INTERNATIONAL ISO/IEC
STANDARD 15962

Second edition
2013-03-15

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

Technologies de l'information — Identification par radiofréquehce
(RFID) pour la gestion.d‘ojects — Protocole de données: réglgs
d'encodage des donnhées et fonctions logiques de mémoire

Reference number
ISO/IEC 15962:2013(E)

1EC

©|SO/IEC 2013


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

ISO/IEC 15962:2013(E)

L COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2013

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form or by any
means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior written permission.
Permission can be requested from either ISO at the address below or ISO’s member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20
Tel. +412274901 11

Fax +41 2274909 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO/IEC 2013 — All rights reserved


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

ISO/IEC 15962:2013(E)

Contents Page
oL =V o o vii
1o T LW T T} o viii

LT e = ! S 1
2 Normative referencCes.........ccccceeiiiicccisecriir e sssne s e s s s s s s s ssmnnseessssssssssmnnnsesesskehestensheresssssnnnne 1
3 Terms, definitions and conventions............cccciiriicrrrcc e L e e 2
3. Terms and definitions ... e b 2
3. L0 0 0 1= o oY o 1= -/ S 2
4 L0 41 e T4 3 T= 1 Lo = e S N 2
4. Conformance with the air interface ...........ccoo o St b 2
4. Conformance with the application interface..........ccccumriiiicccccccce BN e e, 2
4. Conformance with the Access-Method..............ic e e e 3
5 Protocol Model ... T s mmnn e s se s mmme e e s 4
5. L0 1Y =Y =P 4
5. L= V=T =T I o o o Yo o ) . S P RN 4
5. Flexible implementation configurations .............cccc. i rirrscsre e b e 6
5. Functional processes — interrogator implementation .............ccccevivmmiiincccicsnnces s 6
5. ISO/IEC 15962 and the Data ProCesSor........cco. - iiiiiiiinsserersssses s ssssss s ssssss s sssssssssssssdhessssssnennns 9
6 Data and presentation CONVENLIONS ..........5 i iiccccceerrr s ssssrr s s ssne e e s e s sss s s mme b e s e e snssnnnns 9
6. Data types in ISO/IEC 15961-1 commands$'and reSPONSES ..........cccvvemerrrrrisssssssmeeneeresssssssshassesseens 10
6. Extensible bit vector (EBV) ... s 10
6. Object Identifier presentation in the application interface..........ccccovvviiiiiiicnicicccic s 10
6. The ODJECH ........ it g e ¥ nee s ssssnn e e s s s s ne e sessne e e sasne e e sasnneeeasnnnesasssnnenanssnsensasnensnssnnensessnnnnanan 12
6. The 8-Dit DYLe .....coeiiiieieeceecne e rrnsmr e s rssmr e s ssssmr e s ss s e ssssnr e e ss s e e ns s s n e nesssnnenanssnnensnssnseansnnnsspessnennasan 12
6. N-bit eNCOdiNG ...cceeriiie s - 12
7 Data Processor — high level processing ........ccccccrrminismrminnsmsssssss s s 12
8 Data Processor and'the application interface ..........cccccoeerecmrrrcccnrnccce e b 13
8. Application cOmMMmMands — OVEIVIEW ..........cceeeiiieeeimmmieeeesessnsssssssssssssssssssssssssssssssssssssssnsnsssnssnnshesmsmnmnnes 13
8. Application commands and reSponNsSes— WIite...........cueeeeeememmmmmemmmmmeeemmeeeeeeeceesmnmsssmnmsmsmsmssssshasssnsnsnes 15
8. Application.commands and reSpoNSES— read..........ccccceerrerissrssserererrissssssssseseessssssssssssssssses drassssnnnns 31
8. Application.commands and responses— Other ..o sseeee e e 40
8. Air interface support for application commands........ccccccevecccieimrennnnccccseerrre e 49
9 Data‘Processor and the air interface.............ccooiriicccccc ke s 49
9. YN L 1 (=T = LodJT =] T LS I 49
9. Defining the system information ............coo ik 50
9. Configuring the Logical Memory ... s mmnn s e e 58
10 The Command/Response Unit: processing of command and response arguments.................... 58
g O o o Yoo T T W] 1= | 59
0T 2 00T 1T o] 1= i oY o BT 0o T Lo 3 S PRS 71
0T T =5 =Y o 1 o o B0 Y o L= -SSP 74
1 N o o =TT 1 1= 5 T'o T 74
R TR o 11 =Y o2 o] V= {0 {0 ] S 75
7 0 1 4= o3 T YA 4 T 0 =S 77
11.3  Packed-ODbjJects StrUCLUre..........cooii i es e ssnn e e e e s e s mnme e e e s e e s s nmn e e e e nnnnas 79
11.4 Tag Data Profile ... 80
11.5  MUIIPIE-RECOIAS .....coiiieii it e e e s e nn e s s e 80

© ISO/IEC 2013 — All rights reserved iii


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

ISO/IEC 15962:2013(E)

12

12.1
12.2

13

131
13.2
13.3
13.4
13.5

Annex
A1
A.2
A.3
A4

Annex
B.1
B.2
B.3
B.4
B.5

Annex
CA

C.2

C.3

C4

C.5

C.6

C.7

C.8

Cc.9

Annex
D.1
D.2
D.3
D4
D.5
D.6
D.7
D.8
D.9

Annex
E.A1
E.2
E.3
E.4
E.5
E.6

ISO/IEC 15434 direct encoding and transmission method using Access-Method 0 and

Data-Format 3. e 86
General rules for ISO/IEC 15434 direct eNCoOding......ccceveccciemmeririiisicccsscers e ss s ssssne e s s ssmsmne e s ees 86
Specific support for ISO TC122 standards ..........ccccccmririiiccissncernrennissssssssere s s s sss s s e e esssssssssmssssees 87

11"/ EeTaTeT o g LoT o1 ¢ TLeZeL 811 1= 4 Voo Yo [] oV T
6-bit @NCOAING ... ———————————
T-bit @NCOAING ... —————————
URN C0ode 40 €NCOAING ....cccouiiiiiieiriinisers i s s s sss s s as s s a s e e n e e e am e e e asnn e e e n e nmn s
8859-1 octet ENCOAING .....ciriiiiiiriiirr i ————————
Application-defined 8-bit coding.........ccccciiiiiiiiiiiiiiiii .

A (informative) Air interface support for application commands..........ccccoeeecerrreicerrnssserenssseeepenend
L0 =T T R S S
ISO/IEC 18000-3 MOde 1 SUPPOIL........uemeeriiriiiccccnmnrrreresssssssmsee e e s ssssssssnnsssssssssssssnsnssesssesssssashedeinnannan
ISO/IEC 18000-6 Type C SUPPOIt......cccceerrrranrrrrarrnrrrssssnrrrsssssmrerssssnsesssssnsersssssnessssssnsessssss{yomsbinnnnnsannens
ISO/IEC 18000-6 Type D SUPPOIt.......iieireiiiccicemrrrrerrsssssssssnns s e s s ssssssssssnsssnssssssssssnnnsngesitoheessnnnnnnssannnd

B (normative) Pro forma description for the Tag Driver .........cccccimiinriinnncsm s e
Defining the Singulation-Id ... s s SoEnn e e r e s s smnn e e e e e e e e
ystem iNformation @ AF] ...t rre e s e s e ne e s rens S\ be S e e e e e e e mnnnssnssnseennnnnnnd
ystem iNformation: DSFID ... rres s e e e e s s e ses bansb s s s e s e s e mmnnsssssenneenennnnnd
emory-related parameters..........cco i S ——————
TT'o oo o 8 o] g oo 4 01 .4 - T3 U [0

S

C (normative) ISO/IEC 18000 Tag Driver Descriptions.............i S ceeerrrcseerssssmre s sssee s s smee s smees
Tag Driver for ISO/IEC 18000-2: Parameters for air interface’communications below

ST

S
S
M

I 28 011 2
Tag Driver for ISO/IEC 18000-4: Parameters for-air interface communications at 2,45 GHz -
1] & o (=

Tag Driver for ISO/IEC 18000-6 Type A: Parameters for air Interface Communications at
860 MHZ t0 960 MHzZ...........ccoiireererir s n s as e e ae e ean e s a e e e e e aamn e nannenans
Tag Driver for ISO/IEC 18000<6.Type B: Parameters for air Interface Communications at
860 MHZ t0 960 MHz..........c ) e s e e s eme e e e e e e e s
Tag Driver for ISO/IEC 18000-6 Type C: Parameters for air Interface Communications at
860 MHZ t0 960 MHZ.o.heci. e e e s e s e s s e e e e e e m e e eme e emeeemn e me e e e ennean
Tag Driver for ISO/IEC18000-6 Type D: Parameters for air Interface Communications at
860 MHZ t0 960 MHZ.........coooeiiriii e s

D {normative).Ehcoding rules for No-Directory Access-Method .............cccovirmririiiiiccccimnnenenes
(0] o) 1= o2 B o e T2 X7 1 T R
Encoding-the length of the compacted Object............ccoociiiiiiiiiniis
Processing the Object-ldentifier ...........ccocmiiiiiiiinii i ———
Processing the Relative-OID...........ccocciiiiimirn s
Encoding-thetength-and-Object=tdentifier-orRelative-OIDrrrrmmrem s o
LI LT g 5T o T =T o T
I LT 15 5T =] A )
The Precursor eXxpansion BYLe ...t
Decoding the Logical MemoOry ... s mss e s mmnn e

E (normative) Basic Data Compaction Schemes.........cccocciiiicininnr e
0] 2= L=T g o'oY 1 o T= T £ o
[\ 0T T=T o3 oo T o T= T €T o
5-Dit COMPACLION ..o ———
6-bit COMPACION ... ————————————————
T-bit COMPACHION ... —————————
(077 7= A= 4 Lo o T F- 1 ' o R

© ISO/IEC 2013 — All rights reserved


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

ISO/IEC 15962:2013(E)

Annex F (normative) ISO/IEC 646 Characters Supported by the Compaction Schemes ............ce.......e 130
Annex G (informative) Encoding example for No-Directory structure ..........cccocccvmmimriiisccccsnecenesensssenns 133
G.1 RS T 4 Vo 0 o e 1= 1 Lo o PSS 133
G.2 Encoding the Object-ldentifiers .........ccccciiiiiiccciirir e e e 133
G.3 The initial state of the entry for the Logical Memory...........ccccciimiiiiccccsmemeene s ssscssseeee e es s ssnmeees 133
G4 The Logical Memory after data compaction ...........ccccecviiiiniin s 134
G.5 The Logical Memory after formatting for a No-Directory Access-Method ............ccceciiriinnennn. 134
Annex H (informative) Encoding example for Directory structure...........ccccovviiimmniniininnssneeeen, 136
H.1 LI L= ¢ T = - - 136
H. i i t D;lcuttn_y Glltly ................................................................................................... 136
H. Encoding the second Directory entry ..........cccccceriininninnmne s etk e 137
H. Encoding the remaining Directory entries.........ccccccoiiiiciiirmnincccerrceeeeee b, 137
H. Decoding the Directory and reading the target Object-ldentifier ..........ccccorrreipuisn dennnnc s 138
Annex | (normative) Packed-Objects Structure..........ccccccmmiiiicccciemreninnscccsseere e ehba e e s ssmne e e e e e snnnns 139
1.1 L0 Y T £ o R 139
l. Overview of associated ANNEXES .........cccciriniinininin e e e 139
. High-level Packed-Objects format design .........cccccmriiicicciccmmriinnnsccee s iote e ahe e e ee e 139
. Format Flags SeCtion ... e Ve s ssn s s ssssssn s e e 142
. Object INfO SECLION ...t e s 144
. Secondary ID Bits S€CtioN ... i b 150
. Aux Format SECHION ... T s 150
. [ F= 1= BT =Y o7 T o O PN S 152
. ID Map and Directory encoding Options ..........ccccviissmiushanmernssesrs s sh e sane 155
Annex J (normative) Packed Objects ID TabIes ........cccccceiiiucismerrernnssssssssmseessssssssssssmsssssssssssssssnsssgeesssnnns 161
J. Packed Objects Data Format registration file structure...........ccccoveeerirrrcecericcccee e s 161
J. Mandatory and Optional ID Table COlUMNS ... {1 i e e e 163
J. Syntax of OIDs, IDString, and FormatString.columns...........ccccceeieiicccsscerrnennsssccsssscereeeeess bessssnens 166
J. OID input/output representation ............si s s ee s n e e 168
Annex K (normative) Packed Objects Encoding tables..........ccccociemiiniicininninnnsnnesenesn e 170
Annex L (informative) Encoding example for Packed Objects..........cccovvvirrnniiiinnnniennnsennenen e, 175
Annex M (informative) Decoding Packed ObjJects ...........ccccriiiiiminnisisnnsi s b, 179
Mi L0 Y=Y - RRTR N 179
M Decoding Alphanumeric.data............ccccviiiiiriiniinrr s 180
Annex N (normative) Tag Data Profile encoding ..........ccccevieeimiincccrirrccsre e rsssme e sme e esss b e 183
N. ST oo o - R N 183
N. The Registered \Table. ..........o e 183
N. Encoding the Fag Data Profile on the RFID tag ........ccccvreeeerirccererrssere e e rsscme e s e smee s ssss e snnes 184
N. Decodingthe Tag Data Profile ..........ccccrireooimiiceceeirrceee e s s e ssssmr e ss s e sssne e s s smme e s sss e nssmees 186
N. Modifying Data.........cccciviriiiir i ———— 187
Annex O (normative) Tag Data Profile ID tables ... e 188
0. Tag-Data-Profile Data-Format registration file structure..........cccccoeeeeiccirrir e e 188
0. 1 (=30 L5 o [T =T = o o o S PR 189
0. BLIE:1 ] (=30 5 L2 T (=T =T =Y o o o PSSR N 189
0. i L0 § P s N 190
0. Mandatory ID Table COIUMNS .......ccciiiiiiiiirr e 190
Annex P (informative) Encoding example for Tag Data Profile............ccccrireeeriirncccrensscseee e 192
P.1 Encoded data segment ... ———— 192
P.2 Encoding the header segment ... ———————— 195
Annex Q (normative) Basic encoding rules for Multiple-Records Access-Method ............ccccvrieirrrinnees 196
Q.1 OVEIVIBW......ueieiieirct e st e s e s see s e st s s se e s e e s sae s ae e e e e e e e e e ae e ae e st e Re e e e e e ne e aeeeaeeeanesanesnesnesaneensnensnesnnanns 196
Q.2 Encoding the Multiple-Records header...........cccoociiiiiiiiiiiim 196
Q.3 Encoding the preamble of an individual record that is not part of a hierarchical structure .....200
L TR S 1 0 T= T8 = e o N 203
Q.5 I3 Lo LT = o) 203

© ISO/IEC 2013 — All rights reserved \"


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

ISO/IEC 15962:2013(E)

Q.6 AppPending @ NEW FECOId ... s smn e s e s snmn s e e s s e anmnnns
Q.7 Modifying an existing record..........cccuciiiimimini i —————
Q.8 Deleting an existing reCord............oo i ———————
Q.9 Constructing the Object-ldentifier from the MR-header, preamble and individual record
Annex R (normative) Multiple-Records encoding rules for hierarchical records ............cccceevmrrrrrnnnneee.
R.1 [0 1=
R.2 Encoding the Multiple-Records header ...
R.3 Encoding the preamble of hierarchical record............ccociiiiiiiiiciii s
R.4 The hierarchical reCOrd ......... .. e s ammn e e s mmnnns
R.5 (0 F T 2= =Y (=Y 50T 0L 1 PP
R.6 LI T L= e o
R.7 ApPpending @ NEW FECOId ... s ms s smn s e s e e s nnme s e e s seensant i
R.8 Mpdifying an existing reCord...........oo i ne e e e
R.9 Deleting @ reCord....... . s nnnn e e s e b e
Annex S (informative) Encoding example for the Multiple-Records Access-Method..........ox0 s
S.1 The heterogeneous multiple record example.........ccccccciimiiriccccsmemrrrnnnsssssssseeeeeee s e Teeee e esssssnns
S.2 Ah encoding example of a homogeneous multiple record .........cccceeveccvcnen sl nnsscssnns
S.3 An encoding example of a hierarchical multiple record...........ccccooriiiciiicce oS Gtnnnnnmnnr s
Annex T (normative) ISO/IEC 15434 Direct Encoding and Transmission .........bus e,
TA 0 1 o | PP e SRS
T.2 PrecUrSOr DYte.......coiiiiiiiiir s s s
T.3 Data byte-count iNdiCator ..o e ———
T.4 (= TeToTe [0 Yo T=Tq T N B T=Y oo Lo T T S
T.5 Encoding and Decoding Example using Data Identifiers.....{.......ccccvvrreeemincccennssceee e
T.6 Additional Code Values and other Precursor features ... .. ecceerersscerees e
Annex U (informative) ISO/IEC 15434 Direct DI Encoding and/Transmission for ISO TC122

R €= 11 Lo F=T o L= SN
u.1 0 15 o | .o
u.2 [ (=TT =T ol )V O PR
u.3 Data byte-count INdIiCAtor ... e ———
U4 (= TeToTe [0 To J=Tq T I B T=T oo Lo 1T T
u.5 Encoding and Decoding EXample......lot s s s
Annex V (normative) URN Code 40 €NCOAING .....cceeeerrrrrrrrerrnrsrerrassnrrssssssrerssssnsesssssnsesssssnsesssssssessasssnessanes
V.1 BRSIiC Character Set......... e i e mn e
V.2 (25 =T 0 To (=T I8 g oo L1y T
V.3 ERcoding EXamplle.......... i
V.4 (2T o] 1VZ=Y gl =T 1] o] =
=71 o1 Lo =T o 13 246

vi © ISO/IEC 2013 — All rights reserved


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

ISO/IEC 15962:2013(E)

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 part|C|pate |n the development of Internat|onal Standards through techmcal committees

Int

TH
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TH
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ernational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Par

e main task of the joint technical committee is to prepare International Standards. Draft In
bndards adopted by the joint technical committee are circulated to national bedies for voting. Pub
International Standard requires approval by at least 75 % of the national bodies casting a vote.
hts. ISO and IEC shall not be held responsible for identifying any,of.all such patent rights.

D/IEC 15962 was prepared by Joint Technical Committee’ ISO/IEC JTC 1, Information t4

bcommittee SC 31, Automatic identification and data capture techniques.

ised.

ention is drawn to the possibility that some of the elements of this document may be the subjec}

and IEC

ernational
lication as

of patent

bchnology,

is second edition cancels and replaces the first edition (ISO/IEC 15962:2004), which has been fechnically
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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

acceSS|bIe between the RFID tag and the mterrogator only by the use of an air interface protocol as speC|f|ed

time ina ¢

must be f
objective.
arguments
ISO/IEC 2
between

managem

support de

functional

Manufactu
standards

rules of the commands and responses in ISO/IEC 15961-1.

rers of RFID equipment (interrogators, RFID tags, etc.) and/the/users of RFID technology requirg a
tbased data protocol for RFID for item management. ISQO/IEC 15961-1 to ISO/IEC 15961-3, this

International Standard, and ISO/IEC 24791 specify this protocaol; which is layered above the air interfgce

standards

The trans]
subject of
developed

defined in ISO/IEC 18000.

fer of data to and from an application, supported by appropriate application commands, is the
ISO/IEC 15961-1. This International Standard.specifies the overall process and the methodologies
to format the application data into a structureto store on the RFID tag.

viii
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TERNATIONAL 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

Th
IS
un

Th
to
a

-

Th

2

Scope
e data protocol used to exchange information in an RFID system for item management is s
D/IEC 15961 and in this International Standard. Both International Standards _are required for g
derstanding of the data protocol in its entirety; but each focuses on one particular interface:

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

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

is International Standard focuses on encoding the transfer syntax, as defined in ISO/IEC 15961
the application commands defined in ISO/IEC 15961. Theyencodation is in a Logical Memory as
alogue of the physical memory of the RFID tag being addressed by the interrogator.
is International 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 formatting-rules for the data, e.g. depending on whether a directory is used or not

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

— defings other communication to the application.

Normative references

— specifies(processes associated with sensory information and the transfers to the Tag Driver;

pecified in

complete

F tag, and

according
b software

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

©lI
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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

3.1 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

NOTE For terms defined below and in ISO/IEC 19762-1 or ISO/IEC 19762-3, the definitions given below apply.

3141
data compaction
mechanisn, or algorithm, to process the original data so that it is represented efficiently in‘fewer bytes in a
data carri¢r than in the original presentation

3.1.2
Data Progessor
implemeniation of the processes defined in this International Standard, including the Data Compactpr,
Formatter| Logical Memory, and Command/Response Unit

313
Precursof
byte, somgtimes a sequence of bytes, used in the Directory and:No-Directory Access-Methods that acts [as
metadata for the subsequent Object-Identifier and Object

314
Relative-QID
particular [object identifier where a common root-OID" (for the first and subsequent arcs) is implied, and
remaining|arcs after the Root-OID are defined by the-Relative-OID

3.2 Confventions

Conventignally in International Standards; long numbers are separated by a space character as a "thousands
separator|. This convention has notrbeen followed in this International Standard, because the arcs of pn
object identifier are defined by ,a, space separator (according to ISO/IEC 8824 and ISO/IEC 8825). As the
correct representation of these.arcs is vital to this International Standard, all numeric values have no spdace
separator$ except to denote-aiode between two arcs of an object identifier.

4 Conformance

Conformapce<to(this International Standard shall depend on the functional capability of the device as defined
in the follgwing three sub-clauses.

4.1 Conformance with the air interface

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). This 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:

2 © ISO/IEC 2013 — All rights reserved
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4.2.1 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).

4.2.2 Decoders and the application interface

W|thin the constraints of the air interface protocol supported, a conformant implementation of this InIernationaI
Stpndard on a decoder shall support the application commands defined in 8.3 and the associatgd process
argument, as defined in Clause 10.

4.2.3 Comprehensive encoder/decoder devices and the application interface

W|thin the constraints of the air interface protocol supported, a conformant implemeéntation of this Infernational
Standard on an encoder/decoder shall support the application commands.defined in 8.2 and 8.3 and the
aspociated process argument, as defined in Clause 10. In addition, the Delete-Object (see 8.4.2) arld Modify-
Object (see 8.4.3) commands shall be supported. Other commands defined in 8.4 may be suppprted, and
each command that is supported shall be declared.

Conformance with the Access-Method

THe conformance requirements depend on the type of implementation as follows:

.1 Encoders and the Access-Method

A ronformant implementation of this International Standard on an encoder shall support the encading rules
formatting rules of one or more Access-Methods as defined in Clause 11 and associated| Annexes.
Declarations of conformance shall refer tolthe specific Access-Method(s) supported.

4.3.2 Decoders and the Access-Method

A tonformant implementation(ofi this International Standard on a decoder shall support the decoding rules and
fofmatting rules of all the Aeccess-Methods as defined in Clause 11 and associated Annexes.

An interrogator is not. expected to fully support the decoding functions of all the Access-Method$, and the
following shall apply1o achieve conformance:

— For_full'conformance, the decoder process on the interrogator shall output the Object-ddentifier,
Object and other arguments as required in the responses to the commands.

== 'For partial conformance, the decoder process on the interrogator shall output the byte gtring 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.

4.3.3 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. The prime function of
ISO/IEC 15961-1 is to specify a common interface between the application programs and the RFID
interrogatdr.

are recog

Different application standards may have their own particular data sets or data dictionaries. Each major

avoiding ¢onfusion with data from other applications and even with data from closed systems. The data

protocol specified in these International Standards ensures the unambiguous identification of data.
5.2 Layered protocol
The protqcol layers of an implementation of RFID for item mandgement are illustrated schematically
in Figure 1 — Schematic of protocol layers for an implementation of RFID for item management.
Application and
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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 elipplication
commands and responses. This is so that application programs can specify what data to transfer t¢ and from
thé RFID tag and to append, update, selectively lock, delete data, or perform other functions on the RFID tag.

illustrate how the functions and arguments are assembled into a structured formaty a‘znumber of gommands
responses have been constructed using an abstract syntax. This is independeni-of the host application,
rating system, and programming language and also independent of the, §pecific command |structures
between the interrogator and tag driver. The abstract syntax used in ISO/IEC . 45961-1 is similar to that used in
ISP/IEC 24791-5, and is intended to enable closer integration with that(standard. The original fersion of
ISPD/IEC 15961:2004 included commands defined using ASN.1 abstract-syntax. For backward cdmpatibility
th¢ commands that were originally defined in this manner have been iricluded in an annex of ISO/IEC 15961-1.

THis RFID data protocol also defines arguments and codes to support responses of data that is regd from an
REID tag, including error messages, which are returned to the @pplication.

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

5.2.2 Application interface - as defined in ISQ/IEC 15961-1

THe application interface may be implemented in a number of different ways that are not explicitly [defined in
International Standard, nor in ISO/IEE-15961-1. The basic requirement is to identify data objectf distinctly
frdgm all others using object identifiers;>even to enable different data formats to be intermixed on|the same
RKID tag. The application interface also needs to define command and response arguments unampiguously,
solthat they can be intermixed with data on the same wired or wireless network.

One major class of implementation, described as a straight-through process, is appropriate yhere the
fupctions and argumentshused to construct commands and the arguments and codes used to| construct
responses, as specified in this International Standard, are directly input to the encoding processes of
ISPD/IEC 15962. Such“input can be from computer screens or forms, or more direct transfers [from host
syptems. The advantage of this process is that it avoids the creation of the transfer encoding (see Helow), but
requires more_tigorous adherence to the functional requirements of the commands and responses.
ISP/IEC 1596/1-1 imposes no constraints on the particular application interface process to be adopted, other
than the requirement that it be integrated with the encoding rules of ISO/IEC 15962.

An alternative process, consistent with the first edition of ISO/IEC 15961, is to use the abstract [syntax for
defimmgthecommmandsand TeSpoTsES 1T a Structured; consistentand-verifiable manmerttisthemhecessary
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 s
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rules through specific tag drivers. These allow the basic application commands and resporises
5961-1 to be applied independently of the air interface protocol and specific tag architecture:

river component of the data protocol provides the mapping rule from the generic processes to f
g requirements. These mapping rules are used to write data and to read data.

tag drivers can be specified as new air interface protocols are introduced inthe ISO/IEC 180
tandards.

Kible implementation configurations

data protocol specifies the application level communication-and the RFID tag interrogator le
ata encoding, compaction and storage formats. This protocolmay be implemented:

ith the International Standard incorporated into the ‘seftware system infrastructure architecty
efined in ISO/IEC 24791. This is the recommended approach for any networked application.
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Figure 2 — Logical functions and interfaces of ISO/IEC 15962 with other RFID system compgonents

THe data flows between the application and.the Data Processor are formatted according to this Infernational
Standard and are not compacted. Howeyer; there are numerous established systems where data is| formatted
to[be compliant, for example, with abar code related syntax. It is therefore reasonable to inserf interface
modules in the data flow to convert.from and to existing application formats.

5.4.2 Functional processes - interrogator

to the potential benefits to pe gained from adopting the data protocol specified in this International S
ISO/IEC 15961-1. Thig'is because this protocol has been developed around the features of RFID, such
read/write and the ability to lock data. Older protocols are unlikely to support such features.

tandard and

s selective

NOTE Careful consideration should be given to the extent that established systems need to be suppo}ed relative

In|the process' illustrated in Figure 2 — Logical functions and interfaces of ISO/IEC 15962 with other RFID
syptem components, the interrogator is the module in which all the basic processing of the data profocol takes

pl
fu*

cefand there is an interface to the RFID tag. Different implementations might separate some of the
¢tions described below and have an interface between the application and the physical interrogatpr.

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 |

ower level command codes.

EXAMPLE

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

reqt

ired to set the Innrnmnfnr: of the | ngir‘al I\llnmnry I\llar\ (n g number of h\J/fnc whether a dirnr‘fnry isin use €

tc)

ont

It can be s

Tag Drivef.

5.4.21.2

This is an
memory a
The Logic
number of

The use d

he RFID Tag. The Tag Driver converts the application command into a tag-specific command.

een from this example that there is a distinct logical boundary between the Data Processor and f

Logical Memory

array of contiguous bytes of memory acting as a common software representation of the RFID {
ccessible by an application and to which the object identifiers and data objects’are mapped in byt
bl Memory takes into account some parameters of the real RFID tag, for 'example the block size,
blocks and the storage format. The Logical Memory ignores any detailed tag architecture.

f the Logical Memory means that an application can interface<with an application-compliant RH

tag, but that individual RFID tags can have completely different memory capacities and architectures. T

enables a
ISO/IEC 1

5.4.21.3

The Enco
Compacto

5.4.21.4
The Data

RFID tag
character

5.4.2.1.5

The Form
efficient fd

h implementation to benefit from new technological developments permitted within the framework
8000, such as larger capacity or faster access RFID tags, without changing the application.

Encoder

r Module and Formatter Module.

Data Compactor
Compactor provides the standard~compaction rules to reduce the number of bytes stored on {

and transferred across the air\interface. Numeric data, for example, is byte based to some cod
set for the application, but ¢ah'be encoded in a compact form on the RFID tag memory.

Formatter

btter provides the processes to place the object identifier and object (data) into an appropriate aj
rmat for storing-oh the Logical Memory.

NOTE The physical mapping of bits to comply with the RFID tag architecture is performed based
infermation provided by the Tag Driver.

5.4.2.1.6

he

Ag
S.
e

ID
Nis
of

der controls the process of writing data through'the functional processes performed by the Data

he
ed

on

|_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.

5.4.2.2

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.

2.3 Transfer mechanisms

THe transfer mechanisms for transferring data, commands and responses between the Data Prog
implementation of this International Standard) and the RFID tag need to be done through the i
orlincorporated within the functions of the interrogator.

5.4.3 RFID tag
Alfhough the RFID tag is beyond the scope of this International Standard;/the tag is shown in R
of|data and commands. Within the RFID tag, the Logical Memory Map' represents all the data in t

Memory of the Data Processor converted (or mapped) to a locatiof¢tructure determined by the mag
in the Tag Driver and the architecture of the RFID tag.

ISO/IEC 15962 and the Data Processor

essor (i.e.
terrogator

igure 2 —

ical functions and interfaces of ISO/IEC 15962 with other RFID system components to complefe the flow

ne Logical
ping rules

THis International Standard defines all the rules for encoding data on an RFID tag. The implemgntation of

these rules is described in this International Standard as the Data Processor. As described in 5
processes are undertaken to achieve successful”encoding. The rules ensure the encoded bytes
laring' in a reading operation without any-previous or independent knowledge of what is encod
tag. This allows the Data Protocol to be.used in open systems where the organisation encoding th
the¢ RFID tag might be completely unaware of what organisation might eventually read the data from
tag. This is achieved by:

and the type of RFID \tag.

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

— Having{recise structuring rules within each Access-Method, including a clearly defined 5
allows reading systems to selectively identify data required for the application.

4, various
are 'self-
ed on the
e data on
the RFID

— Having clearly definedtrules for compacting data that are applied independently of the application

y a user-

yntax that

Clause 11 provides a description and a definition of the Access-Methods currently supported. The gssociated

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

6 Data and presentation conventions
The following conventions are used:
— 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 follow

ing data types are used in the commands and responses:

— BOOLEAN: An argument that can have the values TRUE or FALSE.

— BIT STRING: A sequence of bits.

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

to FFh.

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

— HEXADECIMAL ADDRESS: A location (on the memory of an RFID tag), expréssed as
Hexadecimal value

6.2 Ext

The EBV
characteri
of bits in ¢
original eg

6.3 Object Identifier presentation in the application interface

6.3.1 Ok

This Inter
identifiers
node (1S(
particular

EXAMPLE

$ assured.ef\uniqueness from all other arcs in the registration tree

NTEGER: An integer can take any whole number. In the context of this International Standard, f
alues are all positive.

BJECT IDENTIFIER: An Object Identifier as defined in 6.3.1.

ensible bit vector (EBV)

stic. Various EBV-n structures are used in this International\Standard, where n refers to the num
bach block. EBV-8 is identical to the length encoding (see 9.2.10), which has been used since
ition of this International Standard.

ject identifier structure to ISO/IEC 8824-1
hational Standard uses the OBJECT IDENTIFIER type as defined in ISO/IEC 8824-1 and w

D/IEC 9834-1), a series of arcs' from each node, with new arcs added as required to define
bbject. Thus, the body responsible for a particular node:

as a defined set of arcs. to identify itself

an manage thecallocation of arcs under its node, independently of other bodies

block structure is used as a self-declaring code to determine the length, position or size of soa:\e

er

ith

assigned as specified in ISO/IEC 9834-1. This uses a registration tree with a common implied rgot

a

1 0 15434 1 arcs
T ® ® o
= 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

pu | H H H ICOUNC O AL 0604 Daet 2
S UTIU dibo 1o HIVUII nmrroviilw 1990 T 1T dit J.

THe third arc is controlled by the system or body defined for the second arc; sometimes this.is\a Rggistration
Adthority. The hierarchical structure continues until the object is identified uniquely. The praocedure [of naming
ohject identifiers ensures that each object is unique within its "parent" arc and that eachparent arg is unique
within its previous level, right back to the top 3 arcs.

NOTE This structure enables object identifiers from different domains (e.g. open, and closed syst¢ms) to be
encoded unambiguously on an RFID tag memory.

THree forms of object identifier are used with the RFID Data Protocol:

— Object-ldentifier: This full structure is used for communications between the application and the
Data Processor defined by the scope of this International‘Standard. The full structure is quitable for
use in this International Standard where the set of object identifiers to be encoded on thg RFID tag
have different higher level arcs, or where a generic:system is in place.

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

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

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

When the Object-ldentifier is presented in application commands and responses in thg style of
ISP/IEC 88241, spaces are inserted between each arc as follows:

1015961 12 1

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
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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 unambiguous 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 Thg 8-bit byte

This Interpational Standard supports the encoding of data and data objects aligned as 8-bit bytes (sometimes
referred tq as octets to be more compatible with communications standards). Within each 8-bit byte (hereafter
'byte’), the most significant bit is bit 8 and the least significant is bit 1. Accordingly, the weight-allocated|to
each bit ig defined in Table 2 — Bit sequence in the 8-bit byte.

Table 2 — Bit sequence in the 8-bit byte

Bit Value | bit8 | bit7 | bit6 | bit5 | bit4 | bit3 | bit2—~| bit1
Weight 128 64 32 16 8 4 2 1

S
n

NOTE  Although other bit position conventions are possible,and more common, this bit sequence
used here for backward compatibility with the original version of this International Standard, which
turn complied with ASN.1 rules.

6.6 N-bit encoding

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

7 Datgq Processor — high level processing

The main flows of information to and from the command/response unit are illustrated in Figure 3 — High leyel
informatiop flows, which focuses-on.the encoding process.
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e Data Processor is not required to support allapplication commands. For the commands

:2013(E)

that are
g required

the application. These requirements are definedtin Clause 8. The method of transferring the commands to

plications should define that the data is.to'be encoded on a particular type of RFID tag. The Tag

sponse Unit to correctly encode data on, and decode data from, the type of tag required by the 4
e Data Processor is not required to support all tag types, but shall support the encoding and
pabilities of any type of tag:that is supported. As some types of RFID tag that are defin
D/IEC 18000 series of air-interface protocols have optional components, the precise capability o

Driver for
ommand /
pplication.
decoding
ed in the
f the Data

bcessor needs to be elearly defined against optional components and Revisions to the ISO/IEC 18000

ries of standards.

Data Processor and the application interface

I Application commands — overview

IS

D/IEC 15961-1 defines a number of commands and associated responses to provide instructio

s 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).

©lI

EXAMPLE The inventory-tag command has the object identifier: 1 0 15961 126 3. Its response has
identifier: 1 0 15961 127 3.
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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-Memaory Note2
13 | Get-App-based-System-Info Note 3
17 | Write-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| The Configure-AFI and Configure-DSFID commands are implemented in different ways, depending on thelair
imterface protocol. Some support specific air-interface commands that are distinctly different from the gengric
rite commands (e.g. ISO/IEC 18000-3M41)-’Others use the write command, but require the data to be writfen
into a specific 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 the datg to
be overwritten with a null-byte-value (typically 001¢).
3. The Get-App-Based-System-Info command is one that is explicitly supported in some air interface protocpls
but in others is completely redundant, because the information is returned as part of another command.
Table 3 — ISO/IEC 159611 commands has three columns: write, read, other. The write column shows the
commandp that are most likely to be implemented in a device such as a printer-encoder, and in an application
that simply provides.source marking for data capture at a later stage and at a different point. The read column
identifies pommands that need to be implemented in the simplest of data capture devices. The commands
highlighted in“the other column either require more complex processing (e.g. Modify-Object) or requirgd a
special prpcess (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
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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

Td correctly implement this command in the Data Processor, in addition to processing the AEINn|the range
906 to CF 44, the following process argument shall be supported:

AFI (see 10.1.3)
AFIl-Lock (see 10.1.4)

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

1 AFI-Not-Configured

2  AFI-Not-Configured-Locked

3  AFI-Configured-Lock-Failed
8

2

Singulation-ld-Not-Found
55 Execution-Error

8.2.1.2 Conformance requirements

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

— That the RFID tag(s)~supported by the encoder have the AFI in a memory location refuiring an
explicit air interface"coemmand, or that a generic air interface write command supports writing the AFI

to a specific location"determined by the tag driver with a single byte write transaction.

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

— Theencoder shall support the associated Completion-Codes and Execution-Codes.

8.2.2 4 Configure-DSFID

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

Compietion-Code(see102andbefow)

Execpition-Code (see 10.3)
The Completion-Codes for this command are:

o-Error

SFID-Not-Configured
SFID-Not-Configured-Locked
SFID-Configured-Lock-Failed
ingulation-1d-Not-Found
xecution-Error

N OO OonhO
munooo=z

55

8.2.2.2 [Conformance requirements
To conforin, an encoder shall support this command and its argumentsysubject to the following conditions:
— That the RFID tag(s) supported by the encoder have the' DSFID in a memory location requiring gn

xplicit air interface command, or that a generic air interface write command supports writing the
SFID to a specific location determined by the tag.driver with a single byte write transaction.

| O]

— 1§ the encoder supports writing the DSFID, then it shall also support the transfer of any DSFID-Logck
rgument so that it can be implemented in*the air interface.

