This page Is intentionally left blank.

Making of 549NOTES.COM, the 256-byte intro for PC-DOS which plays 549 notes - TomCat & ern0, 2019



Making of 549NOTES.COM

256-byte demoscene:
extremly strong competition
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256-byte demoscene: extremly strong competition

Rrrola: Puls
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256-byte demoscene: extremly strong competition

Rrrola: Pyrit
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256-byte demoscene: extremly strong competition

Digimind: Pool Patrol
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256-byte demoscene: extremly strong competition

Digimind: Immediate Railways
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256-byte demoscene: extremly strong competition
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How to shine out of crowd?
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256-byte demoscene: how to beat competition?

TomCat: She - Weak Signal
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256-byte demoscene: how to beat competition?

Image processing + fun

TomCat: Be Happy'!
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256-byte demoscene: how to beat competition?

Raytracing

TomCat: Colorful
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256-byte demoscene: how to beat competition?

Raytracing + fun

TomCat: Pokeball
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256-byte demoscene: how to beat competition?

Music! Add music in 256-byte intros!
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256 byte intro with music

TomCat: 2(56)unlimited
(bytebeat music by ern0)
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256 byte intro with music

\
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(buzzer music by ern0)

TomCat: No Sleep!
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256 byte intro with music

Everyone loves it!
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Create universal bytebeat tool
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Create universal bytebeat tool

 Bytebeat player & editor
TomCat
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Create universal bytebeat tool

 Bytebeat player & editor
TomCat

e Formula compiler for assembly
ern0
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Create universal bytebeat tool

 Bytebeat player & editor
TomCat

e Formula compiler for assembly
ern0



Making of 549NOTES.COM

Create universal bytebeat tool

 Bytebeat player & editor
TomCat

e Formula compiler for assembly
ern0
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Bytebeat Editor (TomCat)

BYTEBEAT bvw TomCat A Abaddon
Fyreq: 18939 zuum:l ont:¥Y wol:11173

ick dyrum no: 1 skiy

ate: 15353 len 2945Y6 wol 164

1hat o - 3 skiy:

ate 63 len 2 rind: 99 vol: 54 fFade: 1
In5trument1 o ; 1 wave ; Eautnnth
1dx 10 mask: 15 len 8 tune:d4 fade: 1
In5trument2 o = wWwaLve | trlangle
1dx:16 mask: 31 len:4 tune: 1E fade :
_PPEHBID no . ol

1d»x 148 ma5k.? rate:d4 len:d4 vol (31
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Bytebeat Editor (TomCat)

..I.'TEBEHT by Tumﬂatfﬂhaddun
reqg: 18939 zoom:1l out:¥ uul 5000

Features. RT3 S

ihat no: 3 ski
&3 len:22 rnd: 99 wvol: 64 fade:1

PY ate:
rea I I I le ee a C Instrumentl no . i wave : sawtooth
idx:0 mask:15 len:8 tune:d fade:1
InstrumentZ no: S wave . triangle

idx:16 mask:31 len:d4 tune:ls Fade: 1l

reeggio no: C
idx 48 mask:T rate:d4 len:d4d vol 31
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Bytebeat Editor (TomCat)

..I.'TEBEHT by Tumﬂatfﬂhaddun
reqg: 18939 zoom:1l out:¥ uul 5000

Features. RT3 S

ihat no: 3 ski
ate:!63 len:Z2 rnd: 99 voligd fFade:l
Instrumentl no . i wave : sawtooth
idx:0 mask:15 len:8 tune:d fade:1
InstrumentZ no: S wave . triangle
4 tune:ls Ffade:@:l

o t}l I cj 1dx:1E_ma5k531 len: :
grap |Ca Soun Wave ol A8 mask 7 rﬁte:q len:4 wvol:31
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Bytebeat Editor (TomCat)

=ETEBEHT by Tumﬂatfﬂhaddun
reqg: 18939 zoom:1l out:¥ uul 5000

Features. RT3 S

ihat no: 3 ski

ate:!63 len:Z2 rnd: 99 voligd fFade:l
Instrumentl no . i wave : sawtooth
idx:0 mask:15 len:8 tune:d fade:1
InstrumentZ no: S wave . triangle
idx:16 mask:321 len:d4 tune!lt fade!l
Arresgio no . =

idx:48 mask:!7 rate!d4 len:d voli3l

e save/restore modified
code
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Bytebeat Editor (TomCat)

