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Abstract

Thi s docunent describes hierarchically structured binary encoding
format call ed Ruoska Encoding (later RSK). The nain design goals are
m ni mal resource usage, well defined structure with good sel ecti on of
wi dely known data types, and still extendable for future usage.

The main benefit when conpared to non binary hierarchically
structured formats like XML is sinplicity and mninmal resource
demands. Even basic XML parsing is tine and menory consumi ng
operati on.

When conpared to other binary formats |i ke BER encoding of ASN. 1 the
mai n benefit is sinplicity. ASN. 1 with many different encodings is
conpl ex and even sinple inplenentation needs a lot of effort. RSKis
al so nore efficient than BER

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 documents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may 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 April 15, 2014.
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1. Docurment Structure

The principal entity of RSK docunent is frame. Two main cl asses of
frames exist. Meta Franmes to define structure and Data Franmes to
hol d actual payl oad dat a.

Al frames start with Leadi ng Byte which defines frame type and sone
type depended instructions. Sone neta franes and all data frames can

be tagged with an identifier. Ildentifier type is defined in Leading
Byte. |If identifier exists it is placed right after the Leading
Byte. |In Data Franes payload conmes after identifier. Meta Franes

may al so have payload or special fields or both. Data type of the
payl oad is defined by frane type and type depended instructions. Al
franme types are explained in Section 2.

RSK docunent is structured as finite tree. The tree is rooted to
Begin Franme. After the rooting Begin Frane foll ows data franes as

| eafs and Begin - End Frane pairs as branches. Branches nmay contain
data frames as |l eafs and again Begin - End Frane pairs as sub
branches. Null and Array Frames are considered as data franes here.

RSK docunent al ways ends with End Franme. Use of End Frane is two
fold. It is used to return frombranch to parent |evel and term nate
the docunent. So document nust always start with Begin Frame and end
with End Frame. Root nesting |level 0 nust not contain any other than
rooting Begin and term nati ng End Frames. Between root Begin and
term nating End Franme is nesting level 1. Nesting level 1 may
contain data frames or branches or both.

Exanpl e Tree Structure

0O 1 2 Nesting levels
|

Begin[id:tractor] Begin Frane at level O
| String[id:manufacturer, val ue: Val net] Leaf at level 1

| String[id:nodel, value: 33D Leaf at level 1

| Begin[id:engine] Branch at level 1

| | String[id:fuel, value:Diesel] Leaf at level 2

| | U nt8[id:horsepower, val ue: 37] Leaf at level 2

| End Endi ng branch

End Terminating at level O

Figure 1: Tree Structure
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1.1. Endi anness

Bi g- endi an networking byte order is used. Endianness applies to all
i nteger and floating point nunbers. This includes payload of any
data frames like Integer, Float, and Tinestanp and 16-bits wi de
integer identifier values and also neta data fields like |length of
payl oad. Canonical network byte order is fully described in RFC791
Appendi x B

1.2. String Encoding

Al strings are UTF-8 encoded. This applies to string identifiers
and payl oad of String, Date, DateTine and DateTineMIlis Franes.

I mpl enent ati ons using any of frame types above or String Identifier
or both nmust be able to validate UTF-8 encoding. On witing phase
UTF-8 encodi ng violation nmust be handled as error condition. |If
UTF-8 encoding fails on readi ng phase warning nmust be raised and | et
user decide to continue reading or not. Mre information about UTF-8
see RFC 3629 [ RFC3629].
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2. Frame Definitions

As nentioned earlier the principal entity of RSKis frane. This
section explains all frane types and type dependent speci al
instructions in detail.

2.1. Leading Byte

Al frames start with Leading Byte. Leading Byte determ nes frame
type and type dependent instructions. The nobst significant bit is
reserved for Extended Franes which rmay be introduced in |ater
versions. See Section 2.4 for details.