Q

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

8.2.3 Wirite-Objects

This command shall not be used.to-write a Monomorphic-Ull. If the AFI on the RFID tag declares that iff is
registered|for a Monomorphic-Ull, the appropriate error shall be returned and the encoding process abortgd.
The corre¢t command to use‘is-defined in 8.2.8.

-Objects comimand is used to write one or more Object-ldentifiers and associated Objects to an

tag. The ¢gommandis supported by the following compound arguments, for which individual arguments are

2Ohi 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 per 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 as part of the
DSFID. The DSFID is provided as an optional argument for use in one of the following ways:

Ta
su

TH
co
ing

— If data is being written to a blank RFID tag, then the DSFID is provided as part of this'co
minimise communications.

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

mmand to

— If data is being added to the RFID tag, then the DSFID in the command shotid“/match re DSFID

se before

correctly implement this command in the Data Processor, the following{process arguments$ shall be
pported for each Object-ldentifier and Object pair, irrespective of the Access-Method:

Avoid-Duplicate (see 10.1.7)

Compact-Parameter (see 10.1.9)

Object-Lock (see 10.1.38)
e Avoid-Duplicate, Compact-Parameter and Object-Lock arguments shall be applied in p manner
hsistent with the rules of the Access-Method (see Clause 11) to ensure reliable encoding. If there is an
onsistency within the application command, then .jt.shall be considered to be in error and the encoding

process shall not be implemented.

If fhe Access-Method = Packed-Objects, the.input states are all defined in the Packed-Objects-Cpnstructs
argument specified in ISO/IEC 15961-1 and(apply to a single Packed Object. That argument in tufn has the

following arguments, for which the processes are defined in Annex I:

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 fhe 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.

THe following tag-related arguments, if declared by the Extended DSFID are used as follows to cor[nplete the

e adina-nrocess-
coeRgPHt 0

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

ng

Append-To-Existing-Multiple-Record (see 10.1.5)
Application-Defined-Record-Capacity (see 10.1.6)
Identjfier-Of-My-Parent (see 10.1.17)
LockiDirectory-Entry (see 10.1.24)
LockiRecord-Preamble (see 10.1.26)
Number-In-Data-Element-List (see 10.1.36)
Record-Memory-Capacity (see 10.1.46)
Recoyrd-Type-Classification (see 10.1.48)
Update-Multiple-Records-Directory (see 10.1.58)

The followling arguments shall be supported for the response:
Completion-Code (see 10.2 and below)
Execpition-Code (see 10.3)

Obje¢t-ldentifier (see 6.3)

The response arguments Completion-Code and Object-ldentifier are associated with each data element.

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

0  No-Error

8  Singulation-ld-Not-Found

9  (bject-Not-Added

10 Duplicate-Object

11 OQbject-Added-But-Not-Locked

29 (bject-Not-Editable

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

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

33 Insufficient-Tag-Memory

36 (CQommand-Cannot-Process-Monomorphic-Ull

37 Data-CRC-Not-Applied

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

43 [ata-Format-Not-Compatible-Multiple-Records-Header

44 Access=Method-Not-Compatible-Multiple-Records-Header

45 Jector-ldentifier-Not-Compatible-Multiple-Records-Header

46 Recard-Preamble-Not-Configured

47 Record-Preamble-Not-Locked
255 Execution-Error

8.2.3.2 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 all the processed defined by the Extended DSFID
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— The encoder supports the associated Completion-Codes and Execution-Codes.

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

Code = 4 Command-Not-Supported.

8.2.3.3 Guidance for appending data

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

a)

b)

c)

8.]

Th
re
Th

TH
it

im
fol

8.]

Td
ar

ap

write all the new bytes except the first word or block of data (i.e., the data that will overwrite th
0046 terminator), including the new terminator at the end of the new data;

optionally read all of the new encoded data to ensure that it was stored correctly, then
write the first word/block, which overwrites the original terminator.

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

p.4 Write-Objects-Segmented-Memory-Tag

is command shall not be used to write a Monomorphic-Ull. |fithe AFI on the RFID tag declar¢
pistered for a Monomorphic-Ull, the appropriate error shall be.returned and the encoding proces
e correct command to use is defined in 8.2.8.

e Write-Objects-Segmented-Memory-Tag commandis similar to the Write-Objects command ¢
s intended to write data to a selected memory bank'in a segmented memory tag. The commarn

owing compound arguments , for which individdal arguments are listed below:

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

p.4.1 Process requirements

correctly implement’ this command in the Data Processor, the process arguments and
juments defined~fer the command in ISO/IEC 15961-1 shall be supported. For Multiple Record
plied once perrecord, otherwise they are applied once per Logical Memory.

Access-Password (see 10.1.1)
AFl(see 10.1.3)
Data-CRC-Indicator (see9.2.11)

e existing

event of a

s that it is

s aborted.

xcept that
d may be

plemented to write initial data to the RFID tag, orto add data to the tag. The command is supported by the

compound
5 they are

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.
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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
supported|for each Object-ldentifier and Object pair, irrespective of the Access-Method:

Avoid-Duplicate (see 10.1.7)
Compact-Parameter (see 10.1.9)
Obje¢t-Lock (see 10.1.38)

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

If the Accpss-Method = Packed-Objects, the input states are all defined“in the Packed-Objects-Construc
argument [specified in ISO/IEC 15961-1 and apply to a single PackedObject. That argument in turn has {
following @arguments, for which the processes are defined in Annex I

Obje¢t-Offsets-Multiplier
Packed-Object-Directory-Type
PO-Directory-Size
PO-ID)-Table
PO-Index-Length

If the Accpss-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.

The following tag-related argumernts, if declared by the Extended DSFID are used as follows to complete the

encoding process:

I{ the memory Memory-Capacity (see 9.2.10) is encoded, or the air interface has its own means
roviding thisiinformation, it can be used to assess in there is sufficient memory for the command
e fully implemented.

of
to

— If onge’ or both Data-CRC-Indicators (see 9.2.11) are set, then the CRC-16 shall be applied

as

£ OO0 40
UEMMEUNT I .2 TZ7

— 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.

Th

TH

TH
co

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)

AL

Record-Type-Classification (see 10.1.48)
Update-Multiple-Records-Directory (see 10.1.58)

e data shall only be encoded in memory bank 11 of the segmented memory tag.
e 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)

mplete list is:

0  No-Error

8 Singulation-ld-Not-Found

9  Object-Not-Added

10 Duplicate-Object

11 Object-Added-But-Not-Locked

25 Password-Mismatch

26 AFI-Mismatch

27 DSFID-Mismatch

29 Object-Not-Editable

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

33 Insufficient-Tag-Memaory

36 Command-Cannot-Process-Monomorphic-Ull

37 Data-CRC-Not-Applied

38 Length-Not-Enceded-In-DSFID

43 Data-Format=Not-Compatible-Multiple-Records-Header
44 Access-Method-Not-Compatible-Multiple-Records-Header
45 Sectorzldentifier-Not-Compatible-Multiple-Records-Header
46 Record=Preamble-Not-Configured

47 Record-Preamble-Not-Locked

255:Execution-Error

8..

e Completion-Codes for this command will vary based on the“associated compound argunjents. The

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

— If any of the first four conditions are not supported an error is signalled by returning the Execution-
Code = 4 Command-Not-Supported.

8.24.3

Guidance for appending data

The procedure described in 8.2.3.3 applies to this command.

825 W

rite-EPC-UlI

The Write-EPC-UIll command specifies an EPC code to be written to the Ull memory of a segmented memary

tag (e.g. Memory Bank 01 of an ISO/IEC 18000-6C tag).

8.2.5.1

To correg
supported

Acce

EPC-Code (see 10.1.15)
Memory-Bank-Lock (see 10.1.30)
NSI-Bits (see 10.1.35)

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

the RFID

This comr
the new c

code are rfemoved.

NOTH
applic

The follow

Completion-Code (see 10.2 and.below)

Exec

The Com

Process requirements

tly implement this command in the Data Processor, the following process. arguments shall

s-Password (see 10.1.1)

ag.

nand can be used to initially write the EPC-Code to-the RFID tag, or to overwrite the code value
bde is of a shorter length, the interrogator needsto ensure that bytes representing part of the olg
The interrogator shall calculate the length bits in the Protocol Control word. If the bits are provided by

btion, the interrogator shall use its calculation of the length bits in preference.

ing arguments shall be supported for the response:

ition-Code (see 10.3)
bletion-Codes for-this’command are:

o-Error
ingulation-ld-Not-Found
assword-Mismatch
hsufficient-Tag-Memory
xecution-Error

—

(0]

er

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.

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

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

22
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8.2.6 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 Processor, then the output interface will simply carry through the command arguments.

8.2.6.1  Process requirements

The following process arguments shall be supported:

THh

Th

Tdg

8.]

TH
re
TH

TH
se
or

.2.6.2 Conformance requirements

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

e following arguments shall be supported for the response:

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

e Completion-Codes for this command are:
0  No-Error
8 Singulation-ld-Not-Found

26 Password-Not-Written
255 Execution-Error

conform, an encoder shall support this command and its arguments, subject to the following cond
— The encoder supports encoding to a segimented memory tag.

— The encoder supports a process to'write the password in the application command to the 4
memory location on the RFID_tag.

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

p.7 Write-Segments-6TypeD-Tag

is command shall not)be used to write a Monomorphic-Ull. If the AFI on the RFID tag declar¢
pistered for a Monoemorphic-Ull, the appropriate error shall be returned and the encoding proces
e correct command to use is defined in 8.2.8.

e Write-Segments-6TypeD-Tag is used to write data to the Ull segment, the item-related segme

gments—TFhe command may be implemented to write initial data to the ISO/IEC 18000-6 Type D
to add’data to the tag.

Th
co

itions:

ppropriate

s that it is
s aborted.

nt or both
RFID tag,

mmand except that it is intended to write data to the ISO/IEC 18000-6 Type D tag that has its s

mory-Tag
egmented

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
Multiple-Records-Constructs
Packed-Object-Constructs
Ull-Add-Objects-List
UII-DSFID-Constructs
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8.2.71  Process requirements

To correctly implement this command in the Data Processor, the process arguments and compound
arguments defined for the command in ISO/IEC 15961-1 shall be supported. For Multiple Records they are

applied once per record, otherwise they are applied once per Logical Memory.

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)

Memlgrw&egme"t {see16-+31)
Tag-Data-Profile-ID-Table (see 10.1.53)

UII-DSFID (see 10.1.56)

The ISO/IEC 18000-6 Type D does not require to implement any of the features of the Extended BDSFID t
have an impact on encoding processes. The tag has its own methods for declaring memory capacity a
lemgth of [the encoded data. It also calculates a CRC-16 for each segment. Given these hardware featurs
this command defines no processes associated with the Extended DSFID. The Extended DSFID is s
required tp encode an Access-Method code value greater than 3.

at
d
BS,
till

The main|determinant for compliant encoding is the Access-Method, which js-incorporated as part of the

DSFID. The AFIl and DSFID are provided as arguments for use in one of the following ways:

— |{ data is being written to a blank segment, then these arguments are provided as part of t
dommand to minimise communications.

epending on the memory segment concerned, if data“is’being added to the segmented memo
nen the AFl and DSFID in the command should matelh’the AFI and DSFID already encoded on f
FID tag, else there is an error and the encoding, process can cease before significant amounts
ata have been processed.

O T

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

Avoid-Duplicate (see 10.1.7)
Compact-Parameter (see 10.1.9)
Objec¢t-Lock (see 10.1.38)

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

If the Accpss-Method(= Packed-Objects, the input states are all defined in the Packed-Objects-Construc
argument [specifiediin ISO/IEC 15961-1 and apply to a single Packed Object. That argument in turn has
following arguments, for which the processes are defined in Annex I:

Nis

ry,
he
of

Bloc
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.
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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)
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 the item-related segment of the tag memory.
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 will vary~based on the associated compound arguni

complete list is:

0  No-Error

7  Object-Locked-Could-Not-Modify

8 Singulation-ld-Not-Found

9  Object-Not-Added

10 Duplicate-Object

11 Object-Added-But-Not:locked

13 Object-ldentifier-Npt*Eound

21 Object-Not-Modified

22 Object-Modified-But-Not-Locked

26 AFI-Mismatch

27 DSFID-Mismatch

29 ObjectzNot-Editable

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

36+ ‘Command-Cannot-Process-Monomorphic-UlI
37 Data-CRC-Not-Applied

38 Length-Not-Encoded-In-DSFID

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

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

47 Record-Preamble-Not-Locked

255 Execution-Error

© ISO/IEC 2013 — All rights reserved
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8.2.7.2

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

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

— |
¢

8.2.7.3

The proce

8.28 W

any of the first two conditions are not supported an error is signalled by returning the Executid
ode = 4 Command-Not-Supported.

Guidance for appending data

dure described in 8.2.3.3 applies to this command.

ite-Monomorphic-Ull

The Writ¢-Monomorphic-Ull command instructs the Data Processor to writeCa, Monomorphic-Ull, eith

initially or
of RFID ta

The gene
with an o
possible €

to modify an existing Monomorphic-Ull. Arguments are applied selectively depending on the ty
g being addressed.

ic encoding process calls for the Data Processor to check{that the AFI in the command match

ither because the AFI is not registered for a Monomorphic-Ull or that no matching AFI can

found on the register then the encoding process is aborted.

If the AFI
Construct:
a warning
encoded.
ISO/IEC 1

8.2.8.1

To corred
supported

n=-

er
e

eS

ne for a Monomorphic-Ull on the ISO/IEC 15961-2 Data Constructs register. If a match is ot

be

matches, the Object-ldentifier is also checked:for a match with that on the ISO/IEC 15961-2 D

The Data Processor uses the explicitly defined compaction scheme associated with the AFI on
5961-2 Data Constructs register to encode the Monomorphic-UlI.

Process requirements

tly implement this command in the Data Processor, the following process arguments shall
once per tag:

Acce

s-Password (see~10.1.1)

AFI (see 10.1.3)

AFI-lock (see 10.14)

Compact-Parameter (see 10.1.9)
LockiUll-Segment-Arguments (see 10.1.27)
Memory-Bank-Lock (see10.1.30)
Memory-Type (see 10.1.32)

ta

5 register. A mismatch generates an appropriate Completion-Code, but this should only treated [as
about constructing the command. The_process continues because the Object-ldentifier is mot

e

404 .20\

Objeut LUU:\ (OUU LAY I.UU}

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:

— If the Access-Password is in the command it is used to match that on the RFID tag to protect
against unauthorised writing of data to the RFID tag.

— Next read the content of MB 01 to establish any existing encoding. If this is locked the process is
aborted, otherwise the process continues.
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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.

Fqgr 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 byte$ appends
the terminator byte 004g.

— The Protocol Control word is constructed, incorporating the AFt’and the length bits. If tHe tag has
data encoded in the item related segment, or has a simple sensor, these characteristics 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 hecessary
to compare the length of the current and the new byte string. If the new code is of a diffefent 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 enceding can still be encoded in the Ull segmgnt without
re-wrting the item-related segment, the encoded bytes are transferred to the interrogator| If the Ull
segment needs to be increased in sizesand 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-efd" position of the Ull segment and the lock boundary, one or morg pad words
can be added by the interfogator to achieve alignment.

— If the command calls fer.\the Monomorphic-Ull to be locked, then the locking shall be as|defined in
the Lock-UllI-Segment-Arguments.

If fhe 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 g 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 enpcoding. If
encoded bytes are found, then the process continues until a string of four zero bytes i$ found. If
either the AFI or any part of the user memory is locked the process is aborted, otherwise the process
continues.

— The encoding process compacts the Object, and adds the length 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
7
8
22
25
26
33
34
35

255

8.2.8.2

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

8.2.9 Cgnfigure-Extended-DSFID

Whereas the Configure-DSFID command (see 8.2,2) provides the Data Processor with the basic encodi
rules to fdllow when encoding data, there have been additional requirements that call for am extended set
encoding [instructions. These include providing,the Data Processor with information about the mem
nd length of encoded data where(this'cammot be provided by a mechanism in the tag architectyre
rface protocol. Information is also provided about the requirement to encode a data-related CRC,

capacity 3
or air inte

No-Error
Object-Locked-Could-Not-Modify
Singulation-ld-Not-Found

QbjectModifred=-But-Not-tocked
Rassword-Mismatch
AFI-Mismatch
Insufficient-Tag-Memory
AFI-Not-For-Monomorphic-Ull
Nlonomorphic-UlI-OID-Mismatch
Hxecution-Error

Conformance requirements

—]

he Monomorphic-Ull shall be compacted to the rules defined for the AFI on the ISO/IEC 15961
Data constructs register.

—]

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

—

1
N

in

ng

and to declare to the decoder that this.process has been applied. Other signal are also included and
feature cap be expanded in the future.

The Configure-Extended-DSFEID command is used prior to encoding the set these encoding parameters
to also engode the base DSFID-

8.2.9.1

Process requirements

To correctly implemént this command in the Data Processor, the following process arguments shall
supported|once\per tag:

Battery-Assist-lndicator{see-9-215)

of
ry

e

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)
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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 1o be reserved for this purpose.

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:

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
Td 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 refuiring an
explicit air interface command, then the Extended DSFID shall be split with the figst byte(s)
transported by the explicit air’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 requirind a generic
air interface write )command, then the Extended DSFID shall be written with a single write transaction
to a specificdocation starting with the DSFID position determined by the tag driver.

— If the enceder supports writing the DSFID, then it shall also support the transfer of any D§FID-Lock
argufnent so that it can be implemented in the air interface.

— «Ihe 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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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:

For RFID|tags with segmented memory, the multiple records shall only be encoded in the user memo
, for ISO/IEC 18000-6 Type C this is Memory Bank 11; and for ISO/IEC 18000-6 Fype D this is the

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.
= = 16

34)

4.2\
TTHD)

A L
cltory(sce

ector-ldentifier (see10.1.49)
ingulation-Id (see 9.2.1)

d segment.

ry.

The bit sqtting for sensors and batteries shall only be applied if the tag has no hardware means of defining
that a senpor is attached. Currently, ISO/IEC 18000-6 Type C and Type D are the only RFID tags that suppprt

Sensors.

The Exte

The Data
address i

Because
directory,

The headé¢r shall be locked according to the instructions provided in the command.

The respgnse arguments, as,defined for the command response in ISO/IEC 15961-1, shall be supported
the Data Rrocessor whertresponding to the application.
The Completion-Codes for this command will vary based on the associated compound arguments. T|
complete list is:

0 No-Error

4  DBSHB=Not-Configured

8
25
37
38
39
40
41
42
255

30

gncoded starting at the position of the single DSFID.

im the dedicated memory location. The remaining-bytes are then encoded from the first position of {
data memory.

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

Hor tags where the DSFID is encoded as the first byte of:memory, the entire Extended DSFID

Hor tags that have a dedicated DSFID memory, the first byte(s) of the Extended DSFID are encod

g non-existent in the tag memory. In this’case, an error shall be reported.

ho processing can take place\whilst creating the header record.

nded DSFID component of the header is encoded in slightly different ways depending on the tag
architectufe:

S

ed
he

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

he memory length encoding en the data CRC indicator refers to the requirement of these in the

Singulation-ld-Not-Found
Password-Mismatch
Data-CRC-Not-Applied
Length-Not-Encoded-In-DSFID
Multiple-Records-Header-Not-Configured
Multiple-Records-Header-Not-Locked
File-Support-Indicators-Not-Configured
File-Support-Indicators-Not-Locked
Execution-Error
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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:

8.2.10.2.2 Other conformance

Td conform, an encoder shall support this command and its arguments; subject to the following cond

THe Read-Object-ldentifiers\command instructs the interrogator to read all the Object-ldentifier
RH

id
th
lis

THis command’is not used to read Object-ldentifiers from a Multiple Record. The functionality is in

in

8.1

.3 Application commands and responses- read

.3.1 Read-Object-ldentifiers

— If the RFID tag(s) supported by the encoder have the DSFID in a memory location re

quiring 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
bytes encoded in the user memory.

remaining

— Ifthe RFID tag(s) supported by the encoder have the DSFID in a memory location requiring
air interface write command, then the Extended DSFID shall be written to a specific)locati
with the DSFID position determined by the tag driver.

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

— The Data-CRC-Indicator shall be ignored for the header record itself.

shall be ignored for the header record itself,

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

a generic
bn starting

FID-Lock

itions:

— The encoder supports all aspects of encoding the headerfor the Multiple-Records Access-Method.

— The total encoded data length (part of the Extehded DSFID) refers to the size of the dir¢ctory and

RFID tag Logical Memory Map has no Object-ldentifiers stored, is to return an empty Object-
. Only one RFIB\tag shall be programmed per command to ensure that the read process is robus

the Read=Multiple-Records command (see 8.3.8)

B.1.1~  Process requirements

from the

FID tag. This module can'be used in advance of a more selective command to read a specific Ohject, or to
ntify duplicate Object-ldentifiers so that a housekeeping procedure can be invoked. A valid rgsponse, if

entifiers
t.

orporated

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

©lI

— 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
each decoder manufacturer.

SO/IEC 2013 — All rights reserved
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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 H

8.3.1.2

To confor

8.3.2 Re
The Read
and respq
processin
identify th
8.3.21

The comn

Access-Method, this shall be included in the response, but shall not be distinguished from other bytes in

Logical M

The follow

Completion-Code (see 10.2 and below)

Exec
Logig

The Com
0 N
8 9

19 H
255 H

8.3.2.2

To confor!

XEeCUtoT-ETTO0T

Conformance requirements

ad-Logical-Memory-Map

nd with this in a completely unstructured way (i.e. by returning ¢he“encoded byte values).
) takes place through the Data Processor as part of this read cammand, so it is not possible
b encoding structure.

Process requirements
nand applies equally to all Access-Methods, but if @Directory structure has been defined by 1
bmory Map.

ing arguments shall be supported for the response:
ition-Code (see 10.3)

al-Memory-Map (see list in Clause 10)
pletion-Codes for this command are:

o-Error

ingulation-1d-Not:Found

ead-Incomplete
xecution-Errér

Conformance requirements

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

-Logical-Memory-Map command is intended to read the entire memory-content of the RFID tag,

No
to

he
he

n=-

Codes an

m-a decoder shall support this command. In addition, it shall support the associated Completiq

d-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

discontinu

ed.

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)
Completion-Code (see 10.2 and below)
Execution-Code (see 10.3)
Lock-Status (see list in Clause 10)
Object (see 6.4)

Object-ldentifier (see 6.3)

EXcept for Execution-Code, the response arguments are associated with eachidata element.

THe Completion-Codes for this command are:

0
8
10
13
15

8.3.3.2

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

255 Execution-Error

Conformance requirements

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

8.3.4

If the Check-Duplicate argument is set to TRUE, then the entire encoded data shall &
establish that the subject Object-ldentifier is not duplicated. If the Access-Method is
Records, then the Check-Duplicate argument is only applied to the specific record being
As there is no requifément to decode the data Object for Object-ldentifiers not called
application command, a process similar to the Read-Object-ldentifiers command could be

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

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

Inventory-ISO-Ullmemory

e read to
Multiple-
accessed.
out in the
used.

ocess the

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 followling arguments shall be supported for the response:

Compact-Parameter (see 10.1.9)
Completion-Code (see 10.2 and below)

DSFID (see 10.1.11)

Execption-Code (see 10.3)

LockzStatus (see list in Clause 10)

Object (see 6.4)

Obje¢t-ldentifier (see 6.3)
Protqcol-Control-Word (see list in Clause 10)

If the Ull memory encodes more than one Object-ldentifier, then these arguments shall be returned for egch
data elenment: Compact-Parameter, Completion-Code (some values), Kock-Status, Object, and Objeft-
Identifier
The Completion-Codes for this command are:

0 No-Error

10 Duplicate-Object

13 bject-ldentifier-Not-Found

15 Qbject-Not-Read
255 HBxecution-Error

8.3.4.2 [Conformance requirements

To conforin, a decoder shall support this;eommand and its arguments, subject to the following conditions:
— The decoder supports decoding from a segmented memory tag.

— The decoder suppertsthe associated Completion-Codes and Execution-Codes.

8.3.5 Inyentory-EPC-Ulimemory

number of segmented memory tags, given the expectation that an EPC-Code is encoded. The response

returns the@ontent of the Ull memory for all tags whose encoded bit string matches the arguments of tf1e
command:

The InveLtory-EPC-Ullmemory command is intended to return the contents of the Ull memory from a

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

200 o PET TP N
ZJJ CATCUTOTTLTTOT

8.3.5.2 Conformance requirements
Td conform, a decoder shall support this command and its arguments, subject to the following condifions:
— 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 a ¢ontiguous
seguence of words from one of the memory banks of a segmented memory RFID tag. This command can be
used to extract encoded bytes, which might not be objectsbased such as the unique Singulati¢n-Ild or a
password. It can also be useful for diagnostic purposes.

8.3.6.1 Process requirements
Td correctly implement this command in the Data.Processor, the following arguments shall be suppgrted:

Access-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 shallkbe supported for the response:
Completion-Code-(see 10.2 and below)
Execution-Code\(see 10.3)

Read-Data (see-list in Clause 10)

THe Completion-Codes for this command are:

0, ¢No-Error

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 conditions:
— The decoder supports decoding from a segmented memory tag.

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

— The decoder supports the associated Completion-Codes and Execution-Codes.
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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 Process requirements
To correctly implement this command in the Data Processor, the following argument shall be supported:
Segment-Read-Type (see 10.1.50)

|

The ISO/|[EC 18000-6 type D air protocol delivers the entire data payload of thes RFID. Therefore, the
command|argument codes specify the processes that the Data Processor undertakes, as defined in 10.1.50

The following arguments shall be supported for the response, and be included.depending on the command
arguments:

Compact-Parameter (see 10.1.9)
Completion-Code (see 10.2 and below)
Execltion-Code (see 10.3)
Item-Related-DSFID (see 10.1.20)
Item-Related-Segment-Map (see 10.1.21)
LockiStatus (see list in Clause 10)

Object (see 6.4)

Obje¢t-ldentifier (see 6.3)
SimpJe-Sensor-Data-Block (see 10.1.51)
TID-§egment-Map (see 10.1.55)
Ull-Segment-Map (see 10.1.57)

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

19 Read-Incomplete
255 Hxecution-Error

8.3.7.2 [Conformance_requirements

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

— The’decoder supports decoding from to a segmented memory tag compliant with ISO/IEC 1800(
ype D.

1
»

— The decoder supports the processing into segments and further into the constituent parts of the Ull
segment and the Item-related segment

— The decoder supports the associated Completion-Codes and Execution-Codes.
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8.3.8 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, fos|which the
additional inherent Read-Objects argument is also defined.

8.3.8.1 Process requirements

Td correctly implement this command in the Data Processor, the process arguments and ¢ompound
arguments defined for the command in ISO/IEC 15961-1 shall be supported. The) application command has
the following 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)

THe Read-Record-Type codes 3 to 9 (as defined in_1071.44) require the use of one or morg Object-
Identifiers in the command for the Data Processor.to“invoke the relevant processes. Three vely specific
fotmats of Object-ldentifier are applied to multiple records:

—1 For a multiple record that is not part of a hierarchy, the structure is: 1.0.15961.401.{Data-Formiat}.{sector
identifier}.{record type}.{instance-of}.{Relative-OID of data element}

—1 For a multiple record that is patt;'of a hierarchy, but not a data element list, the stfucture is:
1.0.15961.402.{Data-Format}.{Sector identifier}.{record type}.{hierarchical id}.{Relative-OID of data
element}

— For a multiple record that/is a data element list, the structure is: 1.0.15961.403.{Data-Formiat}.{sector
identifier}.{record type}.fhierarchical id}.{Relative-OID of data element}

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

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

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

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

— 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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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)

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)

ector-ldentlfler (see 10.1 49)

If Read-Multiple-Records-Header-Plus-1st-Preamble (Read-Record-Type code 1) is selected; the Data
Processol| returns the interpretation of the MR-header in the Multiple-Records-Header-Structure’argument
and the inferpretation of the first record's preamble in the Multiple-Records-Preamble-Structure argument

The respg@nse is a combination of the responses for Read-Record-Type code 0 and 3). It contains the
specific rgsponses for the compound arguments DSFID-Constructs, Ext-DSFID-Constructs and Multipje-
Records-Header-Structure that are all listed above, and the specific responses for\the compound argument
Multiple-Records-Header-Structure that are listed for the Read-Preamble-Specific-Multiple-Recard
(below).

If Read-Multiple-Records-Directory (Read-Record-Type code 2) is selected, the Data Processor returns the

interpretation of the multiple records directory in the Multiple-Records-Directory-Structure argument. The
response fontains the following compound arguments, for which individual arguments are listed below:

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

-

— Ext-OSFID-Constructs with the inherent argumentsas defined for the Read-Multiple-Records-Heade

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

dierarchical-ldentifier-Arc (see 10:1.16)
dentifier-Of-My-Parent (see 10.1317)
nstance-Of-Arc (see 10.1.19)
Record-Type-Arc (see 10.1:47)
Record-Type-Classification(see 10.1.48)
Bector-ldentifier (see10.1.49)
Btart-Address-Of-Récord (see 10.1.52)

If Read-Preamble-Specific-Multiple-Record (Read-Record-Type code 3) is selected, the command sHall
include a gingle Object<dentifier in the Read-Objects List that is certainly defined down to the record type
arc, and tihe instange:0f arc (if applicable) or the hierarchical id arc (if applicable). he Data Processor retuins
the interpfetation-of the record's preamble in the Multiple-Records-Preamble-Structure argument. The
response pontains'the following compound arguments, for which individual arguments are listed below:

— 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

th
o
El

If

ing

th

THis does not apply to Data Element lists.

If Read-Multiple-Objects-Specific-Multiple-Record (Read-Record-Type code 7) is selected, the
shgll include the nominated Object-ldentifiers that are defined down to the specific data element in

(o)

within the record in the Read-Objects-Response-List.'This does not apply to Data Element lists.

If

in¢lude the nominated Object-ldentifier(s) that are defined down to the specific data element(s) in

Read-OlIDs-Specific-Multiple-Record (Read-Record-Type code 5) is selected, the command sh
single Object-ldentifier in the Read-Objects List that is certainly defined down to the record typ|
x instance-of arc (if applicable) or the hierarchical id arc (if applicable). The Data Proéessor returns

ject-ldentifiers encoded within the record in the Read-OlDs-Response-List. This-does not apy
bement lists.

Read-All-Objects-Specific-Multiple-Record (Read-Record-Type code/6)\is selected, the comr

list of Object-lIdentifiers and Objects encoded within the record in the Read-Objects-Resp

Processor
shall only
and.

all include
e arc, and
the list of
ly to Data

hand shall

lude a single Object-Identifier in the Read-Objects List that is certainly defined down to the r¢cord type
arg, and the instance-of arc (if applicable) or the hierarchical id arc (if applicable). The Data Process

or returns
bnse-List.

command
the Read-

jects List. The Data Processor returns the list of @ominated Object-lIdentifiers and Objectg encoded

Read-1st-Objects-Specific-Multiple-Record (Read-Record-Type code 8) is selected, the comr

nand shall
the Read-

Objects List. The Data Processor returns the list of nominated Object-ldentifiers and Objects epcoded up

to
El

If

command shall include a single’' Object-Identifier in the Read-Objects List that is defined down t

el

Agcess-Method to re-eonstruct the Object-ldentifier down to the list element number as encoded
element list and returns this and associated Objects encoded within the record in the Read
Response-List. [Fhe’ first four arcs of the root-OID for the application command and re

the Max-App-Length within the recofd'in the Read-Objects-Response-List. This does not apg
bment lists.

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

ment. The Data Processer first checks that the record is a Data Element list. If so, it uses the

ly to Data

cted, the
b the data
Iles of the
n the data
-Objects-
sponse is

1.0.15961.403.{Jfthis is not in the command, than the Data Processor shall not implement the command.

THe Completion-Codes for this command will vary based on the Read-Record-Type code value

C

©

mand.The complete list is:

set in the

0 No-Error

8  Singulation-ld-Not-Found

10 Duplicate-Object

13 Object-Identifier-Not-found

15 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.

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

entire
—  For
argun
Ident

— Ifthe
up to

— Thead
The decoq
— Atleg
— Thed

— The
Type

8.4 Application commands and responses-~<other

8.41 Iny

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

particular
AFlas arn

8.41.1

To correcily implementthis‘command in the Data Processor, the following arguments shall be supported:

Ident

Number-Of-Tags (see 10.1.18)

record shall be read 10 establish that the subject Ubject-ldentitier IS not duplicated.

nent shall be ignored, because the intention is to identify multiple occurrences of thie”Obje
fier in the command and return any additional arc.

the value for that argument.

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

er needs to support the following, depending on the requirements of\the application:
st one of the Access-Methods defined in this International Standard

ecoding from a segmented memory tag. compliant with 4S®/IEC 18000-6 Type C.

lecoder supports decoding from to a segmented. memory tag compliant with ISO/IEC 1800(
D.

yentory-Tags

amed argument and, generally, where a unique chip identifier is used in the arbitration process.

Process requirements

fy-Method/(see 10.1.18)

The follow

Read-Record-Type codes 4 and 9, if the Check-Duplicate argument is set to TRUE~then the

Ct-

Max-App-Length argument is invoked, the interrogator and decoder only need.to process the byfes

1
»

a

AFI. It is only applicable where an air interface command supports an inventory process using the

ing.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

40

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

0  No-Error

23 Failed-To-Read-Minimum-Number-Of-Tags
24 Failed-To-Read-Exact-Number-Of-Tags
255 Execution-Error

8.4.1.2 Conformance requirements

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

8.4
Th

th
ta

Td

TH
Ac

.4.21 Process requirements

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.

1.2 Delete-Object
e Delete-Object command is intended to remove an Object-ldentifier and\its associated data O

memory of the RFID tag. Invoking this command depends on the Access-Method declared fo
. Each of the cases is discussed under the appropriate Access-Method (see Clause 11).

correctly implement this command in the Data Processor; the following arguments shall be suppg
Check-Duplicate (see 10.1.8)

e manner in which the Delete-Object command:is implemented in the Logical Memory is depend
cess-Method:

— For the No-Directory and Directory Access-Methods if other encoding follows the delets
Identifier, the Data Processor:may replace the deleted bytes with a null Data-Set (see Anr|
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 Packed -Object contains an Addendum section then the rules defined in Anne
applied.

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

Annex D.6.4).

—=  For the Records-Directory Access-Method, the target Object-ldentifier is identified ac

— That the RFID tag(s) supported by the decoder are capable of being selected using arlu explicitly

bject from
the RFID

rted:

ent on the

d Object-
ex D.6.4).

X 1.5.6 are

— Fof Tag-Data-Profiles the Data Processor shall replace the deleted bytes with a null Data-Set (see

cording to

the rules defined In 11.5.Z. Vithin the record, the rules of the particular record-speciiic 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.

©lI
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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-Error

8  Singulation-ld-Not-Found

10 Duplicate-Object

12  (@bject-Not-Deleted

13 bject-ldentifier-Not-Found

14 Qbject-Locked-Could-Not-Delete

255 Bxecution-Error

8.4.2.2 [Conformance requirements

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

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

—

— If the Check-Duplicate argument is set to TRUE, then the entire encoded data shall be read
gstablish that the subject Object-ldentifier is notduplicated prior to invoking the delete process.

(0]

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

If the Acgess-Method is Multiple-Records; then the Check-Duplicate argument is only applied to the
specific record being accessed.

8.4.3 Maodify-Object

The Modify-Object command.is_intended to change the value of a data Object associated with an Objeft-
Identifier jalready encoded on the memory of the RFID tag. The complete memory needs to be read to ensyre
that the Qbject-ldentifier-is_not duplicated. If so the command is aborted. Invoking this command depends
on the A¢cess-Method) declared for the RFID tag. In addition, the procedure is different if the result@nt
encoding Jength of the~modified object is different from the original length. Each of the cases is discussed
under the jappropriate’ Access-Method (see Clause 11).

If the datp object is part of a multiple record (identified with the basic root-OID of 1.0.15961.401) off a
hierarchical"multiple record (identified 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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2) Identify the encoded packet specified by the Object-ldentifier. If duplicated instances are found, the
process is aborted.

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

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

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

If fny of the byies associated with the Object-Identifier i1s locked, then the Data Processor shall abort the
prpcess and return the appropriate completion code.

Td correctly implement this command in the Data Processor, the following arguments shall-be'suppgrted:

Compact-Parameter (see 10.1.9)
Object-Lock (see 10.1.38)

THe manner in which the Modify-Object command is implemented in the LogicalMemory is dependent on the
Agcess-Method:

Fdr the Multiple-Records Access-Method the Modify-Object command is supported as follows:
i)  The target Object-Identifier is identified according t6 the rules defined in 11.5.2.

i)  Within the record, the rules of the particular record-specific Access-Method shall be followed (as
defined below).

Far the No-Directory and Directory Access-Methods:

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

— 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 it needs to be logated in a
different area_of the Logical Memory Map with this process controlled by the Data Prgcessor. A
similar situation might arise if the Object-Lock argument is set to TRUE in the gommand.
Alternatively) the Data Processor may apply a procedure that automatically replaces the¢ modified
bytes with-one or more Null-Bytes (see Annex D.6.4) and writes the longer Data-Set ant the end of
encoded memory.

Fgr the Directory Access-Method, in addition to modifying the Data-Set itself (as defined above),|additional
processing might be necessary to update the directory.