BYTEBEAT bo TomCat-Abaddon
frex:18939 zoom:l out: ? vol 35000

ick drum no: 1 ski

ate: 16383 len: 245?6 uul 64

ihat no: 3 ski

ate:!63 len:Z2 rnd: 99 voligd fFade:l
Instrumentl no . i wave : sawtooth
idx:0 mask:15 len:8 tune:d fade:1
InstrumentZ no: S wave . triangle
idx:16 mask:321 len:d4 tune!lt fade!l
Arresgio no . =

idx:48 mask:!7 rate!d4 len:d voli3l

Issues:
e more than 70 hotkeys
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Bytebeat Editor (TomCat)

=ETEBEHT by Tumﬂatfﬂhaddun
frex:18939 zoom:l out: ? vol 35000

ick drum no: 1 =ki

ate: 16333 len: 245?6 uul ‘54

ihat no: 3 ski

ate:63 len:22 rnd: 99 wvol: 64 fade:1
Instrumentl no: i wave ! sawtooth
idx 0 mask: 15 len 8 tune!d4 fade:1l
Instrumentz no: L wave . triangle
idx:16 mask:31 len:d4 tune:ls Fade: 1l
reeggio no: C

idx 48 mask:T rate:d4 len:d4d vol 31
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Bytebeat Editor (TomCat)

BYTEBEAT bo TomCat-Abaddon
frex:18939 zoom:l out: ? vol 35000
ick drum no: 1 ski

ate: 16383 len: 245?6 uul 64

ihat no: 3 ski

ate:!63 len:Z2 rnd: 99 voligd fFade:l
Instrumentl no . i wave : sawtooth
idx:0 mask:15 len:8 tune:d fade:1
InstrumentZ no: S wave . triangle
idx:16 mask:321 len:d4 tune!lt fade!l
Arresgio no . =

idx:48 mask:!7 rate!d4 len:d voli3l

Issues:

* needs some x86 coder knowledge
e.g. you can set any flag for a conditional jump
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Bytebeat Editor (TomCat)

by TomCat/Abaddon . .

3 : 939 zuum.l out 7 unl 11173
ick drum_n iE ski n
ate:: 16383 len 24576 unl i54

ihat no: 3 skir

ate:63 len:Z2Z rnd: 99 vol 64 Fade :

Instrumentl no: wave ! sawtooth

1
[ ]
idx:® mask:1l5 ien: EI: tune:d fade:l o
InstrumentZ no: 5 wave (triansle OO COI I I eX eS eC I a
idx 116 mask:321 len:4d tune:i6 Fade:l ’
rYeggio no:
for musicians #UX

idx:48 mask:7 rate:4 len:4 vol:31




Making of 549NOTES.COM

Bytebeat Editor (TomCat)

by TomCat/Abaddon . .

3 : 939 zuum.l out 7 unl 11173
ick drum_n iE ski n
ate:: 16383 len 24576 unl i54

ihat no: 3 skir

ate:63 len:Z2Z rnd: 99 vol 64 Fade:1

Instrumentl no: wave ! sawtooth

idx:0 mask:lS ien: EI: tune:4 fade:l

InstrumentZ no: 5 wave (triansle

idx 116 mask:321 len:d4 tune! i6 fade:l

Arreggio no.

idx:48 mask:7 rate:4 len:4 vol:31

e does not provide enough
freedom
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Bytebeat Editor (TomCat)

ba TomCats Abaddon
zuum.l out 7 unl 11173
drum n o]

ic 1 ski

ate: 16333 len 24576 unl i54

ihat no: 3 skir: EIE-

ate:63d len:2ZZ rnd: 99 vol 64 Fade:1
Instrumentl no: wave ! sawtooth
idx:0 mask:1lS len: EI: tune:4 Ffade:l
InstrumentZ no: 5 wave ;triansle
idx 116 mask:321 len:d4 tune! i6 fade:l
ACreggio no.
idx:48 mask:¥ rate:d4 len:d4 wvol::31
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Assemblyzator (ern0)
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Assemblyzator (ern0)

Transform bytebeat formula to assembly code...
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Assemblyzator (ern0)

Transform bytebeat formula to assembly code
using a modern C compiler!
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Assemblyzator (ern0)

Transform bytebeat formula to assembly code
using a modern C compiler!

int main() { malin:
bBedel 7501 mowv eax,Uxl/5eled
int result = 0; ek ret

for (int 1 = 0:; 1 < 100; i++) {
for (int §j = 0; j < 100; j++) {
result += 1 * 7j;
t
'

return result:
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Assemblyzator (ern0)

Transform bytebeat formula to assembly code
using a modern C compiler!

int main() { malin:
bBedel 7501 mowv eax,Uxl/5eled
int result = 0; ek ret

for (int i = 0: 1 < 100: i++) {
for (int §j = 0; j < 100; j++) {

camtieem 1 % B Very optimized!

