative-OID, because it is bit gncoded in the
Precursor, saving two bytes.

Table G.3 — Encoding.example for Data-Format = 2

Precursor (bits) Object-Id ' 3 L of .
b3 |b¥ b6 1b5 |ba 1b3 b2 |b1 Offset IZﬁ;ti Object-ldentifier Object Qbject
q o|jo0|O0]| 110 0 28 FC 59 1B 00
1 0|01 1 1 1 82 30 07 |0420F1CB 3D 35DA
q 0|1 1 1 (k0. 1 01 32

G.5.2 |The Logical-Memory after formatting for Data-Format not equal 2

Table (6.4 —<Encoding Example of Data-Format not equal 2 shows the result of formafting the input
of Table G/2 = Encoding example after data compaction with Data-Format not equal 2. Thig clearly shows

that tht Root-OID is not encoded, because it is directly indicated by the particular Data-Formjat. In all other
respects, the encodation is as In Table G.3 — Encoding example jor Data-Format = 2, because the same

procedures are used to create the precursor for each Object-ldentifier / Object pair.

Table G.4 — Encoding Example of Data-Format not equal 2

Precursor (bits) Object-Id _ B L of _
b3 | b7 | b6 1b5 |ba 1b3 b2 |b1 Offset IZE;?: Object-ldentifier Object Object
1 0|01 1 1 1 82 30 07 04 20 F1 CB 3D 35 DA
0|01 1 1 0| 1 01 32
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Annex H
(informative)

Encoding example for Directory structure

The following example illustrates the principles to construct a Directory.

H.1 The bage data

Table H.1 — Bxample encoded byes without a Directory shows 64 bytes of encoding for 9 Data-Sets, with the
shaded cells indicating compacted data. The byte values in white cells therefore represent the’ Precurgor, the
encoding of th¢ Object-ldentifier and length bytes.

Table H.1 — Example encoded byes without a Directory

2"% nibble of HEX Address
x0 (x1 |[x2 [x3 |x4 (x5 [x6 |x7 [x8 |x9 [xA) |xB [xC |xD |[xE |[xF

Dx |4F |82 |32 |07 |04 |20 [F1 |CB |3D |350(DA |1D (01 |32 |11 |06
1* nibble [fix |0B [3A [73 [CE [2F [F2 [02 |01 [F8{ )43 |[0A [38 [CB |71 [CB [[3D

of HEX
Address |BX |35 |DB |7E |39 |C2 |44 105 |38 {CB |79 |E7 |98 |15 |02 |04 |/CO

Bx |16 |05 |02 |4C |BO |16 |EA (17|06 |70 |48 |86 |0OD |DF |79 |00

H.2 Encoding the first Directory entry

Each Directory entry takes leading bytes of the Data-Set as follows:
— The Rrecursor for the Data-Set.
— The Igngth of the Object-ldentifier (conditional).

— The Qbject-ldentifier (conditional)

hexadecimal, the\byte sequence is:

As the first D?a-Set has the Relative-OID value 484, each of these components needs to be encofded. In

4F ¢ = the Precursor
82,¢ = the length of the Object-ldentifier
30,6 = the Object-ldentifier

The address of the Precursor for this Data-Set is 004¢. This address applies irrespective of the block size of
the Logical Memory. The complete sequence is encoded, starting from the highest addressed block in the
memory. 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 — The start of the Directory.
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2" nibble (HEX) of block

x0 [x1 |x2 |[x3 (x4 (x5 |x6 |x7
(n-3)x
1* nibble [(n-2)x
“olock | 1)x
(n)x |4F |82 |32 |00

H.3 E

The se
is encq
encods

H.4 E

ncoding the second Directory entry

Table H.3 — The second Directory'entry

cond Data-Set has its Relative-OID encoded in the Precursor, so only thenalue (1D46) O
ded in the Directory. This is followed by the byte address (1D4¢) of the Precursor. These bytes are
d immediately after the previous Directory entry, as shown in Table H.3 — The second

2" nibble (HEX) of block

x0 [x1 |x2 [x3 (x4 (x5 |x6 |x7
(n-3)x
1* nibble [(n-2)x
“olock | )x
(n)x |4F+|82 |32 |00 |1D |0B

ncoding the remaining Directory entries

f the Precursor

Directory entry.

The remaining Data-Sets-are processed to add the Object-ldentifier and location to the Directory, as follows:

The third Data-Set only requires the Precursor and its location to be encoded, and th
the end ofithe highest block (based on this example of an 8 byte block).

The fourth Data-Set only requires the Precursor and its location to be encoded, and th
the-beginning of the next highest block (based on this example of an 8 byte block).

s is entered at

s is entered at

The fifth Data-Set only requires the Precursor and its location to be encoded, and this is entered in
the block (n-1), based on this example of an 8 byte block.

The sixth Data-Set only requires the Precursor and its location to be encoded, and this is entered in
the block (n-1), based on this example of an 8 byte block.

The seventh Data-Set only requires the Precursor and its location to be encoded, and this is entered
in the block (n-1), based on this example of an 8 byte block.

The eighth Data-Set only requires the Precursor and its location to be encoded, and this is entered in
the block (n-2), based on this example of an 8 byte block.
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— The ninth Data-Set only requires the Precursor and its location to be encoded, and this is entered in
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.

The complete encoded directory is shown in Table H.4 — The complete Directory entries, and is encoded in

blocks (n-2) to block n, where "n" is the value of the highest block.

Table H.4 — The complete Directory entries

2"% nibble (HEX) of block

xU [x1 XZ [X3 [X4 [XO [xXb [X/
(n-3)x
1% nibble [(n-2)x|16 [30 [17 [37 |00
("L'fg(glff (n-1)xJ02 [17 [43 [1A [44 [26 [15 [2C
(n)x [4F [82 [32 [00 [1D [0B [11 |OE

it is not possi
encoding of d

In this examp}, all the directory blocks are located at higher block address.than the encoded data, oth

ta or directory mat be placed in this block.

H.5 Decoding the Directory and reading the target Object-ldentifier

le to encode a Directory. As block (n-3) has not been_ Used for the Directory, subg

erwise
equent

The Directory|is decoded from the highest block address. The first byte is the Precursor of the first Data-Set

and the structure to the end of the Object-identifier is self-declaring and is decoded as def
Annex D.9.3 and D.9.4. As the location address ofhe target Precursor is encoded to the length er
rules defined ip Annex D.2, it too has a self-declaring structure. If the location is below position 128, 1
required; for locations at addresses up to 16383, two bytes are required; and additional bytes can be u

any size of adqress.

ned in
coding
byte is
sed for

With these strycturing rules it is possible to parse and decode the Directory until the target Object-ldgntifier

and its locatior are found.

Using the block size, it is possiblé to identify the block containing the Precursor of the target Object-ldentifier

and to invoke 4 selective read'transaction across the air interface.
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Annex |
(normative)

Packed-Objects structure

1.1 Overview

The Packed Objects format provides for efficient encoding and access of user data. 1he Packed Objects
format|offers increased encoding efficiency compared to the No-Directory and Directorys Agcess-Methods,
partly by utilizing sophisticated compaction methods, partly by defining an inherent directory gtructure at the
front of each Packed Object (before any of its data is encoded) that supports random ‘access |while reducing
the fixgd overhead of some prior methods, and partly by utilizing data-system-specificyinformatign (such as the
GS1 degfinitions of fixed-length Application Identifiers).

1.2 Oyerview of associated Annexes
The fomal description of Packed Objects is presented in this Annex‘ard in the annexes defined as follows:
—{ The overall structure of Packed Objects is described.id Annex 1.3
— The individual sections of a Packed Object aredescribed in Annex 1.4 to 1.9

—{ The structure and features of ID Tables (utilized by Packed Objects to represent varioyis data system
identifiers) are described in Annex J.

—{ The numerical bases and charactersets used in Packed Objects are described in Annéx K.

— An encoding algorithm and worked example are described in Annex L.

— The decoding algorithm.for Packed Objects is described in Annex M.
In addjtion, note that all~descriptions of specific ID Tables for use with Packed Objects [are registered

separafely, under the proeedures of ISO/IEC 15961-2, as is the complete formal description of the machine-
readable format for registered ID Tables.

1.3 High-level Packed-Objects format design

1.3.1 '‘Overview

The Packed Objects memory format consists of a sequence in memory of one or more Packed Objects data
structures. Each Packed Object 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 Obijects is terminated by optional padding followed by
one or more zero-valued octets aligned on byte boundaries. See Figure 1.1 — Overall memory structure when
using Packed-Objects, which shows this sequence when appearing in an RFID tag.
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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.
DSFID" | Optional | First Packed- | Optional | Optional Optional | Optional
Pointer” | Object Pointer” | Second Packed- | Pointer’ | Zero
And/Or And/Or Packed- Object And/Or Octet(s)
Padding Padding | Object "t Padding

Note: 1. For many tag architectures the DSFID is encoded separately in a predefined area of memory, and
not as illustrated here.
2. The Optional Pointer to a Directory Packed Object may appear at most only once in memory.

fied by
by its
put this
nting a

nds on

bpends
on th¢ total number of entries defined in the registered Base{Table. Each bit in the array is ‘]’ if the
corresponding table entry is represented by the Packed Object, and is ‘0’ otherwise.

An ID List is the default Packed Objects format, because it uses fewer bits than an ID Map, if the list cpntains
only a small pgrcentage of the data system’s defined ID Values. However, if the Packed Object includgs more
than about one-quarter of the defined entries, then an<lD Map requires fewer bits. For example, if|a data
system has sijteen entries, then each ID Value (tabletindex) is a four bit quantity, and a list of four ID [Values
takes as many] bits as would the complete ID Map../Ar ID Map’s fixed-length characteristic makes it especially
suitable for usp in a Directory Packed Obiject, which lists all of the Identifiers in all of the Packed Objects in
memory (see Annex 1.9). The overall structure-of a Packed Object is the same, whether an IDLPQ or an
IDMPO, as shown in Figure 1.2 — Packed.Qbject Structure, and as described in the next subsection.

Dptional | Object Info.Section Secondary | Aux Format | Data Section
-ormat (IDLPOor IDMPO) ID Section | Section (if needed)
Flags (if needed) | (if needed)

Figure 1.2 — Packed Object Structure

Packed Objects may pe 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 and/or deletior}s have
been made. Oheormoresuch-‘chains*of editabte “parent—and-“‘chitdPacked Objcbtb may bepresent within
the overall sequence of Packed Objects in memory, but no more than one chain of Directory Packed Objects
may be present.

1.3.2 Descriptions of each section of a Packed Object’s structure

Each Packed Object consists of several bit-aligned sections (that is, no pad bits between sections are 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.
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A Packed Object may optionally begin with the pattern ‘0000’, which is reserved to introduce one or more
Format Flags, as described in Annex |.4.2. 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.

All Packed Objects contain an Object Info Section that includes Object Length Information and ID Value
Information:

—{ Object Length Information includes an ObjectLength field (indicating the overall lengthl 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 gn IDLPO) also
includes a leading NumberOflDs field, indicating how many ID Values arééncoded in the ID List.

The Object Info section is encoded in one of the following formats, as shiown in Figure 1.3 —[IDLPO Object
Info Stfucture and Figure 1.4 — IDMPO Object Info Structure.

— ID|List (IDLPQO) Object Info format:

= | Object Length (EBV-6) plus Pad Indicator bit
= [ Asingle ID List or an ID Lists Section (depending ‘en Format Flags)

— ID|Map (IDMPO) Object Info format:
= | One or more ID Map sections
= | Object Length (EBV-6) plus Pad Indicator bit

For either of these Object Info formats;‘an Optional Addendum subsection may be present at|the end of the
Object|Iinfo section.

Object Info, in a Default ID List PO Object Info, in a Non-default ID Ligt PO
Object NumberSID Optional or Object | ID Lists Section Optipnal
|_ength Of IDs List | Addendum Length | (one or more lists) Addendum

Figure 1.3 — IDLPO Object Info Structure

Object Info, in an ID Map PO
ID Map Section Object | Optional

(one ormore mans) Lenath Addendum
AN T>7 )

Figure 1.4 — IDMPO Object Info Structure

A Packed Object may include a Secondary ID Section, if needed to encode additional bits that are 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 Obiject, and in a
Packed Object that uses No-directory compaction (see |.7.1). Depending on the declaration of data format in
the relevant ID table, the Data section will contain either or both of two subsections:
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— Known-Length Numerics subsection: this subsection compacts and concatenates all of the non-empty
data strings that are known a priori to be numeric.

— AlphaNumeric subsection: this subsection concatenates and compacts all of the non-empty data
strings that are not a priori known to be all-numeric.

.4 Format Flags section

This sub-clause 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)_ Theset of defined patterns is shown in Table | 1 — Format Flngc

Table 1.1 — Format Flags

Bit Pattern Description Additional Info See Annex
0000 0000 Termination Pattern No more packed objects follow 1.4.1
0000 0001 Invalid Pattern
0000 0010 Invalid Pattern
0000 0011 Invalid Pattern
LLLLLL xx First octet of an IDLPO Forany LLLLLL >3 1.5
0000 Format Flags starting pattern (if the full EBV-6 is non-zero) 1.4.2
0000 10NA IDLPO with: If N = 1: allows multiple¢D-\tables 1.4.3

N = 1: non-default Info If A =1: Addendum pointer(s) at end of

A = 1: Addendum Present Object Info section
0000 01xx Inter-Packed Object pattern A Directory Pointer; or padding 1.4.4
0000 0100 Signifies a padding byte No padding length indicator follows 1.4.4
0000 0101 Signifies run-length padding IAn EBV-8 padding length follows 1.4.4
0000 0110 RFU 1.4.4
0000 0111 Directory pointer Followed by EBV-8 pattern 1.4.4
0000 11xx ID Map Packed Object 1.4.2

.4.1 Data Tlerminating Flag Pattern

A pattern of ejght or more ‘0’ bits at.the” expected start of a Packed Object denotes that no more Packed
Objects are preésent in the remainderiof memory.

NOTE  dix successive ‘0’ bits at the expected start of a Packed Object would (if interpreted as a Packed|Object)
indicate an|ID List Packed Object of length zero.

.4.2 Format Flags section starting bit patterns

A non-zero EBV:6 with a leading pattern of “0000” is used as a Format Flags section Indicating Pattefn. The
additional bits -U”UVV;IIH arminittat-0006Format Fiag illu'iuatilly Pattermaredefired=as-fottows:

— A following two-bit pattern of ‘10’ (creating an initial pattern of ‘000010’) indicates an IDLPO with at
least one non-default optional feature (see Annex 1.4.3)

— 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 Annex I.9) immediately follows this two-bit
pattern.

— A following two-bit pattern of ‘01’ signifies an External pattern (Padding pattern or Pointer) prior to the
start of the next Packed Object (see Annex 1.4.4).

A leading EBV-6 ObjectLength of less than four is invalid as a Packed Objects length.
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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 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.

1.4.3

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 “O00010NA”, where:

1.4.4

The pri
directo

A follo
pointer

Ifthe first additional bit N 1S 0, then the default IDLPO format Is employed for the 1D0
section This allows for only a single ID List (utilizing the registration’s default Base |D-|

If the first additional bit ‘N’ is ‘1’, then a non-default format is employed forytheé IDL}
section. The optional non-default IDLPO Object Info format supports a sequéence of ¢
Lists, and each such list begins with identifying information as to which{registered tab
(see Annex 1.5.1).

If the second additional bit ‘A’ is ‘1’, then an Addendum subsectionis present at the en
Info section (see Annex 1.5.6).

If the second additional bit ‘A’ is ‘0’, then no Addendum subsection is present.

Patterns for use between Packed Objects

bsence of ‘000001’ at the expected start of d<Racked Obiject is used to indicate eithe)
'y pointer, as follows:

ving two-bit pattern of “11’ indicates that a Directory Packed Object Pointer follows th
is one or more octets in length, in EBV-8 format. This pointer may be Null (a value of z¢

zero, indicates the number of octets from the start of the pointer to the start of a Directory

(which
is encd

if editable, shall be the first in its\*chain”). For example, if the Format Flags byte for a Di
ded at byte offset 1, the Pointer itself occupies bytes beginning at offset 2, and the Dir

byte offset 9, then the Dir Ptr enicodes the value “7” in EBV-8 format. A Directory Packed Obje

appeat
but ma
the Dirf
new se

before the first Packed Object in memory, or at any other position where a Packed Obj

y only appear oncesinya given data carrier memory, and (if non-null) must be at a lowe
ctory it points tol\ The first octet after this pointer may be padding (as defined immedi
t of Format Flag\patterns, or the start of an ID List Packed Object.

A following two-bit pattern of ‘00’ indicates that the full eight-bit pattern of ‘00000100’
as a_padding byte, so that the next Packed Object may begin on a desired word or b
Thisjpattern may repeat as necessary to achieve the desired alignment.