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

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

i) 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 in the Logical

Memory Map, is the same length as its previous encoded byte string, the modified value is written to
the same positions.
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— If the byte string is shorter than the previous encoded byte string, then the Data Processor

a

utomatically 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 Com
0 N
7
8 9
10 0
13
21 (
d
B

22
255

8.4.3.2

To confor
subject to

— T
T
8.4.3.3

If the mod
in 8.2.3.3

8.44 Er

The Erass
RFID tag.

8.4.41

To correc
locked. In

bletion-Codes for this command are:
o-Error
bject-Locked-Could-Not-Modify
ingulation-1d-Not-Found
uplicate-Object
bject-ldentifier-Not-Found
bject-Not-Modified
bject-Modified-But-Not-Locked
xecution-Error

Conformance requirements

M, a device shall support encoding and decoding to support this command and its argumen
the following conditions:

he device supports a modify function as defined forthe Access-Methods that it supports.

he device supports the associated Completion=Codes and Execution-Codes.

Guidance for appending modified data

ified data is longer that the original data and requires to be appended, the the procedure describ
bpplies to this command.

hse-Memory

b-Memory command-is”intended to reset to zero the entire Logical-Memory-Map of a particu
This includes the“directory if this is defined by the Access-Method.

Process requirements

ly implement this command in the Data Processor, all bytes shall be reset, except those that 3
thiscase, the Completion-Code Blocks-Locked (17) shall be returned.

ts,

ar

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.

8.4.5.1 Process requirements

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

THe following arguments shall be supported for the response:
AFI (see 10.1.3)

Completion-Code (see 10.2 and below)

DSFID (see 10.1.11)

Execution-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

8.4.5.2 Conformance requirements
Td conform, a decoder shall support this command and its arguments, subject to the following condifions:

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

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

8.4.6 Kill-Segmented-Memory-Tag

THe Kill-Segmented-Memory-Tag command instructs the interrogator to apply appropriate aif interface
protocols to render the RFID tag unreadable in future. The Kill-Password in the command must match the
P3ssword encoded on the RFID tag.

8.4.61 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 conforin, a device shall support this command and its arguments, subject o the Tollowing conditions:
— The device supports processing with a segmented memory tag.

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

8.4.7 Dedlete-Packed-Object

The purpgse of the Delete-Packed-Object command is to delete a complete Packed Object, by using gn
encoded Qbject-ldentifier as an alias for the particular Packed Object.

8.4.71 [Process requirements

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

3) Hrase the complete memory typically by over-writing with the default byte value of the RFID tag.

If any par} of the Packed Object is locked, thenithe command cannot be invoked, and the process shall pe
aborted and the appropriate completion code returned.

To correctly implement this command in the‘Data Processor, the following arguments shall be supported:
Check-Duplicate (see 10.1.8)
Object-ldentifier (see 6.3)
Singullation-ld (see 9.2.1)

The followling arguments §hall be supported for the response:

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

The Compléetion-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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8.4.7.2 Conformance requirements

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

TH
ex
Pz

8.4

TH

an

Ta

TH

Th

e Modify-Packed-Object-Structure command is used to change the structure of a Packed
ample to introduce a directory structure. An encoded Object-ldentifier is used as an alias forthg
cked Object.

1.8.1  Process requirements

e Modify-Packed-Object-Structure command instructs the Data Processor to:
1) Identify the Packed Object using the Object-ldentifier.
2) Check the status of any directory or capability to add a directory.
3) Modify the particular Packed Object as necessary

4) If necessary based on the command arguments, write an additional Packed Object director

d the appropriate completion code returned.
correctly implement this command in the Data-Processor, the following arguments shall be suppad

Check-Duplicate (see 10.1.8)
Object-ldentifier (see 6.3)
Packed-Object-Directory-Type((see 10.1.39)
Singulation-Ild (see 9.2.1)

e following arguments shallk\be supported for the response:

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

e Completion-€odes for this command are:
0 No-Error

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

Dbject, for
particular

.

t is not possible to add the directory structure, or onelis already in place, then the process shall e aborted

rted:

10 Dy |p|ir‘afn_ﬂhjnr‘f

13 Object-Identifier-Not-Found
30 Directory-Already-Defined
255 Execution-Error

8.4.8.2 Conformance requirements

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

©lI

— 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) h

8.4.91

ave code values set to indicate that the record is no longer to be treated as valid.

Process requirements

The Object-ldentifier is to the level where the final arc is that of the instance-of or hierarchical identifier.
Multiple-Records are identified with one of the following basic root-OIDs:

1.0.15961.401

1.0.15961.402

1.0.15961.403

If the Obj

If either th
part of a h
children n
then none
each reco

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

ct-ldentifier has a different root, the the command shall not be processed.

e record preamble or the directory is locked, then the command cannot'be invoked. If the record
ierarchical structure with the root-OID 1.0.15961.402, then all the child(ren) records and in turn th
bed to be deleted first. If any of these record preambles, or the associated directory entry, is lock
of the records can be deleted. This requires the hierarchy to bé& established and the lock status
d in that hierarcy to have an unlocked status in the preamblesiand the directory (if present).

Object-ldentifier (see 6.3)

Sing

The follow

Completion-Code (see 10.2 and below)

Exec
The Comj

0 N
8
13 d
25 H
49 H
50 R
51 R
255 H

Accefs-Password (see 10.1.1)

lation-Id (see 9.2.1)

ing arguments shall be supported for the‘response:

ition-Code (see 10.3)
bletion-Codes for this command are:

o-Error

ingulation-1d-Not-Found

bject-ldentifier-Net:Found

assword-Mismatch
ecord-Not-Deleted-Preamble-Locked
ecord-Neét-Deleted-Directory-Locked
ecord-Not-Deleted-Lower-Level-Preamble-Locked
xeeution-Error

s
eir
ed

of

8.4.9.2

Conformance requirements

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

— The device 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:

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.

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

9| Data Processor and the air interface

THe Data Processor receives communications across the air interface, via.thé Tag Driver. This clau
theé basic requirements that enable the Data Processor and RFID tag te.transfer and share informati

9.1 Air interface services

THis International Standard is open-ended with respect to the-fact that new types of RFID tag may bg¢
the¢ ISO/IEC 18000 multi-part standard that require some interface with the Data Processor. To ac
some basic presumptions are made about the types of RFID tag in ISO/IEC 18000.

Eqch_type of RFID tag in ISO/IEC 18000 shall provide the following air interface services of th
h - ‘g bt f the REID tac:

Can be supported, but another application command achieves the same results probably
way.

Application memory is an integer number0f bytes.

Application memory shall be organised in blocks. These shall be fixed size and be of on
bytes.

n a better

5e defines
bN.

e added to
hieve this,

e or more

NOTE The term 'block' is tsed in this International Standard in a manner consistent with its Tefinition in

Clause 3, because this aligns with the most common usage of the term in air interface p
ISO/IEC 18000-6C the term 'word' has a similar function.

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

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

otocols. In

authorised

In_addition to the requirements (above) relating to the memory, there shall be a reliable mpechanism

for.writing and reading to and from the application memory.

b physical

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 identi
Provide the block size (in bytes).

Provide the value of the number of blocks in the application memory.
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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|interface services should be provided by the Tag Driver. A description of a generic Tag, 'Driver
provided in Annex B. Details of specific Tag Drivers are provided in Annex C.

9.2 Defiining the system information

The system information is a set of elements that is encoded, or provided by other means, from the RF tag
the Data |Processor when communications are established. The systems information shall consist of f
elements Jisted in Table 4 — System information elements with the length of, éach element, and shall be
defined in|the following subclasses.

Table 4 — System information elements

Flement Length

Singulation-Id up to 255 bytes

physical block size (in bytes) | 1 byte (hexadecimalvalue of block size)

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

DSFID 1 byte

9.2.1 Sipgulation-id

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

NOT In the 2004\é&dition of this International standard the Singulation-Id was called the "Tag-Id'. Apart from
change of name all functions remain the same.

The formgt of the~Singulation-ld shall be as defined for each Tag Driver (see Annex C) and shall be based
one of the|fellowing:

S

to
he

ID
nd
Qir

it

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.

T e—PnA i P10 ize A be-identified—b R e Sapre—Hean g-the ag—Drive 2\

sSiea al-be—id —aRy—+easonab 5 ver—ahe—at interface
feadtures and is communicated to the Data Processor. The physical block size is not communicatédyacross the
application interface.

9.2.3 Number of blocks

THe number of blocks is defined as the number of physical blocks in the user memory of the partigular RFID
tag. For RFID tags with segmented memory structures, the number of blocks s required for each memory
bank to which the application has access for a read or write commands.

THe number of blocks shall be identified by any reasonable means using the Tag Driver and aif interface
feadtures and is communicated to the Data Processor. The number of blocks is not communicated @across the
application interface.

9.2.4 AFI

THe AFI is defined by the application as a single byte ‘value and is used as an air interfacel selection
mechanism to separate RFID tags with a given AFI from tags with different AFI values. The AFI is flefined by
¢ application as a single byte value compliant withISO/IEC 15961 Part 3 and the register maintairled as part
of ISO/IEC 15961 Part 2.

9.2.5 DSFID
THe DSFID is defined by the application-as a single byte value with the following structure:

Bits 8 and 7 Determine the:Access-Method (see Clause 11).

Bit 6 Is the extended syntax indicator bit (see 9.2.7).

Bits5to 1 Identify _the Data-Format, as defined in ISO/IEC 15961 Part 3 and regjstered to
ISO/JECN15961 Part 2.

Once a Data-Format’has been specified for an RFID tag (or a specific bank of a Segmented memory RFID
tag), all subseqUent additional data shall be encoded in a compliant manner. Once an Access-Method has
been specified~for an RFID tag (or a specific bank of a Segmented memory RFID tag), all sibsequent
additional data shall be encoded in a compliant manner, with one exception. It is possible to conyert a No-
Directory structure to a Directory structure. These points are discussed in greater detail for the specific
Agcess-Methods (see Clause 11 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 Exte

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

thenan E

9.2.8 Extended Syntax Flag Byte 1

The Exten

will be dgscribed in various sub-clauses. The initial structure is as a single byte value with the followi

structure:

Bit 8
Bits 7
Bits 5
Bits 3
Bit 1

929 M

The mem¢ry length indicator bits are determined by arguments in an application command that recommen

nded Syntax Indicator bit = 0, then all the information about the Access-Method is encoded In

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

ded Syntax Flag Byte 1 is defined by the application and/or by processes of the Data Processor,

Extended Syntax Flag Byte 2 indicator (see 9.2.13)
& 6  Extensions to Access-Method (see Clause 11)
&4  Memory length indicator (see 9.2.9)
& 2  Data CRC indicator (see 9.2.11)

Reserved

mory length indicator bits

ds

its use where the relevant memory is greater than 256 bits; taking into account the information provided by the

air interfage (see 9.2.9.1). There are a number of copditions that apply to particular Access-Methods that 4
discussed|in 9.2.9.2. The 2-bit code values for the,memory length indicator are:

00
01 N
10 T
11 B
Irrespectiy

encoded ¢
thatdata i

9.2.9.1

The follow

o encoding of the total length of [data or memory capacity, as these are small (i.e. not more th
56 bits)

emory capacity is declared

he total length of encoded data is declared

oth memory capacity and-total length of encoded data are declared

e of the capability-of-the air interface to provide a hardware solution for encoding the total length

5 written to the’RFID tag.

Air interface exceptions

=4

e

an

of

ata, if the indicator’bits are set, then the Data Processor shall update the encoded length each tifne

ing,air interface protocol shall make use of memory length encoding, as qualified by the Accesrs-

Method a

£211 s
TUTNMUVO.

— [ISOJ/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.

— ISOI/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.

declared by the number of available pages of memory. The total length of encoded d

ISO/IEC 18000-6 Type D: The memory capacity does not need to be encoded because this is

ata is not

required for the Ull segment and the Item-related segment because these lengths are encoded on

the tag using hardware processes.

9.2.9.2 Access-Method requirements and exceptions

Ern
fol

9.]

TH
en

coding the memory capacity and the total length of encoded data is applied to the Access-Meth
owing way:

2.10 Procedure for length encoding

en

e procedure for encoding the memory capacity or total length of encoded data shall be based on
codingrules defined in Annex D.2. Table 5— Examples of length encoding shows examples]
coding.

No-Directory

Unless the Tag Driver has another means of declaring the memory capacity, this should be de
encoded if this is greater than 256 bits. The total length of the encoded data should’also be de
encoded if this is greater than 256 bits.

Directory
The memory capacity should be encoded if greater than 256 bits,-Unless the Tag Driver hag
means of declaring the memory capacity. The total length of the encoded data should ap
Directory only, irrespective of its length.

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

Packed Objects

Unless the Tag Driver has another means of declaring the memory capacity, this should be de
encoded if this is greater than 256 bits. As @ach Packed Object declares its length, if only of
Object is encoded there is mo need to eneode the total length of encoded data. The total len
encoded data should be declared andiencoded if there are two or more Packed Objects an
length of all the encoded data is greater than 256 bits.

Tag Data Profile
The length of the encodingtis ‘declared in the encoded header record, so there is no requ
encode length.

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

bds in the

clared and
clared and

s another
ply to the

nal length
Directory

clared and
e Packed
gth of the
j the total

rement to

the length
of length

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 DataCRCappliedtoeachdatasetamdtotheentireencoded data

9.2.12 D4ta CRC

The data

preloaded

9.2.12.1
The CRCH

requireme
The CRCH

9.2.12.2

The CRCH
immediats

9.2.13 Extended Syntax Flag Byte 2

The Exten
will be deg

Bit 8
Bit 7
Bit 6
Bit 5
Bit s 4

9.2.14 Simple Sensor. indicator

Simple Se
observatid
sensor is

with FFFF ¢ prior to calculating the CRC-16.

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

16 shall be applied to all the data sets encoded on the RFID tag:

The Data CRC applied to the entire encoded bytes

16 shall be applied to the entire encoded data plus_the’ terminator byte (0045) and shall be encod
ly after the terminator byte.

ded Syntax Flag Byte 2 is defined by thee-application and/or by processes of the Data Processor,
cribed in various sub-clauses. The initial structure has the following structure:

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

Battery-Assist indicator (see 9.2.15)

Full-function sensor indicator (see 9.2.16)

lto1 Reserved

CRC is calculated using the polynomial defined in ISO/IEC 13239 (which is also known(as the CRC-
CCITT Infernational Standard, ITU Recommendation X.25): x'® + x> + x* + 1. The 16-bit Fegister shall

be

a

nt to block align after the CRC-16, then padding compliant with th€)Access Method shall be usé¢d.

as

nsors have limited configuration capabilities and can be factory programmed, so provide result

tag, is nof

nt

ns based on their pre-designed functionality. The Simple Sensor indicator is used when one such
hdded'to an RFID tag. The indicator is only used where the functionality, if supported on the RAID
declared by some air interface mechanism. The indicator is set to “1” if the RFID tag supportg 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

9.

Th
sej

action by the interrogator or the application is beyond the scope of this International Standard.

.17 DSFID and Extended Syntax

is syntax depends on the value of the Data-Format and Extended Syntax Indjcator bit. The

NOTE

quence of elements shall be used, with elements omitted if not signalled by earlier.bytes:

The term "shall follow" by each element depends on how the DSFID/isencoded, and whe

preceding elements are declared to be present. All the elements shall precede._any’encoding of data cor
the declared Access-Method.

DSFID:

Extended-
Data-Format:

Extended Syntax
Flag Byte 1:

Extended Syntax
Flag Byte 2:

Syntax Extensioh
(provisional):

Memory Capacity:

This shall be encoded according to the rules of the air interface proto
could be in a separate memory location{or with other user-related data.

If bits 5 to 1 have the value 11111, then this shall follow the DSFID.

following

her all the
hpliant with

col, which

If the Extended Syntax_Flag Byte 2 Indicator bit is set in the Extend¢d Syntax

Flag Byte 1, then this’byte shall be the next logical element. In turn, it d
which of the following optional elements are encoded, which depend
interface and Access-Method constraints as discussed above.

etermines
on the air

If the Extended Syntax Flag Byte 3 Indicator bit is set in the Extend¢d Syntax

Flag Byte 2, then this byte shall be the next logical element. In turn, it d
which of the following optional elements are encoded, which depend
interface and Access-Method constraints as discussed above.

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

This is a single or multiple bytes indicating the size of the memory in te
block size definition provided by the Tag Driver for the particular tag
required if the memory capacity is 256 bits or less.

etermines
on the air

element,

rms of the
. It is not

Total Encoded
Data Length:

Pad Byte(s):

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 for example to

provide memory for length encoding to be added at a later time, it
necessary to align to a block boundary. The Null-Byte mechanism, e
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=FormatSyntax Ftag—Syntax Ftag—ExtensiomCapacity —tength

Byte 1 Byte 2
bb000000|to [Not present |Not present Not present Reserved |Not present |Not present [Nof.presagnt
bb011110
bb011111 Present Not present Not present Reserved |Not present |Not present{Conditiorfal
bb100000[to [Not present |0bb00000 Not present Reserved |Not present [Not present |Conditioral
bb111110 Access-

Method only
bb100000[to |Not present |0xx00xxx Not present Reserved |Not present {Not present |Conditioral
bb111110
bb100000[to |Not present |0xx01xxx Not present Reserved |Present Not present |Conditionjal
bb111110
bb100000[to |Not present |0xx10xxx Not present Reserved |Not present [Present Conditional
bb111110
bb100000[to |Not present |0xx11xxx Not present Reserved<|Present Present Conditional
bb111110
bb100000|to |Not present |1xx00xxx Present Reserved |Not present |Not present |Conditioral
bb111110
bb100000|to |Not present |1xx01xxx Present Reserved |Present Not present |Conditiorjal
bb111110
bb100000[to |Not present |1xx10xxx Present Reserved |Not present |[Present Conditionjal
bb111110
bb100000[to |Not present |1xx11xxx Present Reserved |Present Present Conditioral
bb111110
bb111111 Present 0bb00000 Not present Reserved |Not present |Not present |Conditional

Access-

Method only
bb111111 Present 0xx00%xxx Not present Reserved |Not present [Not present |Conditiorfal
bb111111 Present 0xx01xxx Not present Reserved |Present Not present |Conditionjal
bb111111 Present 0xx10xxx Not present Reserved |Not present |Present Conditional
bb111111 Present Oxx11xxx Not present Reserved |Present Present Conditional
bb111111 Present 1xx00xxx Present Reserved |Not present [Not present |Conditiorfal
bb111111 Present Txx01xxx Present Reserved |Present Not present |Conditional
bb111111 Present 1xx10xxx Present Reserved |Not present |Present Conditional
bb111111 Rresent 1xx11xxX Present Reserved |Present Present Conditionjal
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

56
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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

Tgble 8 — Assigned and reserved Access-Methods. Four bits need to be encoded 0010, spread ovJar 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 determined apd contain
thé DSFID byte and Extended data format byte:

00111111, 00100101,..= 3F254¢

THe Extended Syntax Flag Byte 1 has the following initial structure to encodethe’ other two bits of the Access
Method (see 9.2.8):

X10XXXXXo
Encoding the indicators for memory capacity and length of the encoded data determines two more bts:
x1011xxX5

Encoding that a Data CRC is applied to the entire datachut not to the individual data sets determineg two more
bits:

x101110x,
THe final bit is reserved, so has the default-value 0,. As this tag has a simple sensor that is not decIIred by an
ai interface mechanism, the Extended.:Syntax Flag Byte 2 is required, so the lead bit of this flag ng¢eds to be
set = 1,. 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, resulfing 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:

3F25DC40+6

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

10000001, 00000000, = 81004s

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

3F25DC40810025+¢

Finally as|the memory capacity requires two bytes but the length of the current encoded data enly'requirles

one byte,
byte string comprises: 3F25DC4081002580+6.

9.3 Configuring the Logical Memory

The Logi¢al Memory is assumed to be empty at the beginning of the process of’any application read or wli:e
command| This enables the Data Processor to populate the Logical Memory. with encoded bytes using the
encoding

it is necessary to provide a single pad byte, as described in 9.2.17. The complete encoded DSHID

rules of this International Standard. It also enables transfers across the air interface (usually|in

blocks) td partially populate the Logical Memory, to enable decoding<by the rules of this Internatiopal

Standard.

The size
system information (see 9.2.2 and 9.2.3). This can be perceived as a matrix with the physical block
determinirjg the X-axis and the number of blocks determining.the Y-axis. This matrix concept is used in

e

bf the Logical Memory is defined using the physicaléblock size and number of blocks from :Ee
s
e

remaindel| of this International Standard. However other structures such as arrays and byte streams are also

likely to be used in implementations.

The Acceps-Method determines additional structuring rules (see Clause 11 for a detailed definition).

10 The Command/Response Unit: processing of command and response arguments

The Cominand/Response Unit is responsible for processing application commands and providing respon
to the application system from the RFID tag(s) with which it is communicating. This unit can be conside

es
d

conceptudlly as some form ¢of-executive software that receives application commands as defined |in
ISO/IEC 15961-1 and illustrated in Figure 3 — High level information flows. It takes account of the support for

application commands by the particular air interface protocol; this information being delivered by the

Driver. It then calls for the-rules for encoding (or decoding) and formatting functions as defined by the Accesgs-

Method.

Additionally, the;.ecommand arguments concerned with processing (e.g. lock functions, conditional selectigns

and so on)ccall for interfaces with the interrogator to transfer this as particular ISO/IEC 18000 air interfa
commandlsets- R ocess—the-Ge iR HRit-is—centi , o j
the Logical Memory of each RFID tag with which it is maintaining a logical association.

The arguments used in the application commands are classified as:

58

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.

Completion-Codes, which are command-related error or pass codes. These are described in 10.2.

Execution-Codes, which are system-related error or pass codes. These are described in 10.3.
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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
10.1 Process arguments
THe following sub-clauses define the process arguments.

10.1.1 Access-Password

THe Access-Password is a 32-bit (4 byte) code that provides permission-{o~access data on the| RFID tag

ei
applies to ISO/IEC 18000-6C tags.

THe Access-Password is included as an argument in the followind ISO/IEC 15961-1 application ¢

er to read or to write. Of the Tag Drivers currently supported, the:Access-Password argument only

bmmands:

Write-Objects-Segmented-Memory-Tag, Write-EPC-UIl, and'Read-Words-Segmented-Memory-Tag. If the

Ad¢cess-Password is a non-zero value, then this 32-bit code needs to match with that on the RFID

ag to gain

access for subsequent secure transactions. The interrogator processes this according to the ruleq of the air

interface protocol, with the password separated into two(1,6-bit strings and processed according to t

he rules of

ISP/IEC 18000-6C. If a perfect match is achieved<ef the 32-bit code, then the other argumepts in the

application commands can be processed.

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

\ccess air

interface command both on interrogators and"RFID tags. If any of these optional features are not prgsent, then

th¢ 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 to match a bit

pattern on the command-with' that on one or more RFID tags in the field. The application comman

| supports

sejection on the AFI and/DSFID. The Additional-App-Bits field allows the bit pattern to be ejtended to
enable a search to-a.finer resolution. For example, it could include the value of the Precursdr and the
Rg¢lative-OID. If this-field is included in an application command, it is concatenated to the AFl and DSFID and

ingorporated direetly into the associated ISO/IEC 18000-6C Inventory air interface command.

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

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

© ISO/IEC 2013 — All rights reserved
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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 Agpend-To-Existing-Multiple-Record

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

10.1.6 Application-Defined-Record-Capacity

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

10.1.7 Avoid-Duplicate

The appli¢ation command argument Avoid-Duplicate is used.if’/a write command to ensure that the Objeft-
Identifier|is not already encoded on the RFID tag.

This is a |BOOLEAN argument. If set to TRUE, sufficient content of the memory is read into the Logigal
Memory until a duplicate Object-ldentifier is found, or until the end of the encoding. Variant processes based
on the Actess-Methods are as follows:

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

Diregtory: the directory can be redd-to establish the presence of the candidate Object-ldentifier.

Packied-Objects: the index-of '€ach Packed-Object is read to establish whether the candidate Objeft-
Identiifier is present.

Tag-IData-Profile: 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 withil a
specific recard:“The final arc identifies the data element, which shall be used to apply this argumeént
within the reeord using the processes (above) for the Access-Method of the record.

ate , 2 entific iate
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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10.1.8 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
original write command, possibly by a trading partner.

This is a BOOLEAN argument. If set to TRUE, sufficient content of the memory is read into the logical memory
until a duplicate Object-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

o)
[¢]
va
er

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

Pdq
Cq

10

Th

0

10 Duplicate-Object
13 Object-ldentifier-Not-Found

.1.9 Compact-Parameter

= - r Object-

ntifier nor associated Object is returned as a response, because there is no way to ascertain which is
id. Other housekeeping commands such as Read-Logical-Memory-Map can then be_Used fo identify
ors on the tag.

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

e application command argument Compact-Parameter.determines what compaction scheme is|applied to
th¢ data Object, based on the following integer code values:

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

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

UTF8-Data - This" identifies that the Object has been externally transformed [from the
ISO/IEC 10646_coded character set to UTF-8 encoding. The Object shall not be processed
through the/data compaction rules of ISO/IEC 15962 and remains unaltered for trangfer to the
Logical Memory Map. This compaction applies to the No-Directory and Directory Access-
Methods,

RPack-Objects - This identifies that a set of Objects is to be encoded using the Packpd-Object
encoding scheme and identified with the associated Access-Method. If any of the set|is defined
with a different Compact-Parameter an error occurred in the command and encoding shall be
aborted. The set of Objects shall be compacted using the Packed-Object encoding rules.

- - = 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.

5to 14 reserved for future definition.

15

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
encoded 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 sizd, as encoded in EBV-8 format in the record preamble. The Data Processor returns this in EBV-8
format.

10.1.11 PSFID

The applifation command argument DSFID is used as parameter in the construction gf“an air interfgce
command| Processing this argument basically maps the value of the DSFID into bit-positions in the fir
interface gommand. The DSFID might not be explicitly called out in the command, byl its location within the
encoded rmemory is specified in the relevant ISO/IEC 18000 standard.

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

10.1.12 PSFID-Lock

The appli¢ation command argument DSFID-Lock is BOOLEAN. If set to TRUE the DSFID shall be written|to
the RFID |tag's system information and be permanently locked.*lf-set to FALSE it shall be written but not
locked.

The DSFID-Lock argument is part of the Configure-DSEID command, which is not directly supported |by
ISO/IEC 18000-6C (see Annex A.3.2).

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

4 DSFID-Not-Configured

5 DSFID-Not-Configured-Locked
6 DSFID-Configured-Lock-Failed

10.1.13 Pirectory-Length-EBV8-Indicator

This applifation command argument is used to determine the size of the EBV-8 field in the MR-header that
encodes the size of the directory. The following codes apply:

1 Single-byte EBV-8
2 Dbouble byte EBV-8, even if the length is less than 128 blocks

The value"2-sused-for=a dilcbtuly that lll;gilt UIigilla“y be—smattm aiu::, buts c)\pcuicu' toimcreaseisize 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
Prpcessor from the EBV-8 value encoded in the Multiple Records preamble from a hierarchical recond.

10.1.17 Identifier-Of-My-Parent

THe command and response argument Identifier-Of-My-Parent is used for a multiple(reeord that is part of a
higrarchy, and has the value of the hierarchical code of that record. The Data Progessor shall che¢k that the
aspociated parent record exists by establishing that the hierarchical code exists. An addition it shall pheck that
it ¢an be a parent from bits 8 to 6 of the Multiple-Records intermediate arcs indicator having the vallies 010 or
01[1. If the hierarchical code exists and the fact that the record can be a parentis proven then the fecord can
bg written. Otherwise the encoding process is discontinued and an error reported.

10.1.18 Identify-Method and Number-Of-Tags

THe application command argument Identify-Method is used{o ‘define whether all or some of the RFID tags
belonging to the selected AFI in the operating area shall be\identified. It shall be used in conjunctign with the
mand argument Number-Of-Tags (defined later in this-sub-clause). The value of Identify-Method is an
ger and the following codes apply:

0 Inventory-All-Tags

This callstfor the Singulation-ld of all RFID tags in the| operating
field to be identified, probably with the additional system|constraint
of atime limit.

1 Inventory-At-Least = Urhis calls for the Singulation-ld of all RFID tags in the| operating
field to be identified, but differs from (1) in that an error oqcurs if the
minimum number is not found. The minimum quantity shquld reflect
some value relevant to the application.

2 Inventory-No-More-Than This calls for the Singulation-ld of a maximum number of RFID
tags in the operating field to be identified. This could b¢ used for

sampling purposes.

3 Inventory-Exactly - This calls for the Singulation-ld of a specific number of RFID tags
in the operating field to be identified. This argument can e used to
confirm that particular items are present in the operating|field (e.g.
within a container).

THe_application command argument Number-Of-Tags is a conditional qualifier to the basislargument
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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10.1.19

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.

Some of the identify arguments can result in an open-ended loop and an indefinite wait. Additional
systems constraints may be required to respond with an appropriate Completion-Code.

Instance-Of-Arc

The application response argument Instance-Of-Arc is an integer value, converted by the data Processor
from the EBV-8 value encoded in the Multiple Records preamble.

10.1.20

tem-Related-DSFID

The appli¢ation argument Item-Related-DSFID is used as parameter to identify the DSFID encoded with the

Iltem-Related segment of an ISO/IEC 18000-6 Type D tag.

10.1.21

tem-Related-Segment-Map

The appligation response argument Item-Related-Segment-Map is used as parameter to identify the raw byte

string encpded within the ltem-Related segment of an ISO/IEC 18000-6 Type D tag;

10.1.22

Kill-Password

The application command argument Kill-Password requires the “Data Processor to pass this to the
interrogator so that the Kill-Password in the command is matched with that on the RFID tag. A match resylts
in the RFID tag function being permanently disabled. A mismatch results in the air interface rejecting the

command

10.1.23

The appli¢gation command argument Length-Of-Mask represents the number of bits in the Tag-Mask and
used as a|parameter in the associated ISO/IEC #8000-6C /nventory air interface command.

This argument is used with ISO/IEC 18000-6C when accessing EPCglobal related data.

10.1.24

| ength-Of-Mask

S

| ock-Directory-Entry

The appli¢gation command argument Lock-Directory-Entry is BOOLEAN and if set to TRUE the interrogaor

shall lock the directory entry-forthe particular record.

10.1.25

|_ock-Multiple-Records-Header

The appli¢ation eemimand argument Lock-Multiple-Records-Header is used to determine if all, some, |or
none of the MRxheader is locked. This command argument is presented as an integer value and the following

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

N

Records field are locked.
The Data length of the directory field and the Number of Records field remain unlocked, all other
fields are locked.

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 application command argument Lock-Ull-Segment-Arguments defines which componemt-parts of the
Ul} segment of an ISO/IEC 18000-6 Type D tag to lock. The size of the lock block is determined’py the tag
maodel declared by the TID-S page(s) of the tag.

10.1.28 Max-App-Length
THe application command argument Max-App-Length is provided as a numeric value equivalgnt to the
number of bytes to be read starting from the first location on the RFID tag.{Fhis has to be conyerted into
blocks, by dividing the value of the Max-App-Length by the block size, and.rounding up to a wholg block as
necessary.

THe number of blocks is then transferred to the interrogator for the air(interface protocol to read and|return this
number of blocks, which should provide the application with the firSt/Data-Set(s) encoded on the RF|D tag.

THe Max-App-Length argument is only applicable to the Access-Method No-Directory and Difectory. It

shpuld be applicable to all single bank memory structuresiand to Memory Bank 11, of the ISO/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 whigh 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 bit values are incorporated directly into the associated ISO/IEC 18000-6C air interface commands.

10.1.30 Memory-Bank-Lock

THe application.command argument Memory-Bank-Lock is BOOLEAN. If set to TRUE, the selected memory
of [the ISOAEC 18000-6C tag shall be permanently locked. If set to FALSE, any data written to the tag shall
nat be locked in the specified memory bank.

THe“Memory-Bank-Lock argument is part of the Write-EPC-UlIl command, which is only sugported by
ISOMET T8000-6C.

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 Multiple-Records-Features-Indicator

The appli¢ation command and response argument Multiple-Records-Features-Indicator is a.bit, map. The
8-bit valug in the command shall be encoded as submitted in the MR-Header. As currently defined|in
Annex Q.2.7 some of the values for bits 7 to 4 are either not permitted or are reserved. Bit,1is also currertly
reserved.

The Data |Processor shall abort processing the Configure-Multiple-Records-Header'command if any of the
bits that afe not permitted or are reserved are included in the application command.for this argument.

10.1.35 NSI-Bits

The appli¢gation command argument NSI-Bits defines a 9-bit code defined by EPCglobal used as a prefix|to
the EPC-Code when encoded on the associated RFID tag. The NSI-Bits are encoded in bit locations 17h|to
1Fh of mgmory bank 01, of an ISO/IEC 18000-6C tag, only when encoding EPCglobal data.

10.1.36 Number-In-Data-Element-List

The appli¢gation command argument Number-In-Data-Element-List is only used in a hierarchical record that
is a data ¢lement list. The value is the count of the mumber of instances-of the data element being encodgd.
The Data|Processor should use this as an aid t6-ensure that the number of data elements is matches this
value. A npis-match is not treated as an error, so:the encoding process continues.

10.1.37 umber-Of-Records

The respgnse argument Number-Of:Records is used in one of two ways. If bit 2 of the Multiple-Records-
Features4ndicator equals:

— 1l then this field is-fdlly maintained as new records are added. A zero value is encoded when the MR-
eader is created/ In this case the Data Processor returns the EBV-8 value as encoded in the MR-
eader.

— then-this field is not maintained and the value should be zero, but any other value should pe
ignofed, for example if some record count was initially maintained but later this function was decided
tp ‘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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Additional 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:

This Packed-Object is not a directory and does not require one
Packed-Object Presence/Absence

Packed-Object index field

Packed-Object offset

Packed-Object pointer-allocation only expecting a future command to set the direftory type

A WN-O

Cade '0' is used in a write command to identify that the Packed Object is not a Directory,Packed Object. Code
'5'lis used to indicate that a directory will be set at some future time. The other three codes defing different
types of directory.

10.1.40 Password

THe application command argument Password defines the byte string that represents a code valug, qualified
byl the Password-Type, in a command that writes the password to*the RFID tag. The Password-Type
determines the structure of the Password, and if wrong the comniahd shall be rejected. The Password-Type
algo determines the location to which the Password is written forthe particular air interface protocol

10.1.41 Password-Type

THe application command argument Password-Type.determines which location a password is wyfitten to in
the¢ specified memory bank of an RFID tag with_aisegmented memory. This argument qualifies the type of
Pgssword with the following code values.

0 Kill-Password
1 Access-Password

Prpcessing this argument requires the password defined by the Password-Type to be specified to|be written
to the appropriate address location'in the correct memory bank using a generic air interface Write cgmmand.

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

10.1.42 Pointer

THe application*command argument Pointer identifies the hexadecimal address of the first (msb) pit against
which to apply‘the Tag-Mask in the Inventory-EPC-Ulimemory command. This field is incorporated directly
into an associated ISO/IEC 18000-6C air interface command. It is also used in conjunction with Liength-Of-
Mask.

e — ! e QA 400NN A 1 : et = o N O T TR N B
T[ 15 dIJUITICTIU TS USCU WILT TOUTLEL  TOUUUSDL WITITTT dLUCSSITTY LT UyluDdal TCIalcU Udald.

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.

© ISO/IEC 2013 — All rights reserved 67


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

ISO/IEC 15962:2013(E)

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
ead-Multiple-Records-Header-Plus-1st-Preamble
ead-Multiple-Records-Directory
ead-Preamble-Specific-Multiple-Record
ead-All-Record-OIDs-Specific-Record-Type
ead-OIDs-Specific-Multiple-Record
ead-All-Objects-Specific-Multiple-Record
ead-Multiple-Objects-Specific-Multiple-Record
ead-1st-Objects-Specific-Multiple-Record
ead-Data-Element-List-Specific-Multiple-Record

O©CoONOOOITA,WN-_0O

The process rules are defined in 8.3.8.1.

10.1.45 Read-Type

The appligation command argument Read-Type defines which Object-ldentifier is to read from the RFID tag.
There are|three Read-Type codes:

0 ead-First-Objects
1 ead-Multiple-Objects
2 ead-All-Objects
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The Read-Multiple-Objects argument.tequires a list of Object-ldentifiers to be provided, and can be applied
to any of|the Access-Methods. If the ‘Check-Duplicate argument is set to FALSE for all of the Objeft-
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The ReadtAll-Objects;argument does not require a list of Object-ldentifiers. If any Object-ldentifier is found
to be duplicated, then the Completion-Code 10 should be returned and the reading process aborted. An

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.for all records in
the¢ Logical Memory, or to signal that the true value varies between records and the true value is gncoded in
the record. This application command and response argument is presented as an<nteger value.|The Data
Prpcessor accepts the integer value provided in the command and converts this’to EBV-8 format before
encoding in the MR-header.

In|commands to write, read, modify or delete, the Sector-ldentifier s\ provided as part of the Object-
Identifier and is already in EBV-8 format. The Data Processor needs to.Compare the value in the NIR-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, then the command value shall be = 2

>2. then the command value shall be the same

All other 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 to what detail,
segments from an ISO/IEC 18000-6 type D are to be read. There are four Segment-Read-Type codes:

Read-Segments
Read-All-Segment-Details
Read-Ull-Segment-Details
Read-ltem-Related-Segment-Details

WN -0

Read-Segments requires the Data Processor to parse the payload into a set of byte strings that fepresent:
the TID segmenty the Ull segment, the ltem-Related segment (if present), and the Simple Sensor Data Block
(ifjpresent).

R}ad-UII-Segment-Details requires the Data Processor to provide in the response: the AFI, DSF|D, 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 block size, as encoded in EBV-8 format in the multiple records directory.

10.1.53 Tag-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 [rag-Mask
The appligation command argument Tag-Mask represents a bit pattern in the Inventory-EPC-Ullmemary
command|to enable tags with this particular bit pattern from the Pointer to be identified and returned. This
field is indorporated directly into the associated ISO/IEC 18000-6C Inventory air interface command. It is also
used in cdnjunction with Length-Of-Mask.