'
-.*"J

return result:

e
-

. A q
: Such compiler! »'s
s
4
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Assemblyzator (ern0)

Transform bytebeat form

20 aembly code
using a modg oll

int main() {
int result = 0:

for [(int 1 = 0;
for (int j
result
t
'

return result:

No modern c0piler exists for 16-bit target.
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Assemblyzator (ern0)

Let's write a compiler thing!
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Assemblyzator (ern0)
Let's write a compiler thing!
)
Split complex bytebeat formula

to series of simple formulas,
which is close to assembly
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Assemblyzator (ern0)

((t<<1) *((t<<1) + var3 = t << 1

(t>>7) &t>>12) ) | var7 = t >> 7

t>>(4-(1*7&(t>>19))) varb = var3 + var7

| £5>7 varé = t >> 12
vard = varb5 & varé
varl = var3 » var4
varl2 = t >> 19
varll = 7 & varl2
varl0 = 1 » varll
var9 = -varl0

var9 = var9 + 4

var8 = t >> var9
var2 = var8 | var7
result = varl | var2
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Assemblyzator (ern0)

Features:

e split formula
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Assemblyzator (ern0)

Features:

e handle num arrays
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Assemblyzator (ern0)

Features:

 handle string arrays
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Assemblyzator (ern0)

Features:

 remove duplications
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Assemblyzator (ern0)

Design Flaws:
e 3-0p (A =B op C)

8086 assembly instructions are 2-operand
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Assemblyzator (ern0)

Design Flaws:

e can't handle cond. op.
A=(BopC?D:E)

improperly designed Abstract Syntax Tree
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Assemblyzator (ern0)

Verdict:
* nice try, but does not help much
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Assemblyzator (ern0)

Verdict:

e writing a compiler is not as easy as it looks first
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Assemblyzator (ern0)
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[TomCat] [Instead of creating universal tools,
we should choose one song and
optimize for it
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[TomCat] [Instead of creating universal tools,
we should choose one song and
optimize for it

[ern0] Right, I'll pick a song
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[TomCat] [Instead of creating universal tools,
we should choose one song and
optimize for it

[ern0] Right, I'll pick a song
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Some hours later...
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[ern0] | got the perfect one.



Making of

549NOTES.COM

the 256-byte intro for PC-DOS
which plays 549 notes

# DOSBox 0.74, Cpu speed: 100000 cycles, Frameskip 0, Program

2 DOSBox 0.74, Cpu speed: 100000 cycles, Frameskip 0, Program.. —

LW:5\>dir =.com
Directory of W:s.
S49N0TES COM Z56 02-01-2019 9:
DEBUG COM 20,788 0£2-01-2019 10:
INSIGHT COM 32,935 0£2-01-2019 10:
3 File(=s) 53,979 Bytes.
0 Dir(s) 262,111,744 Bytes free.

LS
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Table Of Contents

. Song
II. Data
lll. Code
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l. Song
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Prelude |

In C major
BWYV 846 Johann Sebastian Bach (1685 - 1750)
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J. S. Bach: Prelude I. in C Major (BWV 846)

1. Popular, well-known piece
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J. S. Bach: Prelude I. in C Major (BWV 846)

2. Written for piano: optimal for MIDI...
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J. S. Bach: Prelude I. in C Major (BWV 846)

* Piano (patch 1) is the default instrument on
all channels for all General MIDI instruments
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J. S. Bach: Prelude I. in C Major (BWV 846)

* Piano (patch 1) is the default instrument on
all channels for all General MIDI instruments

Switch sound card
to MIDI mode:

mov al,3fH
mov dx,331H
out dx,al
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J. S. Bach: Prelude I. in C Major (BWV 846)

e Chord breaks: no ,key up” message needed
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J. S. Bach: Prelude I. in C Major (BWV 846)

e Chord breaks: no ,key up” message needed
Play a note:

dec dx

mov al,90H ; key down, ch=1
out dx,al

lodsb ; pitch

out dx,al

mov al,7fH ; velocity=127
out dx,al
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J. S. Bach: Prelude I. in C Major (BWV 846)
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J. S. Bach: Prelude I. in C Major (BWV 846)

3. Simple rhythm, only a few tempo changes...
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J. S. Bach: Prelude I. in C Major (BWV 846)

Tempo changes:
e slow down around the end
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J. S. Bach: Prelude I. in C Major (BWV 846)

Tempo changes:

 set minimal pause for the last 5-note chord
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J. S. Bach: Prelude I. in C Major (BWV 846)

4. Contains repeating patterns...



J. S. Bach: Prelude I. in C Major (BWV 846)

Repeating patterns 1/2:

b ——

{% '@jlp_-." 'i.pr. lﬁ- I.-‘:-' ﬁl r"' = q‘;- -.? H;' -
Piano

T ~£e

4 = — - s e
e e — === - e
Nl Pl g 3 *




J. S. Bach: Prelude I. in C Major (BWV 846)

Repeating patterns 1/2:

#, - E' : - - p— ;i f— l.i —3 E .'F | —
Piano G i 7‘"‘___! y o ]
. "'-"*? e = - = ﬂ,;:_h-:" "4;!‘#‘
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J. S. Bach: Prelude I. in C Major (BWV 846)

Repeating patterns 1/2:

= =
o L " T-. .r'-; ﬁ‘. = JIH' = .lj"rﬂ- 5 ﬁ- '.'... l- P
— - -* . - — -
| #’ ; E [ =_ . =&' e == ¥ -
Prano &J“_‘_’! 1'____-__,! i*aw’._ ‘f_?_ 1;‘ g __p*g‘i‘ y
H." r 1 .
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J. S. Bach: Prelude I. in C Major (BWV 846)

Repeating patterns 2/2:

# - T_. -_-‘ T}_. r!_. i' il H;l ol I 'H;l‘ il 'H;! il

L J L -

Piano '?
=

WLy |90

D~y | MM

v
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J. S. Bach: Prelude I. in C Major (BWV 846)

Repeating patterns 2/2:

. | —o r — ] i F I F—e— o i e »
- y, T 3 g ey B
e . ﬁ‘f‘l.""'-"".-_ F?T"‘""'E ﬂj'l‘:"l 5'*'11-:"‘ i’-'-‘j“:‘“ 1*“:"
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J. S. Bach: Prelude I. in C Major (BWV 846)

Repeating patterns 2/2:

=
rL. ﬂ e qﬂli il.._'-l.- q;'at "'_- &y H;!_'_'H Ll'_.'_
W—r —a — ;| —= Er I — o I—— -
Piano .?'-h___.# 7""-#' ol J g
_ Iﬁ"'l.' P 1Y - ﬁ*f“-:-—-"‘ e ﬂj‘*:.:-“ o
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Raw Data

part effective notes raw data
repeating 512 160
non-repeating 32 32
final chord 5 5
total 549 197
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1. Data
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Data overview
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Data overview

uc_3u,"e_3"'"g_3"'"c_4"'ne_4n,

"c-3","d-3","a-3","d-4", "f-4",
IIh_2II,IId_3II,Ilg_3ll'lld_4ll'llf-4ll, Pa rt 1 :

uc_3u’"e_3"'"g_3","c_4"'ne_4n'

"c-3","e-3","a-3","e-4","a-4",
"c-3","d-3","f#3","a-3","d-4",
“h-2","d-3","g-3","d-4","g-4",
“h-2","c-3","e-3","g-3","c-4",

"a-2","c-3","e-3","g-3","c-4",
"d-2","a-2","d-3","f#3","c-4",
"g-2","h-2","d-3","g-3","h-3",
"g-2","a#2", "e-3","g-3", "c#4",

“f-2","a-2","d-3","a-3","d-4",
"f-2", "g#2","d-3","f-3","h-3",
"e-2","g-2","c-3","g-3","c-4",
“e-2", "f-2","a-2","c-3","f-3",

“d-2","f-2","a-2","c-3","f-3",
"g-1","d-2","g-2","h-2","f-3",
"c-2","e-2","g-2","c-3","e-3",
"c-2","g-2", "a#2","c-3","e-3",

“f-1","f-2","a-2","c-3", "e-3",
“f#1","c-2","a-2","c-3","e-3",
“g#1","f-2","h-2","c-3","d-3",
"g-1","f-2","g-2","h-2","d-3",

"g-1","e-2","g-2","c-3","e-3",
"g-1","d-2","g-2","c-3","f-3",
"g-1","d-2","g-2","h-2","f-3",
"g-1","d#2","a-2","c-3", "f#3",

"g-1","e-2","g-2","c-3","g-3",
"g-1","d-2","g-2","c-3","f-3",
"g-1","d-2","g-2","h-2","f-3",
"c-1","c-2","g-2", "a#2", "e-3"
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Data overview

uc_3u,"e_3"'"g_3"'"c_4"'ne_4n,

"c-3","d-3","a-3","d-4", "f-4",
IIh_2II,IId_3II,Ilg_3ll'lld_4ll'llf-4ll, Pa rt 1 :

uc_3u’"e_3"'"g_3","c_4"'ne_4n'

e e e vaesr, | @0 3D | 5 not
Ines X 5 NOotes
"h-2","d-3","g-3","d-4","g-4",

"h-2","c-3","e-3","g-3","c-4",

"a-2","c-3","e-3","g-3","c-4",
"d-2","a-2","d-3","f#3","c-4",
"g-2","h-2","d-3","g-3","h-3",
"g-2","a#2", "e-3","g-3", "c#4",