Leading Byte is presented as bit array where left-nost bit is the
most significant bit. MSB O bit nunbering scheme is used with two
exceptions. Left-nost bit is reserved for Extended Frane and thus
marked as ' X for all Leading Byte definitions. Al so sone bits are
marked with 'R neaning that they are reserved for |ater use and nust
not be set in this version

Leading Byte is followed by frane type dependent fields |like
Identifier or Payload or both. These fields are presented as | abel ed
byte bl ocks with possible I engths in bytes, kilobytes |ike 64k, or

gi gabytes like 4G

Leadi ng Byte Exanmpl e Field Exanpl e Payl oad

I U Fomm b e e e SR PSR +
| X 1] 2| 3| 4] 5] 6] 7| | 4 or 8 | ] 0 - 64k |
T R T T S N +
\ I\
\ / | Frane type dependent instructions bits

I

I

I _

| | Frane type bits
I

I

Extended franme bit

Figure 2: Leading Byte

Exampl e Field: Exanple of possible frane type dependent byte field.
4 or 8 nmeans that field can be 4 or 8 bytes long. Actual length
can be determined by frane type, instruction bits, or sone other
field.

Exampl e Payl oad: Exanpl e of possible frane type dependent payl oad
field. 0 - 64k neans that field can be fromO0 to 65535 bytes | ong.
Actual length can be determ ned by frane type, instruction bits,
or sonme other field.
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Frame type dependent instructions bits: These bits deternine type
dependent instructions. See specific frame type sections for
details. For nost frane types these are used to define identifier

t ype.

Frame type bits: This bit field determines frane type. Values are
defined in Section 4.

Ext ended frane bit: Extended frane bit. See Section 2.4 for
detail s.

2.2. Meta Franes
Met a Franes define docunent structure
2.2.1. Null Frane
Nul I Frame can be tagged with an identifier but does not contain any

payl oad dat a.

Leadi ng Byte Identifier

T B T +
| X 1] 2| 3|4]|5]6]7] | 0 - 256 |
R Fomo b e +
\ I\
\ / | 1d bits
I
| Type bits

Figure 3: Null Frane
ldentifier & 1d bits: See Section 3 for details.
Type bits: See Section 4.

2.2.2. Begin Frane

Docurent and branches start with Begin Frame. Begin Frame may have
an identifier. NMre details about tree structure see Section 1.
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Leadi ng Byte I dentifier
I S I +
| X 1] 2| 3|4]5]6/7] | 0 - 256
NI U I R, +

\ I\
\ / | I'd bits
I Type bits

Figure 4: Begin Frane
Identifier & Id bits: See Section 3 for details.
Type bits: See Section 4.
2.2.3. End Frane
End Frame is used to return frombranch to parent level in tree

structure and al so used to term nate a docunent. More detail s about
tree structure see Section 1.

Leadi ng Byte

R +---+
| X 1] 2| 3] 4] 5| R R
I U +---+
\ /
\ /
| .
| Type bits

Figure 5: End Frane
Type bits: See Section 4.
2.2.4. Array Franme

Array colum in Frane Type Table in Section 4 defines frame types
whi ch can be enclosed into a array.

Array itself and each item may have identifiers. Array identifier is
defined in Leading Byte. Al itenms have identifier of same type and
all itenms are sane frane type. Frane and identifier type for al
itens are defined by CLB (Conmon Leadi ng Byte).

Array capacity is defined by selecting corresponding Array Frane
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type. See Section 4 for details.

Leadi ng Byte Identifier CLB Count Itens
T B T + -t A a oo + - -- - + - -- - +
| X 1]12|3|4|5]6]/7] | 0- 256 | | 1| | 2/2/4 ] | Itenl | | Iten2 |
R Fomo b e + - Ao + H------- + H------- +
\ I\
\ / | 1d bits
I
| Type bits

Figure 6: Array Frame
Identifier & 1d bits: Array identifier. See Section 3 for details.

CLB: Common Leadi ng Byte determines type of items and type of item
i dentifiers.