This argument is used with ISO/IEC 18000-6C when accessing EPCglobal related data’

10.1.55 [TID-Segment-Map

The appli¢ation response argument TID-Segment-Map is used as parameter to identify the raw byte string
encoded gs the TID, or Singulation-Id, on an ISO/IEC 18000-6 Type D tag:

10.1.56 UII-DSFID

The appligation argument UII-DSFID is used as parameter~to identify the DSFID encoded with the Ull
segment gf an ISO/IEC 18000-6 Type D tag.

10.1.57 UlI-Segment-Map

The appli¢ation response argument Ull-Segment-Map is used as parameter to identify the raw byte string
encoded Within the Ull segment of an ISO/IEC18000-6 Type D tag.

10.1.58 Update-Multiple-Records-Directory

The appli¢ation command argument’Update-Multiple-Records-Directory is BOOLEAN, but the processing
on the Logical Memory by the Data Processor needs to takes into account whether a directory already exists.
The followling states and processes apply:

— I a directory pre-exists and the command argument is set to TRUE, the directory is fully updategd,
imcluding anypreviously missed directory entries.

— I a dirgetory pre-exists and the command argument is set to FALSE, the argument is ignored and the
directory is fully updated, including any previously missed directory entries.

— If no directory exists and the command argument is set to TRUE, the directory is created and fully
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

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

in¢lude this information. This is achieved by means of the appropriate Completion-Code, ag specified
in [Table 7 — List of Completion-Codes. If errors occur, at least one Completion-Code shall be.refurned per
response. Addressing multiple errors is beyond the scope of this International Standard; byt multiple
Completion-Codes may be provided depending on the design of the interface)” Additiopally, the
“hpusekeeping” commands such as Read-Logical-Memory-Map and Read-Words-Segmented-Memory-
Tdg can 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 command was not
completed.
2 AFI-Not-Configured-Locked
As (1) but responding that the existing AFI was also found to be locked.
3 AFI-Configured-Lock-Failed
Successfully configured but not locked as reguired
4 DSFID-Not-Configured
For some reason, possibly because~of a prior configure action, the command was not
completed.
5 DSFID-Not-Configured-Locked
As (4) but responding that a pre-€éxisting 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 to updpte the
Object value cauld-not be completed.
8 Singulation-id-Not-Found
The particular-RFID tag, specified by the Singulation-ld, could not be found in the operdting
area.
9 Object-Not-Added
The'Object and Object-ldentifier plus associated syntax bytes could not be added to the
Legical 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, pr
UUIULUU} vwdo TUUTIU. TT1TC PIU\JUDD vwWdo dJUIiCuU.
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
This indicates that the intended action to erase encoded bytes from one or more blocks was
interrupted and that not all blocks have been processed. The command can be re-invoked+to
complete the process.

19 Read-Incomplete
The intention to read the complete contents of the Logical Memory Map failed, because not all
blocks from the RFID tag were transferred to the Logical Memory.

20 System-Info-Not-Read
The intention to read the system information failed.

21 Object-Not-Modified
The Object and Object-ldentifier plus associated syntax bytes could not be modified on the
Logical Memory Map (e.g. because the modify function is not supported by the particular RFID
interrogator).

22 Object-Modified-But-Not-Locked
The Object was modified in the RFID tag that did not support a lock feature in the memory.

23 Failed-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 Failed-To-Read-Exact-Number-Of-Tags
The pre-defined exact number of RFID tags.was not identified with the specified selection
criterion, possibly because of a time-out.

25 Password-Mismatch
The Password in the command failed to match the Password encoded on the RFID tag.

26 Password-Not-Written
The Password in the command ‘was not written to the RFID (e.g. this writing feature was not
supported on the interrogater or RFID tag).

27 Zero-Kill-Password-Efror
The Kill operation wasynot executed because the Kill password has a zero value.

28 Kill-Failed
The intended ait-interface Kill command failed (e.g. There was insufficient power to perform the
kill operation):

29 Object-Not-Editable
The Object, encoded as part of a Packed-Object, was not modified because it is not editable.

30 Directory-Already-Defined
APacked-Object already has a directory type defined.

31 Packed-Object-ID-Table-Not-Recognised
The TD-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.
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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 Muttipte-Records-Header-Not-Configured
Some of the processes required to configure the Multiple-Records-Header could not bg
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 supporta’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 selegtive
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 rules
defined in the MR-header. The record was not enceded.
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 wasnet encoded.
45 Sector-ldentifier-Not-Compatible-Multiple-Records-Header
The sector identifier in the Object-ldentifier in the command is at variance with the contfolling
sector identifier rules defined in the-MR-header. The record was not encoded.
46 Record-Preamble-Not-Configured
Some of the processes required to configure the record preamble could not be processefl by
the Data Processor, resulting-in an incomplete encoding.
47 Record-Preamble-Not-Locked
The record preambletwas added to an RFID tag that did not support a selective lock feature in
the memory.
48 Multiple-Records-Directory-Not-Present
The commandite 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 locked
51 Record-Not-Deleted-Lower-Level-Preamble-Locked:
The command could not be invoked because the preamble of a lower-level record is locKed.
52 Record-Not-Deleted-Encoding-Locked:
The command could ot be Mvoked because part ortre record fstocked
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

Tag-CRC-Error:

Invalid-Parameter:

Undefined-Error:

11 Access-Method

The Acce
on the RF
interface 1

—NO-EfFor_The command was executed withouterror |
No-Response-From-Tag: No response was received from the RF tag

Tag-Communication-Error:
was an aborted frame)

Command-Not-Supported:

Internal-Error: An error occu

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 command.

Interrogator-Communication-Error:  An error occurred_in' the communication between the
application and in the interrogator

rred in the application software

5s-Method, as defined by the application, is the most significant determinant of how data is encoded
D tag. The value of Access-Method should be stored on the RFID tag, or may be defined by the jir
ervices, if this can be done wnambiguously. The Access-Method is defined as an integer valug]in

the applicgtion command and encodéd)as a compound bit value in the DSFID and the SFF (Special Features
Flag) bytelon the RFID tag.
Table 8 — Assigned and reserved Access-Methods defines the code structure.
Table 8 — Assigned and reserved Access-Methods
15961 5962 |~15962 [Name Description
integer| DSFID-['SFF bit
code |bjt 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
Y 01 11 reserved for tuture revisions ot ISO/IEC 19962
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/IEGC~15962
15 11 11 reserved for future revisions of ISQ/EC 15962

THe Extended Syntax Flag Byte 1 is required for all Access-Methods-4 to 15. It is only required fg
Methods 0 to 3 to signal other functions supported by the RFID tag:

Egch of the Access-Methods defines specific encoding rules for the Object-ldentifier and fo
Object. The sub-clauses that follow describe each of the Access-Methods and define specifi
encoding Object-ldentifiers and data Objects.

Any of the Access-Methods may be applied to the User memory of a single memory structure
supject to that Access-Method being supported by the particular application standard.

Fgr Segmented memory structures, only seme of the Access-Methods can be applied to particulg
banks. Details will be provided in the following sub-clauses.

11

NOTE In addition to the encoding schemes declared by the Access-Method, the Monomorphi
additional encoding scheme that is declared directly by the AFI (see 9.2.4).

.1 No-Directory structure

E-Ull is an

r Access-

the data
rules for

RFID tag,

r memory

THe Access-Method = No-Directory is designed to achieve a combination of flexibility and efficiefcy for the

bytes that are encoded on the' RFID tag. In particular:

Th

— Data Objects are compacted efficiently using a defined set of compaction techniques that
encoding-ef-data objects on the RFID tag across the air interface.

— Data\formatting minimises the encoding of the Object-ldentifiers on the RFID tag and
interface, but still provides complete flexibility for identifying specific data.

e-encoding consists of a repeating cycle of Data-Sets (see 11.1.2), with each additional Data-S

educe the

on the air

pt abutted

to the‘previous Data-Set as illustrated in Figure 4 — | ogical Memary Schematic - No-Directory Strudture.
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1stData-Set>>>>>>>
> > >>2nd Data-Set > > >
>>>3>>3>>>3>>>>>>

> 3rd Data-Set > >>>> >

S>>>>>>

... nth Data-Set > >>>>>
S>S>>53>3>3>3>>>>>>>>

The first [
in the sam

11.1.1 Re

This Accse
able to wr

Figure 4 — Logical Memory Schematic - No-Directory Structure

l Free space is used
for additional Data-sets

ata-Set is encoded in the lowest block, subject to any requirements to encode the AFI and DSHID

e encoding space.

strictions to air interfaces

ss-Method may be used to encode ISO-related data in any memory area where applications 3
te a Ull and/or item-related data, including the relevant memary banks in a segmented memory tag.

11.1.2 The Data-Set

Each Dat

require only a‘simple process to reconstruct the complete Object-ldentifier.

=

e

-Set comprises the following component parts.some of which are conditional on the value of the
Object-ldentifier:

recursor - This is typically 1 byte long and provides a bit-based meta-data structure of the encoded

bject-ldentifier and Object.

ffset - This is only present, when the Data-Set needs to be aligned on a block boundary, for

xample to ensure that the Data-Set is locked or not locked relative to adjacent Data-Sets.

he length of the Object-ldentifier.

bject-ldentifier ~_This is a formatted Object-ldentifier that may be encoded as a Relative-OID,
sing the Data-Format to identify the Root-OID and reduce the number of encoded bytes, but still

he length.of the Object

bject - 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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Table 9 — Data-Set structures

11

TH
ad

11

Th

Di
bl
Di

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— 27 with-Offset

Other OID with Precursor |Offset Length of OID |OID ~~ Length |Data ~~ |Pa¢ ~~
Offset 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-ock block glignment

.1.3 Encoding Rules

e encoding rules for this Access-Method are defined in Annex D, with \the“following annexes
ditional details:

Annex E provides detailed rules for the data compaction schemes.
Annex F provides details of the characters supported in each ¢ompaction scheme.

Annex G provides an encoding example.

.2 Directory structure
e Access-Method = Directory has a two part.structure in the Logical Memory:
— The lower addressed blocks are_identical to the No-Directory structure.
— The higher blocks contain the directory.
rectory entries shall be stored-in the lowest byte address to the highest byte address sequeng

ck, but in reverse block-sequence starting from the last block. Figure 5 — Logical Memory S
rectory Structure illustrates-this.

1st Data-Set>>>>>>>
>> > > 2nd Data-Set > > >
>>>3>3>>>>>>>>>>
> 3rd Data-Set>>>>>>
S>S>>>>>> .0 ..

... nth Data-Set >>>>>>
>>>>3>>>>>>>>>>

providing

e within a
hematic -

l Free space

to be used either
for data or directory t

>>>>>blockn2>>>>>
>>>>>blockn-1>>>>>
Directory >>>>>>>>>>

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 directpry should not be locked, because if so done, it renders it impossible to update Data-Sets in the:No-
Directory| part of the Logical Memory. However, the Data-Sets in that region of memory may or may.not pe
locked to $uit the needs of the application.

11.2.1 Rdstrictions to air interfaces

For ISO/IEC 18000-6C RFID tags, this Access-Method shall only applied to Memory Bank 11,. No other
restrictions are known.

11.2.2 The Directory structure for Data-Format = {3 ...287}

The Direcfory has the following structure of a repeating cycle for each Data-Set consisting of:
— The Precursor for the Data-Set.
— The length of the Object-ldentifier (conditional).
— The Object-ldentifier (conditional)

— The address 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 Objéct:Identifier is conditional because Relative-OID values in the
range 1 td 14 are 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 Directory structure for Data-Format = 2

This Diregtory structure is_identical to that as described in 11.2.2 except for the fact that the first element to pe
encoded refers to the Root-OID as follows:

—  Rrecursorof'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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.2.5 Encoding Example

example of the encoding with a directory is provided in Annex H.

.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

fo

use of the same compaction schemes as of the No-Directory Access-Method. This enables
implementation, but still with encoding efficiencies over the basic No-Directory Access-Method.
process is illustrated in Figure 6 — The Packed-Objects encoding process.

Th
ar

e
Id
en

TH

a
Orl%jects. The index(aliows for all Object-ldentifiers encoded within the Packed-Object to be identit

each Relative-OID value in the table. In addition, the Packed-Objects encoding scheme may; S

Object Identifiers
and data Objects

I

Rules-based .
Table Compaction

Schemes

Metadata | Identifiers | Compacted Objects

Figure’6 — The Packed-Objects encoding process

pecify the
a simpler
The basic

e Object-ldentifiers and _data Objects are input into the rules-based table, where the Object-Identifiers

b separated from the Objects. The Object-ldentifiers are encoded in a group, and the data is cor
group. The encoding sequence consists of metadata, an index of identifiers, followed by the ¢

bles a seareh for a particular Object-ldentifier to be undertaken efficiently. If the require
ntifier is not‘present, then the search can continue in a subsequent Packed-Object structure,
coded onthe RFID tag.

e detailed of Packed-Objects are defined in the following annexes:

npacted in
ompacted
ied, which
d Object-
if any are

A

nex I detines Tully comprenensive Facked UDJjecCl structure detalling all the mandatory and optiond

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.

| features

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 Objects are compacted efficiently using a defined set of compaction techniques that reduce the
ncoding of data objects on the RFID tag across the air interface.

(o)

— The Precursor and other syntax on the No-Directory Access-Method are retained to enalp
imterrogators with no access to the Tag-Data-Profile to decode the data.

e

The encofling consists of some meta-data that uniquely identifies the Tag-Data-Profile plus encoded data
sets that qgre the same as if encoded using the No-Directory Access-Method, except that all the data has a
predeternfined length and compaction.

11.4.1 Rgstrictions to air interfaces

This Accégss-Method may be used to encode ISO-related data in:any memory area where applications &
able to wrlte a Ull and/or item-related data, including the relevant memory.

=4

e

11.4.2 Defining the Tag-Data-Profile
A Tag-Data-Profile is identified by a rules-based table;.defined by the application administrator and registerned
under the| rules of ISO/IEC 15961-2. The table enables the encoder to convert the Object-ldentifiers, [as

defined by the application, to a byte-mapped position on the Logical Memory. The table also specifies length,
formats, cpmpaction scheme and whether the:Data Object is locked.

11.4.3 Encoding Rules

The ID Table and encoding rules for this Access-Method are defined in Annex N, with the following annexes
providing pdditional details:

Annek O provides detailS of the structure of the Profile table.
Annek E provides-detailed rules for the data compaction schemes.

Anneix F provides 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
RI Iecgr‘: Record #11(Record # 2} ======| Record # n m (_| Directory
A A J I AN
Lowest Hlighest
Address Apldress

Figure 7 — The basic structure for multiple records

THe Access-Method = Multiple-Records has a three part structure in the Logical"Memory:

— A Multiple-Records header (hereafter MR-header) that is encoded \from the lowest address in the
memory. The MR-header needs to be of a sufficient size to support the number of initial pnd future
records.

— One or more individual records, where each record fully.eomplies with one of the following Access-
Methods: No-Directory, Packed-Objects, and Tag-Data-Profile. The constraint is| that the
Multiple-Records Access-Method shall not contain the Directory Access-Method (1) or the
Multiple-Records Access-Method (4) itself.

NOTE Future revisions to this International Stanidard might have the capability to support additionpl yet-to-be
defined Access-Methods of the individual records.

— The higher blocks contain the directory, of all of these records, as a series of directory entiies, which
may be added later. The directory(entries are stored in reverse block sequence starting from the
highest addressable (last) blockj_but each block is encoded from the lowest byte addrgss to the
highest byte address. This_is.similar to the ordering defined in 11.2 for the Directory Access-
Method. Structuring the directory in this reverse sequence of blocks leaves unused blocks available
either to encode additional records or directory until there are too few blocks remaining fo encode
new data.

A{ additional records are-added, they are encoded in the next available memory block higher than the end of
the¢ previous record. The’directory entries are made in the next available memory block lower than the
previous end of the directory.

11[.5.1 Categories of multiple records

11,.5.1.1Homogeneous Multiple-Records

Fdr the purpose of this International Standard a homogeneous Multiple-Records encoding is ong 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
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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
Recofd Manufacturer Gov't End of | Retailer's Dirbcto
Headpr Life Recycling | Warranty ry
Lowes} Highest
Addregs Address

Figlire 9 — Example of a heterogeneous Multiple-Records encoding, with-different domains

Figure 9 + Example of a heterogeneous Multiple-Records encoding, with~different domains illustrates|

Logical M

Data-Formats for some of the records.

11.5.1.3

This is a
dependen

Hierarchical records

subset of the Multiple-Records Access-Method. where hierarchical levels of data are logice
t across the levels in the hierarchy, using a parent-child link between the records. The top-le

records in| the hierarchy may be either homogeneous orieterogeneous, but all lower-level records shall u
homogengous encoding.

82

Record Type A
(top level)

Record Type B

a

bmory where data is encoded by organisations from three differént domains. This results in different

Iy
el

(2nd level)
Record Type C h Record Type D Record Type K Iy
3re-evel) BrcHevet) BreHevel)
= Obsolete =
2010-12-31

Record Type E
(4th level)

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
th¢ basic hierarchical structure by adding a completely new type of record at a later date. The revefse is also
permitted (as illustrated with record type D), but such a record should be shown as. 'aobsolefe" on the
higrarchical structure, because tags with the structure will still be in circulation after the final.record df that type
has been encoded.

THis International Standard places the following constraints and freedoms in stracturing a hierarchical record
stiucture:

— 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 adding fewer level records.

— There are no constraints on the number of record types in a hierarchy, or the number of fecords 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 structuring rules for mulfiple records enable many different hierarchical structures to be deyeloped in
application standards. Application administrators should define permitted structures to provide useful
information to those encoding and decoding the records. Because the parent-child link is encoded| receiving
syptems can always reconstruct the intended without knowing the application standard, but knowledge of what
records can establish such a relationship will ensure more efficient generation of commands and efficient
regponses.

11[.5.1.4 Data element lists

A fata‘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 epcoding of
multiple instances of the same Object-ldentifier within the same record.

NOTE 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. {data format = dictionary}.{sector identifier}.{record type}.{instance-of}.{Relative-OID of dz

The arcs $hown in bold text identify the root-OID. The following example describes the structure;

11.5.2.2

The full Objectildentifier for a hierarchical record is:

1.0.159 = dicti identif ierarchical | ive-

element}

The arc 401 identifies this as a Multiple-Record that is not part of a hierarchical-structure.

—]

he arc for the data format = dictionary shall be the same as that for an existing registration fo
Igentifiers.

NOTE  This means that even if the registered data format has_a.root other than 1.0.15961 that the r
defined in this clause applies for multiple records.

—]

ill define record types for a particular sector, e.g. a-manufacturing sector using Data Identifie
Hurther details are provided in 11.5.3.

<

—]

hereafter, the sector administrators will be responsible for the assignment of a value for the arc
ne record type for each defined record. The records shall be defined in a sector application stande
Hut do not need to be registered under ISG/AEC 15961-2 procedures.

—

The instance-of arc is assigned by the user at the time that the record is created. Non-zero valu

A zero value instance-of arc in.the OID structure is used to mean that there can be only one instan
df this record in the logical miemory.

—]

.g. when using Data-Format 13, Relative-OID = 16 = Data Identifier 1P (Item Identification Co
ssigned by Supplier).

Q D

The hierarchical Multiple-Record

[ a

Data-Format. For example, the arc =13 identifies the data dictionary for the mapping table for Data

Dot

he administrators of the data dictionary should assign a. sector identifier to an administration that

r'S.

for
rd,

eS

indicate the encoding of the same record type (e.g. a maintenance record) at different points in time.

ce

he Relative-OID of the data element arc is identical to that of the data element in the data dictionary,

de

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:

84

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 forma
dictionary.

t=
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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.

11

Th

Th

.5.2.3 The data element list

e arcs shown in bold text identify the root-OID. The following example describes the structure:

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-ihstance-of
arc.

The value of the data element arc complies with the rules defined in 11.5.2.1 forfor the Relative-OID
of the data element.

is is a hierarchical record that lists the same data element repeatedly /The full Object-ldentifier|for a data
el¢ment list is:

.0.15961.403.{data format = dictionary}.{sector identifier}.{record type}.{hierarchical id}.{Relative-OID of

data element}.{list elementyhumber}

The arc 403 identifies this as a Multiple-Record that is a data element list and part of a hjerarchical
record structure.

The arc for the data format = dictionary complies with the rules defined in 11.5.2.1 for data format =
dictionary.

The administrators of the data“dictionary should assign a sector identifier to an adminisfration that
will define record types.

Thereafter, the sector-administrators will be responsible for the assignment of a value for the arc for
the record type for each defined record. The records shall be defined in a sector application standard,
but do not negd:te be registered under ISO/IEC 15961-2 procedures.

In addition,“The hierarchical parent — child relation as illustrated in Figure 10 — Example of a
hieraréhy-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 ipstance-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 Identifier 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-

H H ol 100 oot o Y B | pu | H 4l H 1
Identifier jdentiftes-that-the-CtEtcode-is-the primarywey:

1.0.15961.402. {data dictionary}.{sector identifier = 2}.{record type =19}.

—

Therefore| the administrators of the data dictionary shall assign sector identifiers incrementally-starting with

the value B.

11.5.4 Rdstrictions to air interfaces

This Accgss-Method may be applied to any tag that has sufficient memory to support what is likely to bg a
larger requiirement for encoding capacity. Specific additional constraints apply to\tags with segmented memgry.
For the ISO/IEC 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 applied be|to
the item-r¢lated data segment.

11.5.5 Encoding rules

The details of Multiple-Records defined in the following annexes:

Annex Q defines all the basic rules for homogeneous or.héterogeneous Multiple-Records encoding.
Annex R defines the additional rules for hierarchical‘tecords.

An example of the encoding with a directory s provided in Annex S.

12 ISO/JEC 15434 direct encoding and transmission method using Access-Method (
and Datp-Format 3

The ISO/IEC 15434 direct éncoding and transmission method is designed to support the encodation and
transmission of a compléete) 15434 message in a compatible manner with similar messages in 2-D bar code
symbols. [This enables SO/IEC 15434 messages to be used independently of the data carrier technolagy
being seldcted.

Developels ofcapplication standards need to be aware this method requires the entire message to be read and
parsed to|l extract a particular data element There are alternative encodmg schemes supported by the
Internatiorra W enti
that enable selective readlng and wrltlng between the appllcatlon 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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Each Format Envelope within the Message Envelope consists of:

A «

— a Format Header,
— data, formatted according to the rules defined for that Format, and
— a Format Trailer (when required).

“15434” message always starts with the following four character string for the message header:

TH
sC
en
he

Ar
us

12
IS

us
fo

th¢ same encoder and decoder processes are used. Gempliant 1ISO 17364, ISO 17365, 1SO 1

IS

Ar

13

TH
wh
sa
va

[)>"s
e direct encoding method has rules to simplify the encoding, often enabling a specific/6-bit ¢
heme to be used. This codeset includes the 15434 control characters <RS>, <GS>;)and <E
coding 'shorthand' techniques are employed, for example to eliminate the need to.e€ncode the
ader, yet still re-create this on the output transmission from the decoder.

nex T defines the detailed encoding rules for ISO/IEC 15434 direct encoding’ and transmissig
ng Access-Method 0 and Data-Format 3.

.2 Specific support for ISO TC122 standards

D TC 122 has a set of standards (currently 1ISO 17364, 1SO 17365, 1ISO 17366, and ISO 17367
e ISO/IEC 15434 Format "06" messages encoding Data Identifiers. The character set and encg
ISO TC 122 applications are a subset of the general rules for ISO/IEC 15434 direct encoding. A

D 17367 applications need only to ensure that the correct subset of characters is used.

nex U describes the ISO TC 122 differences fromthe general rules defined in Annex T.

b Monomorphic-Ull encoding

e Monomorphic-Ull encoding scheme is designed to achieve a simple encoding of a Unique Iten
en encoded in a memory area_dedicated to this function, and where no additional data is enco
me memory area. All of the features can be self-declaring through the registration of the particula
ues under the rules of ISO/fEC 15961-2. The following conditions apply:

— An AFI assigned’to a particular Monomorphic-Ull shall not support the encoding of any

different{AFI and Data-Format.

supports the separate encoding of a Ull or as a single data object in a monolithic structure
tag.

pbmpaction
DT>. Also
message

n method

that only
ding rules
\s a result
y366, and

N Identifier
Hed in the
AFI code

additional

item-related-data. If item-related data is required for the application, then this shall use an entirely

— The"Monomorphic-Ull is therefore only capable of being encoded in a tag memory archit¢cture that

d memory

ISO/IEC 15961 and in the ISO/IEC 24791 standards.

— The Monomorphic-Ull does not require the encoding of a DSFID

1mands 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 df the encoding is defined by the 6-bit encoding rules, with one minor variation. If the tag architectyre
supports gn encoding unit of more than an 8-bit byte (for example ISO/IEC 18000-6C uses a 16-bit word) then
of the pad| string “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:

— Hxactly on the boundary — no action

— Requiring two pad bits — encode 10

— Requiring four pad bits — encode 1000

— Requiring six pad bits — encode 100000

— Requiring eight pad bits — encode 10000010

— Requiring ten pad bits — encode 1000001000

— Requiring twelve pad bits — encode 100000100000

— Requiring fourteen pad bits — encode 10000010000010
The decoding rules as defined in Annex E.4 apply'so that if pad strings “10”, “1000” or “100000” are presenf at

the end of the encoded bit string, they are discarded. For a Monomorphic-Ull there can be repeated patterps,
as shown fabove, that need to be discarded.

13.2 7-bjt encoding

—

If the AFI declares that 7-bitCencoding is used for the particular Ull, the character set shall be limited|to
characterg 2046 to 7E+ as defined in Annex F. The Ull shall be encoded using the 7-bit encoding scheme [as
defined in|[Annex E.5.

If the tag|architecturel supports a method to declare the size of encoding of the Ull memory, there is o
requirement to encede any length indicator on the RFID tag, even if the Ull may be of different lengths. If me
tag architecture/does not support a method to declare the size of encoding of the Ull memory, then the
compactefl 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 shall be any
ISO/IEC 8859-1 character, including control characters, in the range 0046 to FF 6.

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 lemgths. Any
additional bytes required to meet the air interface length (e.g. the length of a word) shall complise of the
necessary number of bytes 0046, the first of which is processed as a terminator.

If fhe tag architecture does not support a method to declare the size of encoding of the, Ul memory, then the
compacted Ull shall be preceded by a single byte indicating the length, in bytes, of the-compacted UI.

13.5 Application-defined 8-bit coding
If [8-bit encoding is used, including any external compaction, that is_different from an ISO/IEC 8859-1
interpretation it shall be declared as application-defined. In this case, the‘character set, encoding sgheme and
decoded interpretation are defined by the application and beyond the §eope on this International Stahdard.

NOTE The output from the decoder transfers the byte/string and declares this as Application-De¢fined.
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Annex A
(informative)

Air interface support for application commands

A.1 Overdew

As indica"‘ed in 8.5, different air interface protocols have different degrees of compatibility with indjvidyal
commands. Details are set out below for some of the air interface protocols. If an air interface

applicatio

protocol i$ not covered, then some of the remainder of this annex, in combination with the-air interfgdce
protocol sfandard, could still be helpful to implementers developing solutions.

A.2 ISQ/IEC 18000-3 Mode 1 support

ISO/IEC 18000-3 Mode 1 Rev 1 provides mandatory and optional commands (séme of which are defined jas
requirements for RFID for Item Management) that support the application command as detailed
in Table AL.1 — ISO/IEC 18000-3 Mode 1 support for application commands:

Table A.1 — ISO/IEC 18000-3 Mode 1 support forapplication 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-Memory-Map YES
12 | Erase-Memory YES
13 | Get-App-based-System-Info YES
17 | Write-Objects YES
18 Read-Objects YES
19 | Write~Objects-Segmented-Memory-Tag NO
20 | Write’'EPC-UII NO
21 Inventory-1ISO-Ulimemory NO
22 Inventory-EPC-Ullmemory NO
23V | Write-Password-Segmented-Memory-Tag NO
24 Read-Words-Segmented-Memory-Tag NO
25 Kill-Segmented-Memory-Tag NO
26 Delete-Packed-Objest 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 subsclauses.
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 NO 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-Mémory-Tag YES
20 | Write EPC-UII YES
21 Inventory-ISO-Ulimemory 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-Packed-Object YES
27 Modify-Racked-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
AB.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.

If there is|a requirement to read the optional unique Singulation-ld encoded on an 18000-6C tag, then i\e
Read-Woftds-Segmented-Memory-Tag command may be used instead, with the Memory-Bankargument
set =10.

If the reqdirement is to read a unique item identifier, then the Inventory-ISO-Ulimemory ornventory-EPC-

Ullmemory command may be used, depending on the domain of the application. These commands return the
content of{the Ull memory, which is required to be unique.

A.3.4 Regad-Object-ldentifiers

The ReadObject-ldentifiers command returns a set of Object-ldentifiers encoded on the RFID tag. Multip
memory banks were not supported when this command was first defined(in ISO/IEC 15962:2004).

e

memory hanks simultaneously, one way to invoke this application command is to apply it only using the
Memory-Bank argument = 11. If there is an additional requirément to read any Object-ldentifier(S) from
Memory Bank 01, then the Inventory-ISO-Ulimemory command should be used.

Because |SO/IEC 18000-6C does not support an air interface cemmand to read the content of differ}nt

A.3.5 Rgad-Logical-Memory-Map

The Read-Logical-Memory-Map command was/designed to read the encoded bytes from a single flat file
memory dn an RFID tag, and not a segmented’memory as used with ISO/IEC 18000-6C tags. The Regd-
Words-S¢gmented-Memory-Tag command_should be used in preference, setting the selected Memory-
Bank argument for which information is required.

A.3.6 Ggt-App-Based-Systemtinfo

The Get-App-Based-System:Info command is primarily intended to support tags where there is a direqtly
equivalen{ air interface command. The information that is returned is the AFI and DSFID. An alternative way
to obtain fthis information\(possibly with other data) is to use the Inventory-ISO-Ullmemory command|to
return the| AFI and DSFID from memory bank = 01. The Read-Words-Segmented-Memory-Tag command
can be usgd to read the DSFID for memory bank = 11.

NOTE No AFI code value is encoded in memory bank = 11.

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.
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The following rules apply to locking memory:

a)

b)

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.

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

c)

A

Th

in

a

ARA44
WVIDTT.

i)

i)

ii)

The selective locking feature is not supported for MB01,so the follewing rules apply:

i)

i

ii)

4 ISO/IEC 18000-6 Type D support

e support by ISO/IEC 18000-6' Type D for the application commands is based on ISO/IEC 18000-
rface differs from others_in ISO/IEC 18000-6 in that it uses a modified tag talks first protocol
interference with other the)air interface protocols no forward link is specified in that standard. This n
encoding of data*has to be achieved using custom air interface commands, and in turn the
application commands specified in this International standard for writing data to the tag. T4

If the feature is supported, and the encoding is for MB11, then selective locking shall
as determined by the object-lock arguments for each data element.

be applied

If the feature is not supported on the RFID tag for MB11, but locking is:called for wien only a

single data element is to be encoded, or for all data elements in a consistent manne
entire memory bank shall be locked.

If the feature is not supported on the RFID tag for MB11, and,the object-lock argu
inconsistent, then the entire command shall be considered.in-error.

If a single data element is to be encoded in MB01, then the object-lock argumer
applied to all of MBO1

, then the

ments are

t shall be

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.

If multiple data elements are to be\encoded and these have different object-lock argy
entire command shall be considéred in error.

ments the

6. This air
To avoid
heans that
re are no
ble A3 —

ISP/IEC 18000-6Type D 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, oralternative 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 NO®®e "¢
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 "¢

on the Type C forward link commands.

NOTE Commands 5, 6, 12, 17, 19, 26, 27, 28, 30, 31, 32 and(33 need to be supported by custpm
air interface commands provided by the vendors of ISO/IEC{¥8000-6 Type D tags. These particdlar
application commands may be used as a model for defining data to be encoded on a Type D tag.
This is a realistic approach if the Type D air interface comimands for the forward linked are modelled

A.4.1 Canfigure-AFI

A custom$ method of encoding the AFI for this air interface is to base it on the Write-Objects-Segmentgd-
Memory-Tag command, which incorporates the AFI as part of the sequence of bytes to be encoded in the
RFID tagl This is because the AFI is a single“byte, and the minimum communication across the
ISO/IEC18000-6 Type D air interface is a 16-bit-word. Invoking the Configure-AFI command on its own will
require the 16-bit word in memory to be overwritten at some subsequent stage.

A.4.2 Canfigure-DSFID

A customg method of encoding the DSFID for this air interface is to base it on the Write-Objects-Segmented-
Memory-Tag command, which-incorporates the DSFID as part of the sequence of bytes to be encoded in ie
RFID tag.|This is because the DSFID is generally a single byte, and the minimum communication across the
ISO/IEC18000-6 Type Dcair-interface is a 16-bit word. Invoking the Configure-DSFID command on its own
will requirg¢ the 16-bit word'in memory to be overwritten at some subsequent stage.

A.4.3 Inyentory-Tags

The Inventory-Tags command is intended to return a unique Singulation-ld (known as a TID-S and defined
in Annex 3.9.1) toemabte unguillg communications—with—theRFD tagorto determinme—=apoputation oftags
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.

Ad 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 o
required.

B.1 Defjning the Singulation-Id

The Sing

lation-Id is the device in the Data Protocol to link the RFID tag to the Logical Memory. Clause 9.2.1

identifies $ome of the possible methods that can be invoked on the RFID tag, the air interface, or even using

unique enpoded data to achieve this.

The Tag [

B.2 System information : AFI

river shall define the technique that the RFID tag uses to create the Sihgulation-Id.

The AFI (kee 9.2.4) is a prime selection mechanism for specifying‘a -relevant subset of RFID tags that cotild
be in the pperating area of the interrogator. Its coded value is one*byte long and its value shall be defined |by

the application.

The Tag Priver shall define whether the RFID tags supports the AFI feature, not just as a provision for

encoding

B.3 System information: DSFID

he value, but also for it to be used as a selection tool. The Tag Driver shall also specify whether the
code valug, once encoded, can be locked and if this.Jocking facility is mandatory or optional.

The DSFID (see 9.2.5) incorporates-the' Access-Method to define the structure of the bytes on the RFID tag's
Logical Mémory Map, and incorporates the Data-Format to define particular sets of encoded application dafa.
It is a key to the Data Processor on how to organise selective transactions defined by the application
commandg and how to condense the Object-ldentifiers during encoding and to expand it during decodifg.

The DSFID is one byte longand its value shall be defined by the application.

The Tag [
the value

river shall. define how the RFID tags support the DSFID feature, not just as a provision for encoding

but also\for it to be used as an organisational tool, particularly for how the different Accegs-

Methods |are supported. The Tag Driver shall also specify whether the code value, once encoded, can pe

locked andl ifthis locking 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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4.2 Locking feature

The Tag Driver shall specify whether any, all, or some of the blocks can be selectively locked to render it

im

B.

possible (or at least extremely difficult) to change the encoded bytes in a block.

4.3 Number of blocks

The Tag Driver shall specify the number of blocks on the particular RFID tag and the means of transferring

thi

s information to the Data Processor.

B

Th

B

TH
le
su

4.4 Memory mapping

e Tag Driver shall specify:
Whether the memory is structured as a single 'flat' file or is organised in multiple, separately ad
partitioned zones (or memory banks).
This requires additional rules for addressing partitioned zones.

The byte sequence in the block - the Data Protocol presumes Most Significant Byte in the first pj
a different order may require a conversion process.

The bit sequence in the byte - the Data Protocol presumés most significant bit in the first pos
different ordering requires a conversion process.

Any other structuring rules within the ISO/IEC 1800@’ definition of user memory (e.g. error corr|
or bytes) that impact on the structure of the Logical'Memory Map.

NOTE If error correction consumes bit or byte\capacity outside the block size defined for user data, th
be ignored for the purposes of the Data Processor.

5 Support for commands

e manner in which the application commands are presented in ISO/IEC 15961-1 is likely to be 3
el than the coded commands communicated across the air interface. Each application comman
pported in one of the following ways:

a. fully suppoft~(i.e. action) the functionality across the air interface.

b. fully ;support the functionality of some of the command arguments and responses,
appropriate error codes for those arguments not supported. For example, a command arn
Object-Lock might not be supported by the RFID tag command calls; therefore the &
Completion-Codes shall be used.

Hressable,

The location within the memory (as defined in ISO/IEC 18000) where thédl.ogical Memory Map begins.

psition, so

ition, so a

Bction bits

en this can

t a higher
d shall be

but return
gument of
ppropriate

C. IUU UIIdIUiG iU bUPPUIt ti 1< fullbtiUlldiity Uf d bUIIIpiUiU appiibdtiun bUlIIIIIdIIU‘, fUI EAdIIIPiU t
delete an Object-ldentifier and Object on an RFID tag that is One Time Programmab
uses Write Once Read Many technology).

modify or
le (or that

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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C.1 TagBriverforlSOAEGC18000-2: Parametersforair-interface-communications—

below 1

This normjative annex explains and specifies how this International Standard shall be implemented/on ta

compliant

C.1.1 Ddfining the Singulation-Id

Tags are
each tagi

ISO/IEC 1

execute the command.

C.1.2 Sylstem information: AFI

The AFI r

those tagg meeting the required selection criterion from all the.tags present. The AFI may be programmed a

locked by

The suppart of AFI by the tag is optional. If the AFI isynot supported by the RFID tag and if the AFI flag is

in a commn

If the AFI
request; @
respond if

CA1.3 SyEtem information :(DSFID

The DSFI
DSFID is
command

C.1.4 M¢mory-related parameters

The physi

15962:2013(E)

Annex C
(normative)

ISO/IEC 18000 Tag Driver Descriptions

35 kHz

to ISO/IEC 18000-2.

dentified by a 64 bit Unique Identifier (UID). The UID is used during arbitration and for addressi
ndividually.