“f-2","a-2","d-3","a-3","d-4",
"f-2", "g#2","d-3","f-3","h-3",
"e-2","g-2","c-3","g-3","c-4",
“e-2", "f-2","a-2","c-3","f-3",

“d-2","f-2","a-2","c-3","f-3",
"g-1","d-2","g-2","h-2","f-3",
"c-2","e-2","g-2","c-3","e-3",
"c-2","g-2", "a#2","c-3","e-3",

"f-1","f-2","a-2","c-3", "e-3",
"f#1","c-2","a-2","c-3","e-3",
"g#1","f-2","h-2","c-3","d-3",
"g-1","f-2","g-2","h-2","d-3",

"g-1","e-2","g-2","c-3","e-3",
"g-1","d-2","g-2","c-3","f-3",
"g-1","d-2","g-2","h-2","f-3",
"g-1","d#2","a-2","c-3", "f#3",

"g-1","e-2","g-2","c-3","g-3",
"g-1","d-2","g-2","c-3","f-3",
"g-1","d-2","g-2","h-2","f-3",
"c-1","c-2","g-2", "a#2", "e-3"
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Data overview

Ilc_3ll, Ile_3ll' Ilg_3ll' Ilc_4ll' Ile_4ll'

"c-3","d-3","a-3","d-4", "f-4",
IIh_2II,IId_3II'Ilg_3ll'lld_4ll'llf-4ll, Pa rt 1 :

Ilc_3ll’ Ile_3ll, "g'3"' Ilc_4ll' Ile_4ll'

" = " ’ " = " ’ " = " ’ " = " ’ " = " ’ . 3 2 I . 5 t
Ines X 5 NOotes
"h-2","d-3","g-3","d-4","g-4",

wrrerrercerces | o |35t 3 notes are repeated

"a-2","c-3","e-3","g-3","c-4",
"d-2","a-2","d-3","f#3","c-4",
"g-2","h-2","d-3","g-3","h-3",
"g-2","a#2", "e-3","g-3", "c#4",

“f-2","a-2","d-3","a-3","d-4",
"f-2", "g#2","d-3","f-3","h-3",
"e-2","g-2","c-3","g-3","c-4",
“e-2", "f-2","a-2","c-3","f-3",

“d-2","f-2","a-2","c-3","f-3",
"g-1","d-2","g-2","h-2","f-3",
"c-2","e-2","g-2","c-3","e-3",
"c-2","g-2", "a#2","c-3","e-3",

“f-1","f-2","a-2","c-3", "e-3",
“f#1","c-2","a-2","c-3","e-3",
“g#1","f-2","h-2","c-3","d-3",
"g-1","f-2","g-2","h-2","d-3",

"g-1","e-2","g-2","c-3","e-3",
"g-1","d-2","g-2","c-3","f-3",
"g-1","d-2","g-2","h-2","f-3",
"g-1","d#2","a-2","c-3", "f#3",

"g-1","e-2","g-2","c-3","g-3",
"g-1","d-2","g-2","c-3","f-3",
"g-1","d-2","g-2","h-2","f-3",
"c-1","c-2","g-2", "a#2", "e-3"




=
O
9
7))
11}
-
o
=
(<))
<
To]
Yo
o
(o))
lm
L
©
=

Data overview

Part 1
e last 3 notes are repeated

e (8-note) lines are repeated

e 32 lines X 5 notes

S I 4444 T my 4343 Mmmmm mmmm mmmm 3333
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
V%% 0 adu..c vusU dhcf “%-00 0OUTT O 4% u..ffe

TILLE T MEm M
1 1 1 1 1 1 1 1

™M ™ 3333 MANMM MPMMN MBNM 0NN
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
vTTL oETO O

o) O afgc ChCC (SO IS B — CChC CCha

3333 ™M
1
gagg ©

MMn Mmm¢m Mmm0 2222 NN NN 2222 2222
1 1 1 1 1 1 1 1 1 1 1 1 1 1

D0 0TTOYO TTUWE agga cocED ggga 9999
MMM MMM MNNN NNNN NNNN NNANN NNNN NSNS
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
9TTO OTTU UMSE COOF +TUD HU%¥% OTTT OTTU
MMANM MMONN NNNN NNNN NN e e e 1111 1111
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

VUSU VUESE E©TOD w%0VOU TOVU 4% OO 9999 gggc




=
O
9
7))
11}
-
o
=
(<))
<
To]
Yo
o
(o))
lm
L
©
=

Data overview

Part 1
e last 3 notes are repeated

e (8-note) lines are repeated

e 32 lines X 5 notes
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Data overview

