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File size optimisation master class

Ideas and Techniques
for smaller Executables

Marcus Winter aka muhmac/freestyle
http://20to4.net/




Compression Basics

The 20to4 Executable Compressor

The SuShl Introsystem



Compression Basics

= Entropy
e Describes disorder in a file

e (Calculated based on probability of symbols
e Smaller entropy means less symbols
e Compression increases entropy
m See the following pages
e http://datacompression.info/
e http://www.maximumcompression.com/



Compression Algorithms
Pattern Matching

= Simple Example

012345467 8 91011121314151617181920

Input DRDOBBS DRDOBBS DR _ DO
Literal bDbrRppOBI[]S [ ------=-=-=-110T11
Match -2 -1 -8 -3 -9
1 1 10 1 2

Encoding: Prefixes
0 - literal

10 — 1 byte match, 4 bit for offset
11 — longer match, 4 bit offset, 4 bit length

Original: 21*8 = 168 bits
Encoded: 6*9+3*6+2*10 = 92 bits

= Low memory requirements
= Decompressor can be kept small

= Normally, compression is slower than decompression



Compression Algorithms

Huffman Encoding

= Example

012 34567 8 91011121314151617 1819 20
Input DRDOBBS DRDOBBS DR _ DO
Code co10100110101001170110 1
cooo11110000111100O0O0O0 1
1 0 1 0 1 0 1 0 1 0 0
" Tree DB_ROS 21 Char Freq
Root Node Node
DB 10 _ROS 11
0 1
D 6 B 4 _R 6 os 5
0 1 0 1
_ 3 R 3 [0) 3 S 2
0 1 0 1

Original: 21*8 = 168 bits
Encoded: 10*2+11*3 = 53 bits



Compression Algorithms ﬂ]],gﬂ]lﬂm

Range Coding S\
—

| Example 01234567 8 91011121314151617181920 Symbol Probability Cumulative

Input DRDOBBS DRDOBBS_ DR _DO D 0,29 0
O O O
Code eSS S B 0,19 0,29
D _ 0,14 0,48
B
_ R 0,14 0,62
D
B 0 0,14 0,76
R S 0,1 0,9
D R D 0]
S

w

Recursive embedding of probability intervals
Resulting value identifies input stream

»w O Al

wmw O

B
= Low memory requirements
m Fast decompression
= Limited accuracy is a problem



Simplicity and Reuse

m Simple code
e (Code compresses only 2:1 (usually even less)
e Data can be layed out for optimal compression performance
e Data driven architectures usually perform better
e Virtual machine is a good choice
m Reuse of code is critical
e |ess code in the executable
e Good side effect: less errors
e |ots of the subroutines for sound and graphics are quite similar
e Example: Interpolators can be shared easily



20to4

Concept

= Improvement of compression of 4k intros
e Decompressor size is critical
e Target OS is Windows

m Optimisation of PE File structure
e Headers

e Sections
e Imports
m Microsoft CAB compression
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PE Files SN\
—
m Concept
e Image of memory block PE File Layout
DOS Header
e Unused parts are left out Offset to PE Header
= Directory DOS Stub & Relocations
e (Offsets and sizes of PE Header
imports and exports Optional Header
_ Directo
m Section headers gt
e Relative location and size in memory Section Headers
e |[ocation and size in file Image Pages

e Protection information
= Image pages
e (Contain actual data

e Must be aligned



20to4

PE File Optimisiation

= Header cleanup
e Most of the values in the headers are not checked

e Headers can be interleaved

m Section realignment
e Removal of trailing zeroes

e Sections are initialised to zero up to their virtual size

= Merging sections
e Sections can be combined into a single section

e Protection suffers, but file usually compresses better

= Reorganisation of imports
e Import by name

e Import by number
e Hashed import



20to4

CAB Files

m Compression
e MSZIP - bad performance on small files

o | ZX - better than apack or upx

— Pattern Matching, Lazy Matching
— Matches are encoded using Huffman Encoding
= Decompression

e Batch File
— OQOutput file will be a batch
— Decompression code resides in the file name field

e Exe file
— Functions from cabinet.dll
— Interleaved headers
— Decompression code resides between headers and first section
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Decompressor ~\
P