[B000-2 supports commands that can ignore the UID, such that all*tags in the ready state sh

ppresents the type of air interface application targetedby the Interrogator and is used to extract o

the respective commands. The AFIl is coded on-ene byte.

and, the tag shall not respond whatever the AFI value is in the request.

mechanism is supported by the tag, it shall respond when the AFI on the tag matches the AFl in {
r if the command specifies AFI'004¢ irrespective of the AFI value on the tag. The tag shall a
the AFI flag is not set in the-Command.

is supported in-SO/IEC 18000-2 through the DSFID mechanism. The DSFID is on one by
returned during the Inventory process. The DSFID can be programmed and locked by spec
5. If the tag does not support DSFID programming, the tag shall return DSFID ="00".

gs

nly
nd

bet

te.
fic

altaa memorv is divided into two logical sections. The first logical memorv section caontains.
J J J J J

e

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 implementgd on tags
compliant to ISO/IEC 18000-3 Mode 1.

CJ2.1 Defining the Singulation-Id

Egch tag is identified uniquely by a Singulation-ld (also known as UID) on 64, bits. Each tag feturns its
Sipgulation-ld during the inventory process. The Singulation-ld can be furthér’'used to selectivelyjaddress a
tag. The Singulation-ld format is specified in ISO/IEC 18000-3 Mode 1.

C2.2 System information: AFI
THe AFI is supported in ISO/IEC 18000-3 Mode 1 through the AFlymechanism, which is a separate[register in
the¢ tag memory. The AFI can be programmed and locked by specific commands. The Inventory prgcess then
uses it. The AFl is on 8 bits.
If fhe tag does not support AFI programming (see Anpex-C.2.5), the RFID tag shall participate to thg Inventory

process as if it had received AFI = '00', meaning that‘the tag will always respond to an Inventory gommand,
whatever the AFI value.

C2.3 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.[ the DSFID air interface mechanism, which is a separate register in the tag memory (see Annek C.2.3.1);
or

B.| the DSFID encoding. rule, which requires the DSFID to be encoded and read using general air interface
write and read comiands (see C.2.3.2).

C.| Option A ispreferred; but option B is provided for ISO/IEC 18000-3 Mode1 tags that cannot support option

A. Details\of'the Singulation-Ids (i.e. the first three bytes of the 64-bit code defined in C.2.1) thiat support
one or-other option are available on a JTC1 SC31 WG4 Standing Document.

C.R.3.1n ' 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 tq

packets of data.

If the RFI
to 9.2.17
of data.

C24 M

The System Information is stored in a memory area that is logically distinct from the*user memory and that ¢
be accesded only by specific commands. Information on the number of blocks“and the size of the blocks

shall be encoded starting from the second byte of user memory and precede any epcoded pack

mory-related parameters

9.2.17 shall be encoded starting from the first byte of user memory and precede any encoded

D tag supports the DSFID encoding rule, then all of the required extension bytes definéd’in 9.2.6

ts

an
S

available pn a JTC1 SC31 WG4 Standing Document, or can be returned by the air interface Get Syst¢m

Informati

The user

Bits and blytes ordering shall be the same, i.e. the msb and MSB shall match in both the logical memory and i
the tag mg¢mory.

ISO/IEC 1
determine

C.2.5 Support for commands

Only two

commandp
support a
allows the

ISO/IEC 1
is "requir
standard.

command.

emory is organised in blocks, starting at block 0. The logical'memory mapping shall start at bloc

000-3 Mode 1 supports the selective locking of blocks. The hardware implementation
d by the manufacturer of the chip.

ir interface commands are mandatory, the Inventory command and the Quiet command. All oth

command, the tag shall answer with an error code as specified in ISO/IEC 18000-3 Mode 1. T
application and/or the interregator to know that they cannot use the requested feature on this tag,

[B000-3 Rev 1 now includes a new class of air interface command status, indicating that a comma

Table C.1 — Required commands and their codes

5

S

er

are optional. Some tag products may therefore not have implemented them. If a tag does npot

h

is

nd

ed for item management". The details of this status are included in Annex G of that
Table C.1 — Reéquired commands and their codes provides a summary of the required commandg.

Command ISO/IEC Function Item Management Requirement
Codq 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.

'23' Optional Read multiple blocks The interrogator shall support this-command.

The RFID tag shall support this command if the
Read single block command-is|not supgorted

'24' Optional Write multiple blocks The interrogator shall support this command.
The RFID tag shall suppert this command if the
Write single block command is not supgorted

'25' Optional Select this command shall be supported in
interrogatorscand should be supported ip tags

'26' Optional Reset to ready this command shall be supported in
interragators and should be supported ip tags

Required for the interrogator and for the RFID

27 Optional Write Afi tag

18" Optional Lock Afi quuwed for the interrogator and for the RFID

g’ Optional Write DSFID Z«;qUIred for the interrogator and for the RFID

DA Optional Lock DSFID Z«;qUIred for the interrogator and for the RFID

B’ Optional Get system.information tF;<;qwred for the interrogator and for the RFID
) Get miultiple block security | Required for the interrogator and for the RFID

'2C' Optional status tag.

C2.6 Performance optimisation

If the application and/or the interrogator plan to have a continuous sequence of commands with algiven tag,
the¢y can use thé/Sélect command. The Select command is addressed to a specific tag and deselecis all other
tags. It contains the Singulation-ld of the tag to be selected. All further commands shall have their Belect flag
sef, but do'not contain the Singulation-ld, therefore saving transmission time. Individual commnjands with
other Singulation-lds can be sent to specific tags during the sequence. See ISO/IEC 18000-3 Mlode 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 .

C.3.3 Sylstem information : DSFID

The proto
DSFID. If]
describes
is chosen
write tom

C.3.4 Mée¢mory-related parameters

The RFID
types with
defined in

The user
boundarie
address u

The user
in the lock
updated u

C.3.5 Su

The RFIO
command
attempts t

col describes Hardcode fields that provide a function similar to system information, and linclude the
requested by reader command the Hardcode fields are included in Tag replies:)The protogol

the Hardcode in virtual terms only. Thus the Hardcode may be realised by mask ormemory. If ma
the Hardcode is set at the chip design. If memory is chosen the Hardcode is written using a speg
Emory.

sk
ial

tag memory is organised and addressed as 16-bit words. ISG/EC 18000-3 Mode 2 supports tag

varying block sizes, where a block is one or more 16-bit-words. The total memory capacity
words, so the number of blocks can be derived from this.

memory is addressed from Word 0 upwards. Read commands address the memory on wg
5. Write commands address the memory on block®oundaries. The protocol allows commands
ser memory using 8-bit address and 8-bit length ok 16-bit address and 16-bit length.

is

rd
to

memory may be locked by using a locked pointer. All memory addresses less than the value stored

pointer are locked addresses. The lock péinter value can only be incremented. The lock pointef
5ing a special write command.

pport for commands

tag will respond to valid~commands. No response is sent for an invalid command. Invg

S

lid

5 include: commands~with invalid command types, invalid identifiers, invalid address ranggs,

D write to locked memory or invalid CRCs.

2.45 GH

ond to valid fead commands by providing the requested data. Tags respond to valid w

Zz - Mode 1

ite
ite
ite

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

UIDcanb

102

e 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, gs if it had
received AFI = '00', meaning that the tag will always respond to an Inventory command, whatever the AFI
vajue.

CH4.3 System information : DSFID

THe DSFID is supported in ISO/IEC 18000-4 Mode 1 through the DSFID mechanism. The DSFID indicates
how the application data is structured in the tag application memory. As defined in Annex C.4.2| bytes 12
ough 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 designated t¢ store the
DSFID information. As this information can be stored in tag system memory, read (READ) and writ¢ (WRITE)
mands may be used to program and retrieve this information.

If the tag does not support DSFID programming, the tag shall return DSFID = '00'.

C4.4 Memory-related parameters

THe first 18 bytes (bytes 0 through 17) are reservéd for system information. The ldentification process
provides information about the tag from reserved’memory locations. Upon tag segregation (the arfti-collision
prpcess), the tag state is moved from the “ldentify” state to the “Data Exchange” state with the fetrieval of
such relevant tag system information.

Bytes 12, 13, and 14 are as defined above. Bytes 10 and 11 are reserved for “Hardware Tag Type”| This two-
byte field provides information about-the hardware (physical) tag, which includes the total number of blocks
block size (bytes per block).

THe application memory (user data storage) begins in byte 18 (or the first addressable block affer system
data). This is treated as(the first byte of block 0 of the logical memory map for user memory. Bits |and bytes
ordlering shall be the ‘same, i.e. the msb and MSB shall match in both the logical memory and fin the tag
memory.

Ad noted in the response to question three above, unique and unambiguous addressing of all data
trgnsactions ia‘provided through the Tag UID (bytes 0 through 7 of system memory). All data transgctions are
uniquely addressed with this mechanism. The submission provides

ISDAEC 18000-4 Mode 1 supports writing and locking of data with two commands: (WRITE) angd (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—tdentifred uuiquciy Iuy atag 1B—of-32-bits—Fhe tag iD—is—used—to—address acicutivc:y a—tag—for
subsequept transactions.

C.5.2 Sylstem information: AFI

ISO/IEC 18000-4 Mode 2 does not support the functionality of AFIl. As the Mode does ‘hot support AFI
programmling, the tag shall participate in any application command that specifies AFI asif it had received AFI
=' 00', mepning that the tag will always respond to an AFIl argument in an application ¢command, whatever the
AFl value

C.5.3 Sylstem information: DSFID

ISO/IEC 1j8000-4 Mode 2 does not support the functionality of DSFID. This has the effect of reducing suppprt
for this International Standard to:

e Accegs-Method = No-Directory

e Data-Format = Full-Feature

C.5.4 Mémory-related parameters
The tag ID provides supplementary information®about the size of the user memory. Blocks are always ophe
byte in length, irrespective of the size of memiory. Read or write functions address memory by using a 2-byte

position tHat identifies the beginning of the required data string, and a single byte value to determine its lengfh.
The maximum length of the data string is\246 bytes

C.5.5 Support for commands

ISO/IEC 18000-4 Mode 2 supports a number of commands including read and write. The response to the
command|includes specifie.error codes where the command cannot be executed.

C.6 Tag Driver.for ISO/IEC 18000-6 Type A: Parameters for air Interface
Commuhications at 860 MHz to 960 MHz

H b [ ! ¥ 1 o Lo n Q4 1 1 I} Hl H 1 dornrpal [ =
ThIS nornmative—anmnex CAPIAITTS AU SPTUIIITS TIVOW UTIS TTIETTIAatUTdln otaliualu stidall U TTTPICTTICTICU UTT TN ID

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.

CJ6.3 System information: DSFID
THe DSFID is supported in ISO/IEC 18000-6 Type A tags through the DSFID mechanism.

THe DSFID is returned during the Inventory process. The DSFID can be programmedjand 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 ='00'

C.6.4 Memory-related parameters
THe System Information is stored in a memory area that is logically,distinct from the user memory ar{d that can
be accessed only by specific commands. Information on the Qumber of blocks and the size of thg blocks is
refurned by the Get System Information command.

THe logical memory mapping for user memory shall starfaat block 0. Bits and bytes ordering shall be|the same,
i.el the msb and MSB shall match in both the logical memory and in the tag memory.

C{6.5 Support for commands

ISP/IEC 18000-6 Type A provides for both-mandatory and optional commands. Mandatory commanfs provide
minimum functionality for activationiand identification (e.g. inventory) of compliant tags in a popplation. 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
ISP/IEC 18000-6. This allows\the application and/or the interrogator to know that they canndt use the
requested feature on this tag.

C16.6 Performance optimisation

If the applicationzand/or the interrogator requires a continuous dialogue with a specific tag, ISO/IEC 18000-6
Tylpe A provides-a mechanism for "selection" through the command set. The Select command is ad{iressed to
a specific tag/and deselects all other tags. It contains the UID of the tag to be selected. All further gommands
shpll havestheir Select flag set, but do not contain the tag UID, therefore saving transmission time.| Individual
mands with other UIDs can be sent to specific tags during the sequence.

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.
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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 format for Type B is specified in ISO/IEC 18000-6 in Clause B.2

C.7.2 System information: AFI

The AFI is_supported in ISO/IEC 18000-6 Type B tags through the AFl mechanism.

Bytes 12 jthrough 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 architectyre
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 0OA{s the tag data architecture is compliant to this International Standard. The idata field termged
Applicatiop Family Identifier (AFl) is represented in the next byte (byte 13) of the reserved tag memory systg¢m
informatiop.

If the tag floes not support AFI programming (see C.7.5), the tag shall participateto the Inventory process fas
if it had received AFI = '00', meaning that the tag will always respond to an In¥entory command, whatever the
AFIl value

C.7.3 System information: DSFID
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.Y.2, bytes 12 through 17 are reserved in tagZsystem memory for representation of tag memery
system information. Byte 12 with the value 0A4s defines a tag compliant with this International Standard. Byte
14 is designated to store the DSFID information. ‘As’ this information can be stored in tag system memoyy,
read (READ) and write (WRITE) commands may-be used to program and retrieve this information.

If the tag does not support DSFID programming (see C.7.5), the tag shall return DSFID ="'00".

C.7.4 Mémory-related parameters

The first [18 bytes (bytes 0 through 17) are reserved for system information. The Identification procdss
provides information about the-tag from reserved memory locations. Upon tag segregation (the anti-collision
process), the tag state is'meved from the “Identify” state to the “Data Exchange” state with the retrievallof
such releVant tag system-information.

Bytes 12,13, and 14/are as defined above. Bytes 10 and 11 are reserved for “Hardware Tag Type”. This two-
byte field jprovides information about the hardware (physical) tag, which includes the total number of blogks
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
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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)
wquld 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 normative annex explains and specifies how this International Standard shall be implemented on RFID
tags compliant to ISO/IEC 18000-6 Type C.

Egch 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 thel operating
d. In addition, access to Memory Bank 01 returns a Unigue ltem Identifier, which does providg a unique
idgntifier at the application level, so long as this is distinguished between EPCglobal code structures and ISO
code structures.

C8.2 System information: AFI
THe AFI is supported in ISO/IEC 18000-6 Type C as an optional element in the protocol contrpl word in
Memory Bank 01. The AFI is encoded in bitss184¢ 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
th¢ EPCglobal scheme.

THe AFI only requires to be encoded in Memory Bank 01 to fulfil its function with the RFID tag selection
process.

C8.3 System information: DSFID

The DSFID is supported in ISO/IEC 18000-6 Type C RFID tag in the manner described in the follgwing sub-
clguses, which may be implemented independently.

B.3.1 _<DSFID in Memory Bank 01

DSKID is used |n Memory Bank 01 when thls is called for by an AFI. In th|s case Memory Bank 01 shall
encode 2 ernational
Standard for encoding a UII based on an Object Identlfler 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 memary;-and|to
carry out the kill function.

Memory Bank 01, contains the Unique Item Identifier, either this is an EPCglobal-based ‘code or an I1S|O-
based code. Processes on the RFID tag calculate the length of the encoding. This length (in*words) encoded
in bits 004§ to 0445, which is part of the Protocol Control word.

Memory Bank 10, contains tag identification details, which may be based on a-code structure managed |by
EPCglobal, or a Unique Tag ID compliant with ISO/IEC 15693. There is no simple-way to determine whethef a
tag uses gne of the code structures or the other without reading this Memory Bank.

Memory Bank 11, contains the encoding of application data beyond the basic Unique Item Identifier and the
encoding fapacity of Memory Bank 01,. There are no air interface rul€s to determine the size of this memary
(i.e. the gquivalent of the number of words or blocks), without ah;understanding of the IC manufacturgr's
specificatipn or looking up information based on the encoded values in Memory Bank 10,.

C.8.5 M¢mory Locking

If the tag is complaint with ISO/IEC 18000-6C AMD1;-locking is only allowed for the complete memory bank] If
the tag is pompliant with a version of ISO/IEC 18000-6C later than AMD1 then selective locking of MB11 is gn
optional fgature, which is declared by each tag-model.

NOTE  There are no currently defined rules in the air interface protocol to identify whether a particular RFID
supports selective locking to thewrlles defined above. Until such rules are defined this remains as a venglor
specific solution for the RFID{ tag to declare its capability and a vendor specific solution for interroggtor
manufacturers to implement.

C.8.6 Support for commands

ISO/IEC 18000-6 Type €"supports a number of commands including read and write. A number of the
commandg and assoeiated functions are optional. The response to any command includes specific erfor

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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— EO46, with a total length of 64 bits
— E246, 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

Su

pported by a particular tag.

Es
trg
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th
dig
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9.2 System information: AFI

thI Protocol Control word in the Ull segment of memory. The AFI is encoded in-bits 5514 to 484,.
t

.p.3.1  DSFID in Ull memory segment

.p.3.1.2 DSFID for other AF}-types

ch tag refurns its Singulation-Id during the tag communicafion process, and is at the begjnn
nsmitted message.

positions 63 to 48 of the first data page shall encode the Protocol Control word, The AFl is an

the encoding of the tag is compliant with AFI and DSFID rules, bit 564yshall have the val
tinguish this.

e AFI only requires to be encoded in the Ull segment of memory, to-fulfil its function with the
ection process.

9.3 System information: DSFID

e DSFID is supported in an ISO/IEC 18000-6 Type D'RFID tag in the manner described in thg
b-clauses, which may be implemented independently-

D.3.1.1 DSFID when the AFI declares“a-Monomorphic-Ull

nen the AFI declares a Monomorphic-Ull, the DSFID shall not be encoded in the Ull memory seg

C.

If
(0]
b

he Ull segment is compliant with encoding rules defined in this International Standard, then in
AFI, the Ull segment-shall encode a single byte DSFID in position 4744 to 404 of the Ull seg

.3.2 DSFID in the item-related data segment

he jitem-=related data segment is present on the ISO/IEC 18000-6 Type D RFID tag and encodes d

ing of the

Blement in
[0 identify
le = 1, to
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following

ment.
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ment, or a
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s memory

Object-ldentifier structures, then the DSFID shall be encoded in the second byte position of th

The preceding byte is the length-lock byte that

©lI

— 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 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.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 ta

is organised into four logical sectors known as:

7

— the Ull segment, which begins on the first data page of the ISO/IEC 18000-6 Type D tag
— the item-related data segment (optional)
— the simple sensor encoding segment (optional); always 64 bits if present

All read apd write processes are based on transactions in multiples of 16-bit words;organised in 64-bit page

C.9.5 M¢mory Locking

Memory Iq
64-bits as

N
8
8

C.9.5.1

The Ull sggment begins immediately after the) locked TID-S segment, and therefore begins on a 64-bit pal

boundary.

The Ull s
the Ull se
004) are i

C.9.5.2

The optio
segment &
which do€

he TID segment

Fncoding and locking the Ull segment

gment requires locking~and the Ull does not end on a lock boundary, then pad lock bytes (val

cking is applied in a consistent manner for any one Type D fag, with locking over 16-bits, 32-bits,
specified by the tag manufacturer.

OTE  There are no currently defined rules in the air interface protocol to identify whether a particular RH

gment may end on any 16-bit word, unless there is an application requirement for it to be locked
hcluded until the end efthe lock boundary.

Fncoding and locking the Item-related data segment

hal item-felated data segment is encoded if the Protocol Control word bit 584 is set = 1. T

»

or

ID

upports selective locking to the rules defined above. Until such rules are defined this remains as a vendior
pecific solution for the RFID tag to declare its capability and a vendor specific solution for interrogd
manufacturers to implement.

tor

Nis

egins_immediately after the end of the Ull segment, and therefore begins on a 16-bit word boundary,

S not have to be on a page boundary.

The first

yie (DIt positions n 10 {nN-/; or the Item-related data segment IS the length-locK Indicator, wh

ch

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 assomated referenced annexes, specmes the encodmg rules for the Access- Method No-
D|rectory yhi

Compactipn Type, which is encoded on the RFID tag as\part of the Precursor. The Object-ldentifier remajns
unchangefl and is not subject to any form of compaction, to enable it to be directly identifiable by the
application and the Logical Memory. The command argument Object-Lock remains unchanged and is passed
through tg the next stage of processing: data formatting.

D.1.1 Cgmpaction process

The command argument Compact-Barameter determines whether the Object is subject to the compaction
process of not, based on the following integer values.

0 Application-Defined: The data object is read by and passed through the data compaction procdss
ithout any compaction being applied, but is assigned the Compaction Type Code 000,.

s

1  QGompact: )'The data object is read by and passed through the data compaction process to pe
ompacted as efficiently as possible and assigned the appropriate Compaction Type Code in the
ange 001, to 110..

-0

any compactlon being applied, but is assigned the Compac‘uon Type Code 111, to indicate that it is
compliant with the UTF-8 transformation of ISO/IEC 10646.

The Object is read by and passed through the data compaction process.

1. The data Object itself is transformed to its compacted form. If the command argument Compact-
Parameter:

a. is set to 1 (Compact) the data Object input string is compacted (see Annex D.1.2 and Annex E
for the detailed processes).
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b. 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.

2. The 3-bit Compaction Type Code is assigned (see Annex D.1.3).

3. The length of the compacted data Object is defined.

D.1.2 Compaction schemes

Data compaction shall be applied to each entire data Object. When compaction is requested by the

C(
by
Cq
wi

pmpact-Parameter, the selection of the particular data compaction scheme is determined byyp
tes in the data Object and analysing their values as defined in Table D.1 — Determining
mpaction Scheme, which shows the Compaction Schemes in sequence of preferred applicatio]
h the most efficient. The compaction rules for all the compaction Schemes are defined injAnnex H.

Table D.1 — Determining the Data Compaction Scheme

arsing the
the Data
n, starting

All bytes in the Secondary Conditions Use Comgpaction Refer to
range (HEX) Scheme Annex
30 to 39 1. Leading byte(s) # 30+
2. Length of object > 1 byte
3. Length of object < 19 bytes integer E.
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
00 to 7E Length of object > 7 bytes 7 bit code E.%
00 to FF N/A octet string E.6

If

C

Fdr illustration, the compaction\types refer to character representations of ISO/IEC 646 (see An
vajues 00 to 7E. However(the compaction schemes apply to the string of byte values, irrespecti
interpretation. The precisé\interpretation is defined by the definition of the Object-ldentifier given e

th

D.

Th

ap
frg

he original character string is too shortte satisfy the secondary condition for length, the octet strin
shpll be used. If the other secondary-conditions for integer compaction cannot be met, the

paction shall be used.

application.

1.3 Compaction Type codes

e codes.for the Compaction Type are defined in Table D.2 — Compaction Type Codes. One
plied o the data Object after it has been through the data compaction process. On subseque
m_the'RFID tag, this is used to identify how the data object shall be de-compacted.

g scheme
N numeric

nex F) for
Ve of their
ternally in

f these is
ht reading
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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/IEC1 0646

D.2 Engoding the length of the compacted Object

The length of all Objects on output from the compaction process (including the Objects not intended for
compactidn, or not achieving a compacted state) shall be determined and“encoded as follows:

1. N the length is between 0 and 127 bytes, the length is encoded in one byte with the lead bit = 0

Obbbbbbb
where bbbbbbb = length in bytes

2. N the length is between 128 and 16383 bytes,.the length is encoded in two bytes as follows:

a. Set the first bit of the lead byte:z.1"and the first bit of the second byte = 0.
1bbbbbbb  Obbbbbbb

b. Convert the length (in bytes)to its binary value.

c. Encode the value in the bits 7 to 1 of each byte of the length encoding.

3. [ the length is between 16384’and 2097151, the length is encoded in three bytes as follows:

a. Set the first®it-of the lead byte = 1 and the first bit of the last byte = 0 and the first bit offall
intervening-bytes = 1.
1bbbbbbb  1bbbbbbb  Obbbbbbb
b. Convertthe length (in bytes) to its binary value.
c. Encode the value in the bits 7 to 1 of each byte of the length encoding.

NOTE  Although probably an unrealistic requirement the rule (in step 3.a) can be extended to cover gny
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

2. The value "n" of each additional arc is encoded into a byte-aligned-bit-field. This is done
for values of "n":

a. Forn<128:

as follows

the decimal value is converted to binary and encoded in a single byte; thus bit 8 is set to

Zero

Uq
al

an
va

b. For:128 <n < 16384:

the decimal value is converted to binary and subdivided into two 7-bit strings; bit

7 to bit 1,

bit 14 to bit 8. Each of these new bit strings is encoded in a byte; with bit 8/of the first byte

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 Z-bit strings: bit 7 to hit 1, bit 14

to bit 8, bit 21 to bit 15, and so on. Each of these new bit-sirings is encoded in a|byte; with
bit 8 of the first byte set to 1, bit 8 of the last byte set to-0and bit 8 of the intervening byte(s)
set to 1. The example below shows the process.
EXAMPLE
1. Value = 912344 = 1 01100100 011000102
2. Split into 7-bit strings
0000101 1001000 1100010
3. Add prefix bits 0 for last byte
1 for preceding byte(s)
10000101 11001000 01100010
ing this technique, the length of each component arc of the Object-ldentifier is self declaring. The first byte

vays defines the first two arcs.\Each subsequent arc is defined by one byte if the lead bit of thaf byte is 0;

Alf

d multiple bytes if the lead(bit’is 1, the group of bytes ends with the byte with its lead bit equal D. The arc
ue is encoded in the sequence of 7-bit values.
EXAMRLE
{00101000] 1[1111000] 0[1001010] 0[0000001]
(1x40)+0 15434 1
10 15434 1
= dard 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  The constraint is on the encoded length of the Object-ldentifier and not the number of arcs. It should also

be understood that an Object-ldentifier encoded in 127 bytes is highly unlikely.
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D.3.1 Encoding 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 sityations where a full Object-ldentifier needs to be encoded, the Data-Set is structured as defin
in Table 0.3 — Data-Set structures for Object-Identifiers, which clearly identifies that the length of the Obje
Identifier jhas to be calculated and precede the encoded value of the Object-ldentifier.

Table D.3 — Data-Set structures for Object-ldentifiers

ed
Ct-

Descriptipn Structure of Byte String for an Encoded Data Set
Object-Iderftifier 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,

D.4 Processing the Relative-OID

In some ¢

As the firgt arc(s) of the Object-ldentifier is declared by some other means (e.g. the Data-Format),
remaining| arcs that are presented shall be encodedyaccording to the rules of Step 2 in the encoding ru
defined in[Annex D.3.

In some dases, the application will only provide the single final arc and, for most practical examples, this
likely to b¢ a value either less than 128 or less than 16384.

D.4.1 Fdrmatting the Object-ldentifier based on the Data-Format

The Data{Format provides a shorthand method to achieve efficient encoding of the Object-ldentifier. This
done by the Data-Format (declaring a specific common Root-OID that is used to truncate the full Obje
Identifier|into a Relative=OID. For encoding, the byte values representing the Root-OID are deleted from f{
beginning| of the full.‘Object-ldentifier to create the Relative-OID. For decoding, The Root-OID
concatendted as a@refix to the Relative-OID to re-create an Object-ldentifier compliant with ISO/IEC 8824

The procsd
Data Processor for encoding on an RFID tag. Where there are significant variants these are described.

116

A

B.

The number of pad bytes could be 0 — 254, depending onthe block size and lock block alignmd

bnt

rcumstances, a truncated form of the Object-ldentifier, the Relative-OID, can be incorporated ifnto
applicatiop commands.

he
es

S

is
Ct-
he
is
-1.

sses described below are based on a typical write application command being processed by the

If Data-Format = Not-Formatted (0), Closed-System (30), or Extension (31)
An error has occurred and formatting is not possible.
If Data-Format = Full-Featured (1)

Each Object-ldentifier shall be encoded as a full Object-ldentifier, as defined in Annex D.3

A.

If a Relative-OID is presented, the application command is in error and formatting is not

possible
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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—StripoutthecommonRoot=-01B-fromeachObject-identifiertocreateaRetativg-OID from
the remaining arcs.

4. |If Steps 2 and 3 are not possible, an error has occurred and formatting is.not’possjble.

5. 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 = Root-
OID-Encoded is illustrated in Annex G.5.1.

D. If Data-Format = Any code value {3 .. 29}, as defined in.the Register of data constriicts to the
rules of ISO/IEC 15961-2, with some examples illustrated in Tgble D.4 —
Example mappings of Data-Formiat'to Root-OID.

Table D.4 — Example mappings of Pata-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 5}

6 Library-Loan-ltems {10 15961 8} {28 FC 59 08 {¢}

8 1IS©15961-Combined {1 0 15961} {28 FC 59 4}

10 Data-ldentifier-Algorithm {1 0 15961 10} {28 FC 59 0A ¢}
12 IATA-Baggage {1 015961 12} {28 FC 59 0C }i¢}

NOTE: <he example of the library items clearly indicates that there is not requirgment for a
one-to-@ne 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 dlefined on
the register of data constructs (with illustrated examples in Table D.4 — Example|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-ldentifier td create a
Relative-OID from the remaining 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 Memory.

As the Root-OID 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

In the sifuations where a Root-OID needs to be encoded, the Data-Set is structured as -defined
in Table 0.5 — Data-Set structures for Root-OID. This identifies that a length value 0044 shall be encoded,|to
enable thI beginning of the next Data-Set to be identified If the Offset is required for block alignment, then

the appropriate number of Pad bytes shall be encoded.
Table D.5 — Data-Set structures for Root-OID
Description Structure of Byte String for an Encoded DataSet
Root-PID Precursor |Length of Root-|Root-OID ~~  |Length of data
(e]]n) = 0016
Root-PID with Offset |Precursor |Offset Length of Root-|Root-OID ~~ {Length of data |Pad ~~
OID yF 0016
NOTES: ~~ indicates that this component typically can be multiple bytest

The number of pad bytes could be 0 — 254, depending on‘the block size and lock block alignment

D.4.4 Encoding the Relative-OID

If the Relative-OID is provided by the application, then it istalready in a form for encoding in the rules defined
in this sub-clause. If the application provides the full_Object-ldentifier, then the Relative-OID needs to be
derived uging the truncation rules described in Annex-D.4.1.

The rules for encoding a Relative-OID depend.énthe number of arcs and the value of the final arc, as defined
below.

D.4.4.1 Bingle arc Relative-OID value to 14

The final |byte of the Object-Identifier (representing the single arc value 1 to 14) transferred from the
application interface 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 Objet-
Identifier yalue and its length.

D.4.4.2 Bingle arfc Relative-OID value 15 to 127

The final jarc“of the Object-ldentifier (representing the single arc value 15 to 127) transferred from the
application interface ha a value OF to 7F4c. 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
in
s

M

the situations where a Relative-OID needs to be encoded, the Data-Set is structured
Table D.6 — Data-Set structures for Relative-OIDs. This identifies that if the Relative-OID_is.other than a
gle arc with the value 1 to 127, then the length of the OID has to be calculated and precede th

vajue of the Relative-OID.

Th

Table D.6 — Data-Set structures for Relative-OIDs

13
encoded

defined

Description

Structure of Byte String for an Encoded Data Set

Single Relative-OID
1-14

Precursor

Length of data

Data ~~

Single Relative-OID |Precursor |Offset Length of data |Data ~~ Pad ~~
1 —14 with Offset
Single Relative-OID |Precursor |Relative-OID |Length of data |Data ~=
15 -127
Single Relative-OID |Precursor |Offset Relative-OID < {L&ngth of data |Data ~~ |Pad ~~
15 —127 with Offset
Other Relative-OID |Precursor |Length of OID |OID ~~ Length of data |Data ~~
Other Relative-OID |Precursor |Offset Length@f OID |OID ~~ Length |Data~~ |Padl ~~
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 alig

5 Encoding the length and Object-ldentifier or Relative-OID

e process 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 length-is 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.
cavEncode the length (in bytes) of the Object-ldentifier or Relative-OID in the remaining
length + 1 = bbbbb

d. Encode the Object-ldentifier or Relative-OID in the subsequent bytes.

hment

b bits:

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:

Assign 2 bytes for length encoding.
Assign value 101 for bits 8 to 6 of the first byte to act as an indicator.
Encode the length (in bytes) in bits 7 to 1 of the second byte.
10100000 Obbbbbbb

Encode the Object-ldentifier or Relative-OID in the subsequent bytes.

a.
b.
C.

d.
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EXAMPLE
Relative-OID ={12345678901234567890123456789}
From application
(29 bytes long) = 31 323334353637 38393031323334 353637 383930313233
3536 37 38 3946
Encoding = A0 1D 31 32 33 34 35 36 37 38 39 30 31 32 33 34 35 36 37 38 39 30 31

3334 3536 37 38 3916
The first two bytes define the length, but all the other bytes are as provid

34

32

ed

D.6 The

The Precd
about:

— T
— T
—

There are
sub-claus

D.6.1 The Precursor for Data-Format not equal 2

The Prec
Precursor

Bit 8:

Bits 7
Bits 4

by the application command, or the process to strip off the Root-OID bas
on the Data-Format.

Precursor

rsor is a single metadata byte that is always the first byte of the Data-Set and-provides informati

he Compaction Scheme applied to the encoded Object.
he Object-ldentifier.

Vhether any block alignment has been necessary (e.g. for locked data)

also some values of the Precursor that are used for different functions, as described in some of 1
bs below.

is bit based from bit 8 to bit 1, as follows:

the offset and expansion bit
if bit8 =0  no offsetis present
if bit8 =1  an additional byte follows as part of the Precursor
to5: the Compaction Type,Code (see Annex D.1.3)
to 1: used to directly encode some Relative-OID values

arc’has a value 1 to 14

value 1111 indicates that the Relative-OID, Object-ldentifier or Root-OID
directly encoded in subsequent bytes

D62 T

The Data

e Precursor for the Root-OID for Data-Format = 2

ed

irsor is a single byte that positioned at the beginning of each Data-Set. The structure of the

values 0001 to 1110, shall encode a Relative-OID that has only one arc and that

S

Format = Root-OID-Encoded (2) requires the Root-OID to be directly encoded. The Precursor

for

the Root-OID only shall be T byie that precedes the Root-OID; there is no associated compacied Object.
This particular Precursor structure applies to the Root-OID being encoded in the directory and in the Data-Set

area.
The struct

Bit 8:

Bits 7

120

ure of the Precursor is bit based from bit 8 to bit 1:

the offset and expansion bit
if bit8 =0 no offset is present
if bit8 =1  an additional byte follows as part of the Precursor

to 1: the length of the Root-OID (in bytes) between 1 to 126
bbbbbbb = length of the Root-OID
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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 0045 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 8046 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 been modified or deleted.

In [the case of the Modify command (see 8.4.3), if the encoded length of the modified Data-Set is Ignger than
the previously encoded Data-Set, there can be a requirement to re-organise all subsequent data on] the RFID
tag. An alternative solution is to encode the required number of Null-Bytes in the existing space, apd encode
thé modified Data-Set at the end of all existing Data-Sets. This particular solation of using the |Null-Byte,
might not be possible in the situation where the modified Data-Set, placed at the end of the encoding, causes
thé encoding to overflow the memory capacity.

A [similar option is available for the Delete command, which simply, requires the deleted Data-{Set to be
overwritten with a series of Null-Bytes. The Null-Byte should not be used as the last Data-Set, because this is
consuming encoding capacity for no logical advantage.

Dyring the decoding process, if the byte value 8046 occurs as\a valid Precursor, then all contiguously encoded

bytes with the same value shall be ignored. The first byte‘that has a different value shall be proces$ed as the
Precursor of the next Data-Set.

D|7 The Offset byte

THe Offset byte is required if the block(s).containing the Data-Set needs to be block aligned. Thig$ could be
necessary because the particular Data=Set or an adjacent Data-Set is required to be locked.

THe Offset byte shall encode thetwalue of the number of pad bytes (byte value 804¢) required to follgw the end
of the Object so as to place the niext Precursor or terminator at the beginning of the next block.

NOTE  As the maximum block size is 256 bytes (see 9.2.2), and the Precursor plus offset require twg bytes, the
maximum value for the-Offset is FE 6.

THe Offset value Q0y5’is valid. It is used when the Offset itself provides the padding feature, i.e. when the data
set without the Offset is one byte short of reaching a block boundary.

THe Offsetivalue FF45 shall be used to indicate that the Offset is followed by a Precursor expansion byte (see
Arjnex.D:8).

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 Memory.
The simpler decode functions that can easily be determined from the encoding rules are not covered.

D.9.1 Overall decode strategy

The DSFID is the prime key to decoding. Particular values determine whether a Directory structure is used,

which ena

bles a three-stage search to be undertaken.

t

—

1.
2.
3

—

In contras
The DSFI
encoded.

The parsi
a No-Dir

If the Object-ldentifier is not required, the value for length of Object.can’be used to skip forward to the next
r. A similar, but slightly more complex, process is possible to invoke to skip over the ObjeE -

Precurso
Identifier
length ang

D.9.2 De
The follow
(0-31). TH
ISO/IEC 1

The follow

0,1

b read the entire Directory.
b parse the Directory to locate the address of the required Data-Set.
b read the Data-Set starting from that address.

also provides information about the Root-OID, particularly whether this 4s implicitly or explic

g process is continually looking forward, whether this is for reading the Directory, the Data-Sets|
tory structure, or a particular Data-Set.

In this case, the first byte(s) of the encoded Object-ldentifier need to be parsed to determine
type of Object-ldentifier. These points are more fully,described below.

coding the DSFID

ing DSFID values are in the format m, nawhere m = Access-Method (0-1) and n = Data-Form
is advice only applies to those values already assigned in this International Standard and
5961.

ing values indicate particular structures and processes:

--  NosDirectory, with each Object-ldentifier presented in full

when decoded. Full Object-ldentifiers may appear in the encodation.

when decoded. Full Object-ldentifiers may appear in the encodation.

1.1

-- Directory with each Object-ldentifier presented as in full in both the directq

andthe Data-Setarea.