Count: 8, 16, or 32-bits wi de unsigned integer telling item count.
Wdth of Count field depends on array type, see Section 4 for
detail s.

Items: Array of itens.

Type bits: See Section 4.

Array itens are stored right after Count field. Itens may have
Identifier.
Identifier It em Payl oad
R S S SRS +
| 0 - 256 | | 1 - 4G |
Fom e e o - S +

Figure 7: Array Item
2.3. Data Franes
Data Franes are collection of widely used data types. There are
frames for bool ean, integer and floating point numbers, UTF-8 encoded

strings, dates, and tinestanps. There is also frane for raw binary
data. Al data franes can be tagged with an identifier.
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2.3. 1. Bool ean Frane

Bool ean val ue (Fal se/ True) is defined by choosing correspondi ng
Bool ean Frame type. See Section 4.

Leadi ng Byte I dentifier
I S I +
| X 1] 2| 3|4]5]6/7] | 0 - 256
NI U I R, +

\ I\

\ / | 1d bits
I Type bits

Fi gure 8: Bool ean Frane
Identifier & Id bits: See Section 3 for details.
Type bits: See Section 4.
2.3.2. Integer Franes
W de range of integer types are supported. Integer wi dth and
si gnedness are defined by choosing correspondi ng | nteger Frame type.

Signed integers are presented in twd’'s conpl ement notation

I nteger payload is always stored in big-endian format. See
Section 1.1 for details.

Leadi ng Byte Identifier Payl oad
N I —— T, S SIS +
| X 1]12|3|4|5/6/7] | 0- 256 | | 1,2,4 0or 8 |
. tocet e e e S T R +
\ I\
\ / | 1d bits
} Type bits

Fi gure 9: Integer Franes
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Identifier & Id bits: See Section 3 for details.
Payl oad: Payl oad integer val ue.
Type bits: See Section 4.
2.3.3. Float Franes
Fl oati ng poi nt nunber precision is defined by choosing correspondi ng
Fl oat Frane type. See Section 4 for franme types. Floats are

presented in | EEE7T54 standard fornmat and endi anness i s big-endian.
See Section 1.1 for details.

Leadi ng Byte Identifier Payl oad
N I —— T, S SIS, +
| X 1]12|3/4|5]6]/7] | 0- 256 | | 2,40 8 |
. tocet e e e + Fommmm e +

\ I\

\ / | 1d bits
} Type bits

Fi gure 10: Float Franes
Identifier & Id bits: See Section 3 for details.
Payl oad: Payl oad fl oat val ue.
Type bits: See Section 4.
2.3.4. String Frame
String Franme can hold UTF-8 encoded string. |If inplenentation
supports String Frane it nust be able to validate UTF-8 encodi ng.

See Section 1.2 for details.

Frame capacity is defined by selecting corresponding String Frane
type. See Section 4 for details.
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Leadi ng Byte I dentifier Lengt h Payl oad
I S I R G S +
| X 1]12|3|4|5]6/7] | 0- 256 | | 1/2/4 | | O - 4G |
NI U I R, + ----- - + e e oo - +

\ I\

\ / | I'd bits
I Type bits

Figure 11: String Frane

Identifier & Id bits: See Section 3 for details.

Length: 8, 16, or 32-bits wi de unsigned integer telling | ength of
string in bytes. Depends on String Frane type, see Section 4 for
detail s.

Payl oad: UTF-8 encoded stri ng.

Type bits: See Section 4.

2.3.5. Binary Frane

Bi nary Frane holds arbitrary binary data.

Frame capacity is defined by selecting correspondi ng Bi nary Frane
type. See Section 4 for details.

Leadi ng Byte I dentifier Lengt h Payl oad
I S I R G S +
| X 1]12|3|4|5]6/7] | 0- 256 | | /2/4 | | O - 4G |
NI U I R, + ----- - + e e oo - +

\ I\

\ / | Id bits
I Type bits

Figure 12: Binary Frane
Identifier & Id bits: See Section 3 for details.
Length: 8, 16, or 32-bits wi de unsigned integer telling | ength of

payl oad in bytes. Depends on Binary Frane type, see Section 4 for
detail s.
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Payl oad: Arbitrary binary data.
Type bits: See Section 4.