O Object Info
able).

PO Object Info
ne or more ID
e it represents

d of the Object

I padding or a

e pattern. The
ro), but if non-
Packed Object
rectory Pointer
bctory starts at
ct Pointer may
ect may begin,
I address than
htely below), a

pattern serves
ock boundary.

A Toltowing two-bit—pattern of 0T Indicates as_a run-lengthpaddingndicator,
immediately followed by an EBV-8 indicating the number of octets from the start of the

and shall be
EBV-8 itself to

the start of the next Packed Object (for example, if the next Packed Object follows immediately, the
EBV-8 has a value of one). This mechanism eliminates the need to write many words of memory in

order to pad out a large memory block.

A following two-bit pattern of ‘10’ is Reserved.
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1.5 Object Info section

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, etc). The ID Values information encodes a complete listing of
all the Identifiers (Als, Dls, etc) 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 ASCII 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 siphgle Object Identifier, or may represent a commonly-used sequence of Object Identifiers. In
e ID Value represents a “class” of related Object Identifiers, or an Object Identifier sequence in

some cases, t
which one or
Annex 1.6) are
encoded. A “fu
ID bits (if any
Value may ap
once, if each t

all occurrencep

Addenda).

There are two
ID Value bit fig
format is modi
Packed Object
of the register
IDMPO forma

including non-glefault data systems).

Although the
Annex 1.5.1), t
Annex 1.5.2, a
section (of ei
Annex 1.5.6.

1.5.1 Object

1.5.1.1 IDLH

pear in a data carrier's Data Packed Objects, but a particular ID Value may appear mo

more Object Identifiers are optionally encoded; in these cases, Secondary")lD Bifs
encoded in order to specify which selection or option was chosen when the Patked Obj
lly-qualified ID Value” (FQIDV) is an ID Value, plus a particular choice of assgciated Sed
are invoked by the ID Value’s table entry). Only one instance of a parti¢ular fully-qual

me it is “qualified” by different Secondary ID Bits. If an ID Value does-appear more than
shall be in a single Packed Object (or within a single “chain™ ef’a Packed Object pl

Imethods defined for encoding ID Values: an ID List Packed Object uses a variable-length
Ids, whereas an ID Map Packed Object uses a fixed-lefigth bit array. Unless a Packed (
fied by an initial Format Flags pattern, the Packed Object’s format defaults to that of an||
(IDLPO), containing a single ID List, whose ID Values correspond to the default Base I
bd Data Format. Optional Format Flags can chahge the format of the ID Section to ei
, or to an IDLPO format encoding an ID Lists section (which supports multiple ID

he Object Info section of every Packed Object shall provide Length information as de
d ID Values information (see Annex 1.5.3) as defined in Annex 1.5.4, or 1.5.5. The Obj
er an IDLPO or an IDMPO)-may conclude with an optional Addendum subsectio

Info formats

O default Object’Info format

The default 10

Info section.

section, or Witt

Addendum supse€ction if so indicated by the Format Flags). The format of the default IDLPO Objg

LPO Ohbject Info format is used for a Packed Object either without a leading Format
a Format Flags section indicating an IDLPO with a possible Addendum and a default
he default IDLPO Object Info section contains a single ID List (optionally followed

section is shown 1n Table I.Z — Default IDLPO Object Info format.

Table 1.2 — Default IDLPO Object Info format

prdering of information within the .Qbject Info section varies with the chosen formIt (see
i

(see

ct was
ondary
fied ID
re than

once,
us its

list of

bject’s

D List
Table

her an
[ables,

ined in
ct Info
n (see

Flags

Object

by an

ct Info

Field Name:

Addendum
subsection

Length Information NumberOfiDs ID Listing

Usage:

The number of octets in
this Object, plus a last-
octet pad indicator

Number of ID
Values in this
Object (minus
one)

A single list of ID
Values; value size
depends on registered
Data Format

Optional pointer(s)
to other Objects
containing Edit
information

Structure:

Variable: see
Annex |.5.2

Variable:EBV-3

See Annex |.5.4

See Annex 1.5.6.1
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In a 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 Annex |.5.2 for all Packed Objects. The next fields are
an ID Listing (see Annex 1.5.4) and an optional Addendum subsection (see Annex 1.5.6).

1.5.1.2

IDLPO non-default Object Info format

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 Obiject Info structure is shown in Table 1.3 — Non-Default IDLPO Object Info format.

Table 1.3 — Non-Default IDLPO Object Info format

Field Length ID Lists section, first List Optional Null App Addendum
Name: Info Abblication |Number of |1D Listin ID List Indicator Subsection
| PP g section(s) |(single zero bit
ndicator IDs
Usage The Indicates the | Number Of |Listing of ID |Repeated Zero or more Optional
number |selected ID |ID Values |Values, then |lists, each repeated lists, || pointer(s) to
of octets | Table and on the list |one F/R Use |for a each for a other
in this the size of bit differentylD |different ID Objects
Object, |each entry Table Table, followed || containing
plus a by a null Edit
last-octet Application information
pad Indicator (single
indicator zero bit)
Structure: |See See See See References |See See
Annex Annex 1.5.3. |Annex I.5.1 |Annex 1.5.4 |in previous |Annex1.5.3.1 Annex 1.5.6
1.5.2 1 A and 1.5.3.2 |columns
1.5.1.3| IDMPO Object Info format
Leading Format Flags may define the-Object Info structure to be an IDMPO, in which the Length Information
(and optional Addendum subsegction) follow an ID Map section (see Annex 1.5.5). This arranggment ensures
that the¢ ID Map is in a fixed location for a given application, of benefit when used as a Directofy. The IDMPO
Object|Info structure is shown.in Table 1.4 — IDMPO Object Info format.
Table 1.4 — IDMPO Object Info format
Field Name: ID Map section Length Information Addendum
Usage: One or more ID Map The number of octets in | Optional pointer(s)|to other
structures, each using | this Object, plus a last- Objects containing|Edit
a different ID Table octet pad indicator information
Structure: See Annex 1.9.1 See Annex 1.5.2 See Annex 1.5.6

1.5.2 Length Information

The format of the Length information, always present in the Object Info section of any Packed Object, is
shown in Table 1.5 — Packed Object Length information.
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Table 1.5 — Packed Object Length information

Field Name: ObjectLength Pad Indicator

Usage: The number of 8-bit bytes in this Object. This If “1’: the Object’s
includes the 1st byte of this Packed Object, last byte contains
including its IDLPO/IDMPO format flags if at least 1 pad bit
present. It excludes patterns for use between
packed objects, as specified in 1.4.4.

Structure: Variable: EBV-6 Fixed: 1 bit

The first field, ObjectLength is an EBV-6 Extensible Bit Vector con3|st|ng of one or more repetltlons of an

ExtenS|on Bit

re are

¢ 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

of trailing pad

a Packed Obijg
bytes) and mu
Object and de
byte).

1.5.3 Gener

A regqistered ¢
registered ID
represented by
and various im
data encoded
entry is identifi
that is represe

A Base Table

table index (i.e.,
ure data system ID Tables will vary in unpredictable ways in terms of their numbers ¢f table

current and fu
entries, there
accommodate
software (othe

entries defined,

defined in Tab|
in Annex J). T
Table. Some ¢

at bit. This method effectively uses a single bit to indicate a three-bit quantity (i.e., the
pits). When a receiving system wants to determine the total number of bits (rather than b
ct, it would examine the ObjectLength field of the Packed Object.(to,determine the nur
tiply the result by eight, and (if the Pad Indicator bit is set) examine'the last byte of the
crement the bit count by (1 plus the number of ‘0’ bits followingsthe rightmost ‘1’ bit of th

Al description of ID Values

umber
ytes) in
hber of
Packed
at final

tables may be found in AnnexJ).

each row of the table, any Secondary ID-\Bits or Aux Format bits invoked by each tabl
plicit rules (taken from a predefined rule set) that decoding systems shall use when inte
bccording to each entry. When a datacitem is encoded in a Packed Object, its associatg
ed by the entry’s relative position in-the Base Table. This table position or index is the IO
hted in Packed Objects.

containing a given number.of.entries inherently specifies the number of bits needed to e
an ID Value) in an ID List/Packed Object (as the Log (base 2) of the number of entries

is a need to pre-define an ID Value Size mechanism that allows for future extensi
new tables, while minimizing decoder complexity and minimizing the need to upgrade deg
I than the addition of new tables). Therefore, regardless of the exact number of Base
each Basg “Table definition shall utilize one of the predefined sizes for ID Value eng
e 1.6 — Defined ID Value sizes (any unused entries shall be labeled as reserved, as p
ne ID.Size Bit pattern is encoded in a Packed Object only when it uses a non-default B

ata format defines (at a minimum) a Primary.Base ID Table (a detailed specification for
This base table defines the data system Identifier(s)

entry,
preting
d table
Value

code a
. Since

pility to
coding

Table
odings
ovided
ase ID

IDLPO) ID Va

ntries/in the table indicate a size that is not an integral power of two. When encoding (into an
ues/from tables that utilize such sizes, each pair of ID Values is encoded by multiplying the

earlier ID of the pair by the base specified in the fourth column of Table I.6 — Defined ID Value sizes 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 1.6 — Defined ID Value sizes.
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Table 1.6 — Defined ID Value sizes

ID Size Bit | Maximum number Number of Bits per single or Number of Bits per pair of ID
pattern of Table Entries trailing ID Value, and how encoded Values, and how encoded

000 Up to 16 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 Upto 512 9 a5 tBase 52 value 8 a5 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
1.5.3.1| Application Indicator subsection

An Application Indicator subsection can be utilised to indicate use of ID\Values from a default
le. This subsection is required in every IDMPO, but is only required in an IDLPO that
format supporting multiple 1D Lists.

ID Tab
default

An Apj

lication Indicator consists of the following components:

A single ApplndicatorPresent bit, which if ‘0’ means that no additional ID List or Ma
that this bit is always omitted for the first List 'or Map in an Object Info section. W
present and ‘0’, then none of the following bit fields are encoded.

A single ExternalReg bit that, if ‘1’, indicates use of an ID Table from a registration
memory’s default. If ‘1’, this bit is;immediately followed by a 9-bit representation of
registered under ISO/IEC 1596 1.,

An ID Size pattern which denotes a table size (and therefore an ID Map bit length, w
IDMPO), which shall b€ one of the patterns defined by Table |.6 — Defined ID Value s
size indicated in thjs field must be less than or equal to the table size indicated in t
table. The purpose-af this field is so that the decoder can parse past the ID List or ID M
ID Table is not-available to the decoder.

A three-bifi}D Subset pattern. The registered data format’s Primary Base ID Table,
current-Racked Object, shall always be indicated by an encoded ID Subset pattern of
up to'seven Alternate Base Tables may also be defined in the registration (with var
and a choice from among these can be indicated by the encoded Subset pattern. This
useful to define smaller sector-specific or application-specific subsets of a full dats

or non-default
uses the non-

p follows. Note
hen this bit is

other than the
A Data Format

nen used in an
zes. The table
he selected ID
ap, even if the

if used by the
DOO0’. However,
ing ID Sizes),
feature can be

system, thus

1.5.3.2

substantiatty Teducigthesizeof theencodedtD-Map:

Full/Restricted Use bits

When contemplating the use of new ID Table registrations, or registrations for external data systems,
application designers may utilise a “restricted use” encoding option that adds some overhead to a Packed
Object but in exchange results in a format that can be fully decoded by receiving systems not in possession of
the new or external ID table. With the exception of a IDLPO using the default Object Info format, one
Full/Restricted Use bit is encoded immediately after each ID table is represented in the ID Map section or ID
Lists section of a Data or Directory Packed Object. In a Directory Packed object, this bit shall always be set to
'0" and its value ignored. If an encoder wishes to utilise the “restricted use” option in an IDLPO, it shall preface
the IDLPO with a Format Flags section invoking the non-default Object Info format.
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If a “Full/Restricted Use” bit is ‘0’ then the encoding of data strings from the corresponding registered ID Table
makes full use of the ID Table's IDstring and FormatString information. If the bit is ‘1’, then this signifies that
some encoding overhead was added to the Secondary ID section and (in the case of Packed-Object
compaction) the Aux Format section, so that a decoder without access to the table can nonetheless output
OIDs and data from the Packed Object according to the scheme specified in Annex J.4.1. Specifically, 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.

num

All datta items were encoded in the A/N subsection of the Data section.

1.5.4 ID Val
Each ID Valus
determined fro
field’s length ig
In the optiona
multiple ID Lig
subsection cor
bit), followed b

1.5.5 ID Val

Encoding an |
large number

25 percent of @ small Base Table’s entries).\\WWhén encoded in an ID Map, each ID Value is represente

relative positig
represents ID
Table with (n+
Value is prese
structure (see

1.5.6 Optior

The Packed O
or replace ind

r of string lengths, each length encoded as though there were no FormatString'in the IL

les representation, in an ID List Packed Object

is represented within an IDLPO on a list of bit fields; the number of bit fields on thg
m the NumberOfIDs field (see Table .2 — Default IDLPO Qbject Info format). Each ID V
in the range of four to eleven bits, depending on the size 0f the Base Table index it repr|
non-default format for an IDLPO’s Object Info section, a single Packed Object may
t subsections, each referencing a different ID Tablew/In this non-default format, each
sists of an Application Indicator subsection (which terminates the ID Lists, if it begins w
y an EBV-3 NumberOfIDs, an ID List, and a Full/Restricted Use flag.

les representation, in an ID Map Packed Object

D Map can be more efficient than encoding a list of ID Values, when representing a re
bf ID Values (constituting more than about 10 percent of a large Base Table’s entries, 0

n within the map (for example, the first ID Map bit represents ID Value “07, the t
Value “2”, and the last bit represents ID Value ‘n’ (corresponding to the last entry of
1) entries). The value of each bit within an ID Map indicates whether the correspon
ht (if the bit is “1’) ortabsent (if ‘0’). An ID Map is always encoded as part of an ID Map
Annex 1.9.1).

al Addendum subsection of the Object Info section

bjeci-Addendum feature supports basic editing operations, specifically the ability to add,
vidual’data items in a previously-written Packed Object, without a need to rewrite thg

the epcoder 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 -t
Format section, indicating the number of discrete data string lengths invoked by the 1Dy\Value
could|be more than one due to combinations and/or optional components), followed by'the in

e Aux
(which
Hicated
D table.

p list is
Blue bit
psents.
contain
ID List
th a ‘0’

latively
I about
d by its
hird bit
h Base
ling ID
Bection

delete,
entire

Packed Objec

A"Packed Object that does not contain an Addendum subsection cannot be edited

in this

fashion, and must be completely rewritten if changes are required.

An Addendum subsection consists of a Reverse Links 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 Objects as addenda; links
from a Directory Packed Object shall only go to other Directory Packed Objects as addenda. The standard
Packed Object structure rules apply, with some restrictions that are described in Annex 1.5.6.2.

The Reverse Links bit shall be set identically in every Packed Object of the same “chain.” The Reverse Links
bit is defined as follows:

— If the Reverse Links bit is ‘0’, then each child in this chain of Packed Objects is at a higher memory
location then its parent. The link to a Child is 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 Child. The link to the
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parent is encoded as the number of octets (plus one) that are in between the first octet of the parent

Packed Object and the first octet of the current Packed Object.

If the Reverse Links bit is ‘1°, then each child in this chain of Packed Objects is at a

lower memory

location than its parent. The link to a Child is encoded as the number of octets (plus one) that are in
between the first octet 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 last octet of the current

Packed Object and the first octet of the parent.

The Child bit is defined as follows:

If the Child bitis a ‘0’, then this Packed Object is an editable “Parentless” Packed Obje

ct (i.e., the first

A link
indicat
that a
still pr

of a chain), and in this case the Child bit is immediately followed by a single EBV-6
“child” Packed Object that contains editing addenda for the parent.

If the Child bit is a ‘1°, then this Packed Object is an editable “child” of an edited “pare
is immediately followed by one EBV-6 link to the “parent” and a second EBV26 line to
Packed Object that contains editing addenda for the parent.

value of zero is a Null pointer (no child exists), and in a Packed’Object whose Chilg
s that the Packed Object is editable, but has not yet been edited. "X link to the Parent
Directory may indicate the presence and location of an ID Value.in an Addendum Packe

associgted with the original “parent” Packed Object. A link value of zero is invalid as a poi

Parent

In orde
time th
“10000

1.5.6.1

In an I
encode
entries
bit or b

e parent is encoded, it is permissible to usecthe “redundant” form of the EBV-6 (for
0 000000” to represent a link value of zero).

