Text compression

We can do this the easy way or the hard way.
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1. Whay?

Why not.

Result of this is the fxem compressor. Compressor size is about 70KB (Windows executable)
which can be reduced by UPX executable compressor.

Final goal was to replace paq8hp model in cmix-hp', that seems rather pointless at this time.

' https://github.com/byronknoll/cmix-hp



https://github.com/byronknoll/cmix-hp

2. Filters

Filters allow the compressor to be simpler. We filter incoming data three ways:
1. Expanding size
2. Keeping size
3. Reducing size

For filtering i am using WIT?. This is based on 2017 Hutter Prize winning entry filters by
Alexander®. There are some changes to these filters.
I added:
e UTF8 to WC (USC) and reverse (&&#xxx; to &@UTFS)
More HTML entity swaps
Group articles by *,’
Group articles by ‘infobox’
Group articles by number in article title
Group articles that describe files (images, etc)

Byte swap filter

This filter is present in paq8hp12. It swaps some chars below a-z range. This is important as
all chars above are related to text.

Example:

‘&lt;” to ‘&<’ to ‘&L’

This is important for bracket context.

In plain text mode reverse happens as byte group tables were tuned byte swap filter was on.

2 https://github.com/kaitz/wit2
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https://encode.su/threads/2858-Hutter-Prize-4-17-improvement-is-here?p=58855 & viewfull=1
#postS8855
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https://encode.su/threads/2858-Hutter-Prize-4-17-improvement-is-here?p=58855&viewfull=1#post58855
https://github.com/kaitz/wit2

3. Transforms

Transforms help reduce input size. For my setup modified paqg8hp12any TextFilter was used
which is essentially what DRT does.

List of some programs that do text transform:

https://github.com/kaitz/paq8pxd (based on "XWRT 3.2 (29.10.2007)
http://www.mattmahoney.net/dc/pag8hpl2any_src.zip TextFilter 3.0 for PAQ (based on WRT
4.6)

http:/nishi.dreamhosters.com/u/liptify.rar (DRT ancestor)
http://nishi.dreamhosters.com/u/lpag9m.rar (DRT)

https://github.com/inikep/ XWRT

http://nishi.dreamhosters.com/u/filter.rar (Edgar Binder's preprocessor from DC)

http:/freearc.dreamhosters.com/dict.zip (Bulat's dict preprocessor) *

Dictionary

For the dictionary the version from phda 2017 November release was used.
Combined with the WIT filter this dictionary needs some changes, as some words are not
present on input anymore.

4 https://encode.su/threads/3240-Text-ish-preprocessors?p=622698&viewfull=1#post62269


https://github.com/kaitz/paq8pxd
http://www.mattmahoney.net/dc/paq8hp12any_src.zip
http://nishi.dreamhosters.com/u/liptify.rar
http://nishi.dreamhosters.com/u/lpaq9m.rar
https://github.com/inikep/XWRT
http://nishi.dreamhosters.com/u/filter.rar
http://freearc.dreamhosters.com/dict.zip
https://encode.su/threads/3240-Text-ish-preprocessors?p=62269&viewfull=1#post62269

4. As fast as possible

I started working on paq8pxv in 2019.° Biggest problem was how to implement this and what
to really want from this program. There is a similar file archiver named zpaq.® In zpaq you
describe the model and compressor based on that input compresses data. Same is for
paq8pxv.

It's slow. For paq8pxv, implementing a compression model in C(++) is about two times faster
(enwik8 1500 vs 3100 sec). But there are some advantages like: no need to compile your
compressor every time there is change in model, tuning parameters used for components.

So the best solution is to build a model for pag8pxv in incremental steps, tuning parameters at
the same time. When it is exhausted then transfer the model to pure C code.

If needed, do manual tuning later.

5 https://encode.su/threads/3064-pag8pxv-virtual-machine; https://github.com/kaitz/pag8pxv
8 https://mattmahoney.net/dc/zpag.html
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5. Tuning

Most tuning was done on filtered and transformed enwiks.