2.3.6. DateTinme Franes
Dat eTi me Franes hold date or date and tine in UTC tinescale as UTF-8
encoded string. String formats are conpatible with RFC 3339
[ RFC3339] .
If inplenentation supports any of DateTine Franmes it nust be able to
val idate UTF-8 encoding. See Section 1.2 for details. Besides
string formats must be validated but date data validation is not part
of RSK. On witing phase illegal string format nust be handl ed as
error. On reading phase string format violation can be handl ed by
rising warning and | et user decide continue reading or not.
Date frane types and corresponding date string formats:
Date: YYYY- MM DD
Dat eTi me:  YYYY- MM DDTHH: MM SSZ

DateTimeM I lis: YYYY- MV DDTHH MM SS. SSSZ

Leadi ng Byte Identifier Dat e/ Dat eTi me/ DateTimeM I li s
R T L S +
| X 1] 2] 3|4]5/6]7] | 0 - 256 | | 10/ 20/ 24 |
R I R e S +

\ I\

\ / | 1d bits
I
| Type bits

Figure 13: DateTime Frane
Identifier & Id bits: See Section 3 for details.

Dat e/ Dat eTi me/ DateTineM |l is: Date, DateTime, or DateTineMIIlis
string depends of date frane type.

Type bits: See Section 4.
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2.3. 7. NTP Short Frane

NTP Short Frane hol ds NTP Short Format conpatible tinestanp. See RFC
5905 [ RFC5905] for details.

Leadi ng Byte Identifier Seconds Fraction
I - T R + Fo-mm - - - +
| X 1] 2| 3]4]5/6]7] | 0- 256 | | 2 || 2 |
E R I I L . + ----- - + - mm- oo +

\ I\

\ / | 1d bits
I
| Type bits

Figure 14: NTP Short Format Frane
Identifier & Id bits: See Section 3 for details.
Seconds: 16-bits unsigned integer telling seconds.
Fraction: 16-bits unsigned integer holding fractions of second.
Type bits: See Section 4.
2.3.8. NTP Tinestanp Frane

NTP Ti mestanp Franme hol ds NTP Ti mestanp Fornmat conpatible tinestanp.
See RFC 5905 [ RFC5905] for details.

Leadi ng Byte Identifier Seconds Fracti on
R N I —— I S L e R + oo - oo - +
| X| 1] 2| 3]4|5/6/7] | 0- 256 | | 4 || 4 I
S - R R R L + 4---e--a + F---emma- +
\ I\
\ / | 1d bits
|
| Type bits

Fi gure 15: NTP Ti mestanp Format Frane
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Identifier & Id bits: See Section 3 for details.
Seconds: 32-bits unsigned integer telling seconds.
Fraction: 32-bits unsigned integer holding fractions of second.
Type bits: See Section 4.
2.3.9. NTP Date Frane

NTP Date Frame hol ds NTP Date Format conpatible date. See RFC 5905
[ RFC5905] for details.

Leadi ng Byte Identifier Era Era O fset Fracti on
R N I —— I S L e S ST S + oo - oo - +
| X|'1]2|3]4|5/6[7] | 0- 256 | | 4] | 4 | | 8 I
S - R R R L + -t Fommmmaaaa + F---emma- +
\ I\
\ / | 1d bits
|
| Type bits

Fi gure 16: NTP Date Fornmat Frane
ldentifier & 1d bits: See Section 3 for details.

Era: 32-bits signed integer telling the era of timestanp. See RFC
5905 [ RFC5905] for era definitions.

O fset: 32-bits unsigned integer hol di ng nunber of seconds since
begi nning of the Era.