Addendum “EditingOP” list (only.intID List Packed Objects)

DLPO only, each Addendum sectien of a “child” ID List Packed Object contains a set of “
d immediately after its last EBV-6 link. The number of such bits is determined from
on the Addendum Packed-QObject’s ID list. For each ID Value on this list, the correspon

link to the first

nt,” and the bit
he next “child”

bit is ‘0’, this
s provided, so
d Object, while

pviding an interrogator with the ability to efficiently locate.the other ID Values thgt are logically

hter towards a

r to allow room for a sufficiently-large link, when the‘future location of the next “child” is ginknown at the

bxample using

F-ditingOp” bits
the number of
ding EditingOp

ts are defined as follows;

‘1’ means that thesecorresponding Fully-Qualified ID Value (FQIDV) is Replaced. A Replace operation
has the effect'that the data originally associated with the FQIDV matching the [FQIDV in this
Addendum Paeked Object shall be ignored, and logically replaced by the Aux Format bits and data
encoded.ifithis Addendum Packed Object)

either the Aux
acked Object.

‘00’means that the corresponding FQIDV is Deleted but not replaced. In this case, 1
Earmat bits nor the data associated with this ID Value are encoded in the Addendum P

1.5.6.2

UT means that the corresponding FQIDV 1S Added (erther this FQIDV was not previously encoded,
or it was previously deleted without replacement). In this case, the associated Aux Format Bits and
data shall be encoded in the Addendum Packed Object.

NOTE If an application requests several “edit” operations at once (including some Delete or Replace
operations as well as Adds) then implementations can achieve more efficient encoding if the Adds share the
Addendum overhead, rather than being implemented in a new Packed Object.

Packed Objects containing an Addendum subsection

A Packed Object containing an Addendum subsection is otherwise identical in structure to other Packed
Objects. However, the following observations apply:
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— A “parentless” Packed Object (the first in a chain) may be either an ID List Packed Object or an ID
Map Packed Object (and a parentless IDMPO may be either a Data or Directory IDMPO). When a
“parentless” PO is a directory, only directory IDMPOs may be used as addenda. A Directory
IDMPQO’s Map bits shall be updated to correctly reflect the end state of the chain of additions and
deletions to the memory bank; an Addendum to the Directory is not utilized to perform this
maintenance (a Directory Addendum may only add new structural components, as described later in
this section). In contrast, when the edited parentless object is an ID List Packed Object or ID Map
Packed Object, its ID List or ID Map cannot be updated to reflect the end state of the aggregate
Object (parents 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

embo

1.6 Secondary ID Bits section

The Packed G
DI's, etc.) enc
even though s
invoke Second
include a four-

Secondary ID
example, a sir
one encoded b
and optional

mechanisms are described in Annex J. All resulting Secondary ID bit fields are concatenated

Secondary ID
Object. Note th
or an IDMPO,

1.7 Aux For

died in the chain.

When a child is an IDMPO, it shall only be utilized to add (not delete or madify) st
information, and shall not be used to modify existing information. In a Directory ¢
child IDMPO may add new ID tables, or may add a new AuxMap section\or subsect
may extend an existing PO Index Table or ObjectOffsets list. In a Data’chain, an
shall not be used as an Addendum, except to add new ID Tables.

When a child is an IDLPO, its ID list (followed by “EditingOp™\bits) lists only those R
that have been deleted, added, or replaced, relative to the. cumulative ID list from th
Objects linked to it.

bjects design requirements include a requirement that all of the data system Identifier]
bded in a Packed Object’'s can be fully recognised without expanding the compresse
ome ID Values provide only a partially-qualified Identifier. As a result, if any of the ID
ary ID bits, the Object Info section shallibe followed by a Secondary ID Bits section. Ex
it field to identify the third digit of a group of related Logistics Als.

bits can be invoked for several~reasons, as needed in order to fully specify Identifie
gle ID Table entry’s ID Valug*may specify a choice between two similar identifiers (re
it to select one of the two(IDs at the time of encoding), or may specify a combination of
identifiers (requiring,one encoded bit to enable or disable each option). The a

Bits section, in the'same order as the ID Values that invoked them were listed within the

at the Secondary/ID Bits section is identically defined, whether the Packed Object is an
but is not present in a Directory IDMPO.

mat.section

uctural
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QIDVs
e prior

5 (Al's,
d data,
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ailable
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The Aux Format section of a Data Packed Object encodes auxiliary information for the decoding process. A
Directory Packed Object does not contain an Aux Format section. In a Data Packed Object, the Aux Format
section begins with “Compact-Parameter” bits as defined in Table I.7 — Compact-Parameter bit patterns.

Table 1.7 — Compact-Parameter bit patterns

Bit Pattern | Compaction method used in this Packed Object Reference
1 “Packed-Object” compaction Annex 1.7.2
‘000’ “Application-Defined”, as defined for the No-Directory access method Annex 1.7.1
‘0071 “Compact”, as defined for the No-Directory access method Annex 1.7.1
‘010’ “UTF-8", as defined for the No-Directory access method Annex 1.7.1
‘011bbbb’ (‘bbbb’ shall be in the range of 4..14): reserved for future definition Annex 1.7.1
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If the Compact-Parameter bit pattern is ‘1’, then the remainder of the Aux Format section is encoded as
described in Annex 1.7.2; otherwise, the remainder of the Aux Format section is encoded as described in
Annex |.7.1.

1.7.1  Support for No-Directory compaction methods

If any of the No-Directory compaction methods were selected by the Compact-Parameter bits, 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 Annex 1.8 The data strings of this Packed Object are encaded in the order indicated by
the Object Info section of the Packed Object, compacted exactly as described in Annex D (Endoding rules for
No-Dirgctory Access-Method), with the following two exceptions:

—{ The Object-Identifier is not encoded in the “No-Directory Data section”, because it hag already been
encoded into the Object Info and Secondary ID sections.

— The Precursor is modified in that only the three Compaction Type Code bits are sign|ficant, and the
other bits in the Precursor are set to ‘0’.

Therefpre, each of the data strings invoked by the ID Table entry aresséparately encoded in 4 modified data
set strycture as:

<modified precursor> <length of compacted object>~<compacted object octets>

The <gompacted object octets> are determined and encoded as described in Annex D.1.1 and|D.1.2. and the
<length of compacted object> is determined and encoded as described in D.2.

Following the last data set, a terminating precursor value of zero shall not be encoded (the dgcoding system
recognjses the end of the data using the encoded ObjectLength of the Packed Object).

1.7.2 |Support for the Packed-Object compaction method

If the Packed-Object compactionsmethod was selected by the Compact-Parameter bits, then| the Compact-
Parameter bits are followed by zero or more Aux Format bits, as may be invoked by the ID Tabje entries used
in this [Packed Object. The Aux Format bits are then immediately followed by a Data sectior] that uses the
Packed-Object compactionimethod described in I.8.

An ID Table entry that was designed for use with the Packed-Object compaction method can fall for various
types of auxiliarydinformation beyond the complete indication of the ID itself (such as bit fields to indicate a
variable data lehgdth, to aid the data compaction process). All such bit fields are concatenated inf this portion, in
the order called*for by the ID List or Map. Note that the Aux Format section is identically defingd, whether the
Packed Object is an IDLPO or an IDMPO.

An ID Table entry invokes Aux Format length bits for all entries that are not specified as fixed-length in the
table (however, these length bits are not actually encoded if they correspond to the last data item encoded in
the A/N subsection of a Packed Object). This information allows the decoding system to parse the decoded
data into strings of the appropriate lengths. An encoded Aux Format length entry utilizes a variable number of
bits, determined from the specified range between the shortest and longest 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 encoded in the
fewest number of bits that can express lengths within that range, and an encoded value 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.
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— Otherwise (including the case of an unspecified maximum length), the value (actual length —
specified minimum) is encoded in a variable number of bits, as follows:

— Values 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 eight bits (a prefix of ‘1111’ followed by four bits
representing values from 15 (‘0000’) to 29 (*1110’)

— 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’)

— \alues greater than 44 are encoded as a twelve-bit prefix of all ‘1’s, followed by an|EBV-6
mdication of (value — 44).

NOTES 1 If a range is specified with identical upper and lower bounds (i.e., a rarige of zero), this is
treated as a fixed length, not a variable length, and no Aux Format bits-afe invoked.

2  If arange is unspecified, or has unspecified upper or lower bounds, then this is treafed as a
default lower bound of one, and/or an unlimited upper bound,

.8 Data segtion

A Data section is always present in a Packed Object, except in the{case of a Directory Packed Object or
Directory Addgndum Packed Object (which encode no data elements), the case of a Data Addendum Packed
Object contain|ng only Delete operations, and the case of a Packed Object that uses No-directory compaction
(see 1.7.1). WHen a Data section is present, it follows the Object Info section (and the Secondary ID apd Aux
Format sections, if present). Depending on the characteristics of the encoded IDs and data strings, tHe Data
section may ihclude one or both of two subsectionsxin® the following order: a Known-Length Numerics
subsection, arjd an AlphaNumerics subsection. Thesfollowing paragraphs provide detailed descriptjons of
each of these Data Section subsections. If all of thedsubsections of the Data section are utilised in a Packed
Object, then the layout of the Data section is,as'shown in Figure I.5 — Maximum Structure of a Packed
Objects Data gection.

Known-Length Numeric AlphaNumeric subsection
supsection A/N Header Bits Binary Data Segments
KR 2M ... | Last Non- [ Prefix [ Suffix | Char | Extd. |Extd |Base | Npn-
KLN KLN KLN Num | Bit, Bit, Map | Num Non- 10 Num
Binary | Bingry Binary | Base | Prefix | Suffix Binary | Num Binary | Blnary
Bit(s) | Run(s) | Run(s) Binary

Figure 1.5 — Maximum Structure of a Packed Objects Data section

1.8.1 Known-length-Numerics subsection of the Data Section

For always-numeric data strings, the ID table may indicate a fixed number of digits (this fixed-length
information is not encoded in the Packed Object) and/or a variable 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 Annexl.8J.2.3) as containing a fixed-length numeric string followed by a
variable-length alphanumeric string, the numeric string is encoded in the Known-length-numerics subsection
and the alphanumeric string in the alphanumeric subsection.

The summation of fixed-length information (derived directly from the ID table) plus variable-length information
(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-numeric in the ID Table) is encoded by converting the digit string into a single Binary number (up to
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160 bits, representing a binary value between 0 and (1048 —1)). Figure K.1 — Required number of bits for a
given number of Base 'N' values shows the number of bits required to represent a given number of digits. If an
all-numeric string contains 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 are themselves concatenated to form the Known-length-Numerics subsection.

1.8.2 Alphanumeric subsection of the Data section

The Alphanumeric (A/N) subsection, if present, encodes all of 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 subsect|on is om|tted The Alphanumerlc subsect|on can encode any mix
a are encoded
separa ely, at an average eff|C|ency of 4.322 bits per dlglt or better dependlng on the chara Cter sequence.
The nan-digit characters are independently encoded at an average efficiency that varies betwegn 5.91 bits per
character or better (all uppercase letters), to a worst-case limit of 9 bits per character)(if thel character mix
requirels Base 256 encoding of non-numeric characters).

An Alphanumeric subsection consists of a series of A/N Header bits (see Annex1.8.2.1), followg¢d by from one
to four|Binary segments (each segment representing data encoded in a single numerical Base| such as Base
10 or Hase 30, see Annex 1.8.2.4), padded if necessary to complete the final byte (see Annex 1.8.2.5).

1.8.2.1| AJ/N Header Bits

The A/N Header Bits are defined as follows:

— One or two Non-Numeric Base bits, as follows:

— ‘0 indicates that Base 30 was chosen'for the non-numeric Base;
— “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 a single ‘0’ bit (indicating-that no Character Map Prefix is encoded), or a ‘1’ bit fpllowed by one
or more “Runs” of six PrefixX bits as defined in Annex 1.8.2.3.

—{ Either a single ‘0’ bit (indicating that no Character Map Suffix is encoded), or a ‘1’ bit fpllowed by one
or more “Runs” of‘six' Suffix bits as defined in Annex 1.8.2.3.

—{ A variable-length “Character Map” bit pattern (see Annex 1.8.2.2), representing the bpse of each of
the data_eharacters, if any, that were not accounted for by a Prefix or Suffix.

1.8.2.2| Dual-base Character-map encoding

Compagction of the ordered list of alphanumeric data strings (excluding those data strings alregdy encoded in
the Known-Length Numerics subsection) is achieved by first concatenating the data characters into a single
data string (the individual string lengths have already been recorded in the Aux Format section). Each of the
data characters is classified as either Base 10 (for numeric digits), Base 30 non-numerics (primarily
uppercase A-Z), Base 74 non-numerics (which includes both uppercase and lowercase alphas, and other
ASCII characters), 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 via the use of an extra “shift” value (as are most of the
lower 128 characters in the Base 256 set). Depending on the relative percentage of “native” Base 30 values
vs. other values in the data string, one of those bases is selected as the more efficient choice for a non-
numeric base.

Next, the precise sequence of numeric and non-numeric characters is recorded and encoded, using a
variable-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 selected base). Note that, if (for
example) Base 30 encoding was selected, each data character (other than uppercase letters and the space
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character) needs to be represented by a pair of base-30 values, and thus each such data character is
represented by a pair of ‘1’ bits in the character map.

1.8.2.3  Prefix and Suffix Run-Length encoding

For improved efficiency in cases where the concatenated sequence includes runs of six or 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.

. Each
jth bits,

Nis one
n bit, if

t, if ‘17,
s, ‘00°
that is
nce of
valuep from the non-numeric base that was selected earlier inthe A/N header, and ‘11’ indi¢ates a
sequence of values primarily from that non-numeric base, bat’extended to include digit charadters as
well. Note an exception: if the non-numeric base that was\selected in the A/N header is Bage 256,
then the “extended” version is defined to be Base 40.

— The 3-bit Run Length value assumes a minimum @seable run of six same-base characters, and the
length value is further divided by 2. Thus, the possible 3-bit Run Length values of 0, 1, 2, ... 7
indicdte a Run of 6, 8, 10, ... 20 characters from the same base. Note that a trailing “odd” character
value| at the end of a same-base sequencé’ must be represented by adding a bit to the Chiaracter
Map.

An optional Suffix Representation, if present;;is a series of one or more Suffix Runs, each identical in foqrmat to
the Prefix Run| just described. Consistent,with that description, note that the Run Position bit, if ‘1’, indicates
that the current Suffix Run is the last: (rightmost) Suffix Run of the A/N subsection, and thus any prgceding
Suffix Runs represented source characters to the left of this final Suffix Run.

1.8.2.4 Enco¢ding into Binary' Segments

Immediately aftter the lastybit of the Character Map, up to four binary numbers are encoded, each repregenting
all of the characters ¢hat'were encoded in a single base system. First, a base-13 bit sequence is encoded (if

characters (in
single value, or in other words, applying a base 13 to Binary conversion. The number of bits to encode in this
sequence is directly determined from the number of base-13 values being represented, as called for by the
sum of the Prefix and Suffix Run lengths for base 13 sequences. The number of bits, for a given number of
Base 13 values, is determined from the Figure in Annex K. Next, an Extended-NonNumeric Base segment
(either Base-40 or Base 84) is similarly encoded (if any Prefix or Suffix Runs called for Extended-NonNumeric
encoding).

Next, a Base-10 Binary segment is encoded that directly represents the binary number resulting from
encoding the sequence of the digits in the Prefix and/or character map and/or Suffix (ignoring any intervening
non-digit characters) as a single value, or in other words, applying a base 10 to Binary conversion. The
number of bits to encode in this sequence is directly determined from the number of digits being represented,
as shown in Annex K.
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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
sequence 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 characters in the data
(ignoring any intervening digits). Again, the number of encoded bits is directly determined from the number of
non-numeric values being represented, as shown in Annex K. Note that if Base 256 was selected as the non-
Numeric base, then the encoder is free to classify and encode each digit either as Base 10 or as Base 256
(Base 10 will be more efficient, unless outweighed by the ability to take advantage of a long Prefix 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

Binawlmmﬁmmw Suffix runs).
r to determine the boundaries between these three variable-length fields, the idec

In ord bder needs to
implerent a procedure, using knowledge of the remaining number of data bits, in order-te correctly parse the

Alphan

1.8.2.5

The las
there 3
shall b

umeric subsection. An example of such a procedure is described in Annex M.

Padding the last byte

b set to “1°, and any remaining less-significant pad bits shall be.set to ‘0’. The decoder

the total number of non-pad bits in a Packed Object by examining\the Length Section of the

(and if

1.9 ID

An ID

Values
Map its
Directd
structu
terms ¢

IDMPQ.

