IMS-OXRTFCP]: Rich Text Format (RTF)
Compression Protocol Specification

Intellectual Property Rights Notice for Protocol Documentation

e Copyrights. This protocol documentation is covered by Microsoft copyrights.
Regardless of any other terms that are contained in the terms of use for the
Microsoft website that hosts this documentation, you may make copies 6f it n
order to develop implementations of the protocols, and may distribute portions of
it in your implementations of the protocols or your documentation as‘meeessary to
properly document the implementation. This permission also appliesto any
documents that are referenced in the protocol documentationt

4

e No Trade Secrets. Microsoft does not claim any tradessecret rights in this

documentation.

e Patents. Microsoft has patents that may cover your implementations of the
protocols. Neither this notice nor Microsoft's delivery of the documentation grants
any licenses under those or any other Microsoft patents: Hewever, the protocols
may be covered by Microsoft’s OpenfSpeeification Promise (available here:
http://www.microsoft.com/interop/0sp/default. mspx). If you would prefer a
written license, or if the protocel§iare not covered by the OSP, patent licenses are
available by contacting proto€ol@microsoft.com.

e Trademarks. The names of companies and products contained in this
documentation maybe,coveredbytrademarks or similar intellectual property
rights. This netice does net grant anylicenses under those rights.

Reservation of Rights.” Al other rights are reserved, and this notice does not grant any
rights other thand specifically described above, whether by implication, estoppel, or
otherwise.

Preliminary Documentation. This documentation is preliminary documentation for these
protocols., Since the.doéiimentation may change between this preliminary version and the
final version, there are risks in relying on preliminary documentation. To the extent that you
incur additional development obligations or any other costs as a result of relying on this
preliminary documentation, you do so at your own risk.

Tools. This protocol documentation is intended for use in conjunction with publicly available
standard specifications and networking programming art, and assumes that the reader is either
familiar with the aforementioned material or has immediate access to it. A protocol
specification does not require the use of Microsoft programming tools or programming
environments in order for a Licensee to develop an implementation. Licensees who have
access to Microsoft programming tools and environments are free to take advantage of them.
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1 Introduction

Rich Text Format (RTF) (as specified in [MS-RTF]) is similar to Hypertext Markup Language
(HTML) (as specified in [HTMLA)) in that it can contain text and formatting information

necessary to describe and render formatting and content. It can also contain references to other
data such as fields, hyperlinks, and other RTF objects. Like HTML, RTF contains a
reasonable amount of repeated content; thus it is desirable to compress RTF in order to reduce
bytes over the wire.

The RTF Compression Protocol specifies:
e How to serialize raw RTF into a compressed format.
e How to serialize raw RTF in an uncompressed format.

e How to extract raw RTF from serialized content.

1.1 Glossary
The following terms are defined in [MS-OXGI.‘]:

Augmented Backus-Naur Form (ABNF)
HTML

little-endian

Rich Text Format (RTF)

les that are byte-ordered with the most significant byte stored in
ith the lowest address.

lical Redundancy Check: A computable value which can be used to validate content
when sent over the wire or decompressed.

, SHOULD, MUST, SHOULD NOT, MUST NOT: These terms (in all caps) are used
as described in [RFC2119]. All statements of optional behavior use either MAY,
SHOULD, or SHOULD NOT.
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1.2 References

1.2.1 Normative References

[MS-DTYP] Microsoft Corporation, "Windows Data Types", March 2007,
http://go.microsoft.com/fwlink/?Linkld=111558.

[MS-OXGLOS] Microsoft Corporation, "Office Exchange Protocols Master
Glossary", April 2008.

[MS-OXPROPS] Microsoft Corporation, "Office Exchange Protocols Master
Property List Specification", April 2008.

[MS-RTF] Microsoft Corporation, "Word 2007: Rich Text Format (RTF)
Specification, Version 1.9", February 2007, .
http://go.microsoft.com/fwlink/?Linkld=112393.

[RFC2119] Bradner, S., "Key words for use in RFCs to Indicate,Requirement
Levels", BCP 14, RFC 2119, March 1997 http://wdmietf.org/rfelrfc2119.txt.

[RFC5234] Crocker, D., Overell, P., "Augmented BNF for'Syntax Specifications:
ABNF", RFC 5234, January 2008, http://www.iethorg/rfc/rfe5234.txt.

1.2.2 Informative References

[HTMLA01] World Wide,Web Consortium, "HFML 4.01 Specification", December 1999,
http://www.w3.org/TR/html401/.

1.3 Protocol Overview,(Synopsis)
This document£€overs the mechanism for compressing and decompressing RTF.

1.4 Relationship to Other Protocols

The REE Compression Pretocol requires no additional protocols to accomplish the specified
work) The PidTagR TFCompressed property (as specified in [MS-OXPROPS] and [MS-
OXCMSG])uelies on this protocol.

146 Prerequisites/Preconditions
None.

1.6 y Applicability Statement

This protocol is specifically used with information from the message object’s
PidTagRTFCompressed property. Clients that do not implement this protocol will be unable
to interpret the data which was packed with this protocol. This protocol can be used to

6of 44
[MS-OXRTFCP] - v0.1
Rich Text Format (RTF) Compression Protocol Specification

Copyright © 2008 Microsoft Corporation.
Release: Friday, April 4, 2008


http://go.microsoft.com/fwlink/?LinkId=111558
http://go.microsoft.com/fwlink/?LinkId=112393
http://www.ietf.org/rfc/rfc2119.txt
http://www.ietf.org/rfc/rfc5234.txt
http://www.w3.org/TR/html401

compress and decompress any content. Additionally, this protocol supports storing content in
an uncompressed form.

1.7 Versioning and Capability Negotiation

None.

1.8 Vendor-Extensible Fields

None.

1.9 Standards Assignments
None.

2 Messages

2.1 Transport
None.

2.2 Message Syntax

2.2.1 RTF Compression Format

Unless otherwise specified, sizes in this secti
values are stored in little-endian format.

2.2.1.1 RTF Compression
This section defines the&n

ype of Compression

PTYPE = COMPRESSED / UNCOMPRESSED

COMPRESSED = %x4C.5A.46.75 ; 0x75465A4C

UNCOMPRESSED = %x4D.45.4C 41 ; 0x414C454D
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; If COMPTYPE is COMPRESSED then the cyclical redundancy check computed from

; the CONTENTS.

; If the COMPTYPE is UNCOMPRESSED then the CRC MUST be %x00.00.00.00
CRC = DWORD

CONTENTS = RAWDATA / COMPRESSEDDATA

; If COMPTYPE is UNCOMPRESSED

RAWDATA = *LITERAL

; If COMPTYPE is COMPRESSED

COMPRESSEDDATA = [*RUN] ENDRUN [PADDING]

RUN = CONTROL 8*8TOKEN

ENDRUN = CONTROL 1*8TOKEN

CONTROL = OCTET

TOKEN = REFERENCE / LIT.

REFERENCE = WORD ; big-endian
LITERAL =

PADDING =

2.2.1.2 Compressed

The content of compressed
will vary based o
dictionary.

a header'and a series of runs. The number of runs
compressed and sizes of the matches in the

RUN , RUN 3
ENDRUN PADDING

mposed of a Control Byte (CONTROL) and eight (8) variable sized tokens.
RUN) can contain fewer than eight (8) tokens.

TOKEN, | TOKEN, | TOKEN; | TOKEN, | TOKENs | TOKEN; | TOKEN, | TOKENg

Varies | Varies | Varies | Varies | Varies | Varies | Varies | Varies
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Tokens are either a dictionary reference (see section 2.2.1.5) or literals, depending on the value
of the corresponding bit in the Control Byte.

Control Byte

Each Control Byte (CONTROL) contains information on how to interpret the next eight (8)
tokens. The low bit (bitmask %x1) the CONTROL corresponds to Token1, the second bit
(bitmask %x2) corresponds to Token2, and so forth. In ENDRUN, the bits in CONTROL
after the completion dictionary reference (see section 2.2.1.5) are undefined and MUS
ignored.