Fraction: 64-bits unsigned integer holding fractions of second.
Type bits: See Section 4.
2.3.10. RSK Date Frame

RSK Date is optimzed version of NTP Date Format defined in RFC 5905
[ RFC5905] .

Differences with NTP Date Fornat
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Wdth of Era field: NTP Date Format has 32-bits wide Era field.
Here Era is only 8-bits wide. Interpretation is same but with
narrowed range. Epoch is sane so Era 0 starts at 1900-01-01 00
00: 00 UTC like in NTP Date Fornat.

Wdth of Fraction Field: NTP Date Format uses 64-bits wi de Fraction
field. Here fraction is only 16-bits wi de and thus capable to 16
m crosecond resol ution.

Leadi ng Byte Identifier Era Era O fset Fraction
R I R e R S + - mm - - +
| X 1] 2| 3[4]5]6]7] | 0- 256 | | 1] | 4 1 2 I
S A S L + oot - e m oo - + Femmmm - +

\ I\

\ / | I'd bits
I
| Type bits

Figure 17: RSK Date Frane
ldentifier & Id bits: See Section 3 for details.

Era: 8-bit signed integer telling the era of tinmestanp. See RFC
5905 [ RFC5905] for era definitions.

O fset: 32-bit unsigned integer hol ding nunber of seconds since
begi nni ng of the Era.

Fraction: 16-bit unsigned integer holding fractions of second.
Type bits: See Section 4.
2.4. Extended Franes

Ext ended Frame is concept to introduce new structures and data types
in future versions of RSK. The nost significant bit in Leading Byte

is reserved for Extended Frames. In this version Extended bit nust
not be set when witing a RSK docunent. |f Extended Frane is

di scovered on readi ng phase it nust be handles as error in this
versi on.
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3. Identifiers

Al data frames and some of the neta frames can be tagged with an
identifier. ldentifier can be defined as 8 or 16-bit w de unsigned
integer or as length-prefixed UTF-8 encoded string. |If identifier is
not needed it can be set to Null

Frame’s Leading Byte tells type of identifier. Ildentifier bytes are
pl aced i medi ately after the Leading Byte. 1In case of integer
identifier there is one or two bytes dependi ng on sel ected integer
identifier type. String identifier can take up to 256 bytes. See
follow ng sections for details.

3.1. Identifier Types in Leading Byte

Two | east significant bits of Leading Byte are reserved for Id bits
inall frame types which can be tagged with an identifier

Leadi ng Byte Identifier
I U I R +
| X| 1] 2| 3|4]|5]6/7] | 0 - 256
S oot Hocennnnanns +

\
| Id bits

Figure 18: ldentifier Types
Id bits values and identifier types:
00 Null ldentifier. See Section 3.2.
01 8-bhits wide Integer ldentifier. See Section 3.3.
10 16-bits wide Integer ldentifier. See Section 3.3.
11 String ldentifier. See Section 3.4
3.2, Null Identifier

Sone frames in a docunment may not need identifier so it can be left
enpty by setting it Null in Leading Byte.

3.3. Integer Identifiers

Integer identifier types are 8 or 16-bits w de unsigned integers.
Integer identifiers are presented in big-endian format. See
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Section 1.1 for details.

Leadi ng Byte uint8 Ui nt16
oo + - -- - + S +
I X|1]2]3]4]56[7] | 1 | OR | 2 I
oo + H------- + S +

I I
\---Integer ldentifier ---/

Fi gure 19: Integer ldentifier

3.4. String ldentifier

String identifier is length-prefixed and UTF-8 encoded. Length is
presented by one byte as 8-bits w de unsigned integer at the
beginning of identifier field. String identifier itself can be O -
255 bytes | ong.

If inplenentation supports string identifiers it nust be able to
val i date UTF-8 encoding. See Section 1.2 for details.