1.9.1

An IDM
Each |
length
Field in
Field e

Map and Directory encoding options

Map can be more efficient than a list of ID.Values, when encoding a relatively large|
Additionally, an ID Map representation isvadvantageous for use in a Directory Packed

ry IDMPO, but a Directory IDMPQO’s>ID Map section contains additional optional su
e of an ID Map section, containing.one or more ID Maps, is described in Annex |.9.
f its usage in a Data IDMPO; supsequent sections explain the added structural element

ID Map Section structure

PO represents ID. Values using a structure called an ID Map section, containing one or
D Value encoded.in a Data IDMPO is represented as a ‘1’ bit within an ID Map bit fiel
s equal to thei\number of entries in the corresponding Base Table. Conversely, each ‘0
dicates thedabsence of the corresponding ID Value. Since the total number of ‘1’ bits wif]
huals the-aumber of ID Values being represented, no explicit NumberOfIDs field is encoq

t (least-significant) bit of the final Binary segment is also the last significant bit of the P3
re any remaining bit positions in the last byte to be filled with pad'bits, then the most sig

the Pad Indicator bit of that section is ‘1’, by also examiningthe last byte of the Packed G

cked Object. If
nificant pad bit
can determine
Packed Object
bject).

number of ID
Object. The ID

elf (the first major subsection of every ID"Map section) is structured identically wheth¢r in a Data or

bsections. The
, explained in
5 in a Directory

more ID Maps.
H, whose fixed
in the ID Map
hin the ID Map
ed. In order to

implerent ¢he range of functionality made possible by this representation, the ID Map Sgction contains
elementsiother than the ID Map itself. If present, the optional ID Map Section immediately follgws the leading
pattern-ireieating—antBMRO{as—was—deseribed—int4-2)—and-centains—thefollowinrg—elements in the order
listed below:

— An Application Indicator subsection (see 1.5.3.1)

— an ID Map bit field (whose length is determined from the ID Size in the Application Indicator)

— a Full/Restricted Use bit (see 1.5.3.2)

— (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), and
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at the end of the Object Info section (after the Object Length Information).

Closing Flag(s), consisting of an “Addendum Flag” bit. If “1’, then an Addendum subsection is present

These elements, shown in Figure 1.6 — ID Map section as a maximum structure (every element is present),
are described in each of the next subsections.

First ID Map Optional additional ID Null App Data/ (if Directory) Closing
Map(s) Indicator Directory | Optional AuxMap | Flag Bit(s)
App ID Map Bit | App ID Map Field (single Indicator Bit Section
Indicator | Field (ends |Indicator |(ends with F/R| zero bit)
with F/R bit) bit)
See See AS AS See+5-3+4 See r;yuu: - Addendum
Annex |. [Anngx 1.9.1. |previous |previous Optional AuxMap |Flag|Bit
5.31 1and 1.5.3.2 section structure
Figure 1.6 — ID Map section
When an ID Map section is encoded, it is always followed by an Object Length-and Pad Indicatpr, and

optionally follg
followed by ar
include a Data

1.9.1.1

An ID Map u
Full/Restricted
a number of b
one (the Full/R
corresponding
indicated by th
field. The MSH
ID Value 1, an

In a Data Pach
occurrence of

wed by an Addendum subsection (all as have been previously defined), and then 1
y of the other sections defined for Packed Objects, except that\a.Directory IDMPO s
section.

ID Map and ID Map bit field

sually consists of an Application Indicator followed\by an ID Map bit field, ending

Use bit. An ID Map bit field consists of a single “MapPresent” flag bit, then (if MapPreser
ts equal to the length determined from the ID Size pattern within the Application Indicat
estricted Use bit). The ID Map bit field indicates the presence/absence of encoded dat
to entries in a specific registered Primary<or Alternate Base Table. The choice of base

e encoded combination of DSFID and Application Indicator pattern that precedes the 1D

of the ID Map bit field corresponds t0“ID Value 0 in the base table, the next bit corresp
] so on.

ed Object’s ID Map bit field, @ach ‘1’ bit indicates that this Packed Object contains an e

Map. Note tha

the data item corresponding to an entry in the registered Base Table associated with
the valid encoded entry may be found either in the first (“parentless”) Packed Objec

nay be
nall not

with a
tis ‘1)
br, plus
b items
able is
Map bit
bnds to

ncoded
this 1D
of the

chain (the one|containing the ID Map) or in an Addendum IDLPO of that chain. Note further that one ¢
data entries maly be encoded in.an)IDMPO, but marked “invalid” (by a Delete entry in an Addendum IDL

r more
PO).

An ID Map shall not correspond to a Secondary ID Table instead of a Base ID Table. Note that data items

encoded in a ‘parentless*Data IDMPO shall appear in the same relative order in which they are listed in the
associated Base Table-~However, additional “out of order” data items may be added to an existirl]g data
IDMPO by appending'an Addendum IDLPO to the Object.

An ID Map cafnot and this

would seemingly |mpIy that only one data mstance usmg a glven ID Value can be encoded ina Data IDMPO.
However, the ID Map method needs to support the case where more two or more encoded data items are
from the same identifier “class” (and thus share the same ID Value). The following mechanisms address this
need:

— Another data item of the same class can be encoded in an Addendum IDLPO of the IDMPO. Multiple
occurrences of the same ID Value can appear on an ID List, each associated with different encoded
values of the Secondary ID bits.

— A series 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 Annex J.2.2).
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An ID Map section may contain multiple ID Maps; a null Application
ApplndicatorPresent bit set to ‘0’) terminates the list of ID Maps.

Indicator section (with its

1.9.1.2 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 set to ‘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.

1.9.1.3 Closing Flags bit(s)

The ID
which,
section

Map section ends with a single Closing Flag. The final bit of the Closing Flags is an Add
if ‘1’, indicates that there is an optional Addendum subsection encoded at the end of
of the Packed Object. If present, the Addendum subsection is as described in Annex 1.5

1.9.2 |Directory Packed Objects
A Dire
Data Il
consid

ctory Packed Object is an IDMPO whose Directory bit is set to ‘1’,/Its Jonly inherent diff
DMPO is that it does not contain any encoded data items. However,“additional mechanis
brations apply only to a Directory Packed Obiject, and these are described in the following

ID Maps in a Directory IDMPO

h the structure of an ID Map is identical whether in‘a/Data or Directory IDMPO, the sq
structufe are somewhat different. In a Directory Packed\Object’'s ID Map bit field, each ‘1’ bit i
Data Hacked Object in the same data carrier memaryybank contains a valid data item asso
corresponding entry in the specified Base Table forthis ID Map. Optionally, a Directory Pack
further|indicate which Packed Object contains each data item (see the description of the op
section below).

Note that, in contrast to a Data IDMPO;~there is no required correlation between the ord
Directdry’s ID Map and the order in which these data items are subsequently encoded in m
sequerjce of Data Packed Objects,

1.9.2.2| Optional AuxMap, Section (Directory IDMPOs only)
An AuxMap Section optionally allows a Directory IDMPQO’s ID Map to indicate not only presencg
the dafa items in this memory bank of the tag, but also which Packed Object encodes each d
AuxMap indicator bitiis ‘1’, then an AuxMap section shall be encoded immediately after this bit.

AuxMap section-shall contain one PO Index Field for each of the ID Maps that precede this se|

:

ndum Flag Bit
e Object Info
6.

erence from a
ms and usage
subsections.

mantics of the
hdicates that a
ciated with the
ed Object may
tional AuxMap

br of bits in a
emory within a

/absence of all
ata item. If the
f encoded, the
ction. After the

last PP Index -Field, the AuxMap Section may optionally encode an ObjectOffsets lis§, where each
ObjectDffset generally indicates the number of bytes from the start of the previous Packed Object to the start
of the |[néxt- Packed Object. This AuxMap structure is shown (for an example IDMPO with|two ID Maps)
in Figure 7= Cptiunai Auxiviap-sectionstructure:
PO Index Field PO Index Field Object Optional ObjectOffsets subsection

for first ID Map for second ID Map Offsets

PQOindex | POindex | POindex | POindex | Present | Object Object1 | Object2 ObjectN

Length Table Length Table bit Offsets offset offset offset

Multiplier (EBV6) | (EBV6) (EBV6)
Figure 1.7 — Optional AuxMap section structure
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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 bit in 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 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.

— Eveny Packed Object is assigned an index value in sequence, without regard as to whethe
“parentless” Packed Object or a “child” of another Packed Object, or whether it is a Data. or.D
Packed Object.

— If the|PO Index is within the first PO Index Table (for the associated ID Map) of the'Directory °

then:

a PO Index of zero refers to the first Packed Object in memory,
a value of one refers to the next Packed Object in memory;-and so on

a value of m, where m is the largest value that can,bé_encoded in the PO Index (gi
number of bits per index that was set in the POindexLength), indicates a Packed
whose relative index (position in memory) is 4n“or higher. This definition allows
Objects higher than m to be indexed in -an *Addendum Directory Packed Obj
described immediately below. If no Addendumexists, then the precise position is eith
some indeterminate position greater thanam.

— If the|PO Index is not within the first PO Index Table of the directory chain for the associated
(i.e., it is in an Addendum IDMPOQO), then:

a PO Index of zero indicates-that a prior PO Index Table of the chain provided th
information,

a PO Index of n (n > 0) refers to the nth Packed Object above the highest inde
available in theljimmediate parent directory PO; e.g., if the maximum index value
immediate parent directory PO refers to PO number “3 or greater,” then a PO index
this addendum refers to PO number 4

a PO Index of m (as defined above) similarly indicates a Packed Object whose pos
thewmth position, or higher, than the limit of the previous table in the chain.

— If the| valid instance of an ID Value is in an Addendum Packed Object, an implementatiq

it is a
rectory

chain”,

en the
Object
Packed
bct, as
Er m or

D Map

b index

value
in the
of 1in

ition is

n may

choose to set a PO Index to point directly to that Addendum, or may instead continue to poin
Packed Obiject in the chain that originally contained the ID Value.

t to the

NOTE  The first approach sometimes leads to faster searching; the second sometimes leads to faster directory

updates

After the last PO Index Field, the AuxMap section ends with (at minimum) a single “ObjectOffsets Present” bit.
A0’ value of this bit indicates that no ObjectOffsets subsection is encoded. If instead this bit is a ‘1’, it is
immediately followed by an ObjectOffsets subsection, which holds a list of EBV-6 “offsets” (the number of
octets between the start of a Packed Object and the start of the next Packed Object). If present, the
ObjectOffsets subsection consists of an ObjectOffsetsMultiplier followed by an Object Offsets list, defined as

follows:
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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 next Packed
Object may be written. An invalid offset of zero (EBV-6 pattern *000000”) shall be us¢d to terminate
the ObjectOffset list. If the reserved storage space is fully occupied, it need n¢t include this
terminating pattern.

In applications where the average Packed Object Length is difficult, {0 predict| the reserved
ObjectOffset storage space may sometimes prove to be insufficient.\n-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. Altefnately, if it is
anticipated that the capacity of the PO Index Table will also\eventually be excegded, then the

Addendum Packed Object may also contain one or more non+-null PO Index fields.
given instance of an AuxMap section, either a PO Index Table or an ObjectOffsets
be the first to exceed its capacity. Therefore, the first pesition referenced by an Obje
an Addendum Packed Object need not coincide with the first position referenced by
Table of that same Addendum. Specifically, in anfAddendum Packed Obiject, the fir
listed is an offset referenced to the last Object@ffset on the list of the “parent” Din

Note that in a
ubsection may
ctOffsets list in
the PO Index
5t ObjectOffset
ectory Packed

Object.

1.9.2.3| Usage as a Presence/Absence Directory
rier containing
pse data items
be indication is

In man
one or
within
needeq
denotin
addres|
numbe
large n
tag. In
inform
repres

y applications, an Interrogator may choose to read the entire contents of any data ca
more “target” data items of interest.~In such applications, the positional information of th
he memory is not needed during-the initial reading operations; only a presence/absen
at this processing stage. AnID Map can form a particularly efficient Presence/Absenge directory for
g the contents of a data~carrier in such applications. A full directory structure encodds the offset or
5 (memory location) of every data element within the data carrier, which requires the wijiting of a large
I of bits (typically 32.bits or more per data item). Inevitably, such an approach also reqtires reading a
umber of bits ovef the air, just to determine whether an identifier of interest is present fon a particular
contrast, when\ohly presence/absence information is needed, using an ID Map conyeys the same
tion using only~one bit per data item defined in the data system. The entire ID Map can be typically
nted in 128bits or less, and stays the same size as more data items are written to the tag.

A “Presence/Absence Directory” Packed Object is defined as a Directory IDMPO that does nat contain a PO
Index, pnd-therefore prowdes no encoded information as to where |nd|V|duaI data items reside within the data
carrier - ] - dexec cked Object (see
Annex 1.9.2.4) by addmg a PO Index in an Addendum Packed ObJect as a “chlld of the Presence/Absence

Packed Object.

1.9.2.4 Usage as an Indexed Directory

In many applications involving 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 memory is important,
but if many data items are added to a large memory over time, the directory itself can grow to an undesirable
size.

An ID Map, used in conjunction with an AuxMap containing a PO Index, can form a particularly efficient
“Indexed Directory” for denoting the contents of an RFID tag, and their approximate locations as well. Unlike a
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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 example, three bits per defined ID). Using
this arrangempfnt, an Interrogator would rea € Direciory Packe Ject, and examine 1s ap to
determine if the desired data item were present on the tag. If so, it would examine the 3 “PO lndgx” bits
corresponding|to that data item, to determine which of the first 8 Packed Objects on the tag.contgin the
desired data item. If an optional ObjectOffsets subsection was encoded, then the Interrogator can calculate
the starting adfiress of the desired Packed Object directly; otherwise, the interrogator may_perférm sucgessive
read operationg in order to fetch the desired Packed Object.
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Annex J
(normative)

Packed Objects ID Tables

This Annex defines the Packed Objects ID Table format definition, to be used by all registered ID Tables.
These ID Tables, customised for each data system, will be registered with the Registration Authority denoted
by ISO/IEC 15961-2.

J.1 H

A Pacl
Tables
with ex

To illus
Format
and co

J.141

Keywo
follows

tra blank columns, which are also ignored.

trate the file format, a hypothetical data system registration is shown in Figure J.1 — Hy

responding ID strings. The followirg subsections explain the syntax shown in the Figure

File Header section

acked Objects Data Format registration file structure

ed Objects registered Data Format file consists of a series of “Keyword lines” and o
Blank lines may occur anywhere within a Data Format File, and are ignored. Also, an

A Keyword line consists of a Keyword (which always starts with *K<") followed by an e
a character string, which assigns a value to that Keyword. Zero or more space chat
present on either side of the equals sign. Some Keyword\lines shall appear only onc
the registration file, and others may appea multiple times;.once for each ID Table in the

An ID Table lists a series of ID Values (as defined‘in)Annex 1.5.3). Each row of an ID
a single ID Value (in a required “IDvalue” column), and additional columns may assoc

he or more ID
/ line may end

quals sign and
acters may be
e, at the top of
file.

Table contains
ate Object IDs

(OIDs), ID strings, Format strings, and other, information with that ID Value. A registration file always

includes a single “Primary” Base ID Table,,Zero or more “Alternate” Base ID Tables,
include one or more Secondary ID Tables (that are referenced by one or more Base 10

registration file. In this hypotheticalidata system, each ID Value is associated with on¢

(Mandatory) 'K-Version
revisionso their registration are clearly labelled.

(Optional) K-Interpretation = string, where the “string” argument shall be one of

4S0-646", “UTF-8", “ECI-nnnnnn” (where nnnnnn is a registered six-digit ECl number)

and may also
Table entries).

pothetical Data
or more OIDs

rd lines in the File Header (the first portion of every registration file) may occur in any ordler, and are as

nn.nn, which the registering body assigns, to ensure that any future

the following:
ISO-8859-nn,

e allows non-

default interpretations to be placed on the octets of data strings that are decoded from Packed

Objects.

(Optional) K-1ISO15434=nn, where “nn” represents a Format Indicator (a two-digit numeric identifier)

as defined in ISO/IEC 15434. This keyword line allows receiving systems to optiona

lly represent a

decoded Packed Object as a fully-compliant ISO/IEC 15434 message. There is no default value for

this keyword line.

(Optional) K-AppPunc = nn, where nn represents (in decimal) the octet value of an ASCII 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.
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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.