Part 1

e last 3 notes are repeated
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Data overview
e last 3 notes are repeated

e 32 lines X 5 notes
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Making of 549NOTES.COM

Histogram of raw (31 values, 197 notes)

; ¢-1:36 4 #HtH# v 1. c-3:60 23 #HH#HHHHHEHHHE
; F-1:41 1 # ;2. 9-2:55 14  ##HHHEEEHEREEE
v T#1:42 1 # 7 3. e-3:64 14 ####HHHHHHHEE
; 9-1:43 9 I ;7 4. 9-3:67 13 #HHEHHEHEEE
; g#1:44 1 # 7 5. d-3:62 12 ###HHHHHHEE
;7 h-1:47 1 # ;0 6. a-2:57 12 ###HHHHHHIE
; €-2:48 6 v 7. T-2:53 11  ###HHHHHHIEHE

; d-2:50 O I 7 8. T-3:65 10 ###H#t##HHIHY

; d#2:51 1 # 7 9. h-2:59 O {HiHHHIH

; e-2:52 5 ; 10. g-1:43 9O M

v F-2:53 11 ####H#HHHHEE 7 11. d-2:50 O  HH#HIHI

7 9-2:55 14 HHHHHEHEEEEREE 7 12, d-4:74 8

; g#2:56 1 # ;7 13, c-4:72 7

;o a-2:57 12 ###HHHHHEHE ; 14. h-3:71 6

; a#2:58 3 #Ht# ; 15. c-2:48 6

; h-2:59 O I ; 16. e-2:52 5 ###HH#

; C=3:60 23  #H#HHHAHHBH I ;7 17. c-1:36 4 #Hit##

; d-3:62 12 #H#HHEHEHEHEEE ; 18. a-3:69 4

; e-3:64 14  ###HHHHHEHEE 7 19, £-4:77 3 #H#

; T-3:65 10  ####HH#HHIH ; 20, f#3:66 3 H#

; T#3:66 3 #it# ; 21. e-4:76 3 #it#

7 9-3:67 13 #HHHHHEEEERE ; 22. a#2:58 3 Ht#

; a-3:69 4 ;7 23. h-1:47 1 #

; h-3:71 6 ; 24. g-4:79 1 #

; €-4:72 7 ##HHHHY ; 25. g#2:56 1 #

; c#4:73 1 # ; 26. g#l1:44 1 #

» d-4:74 8 #HHHHHIH p 27. f-1:41 1 #

; e-4:76 3 #H# ; 28. f#1:42 1 #

; F-4:77 3 #it# ;7 29. d#2:51 1 #

;7 9-4:79 1 # ; 30. c#4:73 1 #

; a-4:81 1 # ; 31. a-4:81 1 #



Making of 549NOTES.COM

Histogram of raw (31 values, 197 notes)

notes: 5 bit x 197 = 124 byte
table: 31 byte
total.: 155 byte




Making of 549NOTES.COM

Histogram of raw (31 values, 197 notes)

note range: 36..81: 45 values

values: 6 bit x 197 = 148 bhyte
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Think Diff
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The raw-diff-5 theory



Making of 549NOTES.COM

Think Diff: why raw-diff-57?

Why raw?



Making of 549NOTES.COM

Think Diff: why raw-diff-57?

Why raw?

e Two options:
- raw MIDI notes or
- mapped data



Making of 549NOTES.COM

Think Diff: why raw-diff-57?

Why raw?

e Dispersion: 31 values in range of 45
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Think Diff: why raw-diff-57?

Why raw?

* Indexed requires extra 31-byte table



Making of 549NOTES.COM

Think Diff: why raw-diff-57?

Why raw?

 Can't compress table, ony data



Making of 549NOTES.COM

Think Diff: why raw-diff-57?

Why diff-5?



Making of 549NOTES.COM

Think Diff: why raw-diff-57?

Why diff-57
e Part 1 contains chord breaks



Making of 549NOTES.COM

Think Diff: why raw-diff-57?

Why diff-5?

e Chords are evolving slowly to next one
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Think Diff: why raw-diff-57?

Why diff-5?

 Slowness is emphasized by repeating
all chord breaks twice (not stored)
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Think Diff: why raw-diff-57?

Why diff-5?

 Slow change means small diffs
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Think Diff: why raw-diff-57?

Why diff-5?

 Chord breaks are 8 notes long
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Think Diff: why raw-diff-57?

Why diff-5?

e Which are stored in 5 bytes
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Think Diff: why raw-diff-57?

Why diff-5?

e Diff-5 Is diff to previous line
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Intermission: raw-diff-mixed/1/5

What is diff-mixed/1/57?