Token Semantics

The type of token and its meaning depend on the value of the correspondi
CONTROL:

e If'the bit in the CONTROL is zero (0), the correspondin
representing the exact byte in the uncompressed conte

e If'the bit in the CONTROL is one (1), the corresp: y
dictionary reference that indicates the o and len es in the
dictionary corresponding to the bytes in the
2.2.1.5 for more information.)

2.2.1.4 Dictionary

This protocol uses a dictionary which b
a read or write position within the dic erence beyond the last index of the array
wraps to a reference to f?byte a

The dictionary conceptually
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Length is comprised of the lowest four (4) bits of the dictionary reference. The length is stored
as two (2) fewer than the actual length.

Offset is comprised of the upper twelve (12) bits of the dictionary reference. The offset is an
index from the beginning of the dictionary indicating where the matched content will start.

An offset that equals the write offset of the dictionary has the special meaning of completion
of all compressed data (see section 3.3.4.2, step 8). The writer MUST set the length to 0 in this
case. Readers SHOULD ignore the length specified.

3 Protocol Details

3.1 Common Details

3.1.1 Abstract Data Model N

This section describes a conceptual model of possible data organization that/an
implementation maintains to participate in this protocol. The describedyorganization 1s
provided to facilitate the explanation of how the protocol behaves. This‘document does not
mandate that implementations adhere to this model as long'as their external behavior is
consistent with that described in this document.

3.1.1.1 CRC Information

The client uses a 32-bit Cyclical Redundancy Check (ERC) stored in the HEADER of
RTFCOMPRESSED to ensure the validitysef the compressed eontents during decompression.
During compression, the client generates the CRC of the compressed contents.

A pre-computed table ofiyalues is used for the CRC generation (see section 3.1.3.2.1).

3.1.1.1.1 Decompression
The client MUST NOT walidate the ERC when COMPTYPE is UNCOMPRESSED.

When COMPTYPEGSEEOMPRESSED, the client’s decompression process MUST calculate
the CRC for alldof CONTENTS)and compare that value to the value of the CRC field of the
HEADER. If the value§ do not,match, the client MUST treat the input as corrupt.

If the de€ompression process (as defined in section 3.2) terminates prior to the end of the
mput{ the remainder of thefinput (PADDING) MUST be included in the CRC. Once this is
done, if'the.computed CRC does not equal that specified in the CRC field of the HEADER,
the client MUST treat the input as corrupt.

3(1.1.1.2 Compression

‘When COMPTYPE is UNCOMPRESSED, the client SHOULD NOT compute the CRC, and
MUST set the CRC field in the HEADER to zero (0).

When COMPTYPE is COMPRESSED, the client MUST calculate the CRC for every byte
written to CONTENTS and set the value of the CRC field of the HEADER.
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3.1.2 Timers
None.

3.1.3 Initialization

3.1.3.1 Dictionary
The client MUST initialize the dictionary (starting at offset 0) with the ASCII string:

{\rtfl\ansi\mac\deff0\deftab720{\fonttbl;}{\f0\fnil<SP>\froma
swiss<SP>\ fmodern<SP>\fscript<SP>\fdecor<SP>MS<SP>Sans<SP>Sgri

1ArialTimes<SP>New<SP>RomanCourier{\colortbl\red0\green0\
F>\par<SP>\pard\plain\f0\fs20\b\i\u\tab\tx

where:

<sp> designates a space (ASCII value 0x20)
<CR> designates a carriage return (ASCII value 0x0d)
<LF> designates a line feed (ASCII value 0x0a)

Once the dictionary is initialized, the client MUST set the
dictionary to 207 (pointing to the byte followingffhe

NOTE: The Dictionary will not be used when CO

3.1.3.2 CRC

The client MUST initialize the CRC to 0.

3.1.3.2.1 CRC Lookup Table
The pre-computed table&d for

pre-loa

offset ffset of the

tring).

E is OMPRESSED.

ST contain the following 256

DWORD:s:
0x0000000@ 612c, 0x990951ba,
0x076dc4 35, 0x9e6495a3,
0x0edb8832, 0x97d2d988,
0x09b64c2b , 0x90bfl1do1l,
, 0x84bedlde,
0xf4d4b551, 0x83d385c7,
O0xfde2f97a, 0x8a65c9ec,
0xfa0f3d63, 0x8d080df5,
0xd56041ed4, Oxa2677172,
0xd20d85fd, 0Oxab50ab56b,
x4202986c, 0xdbbbc9d6, 0Oxacbcf940,
0x45df5c75, 0xdcd60dcf, 0Oxabdl3d59,
0x51de003a, 0xc8d75180, OxbfdO6llo,
0x56b3c423, 0xcfba9599, 0xb8bda50f,
0x2802b89%e, 0x5f058808, 0xc60cd9b2, O0xbl0be924,
0x2f6f7¢c87, 0x58684cll, Oxclolldab, 0xb6662d3d,
0x76dc4190, 0x01db7106, 0x98d220bc, 0Oxefd5102a,
0x71b18589, 0x06b6b51f, 0x9fbfeda5, O0xe8b8d433,
0x7807c9%a2, 0x0£f00£934, 0x9609a88e, 0xel0e9818,
0x7f6a0dbb, 0x086d3d2d, 0x91646c97, 0xe6635c01,
0x6b6b51f4, Oxlcoc6l62, 0x856530d8, 0xf262004e,
0x6c0695ed, 0x1b01a57b, 0x8208f4cl, 0xf50fc457,
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0x65b0d9co,
0x62dd1lddf,
0x4db26158,
Ox4adfab541,
0x4369e96a,
0x44042d473,
0x5005713c,
0x5768b525,
Ox5edef90e,
0x59b33d17,
0xedb88320,
Oxead54739,
0xe3630bl2,
Oxed0ecf0b,
0xf00£9344,
0xf762575d,
Oxfed41lb76,
0xf9b9dfef,
Oxdodoa3e8,
Oxdlbb67f1,
0xd80d2bda,
Oxdfe0efc3,
Oxcb6lb38c,
Oxcc0c7795,
0xcbba3bbe,
Oxc2d7ffa’,
0x9b64c2b0,
0x9c0906a9,
0x95bf4a82,
0x92d28e9%b,
0x86d3d2d4,
0x81belo6cd,
0x88085ae0,
0x8f659%9¢ef
O0xa00ae27¢
0xa7672661,
Oxaedl6ada

0x12b7e950,
0x15da2d49,
Ox3ab551ce,
0x3dd895d7,
0x346ed9fc,
0x33031de5,
0x270241aa,
0x206£85b3,
0x29d9¢c998,
0x2eb40d81,
0x9abfb3be6,
0x9dd277af,
0x94643b84,
0x9309ffod,
0x8708a3d2,
0x806567cb,
0x89d32be0,
Ox8ebeeff9,
Oxaldl937e,
Oxabbc5767,
OxafOalbdc,
0xa867df55,
Oxbc66831a,
0xbb0b4703,
0xb2bd0b28,
0xb5d0cf31,
Oxec63f226,
Oxeb0e363f,
Oxe2b87al4,
0xeb5d5beld,

0x8bbeb8ea,
0x8cd37cf3,
Oxa3bc0074,
Oxaddlc4ded,
0xad678846,
Oxaaladc5f,
0xbe0b1010,
0xb966d409,
0xb0d09822,
0xb7bd5c3b,
0x03b6e20c,
0x04db2615,
Ox0deod6a3e,
0x0a00ae27,
0x1e01f268,
0x196¢c3671,
0x10da7aba,
0x17b7be4d3,
0x38d8c2c4,
0x3fb506dd,
0x36034afo,
0x31 6e8§,
0x256fd2a0,
0x220216b9,
0x2bb45a92,

4

0x53b39330,
0x54de5729,
0x5d681b02,
0x5a05dflb,

O0xfcb9887¢c,
Oxfbd44c65,
0xd4bb30e2,
0xd3dofdfb,
0xda60b8do,
0xdd0d7cc9,
0xc90c2086,
Oxce6led9f,
Oxc7d7a8b4,
OxcObabcad,
0x74b1d29a,
0x73dcl1683,
Ox7a6abaa8,
0x7d079%ebl,
0x6906c2fe,
Ox6e6b06e7,
0Ox67dd4acc,
0x60b08ed5,