[=3

t, a No-Directory structure requires continual processing of the Data-Set area until’the desired
Object-IdEntifier is found.

y

n

e

at
n

0,2--- No-Directory with an explicitly encoded Root-OID in the first logi¢al
position. All subsequent Relative-OID values are prefixed by the Root-QID

0,n(n=3...287) -- No-Directory with the Root-OID defined by the Data-
Format. All subsequent Relative-OID values are prefixed by the Root-GID

ry

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
other Access-Methods should be used as the correct reference.

122
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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 offse

D.

If 1

the encoding of the Data-Sets.

D.
If

us
va

D.

If the DSFID is 0,2 the Precursor.in the first logical byte position shall have the following structure:

If

7t05 Defines the Compaction Type Code (see Annex D.1.3). Decompaction is only reqy
command calls for the particular Object to be returned.

4to 1 Values 0001 to 1110 represent the value of the single Relative-OID arc'value 1 to

case, the Precursor is followed by the byte(s) defining the length of the’Object. Th
Identifier is treated as a Null field.

permitted type).

D.3.1 The Terminator byte

he Precursor has the value 0044 it acts as a Terminator to signal the end of the Directory and/or

D.3.2 The Null-Byte

ed to deal with the encoding space following a-delete or modify command. The first byte that has
ue shall be treated as the valid Precursor.ef the next Data-Set.

D.3.3 The Precursor for the explicitly encoded Root-OID

bits
8 If=0 _dThere is no expansion nor offset byte to follow.

If =4 There is an expansion byte (see Annex D.8) which may be followed by a seq
byte.

7 to 1—"Defines the length (in bytes) of the Root-OID.

t byte.

ired if the

14. In this
e Object-

Value 1111 indicates that the Precursor is followed by an encoded Object-ldentifier (of any

the end of

he Precursor has the value 804 it signals that-this and contiguous bytes with the same value lpave been

a different

ond offset

he-DSFID is 1, 2 the Precursor in the first logical byte position of the Directory and of the DatT-Set area

st

T 41 n 4 1
dil TIave U1 SIruCditc as avUVe.,

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-

(o]

D), 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:

©lI
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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 val
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 1 to
bytes. Bits 5 to 1 encode this, and the length = bbbbb - 1.

ue

16

¢0 to DF

This byte is followed by the Relative-OID.

This encodes the length of a Relative-OID using this lead byte and the next byte (see
xxxx), for lengths between 17 to 126 bytes. Bits 7 to 1 of the second/byte diregtly

encode the length.
This pair of bytes is followed by the Relative-OID.

This encodes the length of an Object-ldentifier (see xxxx) for)lengths between 1 to
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 next b
(see xxx) for lengths between 33 to 127 bytes: Bits 7 to 1 of the second byte direq

encode the length.

This pair of bytes is followed by the Object-ldentifier.

te
tly
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Annex E
(normative)

Basic Data Compaction Schemes

The basic data compactlon schemes were flrst introduced in the 2004 version of thls International Standard for

the No-Di aa-L)

pre, data Objects. By applying data compaction to a complete Object, it can be extracted in its ¢
fofm as part of a read or write command.

THe schemes are defined below in sequence of greatest potential compagtion to no compaction. If 4

stifing is too short to compact under any one compaction scheme, the character string shall be encg
octet encodation.

E/1 Integer compaction

Infeger compaction is designed to compact decimal integers from the value 10 to 99999999999999
any 2-digit to 19-digit value) to a binary format. All input bytes shall be in the range 30 to 394; and t
byte(s) shall not be 304s.

If {he decimal integer value is less than 10, use octet encodation. If the decimal integer is longer tha
or|the leading byte(s) are 304, numeric compaction shall be applied.

THe rules for integer compaction are!

1. If the decimal numeric value is 10 to 9999999999999999999, convert to a binary va

NOTE_) This allows for conversion within a 64-bit value (or 8 bytes). Some programn
aré able to support a simple data type conversion to an integer value (different names
lfthe particular language does not support a data type conversion of a decimal value
then a two-stage process should be used:

a. Use the data type conversion up to the limit of the program language
b. Use a Modulo 256 conversion for higher values

2 Align to a byte boundary, by padding with leading zero bits if required. Depend
conversion procedure used, it could be necessary to strip off any leading bytes with

ata-Profile

e to sub-

ing space
. it is not
le two, or
ompacted

character
ded using

D999 (i.e.
he leading

h 19 digits,

ue.

languages
are used).
bf 19 digits,

ng on the
the value

ot include

00.¢ to achieve the minimum encoded length The encoded byte string should
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
string length so that, once decoded, leading zeros, if present, are output. All input bytes shall be in
30 to 3946.
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The rules for numeric compaction are:

1.

2.

During thg
create thel

E.3 5-b

Convert each decimal digit to its 4-bit binary equivalent (Binary Coded Decimal).

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.

Encode each 4-bit pair as a byte. Define the compacted sequence as numeric, code value

010 in the Precursor.

numeric character string of an odd number of decimal digits.

t compaction

5-bit compaction is designed to encode uppercase Latin characters and some punctuation. All input byfes

shall be in
space carn

The rules for 5-bit compaction are:

1. F

—

3. (
4. H
During thg
create the

are discar

If 5, 6 or
However,

E.4 6-b

the range 41 to 5F 5. The character string shall be 3 or more characters long.,Up to 37% of memc
be saved using this scheme. Annex F shows the ISO/IEC 646 characters that'can be encoded.

or each character:

Confirm that the byte value is in the range 41 to S5F.
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.

cpoow

it string into 8-bit segments starting with the*most significant bit. If the last segment contains Ig
nan 8 bits, pad with “0” bits.

onvert the 8-bit segments to hexadecimal values.
ncode the converted byte sequence as 5 bit code, code value 011 in the Precursor.
decode process, each 5-bit segment of the compacted bit string has “010” added as a prefix to

8-bit value of the source data. If “0” pad bits are present at the end of the compaction bit string, th
Hed.

this results in~character 404¢, which is not supported in 5-bit compaction and shall be discarded.

t. compaction

ry

nce all the characters have been converted:te’5-bit values and concatenated, divide the resultant

SS

Lo
24

7 pad bits are ‘present, the decoder could attempt to convert the first 5-bits to the source data.

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.

126

Check for byte 2045 in the final position(s). If found, go to 7-bit compaction, otherwise contin
steps 2 to 5.

ue
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Dy

2. Foreach 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 ¢ or “01” for bytes 40 to 5F .
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 bits of the pad
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 Precursor.

ring 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 values 20 to 3F 4.
b. If the first bit is “0”, the bits “01” are added as a prefix beforé gonverting to values 40 to 5F 4.

If pad strings “10”, “1000” or “100000” are present at the end of the enceded bit string, they are discarded.

If
20

Us
co

b pad bits are present, the decoder could attempt to convertcthis to source data. This results in| character
16 that is not supported in this final position and shall be discarded.

ing the example in 8.1.2, the example below shows the effect of processing the Object through the data

mpaction process.

EXAMPLE

The Object content {ABC123456} converts to HEX as 41 42 43 31 32 33 34 35 36. Analysing this myte stream

shows that all values are in the range.20 to 5F 6, enabling 6-bit compaction to be used. The Object
converts as follows:

yte stream

HEX: 414243 313233343536

Binary: 10000001 10000010 10000011 00110001 00110010
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 string is divided
into a sequence of 8-bit values:
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.
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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—startimg-withthemostsigmnificant bit—Hthetastsegment contaimsfesstham8=bits,
pad with “1” bits.

3. Convert the 8-bit segments to hexadecimal values.

4. Encode the converted byte sequence as 7 bit code, code value 101 in the Precursor.

EXAMPLE
'I’L e Object content {Ace#123451337} converts to HEX as 41 63 65 23 31 32 33(34,35 31 33 33 37 Analys|ng
this byte stream shows that all values are in the range 00 to 7E+e, enabling 7¢bif Compaction to be used. The
Abject byte stream converts as follows:
HEX: 4163 6523 31 3233 34 35313333 37
Binary: 01000001 01100011 01100101 ~80100011 00110001 00110010 00110411
00110100 00110101 00110001«00110011 00110011 00110111
Remove bit 8: 1000001 1100011 1100102 0100011 0110001 0110010 0110011 0110700
0110101 0110001 0116011 0110011 0110111
As this is only 91 bits, the first five bits ofithe pad string "11111" are appended and the 96 bit stringd is
divided into a sequence of 8-bit values:
10000011 . 10001111 00101010 00110110 00101100 10011001 10110700
01101010° #1000101 10011011 00110110 11111111
Convert to HEX: 83 8F.2A 36 2C 99 B4 6A C5 9B 36 FF
NOTE  Although the last encoded byte contains all 1s, decoding from the first byte in 7 bit steps ensufes
that the pad bits are correctly recognised and discarded
During the decode process;each 7-bit segment of the compacted bit string has bit “0” added as a prefix|to
recreate the 8-bit value.of\the source data. If “1” pad bits are present at the end of the encoded bit string, they
are discarfled.
If 7 pad b|ts are_present, the decoder could attempt to convert these to source data. However, this results|in
character [/F, Which is not supported in 7-bit compaction and shall be discarded.
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

128

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

NOTE The HEX byte 7F at the end of the encoding appears to be a valid character, except that 7F is not a

=bi i - Tguity ct that the
15 character string {Wrangler /ABCDE} encodes over 105 bits and requires 7 pad bits at the end o encode on
a byte aligned basis. During the decode process the 14 encoded bytes (112 bits) are concatenat¢d and split
into sixteen 7-bit sequences each of which is prefixed by a leading 0 bit. The last 7-bit seguencq {1111111}
indicates a pad sequence. When this has the 0 prefix this appears as a legitimate byte, except for the fact that
7F is an invalid character, and so is discarded. This occurs for character strings of 15,23, 31 and so forth in
length.

tet encodation is used when none of the above compaction schemes‘can be invoked. It encodef all bytes
the range 00 to FF.

e encoded byte string is identical to the source byte stringdEncode as octet string, code value {110 in the
bcursor. 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
Charaeter——Value{HEX) 7-bit 6-bit 5-bit NUmMeric

NUL 00 .
SOH 01 .
STX 02 .
ETX 03 .
EOT 04 .
ENQ 05 .
ACK 06 .
BEL 07 .
BS 08 .
HT 09 .
LF 0A .
VT 0B .
FF 0oC .
CR oD .
SO OE .
Sl OF .
DLE 10 .
DCA1 11 .
DC2 12 .
DC3 13 o
DC4 14 °
NAK 15 .
SYN 16 .
ETB 17 .
CAN 18 .
EM 19 .
SUB TA .
ESC 1B .
FS 1C .
GS 1D .
RS 1E .
ys 1F .

SPACE 20 . .

! 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 . . .
4 34 . . .
5 35 . . .
6 36 . . .
7 37 [ ] [ ] [ ]
8 38 . . .
9 39 . . .
. 3A ° °

) 3B ° °

< 3C ° °

= 3D ° °

> 3E ° o

? 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 51 [ ) [ ) [ ]

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

65

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|~|w|[=s|a|loc|o|5|3|—|x|—|—|T|l@|=+|0|allo|T|®

7D

7E

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

In

rnational Standard. The relevant clause is referred to at each stage of the illustrated exampl

. Specific

im
un
G
TH
ex
su

EX

Ug

TH
re

G
Fg
try
bu

Us

plementations are likely to be more efficient, but the detailed steps are shown to aid reade
derstanding of the process.

1 Starting position
ample uses two hypothetical Object-ldentifiers and Objects, but not considering any additional
ch as locking the Data-Set.
AMPLE
ng the urn form (see 6.3.3) for the Object-ldentifier and printable characters for the Object, the input values
urn:oid: 1.0.15691.27.48 with the nine character data “ABC123456”
urn:0id:1.0.15961.27.13 with the two character data “50”
e data is probably transferred as the hexadecimal strings {41 42 43 31 32 33 34 35 36} an
Epectively.
2 Encoding the Object-ldentifiers
r this illustration, assume that\the full Object-ldentifier is first created in the correct format k&
ncation to remove the common Root-OID. This is a procedure that could be used with Data-Fo
t for other Data-Formats(it iS possible to identify the Root-OID and only encode the Relative-OID
ing the rules defined-im Annex D.3,

urn:oid: 1.0.95691.27.48 encodes as {28 FC 59 1B 30}

urn:0id{1y0.15961.27.13 encodes as {28 FC 59 1B 0D}

G

s with an

is stage is based on the transfer of the Object-ldentifiers and Objects in(application commInds. This

rguments

are:

§ {35 30},

efore any
'mat = 2,

37The 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 ThgLogical Memory after data compactiom ... |

After prodessing through the Data Compactor, the data Object and its length can be redefined;\but the
Object-ldentifier remains unchanged.

The compaction process (as defined in Annex D.1 and Annex E) can be applied to the two’ data obje¢ts
in Table 3.1 — 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 Type,|to
Hecome 04 20 F1 CB 3D 35 DA (see Annex E.4 for the detailed conversjon),

— The data Object 35 30 is compacted to 1 byte {32} using the integer Type (see Annex E.1 for the
detailed conversion).

The first data Object has the following changes:
— (Qompaction Type in the Precursor bits 7 to 5 = 100gy
— Uength of data Object = 07
— data Object: 04 20 F1 CB 3D 35 DA

The second data Object has the following changes:
— (Qompaction Type in the Precursor bits 7 to 5 = 001gy
— Uength of data Object = 01
— data Object: 32

The results are shown inTable G.2 — Encoding example after data compaction.

Table G.2 — Encoding example after data compaction

Precursor (bits) Object-ldentifier
Offset L of L of Object
b8 | b7 |b6=lb5 b4 b3 b2 b1 Object-Id Object .
1 0|0 05 28 FC 59 1B 30 07 04 20 F1 CB 3D 35 DA
010 1 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 encod
Precursor, but as its value is greater than OE, the Relative-OID has to be directly encoded in

— The Type of Object-ldentifier and its length are encoded, as follows:

subsequent bytes and the Precursor bits 4 to 1 = 1111\

— 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~+"bbbbb-1; L
is encoded as 00010

— The bit steam 10000010 = 824¢

ing in the

ength of 1

— The second Relative-OID is created. As it is a single arc it is a potential candidate for encoding in the
Precursor, and as its value is no greater than OE, the Relative-OID is encoded in the Rrecursor.
Relative-OID = 0D encoded in Precursor bits 4 to 1 = 1101,

—1 No length, nor value, needs to be encoded for this .Relative-OID, because it is bit encoded in the
Precursor, saving two bytes.

Table G.3 — Encoding example for Data-Format = 2
Precursor (bits) Object-Id L of
b [b7 b6 1b5 |ba 1b3 b2 |b1 Offset 'Il-'ype & | Object-ldentifier Object Objegt
ength
0 0 0 0 110 0 28 FC 59 1B 00
1 0 0 1 1 1 1 82 30 07 04 20 F1 CB 3D|35 DA
0 0 1 1 1 0 1 01 32

GJ5.2 The LogicallMemory after formatting for Data-Format not equal 2

Tdble G.4 — ‘Encoding Example of Data-Format not equal 2 shows the result of formatting|the input

of[Table G.2 /— Encoding example after data compaction with Data-Format not equal 2. This clegrly shows

th

respeCts; the encodation is as in Table G.3 — Encoding example for Data-Format = 2, because|the same

procedures are used to create the precursor for each Object-ldentifier / Object pair.

Et the:Root-OID is not encoded, because it is directly indicated by the particular Data-Format. In all other

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 Thg base data

Table H.1}— Example encoded byes without a Directory shows 64 bytes of encoding for 9 Data<Sets, with z:e
shaded cglls indicating compacted data. The byte values in white cells therefore represent the-Precursor, the
encoding pf the 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
Ox |4F |82 |32 |07 |04 |20 [F1 (CB |3D |35DA |1D |01 |32 |11 |06
1% niblEe 1x OB |3A |73 |CE [2F |F2 |02 |01 |F83j43 |0OA |38 |[CB |71 |CB |3D

of HE 2x |35 |DB (7E |39 |C2 (44 |05 |38 (€B |79 |[E7 |98 |15 |02 |04 |CO

Addrebs
3x 16 |05 |02 |4C |BO (16 |EA |17~|06 |70 (48 |86 |0OD |DF |79 |00

H.2 Engoding the first Directory entry

Each Directory entry takes leading bytes.of'the Data-Set as follows:
— The Precursor for the Data-Set.
— The length of the Object-ldentifier (conditional).
— The Object-ldentifier (conditional)

As the firgt Data-Set)has the Relative-OID value 48,4, each of these components needs to be encoded.
hexadecimal, the'byte sequence is:

n

4F ¢ 3 the Precursor
82,¢ = the length of the Object-Identifier
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 J4F 182 132 100

H

Th

H

Th

3 Encoding the second Directory entry

Table H.3 — The second Directory-entry

e second Data-Set has its Relative-OID encoded in the Precursor, so only thevalue (1D4¢) of the
encoded in the Directory. This is followed by the byte address (1D4¢) of the Precursor. These
encoded immediately after the previous Directory entry, as shown in Table/H:3— The second Dire

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

o kLl le [

4 Encoding the remaining Directory entries

kLl

1
TUUN.

e remaining Data-Sets-are‘processed to add the Object-ldentifier and location to the Directory,

— The third Data-Set only requires the Precursor and its location to be encoded, and this is
the end of the highest block (based on this example of an 8 byte block).

— Thefourth Data-Set only requires the Precursor and its location to be encoded, and this is
the'beginning of the next highest block (based on this example of an 8 byte block).

=" The fifth Data-Set only requires the Precursor and its location to be encoded, and this is

Precursor
bytes are
Ctory entry.

hs follows:

entered at

entered at

entered in

©lI

4\ <l +hot [l £ [o N "WYY
aure vibUnN \II I}, VaoTU UIT UTo TAATITIPIC Ul dim U UyLU 1%J

— 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

In this ex3
it is not p
encoding

H.5 Deg

The Direg
and the
Annex D.4
rules defin
required; 1
any size o

With thes¢ structuring rules it is possible to parse and decode the Directory until the target Object-ldentif

and its lod

Using the
and to inv

e ——
2™ nibble (HEX) of block

x0 (x1 [x2 [x3 |x4 |x5 |x6 |x7

(n-3)x
1% nibble [(n-2)x|16 [30 [17 [37 |00
HEX) of
(blogk" (n-1)xJ02 [17 [43 [1A [44 [26 [15 [2C

(n)x |4F (82 |32 |00 |1D |0B |11 |OE

mple, all the directory blocks are located at higher block address, than the encoded data, otherw

Se

pssible to encode a Directory. As block (n-3) has not been"used for the Directory, subsequgnt

Df data or directory mat be placed in this block.

oding the Directory and reading the target Object-ldentifier

tory is decoded from the highest block address) The first byte is the Precursor of the first Data-S
structure to the end of the Object-identifier is self-declaring and is decoded as defined
.3 and D.9.4. As the location address of\the target Precursor is encoded to the length encodi
ed in Annex D.2, it too has a self-declaring structure. If the location is below position 128, 1 byte
or locations at addresses up to 16383, two bytes are required; and additional bytes can be used
f address.

ation are found.

block size, it is possible to identify the block containing the Precursor of the target Object-ldentif
Dke a selective read transaction across the air interface.

et
n
ng

is
for

er

er

138

© ISO/IEC 2013 — All rights reserved


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

ISO/IEC 15962:2013(E)

Annex |
(normative)

Packed-Objects structure

':ﬁ‘.'
VY

THe Packed Objects format provides for efficient encoding and access of user data. The Packgd Objects
fofmat offers increased encoding efficiency compared to the No-Directory and Directory- Access-Methods,
partly by utilizing sophisticated compaction methods, partly by defining an inherent directory struclure at the
frdnt of each Packed Object (before any of its data is encoded) that supports randoni-access whilg¢ reducing
th¢ fixed overhead of some prior methods, and partly by utilizing data-system-specifie information (spich as the
G$1 definitions of fixed-length Application Identifiers).

1.2 Overview of associated Annexes
THe formal description of Packed Objects is presented in this Annex-and in the annexes defined as fpllows:
— The overall structure of Packed Objects is described ilAnnex 1.3

— The individual sections of a Packed Object are described in Annex 1.4 to 1.9

— The structure and features of ID Tables (utilized by Packed Objects to represent various data system
identifiers) are described in Annex J.

— The numerical bases and charactersets used in Packed Objects are described in Annex K
— An encoding algorithm and worked example are described in Annex L.

— The decoding algorithm-for Packed Objects is described in Annex M.

In[addition, note that all. descriptions of specific ID Tables for use with Packed Objects are [registered

separately, under the proecedures 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 AOverview

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.

The Ontional Paointer ta 2 Directorv Packed Obhicct mav annear at mast anlvonce in memaory
g 4 ) T SPP Y 4

Every Pa
reference
relative pq
specificati
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= >

A
o
0

An ID List|
only a sm
than abod
system hs
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Figure 1.1 — Overall memory structure when using Packed-Objects

cked Object represents a sequence of one or more data system lIdentifiers, eacgh(specified

to an entry within a Base ID Table from a registered data format. The entry is feferenced by
sition within the Base Table; this relative position or Base Table index is referred to throughout t
bn as an “ID Value.” There are two different Packed Objects methods available for representing
of Identifiers by reference to their ID Values:

n ID List Packed Object (IDLPO) encodes a series of ID Values as a‘ist, whose length depends
e number of data items being represented;

n ID Map Packed Object (IDMPO) instead encodes a fixed-léngth bit array, whose length depen
n the total number of entries defined in the registered BaseTable. Each bit in the array is ‘1’ if
orresponding table entry is represented by the Packed Object, and is ‘0’ otherwise.

is the default Packed Objects format, because it uses fewer bits than an ID Map, if the list conta
bl percentage of the data system’s defined ID Values. However, if the Packed Object includes mg

s sixteen entries, then each ID Value (table‘index) is a four bit quantity, and a list of four ID Valuy
hany bits as would the complete ID Map.*An ID Map’s fixed-length characteristic makes it especiz
r use in a Directory Packed Object, which lists all of the Identifiers in all of the Packed Obijects|
see Annex 1.9). The overall structure~of a Packed Object is the same, whether an IDLPO or

ds
he

ns
re

t one-quarter of the defined entries, then andD Map requires fewer bits. For example, if a data

es
Iy

in
an

5 shown in Figure 1.2 — Packed Object Structure, and as described in the next subsection.
Optional | Object Info'Section Secondary | Aux Format | Data Section
Format (IDLPO.orIDMPO) ID Section | Section (if needed)

Flags (if needed) | (if needed)

the overal

Figure 1.2 — Packed Object Structure

bjects may be made “editable”, by adding an optional Addendum subsection to the end of the Obj¢ct
n, whichincludes a pointer to an “Addendum Packed Object” where additions and/or deletions hgve
. @ne or more such “chains” of editable “parent” and “child” Packed Objects may be present within
seguence of Packed Objects in memory, but no more than one chain of Directory Packed Obje¢ts

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 lengthJof the Packed
Object in octets) followed by Pad Indicator bit, so that the number of significant\bits in the Packed
Object can be determined.

— ID Value Information indicates which Identifiers are present and in what order, and (if an IDLPO) also
includes a leading NumberOflDs field, indicating how many ID Values are.encoded in the I} List.

THe Object Info section is encoded in one of the following formats, as shown in Figure 1.3 — IDLPO Object
Info Structure 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)

— 1D Map (IDMPO) Object Info format:
= One or more ID Map sections
= Object Length (EBV-6) plus Pad Indicator bit

Fgr either of these Object Info formats;'an Optional Addendum subsection may be present at the pnd of the
Object Info section.

Object Info, in a Default ID List PO Object Info, in a Non-default ID List PC
Object Number N.ID Optional or Object | ID Lists Section Optional
Length Of IDs List | Addendum Length | (one or more lists) Addendym

Figure 1.3 — IDLPO Object Info Structure

Object Info, in an ID Map PO
ID Map Section Object | Optional
(one or more maps) | Length | Addendum

Figure t4—1DMPOObjectinfo-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, ol signal the insertion of padding patterns to align the next Packed Object on a word or blgck
boundary). The set of defined patterns is shown in Table 1.1 — Format Flags.

Table 1.1 — Format Flags

Bit Pattern Description Additional Info See Annex
0000 0000 Termination Pattern No more packed objects follow 174.1
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 1D tables 1.4.3

N = 1: non-default Info If A =1: Addendum pdinter(s) at end of

A = 1: Addendum Present Object Info section
0000 01x Inter-Packed Object pattern A Directory Pointéer; or padding 1.4.4
0000 010( 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 011( RFU 1.4.4
0000 01171 Directory pointer Followed by EBV-8 pattern 1.4.4
0000 11xx ID Map Packed Object 1.4.2

.4.1 Ddta Terminating Flag Pattern

A pattern |of eight or more ‘0’ bits at'the expected start of a Packed Object denotes that no more Packied
Objects alle present in the remainder 6f memory.

NOTH  Six successive ‘Q’(bits"at the expected start of a Packed Object would (if interpreted as a Packed Objdct)
indicate an ID List Packed Object of length zero.

.4.2 Fdrmat Flags,section starting bit patterns

A non-zerp EBV-6 with a leading pattern of “0000” is used as a Format Flags section Indicating Pattern. The
additional [bits‘following an initial ‘0000’ Format Flag Indicating Pattern are defined as follows:

— A following two-bit pattern of “10’ (creating an initial pattern of ‘000010’) indicates an 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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NOTE  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 en

coder 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

bits—te form-a nr\mplcﬂ'm IDLPO Earmat Elag of “000010NA" whare-
Ss—te+oHR—3a-coMmptete—+iit=t —oHRat+= oI A WHREE-

additional

— If the first additional bit ‘N’ is ‘0’, then the default IDLPO format is employed for the IDLRPO

— If the first additional bit ‘N’ is ‘1’, then a non-default format is employed for the IDLPO (
section. The optional non-default IDLPO Object Info format supports a sequence of one ¢
(see Annex 1.5.1).

— If the second additional bit ‘A’ is ‘1’, then an Addendum subsectionis present at the end of
Info section (see Annex 1.5.6).

— If the second additional bit ‘A’ is ‘0’, then no Addendum<Subsection is present.

1.4.4 Patterns for use between Packed Objects

THe presence of ‘000001’ at the expected start of a;Packed Object is used to indicate either pa
dinectory pointer, as follows:

A following two-bit pattern of “11’ indicates that a Directory Packed Object Pointer follows the pg
painter is one or more octets in length, in EBY-8 format. This pointer may be Null (a value of zero),
zefo, indicates the number of octets from-the start of the pointer to the start of a Directory PacK
(which if editable, shall be the first inits.“chain”). For example, if the Format Flags byte for a Directq
is pncoded at byte offset 1, the Pointer itself occupies bytes beginning at offset 2, and the Directof
byte offset 9, then the Dir Pir encedes the value “7” in EBV-8 format. A Directory Packed Object P
appear before the first Packed ©Object in memory, or at any other position where a Packed Object n

section This allows for only a single ID List (utilizing the registration’s default Base_ID|Table).

Dbject Info

Dbject Info
r more ID

Lists, and each such list begins with identifying information as to which(registered table it fepresents

the Object

iding or a

ttern. The
but if non-
ed Object
ry Pointer
y starts at
binter may
nay begin,

but may only appear once inja given data carrier memory, and (if non-null) must be at a lower addiress than

thg Directory it points to{ The first octet after this pointer may be padding (as defined immediately]
new set 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’ patt
as a‘padding byte, so that the next Packed Object may begin on a desired word or block
This pattern may repeat as necessary to achieve the desired alignment.

-4 ‘A following two-bit pattern of ‘01’ indicates as a run-length padding indicator, and
immediately followed by an EBV-8 indicating the number of octets from the start of the EB}

below), a

Prn serves
boundary.

shall be
-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
representi
represent
some cas

Annex 1.6)] are encoded in order to specify which selection or option was chosen when the Packed Object wlas
encoded. A “fully-qualified ID Value” (FQIDV) is an ID Value, plus a particular choice of associated Secondary
ID bits (if |lany are invoked by the ID Value’s table entry). Only one instance of a particular fully-qualified [ID
Value may appear in a data carrier’s Data Packed Objects, but a particular ID Value.fnay appear more than
once, if egch time it is “qualified” by different Secondary ID Bits. If an ID Value doés)appear more than onge,
all occurr¢nces shall be in a single Packed Object (or within a single “chain’‘of a Packed Object plus |its
Addenda)

There are|two methods defined for encoding ID Values: an ID List Packed\Object uses a variable-length lisf] of
ID Value hit fields, whereas an ID Map Packed Object uses a fixed-leAgth bit array. Unless a Packed Objegt’s
format is nodified by an initial Format Flags pattern, the Packed Object’s format defaults to that of an ID Uist
Packed Opject (IDLPO), containing a single ID List, whose ID Valtes correspond to the default Base ID Table
of the regjstered Data Format. Optional Format Flags can change the format of the ID Section to either an
IDMPO fgrmat, or to an IDLPO format encoding an ID Lists section (which supports multiple ID Tablg¢s,
including mon-default data systems).

Although [the ordering of information within the Qbject Info section varies with the chosen format (see
Annex 1.5]1), the Object Info section of every Packéd Object shall provide Length information as defined|in
Annex .52, and ID Values information (see Annex 1.5.3) as defined in Annex 1.5.4, or 1.5.5. The Object Ipfo
section (df either an IDLPO or an IDMPQ)) may conclude with an optional Addendum subsection (see
Annex 1.5§6.

1.5.1 Object Info formats

1.5.1.1 DLPO default Object Info format

The defaylt IDLPO Object’Info format is used for a Packed Object either without a leading Format Flags
section, of with a Format Flags section indicating an IDLPO with a possible Addendum and a default Objgct
Info sectipn. The-default IDLPO Object Info section contains a single ID List (optionally followed by pn
Addendum subsection if so indicated by the Format Flags). The format of the default IDLPO Object Info
section is shown' in Table 1.2 — Default IDLPO Object Info format.

Table 1.2 — Default IDLPO Object Info format

Field Name: | Length Information NumberOfiDs ID Listing Addendum
subsection
Usage: The number of octets in | Number of ID A single list of ID Optional pointer(s)
this Object, plus a last- Values in this Values; value size to other Objects
octet pad indicator Object (minus depends on registered | containing Edit
one) Data Format information
Structure: Variable: see Variable:EBV-3 | See Annex |.5.4 See Annex 1.5.6.1
Annex 1.5.2
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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

ID[PO Object Info structure is shown in Table 1.3 — Non-Default TDLPO Object Tnfo format.
Table 1.3 — Non-Default IDLPO Object Info format
Field Length ID Lists section, first List Optional Null-App Addendum
N3ame: Info Abblication |Number of |1D Listin ID List Indicator Subsection
| Pp 9 section(s) |((single zero bit)
ndicator IDs
Usgage: The Indicates the | Number Of |Listing of ID |Repeated Zero or more Optional
number |selected ID |ID Values |Values, then |lists, each repeated lists, |poipter(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 differentiD |different ID Objects
Object, |each entry Tablé Table, followed | cortaining
plus a by a null Edit
last-octet Application infgrmation
pad Indicator (single
indicator zero bit)
Structure: |See See See See References |See Se¢
Annex Annex 1.5.3. |Annex I.5.1 |Anhex 1.5.4 |in previous |Annex1.5.3.1 Annex 1.5.6
1.5.2 1 A and 1.5.3.2 |columns
1.51.3 IDMPO Object Info format

Lgading Format Flags may define the Object Info structure to be an IDMPO, in which the Length |

hformation

(and optional Addendum subsection) follow an ID Map section (see Annex 1.5.5). This arrangement ensures

that the ID Map is in a fixed lpeation for a given application, of benefit when used as a Directory. T

@)

ject 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 ofher
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

he IDMPO

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 fleld, ObjectLength, is an EBV-6 Extensible Bit Vector, consisting of one or more repetitions of, jan
Extension| Bit and 5 value bits. An EBV-6 of ‘000100’ (value of 4) indicates a four-byte Packed Object. An
EBV-6 of 1100001 000000’ (value of 32) indicates a 32-byte Object, and so on.

The Pad Indicator bit immediately follows the end of the EBV-6 ObjectLength. This bit is set 10)0’ if there gre
no padding bits in the last byte of the Packed Object. If set to ‘1, then bitwise padding begins with the leajst-
significanf or rightmost ‘1’ bit of the last byte, and the padding consists of this rightmost ‘#* bit, plus any ‘0’ Hits
to the rightt of that bit. This method effectively uses a single bit to indicate a three-bit guantity (i.e., the numbyer
of trailing pad bits). When a receiving system wants to determine the total number of bits (rather than bytes)in
a Packed [Object, it would examine the ObjectLength field of the Packed Object(to-determine the number|of
bytes) and multiply the result by eight, and (if the Pad Indicator bit is set) examihe’the last byte of the Packied
Object anfl decrement the bit count by (1 plus the number of ‘0’ bits followingthe rightmost ‘1’ bit of that fipal
byte).

1.5.3 General description of ID Values

registered| ID tables may be found in Annex J). This base table defines the data system Identifier(s)
representéd by each row of the table, any Secondary ID Bits or Aux Format bits invoked by each table enP/,

A registeled data format defines (at a minimum) a PrimaryBase ID Table (a detailed specification for

and varioys implicit rules (taken from a predefined rule_set) that decoding systems shall use when interpreti
data encofded according to each entry. When a datasitem is encoded in a Packed Object, its associated ta
entry is identified by the entry’s relative position in the Base Table. This table position or index is the ID Value
that is repfesented in Packed Objects.

A Base T4gble containing a given number,of entries inherently specifies the number of bits needed to encodg¢ a
table indek (i.e., an ID Value) in an ID,List Packed Object (as the Log (base 2) of the number of entries). Since
current arld future data system ID A ables will vary in unpredictable ways in terms of their numbers of table
entries, ttlere is a need to pre-define an ID Value Size mechanism that allows for future extensibility|to
accommoflate new tables, while'minimizing decoder complexity and minimizing the need to upgrade decoding
software (other than the addition of new tables). Therefore, regardless of the exact number of Base Table
entries degfined, each Base,Table definition shall utilize one of the predefined sizes for ID Value encodings
defined in[ Table 1.6 — Defined ID Value sizes (any unused entries shall be labeled as reserved, as provided
in Annex J). The ID-Size Bit pattern is encoded in a Packed Object only when it uses a non-default Base |ID
Table. Some entriesin the table indicate a size that is not an integral power of two. When encoding (into gn
IDLPO) ID Values from tables that utilize such sizes, each pair of ID Values is encoded by muItipIying the

adding the
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

140 | lp 10128 7, as-1 Base 128 value ‘IA’ as 2 Basgm_va_l_ves

1110 Up to 256 8, as 1 Base 256 value 16, as 2 Base 256 vallies

111100 Up to 512 9, as 1 Base 512 value 18, as 2 Base 512 vallies

111101 Up to 1024 10, as 1 Base 1024 value 20, as 2 Base 1024 vdlues

111110 Up to 2048 11, as 1 Base 2048 value 22, as 2 Base 2048 vdlues

11111 Up to 4096 12, as 1 Base 4096 value 24, as 2 Base 4096 vdlues

1.5.3.1 Application Indicator subsection

An Application Indicator subsection can be utilised to indicate use of ID.Values from a default or non-default
ID| Table. This subsection is required in every IDMPO, but is only required in an IDLPO that use$ the non-
default format supporting multiple ID Lists.

Arl Application Indicator consists of the following components;

— A single ApplndicatorPresent bit, which if ‘0" means that no additional ID List or Map follpws. Note
that this bit is always omitted for the first List"or Map in an Object Info section. When|this bit is
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 othgr than the
memory’s default. If ‘1’, this bit isximmediately followed by a 9-bit representation of a Dgta Format
registered under ISO/IEC 15961

— An ID Size pattern which denotes a table size (and therefore an ID Map bit length, when @ised in an
IDMPO), which shall be one of the patterns defined by Table |.6 — Defined ID Value sizes| The table
size indicated in this field must be less than or equal to the table size indicated in the sglected ID
table. The purpose of this field is so that the decoder can parse past the ID List or ID Map, gven if the
ID Table is not available to the decoder.

— A three-bitID Subset pattern. The registered data format's Primary Base ID Table, if uged by the
currentPacked Object, shall always be indicated by an encoded ID Subset pattern of ‘000’ | However,
up tosseven Alternate Base Tables may also be defined in the registration (with varying [ID Sizes),
and a'choice from among these can be indicated by the encoded Subset pattern. This feat{ire can be
useful to define smaller sector-specific or application-specific subsets of a full data sygtem, thus
substantially reducing the size of the encoded ID Map.

1.5.3.2 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

TDV- U

gould be more than one due to combinations and/or optional components), followed by the indicated
umber of string lengths, each length encoded as though there were no FormatString'in the ID tabjle.
All data items were encoded in the A/N subsection of the Data section.

1.5.4 ID|Values representation, in an ID List Packed Object

Each ID VYalue is represented within an IDLPO on a list of bit fields; the number of bit fields on the lis{ is
determinefd from the NumberOfIDs field (see Table .2 — Default IDLPO Object Info format). Each ID Value |bit
field’s length is in the range of four to eleven bits, depending on the size'of the Base Table index it represents.
In the optional non-default format for an IDLPQO’s Object Info section; a single Packed Object may contain
multiple 1D List subsections, each referencing a different ID Tabley In this non-default format, each ID List
subsectiof consists of an Application Indicator subsection (which terminates the ID Lists, if it begins with a|'0’
bit), followed by an EBV-3 NumberOfIDs, an ID List, and a Full/Restricted Use flag.

I.5.5 ID|Values representation, in an ID Map Packed Object

Encoding jJan ID Map can be more efficient than_eneoding a list of ID Values, when representing a relatively
large numper of ID Values (constituting more than about 10 percent of a large Base Table’s entries, or abgut
25 percent of a small Base Table’s entries).(When encoded in an ID Map, each ID Value is represented by|its
relative pgsition within the map (for example, the first ID Map bit represents ID Value “0”, the third [bit
represents ID Value “2”, and the last bit\represents ID Value ‘n’ (corresponding to the last entry of a Bgse
Table with (n+1) entries). The value. of each bit within an ID Map indicates whether the corresponding |ID
Value is present (if the bit is ‘1’) or‘absent (if ‘0’). An ID Map is always encoded as part of an ID Map Section
structure (see Annex 1.9.1).