Making of 549NOTES.COM

Intermission: raw-diff-mixed/1/5

What is diff-mixed/1/57
e First note of the line: diff-5 (prev line)



Making of 549NOTES.COM

Intermission: raw-diff-mixed/1/5

What is diff-mixed/1/57?

 Other notes: diff-1 (prev note)
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Intermission: raw-diff-mixed/1/5

What is diff-mixed/1/57?

* No negative diff-1 values



Making of 549NOTES.COM

Intermission: raw-diff-mixed/1/5

What is diff-mixed/1/57?

 Requires extra code
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Think Diff: raw-diff-5 data overview

Added diff values in dump:

c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:

c-3:60:=00 d-3:62:-02 a-3:69:4+02 d-4:74:+02 T-4:77:+401
h-2:59:-01 d-3:62:=00 ¢-3:67:-02 d-4:74:=00 f-4:77:=00
cC-3:60:+01 e-3:64:+02 g-3:67:=00 c-4:72:-02 e-4:76:-01
c-3:60:=00 e-3:64:=00 a-3:69:+02 e-4:76:+04 a-4:81:+05
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Think Diff: raw-diff-5 data overview
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Think Diff: raw-diff-5 data overview
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hink Diff: raw-diff-5 data overview
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Think Diff: raw-diff-5 data overview
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Making of 549NOTES.COM

Histogram of raw-diff-5 (27 values, 197 notes)

-35 1 1#

-21 1 2 #

-14 1 3 #

-12 1 4 #

-10 2 6 ##

-09 2 8 ##

-07 11 19 #####HH#HHIHH
-06 1 20 #

-05 2 22 ##

-04 5 27 #H###

-03 11 38 ####H#H#IHHY

=02 21 59 ##HH#HHHHHAHHRHH T

=01 22 81 ##HHHHHHHAHHRHHIHHHHHH

=00 65 146 #H#HHHHHHHHHHAHHHHHRHHIHAHHRHH TR AR R
+01 15 161 ####H###H##HIHHH#H

+02 14 175 ####H###HHHIHHH

+03 5 180 #####
+04 3 183 ###
+05 6 189 ######
+10 1 190 #

+12 1 191 #

+17 1 192 #

+18 1 193 #

+24 1 194 #

+27 1 195 #

+29 1 196 #

+41 1 197 #



Making of 549NOTES.COM

Histogram of raw-diff-5 (27 values, 197 notes)

;7 1. =00 65 65 #HH#HHHHHHHHHHHHHHHHHHRHH IR R R R AR R
i 2. =01 22 87 #H#HHHHHHHHHHHHH I
i 3. =02 21 108 #H##HH#HHAHHIRH A
;4. +01 15 123 ###H#HHIHHH

i 5. +02 14 137 ###H#AHIHHHH I

7 6. =07 11 148 #####HHHH#H#H

;7. =03 11 159 ######H##H

; 8. +05 6 165 ######

;9. =04 5 170 #####

; 10. +03 5 175 #####

; 11. +04 3 178 ###

; 12. -10 2 180 ##

; 13. -09 2 182 ##

; 14. -05 2 184 ##

; 15. -35 1 185 #

; 16. -21 1 186 #

; 17. -14 1 187 #

; 18. -12 1 188 #

; 19. -06 1 189 #

; 20. +41 1 190 #

; 21, +29 1 191 #

; 22, 427 1192 #

; 23. +24 1 193 #

; 24. +18 1 194 #

; 25. +17 1 195 #

; 26, +12 1 196 #

; 27. +10 1 197 #



Making of 549NOTES.COM

Histogram of raw-diff-5 (27 values, 197 notes)

s 1. 00 65 65 M R R
C 2. <01 22 87 HEREREREBHBRI

: 3. =02 21 108 HEHHHHHIEEHREY _ .

c 4. 401 15 123 HEHEHEHEREHEREE TOp heavy'

© 5. 402 14 137 HEREHEHEHEEREE .

. 6. -07 11 148 HEHEHHHRERS 33% Welght for
;7. -03 11 159 HEHEHEHEHEH 0
;8. +05 6 165 ###ii# tOp Value (4 A))
. 9. -04 5 170 #u##