0x0bdlbdf21,
0x1fda836e,
18074777,
x11010b5¢c,
Oxl66cefds,
0x3903b3c2,
0x3e6e77db,
0x37d83bf0,
0x30b5ffe?9,
0x24b4a3ao,
0x23d967bf,
0x2a6f2b94,
0x2d02ef8d

en an initial CRC or the CRC returned from a prior call (referred to below as crcValue,
which is a DWORD), the algorithm for calculating the CRC of a given array of bytes is (in
do-code):

~ach byte in the input array

SET tablePosition to (crcValue XOR byte) BITWISE-AND Oxff
SET intermediateValue to crcValue RIGHTSHIFTED by 8 bits

SET crcValue to (crcTableValue at position tablePosition)
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XOR intermediateValue
ENDFOR
RETURN crcValue

3.1.5 Message Processing Events and Sequencing Rules
None.

3.1.6 Timer Events
None.

3.1.7 Other Local Events
None.

3.2 Decompression Details

3.2.1 Abstract Data Model

This section describes a conceptual model of possible data
implementation maintains to participate in this pfotocol.
provided to facilitate the explanation of how thé?ot ol beh. i ent does not
mandate that implementations adhere to this model ternal behavior is

consistent with that described in this documen

3.2.1.1 Input and Output

For purposes of this sectien, the in
and the output (the deco§ressed dat

3.2.2 Timers
None.

3.2.3 Initiali

All initializatic
therefore

COMPTYPE is COMPRESSED, the client MUST decompress the stream using the
pression algorithm specified in section 3.2.4.1.2. If COMPTYPE is UNCOMPRESSED,
the'eontents are uncompressed and the client MUST copy the contents as-is to the output
stream, as specified in section 3.2.4.1.1.
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3.2.3.2 Output
The output stream MUST initially have a length of 0.

3.2.4 Higher-Layer Triggered Events

3.2.4.1 Decompressing the Input

3.24.1.1 Decompressing Input of UNCOMPRESSED

The client SHOULD read RAWSIZE bytes (as specified in section 2.2.1.1) from t
(RAWDATA) and write them to the output <1>.

3.24.1.2 Decompressing Input of COMPRESSED

If at any point during the steps specified below, the end of the input is r
termination of decompression, the client MUST treat the input as co

The decompression process is a straightforward loop:
e Read a CONTROL from the input.

e Starting with the lowest bit (the 0x01 bi‘l the C
the actions specified below.

e Once all bits in the CONTROL have been te
input and repeat the bit testing proces

specified below.
If the bit value is 0:
1. to the output.

ent write offset to the literal from step 1.

are offset to the dictionary's write offset. If they are equal, the decompression is
e; exit the decompression loop.

tionary's read offset to offset.
. Extract length from the dictionary reference (see section 2.2.1.5).
. Read a byte from the current dictionary read offset and write it to the output.
. Increment the read offset, wrapping as appropriate (see section 2.2.1.4).

8. Write the byte to the dictionary at the write offset.
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9. Increment the write offset and update the end offset, as appropriate (see section
2.2.1.4).

10. Continue from step (6) until length bytes have been read from the dictionary.

The input CRC MUST be calculated from every byte in CONTENT, per the process specified
in section 3.1.4.1. If the calculated CRC does not match the CRC field in the HEADER, the
client MUST treat the input as corrupt.

3.2.5 Message Processing Events and Sequencing Rules
None.

3.2.6 Timer Events
None.

3.2.7 Other Local Events
None.

3.3 Compression Details

3.3.1 Abstract Data Model

This section describes a conceptual model of possible data 6rganization that an
implementation maintains to participate in this protoeoly, The described organization is
provided to facilitate the explanation of hiéWathe protocol behaves. This document does not
mandate that implementations adhere o this model as long:as their external behavior is
consistent with that described in thi§ document.

The abstract data model specified in section 3.1.1 also applies to compression.

3.3.1.1 Input and Output

For purposes of this section, the input (the uncompressed RTF data) and the output (the
compressed data)vill bétreated as in-memory buffers of appropriate sizes. The output has an
output cursor, which defines where the next byte of the output is to be written; the input has an
input cursor, which défines the\pesition from which the next byte of input is to be read.

3.3.1.2, Run Information

Compressing data with COMPTYPE COMPRESSED is most easily understood and
implementedif the client does so one run at a time, writing each run to the output as it is
completed. Information to be stored for a run includes:

e The current control byte (CONTROL) for the run, represented as a BYTE.
e A mask (called the control bit), represented as a BYTE.
e A token buffer of 16 BYTEs.

e The offset into the token buffer (“token offset”), representing the next position in
the buffer to which a token will be written.
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In the implementation outlined in the remainder of section 3.3, a run is considered
"completed" if the value of the control bit is 0x80 after a token has been written.

3.3.2 Timers
None.

3.3.3 Initialization

All initialization specified in section 3.1.3 is required by the compression process and
therefore MUST be done.

3.3.3.1 Input and Output

The client MUST set the input cursor to the first byte in the Input buffer.
The client MUST set the output cursor to the 17" byte (to make space for the compressed
HEADER). 4

3.3.4 Higher-Layer Triggered Events

3.3.4.1 Compressing a Buffer of Uncompresséd Contents with COMPTYPE
UNCOMPRESSED

The client MUST copy the uncompressed contents fromithe input'buffer to the output buffer
starting at the current output cursor. Compression MUST continue by filling in the Header (as
specified in section 3.3.4.1.1).

3.3.4.1.1 Filling in the Header
The client MUST fill in the HEADER by the following process:

1. The COMPSIZE (see section2.2.1.1) field of the HEADER MUST be set to the
numbetief Content bytes in Output Buffer plus 12.

2. The RAWSIZE (see section 2.2.1:1) field of the HEADER MUST be set to the
number of bytes,read from the input.

3. The'COMPTYPE (see section 2.2.1.1) field of the HEADER MUST be set to
UNCOMPRESSED.

4. "The CRC (see section 2.2.1.1) field of the HEADER MUST be set to zero (0).

3.34.2 Compressing a Buffer of Uncompressed Contents with COMPTYPE
COMPRESSED

Compression progceeds as a loop:

1. The client MUST (re)initialize the run by setting its Control Byte to 0, its Control
Bit to 0x01, and its Token Offset to 0.

2. Ifthere is no more input, the client MUST exit the compression loop (by
advancing to step (8) below).

3. Locate the longest match in the Dictionary for the current input cursor as specified
in section 3.3.4.2.1. Note that the dictionary is updated during this procedure.
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4. Ifthe match is O or 1 byte in length, the client MUST copy the literal at the input
cursor to the Run's Token Buffer at token offset. The client MUST increment the
token offset and the input cursor.

5. Ifthe match is 2 bytes or longer, the client MUST create a dictionary reference
(see section 2.2.1.5) from the offset of the match and the length (note: the value
stored in REFERENCE is length minus 2). The client MUST insert this dictionary
reference in the token buffer as a big-endian word at the current token offset. The
Control Bit MUST be bitwise OR-ed into the Control Byte, thus setting theybit
corresponding to the current token to 1. The client MUST advance the téken offset
by 2 and MUST advance the input cursor by the length of the match:

6. If the Control Bit is not 0x80, the Control Bit MUST be left-shified,by-one bit and
compression MUST continue building the run by returning te'step (2).

7. If the Control Bit is equal to 0x80, the client MUST write the run t6 the outputiby
writing the BYTE Control Byte, and then copying Token Offsetnumberof
BYTEs from the token buffer to the output. The client MUST advance the output
cursor by Token Offset + 1 BYTEs. Continue with compression by refurning to

step (1).

8. A dictionary reference (see section 2.2.1¢5),MUST be ereated from an offset equal
to the current write offset of the dictionary‘and a length'of 0, and inserted in the
token buffer as a big-endian worddtthe eurrent teken oftset. The client MUST
then advance the token offset by 2. The Control BitMUST be OR-ed into the
Control Byte, thus setting thé bit'correspondingto the current token to 1 <2>.