K-Text = Hypothetical Data Format 100
K-Version =1.0
K-TablelD = F100B0
K-RootOID = urn:oid:1.0.12345.100
K-IDsize = 16
IDvalue OiBs :Dctl;lls EAP:M—FW%Q_
(92N
0 99 1Z Legacy ID 1z 14n
corresponds to OID 99, is
assigned [Dval 0
1 9%x30-33 7%x42-45 An OID in the range 1*8an
90..93,
Corresponding to ID
7B..7E
2 (10)(20)(25)(37) (A)B)(C)(D) a commonly-used set of (1n)(2n)(3n)(4n)
IDs
3 26/27 1A/2B Either 1A or 2B/~s 10n/20n
encoded, but not both
4 (30) [31] (2A) [3B] 2A is always ¢encoded, (11n) [1*20n]
optionally followed by 3B
5 (40/41/42) (53) [55] (4A/4B/4C) (5D) [5E] One of A/BI€ is encoded, (1n/2n/3n) (4n) [5n]
then D, and optionally E
6 (60/61/(64)[66]) (6A /6B / (6C) [6D]) Selections, one of which (1n/2n/ (3n][4n]
includes an Option
K-TableEnd = 100B0
Figure J.1 — Hypothetical Data Format registration file
J.1.2 Table Header section

One or more T
Header begin
Keyword lines,

— (Man
(wher
regist]
Prim4g
“Alter|
Table

able Header sections (each.introducing an ID Table) follow the File Header section. Eac
5 with a K-TablelD keyweord line, followed by a series of additional required and ¢

(which may occur in_any order) as follows:

h Table
ptional

Hatory) K-TablelD = FnnXnn, where Fnn represents the ISO-assigned Data Format
e 'nn' represents one or more decimal digits), and Xnn (where 'X' is either 'B' or '$'") is a
rant-assigned Table ID for each ID Table in the file. The first ID Table shall always |be the
ry Base\ID Table of the registration, with a Table ID of “B0”. As many as seven adgitional
hate’-Base ID Tables may be included, with higher sequential “Bnn” Table IDs. Seconglary ID
S mhay be included, with sequential Table IDs of the form “Snn”.

umber

(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 — Defined ID Value sizes).

(Optional) K-RootOID = urn:oid:i.j.k.ff where:

I, j, and k are the leading arcs of the OID (as many arcs as required) and

— ffis the last arc of the Root OID (typically, the registered Data Format number)

162

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
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Other optional Keyword lines: in order 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 this line; column
titles are case-sensitive.

An Alternate Base ID Table, if present, is identical in format to the Primary Base ID Table (but usually
represents a smaller choice of identifiers, targeted for a specific application).

A Secondary ID Table can be invoked by a keyword in a Base Table’s OIDs column. A Secondary ID Table is

equivalent to a single Selection list (see Annex J.3) for a single ID Value of a Base ID Table
Secondary table uses K-ldsize to explicitly define the number of Secondary ID bits per ID); the-
of a Spcondary table lists the value of the corresponding Secondary ID bits pattermyfor ea

(except that a
Dvalue column
ch row in the

Secondlary Table. An OIDs entry in a Secondary ID Table shall not itself contain a(Seléction|list nor invoke
anothef Secondary ID Table.

J.1.3 |ID Table section

Each ID table consists of a series of one or more rows, each row ingluding a mandatory “IDyalue” column,

severa

defined Optional columns (such as “OIDs”, “IDstring”, and;-*FormatString”), and 3

Informative columns (such as the “Explanation” column in the hypethetical example shown aboy

Each |

K

TableEnd

D Table ends with a required Keyword line of the form:

FnnXnn, where FnnXnn shall match the preceding K-TablelD keyy

intfoduced the table.

The sy

htax and requirements of all Mandatory and Optional columns shall be as described Anng

J.2

columrn
is not g

J.21

Each |
rows s
indicat
remain

I\La
Each |

ndatory and Optional ID(Table columns

Table in a Packed Objects registration shall include an IDvalue column, and may
s that are defined in this ‘'specification as Optional, and/or Informative columns (whose ¢
efined in this specification).

IDvalue column (Mandatory)

D Table ina’Packed Objects registration shall include an IDvalue column. The ID Values
nall increase monotonically. However, the table may terminate before reaching the full n
bd by the Keyword line containing K-IDsize. In this case, a receiving system will a
nd/ID" Values are reserved for future assignment (as if the OIDs column containe

ny number of
e).

vord line that

pX J.2.

include other
blumn heading

on successive
umber of rows
ssume  that all
i the keyword

“‘K-RF

”\ Ifa rnmei‘nrnd Base |D Table does not include the nnhnns\l QlDs column described

elow, then the

IDvalue shaII be used as the last arc of the OID.

J.2.2 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).

A Packed Objects registration may include an IDString column, which if present assigns an ASCII-string name
for each OID. If no name is provided, systems must refer to the identifier by its OID (see Annex J.4). However,
many registrations will be based on data systems that do have an ASCII representation for each defined
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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 ASCII 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.

A non-empty OIDs cell may contain either a keyword, an ASCII string representing (in decimal) a single OID
value, or a compound string (in ABNF notation) that a defines a choice and/or a combination of OIDs. The
detailed syntax for compound OID strings in this column (which also applies to the IDstring column) is as
defined in Annex J.3. Instead of containing a simple or compound OID representation, an OIDs entry may
contain one of the following Keywords:

— K-Verbatim = OIDddBnn, where “dd” represents the chosen penultimate arc of the OIDpand “Bnn”
indicgtes one of the Base 10, Base 40, or Base 74 encoding tables. This entry invokes‘a number of
Secondary ID bits that serve two purposes:

— They encode an ASCII identifier “name” that might not have existed at the,time the taljle was
registered. The name is encoded in the Secondary ID bits section as a series of Base-n|values
representing the ASCII characters of the name, preceded by a four-bit field indicating the

umber of Base-n values that follow (zero is permissible, in order 16 support RFA enfries as
escribed below).

— The cumulative value of these Secondary ID bits, considered as a single unsigned binary finteger
nd converted to decimal, is the final “arc” of the OID forthis “verbatim-encoded’ identifier

— K-Se¢ondary = Snn, where “Snn” represents the Table ID of a Secondary ID Table in the same
regisfration file. This is equivalent to a Base ID Tablesow OID entry that contains a single Selection
list (With no other components at the top level), byt instead of listing these components in the Base
ID Taple, each component is listed as a separate.row in the Secondary ID Table, where each may be
assighed a unique OID, IDString, and FormatString.

— K-Prgprietary=0IDddPnn, where nn represents a fixed number of Secondary ID bits that endode an
optional Enterprise Identifier indicating who wrote the proprietary data (an entry of
K-Prgprietary=0IDddP0 indicates-an “anonymous” proprietary data item).

— K-RFA = OIDddBnn, where-“Bnn” is as defined above for Verbatim encoding, except that “B0” is a
valid |assignment (meaning:that no Secondary ID bits are invoked). This keyword repregents a
Resefved for Future Assighment entry, with an option for Verbatim encoding of the Identifier 'name”
once p name is assighed by the entity who registered this Data Format. Encoders may use thi$ entry,
with g four-bit “verbatim” length of zero, until an Identifier “name” is assigned. A specific FormatString
may be assignedto K-RFA entries, or the default a/n encoding may be utilized.

Finally, any OIDs entry may end with a single “R” character (preceded by one or more space characters), to
indicate that a|“Repeat” bit shall be encoded as the last Secondary ID bit invoked by the entry. If “1°,|this bit
indicates that anctherinstance-of this-classofidentifierisalsg-encoded-(thatisthis bitactsasifa—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 [Dstring column shall not contain any of the above-listed Keyword entries, and an IDstring entry shall be
empty when the corresponding OIDs entry contains a Keyword.

J.2.3 FormatString column (Optional)

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 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
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>=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 Annex 1.7.

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:

o

A length qualifier followed by “n” (for always-numeric data);

A length qualifier followed by “an” (for data that may contain non-digits); or

A leng
single

A fixed-length qualifier, followed by “n”,
variable-length qualifier, followed by “an”.

followed by one or more space characters,

h qualifier shall be either null (that is, no qualifier present, indicating that @ny length >

Hecimal number (indicating a fixed length) or a length range of the form i’

“:

where ‘i

followed by a

= 1 is legal), a
represents the

minimym allowed length of the data item, “” represents the maximum allowed length, and i <% j. In the latter
case, if “j” is omitted, it means the maximum length is unlimited.

Data cprresponding to an “n” in the FormatString are encoded in the KLN subsection; data cqrresponding to
an “an’| in the FormatString are encoded in the A/N subsection.

When B given instance of the data item is encoded in a Packed Object, its length is encoded in the Aux
Forma{ section as specified in Annex [.7.2.

The fofmat string for a single identifier shall consist of.either the letter “n” (for always-numeric data) or “an” (for
data thiat may contain non-digits), optionally preceded by a length range of the form “i*j”, wher¢ “i” represents

the minimum allowed length of the data item, and.*j” represents the maximum allowed length.
instande of the data item is encoded in a Pagked Object, its length is encoded in the Aux R
using the minimum number of bits that can 'express the range. The minimum value of the rar
encodad, but is specified in the ID Table’s FormatString column.

J.24

Some
conten
invaria

XAMPLE

FormatString entry of “3*6n” indicates an all-numeric data item whose length is always betwe
igits inclusive. A given length is encoded in two bits, where ‘00’ would indicate a string of digits wh
nd ‘11’ would indicate\a string length of six digits.

Interp column (Optional)

egistrations may wish to specify information needed for output representations of the P
s, othier than the default OID representation of the arcs of each encoded identifier. If this
nt<for a particular table, the registration file may include keyword lines as previously

When a given
ormat section,
ge is not itself

bn three and six
ose length is “3”,

hcked Object’s
b information is
defined. If the

fabian varinc feamn ronag waaathin o talhla than an lntaen ~aalbiiman oy, ha adAd~A ta tha
Vo e oo TOwW ot oo COr =

ID Table. This

interpretation

OVV Vv It HT THOTC Tt O Y POt T TTtoTtT

column entry, if present, may contain one or more of the following keyword assignments (separated by
semicolons), as were previously defined (see Annex J.1.1 and J.1.2):

K-RootOID = urn:oid:i.j.k.I...
K-Interpretation = string

K-1SO15434=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.3 Syntax of OIDs, IDString, and FormatString columns

In a given ID Table entry, the OIDs, IDString, and FormatString column may indicate one or more
mechanisms described in this clause. Annex J.3.1 specifies the semantics of the mechanism and Annex J.3.2
specifies the formal grammar for the ID Table columns.

J.3.1 Semantics for OIDs, IDString, and FormatString columns

In the descriptions below, the word “ldentifier” means either an OID final arc (in the context of the OIDs
column) or an IDString name (in the context of the IDstring column). If both columns are present, only the
OIDs column actually invokes Secondary ID bits.

— A Single component resolving to a single Identifier, in which case no additional Secondary|ID bits
are invoked.

— (For OIDs and IDString columns only) A single component resolving to one of a;sefies of ¢losely-
related Identifiers, where the Identifier's string representation varies only at one’or more character
positipns. This is indicated using the Concatenation operator ‘%’ to introduce a range of ASCII
characters at a specified position. For example, an OID whose final arc is(defined as “391n”| where
the fourth digit ‘n’ can be any digit from ‘0’ to ‘6> (ASCIl characters{30+¢ to 3645 inclugive) is
represented by the component 391%x30-36 (note that no spaces care “allowed). A Concatgnation
invokes the minimum number of Secondary ID digits needed to indicate the specified range| When
both &in OIDs column and an IDstring column are populated fora given row, both shall contain the
same|number of concatations, with the same ranges (so that the numbers and values of Sedondary
ID bitp invoked are consistent). However, the minimum valué.listed for the two ranges can differ, so
that (for example) the OID’s digit can range from 0 to 3 while the corresponding IDstring chiaracter
can range from “B” to “E” if so desired. Note that the use of Concatenation inherently constrdins the
relatignship between OID and legacy ID, and so<€oncatenation may not be useable urlder all
circumpstances (the Selection operation described.below usually provides an alternative).

— A Cqgmbination of two or more identifier~components in an ordered sequence, indicgted by
surrolinding each component of the sequience with parentheses. For example, an IDstring entry
(A)(%x30-37B)(2C) indicates that the @associated ID Value represents a sequence of the fdllowing
three lidentifiers:

— ldentifier “A”, then

— An identifier within the*range “0B” to “7B” (invoking three Secondary ID bits to represgnt the
choice of leading(character), then

— ldentifier “2€

compgnents-do).

Note [Tat a."Combination does not itself invoke any Secondary ID bits (unless one or mor¢ of its

— An Optional component is indicated by surrounding the component in brackets, which may 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 component in brackets, wherein a ‘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)) indicates
that the fully-qualified ID Value represents a single choice from a list of four choices (the 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.
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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 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. For example, the entry (A)(B

A OIDs entry may contain at most a single Selection list

/A) is invalid

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

J.3.2

In each ID Table entry, the contents of the OIDs, IDString; and FormatString columns shall

Component may contain more than two Concatenation operators.

An Optional component may be a component of a Selection list, but an Optional comp
be a compound component, and therefore shall not include a Selection ljst lnor a C
Concatenation.

A OIDs or IDstring entry may not include the characters ‘(', ‘), [', ‘T; %/, -, or /', unlg

Operator as described above. If one of these characters is part{efa defined data sy
“‘name”, then it shall be represented as a single literal Concatenated character.

Formal Grammar for OIDs, IDString, and FormatString Columns

followir
keywo

COMPONENT is different for each column as specifiedvbelow. In a given ID Table Entry, the ¢
OIDs, |DString, and FormatString column (exceptif-empty) shall have identical parse trees ag

gram

anywhere in an Expr, except that in the interior of a COMPONENT spaces are only permitted

specifi

Expr |

Selec
Selec
Combo

Combo

For the

g grammar for Expr, unless the column is empty/or (in the case of the OIDs colump
d as specified in Annex J.2.2. All three columns:share the same grammar, except thaf

r, except that the COMPONENTs may, be different. Space characters are permitted

d below.

:= SelectionExpr | “(“-SelectionExpr “)” | SelectionSubexpr
LionExpr ::= SelectionSubexpr ( “/” SelectionSubexpr )+
LionSubexpr ::= COMPONENT | ComboExpr

Expr ::= CompoSubexpr+

Subexpr ::=\"(” COMPONENT “)” | “[" COMPONENT “]”

OIDs eolumn, COMPONENT shall conform to the following grammar:

onent may not
bmbination nor

ss used as an
stem l|dentifier

conform to the
) it contains a
the syntax for
ontents of the
cording to this
(and ignored)
Vhere explicitly

COMPO

VENT _QID c = (COMPONENT QID Char | Concat)+

COMPONENT OIDs Char ::= (“07..%9")+

For the IDString column, COMPONENT shall conform to the following grammar:

COMPONENT IDString ::= UnquotedIDString | QuotedIDString

UnquotedIDString ::= (UnQuotedIDStringChar | Concat)+

UnquotedIDStringChar ::=

\\O

” AN 9 ” | “A” AN 7 ” I AN a ” AN z ” I A\74

QuotedIDString ::= QUOTE QuotedIDStringConstituent+ QUOTE
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QuotedIDStringConstituent ::=
W N N N~ | (QUOTE QUOTE)

QUOTE refers to ASCII character 34 (decimal), the double quote character.

When the QuotedIDString form for COMPONENT IDString is used, the beginning and ending QUOTE
characters shall not be considered part of the IDString. Between the beginning and ending QUOTE, all ASCII
characters in the range 32 (decimal) through 126 (decimal), inclusive, are allowed, except that two QUOTE
characters in a row shall denote a single double-quote character to be included in the IDString.

In the QuotedIDString form, a $ character does not denote the concatenation operator, but instead is just a
percent char: i i i i i r, the
UnquotedID9tring form must be used. In that case, a degenerate concatenation operator (wherexthe start
character equadls the end character) may be used to include a character into the IDString that is net on
characters listg¢d for UnquotedIDStringChar.

For the Forma{String column, COMPONENT shall conform to the following grammar:

COMPONENT HormatString ::= Range? (“an” | “n”)

| FixedRange “n” “ ”+ VarRange “anX

Range ::= HixedRange | VarRange
FixedRange |::= Number
VarRange ::= Number “*” Number?
Number ::=|(“0"..“9")+

The syntax fol COMPONENT for the OIDs and IDString columns make reference to Concat, whose syntax is
specified as fo|lows:

Concat ::=|"%"” “x” HexChar HexChar “-"\HexChar HexChar

HexChar ::4 (“0”..%“9” | “A”..“F”)

The hex value]following the hyphen shall be greater than or equal to the hex value preceding the hyphen. In
the OIDs coluinn, each hex value shall be in the range 3046 to 3944, inclusive. In the IDString columm, each
hex value shal| be in the range 204510 7E 6, inclusive.

J.4 OID input/output.representation

name/value pgirs;,where the name is an OID, and the value is the decoded data string associated wjith that
OID. Unless otherwise specified by a K-RootOID keyword line, the default root OID is urn:oid:1.0.1$961.ff,
where ff is the Data Format encoded in the DSFID. The final arc of the OID is (by default) the IDvalue, but this
is typically overridden by an entry in the OIDs column. Note that an encoded Application Indicator (see
Annex 1.5.3.1) may change ff from the value indicated by the DSFID.