Order x

First part was finding out the best order X context. I found that the order 3-5, 6,13 were the
best.
In main function we input current values to BYT component:
for (i=0;i<7;1++) {
I=ci[i]; // current order
vmi(BYT,1,1,13,0); //set BYT component i value 1 with max value 13.

}

In update we get our context index:
h=vmx(BYT, 0,0); vmx(CM, 0,t[h]);
h=vmx(BYT, 1,0); vmx(CM, 0,t[h]);

In tuning mode value from BYT component is in h, in every run over data it changes. If
compression improves, value is kept and is output when compression finishes. So we feed
this back into the model and start all over again. And again. ...

Usually about 25MB was used (megabites) for input when tuning.

Byte groups for 2 and 3 bit tables

BYT component was also used for tuning two 256 byte tables. One is named DRT to3bits in
the phda compressor, another probably DRT to2bits.” These tables are present also in
paq8hpl2 as WRT mpw and WRT mtt but only smaller. First used in paq8hp5®, first
intended to replace direct byte parameters in the mixer.
In main:
// bit2word
for (i=0;i<16;i++) {
x=wrt_w[i];
vmi(BYT,1,x,3,0);
}
// bit2word
for (i=32;i<97;i++) {
x=wrt_wl[i];
vmi(BYT,1,x,3,0);
}

We are only interested in bytes, the first 16 and starting from space (32) until letter a(97).

7 https://encode.su/threads/2769-Hutter-Prize-submission?p=52949&viewfull=1#post52949
8 http://www.mattmahoney.net/dc/text.htmi#1323
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In update i used 2 bit table as context:
wa=w4*4+wrt_w[cl];
vmx(CM, 7,w4);
Tuning was done on full input. Same was done on the wrt _t table (bit3word).

State tables

At the start there were improvements when tuning. Later really small compression
improvements. ContextMap uses RND function to random transition state to another when
the state reaches 204 (this is used by all pag8 versions). I tested multiple different ways how
state tables were generated. I also wanted to remove random transitions.

Removed part where States 0-30 are a history of the last 0-4 bits and when generating table 1
disabled state<15. Discount was also changed to a tunable parameter. Finally there were
compression improvements and also speed improvements when random state transitions are
removed.

All state tables that improved compression but contained unreachable states were discarded.
Sometimes manual parameter change was needed to reach 255 states.

Final result was four different state tables. There were multiple reruns as contexts were
added.

I think there is still room for improvement.

ContextMap

There are four main parameters in ContextMap. Each one is for one prediction. These values
are used to calculate prediction tables so when compressing we map prediction or current
state to these tables.

Most values were tuned.



6. Contexts

Predictors

There are a total of 62 contexts to ContextMap, 1 context to RunContextMap, 8§
SmallStationaryContextMap contexts, 3 StateMap contexts 1 direct prediction for match
model. This adds up to 396 predictions to mixers.

Contexts were incrementally added then tested and tuned. At the same time state tables were
tuned.

Only APM contexts are hashed. Hashing hurts compression most of the time is used for
ContextMap contexts. Also adds to code size and degrades compression time. | wanted to
keep the compression speed between 32-40 kb /s on my test computer.

I think 5-10 contexts for ContextMap can be removed or replaced with better ones. It is hard
task.

Mixers

There are 9 mixers. First 8 produce predictions to the final mixer (9). Each mixer has context.
Here are the contexts:

mixer 0

e context is sum of context order(3-5,6,8) isState counts (max 6) and bit pos

mixer 1

at bpos=0 context is last 2 bit2word and 1 bit3word

at bpos=1-3 context is last 2 bit2word and 1 bit3word of current bracket or quote
at bpos=4-7 context is last 1 bit2word, current bit2word from c0 and bit3word of
current bracket or quote

mixer 2

at bpos=0 context is was byte(3,4) a word and 2 bit3word
at bpos=1 context is bit 1xxxxxxx from c0, was byte(2) a word, bit pos max 5,last 1
bit3word and 1 bit3word of current bracket or quote

e atbpos=2 context is bit 11xxxxxx (bit pos 2) from c0, was byte(2) a word, bit pos
max 5,last 1 bit3word and 1 bit3word of current bracket or quote