9. The client MUST writeshe currenttun,to the output by writing the BYTE Control
Byte, and thén'eopying Token Offset nutaber of BY TEs from the token buffer to
the output. The output cursor is,advanced by Token Offset + 1 BYTEs.

Once the output has been completed by exeeution of step (9), the client MUST complete the
output by filling the HEADER asspéeified in section 3.3.4.2.2.

3.3.4.2.1 Finding the Longest Match to Input

The purpose here is togean over the dictionary locating the longest string. It is important that
as the code finds a aéw longest match, the newly matched character SHOULD be added to the
dictionaty at that time (refer to the AddByteToDictionary calls in the pseudocode below).

In‘the.caseswhere the Tength of the match is zero (0), the literal being searched for MUST be
added to the dictionary.

Thefscan MUST begin at the dictionary write offset plus 1 when the dictionary end offset is
gqual to 4096 bytes. When the end offset is less than 4096 bytes, the scan MUST begin at
index zero (0). The scan SHOULD stop when 17 characters are matched but MUST stop once
the,/inalOffset position is scanned.

Matehes which start at or before finalOffset and match across finalOffset allow a repeating
sequence of characters, such as "XYZXYZXYZXYZ" to be represented as a series of
appropriate initial Literals (‘X’ Y’ ‘Z’) and a single dictionary reference (this example will
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generate an offset of 210, and a length of 9, assuming the dictionary was initialized as
specified in section 3.1.3.1). Refer to section 4.2.2 for a more detailed example.

The longest match in the dictionary of the current position within the input MAY <3> be
computed by the following pseudo-code. It is not necessary to follow this exactly, so long as
the decompression algorithm specified in section 3.2 will generate the original input given the

compressed output generated.

PROCEDURE FindLongestMatch
SET finalOffset to the Write Offset of the Dictionary modulo

IF the Dictionary's End Offset is not equal to the Dictiona
size THEN
SET matchOffset to 0

ELSE
SET matchOffset to (the Dictionary's Write Of

4096

ENDIF
SET bestMatchLength to 0

REPEAT
CALL TryMatch with matcho?et and
SET matchOffset to (matchOffs + 1)
UNTIL matchOffset equals finalOffse
OR until bestMatchL

IF bestMatchLength is 0 THEN
CALL AddByteToDicti

ENDIF
RETURN offset of best nd bestMatchLength
ENDPROCEDURE ‘
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PROCEDURE TryMatch
SET maxLength to the minimum of 17 and remaining bytes of Input
SET matchLength to 0
SET inputOffset to the Input Cursor
SET dictionaryOffset to matchOffset

WHILE matchLength is less than maxLength AND
the byte in the Dictionary at dictionaryOffset is equal to
the byte in Input at the inputOffset

INCREMENT matchLength
IF matchLength is greater than bestMatchlLength THEN
CALL AddByteToDictionary with the byte
in Input at the inputOffset

ENDIF

INCREMENT inputOffset

SET dictionaryOffset to (dictionaryOffset +
ENDWHILE

IF matchLength is greater than bestMatch

SET bestMatchOffset to ma Offse

SET bestMatchLength to matc¢hLength

ENDIF
ENDPROCEDURE

th TH

PROCEDURE AddByteToDictionary

SET the byte at the Diction
provided byte

IF the Dictionary's End

THEN INCREMENT
ENDIF

SET the Dictiona

Offset to the

the buffer size

Offset + 1) modulo 4096
ENDPROCEDURE

e section 2.2.1.1) field of the HEADER MUST be set to the
T bytes in Output Buffer plus 12.

(see section 2.2.1.1) field of the HEADER MUST be set to the
ber of bytes read from the input.

OMPTYPE (see section 2.2.1.1) field of the HEADER MUST be set to
COMPRESSED.

The CRC (see section 3.1.3.2) field of the HEADER MUST be set to the CRC
(see section 3.1.1.1.2) generated from the CONTENT bytes.

3.3.
None.

Message Processing Events and Sequencing Rules
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3.3.6 Timer Events
None.

3.3.7 Other Local Events
None.

4 Protocol Examples

4.1 Decompressing Compressed RTF

In the following examples, the Compressed RTF will be examined in terms of “fun
of exposition, where the term "run" refers to a Control Byte and the Tokens.that,i

is set to 1 represents a Dictionary Reference that is 2 bytes long. Thus,
run_length = 1 + (number of 0 bits) + (number of

4.1.1 Example 1: Simple Compressed W

4.1.1.1 Compressed RTF Data

000000: 2d 00 00 00 2b 00 00 00-4c 5a
000010: 03 00 Oa 00 72 63 70 67-31
000020: 68 65 6¢c 09 00 20 62 77-05
000030: a0

4.1.1.2 Compressed RTF Heade
The first 16 bytes comp

000000: 2d 00 € 46 75 f1 c5 c7 a7

COMPSIZE
RAWSIZE
COMPTYPE
CRC

0x75465a4dc

4113 1
The [ ith the data as described in section 2.2.1.4. After the

2 3 4 5 6
01234567890123456789012345678901234567890123456789012345678901234
{\rtfl\ansi\mac\deffO\deftab720{\fonttbl;}{\f0\fnil \froman \fswi
ss \fmodern \fscript \fdecor MS Sans SerifSymbolArialTimes New Ro
0" manCourier{\colortbl\redO\greenO\blueO \par \pard\plain\fO0\£fs20\
0195 b\i\u\tab\tx

NonPrintable Characters:
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Position:0168 Byte:0x0d
Position:0169 Byte:0x0a

4.1.14 Run 1

The first run begins on byte 16. The CONTROL at that location is 0x03. Represented as bits,
the CONTROL would be %b00000011. The CONTROL determines a run length, based on

the number of ‘1’ and ‘0’ bits. Run length is equal to the number of ‘1’ bits times 2 plus the
number of ‘0’ bits plus 1 for the CONTROL itself. With this CONTROL (0x3), the
length is 11 bytes.

000010: 03 00 Oa 00 72 63 70 67 31 32 35

Since the low-order bit in the CONTROL is a 1, the first token in the
reference and consists of the two bytes 00 0a. Reading these into a WG

0x0C(12). Reading 12 bytes from the dictionary ‘toffset

0 1 2 3 4
01234567890123456789012345678901234
0000 {\rtfllansi\mac\deffO\deftab720

6
012345678901234
\froman \fswi

This content is copied to the output buffer a 1 ite location for the dictionary.
The new dictionary is:

WritePosition: 219

0 1

0000 \fonttbl;}{\f0\fnil \froman \fswi
0065 Sans SerifSymbolArialTimes New Ro
0130 green0\blue0 \par \pard\plain\f0\fs20\
0195

Byte:0x0d
Byte:0x0a

eam 1S NOw:
(13 {\I't i\”

next control bit is 1 (%b00000011), specifying another dictionary reference whose bytes
e 00 72. Converted to a WORD gives us 0x0072, and extracting the offset and length results
fset = 0x0007, and a length of 0x4 (0x2+2).

ng up the dictionary position 7 for 4 bytes results in: “ansi”

0 1 2 3 4 5 6
01234567890123456789012345678901234567890123456789012345678901234
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0000 {\rtfllansi\mac\deffO\deftab720{\fonttbl;}{\f0\fnil \froman \fswi

This extracted content is appended to the output buffer and to the dictionary. The new
dictionary is:

WritePosition: 223

0 1 2 3 4 5 6
0123456789012345678901234567890123456789012345678901234567890
0000 {\rtfllansi\mac\deffO\deftab720{\fonttbl;}{\f0\fnil \froman
0065 ss \fmodern \fscript \fdecor MS Sans SerifSymbolArialTimes
0130 manCourier{\colortbl\red0\green0\blue0 \par \pard\plain
0195 b\i\u\tab\tx{\rtfllansilansi

NonPrintable Characters:
Position:0168 Byte:0x0d
Position:0169 Byte:0x0a

The output stream is now:
“{\rtf1\ansi\ansi”

The next control bit is 0 (%b00000011), specifying
0x63. Since it is a literal, no dictionary lookup happ
dictionary and the output stream.