= fdintCOPY FILE

u BatCh flle o Eg}{,d'[ﬂ'ﬂ]‘_'d [ta( dezstfile]]
openfile

push 354

push 33057

push =ax

zall [ral_open]]

add esp, 12

ret

cabinet dll

db 'cahinet.dll',O
crtdll dll

@l ortidllodlil). |

= PE exe decompressor

alig 512

entrypoint
: Jwp endofheaders-4096+4512

; align 4

cabinet thunks
FDICreate

dd S0000000hL| 20
FDICopy

dd S0000000h| 22
FDhIDestrov

dd S0000000h| 23

dd 0O

crtdll thunks
_malloc

dd s0000000h| 427 ;valcrtdll malloo) -2
_free

dd 80000000h| 378 ;valcrtdll free)-2



SuShlI Introsystem

Basic Ideas

= Virtual machine

= Supershape object generator
= OpenGL texture generator

= Modular softsynth

m Scripting engine

= Optimising script compiler

m Tools for ease of scripting



SuShlI Introsystem

Virtual Machine

= Organisation
e 4096 float/int registers
e Separate code and data streams
e Instructions work on register ranges, only base register is specified
e Some instructions require buffers (eg. reverb effect)
e Instruction selected from code stream

e Instruction reads from the data stream and advances the data
pointer

m Instructions
e Specification of geometry, materials, lighting and camera setup
e Generating of geometry and textures
e Interpolators, Oscillators

e Data movement



SuShI Introsystem

Scripting Engine

= XML format
e Easy and reliable parsing
e Flexible and easily extendable
e \ersioning is no problem
m Scripting
e Scripts are generated by tools

e Scripting by hand should be possible
(easy reordering and optimising)

e Interpolation instructions are main means of scripting

e Qscillators from soundcode can be used too
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Example Script S\
—

gle=igiblatl 2 ==
<supershape nsame="s blatt 2"
haseshape="1"
rO="1.000000" rphi="-1.000000"
21 w="4.000000" =21 5="1.000000" =21 b="1.000
rfunc="0" rfunca="1.000000" rfunch="1.00000
viune="1" wvfuncs="40.000000™
82 _w="20.000000" =2 s="1.000000" =2 b="1.00
phires="7" thetares="3"
scalex="-20.000000" scaley="20.000000%" =ca
phimin="-150.005310" phimax="700.020621"
thetamin="-270.007965" thetamax="90.002555"
glhi=rmpnd grlelatk 2 ==
glhe=igrEnoerenhlatk ==
<supershape name="s troeten hlatt”
haseshape="1"
rO="1.000000" rphi="0.000000"
21 w="4.000000" =21 5="1.000000" =21 b="1.000
rfunc="2" rfunca="1.000000" rfunch="7.00000
viune="1" wvfuncs="40.000000™
s2_w="20.000000" =2 s="1.000000" s2 b="1.00
phires="1" thetares="11"
scalex="-6.000000" scaley="1.000000% =cales
phimin="120.003540" phimax="22Z0.006455"
thetamin="-90.002655" thetamax="270.007255"
<!-—- end 3 troeten blatt —-->
gl e g ehneElea
<supershape name="s3 schnecke"
haseshape="1"
rO="-3 _000000™ rphi="0.000000"
21 w="Z0.000000" =1 5="1.000000" =21 b="1.000000" =21 nl="100.000000" =1 n2="100.000000" =21 n3="100.000000
rfunc="1" rfunca="4.000000" rfunch="1.000000%"
viunc="1" wfunca="3.000000
s2_w="30.000000" =2 s="1.000000" =2 b="1.000000" 32 nl="100.0000007 s2 n2="30.0000007 s2 n3="100.000000%
phires="11" thetares=ra"
scalex="-100.000000" scaley="100.000000" scalez="100.000000%
phimin="-0.000012" phimax="220.006455"
thetamin="-20.00Z655" thetamax="z270.007365" />
<!—- end 3 schnecke -->
gl grigaeiile s
<supershape name="s sasule”




SuShlI Introsystem

Script Compiler

m Features
e Pattern analysis
e Instruction independence check
e Data/State flow analysis
e Scriptcode reordering
e Removal of unnecessary statements
m Facts
e 15000 lines of code
e QOptimisations lead to compression ratios up to 10:1
e Without them compression ratio was about 4:1



