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Abst ract

The Conci se Binary Object Representation (CBOR, RFC 7049) is a data
format whose design goals include the possibility of extrenely small
code size, fairly small nmessage size, and extensibility w thout the
need for version negotiation

The present document nakes use of this extensibility to define a
nunber of CBOR tags for typed arrays of nuneric data, as well as two
additional tags for mnulti-dinmensional and honogeneous arrays. It is
i ntended as the reference docunent for the | ANA regi stration of the
CBOR tags defi ned.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng docunments as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents valid for a maxi num of six nonths
and nay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”
This Internet-Draft will expire on August 30, 2018.

Copyright Notice

Copyright (c) 2018 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunent is subject to BCP 78 and the | ETF Trust’s Lega

Provisions Relating to | ETF Docunents
(https://trustee.ietf.org/license-info) in effect on the date of
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publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this docunment. Code Conponents extracted fromthis docunment nust
include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided without warranty as
described in the Sinplified BSD License.
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1. Introduction

The Conci se Binary Object Representation (CBOR, [RFC7049]) provides
for the interchange of structured data without a requirement for a
pre-agreed schema. RFC 7049 defines a basic set of data types, as
wel | as a taggi ng mechani smthat enabl es extending the set of data
types supported via an | ANA registry.

Recently, a sinple formof typed arrays of nuneric data have received
interest both in the Web graphics community [ TypedArray] and in the
JavaScript specification [TypedArrayES6], as well as in corresponding
i mpl ementations [ArrayBuffer].

Since these typed arrays may carry significant amounts of data, there
is interest in interchanging themin CBOR without the need of |engthy
conversi on of each number in the array.

Thi s docunment defines a nunber of interrelated CBOR tags that cover
these typed arrays, as well as two additional tags for nulti-

di mensi onal and honbgeneous arrays. It is intended as the reference
document for the I ANA registration of the tags defined.
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1.1. Termnol ogy

The term"byte" is used in its now customary sense as a synonym for
"octet". Wiere bit arithnetic is explained, this docunent uses the
notation fanmiliar fromthe programm ng | anguage C (including C++14's
Obnnn binary literals), except that the operator "**" stands for
exponenti ati on.

2. Typed Arrays

Typed arrays are honobgeneous arrays of nunbers, all of which are
encoded in a single formof binary representation. The concatenation
of these representations is encoded as a single CBOR byte string
(maj or type 2), enclosed by a single tag indicating the type and
encodi ng of all the nunbers represented in the byte string.

2.1. Types of nunbers

Three classes of nunbers are of interest: unsigned integers (uint),
signed integers (twos’ conplenment, sint), and | EEE 754 binary
floating point nunmbers (which are always signed). For each of these
classes, there are nultiple representation |engths in active use:

Fom e e oo - o m e e oo o m e e oo Fom e e oo - +
| Length I'l | uint | sint | float [
B Fomm e - - Fomm e - - B +
| O | uint8 | sint8 | binaryl6
| 1 | uintl6 | sintl6 | binary32
| 2 | uint32 | sint32 | binary64
| 3 | uint64 | sint64 | binaryl28
R F F R +

Tabl e 1: Length val ues

Here, sintN stands for a signed integer of exactly N bits (for

i nstance, sintl16), and uintN stands for an unsigned integer of
exactly N bits (for instance, uint32). The nane binaryN stands for
the nunber form of the same name defined in | EEE 754.

Si nce one objective of these tags is to be able to directly ship the
ArrayBuffers underlying the Typed Arrays w thout re-encoding them
and these may be either in big endian (network byte order) or in
little endian form we need to define tags for both variants.

In total, this leads to 24 variants. |In the tag, we need to express

the choi ce between integer and floating point, the signedness (for
i ntegers), the endi anness, and one of the four |ength val ues.
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In order to sinplify inplenmentation, a range of tags is being
all ocated that allows retrieving all this information fromthe bits
of the tag: Tag values from TBD64 to TBD87

The value is split upinto 5 bit fields: TDBOb010 f s e Il, as
detailed in Table 2.

Fomm e e e o - o +
| Field | Use [
Fom e o - o s m o e e e e e e e e e e e e e e e e e e e e e e e e e e e e me oo o +
| TBDOb010 | a constant such as '010', to be defined |
| f | O for integer, 1 for float |
| s | O for unsigned integer or float, 1 for signed integer

| e | O for big endian, 1 for little endian |
| | |

A nunber for the length (Table 1).