The new dictionary is:

WritePosition: 224

0 1 g 2 4 5 6
2 890123456789012345678901234
0000 i 0{\fonttbl;}{\f0\fnil \froman \fswi
0065 Sans SerifSymbolArialTimes New Ro
0130 __\par \pard\plain\fO0\£fs20\
0195

Byte:0x0d
Byte:0x0a

dictionary and the output stream.
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The new dictionary is:
WritePosition: 225

0 1 2 3 4 5 6

01234567890123456789012345678901234567890123456789012345678901234
0000 {\rtfllansi\mac\deffO\deftab720{\fonttbl;}{\f0\fnil \froman \fswi
0065 ss \fmodern \fscript \fdecor MS Sans SerifSymbolArialTimes New Ro
0130 manCourier{\colortbl\red0\greenO\blue0 \par \pard\plain\fO\£fs20\
0195 b\i\u\tab\tx{\rtfl\ansilansicp

NonPrintable Characters:
Position:0168 Byte:0x0d
Position:0169 Byte:0x0a

The output stream is now:
“{\rtf1\ansi\ansicp”

Repeating for the remaining tokens in the run, the following B
dictionary and the output stream (67 31 32 35)

The new dictionary is:

WritePosition: 229

5 6
56789012345678901234

0 1 2

01234567890123456789012345678
0000 {\rtfllansi\mac\deffO\def \fnil \froman \fswi
0065 ss \fmodern \fscript \f ymbolArialTimes New Ro
0130 manCourier{\colortbl\zr __\par \pard\plain\fO\£fs20\
0195

The entire CO

n?2

is now loaded and the same logic as described in the run 1 above is executed.

e: 11

00lb: 42 32 0a £3 20 68 65 6¢c 09 00 20
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Control Byte: 0x42 bits: %b01000010

32 2!

Oa f3 Dictionary Ref:0af3
Offset: 0x0af(175) Length: [0x3+2] (50)
Content:"\pard"

20 [
68 'h'
65 'e!
6¢c 'l

09 00 Dictionary Ref:0900
Offset: 0x090(144) Length: [0x0+2] (2)
Content:"1lo"

20 1 1

Dictionary:
WritePosition: 0242

0 1 2 3 4
0123456789012345678901234567890123456789
0000 {\rtfllansi\mac\deffO\deftab720 onttbl i man \fswi
0065 ss \fmodern \fscript \fdecor MS ns Seri i es New Ro
0130 manCourier{\colortbl\red0\greenO\b rd\plain\f0\£fs20\
0195 Db\i\u\tab\tx{\rtfl\ansilansicpgl252\

NonPrintable Characters:
Position:0168
Position:0169

OutputStream:
“{\rtfl\ansi\ansi&l 252\par

4.1.1.6 Run 3

The final runis 1

000026: 62 1l 0a 80 Of a0
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Control Byte: 0x62 bits: %b01100010

77 'w'

05 b0 Dictionary Ref:05b0
Offset: 0x05b(91) Length: [0x0+2] (2)
Content:"oxr"

6c 1
64 'd’
74 l}l

0a 80 Dictionary Ref:0a80
Offset: 0x0a8(168) Length: [0x0+2] (2)
Content:0x0d 0x0a

0f a0 Dictionary Ref:0fa0
Offset: 0x0fa (250) Length: [0x0+2] (2)
Content: <END>

The final dictionary reference is special. The offset of 250 exactly matc
at the time the dictionary reference is encountered. This is an indicator
compressed content has been reached and decompression SH

The final dictionary is:
WritePosition: 250 l

0 1 2 3
012345678901234567890123456789
0000 {\rtfllansi\mac\deffO\deftab’7
0065 ss \fmodern \fscript \fdec

34567

1 Compressed RTF

000000: 1a 00 00 00 1c 00 00 00-4c 5a 46 75 e2 d4 4b 51
000010: 41 00 04 20 57 58 59 5a-0d 6e 7d 01 Oe bO
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4.1.2.2 Compressed RTF Header
000000: 1a 00 00 00 lc 00 00 00-4c 5a 46 75 e2 d4 4b 51

COMPSIZE : 0Oxla

RAWSIZE ¢ Oxlc

COMPTYPE : COMPRESSED ; 0x75465a4c
CRC : 0x514bd4e2

4.1.2.3 Initialization

The dictionary is initialized with the data as described in section 3.1.3.1. After the
initialization the dictionary is:

WritePosition: 207

0 1 2 3 4
01234567890123456789012345678901234567890123456789
0000 {\rtfllansi\mac\deffO\deftab720{\fonttbl;}{\
0065 ss \fmodern \fscript \fdecor MS Sans SerifS
0130 manCourier{\colortbl\red0\greenO\bluel
0195 b\i\u\tab\tx ‘

NonPrintable Characters:
Position:0168 Byte:0x0d
Position:0169 Byte: 0

4.1.2.4 Run 1

The first run is 11 bytes long:
000010: 41 00 04 20487 58 5
Control Byte: 0x41

00 04
gth: [0x4+2] (6)

20
57
58
59

0x0d6(214) Length: [0Oxe+2] (16)
Content : "WXYZWXYZWXYZWXYZ"
|l } |l

e first dictionary reference and the first five literal tokens are processed, the dictionary

i tePosition: 218

0 1 2 3 4 5 6

01234567890123456789012345678901234567890123456789012345678901234
0000 {\rtfllansi\mac\deffO\deftab720{\fonttbl;}{\f0\fnil \froman \fswi
0065 ss \fmodern \fscript \fdecor MS Sans SerifSymbolArialTimes New Ro
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0130 manCourier{\colortbl\red0\greenO\blue0 \par \pard\plain\fO\fs20\
0195 Db\i\u\tab\tx{\rtfl WXYZ

NonPrintable Characters:

Position:0168 Byte:0x0d
Position:0169 Byte:0x0a
The output at this point is
"{\rtfl WXYZ"

0018: 0d 6e 7d

The next token in the input is a dictionary reference at offset 214 and of length
only 4 bytes in the dictionary following that offset. As each byte of the dictiona:
copied to the output, it is also added to the dictionary. Thus, after the firs
dictionary reference are copied, the dictionary is:

WritePosition: 222

0 1 2 3 4
0123456789012345678901234567890123456789 1234
0000 {\rtfllansi\mac\deffO\deftab720 onttbl i man \fswi

0065 ss \fmodern \fscript \fdecor MS
0130 manCourier{\colortbl\red0\green0O\b
0195 b\i\u\tab\tx{\refl WXYZWXYZ

NonPrintable Characters:
Position:0168
Position:0169

The offset from which the diction: ing copied has now been advanced from
214 to 218, which point‘ the ne i the expansion continues with those
bytes. The full expansion of icti eference leads to a dictionary of:

WritePosition:

0 2 3 4 5 6

0123456 89012 78901234567890123456789012345678901234
0000 fO0\deftab720{\fonttbl;}{\f0\fnil \froman \fswi
0065 ss \f fdecor MS Sans SerifSymbolArialTimes New Ro

>1\red0\green0\blue0 \par \pard\plain\fO\£fs20\
WXYZWXYZWXYZWXYZWXY 7

= aracters:
Position:0168 Byte:0x0d
Position:0169 Byte:0x0a

"{\refl WXYZWXYZWXYZWXYZWXYZ"

re 1s one more literal token in this run:
7d

Which when decoded leads to a dictionary of:

WritePosition: 235
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0 1 2 3 4 5 6

01234567890123456789012345678901234567890123456789012345678901234
0000 {\rtfllansi\mac\deffO\deftab720{\fonttbl;}{\f0\fnil \froman \fswi
0065 ss \fmodern \fscript \fdecor MS Sans SerifSymbolArialTimes New Ro
0130 manCourier{\colortbl\red0\greenO\blue0 \par \pard\plain\fO\fs20\
0195 Db\i\u\tab\tx{\refl WXYZWXYZWXYZWXYZWXYZ}

NonPrintable Characters:
Position:0168 Byte:0x0d
Position:0169 Byte:0x0a

and output of:
"{\refl WXYZWXYZWXYZWXYZWXYZ}"