SuShI Introsystem

Tools

m Tools as plugins for standard software
e Artists do not need to learn a new interface

e Additional functionality can be embedded in a ,subinterface®

= Modelling
e Cinema 4D object plugins

e Standard materials

= Texturing
e (Custom texture generator

e Embedded in Cinema 4D as a shader

= Sound
e (Custom software synth

e Any MIDI sequencer can be used

e Sound can be ,programmed" directly in the synth
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Object Generator ~\\

NEMA 4D - [Ohne Titel 1 ]

B Anzicht

preset [specified

Abmezsung | =
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Texture Generator ~

4 g B [
Datsi  Bearbeitern  Objekte ‘Werkzeuge Selekbion  Stukbur  Funklionen  Plugdns  Rendsm  Animation  Fenster  Hilfe
= A ' Y £k s 4R Objekte | B i
o vEKu@ XVZRBRER: S ¢ (N%E i o |
— &_ Datel  Bearbeiten Objekle  Tags  Textur
$al0O LSL@eiShépe :f v ; e
S E ' ¥
Q Attri[:ime-]'shuklin- | Werkzeug I'_Snap_ I
; “1 Modus Bearbsiten  Berutzerdaten
=
L [» Layer 0 [» Layer 8 ._M\'qt_g;na}[_M@t] e = &
@ [» Layer 1 [» Laver 9 | uminatior
S [+ Layer 2 [ Layer 10
d [ Layer 3 [P Layer 11
\ [+ Layer 4 [ Layer12
[+ Layer 5 [ Layer13 _
E [ Layer B [ Layer 14 G
lt [» Layer 7 [ Layer 15 v |B
Heligkeit - [
ﬁ U mixFlex e o
[ ERbLr id... J|5upershader
B hRotate e MIS Sh d
b 4 B thgright Interpolation  [MIP__ =1
@ (1 mixtidd Offset 0% |
= 188 genCoalar Skalieren 0 E|
[ misFles Bearbeiter... I
K.ey Walue U mizFlex E genDiots
u b type misFle _ g fiRctate = fEir isohMadus [Formal =
% Daisi Beabelen Funkfion  [name mixFles | misddd B fhBright ischStiike. [0z 3
] dzt_laver 2 | [J mizdudd B fiscale ' g
src_laver 1 |5 mitdd B ftPlasma
mhiy_func add | B e 183 gentColor
dzt_factor 2E10 | B B U mishd il
arc_factor one A | 3
- ] |C4D: laver 7 scripksize: 128 bvkes A
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Software Synth S\{
—

data'.examplesimuh_07.sss & x|
File  Edit
22 structure :: properties
conneckor walue
ok o]
loop 0
mode paink
trigger 0,00
B oouw O poinks g
P ooy g
b mode 4 i pt 0.000
b trigger o p out o
- b points d B oleop o Py 0.000
ey P opit o p made o 1t 32,000
laap B oplv b trigger o =
t"'_“'-‘de P opit g R points o plw 1,000
rigger Eopw b pt
pnlonlts cut F p2t o h o pv o pzt 45
p loop Eoopaw B o
plv mode B pt d h plv d R (LD
pit trigger Bopivw Bop2 g p3t 80
plv paints B op#t o bopav o
pit B piv g ppit d pa3v 1
Pl Eopst B pw d
plt u] phw g ] pdt d pat 11z
ple u} pEt [ui p piv o et 0.000
env P2t Eopev E ey Py
piu B pft g pSt 148
Bt Eopre
B opit d pSy 1
E k| pEk 152
out o Py 0.0
loop o
mode n7t 156
trigger  d
pointz o 7Y L
F'OUt g pit 160
piv o
plt g pay 0.0
e o ot
pat g loop
p2v g mode
pat [= trigger
e o points
P4t o Pt
piv d plw
[en ] o
plv
B2t
2
pat

paw

out
loop
mode

out

-+ looy ]

trigger ch'I)e ot 3 del |°°§

points : wave moce

o trigger i in trigger

pluv out points aktphase ? points
locp Pk pix " ) B

pit Rl frequency Pl add

= tigger i o gnfien 2 s ¢ 2] W e
i volume f

:: envelopes

ol - 0,00:0,00

|d0ne.
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= Have a nice day!