e atbpos=3 context is bit 111xxxxx (bit pos 3) from c0, was byte(2) a word, bit pos
max 5,last 1 bit3word and 1 bit3word of current bracket or quote

e at bpos=4-7 context is bit current bit2word from c0, bit pos max 5,last 1 bit3word and
1 bit3word of current bracket or quote



mixer 3

at bpos=0-7 context is was byte(3,4) a word, sum of context order(3-5,6,8) isState
counts (max 6) and last 2 bit2word

mixer 4

e atbpos=0 context is bit xxxxxxxx from c0, was byte(1-8) a word or space and bit
pos

e atbpos=1 context is bit Ixxxxxxx from c0, was byte(1-7) a word or space and bit
pos

e atbpos=2 context is bit 11xxxxxx from c0, was byte(1-6) a word or space and bit
pos

e at bpos=3 context is bit 111xxxxx from c0, was byte(1-5) a word or space and bit
pos

e atbpos=4 context is bit 1111xxxx from c0, was byte(1-4) a word or space and bit pos

e atbpos=5 context is bit 11111xxx from c0, was byte(1-3) a word or space and bit pos

® atbpos=6 contextis bit 111111xx from c0, was byte(1-2) a word or space and bit pos

e at bpos=7 contextis bit 1111111x from c0, was byte(1) a word or space and bit pos

mixer 5

at bpos=0 context is bit xxxxxxxx from c0, first char type state(0,1) xxxx 1xxx, 2
bit2word 1111xxxx
at bpos=1 context is bit 1xxxxxxx from c0, first char type state(0,1) xxxx1xxx, 1

bit3word x111xxxx, bit pos xxxxx111
at bpos=2 context is bit 1 1xxxxxx from c0, first char type state(0,1) xxxx1xxx, 1
bit2word xx11xxxx, bit pos xxxxx111

at bpos=3 context is bit 111xxxxx from c0, first char type state(0,1) xxxx 1xxx, was
byte(1) a word xxx1xxxx, bit pos xxxxx111

at bpos=4 context is bit 1111xxxx from c0, first char type state(0,1) xxxx1xxx,

bit pos xxxxx111

at bpos=5 context is bit 11111xxx from c0, first char type state(0,1) xxxx1xxx
(overflow, ok!)

at bpos=6 context is bit 111111xx from c0, first char type state(0,1) xxxx 1xxx

at bpos=7 context is bit 1111111x from c0, first char type state(0,1) xxxx1xxx

at bpos=0-7 sum of context order(3-5,6,8) isState counts (max 5) and is match(0,1)
111 xxxXXXXX

mixer 6

at bpos=0-7 context is sum of context words isState counts (max 6), first char type
state(0,1), 2 bit2word of byte(3,4) and 1 bit3word of byte(2)

10



mixer 7

e at bpos=0-7 context is non-repeating 2 bit3word of byte(2,3), was byte(1-3) a word
and last 1 bit2word

mixer 8 - final mixer

e at bpos=0-7 context is sum of context order(3-5,6,8) isState counts (max 6), bracket

or quote state(0,1) and last 1 bit2word

There may be room for more mixer contexts.

Bracket context

In cmix there is BracketContext’. It is good but we can do better. First problem is it uses
modern C++ witch to me seems overkill, there is code bloat. Also context is always updated.

What we should do is update only when we see non letter char so our distance to the last

bracket stays in range.

Same is not true for the plain text version, in that case we need to include all letters
(upper/lower case) and extend bracket length limit. When this extra case is not used we lose

about 100 bytes per 1 mb.
It seems this context is really important for enwik8/enwik9.