4.1.2.5 Run 2
This run is only 3 bytes:
00001b: 01 Oe b0

Control Byte: Oxl bits: %$b00000001 ‘
O0e b0 Dictionary Ref:0eb0

Offset: 0x0eb(235) Len

Content: <END>

Because the offset of the dictionary referenc
indicates that the decompression is complete

4.2 Generating Co‘vresse

4.2.1 Exampl
This example will co
“{\rtf1\ansi\ansicpg

ing RTF data.
}<CR><LF>”

3 4 5 6

01234567890123456789012345678901234567890123456789012345678901234
{\rtfl\ansi\mac\deffO\deftab720{\fonttbl;}{\f0\fnil \froman \fswi
ss \fmodern \fscript \fdecor MS Sans SerifSymbolArialTimes New Ro
manCourier{\colortbl\red0\greenO\blueO \par \pard\plain\fO0\£fs20\

b\i\u\tab\tx

NonPrintable Characters:
Position:0168 Byte:0x0d
Position:0169 Byte:0x0a

28 of 44
[MS-OXRTFCP] - v0.1
Rich Text Format (RTF) Compression Protocol Specification
Copyright © 2008 Microsoft Corporation.
Release: Friday, April 4, 2008



CRCis: 0
COMPSIZE is: 0x000C
COMPTYPE is: 0x75465a4c
Output is:

Output Cursor: 0x10

000000: 00 00 00 OO 00O 00 00 00-4c 5a 46 75 00 00 00 0O
000010: 00 00 00 OO 0O 0O 0O 00-00 OO 0O 0O 0O 0O 0O OO
000020: 00 00 00 OO 0O 0O 0O 00-00 OO 0O 0O 0O 0O 0O OO
000030: 00 00 00 00 0O 00O 00 00-00 OO 0O 00 0O 00 OO

InputCursor is: 0

4.2.1.2 Run 1

Start by initializing the run information:

Control Byte: 0x00
Control Bit: 0x01 ‘
Token Offset: 0x00
Token Buffer: 00 00 00 00 00 00 0O

Input Data is “{\rtf1\ansi\ansicpg1252\pard

The dictionary is now scanned starting atd

00 0

<LF>

00 00 00 00

ough index 207, attempting

Dictionary refere C Length =10, 0x000A

he control bit set to 1 and advances the control bit to the

00 0a 00 00 00 00 00 00-00 0O 0O 0O 00 OO0 00 00
e dictionary is now:

itePosition: 219

0 1 2 3 4 5 6

01234567890123456789012345678901234567890123456789012345678901234
0000 {\rtfllansi\mac\deffO\deftab720{\fonttbl;}{\f0\fnil \froman \fswi
0065 ss \fmodern \fscript \fdecor MS Sans SerifSymbolArialTimes New Ro
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0130 manCourier{\colortbl\red0\green0\blue0 \par \pard\plain\fO\fs20\
0195 b\i\ultab\tx{\rtfllansi\

NonPrintable Characters:
Position:0168 Byte:0x0d
Position:0169 Byte:0x0a

The input data is now: “ansicpg1252\pard hello world} <CR><LF>”
Scanning the dictionary from index 0 to index 219, new matches are calculated.

The first match is located at index 7. As each character is matched, it is moved to
dictionary write index. The match length is 4. No other larger match is located, a
length is greater than 1 character, a dictionary reference is written to the o
is encoded as match length — 2).

Dictionary reference contents, Offset = 7, Length = 2, 0x0072
The control bit location in the CONTROL is set to 1 and the ¢

The run information at this point is:

Control Byte: 0x03 ‘
Control Bit: 0x04
Token Offset: 0x04
Token Buffer: 00 0a 00 72 00 O

The dictionary is now:

WritePosition: 223

0 1 2 5 6

012345678901&678901 7890123456789012345678901234
0000 {\rtfllansi\mac\ 20{\fonttbl; }{\f0\fnil \froman \fswi
0065 Sans SerifSymbolArialTimes New Ro
0130 \blue0 \par \pard\plain\fO\fs20\

0195

Byte:0x0d
Byte:0x0a

aracters are copied to the dictionary. Since the match is less than 2, a literal is written to the
(put stream.

CONTROL is still 0x3 [%b00000011].
The run information at this point is:
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Control Byte: 0x03
Control Bit: 0x08
Token Offset: 0x05
Token Buffer: 00 0a 00 72 63 00 00 00-00 00 00 00 00 00 00 0O

The dictionary is now:

WritePosition: 224

0 1 2 3 4 5 6
0123456789012345678901234567890123456789012345678901234567890
0000 {\rtfllansi\mac\deffO\deftab720{\fonttbl;}{\f0\fnil \froman
0065 ss \fmodern \fscript \fdecor MS Sans SerifSymbolArialTime
0130 manCourier{\colortbl\red0\green0\blue0 \par \pard\plain
0195 b\i\u\tab\tx{\rtfllansilansic

NonPrintable Characters:
Position:0168 Byte:0x0d
Position:0169 Byte:0x0a

The input data is now: “pgl252\pard hello world} <CR><LF

dictionary write index. The largest match is now 1 ¢
are located at positions 171, 176, and 181, but
additional characters are copied to the dictio
written to the output stream.

The control bit location in the CONTROL is control bit is advanced.
The run information at t‘point is:

Control Byte: 0Ox
Control ;. 0Ox1

Token Off 0x06
Token Buffe 00 Oa 0 63 70 00 00-00 OO 0O 0O 00 OO 00 0O

ing scanning, matches
any larger no
ch is less than 2, a literal is

The dictionary is

2 3 4 5 6
89012345678901234567890123456789012345678901234
ac\deffO\deftab720{\fonttbl;}{\f0\fnil \froman \fswi
modern \fscript \fdecor MS Sans SerifSymbolArialTimes New Ro
ier{\colortbl\redO\greenO\blue0 \par \pard\plain\fO\fs20\
\tx{\rtfl\ansilansicp

NonPrintable Characters:
Position:0168 Byte:0x0d
Position:0169 Byte:0x0a

The'mput data is now: “gl1252\pard hello world} <CR><LF>"

Scanning the dictionary from index 0 to index 225, new matches are located.
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The first match is located at index 156. The ‘g’ character is matched, and is moved to the
dictionary write index. The largest match is now 1 character. Continuing scanning, matches
are not found at any other locations. Because the match length is less than 2, a literal is written
to the output stream.

The control bit location in the CONTROL is set to 0 and the control bit is advanced.

The run information at this point is:

Control Byte: 0x03
Control Bit: 0x20
Token Offset: 0x07
Token Buffer: 00 0a 00 72 63 70 67 00-00 00 00 00 00 00 O

The dictionary is now:

WritePosition: 226

0 1 2 3 4

0123456789012345678901234567890123456789012
0000 {\rtfllansi\mac\deffO\deftab720{\fonttbl;}
0065 ss \fmodern \fscript \fdecor MS Sans Serji
0130 manCourier{\colortbl\redO\green’lueo_
0195 b\i\u\tab\tx{\rtfllansilansicpg

NonPrintable Characters:
Position:0168
Position:0169

The input data is now: “1252\pard hell

Byte:

Scanning the dictionary from inde i new matches are located.
The first match is located'at index 5. 1s matched, and is moved to the
dictionary write ind ow 1 character. Continuing scanning, ‘1’ also

matches at 211, but the is sti aracter. Since the match length is less than 2, a
literal is written to th

The control bit loe

2 3 4 5 6
01234567890123456789012345678901234567890123456789012345678901234
{\rtfl\ansi\mac\deffO\deftab720{\fonttbl;}{\f0\fnil \froman \fswi
ss \fmodern \fscript \fdecor MS Sans SerifSymbolArialTimes New Ro
0130 manCourier{\colortbl\red0\greenO\blueO \par \pard\plain\fO0\£fs20\
0195 b\i\ul\tab\tx{\rtfllansilansicpgl
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NonPrintable Characters:
Position:0168 Byte:0x0d
Position:0169 Byte:0x0a

The input data is now: “252\pard hello world} <CR><LF>”

Scanning the dictionary from index 0 to index 227, new matches are located.

The first match is located at index 29. The ‘2’ character is matched, and is moved to the

dictionary write index. The largest match is now 1 character. Continuing scanning, ‘2’ also
matches at 192, but the match length is still 1 character. Since the match length is les
literal is written to the output stream.