The default mgthod-for representing the contents of a Packed Object to a receiving system is as a \s;\Iries of

If supported by information in the ID Table’s IDstring column, a receiving system shall translate the OID output
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 identifier; a table
registration may provide this information using the K-1ISO15434 keyword as described above.

The combination of the K-RootOID keyword and the OIDs column provides the registering entity an ability to

assign OIDs to data system identifiers without regard to how they are actually encoded, and therefore the
same OID assignment can apply regardless of the access method.
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“ID Value OID” output representation

If the receiving system does not have access to the relevant ID Table (possibly because it is newly-registered),
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 external tables, encoders have an option to

follow “

restricted use” rules (see. Annex 1.5.3.2).

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
but is
availah

.0.15961.300 is a Root OID with a reserved Data Format of “300” that is never encoed¢
sed to distinguish an “ID Value OID” from a true OID (as would have been used if'the
le). The reserved value of 300 is followed by the encoded table’s Data Format\(ff)

different from the DSFID’s default), the table ID (bb) (always ‘0’, unless otherwise indicated

Applicd
This pj
hypoth
OID is

and an

When
their m

tion Indicator), the encoded ID value, and the decimal representation of the-invoked Sed
rocess creates a unique OID for each unique fully-qualified ID ValGe,”For exam
btical ID Table shown in Annex L (but assuming, for illustration purposes, that the table’s
urn:oid:1.0.12345.9, then an “AMOUNT” ID with a fourth digit of ‘2" has’a true OID of:
urn:0id:1.0.12345.9.3912
“ID Value OID” of
urn:0id:1.0.15961.300.9.0.51.2

h single ID Value represents multiple component identifiers via combinations or optiona
ultiple OIDs and data strings shall be represgnted separately, each using the same “ID

ed in a DSFID,
ID Table were
which may be
ia an encoded
ondary ID bits.
ble, using the
specified Root

| components,
alue OID” (up

through and including the Secondary ID bits are); but adding as a final arc the component nymber (starting

with “1

If the (
decods
decods
single

Packeq
a Data
DSFID
betwes

for the first component decoded under that IDvalue).

ecoding system encounters a Packed Object that references an ID Table that is ung
r, but the encoder chose not 10-set the “Restricted Use” bit in the Application Indig

Lindecoded binary entity, a‘seéquence of octets of the length specified in the ObjectLen
Object. The OID for an undecoded Packed Object shall be urn:0id:1.0.15961.301.ff.n,
Format reserved to indicate an undecoded Packed Object, “ff” shall be the Data Format
at the start of memory, and an optional final arc ‘n’ may be incremented sequentially
n multiple unde€oded Packed Objects in the same data carrier memory.

vailable to the
ator, then the

r shall either discard the Packed Object, or relay the entire Packed Object to the receiving system as a

pgth field of the
where “301” is
encoded in the
to distinguish
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Annex K
(normative)

Packed Objects Encoding tables

Packed Objects primarily utilise two encoding bases:

— Base

10, which encodes each of the digits ‘0’ through ‘9’ in one Base 10 value

— Base
enco(
base-

For situations
base-30 value

— The v
chara

suppq

— The

30, which encodes the capital letters and selectable punctuation in one Base-30 valy
es punctuation and control characters from the remainder of the ASCII characten set
30 values (using a Shift mechanism) (see Table K.1 — Base 30 Character set).

where a high percentage of the input data’s non-numeric characters would require f

5, two alternative bases, Base 74 and Base 256, are also defined:

cter set), but with the digits eliminated, and with the additianjof GS and <space>
rted for uses other than as a data delimiter).

“exte

International standard), or UTF-8 (the interpretation may be set in the registered ID Table
appligation). The characters ‘0’ through ‘9’ (ASCII values 48 through 57) are supported,
encoder may therefore encode the digits either by using a prefix or suffix (in Base 256) or by

char:
291p).

Finally, there
indicators, rath

alues in the Base 256 set may convey octets with no graphical-character interpreta
ded ASCII values” as defined in 1ISO 8859-1 (which' is the default character set

ter map (in Base 10). Note that in GS1 data;-FNC1 is represented by ASCII <GS> (octsg

re situations where compaction efficiency can be enhanced by run-length encoding ¢
er than by character map bits,,when a long run of characters can be classified into 2

e, and
in two

airs of

alues in the Base 74 set correspond to the invariant subset of ISO646 (which includes the GS1

(GS is

ion, or
or this
for an
bnd an
ising a
t value

f base
single

base. To facilifate that classification, additional “extension” bases are added, only for use in Prefix and Suffix

Runs.

— Inord
Base

— Two
(see ]
non-n
additi

er to support run-length encoding of a primarily-numeric string with a few interspersed le
13 is defined (see/Table K.2 — Base 13 Character set).

Df these extension bases (Base 40 (see Table K.3 — Base 40 Character set) and B
[able K.5 <.Base 84 Character Set)) are simply defined, in that they extend the corresg
umeric bases (Base 30 and Base 74, respectively) to also include the ten decimal digi

30 thrlough 39 for Base 40, and values 74 through 83 for Base 84).

bnal entries, for characters ‘0’ through ‘9’, are added as the next ten sequential values

tters, a

hse 84
onding
ts. The
values

— The “extended” version of Base 256 is defined as Base 40. This allows an encoder the option of
encoding a few ASCII control or upper-ASCIl characters in Base 256, while using a Prefix and/or
Suffix to more efficiently encode the remaining non-numeric characters.

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 Figure K.1 — Required number of bits for a given number of Base 'N'
values. In all cases, a limit is placed on the size of a single input group, selected so as to output a group no

larger than 20
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/* BaselO encoding accepts up to 48 input values per group: */
static const unsigned char bitsForNumBaselO[] = {

/* 0 - 9 */ 0, 4, 7, 10, 14, 17, 20, 24, 27, 30,
/* 10 - 19 */ 34, 37, 40, 44, 47, 50, 54, 57, 60, 64,
/* 20 - 29 */ 67, 70, 74, 77, 80, 84, 87, 90, 94, 97,
/* 30 - 39 */ 100, 103, 107, 110, 113, 117, 120, 123, 127, 130,
/* 40 - 48 */ 133, 137, 140, 143, 147, 150, 153, 157, 160 };

/* Basel3 encoding accepts up to 43 input values per group: */
static const unsigned char bitsForNumBasel3[] = {

/* 0of- 9 */ 0, 4, 8, 12, 15, 19, 23, 26, 30, 34,
/* 10l - 19 */ 38, 41, 45, 49, 52, 56, 60, 63, 67, 71,
/* 20 - 29 */ 75, 78, 82, 86, 89, 93, 97, 100, 104, 1084
/* 30{- 39 ~/ 112, 115, 119, 123, 126, 130, 134, 137, 141, 145)
/* 40| - 43 */ 149, 152, 156, 160 };

/* Bape30 encoding accepts up to 32 input values per grddp: */
statifp const unsigned char bitsForNumBase30[] = {

/* 0of- 9 */ 0, 5, 10, 15, 20, 25, 30k 35, 40, 45,
/* 10 - 19 */ 50, 54, 59, 64, 69, 74, 9y 84, 89, 94,
/* 201 - 29 */ 99, 104, 108, 113, 118, 123,{128, 133, 138, 143,
/* 30l - 32 */ 148, 153, 158 };

/* Baped40 encoding accepts up to 30 input values per group: */
statifp const unsigned char bitsForNumBase40[] = {

/* 0l- 9 */ 0, 6, 11, e 22, 27, 32, 38, 43, 48,
/* 10 - 19 */ 54, 59, 64, ~70, 75, 80, 86, 91, 96, 102,
/* 20l - 29 */ 107, 112, 118, “123, 128, 134, 139, 144, 150, 155,
/* 30 */ 160 };

/* Bape74 encoding aegepts up to 25 input values per group: */
statifp const unsigned char bitsForNumBase74[] = {

/* 0Of- 9 */ 0, 7, 13, 19, 25, 32, 38, 44, 50, 56,
/* 10 - 19 */ 63, 69, 75, 81, 87, 94, 100, 106, 112, 118,
/* 20| - 25 125, 131, 137, 143, 150, 156 };

/* Bapé84 encoding accepts up to 25 input values per group: */

static const unsigned char bitsForNumBase84[] = ({

/* 0 - 9 */ 0, 7, 13, 20, 26, 32, 39, 45, 52, 58,
/* 10 - 19 */ c4, 71, 77, 84, 90, 96, 103, 109, 116, 122,
/* 20 - 25 */ 128, 135, 141, 148, 154, 160 };

Figure K.1 — Required number of bits for a given number of Base 'N’ values
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Table K.1 — 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 EOT 4 $ 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 J 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 Sl 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 \Y 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-Punc? N/A } 125 invalid N/A
NOTES 1~ Application-Specified Punctuation character (Value 0 of the Basic set) is defjned by
default as the ASCII hyphen character (454¢c), but may be redefined by a registered Data Format
2 P S-of-the—Basic—se he-first-appeatance of

[
Z r1Oyrd V

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
(Punctuation), and assigned to subsequent instances of P-Punc for the packed object.
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Table K.2 — Base 13 Character set
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Value Basic set Shift 1 set Shift 2 set Shift 3 set
Char | Decimal | Char | Decimal | Char | Decimal | Char Decimal
0 0 48 A 65 N 78 space 32
1 1 49 B 66 O 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
5 5 53 F 70 S 83 + 43
0 O o4 | 71 I o4 , a9
7 7 55 H 72 U 85 - 45
8 8 56 I 73 \Y 86 46
9 9 57 J 74 w 87 47
10 Shift1 N/A K 75 X 88 ? 63
1 Shift2 N/A L 76 Y 89 _ 95
12 Shift3 N/A M 77 z 90 <GS> 29
Table K.3 — Base 40 Character set
Val Basic set ShiftA set Shift 2 set
Char Decimal Char Decimal Char Decimal
0 See-Base 30 Table
29 See Base 30 Table
30 0 48
31 1 49
32 2 50
33 3 51
34 4 52
35 5 53
36 6 54
37 7 55
38 8 56
39 9 57
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Table K.4 — 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 J 74 54 h 104
5 ' 39 30 K 75 55 i 105
6 ( 40 31 L 76 56 i 106
7 ) 41 32 M 77 57 k 107
8 * 42 33 N 78 58 | 108
9 ¥ 13 33 O 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 115
16 < 60 41 V 86 66 t 116
17 = 61 42 W 87 67 u 117
18 > 62 43 X 88 68 v 118
19 ? 63 44 Y 89 69 w 119
20 A 65 45 Z 90 70 X 120
21 B 66 46 _ 95 71 y 121
22 C 67 47 a 97 72 z 122
23 D 68 48 b 98 73 Space 32
24 E 69 49 c 99
Table K.5 — Base 84 Character Set
Val Char Decimal | Val Char Decimal | Val Char Decimal
0 FNC1 N/A 25 F 50 d
1-73 See Base 74 Table
74 0 48 78 4 52 82 8 56
75 1 49 79 5 53 83 9 g7
76 2 50 80 6 54
77 3 51 81 7 55
174 © ISO/IEC 2013 — All rights reserved
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Annex L
(informative)

Encoding example for Packed Objects

In order to illustrate a number of the techniques that can be invoked when encoding a Packed Object, the
following sample input data consists of data elements from a hypothetical data system. This data represents:

— An Expiration date (OID 7) of October 31 2006, represented as a six-digit number 061031.

—{ An Amount Payable (OID 3n) of 1234.56 Euros, represented as a digit string 978123456 (“978” is the
ISO Country Code which will indicate that the amount payable is in Euros). As(shewn jn Table L.1 —
Hypothetical Base ID Table, for the example in Annex L, this data element isfall-numerjc, with at least
4 digits and at most 18 digits. In this example, the OID "3n" will be "32",Wwhere the ['2" in the data
element name indicates the decimal point is located two digits from the_fright.

— A Lot Number (OID 1) of 1A23B456CD.
The apgplication will present the above input to the encoder as a list of’ OID/Value pairs. The|resulting input
data, re¢presented below as a single data string (wherein each OID final arc is shown in parenth¢ses) is:

(7)061031(32)978123456(1)1A23B456CD

The ejample uses a hypothetical ID Table based on GS{“Application Identifiers. In this hyppthetical table,
each ID Value is a seven-bit index into the Base ID Table; the entries relevant to this example are shown
in Table L.1 — Hypothetical Base ID Table, for the example in Annex L.

Table L.1 — Hypothetical Base ID Table, for the example in Annex L

K-Vgrsion = 1.0
K-TdblelD = F99B0
K-R$otOID = urn:oid:1.0.15961.99

K-IDsize = 128
LN
IDvalue @ . OIDs Data Title FdrmatString
3 o 1 BATCH/LOT 1*20an
8 7 USE BY OR EXPIRY 6n
51 3%x30-39 AMOUNT 4*1Bn
125 (7) (1) EXPIRY + BATCH/LOT (6n) (1*20an)

K-TableEnd = F99B0

Encoding is performed in the following steps:
— Three data elements are to be encoded, using the table.
— As shown in the table’s IDstring column, the combination of OID 7 and OID 1 is efficiently supported
(because it is 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
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Now, this OID pair can be assigned a single ID Value of 125 (decimal). The FormatString column 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 — Hypothetical Base ID Table, for the example in Annex L, OID 3n has
an ID Value of 51(decimal). The OIDs column for this entry shows that the OID is formed by
concatenating “3” with a suffix consisting of a single character in the range 304 to 394 (i.e., a
decimal digit). Since that is a range of ten possibilities, a four-bit number will need to be encoded in
the Secondary 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 Object, the gncoder
chooges an 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:

— HBV-6 (ObjectLength): the value is TBD at this stage of the encoding process
— Rad Indicator bit: TBD at this stage

— HBBV-3 (numberOfIDs) of 001 (meaning two ID Values will follow)

— An ID List, including:

—+ First ID 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 Seg¢ondary 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 ne¢ded in
order|to encode or decode the Packed Object.

Next,|an Aux Format section isiencoded. An initial ‘1’ bit is encoded, invoking the PackedtObject
comppction method. Of the three OIDs, only OID (3n) requires encoded Aux Format information: a
four-git pattern of ‘0101’ (representing “six” variable-length digits — as “one” is the first allowed|choice,
a pattern of “0101” denotes¥six”)

Next,[the encoder éncodes the first data item, for OID 7, which is defined as a fixed-length $ix-digit
data ifem. The six digits of the source data string are “061031”, which are converted to a sequence of
six Base-10 values by subtracting 304 from each character of the string (the resulting valyes are
denofed aswalues vs through v, in the formula below). These are then converted to a single| Binary
value| using/the following formula:

107 * vs + 107 * vg+ 107 * va+ 10° * vo+ 10" * v4+ 10° * vq
According to Figure K.1 — Required number of bits for a given number of Base 'N' values, a six-digit
number is always encoded into 20 bits (regardless of any leading zero’s in the input), resulting in a
Binary string of:
“0000 11101110 01100111~
The next data item is for OID 1, but since the table indicates that this OID’s data is alphanumeric,

encoding into the Packed Object is deferred until after all of the known-length numeric data is
encoded.
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Next, the encoder finds that OID 3n, is defined by Table L.1 — Hypothetical Base ID
example in Annex L as all-numeric, whose length of 9 (in this example) was encoded
into four bits within the Aux Format subsection. Thus, a Known-Length-Numeric
encoded for this data

Table, for the
as(9-4=5)
subsection is

item, consisting of a binary value bit-pattern encoding 9 digits.

Using Figure K.1 — Required number of bits for a given number of Base 'N' values, the encoder
determines that 30 bits need to be encoded in order to represent a 9-digit number as a binary value.

In this example, the binary value equivalent of “978123456” is the 30-bit binary sequen

“111010010011001111101011000000”

ce:

— At this point, encoding of the Known-Length Numeric subsection of the Data Section is complete.