Table 2: Bit fields in the low 8 bits of the tag

The nunber of bytes in each array elenent can then be cal cul ated by
"2%*(f + 11)" (or "1 << (f + 11)" in a typical progranm ng | anguage).
(Notice that f and Il are the |Isb of each nibble (4bit) in the byte.)

In the CBOR representation, the total nunber of elenments in the array
is not expressed explicitly, but inplied fromthe length of the byte
string and the I ength of each representation. It can be conputed
inversely to the previous formula: "bytelength >> (f + I1)".

For the uint8/sint8 values, the endianness is redundant. Only the
big endian variant is used. As a special case, what would be the
little endian variant of uint8 is used to signify that the nunbers in
the array are using cl anped conversion fromintegers, as described in
nmore detail in Section 7.1 of [TypedArrayUpdate].

3. Additional Array Tags

This specification defines two additional array tags. The Milti -

di mensi onal Array tag can be conbined with classical CBOR arrays as
well as with Typed Arrays in order to build multi-dinensional arrays
with constant nunbers of elenents in the sub-arrays. The Honobgeneous
Array tag can be used to facilitate the ingestion of honbgeneous

cl assical CBOR arrays, providing performance advantages even when a
Typed Array does not apply.
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3.1. Milti-dinensional Array
Tag: TBD4O

Data Item array (mgjor type 4) of two arrays, one array (mmjor type
4) of dinensions, and one array (mgjor type 4, a Typed Array, or a
Honogeneous Array) of el enments

A multi-dinmensional array is represented as a tagged array that
contains two (one-di nensional) arrays. The first array defines the
di mensi ons of the nulti-dinensional array (in the sequence of outer
di mensi ons towards inner dinensions) while the second array
represents the contents of the nulti-dinensional array. |If the
second array is itself tagged as a Typed Array then the el enent type
of the multi-dinmensional array is known to be the sanme type as that
of the Typed Array. Data in the Typed Array byte string consists of
consecutive val ues where the last dinension is considered contiguous
(row naj or order).

uint16_t a[2][3] = {
{0, 1, 2}, [* row 0 */

{3, 4, 5},
b
<Tag TBD40> # nul ti-di nensional array tag
82 # array(2)
82 # array(2)
02 # unsi gned(2) 1st D nension
03 # unsi gned(3) 2nd Di nensi on
ds8 41 # uintl1l6 array
4a # byte string(12)
00 00 # unsigned(0)
00 01 # unsigned(1)
00 02 # unsigned(2)
00 03 # unsigned(3)
00 04 # unsigned(4)
00 05 # unsigned(5)

Figure 1: Milti-dinensional array in C and CBOR
3.2. Honobgeneous Array
Tag: TBD41
Data Item array (mgjor type 4)

This tag provides a hint to decoders that the array tagged by it has
el ements that are all of the sanme application type. The elenent type
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of the array is thus deternmined by the application type of the first
array elenent. This can be used by inplementations in strongly typed
| anguages whil e decoding to create native honbgeneous arrays of
specific types instead of ordered lists.

Whi ch CBOR data itens constitute el ements of the same application
type is specific to the application. However, type systens of
programm ng | anguages have enough conmonal ity that an application
shoul d be able to create portabl e honbgeneous arrays.

bool bool Array[2] = { true, false };

<Tag TBD41> # Honobgeneous Array Tag

82 #array(2)
F5 # true
F4 # fal se

Fi gure 2: Honobgeneous array in C and CBOR
4. Discussion

Support for both little- and bi g-endian representati on nay seem out
of character with CBOR, which is otherwise fully big endian. This
support is in line with the intended use of the typed arrays and the
obj ective not to require conversion of each array el enent.

This specification allocates a sizable chunk out of the single-byte
tag space. This use of code point space is justified by the w de use
of typed arrays in data interchange.

Appl yi ng a Honobgeneous Array tag to a Typed Array woul d be redundant
and is therefore not provided by the present specification.
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5. CDDL typenane

For the use with CDDL [I-D.ietf-cbor-cddl],

S

CBOR tags for typed arrays

Figure 3 are recomended:

ta-uint8 = #6. TBD64(bstr)
#6.
#6.
#6.

t a- ui nt 16be
t a- ui nt 32be
t a- ui nt 64be
ta-uint8-clanp
ta-uint16l e
ta-uint32l e
ta-uint64l e
ta-sint8 =

t a- si nt 16be
t a- si nt 32be
t a- si nt 64be

+H
»

ta-sintl6le =
ta-sint32le =
ta-sint64le =
ta-fl oat 16be
ta-f |l oat 32be
ta-f | oat 64be
ta-fl oat 128be
ta-fl oat 16l e
ta-fl oat32l e
ta-fl oat 64l e
ta-float128le

ed

#6.
#6.