Fixing redirect<{/
#REDIRECT [IA

AdAL A
11</

15898946</
2002-09-22T16:02 :587</

Andee Engels</
300</

H#REDIRECT [IA

Anarchisn{/

1247

42136831</
2006—03-04T01 : 41 :257</

Clames?45</
832382<

#% Anarchist Communism %/ too many brackets{~
A

’’7 originated as a term of abuse first used against early [[w [x s including the [[D of the L[LE an
of the LLF _Ih Uhilst the term is still

used in a pejorative way to descrihe ’’hquotiany act that wsed violent means to destroy the organization of societybguot:’'kltsreldgtslh
th A entocelo ot The RauetiInternat Conference of Rome fo

~ the Social Defense Against Anarchistsiquot;, 1898&1t;/vef8gts, it has also been taken s a ])n..l':lve label by self-defined anarchis

f iz [le the [IG Ry U
ok La by Anarchism as a [[p
the belief that ’’ruler are unnecessary and should he aholished. although t are differing interpretatio of u}lat this means. An|
rchism vefers to related [[s > that advocate the elimination of authoritari IE'II'I i particularly the [[s - figt;

he word '’’anarchism

n Wikiquote, accessed 2006&1t; refdgt; The word &quots[la oot ke hast anare
hists use it, does not imply [lc . Ln . or [La . but rather a_harnonious [la socicty. In place of what are regarded as au
horitarian political structuwm and coercive economic institutions, anarchists advocate social relations based upon [[u of autonomous ind]
ividuals, [[m » and [L -

Mhile anarchism is most easily defined by vhat it is ag . anarchists alse offer positive vision what they belicve to be a truly free society. However, i
eas about how an anarchist society might work vary considerably, especially with respect to economics; there is also disagreement about how a free society mighl
be hrought about.

== Origins and predecessors

. argue_that before recorded [[h hunan society was organized on anarchist pri
Gaquot;’’, 1982.81t; refdgt anthropologists follow Kropotkin ng in believing t
taprian and lacked division of labour, al::umulated uealt]l. eed law,. and h &1t srefdge; [IF
rich. "&qunt,[]l
Bquot;”’, 1884. &h; j/reflgt;

Anarchists including the [IT and LM find anarchist attitudes in [IT from LLH
€;refdgt;The Anarchy Organization KT . *’Taoism and fnarchy.’’ [[A
[h &les /lef&gt &lt,lef&gt.[[ﬂ . Murray. ’’&quot;[h
an extract fron ’’&guots[h
The Journal of Libertarian Studies, 9 <20 Fall 1990.81¢;/ref8gts LLP
found similar ideas in [[s [z . According to Kropotikin, Zeno Bquot;repudiated the omnipotence of the state, il
s intervention and regimentation, and proclaimed the sovereignty of the moral law of the individualfquot;. &1tjreflgt;Lh
. uritten hy Peter Kropotkin, from Encyclopaedia Britannica, 17101&1t:/refBgt:

s of 16th century Europe are sonmetimes considered to he religious Forerunners of modern anarchisn. [[B . in his *’History of b
ince they held that the good man will be guided at every moment by LIt
B nd. ¥ fqu

: 1945 81t rebhy
e Love 11broBquot were an early communistic mosement (lurlng the ting of the L1 are
1t;refiyt;Ch , Eron Encyclopacdia Britannica, 1994.81¢;

to use the term to mean sonething other than c]lang was [[L
‘A < here he di bed the L[N
coperty. as being in rehydltirefbgts
&1t; refdgt;. LIR Ja Ib and leader in the L[A
. has repeatcdly stated that he is &quo . and so are all [hi:| ancestors.bquets

In 1793. in the thick of the [[F ! published ’’An Enguiry Concerning Political Justice’’ [h

® https://github.com/byronknoll/cmix/blob/master/src/contexts/bracket-context.cpp
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Quote context

Bracket context can be used also for quotes. There are some differences. We need to escape
some char combinations or compression will be worse.

Quote is removed when following conditions are met:

"x'x" where x is any letter in word

"]'x" where x is any letter in word

"y'x" where y is number and x is any letter in word

"x' " where x is any letter in word

"x'@" where x is number

"x'@" where x is any letter in word

{comment>Automated conversion{/comment>
Ctext xml:ispace="p >HREDIRECT [[Applied ethics1]
stext>
{/vevision>
{/page >
{page>
{title>AccessibleComputing{-title’>
Cid>1m< id>
{revision>
<id>15898945< id>
<timestamp>2003-04-25T22:18:3BZ{ timestamp>
{contributor>
{usernane >AnsBO{/username >