Note t
repres
Packeq
Length

At this
subsed

requiring a base-30 Shift out of the basic Base-30 character set, and so,Base-30 is selecte

numeri
no sub
‘00’ (in
needs
and no

Uptot
it can

compo
using B
bit seq

which i

The fo
Charad

formula below. These arethen converted to a single Binary value, using the following formula:

In this
(hexad
the prg

:

at, so far, the total number of encoded bitsis (3 +6 +1+7 +7 +4 + 5+ 204
nting the IDLPO Length Section (assuming that a single EBV-6 vector remains sufficien
Object’s length), two 7-bit ID Values, the Secondary ID and Aux Format sections, ar
-Numeric compacted binary fields.

stage, only one non-numeric data string (for OID 1) remains to be gncoded in the
tion. The 10-character source data string is “1A23B456CD”. This. string contains

Cc base (and so the first bit of the Alphanumeric subsection is set to~0” accordingly). The
5trings with six or more successive characters from the same, base, and so the next twg
dicating that neither a Prefix nor a Suffix is run-length encoded). Thus, a full 10-bit
to be encoded next. Its specific bit pattern is ‘0100100014, indicating the specific seq
h-digits in the source data string “1A23B456CD”.

his point, the Alphanumeric subsection contains the{13-bit sequence ‘0000100100011,

be determined that lengths of the two final bit' sequences (encoding the Base-10
hents of the source data string) are 20 bits (for the six digits) and 20 bits (for the four up
Base 30). The six digits of the source data string “1A23B456CD” are “123456”, which en
ience of:

“00011110001001000000”

5 appended to the end of the 13-bit sequence cited at the start of this paragraph.

ir non-digits of the source’data string are “ABCD”, which are converted (using Table K

ter set) to a sequence, of four Base-30 values 1, 2, 3, and 4 (denoted as values v; th
30° * v3 + 303% v, + 30" * vy + 30° * v

example,_the formula calculates as (27000 * 1 + 900 * 2 + 30 * 3 + 1 * 4) which is €

ecimal).encoded as the 20-bit sequence “00000111000011011110” which is appendeq
vious-20-bit sequence. Thus, the AlphaNumeric section contains a total of (13 + 20 +

BO) or 83 bits,
to encode the
d two Known-

Alphanumeric
no characters
d for the non-
fata string has
bits are set to
Character Map
lence of digits

From Annex K,
and Base-30
percase letters
codes to a 20-

(.1 — Base 30
ough vq in the

gual to 070DE
to the end of
20) or 53 bits,

append

ed immediately after the previous 83 bits_for a grand taotal of 136 significant bits in the P

acked Obiject.

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 this EBV-6 value indicates 17 bytes in the Object. Following
that, the Pad Indicator bit is set to ‘0’ indicating that no padding bits are present in the last data byte.

The co

mplete 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)
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OBJECT INFO SECTION:
ebvObjectLen: 010001
paddingPresent: 0
ebvNumIDs: 001
IDvals: 1111101 0110011
SECONDARY ID SECTION:
IDbits: 0010
AUX FORMAT SECTION:
auxHormatbits: 1 0101
DATA|SECTION:
KLndyimeric: 0000 11101110 01100111 111010 01001100 11111010 11000000
ANhgader: 0
ANpfrefix: 0
ANsuffix: O
ANmap: 01 00100011
ANd|gitVal: 0001 11100010 01000000
ANnpnDigitsVal: 0000 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 0123 1E 24 00 70 DE

Table L.1 — Hlypothetical Base ID Table, forcthe example in Annex L shows the relevant subs¢t of a
hypothetical I Table for a hypothetical ISO-registered Data Format 99.

178 © ISO/IEC 2013 — All rights reserved


https://iecnorm.com/api/?name=60d5141f78843b07a777d4bda167a9bc

ISO/IEC 15962:2013(E)

Annex M
(informative)

Decoding Packed Objects

M.1 Overview

The dé
Access
Data F|
From t
Packeq

Typica
complg
been 4
fixed lg
to pars
must fi
variabl

code process begins by decoding the DSFID. If the Teading two bits indicate the
Method, then the remainder of this Annex applies. From the remainder of the DSFEID),
prmat, which shall be applied as the default Data Format for all of the Packed Objects i
he Data Format, determine the default ID Table that shall be used to process ‘thé ID
Object.

ly, the decoder takes a first pass through the initial ID Values list, as ‘described earl
te the list of identifiers. If the decoder finds any identifiers of interest_in a Packed Obj

ngths (from the ID table) and the encoded variable lengths (from)the Aux Format subse
e the Packed Object’'s compressed data. The decoder, when.récording any variable-leng
'st convert them to variable string lengths per the table (for‘example, a three-bit pattern
b string length in the range of two to nine).

hcked Objects
determine the
N this memory.
alues in each

er, in order to
pct (or if it has

sked to report back all the data strings from a tag’s memory), theh/it will need to record the implied

ction), in order
th bit patterns,
may indicate a

Starting at the first byte-aligned position after the end of\the DSFID, parse the remaining mgmory contents
until the end of encoded data, repeating the remainder of.this section until a Terminating Pattern is reached.
Deternjine from the leading bit pattern (see Annexc.4) which one of the following conditions applies:
a)| there are no further Packed Objects in Memory (if the leading 8-bit pattern is gll zeroes, this
indicates the Terminating Pattern)
b)| one or more Padding bytes are present. If padding is present, skip the padding byteg, which are as
described in Annex |, and eéxamine the first non-pad byte.
c)| a Directory Pointer is encoded. If present, record the offset indicated by the following bytes, and then
continue examining.from the next byte in memory
d)| a Format Flags_section is present, in which case process this section according|to the format
described in Annex I.
e)| a default-format Packed Object begins at this location

If the R

the ID

acked Object has a Format Flags section, then this section may indicate that the Pack
Map-format, otherwise it is of the ID List format. According to the indicated format, p

Information”_section to determine the Object Length and ID information contained in the

ed Object is of
rse the Object
acked Object.

See Annex | 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.

Parse the Data section of the Packed Object:

© ISO/IEC 2013 — All rights reserved 179


https://iecnorm.com/api/?name=60d5141f78843b07a777d4bda167a9bc

ISO/IEC 15962:2013(E)

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.

a)

b) 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, wherein
the character strings of these alphanumeric items have been concatenated and encoded into the
structure defined in Annex|. Decode this data using the “Decoding Alphanumeric data” procedure

outlined below.

For each FQID

convert th
the root O

a)

b) complete
sequence

correspon

M.2 Decodi

Within the Alp
nor is the bit
(representing

procedure usir

section. An example of an appropriate procedure is described in this sub-clause.

When decodin

bitmapped vallies in each base (as indicated by theVarious Prefix and Suffix Runs), and (from that co

determine the
then calculate,
separately de
interleaves” th
The A/N subse
Determine the

Keep
Alphg

Parss¢

V In the decoded sequence:

e FQIDV to an OID, by appending the OID string defined in the registered formatis.ID Tl
D string defined in that ID Table (or to the default Root OID, if none is defined in‘the tabl

he OID/Value pair by parsing out the next sequence of decoded charactérs The length
is determined directly from the ID Table (if the FQIDV is specified as fixed length) or
ing entry encoded within the Aux Format section.

ng Alphanumeric data

nanumeric subsection of a Packed Object, the total nuniber of data characters is not er
length of the character map, nor are the bit lengths of the succeeding Binary s
the numeric and non-numeric Binary values). \As“a result, the decoder must imple
g knowledge of the remaining number of data bits, in order to correctly parse the AlphaN

g the A/N subsection using this procedure, the decoder will first count the number
humber of bits required to encoded these numbers of values in these bases. The proced
from the remaining number of bits, the number of explicitly-encoded character map bit
oding the various binary fields (one field for each base that was used), the decog
e decoded ASCII charactersiin the correct order.
ction decoding procedure is as follows:

total number of noh-pad bits in the Packed Object, as described in Annex 1.8.2.

a count-of{the total number of bits parsed thus far, as each of the subsections priof
numeric.subsection is processed

!

able to

:)-
~ /)

of this
from a

coded,
ections
nent a
umeric

bf non-
nt) will
re can
5. After
er “re-

to the

aracter

Map,

the~initial Header bits of the Alphanumeric subsection, up to but not including the Ch

and-addthis TTomber to previous vatue of T otatBitsParset:

may be zero)

(which may be zero)

the Prefix and Suffix (which may be zero)

Prefix and Suffix (which may be zero)
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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

icated by the Prefix bits just parsed. Use quad-base bit pairs defined as follows:

Create a PrefixCharacterMap bit string, a sequence of zero or more quad-base character-map pairs, as

— Cn
ing

— Ini

— Calculate running Bit Counts: Using the tables in Annex B, calculate two numbers:

— S€

— ift

thén no more bits remain 'to be parsed from the character map, and so the remainin

re
30
bit
an

‘00’ indicates a base 10 value;

‘01’ indicates a character encoded in Base 13;

‘10’ indicates the non-numeric base that was selected earlier in the A/N header, and
11’ indicates the Extended version of the non-numeric base that was selected earlier

pate a SuffixCharacterMap bit string, a sequence of zero or more qlad-base character
icated by the Suffix bits just parsed.

lialize the FinalCharacterMap bit string and the MainCharacterMap bit string to an empty

DigitsCount, and

NonDigitBits, the number of bits required“to encode the number of base-30 (or base 7
values currently indicated by NonDigitsCount

[ AlnumBits equal to the sum of DigitBits plus NonDigitBits

he sum of TotalBitsParsed and AlnumBits equals the total number of non-pad bits in the
bresenting Binary values, are ready to be converted back to extended base values and/o
base 74/base-256 values (skip to the Final Decoding steps below). Otherwise, get thq
from the encoded Character map, convert the bit to a quad-base bit-pair by converting

d each ‘1’ to. 10", append the pair to the end of the MainCharacterMap bit string, and:

If the-encoded map bit was ‘0’, increment DigitsCount,

Elselif ‘1°, increment NonDigitsCount

-map pairs, as

string

DigitBits, the number of bits required to encéde the number of base-10 values currenfly indicated by

4 or base-256)

Packed Object,
g bit patterns,
 base 10/base

next encoded
each ‘0’ to ‘00’

— Final Decoding steps: once the encoded Character Map bits have been fully 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 the
non-numeric data strings of the Packed Object, by parsing through the FinalCharacterMap, and:

— 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 ASCII);

Hor each ‘01’ bit-pair encountered in the FinalCharacterMap, fetch the next valug from
HxtDigitVals, and use Table K-2 to convert that value to ASCII (or, if the value is a Base™3 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 of values to. ASCII). Stpre the
result to InterleavedString;

or each “10’ bit-pair encountered in the FinalCharacterMap, get the\.next charactgr from
onDigitVals, convert its base value to an ASCII value using Annex (K, and store the rgsulting
SCII value into InterleavedString. Fetch and process an additiongl’Base 30 value fof every
ase 30 Shift values encountered, to create and store a single ASCII character.

or each ‘11’ bit-pair encountered in the FinalCharactertMap, get the next charactgr from
xtNonDigitVals, convert its base value to an ASCII value using Annex K, and store the rgsulting
SCIlI value into InterleavedString, processing any Shifts@as previously described.

> M. O =z T

Once the full FinalCharacterMap has been parsed, the InterleavedString is completely populated. $tarting
from the first AlphaNumeric entry on the ID list, copy characters)from the InterleavedString to each sucl entry,
ending each copy operation after the number of charactersgndicated by the corresponding Aux Formaf length
bits, or at the gnd of the InterleavedString, whichever conies first.
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Annex N
(normative)

Tag Data Profile encoding

This Annex defines the encoding rules for Tag Data Profiles. Because this Access-Method uses what is, in
effect, an external 'directory' as represented by the Tag Data Profile Table, header information needs to be
encoded on the RFID tag so that the relevant table can be called for encoding and decoding purposes.

N.1 §

The ern

newly flegistered Data-Formats, as follows:

Each 7
numbe

The Aq
9.254

cope

coding scheme is designed to support the encoding of any type of application data us

The data format may be any one of the registered data formats
It may be a new registration, subject to the rules of ISO/IEC 15961-2

In the case of small applications that do not justify their own data format, then Data-Fd
be used.

[ag Data Profile scheme shall be registered with the RA of ISO/IEC 15961-2, with t
I being seen as a detailed qualifier to the Access-Method.

tcess-Method and Data-Format shall be‘encoded in the DSFID in the normal manne
nd 9.2.6 (if applicable), and based on the\rules of the particular Tag Driver.

N.2 The Registered Table

A Tag Pata Profile table, specified'in detail in Annex O, shall be registered with the Registratiq

ISO/IE
then th

The ta

15961-2. If the Tag.Data Profile table is for a data element list in a multiple record (se€
assigned table number shall begin with ‘9’.

le is designed.to-be machine readable and is in two parts. The table header identifies:
A version*number for the particular table

Infarmation to enable interpretation of the input string of data

ing existing or

dbrmat = 2 shall

ne data profile

r as defined in

n Authority for
Annex R.5.3),

The Data-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 and ISO/IEC 24791

Parts 2 and 5

The number of Relative-OIDs encoded as part of the particular Tag-Data-Profile scheme.

The url for the table does not need to be on the table, but does need to be part of the registration process.
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The main part

— Thes

of the table has an entry for each data element with the following column headings:

equence number of the data element encoded on the tag, starting from zero

— 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 IJangth and format of the user data.

— Thed
UTF-

— Theg

N.3 Encodi

The encoding
more effective
header segme

ode for the ISO/IEC 15962 basic compaction scheme that is applied to the user data, in
B and application-defined.

ompacted length (in bytes).

ng the Tag Data Profile on the RFID tag

on the tag consists of two segments: a header segment and the data encoding segme
to carry out a preliminary encoding of the compacted data;then determine the encoding
Nt and concatenate these two segments.

N.3.1 Header segment

The header sé¢
follow the DSF

NO1

The structure ¢

gment shall be encoded on the RFID tag.and precede any data encoding, and immé
ID, if this is encoded as part of the usedsmemory.

E For some tag types, the DSFID is encoded in a separate memory area.

f the header segment shall.consist (in sequence) of:

— The

egistered Tag-Data-Profile scheme number, using the same structure as used for

encodling as defined in 9.2.10.

NOTE This means thatthe number of Tag-Data-Profile schemes can be extended to over 16,00

byt

, but could even extend beyond this point.

— One byte to indicate the length of the encoded header. This includes any padding bytes to a
headg¢r on asboundary relevant to the particular type of tag, for example to a word or block bou

cluding

nt. It is
for the

diately

length

D in two

ign the
hdary.

— One byteto indicate the number of bytes per block. The term block in this case is defined

as the

minimum size that can be locked for the particular tag.

NOTE For some tag types this is a different value to the one generally used in the International Standard,
which is define as the minimum unit that can be read or written. These different values need to be taken into
account during the encoding process.

— Thee

ncoded length of the entire Tag-Data-Profile using the method defined in 9.2.10.

— The root-0OID, if the Data-Format = 2. This shall be encoded as defined in Annex D.4.2. This field is
only encoded if Data-Format = 2.

NOTE Because the presence of this component is declared by the Data-Format and because the size of
the root-OID is self-declaring it can be encoded in this sequence in the structure and subsequently decoded.
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— Any padding to the end of the header, using byte 804¢. 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.

N.3.2

Encoded data segment

This particular 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:

ISO/IE

to ensure that all the bytes of a Data-Set that is intended to be locked are proper
adjacent Data-Sets, and or

to align a Data-Set to begin on a block boundary for faster read access to that.data.

C 15961-1 commands and ISO/IEC 24791-2 messages provide information about obje

their p

cesses. These are used to communicate to the encoding process, which shall follow th

in the fable with each data element encoded in the sequence defined.by the registered Ta
schemg table. If any data element is missing in the initial command or\its length is longer,
procesk shall be considered to be an error.

N.3.2.

Basic compaction

Each data Object shall be compacted according to the_declared compaction code. As long as
set is qupported, the compaction shall over-ride any optimisation rules for the No-Directory A
cting between compaction schemes. For example, an all-numeric string may be defingd as requiring

for sel
integer
size of

As the
apply:

N.3.2.2

The firs

compaction, even if this begins with a leading’zero. This deterministic approach is to eng
compacted data for each data Object.

encoded length is required to declared for the Tag-Data-Profile, the following additig

y aligned with

bt identifiers in
e rules defined

g-Data-Profile

hen the entire

the character
ccess-Method

ure a constant

nal rules shall

If the declared compaction.scheme is integer (code 001) leading zeros shall be inserfed to make up

the length

If the declared cofmpaction scheme is any other, then the compaction shall satisfy the
otherwise there is-an error

Encoding to the Logical Memory

t encdded compacted Data-Set always begins on a block boundary.

equired length,

A three

-step process is required to establish the starting position of the next and subsequent co

mpacted Data-

Sets:

1. Taking into account the lock-block size of the tag being encoded, determine whether the previous data
Data-Set ends on a lock-block boundary.

If so mark-up for the previous Data-Set all the blocks to be locked or unlocked as specified by the

profile. Compact the current Object and evaluate as from the beginning of this step

Else continue at Step 2
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2. Consider the BOOLEAN arguments for locking this Data-Set and the previous Data-Set.

— If they are different, invoke the Offset (see D.7) and insert, if necessary the required number of pad
bytes (80+5) after the previous Object to reach a lock-block boundary. Compact this Object and
evaluate as from the beginning of step 1

— If they are the same, continue at step 3

3. Consider the BOOLEAN argument for write-block aligning this Data-Set.

— If TRUE, invoke the Offset and any necessary pad bytes to the previous Data-Set to reach a write-
block boundary. Compact this Object and evaluate as from the beginning of step 1

— If FAUSE, compact this Object and evaluate as from the beginning of step 1.