#6

TBD65( bstr)
TBD66( bstr)
TBD67( bstr)
= #6. TBD68(bstr)
TBD69( bstr)
TBD70( bstr)
TBD71( bstr)

. TBD72(bstr)

#6. TBD73( bstr)
#6. TBD74( bstr)
#6. TBD75( bstr)
; reserved: #6. TBD76(bstr)
#6. TBD77(bstr)
#6. TBD78( bstr)
#6. TBD79( bstr)
#6. TBD8O( bstr)
#6. TBD81( bstr)
#6. TBD82( bstr)
= #6. TBD83(bstr)
#6. TBD84( bstr)
#6. TBD85( bstr)
#6. TBD86( bstr)

#6. TBDB87( bstr)

honbgeneous<array> = #6. TBD41l(array)
multi-dimedim array> = #6. TBDAO([dim array])

Roat ch & Bor nmann

Fi gure 3: Recommended typenanes for CDDL
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6. | ANA Consi derati ons

I ANA is requested to allocate the tags in Table 3, with the present
docunent as the specification reference.

Fom e e e e e e oo oo e e e e e e e e e e e e e e mmee oo oo +
| Tag | Data Item | Semantics |
Fomm oo - ) o m e e e e e e e e e e e e e e e e e e e +
| TBD64 | byte string | uint8 Typed Array |
| TBD65 | byte string | uint16, big endian, Typed Array [
| TBD66 | byte string | uint32, big endian, Typed Array |
| TBD67 | byte string | uint64, big endian, Typed Array [
| TBD68 | byte string | uint8 Typed Array, clanped arithnetic

| TBD69 | byte string | uintl6, little endian, Typed Array |
| TBD70 | byte string | uint32, little endian, Typed Array |
| TBD71 | byte string | uint64, little endian, Typed Array [
| TBD72 | byte string | sint8 Typed Array |
| TBD73 | byte string | sintl6, big endian, Typed Array |
| TBD74 | byte string | sint32, big endian, Typed Array [
| TBD75 | byte string | sint64, big endian, Typed Array |
| TBD7/6 | byte string | (reserved) |
| TBD77 | byte string | sintl6, little endian, Typed Array [
| TBD78 | byte string | sint32, little endian, Typed Array |
| TBD79 | byte string | sint64, little endian, Typed Array |
| TBD8O | byte string | IEEE 754 binaryl1l6, big endian, Typed |
I I | Array I
| TBD81 | byte string | TEEE 754 binary32, big endian, Typed |
I I | Array I
| TBD82 | byte string | IEEE 754 binary64, big endian, Typed |
I I | Array I
| TBD83 | byte string | IEEE 754 binary128, big endian, Typed

I I | Array I
| TBD84 | byte string | TEEE 754 binaryl6, little endian, |
I I | Typed Array I
| TBD85 | byte string | IEEE 754 binary32, little endian, |
I I | Typed Array I
| TBD86 | byte string | IEEE 754 binary64, little endian, [
I I | Typed Array I
| TBD87 | byte string | TEEE 754 binary128, little endian, |
I I | Typed Array I
| TBD40O | array of two | Multi-dinensional Array |
I | arrays* I I
| TBD41 | array | Honogeneous Array |
Fomm oo - ) o m e e e e e e e e e e e e e e e e e e e +

Tabl e 3: Val ues for Tags
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*) TBD40 data item second el enent of outer array in data itemis
native CBOR array (major type 4) or Typed Array (one of Tag
TBD64. . TBD87)

RFC editor note: Please replace TBDnn by the tag nunbers allocated by
I ANA t hroughout the docunent and delete this note. |1ANA note: To
make the cal cul ati ons work, TDB64 to TBD87 need to conme from a
contiguous range the start of which is divisible by 32

TO DO The WG needs to figure out whether it is OK to spend 24 "good"
(1+1 byte) tags for this, whether this all goes to 1+2 byte tags, or

whet her maybe the layout of the bits in the tag should change to nove
the larger datatypes into the 1+2 range and just the 8-bit ones into

the 1+1 range.

7. Security Considerations

The security considerations of RFC 7049 apply; the tags introduced
here are not expected to raise security considerations beyond those.
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