<id>7543<{/id>
<scontributor>
<minor ~>
<comment>Fixing 1ed119ct(/cnmment
<text xml:space="p >HREDIRECT [[Accessible computinglI{/text>
</revision’
</page >

{page>
<title>AdA<stitle>
<idrii<sid>
{revision>
<id>15898946<id>
<timestampr2002-09-22T16:02:58Z{timestamp’
<contributor’
{usernane *Andre Engels<{/username’
<id>300< /id >
{/contributor?>
<minor />
{text xml:ispace=""p >#REDIRECT [[Ada programming language11<{/text>
{/vevision>
{/page
{page>
{title>Anarchism{/title>
{id>12</id>
{revision>
€id>42136831<{/id>
{timestampl2006-03-04T01 =41 25 Z{ timestamp>
<contributor>
{usernane >CJames745{ /username >
<id>832382<{ id>
{scontributor>
<minor ~>
{comment >/ * ﬂnalchlﬂt Communism %/ too many hracketz<{/comment>
{text xml s szpa o > {Anarchism>>
o ted as a term of abuse first used against early [[working class
s—culottes’ ' 1] of the [[French Revolutionll.[http: - uk_encar|
describe *’&guot;any act that used violent means to des
tpolency.html History of International Police Cooperationl,
» the Bocial Defense ﬂgalnat fAnarchistslguot;. 1898&1t; reflgt;. it has also heen take
he word **’a ** is [[etymologyiderived froml]l the [[Greek language iGreekl]l *°
@p§ﬂ945;I%amp;ﬂ945;&aqp;#?S?;&a@p;ﬂ945;&?Tp;ﬂ9615§amp;ﬂ?ﬁ?;&amp;ﬂ943;&amp;ﬂ945;]]" {

Word contexts

Dictionary transform adds escape char to all bytes above 127. Most word contexts are set
only when the previous byte is not escaped char. Some context are:

word(0)

word(0)+word(1)+lastByte

word(0)+word(2)+lastByte

word(0)+word(2)+word(3)+lastByte

word(0)+firstWord+lastByte

word(1)-word(0)+word(2)

12
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Column contexts

For column contexts we keep track of column length, above byte and previous above byte.

Some context are:

above +col
above+prevabove+col+lastByte
above+prevabove+lastTowBytes
col+firstChar+bracket+bit3word(2,1)

Indirect context

There are two indirect contexts. One byte and two byte one. First one also depends on what is

the current bracket context.

Mixed contexts

There are many mixed contexts. Some use byte-bit groups, columns, word, bytes and any

combination of them.

APM/SSE

In the tuning phase no APMs were present. There was an unaligned bitmodel UAS that used
prediction error as context. This was later used for APMs and the UAS component was

removed. APMs are the same as in paq8hp12 but with some changes to contexts.

13



Match model

Match model is mostly identical to one in pax8px (v209). Maximum match length is limited

to 62 bytes.

<siteinfo>
{<sitename*Wikipedia{/siten
hase>http: ./ en.wikipe .org/wikis/Main_Page</base’
generator>Medialliki 1 balphad/gener
L first—letter< case’
{namespaces >
key="-2">Media{ names
1">8pecial{/nam
0" s>
">Talk{ nam
2 serd/nam
talk</

Wiki
' talk

Image</nam
' talk

<s/nam

He lp</nam
talk
Category(/nam

al

)Pnrtal(/n
talk
<snam 5>
{/sited
{page>
title>Aaf< /title
1d)1(/1d)
revision}
id>32899315< id>
timestamp>2005-12-27T18:46:47Z<{/times
contributor’
{usernane >Jsmethers{/usern
id>614213< id>
sconty
text xml:space="preserve" " >HREDIRECT [LAAATI<{ /text>
{/revis
{/page >
<p
lgerif<-ti

18063769< id>
P-03T11:13:13Z{ td

Docu{/use
B029<id

minor />
comment >adding cur_id=5: {{R from CamelCaseX><{/comme
te lgeriall{{R f

ericanSamoal{/tit

6<
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7. Improvements

I call these as improvements as they improved compression rate and time.
ContextMap
1. In ContextMap use prebuilt prediction tables.
2. Remove RND state update.
3. Tuned state tables.
4. In hash table when replacing lowest priority value keep last accessed value for some
contexts
Mixer
1. When last byte prediction had no error compared to our thresholds, increase the limit
when we update mixer weights.
Bracket context
1. Modified to provide better context, which improves compression.
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8. Results

Test computer parameters: Intel Core 15 4460 3.2GHz, DDR3 PC3-12800 (300MHz) 32GB.

