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Abst r act

Thi s docunment describes a conpression nmethod based on the data
conpression algorithmdescribed in International Tel econmunication
Union (I TU-T) Recomendation V.44. Recommendation V.44 is a nodem
standard but Annex B, dause B.1l, of the recomendati on describes the
i mpl enentation of V.44 in packet networks (e.g., V.44 Packet Method).
Thi s docunent defines the application of V.44 Packet Method to the
Internet Protocol (1P) Payl oad Conpression Protocol (RFC 2393). RFC
2393 defines a nmethod for applying | ossless conpression to the

payl oad portion of |P datagrans.

V.44 Packet Method is based upon the LZJH data conpression al gorithm

Thr oughout the remainder of this docunent the terns V.44 Packet
Met hod and LZJH are synonynous.
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1. Introduction
1.1 Genera

Thi s docunent specifies the application of LZJH data conpression, a
| ossl ess data conpression algorithm to |IP datagram payl oads. LZJH
data conpression is to be used in conjunction with the |IP Payl oad
Conpression Protocol (IPConp) [RFC2393]. This docunent is witten
with the assunption that the reader has an understandi ng of the

| PConp protocol

1.2 Background of LZJH Data Conpression

LZJHis simlar to the algorithmdescribed in [LZ78] although it al so
has aspects which are sinmilar to the algorithmdescribed in [LZ77].
As such, it provides the execution speed and | ow nenory requirenents
of [LZ78] with conpression ratios that are better than [LZ77].
Oiginally developed for the satellite industry to conpress |IP

dat agrans i ndependently, it is ideal for the | PConp application. The
LZJH al gorithmwas nodified to conpress a continuous stream of data
for a mbdem environnment and this nodified version is the basis for
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Recommendation V.44, LZJH is an adaptive, general purpose, |ossless
data conpression algorithm |t was selected by the ITUT as the
basis for Recormendati on V.44 based on its perfornance across a w de
variety of data types, particularly web HTM.'s, and based on its
conpression ratio characteristics, per MP and nenory utilized (as
conpared to other candidate algorithns). |Its encoder is extrenely
efficient and can encode a two character string with 3 bits the
second tine that string is encountered in the data.

A typical [LZ78] conpression algorithm such as V.42bis, is not
suitable for an | PConp application since it takes too long to build
up its dictionary, resulting in poor conpression ratios on IP
datagrans that are conpressed independently. 1t also requires too
many cycles to reset an [LZ78] dictionary between datagrans which
adversely affects execution tines.

Simlarly, a typical [LZ77] conpression algorithmsuffers in the

| PConp application due to poor execution tines. Hash tables, that
hel p i nprove execution tines when conpressi ng conti nuous data, may
cause deterioration of execution tinmes in an | PConp application since
they nust be reset to an initial state between each dat agram

LZJH not only has superior execution tines when encodi ng or decodi ng
packet data, but the reset of the dictionary between |P datagrans is
trivial. The encoder requires only the initialization of a 256 word
array and a handful of variables while the decoder requires only the
initialization of a handful of variables.

The LZJH al gorithm uses a dictionary of 1525 entries, a total of only
16K of dictionary nenory, for the | PConp application. During the
encode process unnatched characters are encoded as ordinals and

mat ched redundant strings of characters are encoded as codewords or
string-extension | engths that represent the redundant strings.

During the decode process the ordinals, codewords, and string-
extension lengths are interpreted to re-create exactly the origina
dat agr am payl oad.

The details of LZJH data conpression can be found in [V44].

1.3 Intellectual Property Rights
The | ETF has been notified of intellectual property rights clained in
regard to sone or all of the specifications contained in this

docunent. For nore information, consult the online list of clained
rights.
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1.4 Specification of Requirenents

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [RFC2119].

2. Conpression Process

The conpression of datagrams is performed by a function called the
Encoder.

2.1 Encoder Dictionary

The transmitting entity MJST reset the encoder dictionary prior to
processi ng each datagranis payl oad, as specified in clause 7.5.1 of
[V44]. This ensures that each datagranmi s payl oad can be correctly
deconpressed i ndependently of any other, as is required in an

envi ronnent where datagrans nay be | ost or received out of order.

The transmitting entity MJST flush unprocessed encoder data after the

| ast byte of the datagram has been passed into the encoder such that
the conpressed datagram can be transmitted as a unit. The flush
ensures that all data is processed and included in the output, i.e.
the conpressed datagramis conplete and no data fromthe current
datagramwi | | be processed with the next datagram

2.2 Encoder Qutput

The input to the payl oad conpression algorithmis an |IP datagram
payl oad. The output of the algorithmis a new (and hopefully
smal | er) payload. The output payl oad contains the input payload s
data in either conpressed or unconpressed format. The input and
out put payl oads are each an integral nunber of bytes in |ength.