In practice, befause the number of lock-block and write-block sizes are likely to be few for a~particular

set of basic pr¢ forma structures can be established for encoding to a particular Tag-Data-Profile. Furth
for those tag|types where the lock-block and the write-block are identical, the process is evep more
deterministic apd simpler to implement.

N.4 Decoding the Tag Data Profile

N.4.1 Decoding Tag Data Profiles with an ID Table

tag, a
Ermore,

Various strategies can be used to decode the Tag-Data-Profile. {n & system that only expects the Tag-Data-
Profile, many [of the steps discussed below can be omitted. Ina more general situation where the er
might or might|not be based on a Tag-Data-Profile, the following process is considered appropriate:

1.

186

If the RFID tag supports the encoding and reading of the DSFID from a separate memo
th¢ Access-Method '11' will clearly indicate encoding compliant with Tag-Data-Profiles

complete header segment before decoding can begin.

NOTE  Unless-the Data-Format = 2, where the length of the root-OID can vary, reading
should return the header segment in the majority of cases.

Identify the—length of encoding, and if this is considered to be capable of being read
appplication.with one air interface transaction, read the appropriate number of blocks us|
most efficient air interface transfer option.

coding

, then
If the
J as a

d other
ure the

8 bytes

by the
ng the

fieme to

|dent|fy the bIock( ) 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 has to 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 point of the header segment from the header segment in the tag. This

process may be implemented in the interrogator or in application software.
Use the Encodelength data (from the ID Table) to select the relevant compacted bytes.

De-compact these using the ISO/IEC 15962 basic de-compaction rule as declared
CompactCode (from the ID Table).

by the

Associate the de-compacted data element to the object identifier and process any response.
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N.4.2 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.

Once the details of the header segment have been decoded, the Data-Sets are decoded in the same manner
as for bytes encoded to a No-Directory structure. It is possible to partially decode Data-Sets 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.5 Nodifying Data

If the [Fag-Data-Profile scheme supports the ability for the application to modify-data, thgn this can be
achieved, so long as the encoded data remains the same encoded length. Additional pad by{es, as used in
the taglheader, cannot be used because the decoder is always expecting a fixed number of engoded bytes.
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Annex O
(normative)

Tag Data Profile ID tables
This Annex defines the Tag-Data-Profile ID Table format definition, to be used by all registered ID Tables.

These ID Tables, customised for each data system, will be registered with the Registration Authority denoted
by ISO/IEC 15961-2.

0.1 Tag-Data-Profile Data-Format registration file structure

A Tag-Data-Profile registered Data-Format file consists of a series of “Keyword lines” and.ane’ID Tabl

©

A Keyword line consists of a Keyword (which always starts with “K-) followed by an equals sign[ and a
character string, which assigns a value to that Keyword. Some Keyword lines shallkappear only once| at the
op of the regisfration file, and others may appear multiple times, once for each IDTable in the file.

An ID Table lists a series of ID Values. Each row of an ID Table contains.a set of columns that identify the
input data and|the encoded structure:

— |DValpe
— OID (pefining the Relative-OID)

— LockData, a BOOLEAN argument and if TRUE ‘indicating that the data, when encoded, shall be
lockegl

— BlockAlign, a BOOLEAN argument and if TRUE indicating that the encoded data shall beg|n on a
block|boundary

— FormatString to define the input'data
— CompactCode to define the\15962 basic compaction scheme
— EncogleLength

To illustrate the file format, a hypothetical data system registration is shown in Figure O.1 — Hypothetical

Data Format registration-file. In this hypothetical data system, each ID Value is associated with one JID and
other features.| This example includes five OIDs with the following constraints:

"1" for T8 digit Serialised traceability code that shall be Tocked
— "7"for 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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K-Version =1.0

K-Interpretation = 1ISO-8859-1

K-ProfilelD = F150P123

K-Root-OID = urn:oid:1.0.12345

The fol

0.2 K

The de

K-ldsize = 5

IDvalue | OID | LockData BlockAlign FormatString | CompactCode | EncodelLength
00 1 T T 18 DIGIT 001 8

01 7 F F 6 CHAR 100 5

02 9 F T 8 DIGIT 001 4

03 17 |F F 3 ALPHA 011 2

04 14 |F F 6 HEX 110 3

K-TableEnd = F150P123

Figure 0.1 — Hypothetical Data Format registration file

owing sub-clauses explain the syntax shown in the figure.

ile Header section

fined Keyword lines in the File Header (the first portion-of every registration file) are:

(Mandatory) K-Version
revisions to their registration are clearly labélled.

K-Interpretation = string, where thé&*“string” argument shall be one of the followi
"ISO-8859-1, “UTF-8". The defaulixis 1ISO-8859-1 to align the basic processes of th
Standard.

0.3 Tlable Header section

One or
Heade
Keywo

more Table Headersections (each introducing an ID Table) follow the File Header secti
begins with a’K=TablelD keyword line, followed by a series of additional requireq
rd lines, as follows:

(Mandatory) K-ProfileID = FnnPnn, where Fnn represents the 1SO-assigned Data H
andPnn is the ISO assigned Table ID for each ProfilelD.

nn.nn, which the registering body assigns, to ensure that any future

hg: “1SO-6467,
s International

bn. Each Table
and optional

pormat number,

|_(Mandatory) K-RootOID = urn:oid-i  k ff where-

i, j, and k are the leading arcs of the OID (as many arcs as required) and ff is the last arc of the Root

OID (which might be the registered Data Format number)

(Mandatory) K-IDsize
Profile

nn, where nn represents the number of OIDs in the encoded Tag Data

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.
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0.4 Table Trailer section

Each ID Table

ends with a required Keyword line of the form:

K-TableEnd = FnnPnn, where FnnPnn shall match the K-ProfilelD keyword line that introduced the

table.

The syntax and requirements of all Mandatory columns shall be as described O.5.

0.5 Mandatory ID Table columns

Each ID Table
sub-clauses.

0.5.1 IDvalue column

Each ID Table
ID Value zero,
containing K-IL

0.5.2 OID cc

Each ID Tablg
Relative-OID s

0.5.3 LockD

Each ID Tabl
argument this
data.

0.5.4 BlockAlign column

In addition to
requirement to
interface comn

0.5.5 FormatString column

Each ID Tabl¢ in a.Tag Data Profile registration shall include a FormatString column to define th

characteristics
compaction. T

in a Tag Data Profile registration shall include a number of columns as defined in the fg

and successive rows shall increment monotonically until the size defined by the Keyw
Dsize. This column defines the sequence of encoding on the RFID\tag"

)lumn
in a Tag Data Profile registration shall include an OlD column. The OID value may
pecified for the Root-OID.
ata column
e in a Tag Data Profile registration shall'include a LockData column. Using a BO

Heclares the application requirements toslock the encoded bytes that are derived from th

any block alignment to-achieve the correct locking of data, there may be an ad
begin the encoding.of\a compacted data Object on a block boundary, for example to en
hands to call specifically for a particular encoded Object.

llowing

in a Tag Data Profile registration shall include an IDvalue column. The first row shall define the

brd line

be any

DLEAN
e input

ditional
bble air

and_fixed length of the data associated with a particular identifier, in order to facilita
e ihput characters shall be compliant with the IETF document RFC 4234 Augmented

Syntax Specifi

and the possible ISO/

C .

shall be selected and specified in the ID Table.

190
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Table 0.1 — DataFormats and 15962 Compactions

Input Data | Char value (HEX) Description CompactCode
Format
DIGIT %x30-39 0-9 001 (integer) for numeric strings > 2
digits and with leading digit = 0
010 (numeric) for numeric strings > 2
digits and with leading digit = 0
110 (octet) for single digit string
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
TOT (7-bit) for a-Z strings =3 chars
110 (octet) for other shorter-§trings
VCHAR %x21-7E visible (printing) | 100 (6-bit) for char 20-te_5F 4 > 6 chars
characters 101 (7-bit) for strings’ =8 chars
110 (octet) for othé€r shorter gtrings
CHAR %x01-7F any 7-bit US-ASCII| 100 (6-bit) for ehar 20 to 5F{ > 6 chars
character, excluding NUL | 101 (7-bit)for strings > 8 chars
110 (octet)-for other shorter gtrings
OCJET %x00-FF 8 bits of data 110 (octet) for other shorter strings

0.5.6 |[CompactCode

Each ID Table in a Tag Data Profile registration shall include*a CompactCode column. This deflnes the 15962
compaftion scheme that shall be applied to the data string, rather than leave this as an automatic choice by
the engoder. The table shows logical choices that should be followed, but there are process fules that differ
from the No-Directory encoding. For example, because the ID Table shows the length of the application data it
is possjble for the integer compaction to be used'with numeric strings beginning with 0.

This cqde is also relevant to decode the enceded bytes.

0.5.7 |[EncodeLength

Each ID Table in a Tag Data Profile registration shall include an EncodelLength column. This defines the
number of bytes required to‘encode the application data. It is used to parse the encoded byteg to identify the
byte stfing for de-compaction into the application data.
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Annex P
(informative)

Encoding example for Tag Data Profile

In order to illustrate a number of the techniques that can be invoked when encoding a Tag-Data-Profile the
following example is based on the Profile structure as illustrated in Figure O.1 — Hypothetical Data Format
registration file, with the following additional inputs:

— The Icl)ck-block size is 8 bytes

— The W

— The [

— The five data elements have to following values:

— R

wal

P.1 Encodeéed data segment

P.1.1 Encod

The first Data
followed by theg

The data asso
required to be
block aligned.
sequence:

ciated with Relative-OID 1 compacts as 00 2B DC 54 5E 14 D6 4E. It is 8 bytes long, 3

rite-block size is 2 bytes

SFID is encoded in user memory

elative-OID 1 = 0123456789121345678
elative-OID 7 = AB12XY

elative-OID 9 = 20091231

elative-OID 17 = JPN

elative-OID 14 = A2B380

ing the first Data-Set

Set requires a Precursor that identifies the compaction scheme used and the Relativ
length of the compacted data.

locked. Adding the Precursor and length byte makes for a total length of 10 bytes, whic
The Precursor needs to be set to indicate that it is followed by an Offset byte, so has

e-0ID,

nd it is
N is not
the bit

— 1toin

dicate that an Qffset 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 Data-Set
of 16 bytes has the byte string of:

The Data-Set i

192

91 05 08 00 2B DC 54 5E 14 D6 4E 80 80 80 80 80

s marked-up as requiring locking.

© ISO/IEC 2013 — All rights
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P.1.2 Encoding the second Data-Set

The second Data-Set 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 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 Data-Set needs to remain unlocked, no pad pads are required for lock-block purposes.
However, the next Data-Set needs to begin on a write-lock boundary so some re-alignment is required
comprising one byte. The Precursor needs to be set to indicate that it is followed by an Offset byte, so has the
bit sequence:

—]{ TT1o indicate that an Offset follows
—1 100 to indicate the compaction scheme

—{ 0111 to indicate the Relative-OID

The Precursor has the hexadecimal value C7, and is followed by the Offset byte with the valup 00 indicating
that of jtself it provides sufficient pad bytes. So the second Data-Set of 8 bytés has the byte string of:

C70005042C 726198

The D3ata-Set is marked-up as not requiring locking.

P.1.3 |[Encoding the third Data-Set

The third Data-Set requires a Precursor that identifies\the compaction scheme used and the| Relative-OID,
followed by the length of the compacted data.

The dgta associated with Relative-OID 9 compacts as 01 32 91 5F. It is 4 bytes long and doeg not require to
be locked, but it does require to be aligned’for reading and writing. The previous Data-Set [required block
alignment, so this Data-Set is encoded from the beginning of a block boundary. Adding the |Precursor and
length pyte makes for a total length of ‘6\bytes. As this is block aligned on the 2-byte boundary| no Offset and
no pad|bytes are required. The Precusor so has the bit sequence:

—{ 0 to indicate that no Offset follows
—{ 001 to indicate the’"compaction scheme

— 1001 to indicate the Relative-OID

The Precursor has the hexadecimal value 19, and is followed by the length byte. So the third Data-Set of 8
bytes Has the:byte string of:

1904 01 32 91 5F

The Data-Set is marked-up as not requiring locking.

P.1.4 Encoding the fourth Data-Set

The fourth Data-Set 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 Annex D.4.4.2 with the value 0245. 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 needs
to be block aligned. It can be encoded as output from the encoder. Adding the Precursor, the Relative-OID
and length byte makes for a total length of 5 bytes. The Precursor needs to be set to indicate that it is followed
by a directly encoded Relative-OID, so has the bit sequence:
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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 Data-Set of 5 bytes has the byte string of:

The Data-Set

7F 020254 1C

s marked-up as not requiring locking.

P.1.5 Encoding the fifth Data-Set

Relative-OID 1
the three bytes

The fifth Data
followed by thg
so this Data-S
for a total leng

0 toin

1110

The Precursor

bytes has the byte string of:

The Data-Set

P.1.6 The cc

The complete

illustration purposes:

110 t¢ indicate the compaction scheme

4 was presented with the six hexadecimal characters 'A2B3C4', so these are io/be encq
A2 B3 80.

Set requires a Precursor that identifies the compaction scheme uséd, and the Relativ
length of the compacted data. The previous Data-Set and this oné<equire no block alig

pt is abutted at the end of the previous encoding. Adding the Precursor and length byte
h of 5 bytes. The Precursor has the bit sequence:

dicate that no Offset follows

to indicate the Relative-OID

has the hexadecimal value 6E, and is followed by the length byte. So the fifth Data-§

6E03 A2 B3 80

s marked-up as not requiring-Aocking.

pmplete data segment

encoding is as follows, with the locked bytes shown in bold and alternate Data-Sets sha

ded as

e-0ID,
nment,
makes

et of 5

ded for
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91 01
08 00
2B DC
54 S5E
14 D6
4E 80
80 80
80 80
c7 00
05 04
2C 72
61 98
19 04
01 32
91 5F
TF 02
02 54
1C 6E
03 A2
B3 80
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P.2 Encoding the header segment

Account needs to be taken that the DSFID is encoded in user memory, and as this has the Data
150 two bytes 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 last five bits are set = 11111 to indicate an extended Data-Format

Therefore the first hyfn =11011114 = nl:m

—{ The second byte encodes the value of the (Data-Format — 32) = 15049 — 3249 = 14845 =

-Format value

7646

Thesg¢ two bytes need to be taken into account for block alignment of the header segment. The following can

be determined:

The ProfilelD = 123, which can be encoded in a single byte = 7B

V)

b) The header size cannot be determined until other component walues are established
c} The lock-block size is 8 bytes, encoded as 08¢

d) The length of the complete Tag Data Profile is {header segment + data segment} = ?
undetermined, but certain to only require one byte

e) As the size of (a + ¢ + d) is only 3 bytes, it is‘clear the (b) will only require one byte

g) The value of (d) can be determined‘as 6 + 24 = 30, which is encoded as 1E¢

=)

Two pad bytes are required

The complete encoding of the header segment is: 7B 06 08 1E 80 80

© ISO/IEC 2013 — All rights reserved
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Annex Q
(normative)

sic encoding rules for Multiple-Records Access-Method

Q.1 Overview

The basic enj
Multiple-Rec
Annex R.

The Multiple-Records Access-Method comprises the following components:

A MR-hes
individual

A series
hierarchic
of the datd

Optionally,

The MR-headg¢r, all the records, data element lists, and entriés in the directory shall be block aligng

MR-header m4

EXAMPLES
Encoding o

Encoding o

The MR-headgr and individual records may have an assigned memory capacity that is greater than r

for the initial e
for the record.
such as a lock

Q.2 Encodi

The MR-head

records. The MR-header may be locked or unlocked, or selectively locked.

bf records that can support: single records, multiple instances of the same type of
bl records, and data element lists. Each record comprises a preamble followed by the er

oding rules defined in this annex support the encoding of homogeneous or heterog
rds. These rules also cover generic aspects for encoding hierarchical records, as\def

der (see Annex Q.2) shall be encoded as the first entry in the Logical.Memory and pred

in the record, which complies with the encoding rules of the-nominated Access-Method.

a directory, which should be encoded for larger logicallmemories.

y be locked, or unlocked, or selectively locked,

h an ISO/IEC 18000-6 Type C tag shall begin and end on a word boundary.
h an ISO/IEC 18000-3 Mode 1 tag shall begin and end on a block boundary.

hcoding. This is to enableadditional data to be correctly encoded within the boundaries
This mechanism is.also useful to align records, or the MR-header, to some hardware
block boundary, of some file access mechanism.

ng the Multiple-Records header

br for the Multiple-Records Access-Method shall begin in the lowest addressable b

memory. The

MRZheader shall comprise a number of mandatory and conditional components defineg

ENeous

ined in

ede all
record,

coding

d. The

bquired
jefined
feature

lock in
in the

following sub-ctausesThe structure isittustratedim T abte Q- +— 1 he sequentiat byte structure of the

Records header.
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