The control bit location in the CONTROL is set to 0 and the control bit 1s adva

The run information at this point is:

Control Byte: 0x03
Control Bit: 0x80
Token Offset: 0x09
Token Buffer: 00 Oa 00 72 63 70 67 31-32 00

The dictionary is now: ‘
WritePosition: 228
0 1 2 3

012345678901234567890123456789
0000 {\rtfllansi\mac\deffO\deftab7

3456789012345678901234
0\fnil \froman \fswi

0065 ss \fmodern \fscript \fdec 0lArialTimes New Ro
0130 r \pard\plain\f0\£fs20\
0195

ed, it has to be moved to the dictionary write index. Since the
al is also written to the output stream.

ONTROL is set to 0 and the control bit is advanced.

on at this point is:

Control Byte: 0x03
Control Bit: 0x80
Token Offset: 0x0a
Token Buffer: 00 0a 00 72 63 70 67 31-32 35 00 00 00 00 00 0O
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This is written to the output by writing the CONTROL followed by token offset (0x0a) bytes
from the token buffer. The output cursor is advanced by the number of bytes (0x0b) written to
the output. The output is now:

Output Cursor: 0xlb

000000: 00 00 00 OO 00O 00 00 00-4c 5a 46 75 00 00 00 0O
000010: 03 00 Oa 00 72 63 70 67-31 32 35 00 00 00 00 0O
000020: 00 00 00 OO OO 0O 0O 00-00 OO OO OO 0O 0O 00 OO
000030: 00 00 00 OO 0O 0O 0O 00-00 OO OO OO 0O 0O 00 OO

This run is now complete.

4.2.1.3 Run 2
Prepare the next run by resetting the run information. The run informati

Control Byte: 0x00
Control Bit: O0x01
Token Offset: 0x00

Token Buffer: 00 0a 00 72 63 70 67 31-32 O 00

Note that there is no need to overwrite data in thextoken b that will ne as tokens are

added.

Current Dictionary (WritePosition=0229):
0 1 2
01234567890123456789012345678

0000 {\rtfllansi\mac\deffO\deftab?7

0065 ss \fmodern \fscript \fde

0130 manCourier{\colortbl\re

0195 b\ilultab\tx{\rtfllan

6

456789012345678901234
O\fnil \froman \fswi
olArialTimes New Ro
r \pard\plain\f0\fs20\

NonPrintable
Position:

Control Byte: 0x02
Control Bit: 0x04
Token Offset: 0x03

Token Buffer: 32 0a £3 72 63 70 67 31-32 00 00 00 00 00 00 0O

Input data is now “ hello world} <CR><LF>"
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Add literal ' '; run information is:

Control Byte: 0x02
Control Bit: 0x08
Token Offset: 0x04
Token Buffer: 32 0a £3 20 63 70 67 31-32 00 00 00 00 00 00 0O

Input data is now “hello world} <CR><LF>”"

Add literal 'h'; run information is:

Control Byte: 0x02

Control Bit: O0x10

Token Offset: 0x05

Token Buffer: 32 0a £3 20 68 70 67 31-32 00 00 00 00
Input data is now “ello world} <CR><LF>”

Add literal 'e'; run information is:

Control Byte: 0x02
Control Bit: 0x20

Token Offset: 0x06 ?
Token Buffer: 32 Oa £3 20 68 65 31-32 0 00 00 00700 00
Input data is now “llo world} <CR><LF>”

Add literal 'l'; run information is:

Control Byte: 0x02
Control Bit: 0x40
Token Offset: 0x07
Token Buffer:& Oa £

Input data is “lo world}<C F>”

Add dictionary refe length 2 at offset 144 (matching "lo"); run
information is:

-32 00 00 00 00 00 00 00

I 0x42
Control Bit: 0x80
Token Offset: 0x0a
Token Buffer: 32 0a £3 20 68 65 6¢c 09-00 20 00 00 00 00 00 0O

the run to the output, which is now:

Output Cursor: 0x26
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4.2.14 Run 3
Prepare the next run by resetting the run information. The run information is now:

Current Dictionary (WritePosition=0242):

0000
0065
0130
0195

Input:"world} <CR><LF>"

Add literal 'w'; run information is:

Input:"orld} <CR><L
Add dictionary rg
information is:

000000: 00 00 00 00 00 00 0O 00-4c 5a 46 75 00 00 00 00
000010: 03 00 Oa 00 72 63 70 67-31 32 35 42 32 0a £3 20
000020: 68 65 6¢c 09 00 20 00 00-00 00 00 00 00 00 OO0 0O
000030: 00 00 00 0O 00 00 0O 00-00 0O 0O 0O 0O OO0 00 0O

Control Byte: 0x00
Control Bit: O0x01
Token Offset: 0x00
Token Buffer: 32 0a f3 20 68 65 6¢c 09-00 20 00 00 00 00 00

0 1 2 3 4

manCourier{\colortbl\red0\greenO\blue0 \pa
b\i\u\tab\tx{\rtfl\ansilansicpgl252\pard h

NonPrintable Characters: ?
Position:0168 Byte:0x0d

Position:0169 Byte:0x0a

Control Byte: 0x00
Control Bit: 02
Token Offset: 0x01

Token Buffer: 77 £3 20 65 6c 09-00 20 00 00 00 00 00 0O

010) or match of length 2 at offset 91 (matching "or"); run

Control Byte: 0x02
Control Bit: 0x08
Token Offset: 0x04
Token Buffer: 77 09 10 6¢c 68 65 6¢c 09-00 20 00 00 00 00 00 0O

Input:"d}<CR><LF>"

Add literal 'd'"; run information is:
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Control Byte: 0x02
Control Bit: 0x10
Token Offset: 0x05
Token Buffer: 77 09 10 6c 64 65 6¢c 09-00 20 00 00 00 00 00 0O

Input:"}<CR><LF>”

Add literal '}'; run information is:

Control Byte: 0x02
Control Bit: 0x20
Token Offset: 0x06
Token Buffer: 77 09 10 6¢c 64 7d 6¢c 09-00 20 00 00 00 00 00

Input:”<CR><LF>”
Add dictionary reference (0x0a80) for match of length 2 at offset 168 (
"<CR><LF>"; run information is:

Control Byte: 0x22
Control Bit: 0x40
Token Offset: 0x08
Token Buffer: 77 09 10 6¢c 64 7d 0a 80-00

Input:<EMPTY>

Add dictionary reference for termination. Since the
reference is 0x0fa0; Run information is:

ionary's cursor is 250, the

Control Byte: 0x62
Control Bit: 0x80
Token Offset:

Token Buffer: 00 00 00 00 00 00

000000: 00 00 00 00
000010: 32 0a £3 20
000020 7d Oa 80 Of

00 00 00 00

s results in the final output:

Output Cursor: 0x31

000000: 2d 00 00 00 2b 00 00 00-4c 5a 46 75 f1 c5 c7 a7
000010: 03 00 Oa 00 72 63 70 67-31 32 35 42 32 0a £f3 20
000020: 68 65 6¢c 09 00 20 62 77-05 b0 6¢c 64 7d 0a 80 Of
000030: a0b 00 00 00O 00O 00 00O 00-00 OO 0O 0O 00 00 00 OO
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The output is 0x031 bytes long.

4.2.2 Example 2: Compressing with Tokens that Cross WritePosition

This example will compress the following RTF data.