1.5.6 Optional Addendum subsection of the Object Info section

The Packg¢d Object’/Addendum feature supports basic editing operations, specifically the ability to add, delete,
or replacq individdal’data items in a previously-written Packed Object, without a need to rewrite the enfjre
Packed Qbject.\A Packed Object that does not contain an Addendum subsection cannot be edited in this
fashion, ahd-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 Object (i¢., the first
of a chain), and in this case the Child bit is immediately followed by a single EBV-6_link fo the first
“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 “parent,” &nd the bit
is immediately followed by one EBV-6 link to the “parent” and a second EBV-6 line to the next “child”
Packed Object that contains editing addenda for the parent.

A [link value of zero is a Null pointer (no child exists), and in a Packed (Object whose Child bit |is ‘0’, this
indlicates that the Packed Object is editable, but has not yet been editedZA link to the Parent is prpvided, so
that a Directory may indicate the presence and location of an ID Valugiin an Addendum Packed Object, while
stifl providing an interrogator with the ability to efficiently locate the other ID Values that ar¢ logically
associated with the original “parent” Packed Object. A link valué “of zero is invalid as a pointer ffowards a
P3rent.

Injorder to allow room for a sufficiently-large link, when thefUture location of the next “child” is unknpwn at the
time the parent is encoded, it is permissible to use:the’“redundant” form of the EBV-6 (for example using
“1P0000 000000 to represent a link value of zero).

1.5.6.1 Addendum “EditingOP” list (only in°ID List Packed Objects)

Injan IDLPO only, each Addendum sectienof a “child” ID List Packed Object contains a set of “EditingOp” bits
encoded immediately after its last EBV-6 link. The number of such bits is determined from the pumber of
entries on the Addendum Packed Object’s ID list. For each ID Value on this list, the corresponding [EditingOp
bit or bits are defined as follows;

— ‘1" means that the'corresponding Fully-Qualified ID Value (FQIDV) is Replaced. A Replacg operation
has the effect(that the data originally associated with the FQIDV matching the FQIDV in this
Addendum _Racked Object shall be ignored, and logically replaced by the Aux Format bitg and data
encoded.in-this Addendum Packed Object)

— '00’_means that the corresponding FQIDV is Deleted but not replaced. In this case, neithgr the Aux
Format bits nor the data associated with this ID Value are encoded in the Addendum Packgd Object.

=2 Y01 means that the corresponding FQIDV is Added (either 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.

I.5.6.2 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).

— A
g
g
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Table 1.7 — Compact-Parameter bit patterns
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ID Bits section, in theé same order as the ID Values that invoked them were listed within the Packed
bte that the Secondary ID Bits section is identically defined, whether the Packed Obiject is an IDLFPO

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.

section described in Annex |.8. The data strings of this Packed Object are encoded in the ordeér. inficated by
thg¢ Object Info section of the Packed Object, compacted exactly as described in Annex D (Encoding rules for
Ng-Directory Access-Method), with the following two exceptions:

T;F next byte is defined as the first octet of a “No-Directory Data section”, which is used in place, df the Data

— The Object-Identifier is not encoded in the “No-Directory Data section”, because it has alrgady been
encoded into the Object Info and Secondary ID sections.

— The Precursor is modified in that only the three Compaction Type Code bits are significant, and the
other bits in the Precursor are set to ‘0’.

THerefore, each of the data strings invoked by the ID Table entry are“separately encoded in a modified data
sef structure as:

<modified precursor> <length of compacted object>. <compacted object octets>

THe <compacted object octets> are determined and encoded as described in Annex D.1.1 and D.12. and the
<lgngth of compacted object> is determined and encoded as described in D.2.

Fdllowing the last data set, a terminating precursor value of zero shall not be encoded (the decoding system
recognises 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 compaction_method was selected by the Compact-Parameter bits, then the |Compact-
Pgrameter bits are followed by-Zero or more Aux Format bits, as may be invoked by the ID Table erjtries used
in |this Packed Object. The-AuxX Format bits are then immediately followed by a Data section thaf uses the
P3cked-Object compaction method described in I.8.

An ID Table entry that\was designed for use with the Packed-Object compaction method can call for various
types of auxiliarydnformation beyond the complete indication of the ID itself (such as bit fields to |indicate a
valiable data length, to aid the data compaction process). All such bit fields are concatenated in this|portion, in
the¢ order called for by the ID List or Map. Note that the Aux Format section is identically defined, whether the
Pd4cked Qbject is an IDLPO or an IDMPO.

Arl ID_Table entry invokes Aux Format length bits for all entries that are not specified as fixed-lenjgth in the
table (hn\l\lﬂ\lﬂl’, these Inngfh bits are not Qr“fIIQ"\JI encoded if fhn\ll Pnrrnepnnd tothe last data item gncoded 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")

1
»

-+ Values greater than 44 are encoded as a twelve-bit prefix of all ‘1’s, followed by an-EBV
indication of (value — 44).

NOTES 1 If a range is specified with identical upper and lower bounds (i.e., a range-of zero), thig is

treated as a fixed length, not a variable length, and no Aux Format bits are invoked.

2  If arange is unspecified, or has unspecified upper or lower bounds,then this is treated af a
default lower bound of one, and/or an unlimited upper bound.

.8 Data|section

A Data sqction is always present in a Packed Object, except in the“case of a Directory Packed Object|or
Directory Addendum Packed Object (which encode no data elements), the case of a Data Addendum Packied
Object comtaining only Delete operations, and the case of a Packed Object that uses No-directory compactipn
(see 1.7.1). When a Data section is present, it follows the Objéct Info section (and the Secondary ID and Aux
Format sgctions, if present). Depending on the characteristics of the encoded IDs and data strings, the Data
section may include one or both of two subsections Gn the following order: a Known-Length Numer|cs
subsectiof, and an AlphaNumerics subsection. The “following paragraphs provide detailed descriptions|of
each of these Data Section subsections. If all of the.subsections 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 Dpta section.

Knoyn-Length Numeric AlphaNumeric subsection
subsection A/N Header Bits Binary Data Segments
KR 2M ... | Last Non- | Prefix | Suffix | Char | Extd. |Extd |Base | Non-
KLN KLN KLN Num | Bit, Bit, Map | Num Non- 10 Num
Binary | Binary Binary | Base | Prefix | Suffix Binary | Num Binary | Binary
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
chiracters to encode, the entire A/N subsection is omitted. The Alphanumeric subsection can encoie any mix
of[digits and non-digit ASCII characters, or eight-bit data. The digit characters within this data.ar¢ encoded
separately, at an average efficiency of 4.322 bits per digit or better, depending on the character pequence.
THe non-digit characters are independently encoded at an average efficiency that varies between 5.91 bits per
chiaracter or better (all uppercase letters), to a worst-case limit of 9 bits per character(if the chafacter mix
requires Base 256 encoding of non-numeric characters).

An Alphanumeric subsection consists of a series of A/N Header bits (see Annex 18.2.1), followed by from one
to[four Binary segments (each segment representing data encoded in a singlé\ntmerical Base, such as Base
10 or Base 30, see Annex 1.8.2.4), padded if necessary to complete the final byte (see Annex 1.8.2.5).

1.§.2.1  A/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(@hosen 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 followled by one
or more “Runs” of six Prefix 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 followled 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 base pf each of
the data eliaracters, if any, that were not accounted for by a Prefix or Suffix.

1.8.2.2 Dual-base Character-map encoding

Caompactien of the ordered list of alphanumeric data strings (excluding those data strings already gncoded in
the Known Length Numerlcs subsectlon) is achleved by first concatenatlng the data characters info a single
A ach of the
data characters is classmed as elther 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.

An optionpl Prefix Representation, if present, consists of one or more occurrences of a Prefix RuniEdch
Prefix Run consists of one Run Position bit, followed by two Basis Bits, then followed by three Run Length Hits,
defined aqg follows:

he Run Position bit, if ‘0’, indicates that at least one more Prefix Run is encoded following this one
epresenting another set of source characters to the right of the current set). The Run Position bif, if
’, indicates that the current Prefix Run is the last (rightmost) Prefix Run of the AI/N subsection.

-~

— The first basis bit indicates a choice of numeric vs. non-numeric base, and.the second basis bit, if {1’,
indicates that the chosen base is extended to include characters from the/“opposite” base. Thus, ‘00’
indicates a run-length-encoded sequence of base 10 values; ‘Of\\ndicates a sequence that|is
rimarily (but not entirely) digits, encoded in Base 13; ‘10’ indicates a sequence a sequence|of
lues from the non-numeric base that was selected earlier jnnthe A/N header, and ‘11’ indicateg a
quence of values primarily from that non-numeric base, but‘extended to include digit characters jas
ell. Note an exception: if the non-numeric base that wasyselected in the A/N header is Base 2%6,
then the “extended” version is defined to be Base 40.

— The 3-bit Run Length value assumes a minimum-iseable run of six same-base characters, and the
Igngth value is further divided by 2. Thus, theZpossible 3-bit Run Length values of 0, 1, 2, ..] 7
indicate a Run of 6, 8, 10, ... 20 characters from the same base. Note that a trailing “odd” character

lue at the end of a same-base sequence’ must be represented by adding a bit to the Characfer

ap.

An optional Suffix Representation, if present, is a series of one or more Suffix Runs, each identical in formaf to
the Prefix|Run just described. Consistent\with that description, note that the Run Position bit, if ‘1’, indicates
that the cpirrent Suffix Run is the last (rightmost) Suffix Run of the A/N subsection, and thus any preceding
Suffix Rurls represented source characters to the left of this final Suffix Run.

1.8.2.4 Encoding into Binary Segments

Immediatgly after the laSt.bit of the Character Map, up to four binary numbers are encoded, each representing
all of the ¢haracters_thiat were encoded in a single base system. First, a base-13 bit sequence is encoded| (if
one or more Prefix/or Suffix Runs called for base-13 encoding). If present, this bit sequence direqtly
represents thecbinary number resulting from encoding the combined sequence of all Prefix and Suffix
characterg (in‘that order) classified as Base 13 (ignoring any intervening characters not thus classified) ag a
single vallie 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 poreBinary-sectionsrepresenting-the numericandnon-numeric Binary—vatues)—Note-further-that none of
¢ lengths of these three variable-length bit fields are explicitly encoded (although one or two Extended-Base
Binary segments may also be present, these have known lengths determined from Prefix and/er Suffix runs).
In|order to determine the boundaries between these three variable-length fields, the.decoder|needs to
implement a procedure, using knowledge of the remaining number of data bits, in ordertg lcorrectly| parse the
Alphanumeric subsection. An example of such a procedure is described in Annex M.

1.8.2.5 Padding the last byte

THe last (least-significant) bit of the final Binary segment is also the last significant bit of the Packed Object. If
thgre are any remaining bit positions in the last byte to be filled with pad. hits, then the most significant pad bit
shEII be set to ‘1’, and any remaining less-significant pad bits shall beset to ‘0’. The decoder can [determine
the total number of non-pad bits in a Packed Object by examining,the Length Section of the Packed Object
(and if the Pad Indicator bit of that section is ‘“1’, by also examining'the last byte of the Packed Object).

1.9 ID Map and Directory encoding options

Arl ID Map can be more efficient than a list of ID, Values, when encoding a relatively large number of 1D
Vdlues. Additionally, an ID Map representation is-advantageous for use in a Directory Packed Objgct. The ID
Map itself (the first major subsection of every.]D Map section) is structured identically whether in|a Data or
Directory IDMPO, but a Directory IDMPQO’sJD Map section contains additional optional subsections. The
st:lucture of an ID Map section, containing 6ne or more ID Maps, is described in Annex 1.9.1, explained in
tefms of its usage in a Data IDMPO; subsequent sections explain the added structural elements in g Directory
IDMPO.

1.9.1 ID Map Section structure

Ar|] IDMPO represents 1D Values using a structure called an ID Map section, containing one or morg ID Maps.
Egch ID Value encodéd)in a Data IDMPO is represented as a ‘1’ bit within an ID Map bit field, whose fixed
lenmgth is equal to the'number of entries in the corresponding Base Table. Conversely, each ‘0’ in the ID Map
Fig¢ld indicates the.absence of the corresponding ID Value. Since the total number of ‘1’ bits within the ID Map
Fi¢ld equals the‘number of ID Values being represented, no explicit NumberOfIDs field is encoded. |n order to
implement {he' range of functionality made possible by this representation, the ID Map Sectiop contains
elgmentstother than the ID Map itself. If present, the optional ID Map Section immediately follows the leading
pattern indicating an IDMPO (as was described in 1.4.2), and contains the following 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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— Closing Flag(s), consisting of an “Addendum Flag” bit. If ‘1°, then an Addendum subsection is present
at the end of the Object Info section (after the Object Length Information).

These elements, shown in 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 | Eield (ends [Indicator |(ends with F/R| zero bit)

with F/R bit) bit)

See See As As See 1.5.3.1 See Figure I.7 — | Addendum

Annex . [JAnnex 1.9.1. |previous |previous Optional AuxMap |FlagBit

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 Indicator, and
optionally [followed by an Addendum subsection (all as have been previously defined), and then may pe
followed Ry any of the other sections defined for Packed Obijects, except that @ Directory IDMPO shall pot
include a Pata section.

1.9.1.1 D Map and ID Map bit field

An ID Map usually consists of an Application Indicator followedyby an ID Map bit field, ending with| a
Full/Restricted Use bit. An ID Map bit field consists of a single “MapPresent” flag bit, then (if MapPresent is {1°)
a number [of bits equal to the length determined from the ID Size pattern within the Application Indicator, plus
one (the Rull/Restricted Use bit). The ID Map bit field indicates the presence/absence of encoded data ite
corresponding to entries in a specific registered Primary @r Alternate Base Table. The choice of base tablg is
indicated by the encoded combination of DSFID and Application Indicator pattern that precedes the ID Map [bit
field. The MSB of the ID Map bit field corresponds to-ID Value 0 in the base table, the next bit corresponds|to
ID Value 1, and so on.

In a Data Packed Object’'s ID Map bit field, each ‘1’ bit indicates that this Packed Object contains an encoded
occurrencg of the data item corresponding 'to an entry in the registered Base Table associated with this|ID
Map. Note that the valid encoded entry*may be found either in the first (“parentless”) Packed Object of
chain (the|one containing the ID Map) or in an Addendum IDLPO of that chain. Note further that one or mqre
data entri¢s may be encoded in @n IDMPO, but marked “invalid” (by a Delete entry in an Addendum IDLPO)

An ID Map shall not correspond to a Secondary ID Table instead of a Base ID Table. Note that data items
encoded ip a “parentless™Data IDMPO shall appear in the same relative order in which they are listed in
associatedl Base Table:» However, additional “out of order” data items may be added to an existing data
IDMPO by appendifigian Addendum IDLPO to the Object.

An ID Map cannot indicate a specific number of instances (greater than one) of the same ID Value, and this
would seemingly imply that only one data instance using a given ID Value can be encoded in a Data IDMHO.
However, The ap method needs 0 support the case where more two or more encoded data 1tems 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 Indicator section (with its
ApplndicatorPresent bit set to ‘0’) terminates the list of ID Maps.

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.

1.3  Closing Flags bit(s)

e ID Map section ends with a single Closing Flag. The final bit of the Closing Flags is an Addendum Flag Bit
ich, if ‘1’, indicates that there is an optional Addendum subsection encoded at the end of the Qbject Info
tion of the Packed Object. If present, the Addendum subsection is as described in Annex 1.5.6.

n s 4

.2 Directory Packed Objects

irectory Packed Object is an IDMPO whose Directory bit is set to ‘1. dts\only inherent differerjce from a
ta IDMPO is that it does not contain any encoded data items. Howeveérpadditional mechanisms énd usage
siderations apply only to a Directory Packed Object, and these are described in the following subsections.

.2.1  ID Maps in a Directory IDMPO
Although the structure of an ID Map is identical whether jn-a'Data or Directory IDMPO, the semarttics of the

Data Packed Object in the same data carrier memory~bank contains a valid data item associated with the
responding entry in the specified Base Table for this ID Map. Optionally, a Directory Packed Qbject may
her indicate which Packed Object contains.each data item (see the description of the optional AuxMap
section below).

Nate that, in contrast to a Data IDMPQi-there is no required correlation between the order of bits in a
Directory’s ID Map and the order in which these data items are subsequently encoded in memory within a
seguence 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 presence/absgnce of all
the data items in thissmiemory bank of the tag, but also which Packed Object encodes each data ifem. If the
AdxMap indicator bitis “1’, then an AuxMap section shall be encoded immediately after this bit. If engoded, the
AyxMap section-shall contain one PO Index Field for each of the ID Maps that precede this section. After the
lagt PO Index-Field, the AuxMap Section may optionally encode an ObjectOffsets list, where each
ObjectOffset generally indicates the number of bytes from the start of the previous Packed Object fp the start
of[the next*Packed Object. This AuxMap structure is shown (for an example IDMPO with two[ID Maps)
in Figure .7 — Optional AuxMap section structure.

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) (EBVS)

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

orresponding PO dex Table entry 15 present but its contents are fgnored:

— HBvery Packed Object is assigned an index value in sequence, without regard as to whethenit i§ a
pbarentless” Packed Object or a “child” of another Packed Object, or whether it is a Data-or Directory
Racked Object.

— N the PO Index is within the first PO Index Table (for the associated ID Map) of the ‘Directory “chaip”
then:

=)

— a PO Index of zero refers to the first Packed Object in memory,

— avalue 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_be encoded in the PO Index (given re
number of bits per index that was set in the PQindexLength), indicates a Packed Objgct
whose relative index (position in memory) is ¢n\or higher. This definition allows Packed
Objects higher than m to be indexed in an "Addendum Directory Packed Obiject, [as
described immediately below. If no Addendiim exists, then the precise position is either m|or
some indeterminate position greater than.m.

— H the PO Index is not within the first PO Index-Table of the directory chain for the associated ID Map
(|-e., it is in an Addendum IDMPOQ), then:

— a PO Index of zero indicates*that a prior PO Index Table of the chain provided the index
information,

— a PO Index of n_(h_> 0) refers to the nth Packed Object above the highest index value
available in the immediate parent directory PO; e.g., if the maximum index value in the
immediate parent directory PO refers to PO number “3 or greater,” then a PO index of 1|in
this addendum refers to PO number 4

— a PQ{Index of m (as defined above) similarly indicates a Packed Object whose position|
the ‘mth position, or higher, than the limit of the previous table in the chain.

S

— I the valid instance of an ID Value is in an Addendum Packed Object, an implementation may
hoose'to set a PO Index to point directly to that Addendum, or may instead continue to point 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
reservmg extra space to store the offset of the f/rst Packed Object) Each succeedlng ObjectOffset

R g list), and

t Packed

the ObjectOffset list. If the reserved storage space is fully occupied, it need not include this
terminating pattern.

— In applications where the average Packed Object Length is difficult "to~ predict, thel reserved
ObjectOffset storage space may sometimes prove to be insufficient.(In this case, an Addendum
Packed Object can be appended to the Directory Packed Object. This,Addendum Directofy Packed

given instance of an AuxMap section, either a PO Index/Table or an ObjectOffsets subsgction may
be the first to exceed its capacity. Therefore, the first pOsition referenced by an ObjectOffsets list in
an Addendum Packed Object need not coincide with/the first position referenced by the|PO Index
Table of that same Addendum. Specifically, in an;Addendum Packed Obiject, the first ObjectOffset
listed is an offset referenced to the last ObjectOffset on the list of the “parent” Directofy Packed
Object.

1.9.2.3 Usage as a Presence/Absence Directory

Injmany applications, an Interrogator maychoose to read the entire contents of any data carrier fontaining
one or more “target” data items of interest'~In such applications, the positional information of those flata items
within the memory is not needed during-the initial reading operations; only a presence/absence indication is
needed at this processing stage. An~ID Map can form a particularly efficient Presence/Absence difectory for
denoting the contents of a data‘carrier in such applications. A full directory structure encodes th¢ offset or
address (memory location) ofrevery data element within the data carrier, which requires the writing|of a large
number of bits (typically 32(bits or more per data item). Inevitably, such an approach also requires|reading a
lange number of bits overthe air, just to determine whether an identifier of interest is present on g particular
tag. In contrast, whenonly presence/absence information is needed, using an ID Map conveys|the same
information using ofily*one bit per data item defined in the data system. The entire ID Map can be typically
represented in 128 bits 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 not contain a PO
Inglex, and-therefore provides no encoded information as to where individual data items reside within the data
carrier, ‘A~ Presence/Absence Directory can be converted to an “Indexed Directory” Packed Opject (see
Arnéx [19.2.4) by adding a PO Index in an Addendum Packed Object, as a “child” of the Presenc¢/Absence

! O "
deI\UU UUJCUL.

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 encodmg of the data in subsequent obJects can prowde nearly complete random access to readlng

read opertions 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.

T

ese |D Tables, customised for each data system, will be registered with the Reqistration Authori

y denoted

by]

A
T4
Wi

Ta
Fa
an

J.

K4
fol

ows!

ISO/IEC 15961-2.

1 Packed Objects Data Format registration file structure

Packed Objects registered Data Format file consists of a series of “Keyword lines” and one o
bles. Blank lines may occur anywhere within a Data Format File, and are ignored. Also, any ling may end
h extra blank columns, which are also ignored.

A Keyword line consists of a Keyword (which always starts with“*K-") followed by an equal
a character string, which assigns a value to that Keyword. Zero or more space characte
present on either side of the equals sign. Some Keyword lines shall appear only once, at
the registration file, and others may appea multiple times;\once for each ID Table in the file

An ID Table lists a series of ID Values (as defined.in~Annex 1.5.3). Each row of an ID Tabl
a single ID Value (in a required “IDvalue” column),"and additional columns may associate
(OIDs), ID strings, Format strings, and other.information with that ID Value. A registration
includes a single “Primary” Base ID Table; zero or more “Alternate” Base ID Tables, and
include one or more Secondary ID Tables {that are referenced by one or more Base ID Tal

1.1 File Header section

(Mandatory) K-Version = nn.nn, which the registering body assigns, to ensure that
revisions'to their registration are clearly labelled.

(Optional) K-Interpretation = string, where the “string” argument shall be one of the
1S0-646", “UTF-8”, “ECI-nnnnnn” (where nnnnnn is a registered six-digit ECI number), ISC
or “UNSPECIFIED”. The Default interpretation is “UNSPECIFIED”. This keyword line a

r more ID

5 sign and
's may be
the top of

e contains
Dbject IDs
ile always
may also
le entries).

illustrate the file format, a hypothetical data system registration is shown in Figure J.1 — Hypothgtical Data
rmat registration file. In this hypothetical data system, each ID Value is associated with one or
d corresponding ID strings. The followirg subsections explain the syntax shown in the Figure.

hore OIDs

yword lines in the File Header (the first portion of every registration file) may occur in any order, and are as

hny future

following:
-8859-nn,
lows non-

default interpretations to be placed on the octets of data strings that are decoded fro

m 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 optionally 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
‘9
IDvalye OIDs IDstring Explanation FormatStrinQ\
(@)
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 ‘is 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/B/Gis 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-TableEfd = F100B0

Figure J.1 — Hypothetical Data Format registration file

J.1.2 Table Header section

One or mgre Table Header sections (each introducing an ID Table) follow the File Header section. Each Ta

ble

Header bpgins with a K-TablelD keyword line, followed by a series of additional required and optiopal

Keyword Ilnes, (which may occur incany order) as follows:

R T TS S e~

—]

ables may’be included, with sequential Table IDs of the form “Snn”.

o~

be a power of two (even if not present in Table 1.6 — Ijel;ined ID Value sizes).

— (Optional) K-RootOID = urn:oid:i.j.k.ff where:

Mandatory) K-TablelD“= FnnXnn, where Fnn represents the 1SO-assigned Data Format numl
where 'nn' represents one or more decimal digits), and Xnn (where 'X' is either 'B' or 'S') ig
bgistrant-assigned Table ID for each ID Table in the file. The first ID Table shall always be f

Alternate’”Base ID Tables may be included, with higher sequential “Bnn” Table IDs. Secondary

Mandatory) K-IDsize = nn: For a base ID table, the value nn shall be one of the values from

— 1, 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)

er
a
he

rimary BaseD Table of the registration, with a Table ID of “B0”. As many as seven additiopal
ID

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 Becondary ID Table can be invoked by a keyword in a Base Table’s OIDs column. A Secondary. IID Table is
equivalent to a single Selection list (see Annex J.3) for a single ID Value of a Base ID Table'(exgept that a
Sgcondary table uses K-ldsize to explicitly define the number of Secondary ID bits per ID);-theADvallie column
of|a Secondary table lists the value of the corresponding Secondary ID bits patternfor each fow in the
Sgcondary Table. An OIDs entry in a Secondary ID Table shall not itself contain a/Selection list por invoke
another Secondary ID Table.

J.[.3 ID Table section
Edch ID table consists of a series of one or more rows, each row including a mandatory “IDvaIuI” column,
several defined Optional columns (such as “OIDs”, “IDstring”, andy¥FormatString”), and any pumber of
Informative columns (such as the “Explanation” column in the hypothetical example shown above).

E4ch ID Table ends with a required Keyword line of the form:

K-TableEnd = FnnXnn, where FnnXnn shall match the preceding K-TablelD keyword| line that
introduced the table.

NJ

THe syntax and requirements of all Mandatory and Optional columns shall be as described Annex J.

J.2 Mandatory and Optional ID(Table columns

m
Q

ch ID Table in a Packed Objects registration shall include an IDvalue column, and may include other
cojJumns that are defined in thistspecification as Optional, and/or Informative columns (whose colunn heading
is hot defined in this specification).

J.2.1 IDvalue column{Mandatory)

Egch ID Table inja Packed Objects registration shall include an IDvalue column. The ID Values on quccessive
roys shall increase monotonically. However, the table may terminate before reaching the full number of rows
indicated by the Keyword line containing K-IDsize. In this case, a receiving system will assune that all
remaining-lD" Values are reserved for future assignment (as if the OIDs column contained thg keyword
“KIREA™)"If a registered Base ID Table does not include the optional OIDs column described below, then the
IDyalue’shall 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
defln€d | I"\\IIIIUI\ \JI.G :Ilotcdd Uf CUI |ta;||;||9 d O;III}J:U Ul \.f\.llll}.‘LJuII\..ll C:D IUPICDCI |‘lat;un, arl C:DO <l Itly L ay

contain orfe of the following Keywords:

>

(-Verbatim = OIDddBnn, where “dd” represents the chosen penultimate arc of the OID,-and “Bnn
indicates one of the Base 10, Base 40, or Base 74 encoding tables. This entry invokes-a-humber] of
econdary ID bits that serve two purposes:

0=

-+ They encode an ASCII identifier “name” that might not have existed at the time the table was
registered. The name is encoded in the Secondary ID bits section as a-series of Base-n valdes
representing the ASCII characters of the name, preceded by a four-bit field indicating the
number of Base-n values that follow (zero is permissible, in ordér’to support RFA entries [as
described below).

-+ The cumulative value of these Secondary ID bits, considered)as a single unsigned binary integer
and converted to decimal, is the final “arc” of the OID forthis “verbatim-encoded’ identifier.

— HK-Secondary = Snn, where “Snn” represents the Table- ID of a Secondary ID Table in the safe
pgistration file. This is equivalent to a Base ID Tabletow OID entry that contains a single Selection
list (with no other components at the top level), but instead of listing these components in the Bgse
D Table, each component is listed as a separate'row in the Secondary ID Table, where each may pe
ssigned a unique OID, IDString, and FormatString.

—

Q —

— K-Proprietary=0IDddPnn, where nn represents a fixed number of Secondary ID bits that encode gn
ptional Enterprise Identifier indicating who wrote the proprietary data (an entry |of
(-Proprietary=0IDddP0 indicates ‘an “anonymous” proprietary data item).

=0

[-RFA = OIDddBnn, where™Bnn” is as defined above for Verbatim encoding, except that “B0” i3 a
alid assignment (meaningjthat no Secondary ID bits are invoked). This keyword representy a
eserved for Future Assignment entry, with an option for Verbatim encoding of the Identifier “na

< 0 1< =

nay be assigned.{o K-RFA entries, or the default a/n encoding may be utilized.

Finally, arly OIDs entry may end with a single “R” character (preceded by one or more space characters),
indicate that a “Repeat” bit shall be encoded as the last Secondary ID bit invoked by the entry. If “1°, this [bit
indicates {hat<another instance of this class of identifier is also encoded (that is, this bit acts as if a repeat] of
the ID Value-were encoded on an ID list). If “1°, then this bit is followed by another series of Secondary ID bits,
to represe i i iti i

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

— Alength qualifier followed by “n” (for always-numeric data);

— Alength qualifier followed by “an” (for data that may contain non-digits); or
— A fixed-length qualifier, followed by “n”, followed by one or more space characters, follgwed by a
variable-length qualifier, followed by “an”.

A length qualifier shall be either null (that is, no qualifier present, indicating that.any length >= 1 is legal), a
single decimal number (indicating a fixed length) or a length range of the form i*j’, where “i” reprgsents the
minimum allowed length of the data item, “” represents the maximum allowed length, and i <= j. In the latter

cape, if §” is omitted, it means the maximum length is unlimited.

D3ta corresponding to an “n” in the FormatString are encoded in the-KLN subsection; data corresponding to
an “an” in the FormatString are encoded in the A/N subsection.

When a given instance of the data item is encoded in a Racked Object, its length is encoded ih the Aux
Fgrmat section as specified in Annex [.7.2.

THe format string for a single identifier shall consist of:€ither the letter “n” (for always-numeric data) ¢r “an” (for
dia that may contain non-digits), optionally preceded by a length range of the form “i*j”, where “I” fepresents
th¢ minimum allowed length of the data item, and,j” represents the maximum allowed length. Whegn a given
ingtance of the data item is encoded in a Packed Object, its length is encoded in the Aux Format section,
usjng the minimum number of bits that can 'express the range. The minimum value of the range i$ not itself

encoded, but is specified in the ID Table’siFormatString column.
EXAMPLE
A FormatString entry of “3*6n” indicates an all-numeric data item whose length is always between thfee and six

digits inclusive. A givenrlength is encoded in two bits, where ‘00’ would indicate a string of digits whose length is “3”,
and ‘11’ would indicate a'string length of six digits.

J.2.4 Interp column (Optional)

Sgme registrations may wish to specify information needed for output representations of the Packed Object’s
contents, other than the default OID representation of the arcs of each encoded identifier. If this infgrmation is
inyariant for a particular table, the registration file may include keyword lines as previously defijved. If the

interpretation varies from row to row within a table, then an Interp column may be added to the ID Tjable. This
cojJumn “entry, if present, may contain one or more of the following keyword assignments (segarated by
semi ; f f Annex J-ttand 37127

— K-RootOID = urn:oid:i.j.k.I...

— K-Interpretation = string
— K-I1SO15434=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 ‘|dentifier” means e|ther an OID final arc (in the context of the OIDs

column) or

166

the

Single component resolving to a single Identifier, in which case no additional Secondary-1D Rits
re invoked.

or OIDs and IDString columns only) A single component resolving to one of a.series of closgly-
related Identifiers, where the Identifier's string representation varies only at one, or more character
ositions. This is indicated using the Concatenation operator ‘%’ to introduce a range of ASCII
haracters 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> (ASCII characters;-304¢ to 364 inclusive)|is
represented by the component 391%x30-36 (note that no spaces are allowed). A Concatenation
invokes the minimum number of Secondary ID digits needed to indicate the specified range. Whien
oth an OIDs column and an IDstring column are populated for’a given row, both shall contain the
me number of concatations, with the same ranges (so thatthe numbers and values of Secondary
bits invoked are consistent). However, the minimum value Visted for the two ranges can differ, |so
that (for example) the OID’s digit can range from 0 to 3y while the corresponding IDstring character
n range from “B” to “E” if so desired. Note that the use of Concatenation inherently constrains the
relationship between OID and legacy ID, and so<Concatenation may not be useable under |all
ircumstances (the Selection operation described below usually provides an alternative).

Combination of two or more identifier components in an ordered sequence, indicated [by
urrounding each component of the sequence with parentheses. For example, an IDstring enftry
)(%x30-37B)(2C) indicates that the @ssociated ID Value represents a sequence of the following
ree identifiers:

— —

—+ Identifier “A”, then

-+ An identifier within_the‘range “0B” to “7B” (invoking three Secondary ID bits to represent the
choice of leading-character), then

- Identifier “2€

Npte that a~Combination does not itself invoke any Secondary ID bits (unless one or more of |its
camponents.do).

An Optlonal component is |nd|cated by surrounding the component in brackets WhICh may viewed

represents |dent|f|er A opt|onaIIy foIIowed by B C, and/or D.A Ilst of Optlons |nvokes 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) is invalid

— A OIDs entry may contain at most a single Selection list

— There is no restriction on the number of Combinations (because they invoke no Secondary ID bits)

Component may contain more than two Concatenation operators.

Concatenation.

“‘name”, then it shall be represented as a single literal Concatenated character.

J.B.2 Formal Grammar for OIDs, IDString, and FormatString Columns

Injeach ID Table entry, the contents of the OIDs, IDStringyvand FormatString columns shall conf
following grammar for Expr, unless the column is emptyier (in the case of the OIDs column) it
keyword as specified in Annex J.2.2. All three columns(share the same grammar, except that the
CJMPONENT is different for each column as specified-below. In a given ID Table Entry, the conte
OIPs, IDString, and FormatString column (except;if 'empty) shall have identical parse trees accord

— There is no restriction on the total number of Concatenations in an OIDs entry, tbut

— A OIDs or IDstring entry may not include the characters ‘(’, ), [, T\'%’, -, or */, unless (
Operator as described above. If one of these characters is part ofJa defined data system Identifier

no single

— An Optional component may be a component of a Selection list, but an Optiopal’component may not
be a compound component, and therefore shall not include a Selection lisi-nor a Combi

hation nor

sed as an

brm to the
contains a
syntax for
nts of the
ing to this

grammar, except that the COMPONENTs may._be  different. Space characters are permitted (angl ignored)

anywhere in an Expr, except that in the interior of a COMPONENT spaces are only permitted wher

specified below.

Exdpr ::= SelectionExpr | “ (Y JSelectionExpr “)” | SelectionSubexpr
SglectionExpr ::= SelectienSubexpr ( “/” SelectionSubexpr )+
SqlectionSubexpr ::=COMPONENT | ComboExpr

CdmboExpr ::= ComboSubexpr+

CdmboSubexpr : = NY(” COMPONENT “)” | “[" COMPONENT “]”

Fdr the OIDs column, COMPONENT shall conform to the following grammar:

CMPQNENT OIDs ::= (COMPONENT OIDs Char | Concat)+

CAMBONENT OIDs Char ::= (“0”..“9”)+

b explicitly

For the IDString column, COMPONENT shall conform to the following grammar:

COMPONENT IDString ::= UnquotedIDString | QuotedIDString
UnquotedIDString ::= (UnQuotedIDStringChar | Concat)+
UnquotedIDStringChar ::=

NOMLLN9 | NAT LN | Nara Nz o

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 QudtedIDString form, a % character does not denote the concatenation operator, but instead is jusft a
percent fharacter included literally in the IDString. To use the concatenation operatof; e
UnquotedIDString form must be used. In that case, a degenerate concatenation operator (wherg)the start
character pquals the end character) may be used to include a character into the IDString that is n6t one of the
characterg listed for UnquotedIDStringChar.

For the FgrmatString column, COMPONENT shall conform to the following grammar:

COMPONENT FormatString ::= Range? (“an” | “n”)
| FixedRange “n” “ ”+ VarRange “an/
Range :}= FixedRange | VarRange
FixedRamge ::= Number
VarRang¢ ::= Number “*” Number?

Number f:= (“0”..%9”)+

The syntT for COMPONENT for the OIDs and IDString columns make reference to Concat, whose syntax is
specified @s follows:

Concat }:= “%” “x” HexChar HexChar “-"“HexChar HexChar

HexChar|::= (“0”..%“9” | “A”..“F”)

The hex vjalue following the hyphen shall'be greater than or equal to the hex value preceding the hyphen.|In
the OIDs polumn, each hex value shall be in the range 3046 to 3944, inclusive. In the IDString column, edch
hex value[shall be in the range 204¢10 7E 5, inclusive.

J.4 OID input/outputrepresentation

The defadlt method-for representing the contents of a Packed Object to a receiving system is as a series|of
name/valde pairs,.where the name is an OID, and the value is the decoded data string associated with that
OID. Unlesss otherwise specified by a K-RootOID keyword line, the default root OID is urn:oid:1.0.15961|ff,
where ff i the'Data Format encoded in the DSFID. The final arc of the OID is (by default) the IDvalue, but this

is typ|ca|| overridden h\ll an nnfry in—the QlDs column. Note that an encoded Applinnﬁnn Indicator. ( e

Annex I.5:3.1) may change ff from the value indicated by the DSFID.

If supported by information in the ID Table’s IDstring column, a receiving system shall translate the OID 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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J.4.1 “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:

where 1.0.15961.300 is a Root OID with a reserved Data Format of “300” that is never encoeded inja DSFID,
but is used to distinguish an “ID Value OID” from a true OID (as would have been used jf,the ID Tlable were
avpilable). The reserved value of 300 is followed by the encoded table’'s Data Formaty(ff) (whigh may be

THis process creates a unique OID for each unique fully-qualified ID Valle) For example, |using the
hypothetical ID Table shown in Annex L (but assuming, for illustration purposesythat the table’s spegified Root

urn:0id:1.0.12345.9.3912
and an “ID Value OID” of
urn:0id:1.0.15961.300.9.0.51.2

When a single ID Value represents multiple component-identifiers via combinations or optional components,
th]air multiple OIDs and data strings shall be represented separately, each using the same “ID Valug¢ OID” (up
thfough and including the Secondary ID bits arc);,but adding as a final arc the component numbegr (starting
with “1” for the first component decoded under that IDvalue).