If the unconpressed formis used, the output payload is identical to
the input payload and the | PConp header is omitted. |If the
conmpressed formis used, the output payload is prepended with the
| PConp header and encoded as defined in clause 6.3 of [V44].

2.3 Paddi ng

A dat agram payl oad conpressed using LZJH al ways ends with a FLUSH
codeword in the last one or two conpressed data bytes. The FLUSH
codeword may start in the 2nd to the last conpressed data byte and
end in the last conpressed data byte or be totally within the I ast
data byte. The FLUSH codeword is used to signal the end of the
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conpressed data and differentiate conpressed data from paddi ng. Any
bits or bytes beyond the FLUSH codeword within the conpressed payl oad
are to be considered paddi ng.

The size of a conpressed payl oad MIST be in whole octet units.
3. Deconpression Process

The deconpression of datagrans is perforned by a function called the
Decoder.

3.1 Conpressed Datagram

If the received datagramis conpressed, the receiver MJST reset the
decoder dictionary prior to processing the datagram This ensures
that each datagram can be decoded i ndependently of any other datagram
in the event datagrans are |lost or received out of order. Beginning
with the decoder dictionary in the initial state, as specified in
clause 7.5.2 of [V44], the receiver decodes the payload data field of
t he datagram according to the procedure specified in clause 6.4 of
[Vva4].

3.2 Oiginal Unconpressed Dat agram
If the received datagramis not conpressed, the receiver does not
perform conpressi on decodi ng and passes the payl oad data field of the
datagramunaltered to the next protocol |ayer

4. | PConmp Association (lIPCA) Parameters

| KE [ RFC2409] MAY be used to negotiate the use of the LZJH
conpression algorithmto establish an | PCA, as defined in [ RFC2393].

4.1 TransformID
The value of the LZJH TransformID is IPCOW_LZJH This value is
used to negotiate the use of the LZJH data conpression al gorithm
usi ng | KE

4.2 Security Association Attributes

There are no other paraneters required for the negotiation of the
LZJH conpression al gorithm using | KE.

4.3 Manual configuration

The CPI value IPCOW_LZJH is used for manual ly configured | PConp
Conpr essi on Associ ati ons.
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4.4 M ni num packet size threshold

As stated in [ RFC2393], small packets may not conpress well.

Informal tests using the LZJH algorithmon internet web pages and e-
mail files show that the average payl oad size that typically produces
expanded data is approxi mately 50 bytes. Thus, inplenentations nmay
prefer not to attenpt to conpress payl oads of approxinmately 50 bytes
or smaller.

4.5 Conpressibility test
The LZJH algorithm as described in [V44], is easily nodified to
i ncorporate an adaptive conpressibility test, as referenced in
[ RFC2393]. Annex B of [V44] specifies the nechanismfor including
such a test in LZJH
5. Security Considerations

Thi s docunent does not add any further security considerations to
t hose di scussed in [ RFC2393].

6. | ANA Consi derati ons
Thi s docunent does not introduce any new nane spaces. The val ue of
| PCOWP_LZJH is assigned fromthe | Psec | PCOW transformidentifier
space defined in [ RFC2407]. | ANA has assigned a value of 4 for this
pur pose.
7. Acknow edgenents
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10. Full Copyright Statenent
Copyright (C) The Internet Society (2001). Al Rights Reserved.

Thi s docunent and translations of it nmay be copied and furnished to
others, and derivative works that comment on or otherwi se explain it
or assist in its inplenentation may be prepared, copied, published
and distributed, in whole or in part, w thout restriction of any

ki nd, provided that the above copyright notice and this paragraph are
i ncluded on all such copies and derivative works. However, this
docunent itself may not be nodified in any way, such as by renoving
the copyright notice or references to the Internet Society or other
I nternet organi zati ons, except as needed for the purpose of
devel opi ng Internet standards in which case the procedures for
copyrights defined in the Internet Standards process nust be
followed, or as required to translate it into | anguages other than
Engl i sh.

The linited perm ssions granted above are perpetual and will not be
revoked by the Internet Society or its successors or assigns.

Thi s docunent and the information contained herein is provided on an
"AS | S" basis and THE | NTERNET SOCI ETY AND THE | NTERNET ENG NEERI NG
TASK FORCE DI SCLAI M5 ALL WARRANTI ES, EXPRESS OR | MPLI ED, | NCLUDI NG
BUT NOT LIM TED TO ANY WARRANTY THAT THE USE OF THE | NFORMATI ON
HEREI N W LL NOT | NFRI NGE ANY RI GHTS OR ANY | MPLI ED WARRANTI ES OF
MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPCSE.
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