“Drtfl WXYZWXYZWXYZWXYZWXYZ}”

4.2.2.1 Initialization

The dictionary is initialized with the data as described in section 3.3.3.1. After the
initialization the dictionary is:

WritePosition: 207

0000 {\rtfllansi\mac\deffO\deftab720{\fonttbl;}{\f0\£fni
0065 ss \fmodern \fscript \fdecor MS Sans SerifS
0130 manCourier{\colortbl\red0\greenO\bluel \p
0195 b\i\u\tab\tx
NonPrintable Characters: ‘
Position:0168 Byte:0x0d
Position:0169 Byte:0x0a
CRCis: 0

COMPSIZE is: 0x000C
COMPTYPE is: 0x7546‘4c

0 1 2 3 4
01234567890123456789012345678901234567890123456789

Output is:
Output
000000: 00 00-4c 5a 46 75 00 00 00 0O
000010: 0 00-00 00 0O 0O 0O 0O 00 00

000020 ) 00 00 00 00-00 00 00 00 00 OO0 00 00
0 00 00 00-00 00 00 00O 00 OO0 0O 00

Byte: 0x00
Control Bit: O0x01
Token Offset: 0x00
Token Buffer: 00 00 00 00 00 00 00 00-00 0O 00O 00 00 0O 00 0O

Data 1s “{\rtfl WXYZWXYZWXYZWXYZWXYZ}”

Add dictionary reference (0x0004) for match of length 6 at offset O (matching " {\rtf1"}; run
information is:
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Control Byte: 0x01
Control Bit: 0x02
Token Offset: 0x02
Token Buffer: 00 04 00 00 00 00 00 00-00 00O 00 00 00 00 00 0O

Input Data is now “ WXYZWXYZWXYZWXYZWXYZ}”
Add literals ', "W', 'X", 'Y", 'Z'; run information is:

Control Byte: 0x01
Control Bit: 0x40
Token Offset: 0x07
Token Buffer: 00 04 20 57 58 59 5a 00-00 00 00 00 00 00 00

Input Data is now “WXYZWXYZWXYZWXYZ}”

The dictionary is now:

WritePosition: 218

0 1 2 3 4
012345678901234567890123456789012345678901
0000 {\rtfllansi\mac\deffO\deftab720{\fonttbl;
0065 ss \fmodern \fscript \fdecor MS s Ser i es New Ro
0130 manCourier{\colortbl\red0\greenO\bluel
0195 Db\i\ul\tab\tx{\rtfl WXYZ

NonPrintable Characters:
Position:0168
Position:0169

A match is found for the "WXYZ" at i i ary, but because each character
is added to the dictionary as it is the match of the initial 4 characters of the
input, the dictionary is:

WritePosition:

4 5 6
678901234567890123456789012345678901234
b720{\fonttbl; } {\f0\fnil \froman \fswi
\fdecor MS Sans SerifSymbolArialTimes New Ro
ed0\green0\blue0 \par \pard\plain\f0\fs20\
ZWXY Z

0000 {\rtfl\g
0065

acters:
:0168 Byte:0x0d
Position:0169 Byte:0x0a

of the input is now pointing at a 'W', as is the match cursor (at offset 218) of
us, matching continues, adding characters to the dictionary that can be
tched later in the match. This terminates when a match of length 16 is found at offset 214

d the dictionary is:

Position: 234

0 1 2 3 4 5 6
01234567890123456789012345678901234567890123456789012345678901234
0000 {\rtfllansi\mac\deffO\deftab720{\fonttbl;}{\f0\fnil \froman \fswi
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0065 ss \fmodern \fscript \fdecor MS Sans SerifSymbolArialTimes New Ro
0130 manCourier{\colortbl\red0\greenO\blue0 \par \pard\plain\fO0\fs20\

0195 Db\i\u\tab\tx{\rtfl WXYZWXYZWXYZWXYZWXYZ

NonPrintable Characters:
Position:0168 Byte:0x0d
Position:0169 Byte:0x0a

As aresult, a dictionary reference (0x0do6e) is added for a length of 16 at offset 214 (matching

"WXYZWXYZWXYZWXYZWXYZ"); run information is:

Control Byte: 0x41
Control Bit: 0x80
Token Offset: 0x09
Token Buffer: 00 04 20 57 58 59 5a 0d-6e 00 00 00

Input Data is now "}".

Add literal '}'; run information is:

Control Byte: 0x41
Control Bit: 0x80
Token Offset: 0x0a
Token Buffer: 00 04 20 57 58 59‘ 0d-o6e

Since the control bit was 0x80, the run is written to utput:

Output Cursor: 0xlb

000000: 00 00 00 00
000010: 41 00 04 20 57 58 00 00
000020: 00 00 00 00 00 O 00 00
000030: 00 00 00 00 O 00 00

4.2.2.3 Run 2

Control Byte
Control Bita

0 57 58 59 5a 0d-6e 7d 00 00 00

2 3 4 5

b\i\u\tab\tx{\rtfl WXYZWXYZWXYZWXYZWXYZ }

NonPrintable Characters:
Position:0168 Byte:0x0d
Position:0169 Byte:0x0a
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Input Data is <EMPTY>.

Because the input data is empty, a dictionary reference (0x0eb0) of length 0 is added for the
WritePosition; the run is:

Control Byte: 0x01
Control Bit: 0x02
Token Offset: 0x02
Token Buffer: Oe b0 20 57 58 59 5a 0d-6e 7d 00 00 00 00 00 00

This is written to the output:

Output Cursor: 0xle

000000: 00 00 00 00 00 00 00 00-4c 5a 46 75 00 00
000010: 41 00 04 20 57 58 59 5a-0d 6e 7d 01 Oe bO
000020: 00 00 00 0O 0O 0O 0O 00-00 OO 0O 0O 00 0O
000030: 00 00 00 00 0O 00O 0O 00-00 OO 00O 00O 00 0O

Finish by writing the HEADER information:
RAWSIZE: Ox1a
COMPSIZE: Ox1c ‘
CRC: 0x514bd4e2 (generated from bytes 0
This results in the final output:

Output Cursor: 0Oxle

000000: 1a 00 00 00 1c O
000010: 41 00 04 20 57
000020: 00 00400 00 O
000030: 00 00 00 00

The output is Ox1e

e2 d4 4b 51
O0e bO 00 00
00 00 00 00 00 00
00 00 00 00 00 00

3.1.1 Initialization

CRC is initially set to 0x00000000. The values in crcTableValue are also initialized (see
se 3.1.3.2.1).

4.3.1.2 First Byte

The first byte is 0x03, and the current CRC is 0x00000000, so tablePosition is computed as:
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tablePosition = (0x00000000 XOR 0x03) BITWISE-AND Oxff
0x00000003

Using this to index into crcTableValue, getting a table value of:
tablevValue = 0x990951ba

Then compute the intermediateValue as:

intermediateValue 0x00000000 RIGHTSHIFTED by 8 bits

= 0x00000000
The CRC that incorporates this initial byte is then:
CRC = 0x990951ba XOR 0x00000000
= 0x990951ba

4.3.1.3 Second Byte

The next byte is 0x00, and the current CRC is 0x990951ba, so tablePos

tablePosition = (0x990951ba XOR 0x00)
= Oxba

from which tableValue is: ‘
tableValue = 0x2bb45a92

The intermediateValue is then:

intermediatevValue = 0x990951
= 0x009909

by 8 bits

and the updated CRC is:
CRC 0x00990951

4.3.1.4 Continu

The computation pro
The final CRC of thi

incorporating each byte into the CRC.
is 0x98e32d45.

1ring compression, as the algorithm can compress any content (not just RTF), and operates
n the byte level.

Index of Security Parameters

None.
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6 Appendix A: Office/Exchange Behavior

The information in this specification is applicable to the following versions of

Office/Exchange:

e Office 2003 with Service Pack 3 applied

e Exchange 2003 with Service Pack 2 applied
e Office 2007 with Service Pack 1 applied

e Exchange 2007 with Service Pack 1 applied

Exceptions, if any, are noted below. Unless otherwise specified, any state
optional behavior in this specification prescribed using the terms SHO
NOT implies Office/Exchange behavior in accordance with the SHO,
NOT prescription. Unless otherwise specified, the term MAY imp
does not follow the prescription.

<1> Section 3.2.4.1.1: Outlook 2003 SP3, Outlogk 2007
Exchange 2007 SP1 will read all bytes until the end of the s
value of RAWSIZE.

<2> Section 3.3.4.2: When compressing zer: , Outlook 2003 SP3, Outlook
2007 SP1, Exchange 2003 SP2, and Exchan

<3> Section 3.3.4.2.1: tiple m
buffer. Outlook 2003 SP3, Outlook
utilize an alternate mechani i
protocol.
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, ge 2003 SP2, and Exchange 2007 SP1
ies with the requirements specified in this
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