If the decoding system encounters a Packed Object that references an ID Table that is unavailgble to the
decoder, but the encoder chose not\to-set the “Restricted Use” bit in the Application Indicator| then the
decoder shall either discard the Packed Object, or relay the entire Packed Object to the receiving system as a
single undecoded binary entity, a sequence of octets of the length specified in the ObjectLength field of the
P4cked Object. The OID for an~tindecoded Packed Object shall be urn:0id:1.0.15961.301.ff.n, where “301” is
a Data Format reserved to indicate an undecoded Packed Object, “ff” shall be the Data Format encdded in the
D$FID at the start of memory, and an optional final arc ‘n’ may be incremented sequentially to distinguish
between multiple undeCoded Packed Objects in the same data carrier memory.

© ISO/IEC 2013 — All rights reserved 169


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

ISO/IEC 15962:2013(E)

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 30, which encodes the capital letters and selectable punctuation in one Base-30 value, a
gncodes punctuation and control characters from the remainder of the ASCII character set in t
Hase-30 values (using a Shift mechanism) (see Table K.1 — Base 30 Character set).

For situatjons where a high percentage of the input data’s non-numeric characters would require pairs

Base 13 is defined (see-Table K.2 — Base 13 Character set).

— Two of these extension bases (Base 40 (see Table K.3 — Base 40 Character set) and Base
ee Table K.5 < 'Base 84 Character Set)) are simply defined, in that they extend the correspond
on-numeric_bases (Base 30 and Base 74, respectively) to also include the ten decimal digits. T

gdditional entries, for characters ‘0’ through ‘9’, are added as the next ten sequential values (valu
0 through39 for Base 40, and values 74 through 83 for Base 84).

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
values. In all cases, a limit is placed on the size of a single input group, selected so as to output a group
larger than 20 octets.

lNl
no
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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 };

/ Baset3—ercodt g —aTceepts up to 4SS TPt Ve tues peTrgToups
sflatic const unsigned char bitsForNumBasel3[] = {

/1 0 - 9 */ 0, 4, 8, 12, 15, 19, 23, 26, 30, 34,
/% 10 - 19 */ 38, 41, 45, 49, 52, 56, 60, 63, 67, 71,
/% 20 - 29 */ 75, 78, 82, 86, 89, 93, 97, 100, 104, 108,
/4 30 - 39 */ 112, 115, 119, 123, 126, 130, 134, 137, 141, 145,
/Y 40 - 43 */ 149, 152, 156, 160 };

/% Base30 encoding accepts up to 32 input values per dgeoup: */
sflatic const unsigned char bitsForNumBase30[] = {

/1 0 - 9 */ 0, 5, 10, 15, 20, 25, 30,4 35, 40, 45,
/% 10 - 19 */ 50, 54, 59, 64, 69, 74, a9 84, 89, 94,
/1 20 - 29 */ 99, 104, 108, 113, 118, 123,3k28, 133, 138, 143,
/% 30 - 32 */ 148, 153, 158 };

/] Based40 encoding accepts up to 30 input values per group: */
sflatic const unsigned char bitsForNumBase40[] = {

/1 0 - 9 */ 0, 6, 11, 1w 22, 27, 32, 38, 43, 48,
/% 10 - 19 */ 54, 59, 64, ~70, 75, 80, 86, 91, 96, 102,
/¥ 20 - 29 */ 107, 112, 118,123, 128, 134, 139, 144, 150, 155,
/M 30 */ 160 };

/" Base74 encoding agcepts up to 25 input values per group: */
sflatic const unsigned char bitsForNumBase74[] = {

/1 0 - 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¢&4 125, 131, 137, 143, 150, 156 };

/Y Base84 encoding accepts up to 25 input values per group: */
sfjafic 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

NOTES

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
1 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 ] 85 RS 30 ? 63
22 \% 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

1. Application-Specified Punctuation character (Value 0 of the Basic set) is defined
default as the ASCII hyphen character (454¢c), but may be redefined by a registered Data Form

2  Programmable Punctuation character (Value 29 of the Basic set): the first appearancg
P-Punc in the alphanumeric data for a packed object, whether that first appearance is compac

by
at

of
ed

IRt F= Q. + " = 40 + ‘ Qi) e m 2
MU TS Dast oU STUITICTIL Ul U1E DdAdSE FU STEUITITTIL, alls d5 a Solllit 2=, allu disU - pProyiraitis

he

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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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
6 6 54 G 71 T 84 , 44
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 X 95
12 Shift3 N/A M 77 z 90 <GS> 29
Table K.3 — Base 40 Character set
Val Basic set Shift 1'set Shift 2 set
Char Decimal Char Decimal Char Decimal
0 SeeBase 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 ) 441 32 M 77 57 k 107
8 * 42 33 N 78 58 | 108
9 + 43 34 0 79 59 m 109
10 , 44 35 P 80 60 n 110
11 - 45 36 Q 81 61 0 111
12 . 46 37 R 82 62 p 112
13 / 47 38 S 83 63 q 113
14 : 58 39 T 84 64 r 114
15 : 59 40 U 85 65 S 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 57
76 2 50 80 6 54
77 3 51 81 7 55
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(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

fol

owing sample input data consists of data elements from a hypothetical data system. This data re

resents:

Th

— A Lot Number (OID 1) of 1A23B456CD.

— An Expiration date (OID 7) of October 31 2006, represented as a six-digit number 06103 1-

— An Amount Payable (OID 3n) of 1234.56 Euros, represented as a digit string 978123456 (“
ISO Country Code which will indicate that the amount payable is in Euros). As.shown in Ta
Hypothetical Base ID Table, for the example in Annex L, this data element is(all-numeric, w
4 digits and at most 18 digits. In this example, the OID "3n" will be "32","where the "2" i
element name indicates the decimal point is located two digits from the right.

e application will present the above input to the encoder as a list-0f OID/Value pairs. The resy

data, represented below as a single data string (wherein each OlIDdinal arc is shown in parentheses

TH
ea
in

(7)061031(32)978123456(1)1A23B456CD

e example uses a hypothetical ID Table based on GS1\Application Identifiers. In this hypothe
ch ID Value is a seven-bit index into the Base ID Table; the entries relevant to this example @re shown
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

P78” is the
ble L.1 —
th at least
n the data

Iting input
is:

ical table,

K-Version =1.0

K-TablelD = FO9B0

K-RootOID = urn:oid:1.0.15961.99

K-IDsize = 128
o~

IDvalue C) OIDs Data Title FormatString
3 1 BATCH/LOT 1*20an
8 7 USE BY OR EXPIRY 6n
51 3%x30-39 AMOUNT 4*18n
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

£
I

T 0 (0

—]
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ince only a small percentage of the 128-entry ID Table is utilised in this Packed Object, the‘emncod
lags section is required.
his results in the following Object Info section:
— EBV-6 (ObjectLength): the value is TBD at this stage of the encoding process
— Pad Indicator bit: TBD at this stage
—  EBV-3 (numberOfIDs) of 001 (meaning two ID Values will follow)
- An ID List, including:

— 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
Secondary ID section is encoded as ‘001Q’, indicating the trailing ‘2’ of the 3n OID. It so happsg
nis ‘2" means that two digits follow the implied decimal point, but that information is not needed
rder to encode or decode the Packed Object.
ext, an Aux Format section is encoded. An initial ‘1’ bit is encoded, invoking the Packed-Objs
ompaction method. Of the three OIDs, only OID (3n) requires encoded Aux Format information
bur-bit pattern of ‘0101’ (representing “six” variable-length digits — as “one” is the first allowed cho
pattern of “0101” denotes-*six”)
ext, the encoder encodes the first data item, for OID 7, which is defined as a fixed-length six-d
ata item. The sixdigits of the source data string are “061031”, which are converted to a sequence;
ix Base-10 values by subtracting 306 from each character of the string (the resulting values 3

alue, using/the following formula:

10° * vg + 10* * v+ 10% * va+ 107 * v+ 10" * vy+ 10° * v,

er

hooses an ID List format, rather than an ID Map format. As this is the default format;, no” Fornmat

in

pct
a
ce,

git
of
re

enoted as.values vs through v, in the formula below). These are then converted to a single Binary

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 Table, for the
example in Annex L as all-numeric, whose length of 9 (in this example) was encoded as (9 — 4 = 5)
into four bits within the Aux Format subsection. Thus, a Known-Length-Numeric subsection is
encoded for this data 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 sequence:

“111010010011001111101011000000”

ALTNIS POoInt, encodaing or the ANown-Lengtn Numeric supsection or tne Udla SecClion 1S CO pIete.

Nagte that, so far, the total number of encoded bits is (3 +6 +1+7 +7 + 4 + 5 + 20 4+.30) ¢or 83 bits,
representing the IDLPO Length Section (assuming that a single EBV-6 vector remains sufficient to gncode the
P3cked Object’s length), two 7-bit ID Values, the Secondary ID and Aux Format sections; and two Known-

Length-Numeric compacted binary fields.

At this stage, only one non-numeric data string (for OID 1) remains to be ehcoded in the Alphanumeric
supsection. The 10-character source data string is “1A23B456CD”. This\string contains no ¢haracters
requiring a base-30 Shift out of the basic Base-30 character set, and s@ Base-30 is selected fof the non-
numeric base (and so the first bit of the Alphanumeric subsection is set 100" accordingly). The data|string has
ng substrings with six or more successive characters from the same base, and so the next two bits|are set to
‘00’ (indicating that neither a Prefix nor a Suffix is run-length encoded). Thus, a full 10-bit Charpcter Map
needs to be encoded next. Its specific bit pattern is ‘010010004™} indicating the specific sequende of digits

and non-digits in the source data string “1A23B456CD”.

Up to this point, the Alphanumeric subsection contains the\t3-bit sequence ‘0000100100011°. Fron Annex K,
it can be determined that lengths of the two final it sequences (encoding the Base-10 and Base-30
components of the source data string) are 20 bits (for'the six digits) and 20 bits (for the four uppercgse letters
using Base 30). The six digits of the source data string “1A23B456CD” are “123456”, which encodgs to a 20-

biff sequence of:

which is appended to the end of the 13!bit sequence cited at the start of this paragraph.

“00011110001001000000”

The four non-digits of the source'data string are “ABCD”, which are converted (using Table K.1 — Base 30
Character set) to a sequence-of four Base-30 values 1, 2, 3, and 4 (denoted as values v; through vy in the

fofmula below. These areg-théen converted to a single Binary value, using the following formula:

30% * vs + 302% v, + 30" * vy + 30° * v,

In|this exampleythe formula calculates as (27000 * 1 + 900 * 2 + 30 * 3 + 1 * 4) which is equal|to 070DE
(héxadecimal)‘encoded as the 20-bit sequence “00000111000011011110” which is appended to {the end of

e previeus“20-bit sequence. Thus, the AlphaNumeric section contains a total of (13 + 20 + 20) pr 53 bits,

appended-immediately after the previous 83 bits, for a grand total of 136 significant bits in the Packed Object.

""" 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 complete encoding process may be summarised as follows:

Original input:  (7)061031(32)978123456(1)1A23B456CD

Re-ordered as:  (7)061031(1)1A23B456CD(32)978123456
FORMAT FLAGS SECTION: (empty)
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OBJECT INFO SECTION:
ebvObjectLen: 010001
paddingPresent: 0
ebvNumIDs: 001
IDvals: 1111101 0110011
SECONDARY ID SECTION:
IDbits: 0010
AUX FORMAT SECTION:
puxFormatbits: 1 0101
DATA SECTION:
KLnumeric: 0000 11101110 01100111 111010 01001100 11111010 11000000
ANheader: 0
ANprefix: 0
ANsuffix: 0
ANmap: 01 00100011
ANdigitVal: 0001 11100010 01000000
ANnonDigitsVal: 0000 01110000 11011110

Padding: none

Total Bits in Packed Object: 136; when byte aligned:\136
Optput as: 44 7E B3 2A 87 73 3F 49 9F 58 01, 23 1E 24 00 70 DE

Table L.1 |— Hypothetical Base ID Table, forcthe example in Annex L shows the relevant subset of| a
hypothetidal ID Table for a hypothetical ISO-fegistered Data Format 99.
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Annex M
(informative)

Decoding Packed Objects

ZLONAL
LA A 4

THe decode process begins by decoding the DSFID. If the leading two bits indicate the Packgd Objects
Adcess Method, then the remainder of this Annex applies. From the remainder of the DSFID; det¢rmine the
D3ata Format, which shall be applied as the default Data Format for all of the Packed Objeets in thi memory.
From the Data Format, determine the default ID Table that shall be used to process-the ID Valugs in each
P3cked Object.

Typically, the decoder takes a first pass through the initial ID Values list, as{described earlier, in order to
plete the list of identifiers. If the decoder finds any identifiers of interest'in a Packed Object (pr if it has
n asked to report back all the data strings from a tag’s memory), then-it will need to record the implied
fixed lengths (from the ID table) and the encoded variable lengths (from the Aux Format subsection]), in order
to [parse the Packed Object’s compressed data. The decoder, when recording any variable-length bit patterns,
st first convert them to variable string lengths per the table (fer\example, a three-bit pattern may|indicate a
variable string length in the range of two to nine).

Starting at the first byte-aligned position after the end of‘the DSFID, parse the remaining memory contents
until the end of encoded data, repeating the remainder 0f’this section until a Terminating Pattern is reached.

Datermine from the leading bit pattern (see Annex.4) which one of the following conditions applies:
a) there are no further Packed Objects in Memory (if the leading 8-bit pattern is all zgroes, this

indicates the Terminating Pattern)

b) one or more Padding bytes-are present. If padding is present, skip the padding bytes, which are as
described in Annex |, and.examine 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 frem 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 defauli-format Packed Object begins at this location

he Packed,Object has a Format Flags section, then this section may indicate that the Packed Qbject is of
e |D Map.format, otherwise it is of the ID List format. According to the indicated format, parse the Object
formation section to determine the Object Length and ID information contained in the Packe

length S , he governing ID
Table, determlne the Ilst of characterlstlcs 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:
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a) 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.

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

outlinee-betow-

For each [FQIDV in the decoded sequence:

a) convért the FQIDV to an OID, by appending the OID string defined in the registered format’s, ID Table|to
the rdot OID string defined in that ID Table (or to the default Root OID, if none is defined in-the table);

b) compjete the OID/Value pair by parsing out the next sequence of decoded charactérs. The length of this
sequégnce is determined directly from the ID Table (if the FQIDV is specified asfixed length) or from} a
corresponding entry encoded within the Aux Format section.

M.2 Degoding Alphanumeric data

Within the Alphanumeric subsection of a Packed Object, the total number of data characters is not encoded,
nor is the bit length of the character map, nor are the bit lengths of the succeeding Binary sectigns
(represenfing the numeric and non-numeric Binary values). As“a result, the decoder must implemen{ a
procedurel using knowledge of the remaining number of data bits; in order to correctly parse the AlphaNumefric
section. Ah example of an appropriate procedure is described in this sub-clause.

When deg¢oding the A/N subsection using this procedure, the decoder will first count the number of ngn-
bitmapped values in each base (as indicated by the various Prefix and Suffix Runs), and (from that count) ill
determine|the number of bits required to encoded.these numbers of values in these bases. The procedure can
then calcylate, from the remaining number of'bits, the number of explicitly-encoded character map bits. After
separately decoding the various binary fields (one field for each base that was used), the decoder “fe-
interleaveg” the decoded ASCII charactets in the correct order.

The A/N subsection decoding procédure is as follows:
Determing the total number of‘non-pad bits in the Packed Object, as described in Annex 1.8.2.

eep a count.ofithe total number of bits parsed thus far, as each of the subsections prior to the
Iphanumerig,subsection is processed

I =

— Rarse the'initial Header bits of the Alphanumeric subsection, up to but not including the Character
Nlapsiand add this number to previous value of TotalBitsParsed.

— Initialize a DigitsCount to the total number of base-10 values indicated by the Prefix and Suffix (which
may be zero)

— Initialize an ExtDigitsCount to the total number of base-13 values indicated by the Prefix and Suffix
(which may be zero)

— Initialize a NonDigitsCount to the total number of base-30, base-74, or base-256 values indicated by
the Prefix and Suffix (which may be zero)

— Initialize an ExtNonDigitsCount to the total number of base-40 or base 84 values indicated by the
Prefix and Suffix (which may be zero)
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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

—| Create a PrefixCharacterMap bit string, a sequence of zero or more quad-base character-map pairs, as
indicated by the Prefix bits just parsed. Use quad-base bit pairs defined as follows:

— ‘00’ indicates a base 10 value;

— ‘071’ 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

—1 Create a SuffixCharacterMap bit string, a sequence of zero or moreZquad-base character-map pairs, as
indicated by the Suffix bits just parsed.

— Initialize the FinalCharacterMap bit string and the MainCharacterMap bit string to an empty string
— Calculate running Bit Counts: Using the tables in Apnex B, calculate two numbers:
— DigitBits, the number of bits required to encode the number of base-10 values currently inflicated by
DigitsCount, and
— NonDigitBits, the number of bits requiredto encode the number of base-30 (or base 74 or pase-256)
values currently indicated by NonDigitsCount

— set AlnumBits equal to the sum of \DigitBits plus NonDigitBits

— if the sum of TotalBitsParsed.and AlnumBits equals the total number of non-pad bits in the Packed Object,
then no more bits remainto be parsed from the character map, and so the remaining bi{ patterns,
representing Binary valles; are ready to be converted back to extended base values and/or bage 10/base
30/base 74/base-256+values (skip to the Final Decoding steps below). Otherwise, get the next encoded
bit from the encoded-Character map, convert the bit to a quad-base bit-pair by converting each ‘0’ to ‘00’
and 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,
— Else/if “1°, increment NonDigitsCount

—£ \Loop back to the Calculate running Bit Counts step above and continue

— FiInal Decoding steps: once the encoded Character Map bits have been tully parsed:

— Fetch the next set of zero or more bits, whose length is indicated by ExtDigitBits. Convert this
number of bits from Binary values to a series of base 13 values, and store the resulting array of
values as ExtDigitVals.

— Fetch the next set of zero or more bits, whose length is indicated by ExtNonDigitBits. Convert this
number of bits from Binary values to a series of base 40, base 84, or base 30 values (depending on
the selection indicated in the A/N Header), and store the resulting array of values as ExtNonDigitVals.

— Fetch the next set of bits, whose length is indicated by DigitBits. Convert this number of bits from
Binary values to a series of base 10 values, and store the resulting array of values as DigitVals.
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Fetch the final set of bits, whose length is indicated by NonDigitBits. Convert this number of bits from
Binary values to a series of base 30 or base 74 or base 256 values (depending on the value of the
first bits of the Alphanumeric subsection), and store the resulting array of values as NonDigitVals.

Create the FinalCharacterMap bit string by copying to it, in this order, the previously-created
PrefixCharacterMap bit string, then the MainCharacterMap string, and finally append the previously-
created SuffixCharacterMap bit string to the end of the FinalCharacterMap string.

Create an interleaved character string, representing the concatenated data strings from all of the
non-numeric data strings of the Packed Object, by parsing through the FinalCharacterMap, and:

to InterleavedString (add 48 to each value to convert to ASCII);

-+ For each ‘01’ bit-pair encountered in the FinalCharacterMap, fetch the next value from
ExtDigitVals, and use Table K-2 to convert that value to ASCII (or, if the value is a Base”13 sHift,
then increment past the next ‘01’ pair in the FinalCharacterMap, and use that Base\d3 shift value
plus the next Base 13 value from ExtDigitVals to convert the pair of values to ASCII). Store
result to InterleavedString;

NonDigitVals, convert its base value to an ASCII value using Annex-K} ‘and store the resulting
ASCII value into InterleavedString. Fetch and process an additional~-Base 30 value for evéry
Base 30 Shift values encountered, to create and store a single ASCII character.

-+ For each “10’ bit-pair encountered in the FinalCharacterMap, get the’ next character fr}m

—+ For each ‘11’ bit-pair encountered in the FinalCharacterMap, get the next character from
ExtNonDigitVals, convert its base value to an ASCII value.using Annex K, and store the resulting
ASCII value into InterleavedString, processing any Shifts'as previously described.

Once thelfull FinalCharacterMap has been parsed, the InterleavedString is completely populated. Starting
from the first AlphaNumeric entry on the ID list, copy characters-from the InterleavedString to each such entry,
ending eafch copy operation after the number of characters_indicated by the corresponding Aux Format length

bits, or at fhe end of the InterleavedString, whichever conges first.
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Annex N
(normative)

Tag Data Profile encoding

This Annex deflnes the encodlng rules for Tag Data Profiles. Because this Access Method uses what is, in

effe
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TH
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N

A
IS

then the assigned table number shall begin with ‘9’.

TH

1 Scope

e encoding scheme is designed to support the encoding of any type of application’ data using
wly registered Data-Formats, as follows:

— 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

be used.

ch Tag Data Profile scheme shall be registered with the RA of ISO/IEC 15961-2, with the d
mber being seen as a detailed qualifier to the Access=Method.

e Access-Method and Data-Format shall becencoded in the DSFID in the normal manner as

.5 and 9.2.6 (if applicable), and based on the'rules of the particular Tag Driver.

2 The Registered Table

D/IEC 15961-2. If the Tag Data Profile table is for a data element list in a multiple record (see Anr

e table is designed\to.be machine readable and is in two parts. The table header identifies:
— A versionhumber for the particular table
— Information to enable interpretation of the input string of data

~\ The Data-Format

ceds to be
coded on the RFID tag SO that the relevant table can be called for encodlng and decoding purposg

pxisting or

— In the case of small applications that do not justify theirlown data format, then Data-Format = 2 shall

pta profile

defined in

Tag Data Profile table, specified in detail in Annex O, shall be registered with the Registration Adithority for

ex R.5.3),

— The Tag-Data-Profile registration number (which also acts as a unique table ID)

— The Root-0OID 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 of the table has an entry for each data element with the following column headings:
— The sequence number of the data element encoded on the tag, starting from zero
— 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.

|
I

block align indicator.

— The length and format of the user data.

—]

he code for the ISO/IEC 15962 basic compaction scheme that is applied to the user-data, including
TF-8 and application-defined.

—

— The compacted length (in bytes).

N.3 Engoding the Tag Data Profile on the RFID tag

The encodling on the tag consists of two segments: a header segment/and the data encoding segment. I is
more effegtive to carry out a preliminary encoding of the compacted data;’then determine the encoding for the
header segment and concatenate these two segments.

N.3.1 Hgader segment

The headgr segment shall be encoded on the RFID tag;and precede any data encoding, and immediate
follow the DSFID, if this is encoded as part of the used-memory.

y

NOTE For some tag types, the DSFID is encoded in a separate memory area.
The structure of the header segment shall consist (in sequence) of:

h

—

— The registered Tag-Data-Profile scheme number, using the same structure as used for leng
ncoding as defined in 9.2.10.

[0

NOTE This means that'the number of Tag-Data-Profile schemes can be extended to over 16,000 in o
bytes, but could even.extend beyond this point.

— One byte to indicate the length of the encoded header. This includes any padding bytes to align the
Header on a boundary relevant to the particular type of tag, for example to a word or block boundaryy.

— ne byte to 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.

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.

— The encoded 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

Su

ported by any necessary pad bytes (byte 804¢) for block alignment. There are two main reasons for

ali

IS

their processes. These are used to communicate to the encoding process, which shall follow the rul
the table with each data element encoded in the sequence defined-by-the registered Tag-Data-Profile

in
SC

pr
N.
Es

se
fo

integer compaction, even if this begins with a leading'zero. This deterministic approach is to ensure

4

S

As
ap

D

Th

A
S¢

.B.2.2 Encoding to the Logical Memory

gning to a block boundary:

— to ensure that all the bytes of a Data-Set that is intended to be locked are properly al
adjacent Data-Sets, and or

— to align a Data-Set to begin on a block boundary for faster read access to thatdata.
D/IEC 15961-1 commands and ISO/IEC 24791-2 messages provide information about object id

heme table. If any data element is missing in the initial command,or:its length is longer, then
bcess shall be considered to be an error.

3.2.1 Basic compaction
ch data Object shall be compacted according to the declared compaction code. As long as the|
selecting between compaction schemes. For example, an all-numeric string may be defined as
e of compacted data for each data Object.
the encoded length is required to declared for the Tag-Data-Profile, the following additional
ply:

the length

— If the declared compaction scheme is any other, then the compaction shall satisfy the requ
otherwise there\is’an error

e first encoded compacted Data-Set always begins on a block boundary.

hree-step process is required to establish the starting position of the next and subsequent compa
ts:

gned with

bntifiers in
bs defined

the entire

character

[ is supported, the compaction shall over-ride any optimisation rules for the No-Directory Access-Method

requiring
A constant

rules shall

— If the declared compaction scheme is integer (code 001) leading zeros shall be inserted t¢ make up

red length,

cted Data-

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.

In practice
set of bas
for those
determinig

N.4 Ded

N.4.1 De

Various sf
Profile, m

might or might not be based on a Tag-Data-Profile, the following process is considered appropriate:

1.

lock bo,undary. Compact this Object and evaluate as from the beginning of step 1
FALSE, compact this Object and evaluate as from the beginning of step 1.

, because the number of lock-block and write-block sizes are likely to be few for a particular tag| a
c pro forma structures can be established for encoding to a particular Tag-Data-Prefile. Furthermare,
tag types where the lock-block and the write-block are identical, the process is even magre
tic and simpler to implement.

oding the Tag Data Profile

coding Tag Data Profiles with an ID Table

rategies can be used to decode the Tag-Data-Profile. in.a system that only expects the Tag-Data-
any of the steps discussed below can be omitted. InCa more general situation where the encoding

If the RFID tag supports the encoding andeading of the DSFID from a separate memory, then
the Access-Method '11' will clearly indjeate encoding compliant with Tag-Data-Profiles. If the
DSFID is not encoded and read as part of a separate process, it has to be captured ag a
preamble to the header segment.

Read a limited amount of the user data to establish the Access-Method, Data-Format and other
information from the header.segment. Effectively the generic reading process has to capture the
complete header segment before decoding can begin.

NOTE Unless the Data-Format = 2, where the length of the root-OID can vary, reading 8 byjes
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 by me
application~with one air interface transaction, read the appropriate number of blocks using
most efficient air interface transfer option.

If‘the encoding is large and only selected data is required, use the Tag-Data-Profile scheme|to

identify the block(s) that contain the appropriate data elements and return these. The sequence

186

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 by the
CompactCode (from the ID Table).

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

2013(E)

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 sam

€ manner

as for bytes encoded to a No- Dlrectory structure It is possmle to partially decode Data-Sets that are not

get Relative- OID is found.

NJ|5 Modifying Data

a until the

If the Tag-Data-Profile scheme supports the ability for the application to modify* data, then this can be
achieved, so long as the encoded data remains the same encoded length. Additional pad bytes, @s used in

th¢ tag header, cannot be used because the decoder is always expecting a fixed’number of encodeq
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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 reqgistered 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 one ID Table.
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 shallhappear only once, at the

op of the registration file, and others may appear multiple times, once for each ID“Fable 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 dataland the encoded structure:

— |PValue

O

DID (defining the Relative-OID)

— LUockData, a BOOLEAN argument and if TRUE;indicating that the data, when encoded, shall pe
Ipcked

— BlockAlign, a BOOLEAN argument and\if TRUE indicating that the encoded data shall begin or] a
Hlock boundary

— HormatString to define the inputidata
— (QompactCode to define the 15962 basic compaction scheme
— BncodelLength

To illustrate the file format, a hypothetical data system registration is shown in Figure O.1 — Hypotheti¢al

Data Format registration*file. In this hypothetical data system, each ID Value is associated with one OID and
other featlires. Thissexample includes five OIDs with the following constraints:

— "[1I" for 18 digit serialised traceability code that shall be locked

— "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

K-ldsize = 5

IDvalue | OID | LockData BlockAlign FormatString | CompactCode | EncodelLength
00 1 T T 18 DIGIT 001 8

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

THe following sub-clauses explain the syntax shown in the figure.

O}2 File Header section
The defined Keyword lines in the File Header (the first portion-of every registration file) are:

— (Mandatory) K-Version = nn.nn, which the ‘registering body assigns, to ensure that any future
revisions to their registration are clearly labelled.

— K-Interpretation = string, where the"“string” argument shall be one of the following: {ISO-646",
"ISO-8859-1, “UTF-8". The default.is 1SO-8859-1 to align the basic processes of this Infernational
Standard.

O[3 Table Header section

One or more Table Header sections (each introducing an ID Table) follow the File Header section. Hach Table

Hegader begins with a-K-TablelD keyword line, followed by a series of additional required anfl optional

Kgyword lines, as follows:

— (Mandatory) K-ProfileID = FnnPnn, where Fnn represents the 1SO-assigned Data Format number,
and-Pnn is the ISO assigned Table ID for each ProfilelD.

— \{Mandatory) K-RootOID = urn:oid:i.j.k.ff where:

—— i, andkaretheteadingarcsof the-Otb{as meanyarcsasrequired)and-fisthetastarcof the Root
OID (which might be the registered Data Format number)

— (Mandatory) K-IDsize = nn, where nn represents the number of OIDs in the encoded Tag Data
Profile

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 T
sub-claus

0.51 1D
Each ID T

ID Value
containing

0.5.2 Ol

Each ID T

Relative-Q

0.5.3 LdckData column

Each ID
argument
data.

0.54 Bl

In additio
requireme
interface ¢

able in a Tag Data Profile registration shall include a number of columns as defined in thé followi
bS,

value column

able in a Tag Data Profile registration shall include an IDvalue column. The fitst row shall define 1
rero, and successive rows shall increment monotonically until the size defined by the Keyword i

K-IDsize. This column defines the sequence of encoding on the RFID%ag:.
D column
able in a Tag Data Profile registration shall include an QIB. column. The OID value may be 3

ID specified for the Root-OID.

Table in a Tag Data Profile registration shalinclude a LockData column. Using a BOOLEA

bckAlign column

nt to begin the encoding of acompacted data Object on a block boundary, for example to enable
ommands to call specifically for a particular encoded Object.

O55F

Each ID Table in a Tag Data Profile registration shall include a FormatString column to define the d
characteristics and\fixed length of the data associated with a particular identifier, in order to facilitate d
compactign. Theinput characters shall be compliant with the IETF document RFC 4234 Augmented BNF
Syntax Specifications: ABNF Table 0.1 — DataFormats and 15962 Compactions shows the input data for
and the ppssible ISO/IEC 15962 compaction schemes. For any given data element, one compaction sche

rmatString column

AN

this declares the application requirements to lock the encoded bytes that are derived from the input

N to any block alignment tovachieve the correct locking of data, there may be an additiopal

Qir

ta
ta
for

at
e

shall be selected and specified in the TD Table.
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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" [ "E"

ALPHA %x45-5A | %x61-7A |A-Z [ a-z 011 (5-bit) for A-Z strings > 3 chats
101 (7-bit) for a-z strings > 8 charp
110 (octet) for other shorter strings

VCHAR %x21-7E visible (printing) | 100 (6-bit) for char 20¢e, 5F ¢ > 6 chars

characters

101 (7-bit) for strings—> 8 chars
110 (octet) for othershorter strings

CHAR %x01-7F

any 7-bit  US-ASCII
character, excluding NUL

100 (6-bit) for char 20 to 5F¢ > 6 chars
101 (7-bit) ferstrings > 8 chars

[

OCTET %x00-FF

8 bits of data

(
110 (octét))for other shorter string
110 (octet) for other shorter string

[

5.6 CompactCode

ch ID Table in a Tag Data Profile registration shall includera CompactCode column. This defines [the 15962
mpaction scheme that shall be applied to the data string, rather than leave this as an automatic|choice by

the¢ encoder. The table shows logical choices that should be followed, but there are process rules|that differ

frg
is

Th

(o)

Es
nu
by

5.7 EncodelLength

is code is also relevant to decode the enceded bytes.

m the No-Directory encoding. For example, because the ID Table shows the length of the application data it
bossible for the integer compaction to be used\with numeric strings beginning with 0.

ch ID Table in a Tag Data-Profile registration shall include an EncodelLength column. This defines the
mber of bytes required to-encode the application data. It is used to parse the encoded bytes to igentify the
te string for de-compagtionrinto 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
registratiop file, with the following additional inputs:

— The lock-block size is 8 bytes

— The write-block size is 2 bytes

— The DSFID is encoded in user memory

— The five data elements have to following values:
-+ Relative-OID 1 = 0123456789121345678
- Relative-OID 7 = AB12XY

-+ Relative-OID 9 =20091231

-+ Relative-OID 17 = JPN

-+ Relative-OID 14 = A2B380

P.1 Engoded data segment

P.1.1 Encoding the first Data-Set

The first [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 gssociated with Relative-OID 1 compacts as 00 2B DC 54 5E 14 D6 4E. It is 8 bytes long, and i{ is
required tp be locked. Adding the Precursor and length byte makes for a total length of 10 bytes, which is not
block aligned. The Preeursor needs to be set to indicate that it is followed by an Offset byte, so has the |bit
sequence

— 1 to indicate that an Offset follows

— (Offtomdicatethecompactionmschemne
— 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:
91 05 08 00 2B DC 54 5E 14 D6 4E 80 80 80 80 80

The Data-Set is marked-up as requiring locking.
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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
bitrsequence:

— 1 to indicate that an Offset follows
— 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 value 00|indicating
that of itself it provides sufficient pad bytes. So the second Data-Set of 8 bytes\has the byte string of

C70005042C 726198

THe Data-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 data associated with Relative-OID 9 compacts as 01 32 91 5F. It is 4 bytes long and does 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 encodedfrom the beginning of a block boundary. Adding the Preqursor and
lemgth byte makes for a total length of.6'bytes. As this is block aligned on the 2-byte boundary, no Pffset and
nd pad bytes are required. The Precursor so has the bit sequence:

— 0 to indicate that no Offset follows
— 001 to indicate the‘eompaction 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

THeData-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

— 1

111 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:

7F 020254 1C

The Data-

P.1.5 En

Set is marked-up as not requiring locking.

coding the fifth Data-Set

Relative-Q
the three

followed
so this D
for a total

The fifth [Data-Set requires a Precursor that identifies the compaction scheme used“and the Relative-O%I‘),

— G
— 1
— 1

The Precl
bytes has

The Data-

P.1.6 The complete data segment

ID 14 was presented with the six hexadecimal characters 'A2B3C4', so these are.to)be encoded jas

ytes A2 B3 80.

the length of the compacted data. The previous Data-Set and this one-require no block alignm
a-Set is abutted at the end of the previous encoding. Adding the Precarsor and length byte ma
ength of 5 bytes. The Precursor has the bit sequence:
to indicate that no Offset follows

10 to indicate the compaction scheme

110 to indicate the Relative-OID

rsor has the hexadecimal value 6E, and is followed by the length byte. So the fifth Data-Set o
the byte string of:

6E-03 A2 B3 80

Set is marked-up as not requiring lecking.

t,

eS

The comp]ete encoding is as follows, with the locked bytes shown in bold and alternate Data-Sets shaded for
illustration purposes:
91 01
08 00
2B DC
54 5E
14 D6
4E 80
80 80
80 80
c7 00
05 04
2C 72
61 98
19 04
01 32
91 5F
7F 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-Format value
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 byte = 1101111 = DF ¢

— The second byte encodes the value of the (Data-Format — 32) = 15049 — 3249 = 11846 = 7644

—]

hese two bytes need to be taken into account for block alignment of the header segment. The following can
He determined:

a) The ProfilelD = 123, which can be encoded in a single byte = 7B
b) The header size cannot be determined until other component yaltes 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} = ?? + 214, and still
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

f) As the DSFID already takes up two bytes-of the 8-byte block, b = 6 and is encoded 06+¢
g) The value of (d) can be determined as 6 + 24 = 30, which is encoded as 1E¢

h) Two pad bytes are required

THe complete encoding of the header segment is: 7B 06 08 1E 80 80
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Annex Q
(normative)

Basic encoding rules for Multiple-Records Access-Method

Q.1 Overview

The basid

encoding rules defined in this annex support the encoding of homogeneous or heterogeneq

Multiple-Records. These rules also cover generic aspects for encoding hierarchical records, as-defined

Annex R.

The Multi

— AMR
indivi

ble-Records Access-Method comprises the following components:

-header (see Annex Q.2) shall be encoded as the first entry in the Logical Memory and precede
Jual records. The MR-header may be locked or unlocked, or selectively lacked.

— A se:lies of records that can support: single records, multiple instances, of the same type of reco

hiera
of the

— Optio

The MR-N
MR-heade

EXAMPLE
Encod

Encod

The MR-h

chical records, and data element lists. Each record comprises a/preamble followed by the encodi
data in the record, which complies with the encoding rules of the 'nominated Access-Method.

hally, a directory, which should be encoded for larger logical'memories.

eader, all the records, data element lists, and entries’in the directory shall be block aligned. T
r may be locked, or unlocked, or selectively locked.

B
ing on an ISO/IEC 18000-6 Type C tag shall begin and end on a word boundary.
ing on an ISO/IEC 18000-3 Mode 1 tag.shall begin and end on a block boundary.

eader and individual records may have an assigned memory capacity that is greater than requin

for the inifjal encoding. This is to enable additional data to be correctly encoded within the boundaries defin|

for the req
such as a

Q.2 Engd
The MR-H

memory. |
following §

ord. This mechanism is @lso” useful to align records, or the MR-header, to some hardware featy
lock block boundary, orsome file access mechanism.
oding the Multiple-Records header

eader for the Multiple-Records Access-Method shall begin in the lowest addressable block

ub<elauses. The structure is illustrated in Table Q.1 — The sequential byte structure of the Multip

ed
ed
e

=

in

[he MR-header shall comprise a number of mandatory and conditional components defined in the

e_

Records h

eader.
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