Leadi ng Byte Lengt h UTF-8 Encoded String
T + Femmmm - N S Uy +
I X111 2]3[45/617] | 1 || 0 - 255 I
R S B IRy e +

I I
V- - - String ldentifier -------- /

Figure 20: String ldentifier
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4. Frame Type Tabl e

12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
25.
26.
28.
29.
30.
31.

32.

Makel a

Frame Type
Nul | 0x00
Begi n 0x04
End 0x08
Bool ean Fal se 0x0C
Bool ean True 0x10
Ti nyArr ay 0x14
Array 0x18
LongArr ay 0x1C
TinyString 0x20
String 0x24
LongString 0x28
Ti nyBi nary 0x2C
Bi nary 0x30
LongBi nary 0x34
Signed int 8-bits 0x38
Signed int 16-bits 0x3C
Signed int 32-bits 0x40
Signed int 64-bits 0x44
Unsigned int 8-hits 0x48
Unsigned int 16-bits 0x4C

Unsi gned int 32-bits 0x50
Unsigned int 64-bits 0x54

Fl oating 16-bits 0x58
Fl oating 32-bits 0x5C
Fl oating 64-bits 0x60
Dat e 0x64
Dat eTi e 0x68
DateTimeM I lis 0x6C
NTP Short For mat 0x70
NTP Ti mest anp For mat 0x74
NTP Dat e For mat 0x78
RSK Dat e 0x7C

Expires Apri

Ruoska Encodi ng

[ x]
[x]

[ x]
[ x]
[x]

[ x]
[ x]
[ x]
[x]

[ x]
[ x]
[ x]
[x]

[ x]
[ x]
[x]

[ x]
[ x]
[x]

[ x]
[ x]
[x]

[x]

Array Payl oad

[ x]
[x]

[ x]
[ x]
[ x]
[x]

[ x]
[ x]
[ x]
[x]

[ x]
[ x]
[x]

[ x]
[ x]
[x]

[ x]
[ x]
[x]

[x]

15, 2014

A NE AN

o R~N

10
20
24

255
64k
4G

255
64k
4G

255
64k
4G

Cct ober 2013

(itens)
(itens)
(itens)
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Frame Type Tabl e col umms:

Frame: Nane of frame type. See Section 2 for detailed franme
definitions.

Type: Hexadeci mal value of Leading Byte with nask OxFC. See
Section 2.1 for detailed description of Leading Byte.

Id: Al marked with X has identifier field. See Section 3 for
detail s.

Array: Al marked with X can be enclosed into a array. See
Section 2.2.4 for details.

Payl oad: Payload length in bytes for data frames and item count for
arrays.
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5.

I mpl ement ati on Not es

RSK i s designed so that inplenentations could have very small nenory
and ot her resource demands. Pay attention to nmenory usage and try to
perform 1O operations efficiently.

I mpl ement ati ons nust make sure that well forned docunents are
witten. On reading phase any deformation in docunent or frane
structure nust be detected and handl ed as error condition.

I npl enent ati ons can vary dependi ng on environnment and usage. Al

i mpl ement ati ons nust support at |east Begin and End Franes to be able
to handl e docunent structure. Qher frame types may not be
supported. Inplenentation may al so support nost or all frame types
but not all identifier types. Sone frame types can be also partially
supported so that they can be detected and ski pped on readi ng phase
al though their payload data is not interpreted.
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6

Security Considerations

RSK is data encoding format and does not include any executable
commands. | npl enentations nust nmake sure that any parts of encoded
docunents are not |eaked into execution nenory. Even malforned
docunents nust be handl ed so that nenory | eaks are avoi ded

RSK does not include any nmeans to validate payload data integrity.
Prot ocol s based on RSK or underlying nmechani sns which are utilized by
those protocols nust take care of this. |If data integrity is not
checked can data get corrupted by nal functioni ng devices, software,
or malicious attackers.
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7. 1 ANA Consi derations
The M ME nedia type for RSK docunents is application/ruoska.
Type name: application
Subt ype nane: ruoska
Required paraneters: n/a

Optional paranmeters: n/a
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