DIC - dictionary transform: paq8hp12 -0.
WIT - https://github.com/kaitz/wit2

File Transforms Size Compressed
MB
fxcm vl enwik8 - 100000000 16675996
1840
fxcm vl enwik9 - 1000000000 135192577
1840
fxcm v2 enwik8 WIT,DIC 57088865 15761972
1840
fxcm v2 enwik9 WIT,DIC 593869820 126234551
1840
pag8pxd v107 -s7 enwik8 DIC (internal) 100000000 16408142
1460
pag8pxd v107 -s8 enwik8 DIC (internal) 100000000 16182108
2264
pag8n -8 enwik8 - 100000000 17916450
1567
pag8n -8 enwik8 WIT,DIC 57088865 16905680
1567
pag8ol0t -8 enwik8 100000000 17772821
1517
pag8ol0t -8 enwik8 WIT,DIC 57088865 17101300
1517
pag8px_v208fixl -8 enwik8 100000000
pag8px v208fixl -8 enwik8 WIT,DIC 57088865
pag8hpl2any enwik8 WIT,DIC 57088865 16131394
1813
pag8hpl2any enwik9 WIT,DIC 593869820 130573629
1813

Time sec

Memory

2934

26322

1880

17121

11189

11473

5663

3457

6017

2914

2393

24396

paq8n, paq810t are original compilations from LTCB, for speed comparison. paq8hpl2any
has dictionary transform removed, mixer has AVX2 train and update. paq8px_v208fix] has
an extra option -forcetext for processed enwik8. Dictionary is compressed by fxcm 460288 ->

79211.

There are about 55 different stable versions of tuned versions of fxcm in paq8pxv config

format. I lost track of how many tuning rounds there were. After porting the config file to

C++ code there were about 56 stable test versions.
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https://github.com/kaitz/wit2

17300000

17100000

16900000

15700000

16500000

16300000

16100000

15800000

15700000

15500000
YO ODA PP RDADPRDPESERDA P

Compression improvements over time for enwik8 (WIT, DIC). Drop around version 37 is
when APMs were added.
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Compression of processed enwik9 (WIT, DIC). Compressed size 593869820 -> 126234551
bytes (not including compressed dictionary), time about 17121 sec.
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Compression of processed enwik8 (WIT, DIC). Compressed size 57088865 -> 15761972
bytes (not including compressed dictionary), time about 1880 sec.

Memory usage is about 1840 MB. Compression speed is around 32-40 kb depending on the
input.

Above results are as of 27.08.2023.

Plain enwik8 and enwik9 compression

According to LTCB' this is the best compression ratio for the non dictionary version. Just
above zpaq (11).

Compressor fxcxvl:
100000000 -> 16675996 in 2934 sec, 1829 MB RAM.
1000000000 -> 135192577 in 26322 sec, 1829 MB RAM

10 http://www.mattmahoney.net/dc/text.html
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http://www.mattmahoney.net/dc/text.html
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enwik9 compression ratio.
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Future improvements

Peferred-updatetn-ContextMap-asin-paaSpx—verstor: Tested 18.08.2023 - worse or
some mistake in code.

Table based mask for 2 and 3 bit tables based on first char.

Better match model. - 22.08.2023 added matchmodel from paq8px, it is better.
3Hayer-mixer— As of 22.08.2023 does not seem to work, or really small
improvements.

Better hash replacement in ContextMap, extend improvement 4.
Modified dictionary. word2vec

Decode dictionary codewords back to text, as in paq8pxd

Use decoded dictionary words with wordmodel/stemmer.
Different APM/SSE - not likely.
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