. 10. +03 5 175 ####s

. 11. +04 3 178 ###

. 12. -10 2 180 ##

. 13. -00 2 182 ##

. 14. -05 2 184 ##

. 15. -35 1 185 #

. 16. -21 1 186 #

. 17. -14 1 187 #

. 18, -12 1 188 #

. 19. -06 1 189 #

. 20. +41 1 190 #

. 21, +29 1 191 #

.22, 427 1 192 #

. 23, 424 1 193 #

. 24. +18 1 194 #

. 25. +17 1 195 #

. 26. +12 1 196 #

. 27. +10 1 197 #



Making of 549NOTES.COM

Histogram of raw-diff-5 (27 values, 197 notes)

s 1. =00 65 65 HHHHHHHHHHEHHHHE
s 2. =01 22 87 #HHHHHHHHHHHEHRHHHI

L3, -02 21 108 #HHHHHHHHIHHHHHIE

s 4, +01 15 123 #HHHHHHHHHRHS

s 5. 402 14 137 #HH#HHHHHEES

2 6. -07 11 148 ##u######Y

s 7. -03 11 159 #########Y

;8. +05 6 165 ######

;9. -04 5 170 #####

: 10. +03 5 175 #####

. 11. +04 3 178 ### L t I

212, -10 2 180 ## -

; 13. -09 2 182 ## Ongo all: _

2 14, -05 2 184 ##

i 14. -05 2 164 § 11% weight for
; 16, -21 1 186 #

L 17. -14 1 187 # 63% of values
; 18, -12 1 188 #

: 19. -06 1 189 #

2 20. +41 1 190 #

21, +29 1 191 #

; 22, +27 1 192 #

; 23, +24 1 193 #

224, +18 1 194 #

225, +17 1 195 #

2 26. +12 1 196 #

2 27. +10 1 197 #



Making of 549NOTES.COM

Compression



Making of 549NOTES.COM

Compression

e Split data to top frequent and less frequent
set of values around 80%..20% weight



Making of 549NOTES.COM

Compression

e Store most frequent values in short-words



Making of 549NOTES.COM

Compression

e Store most frequent values in short-words
CCC CCC CCcC cCccCc ccc ccc ccc ccc ccc I



Making of 549NOTES.COM

Compression

e Store most frequent values in short-words
CCC CCC CCcC cCccCc ccc ccc ccc ccc ccc COMP I



Making of 549NOTES.COM

Compression

e Store most frequent values in short-words

CCC CCC CCC ccC ccc ccc ccc ccc ccc CoMP I
compressed



Making of 549NOTES.COM

Compression
CCC CCC CCcC cCccCc ccc ccc ccc ccc ccc COMP I

e Store special escape short-word followed
by a long-word for less frequent values



Making of 549NOTES.COM

Compression
CCC CCC CCcC cCccCc ccc ccc ccc ccc ccc COMP I

e Store special escape short-word followed
by a long-word for less frequent values
SSS+UUUUU SSS+UUUUU SSS+UUUUU CCC CCC SSS+uuuu I



Making of 549NOTES.COM

Compression
CCC CCC CCcC cCccCc ccc ccc ccc ccc ccc COMP I

e Store special escape short-word followed
by a long-word for less frequent values
SSS+UUUUU SSS+UUUUU SSS+UUUUU CCC CCC SSS+uuuu UCOMP I



Making of 549NOTES.COM

Compression
CCC CCC CCcC cCccCc ccc ccc ccc ccc ccc COMP I

e Store special escape short-word followed
by a long-word for less frequent values

SSS+UUUUU SSS+UUUUU SSS+UUUUU CCC CCC SSS+uuuu UCOMP I
uncompressed



Making of 549NOTES.COM

Compression
CCC CCC CCcC cCccCc ccc ccc ccc ccc ccc COMP I

SSS+UUUUU SSS+UUUUU SSS+UUUUU CCC ccc SSS+uuuu UCOMP I
e Needs index tables



Making of 549NOTES.COM

Compression
CCC CCC CCcC cCccCc ccc ccc ccc ccc ccc COMP I

SSS+UUUUU SSS+UUUUU SSS+UUUUU CCC CCC SSS+uuuu UCOMP I

e First notes must be stored (have no diff)



Making of 549NOTES.COM

Compression

\CCC CCC CCC CCC cCcCc ccCc ccCc ccc ccc comp I

SSS+UUUUU SSS+UUUUU SSS+UUUUU CCC CCC SSS+uuuu UCOMP I



Making of 549NOTES.COM

Compression: raw-diff-5 @ 2

;1. =00 65 65 #######HHHHHHHHHANHHHHHSHHRIHHHHHH SRR HHHHHHSBRR R HSSHH
;2. -01 22 87 ######HHHHHHHSHSSHH o/ .« "
;3. -02 21 108 ##t######HHHHA1H IS 5 5 /O . 2 B b It
;4. +01 15 123 #######HH#HHHH#HY . .
;5. +02 14 137 ########HHHH#HA 45%. 7'b|t
;6. -07 11 148 ########H#H#HH#

;7. -03 11 159 ########H#HH#H#

; 8. +05 6 165 ######

;9. -04 5 170 #####

; 10. +03 5 175 #####

; 11. +04 3 178 ###

; 12, -10 2 180 ##

; 13, -09 2 182 ##

; 14, -05 2 184 ##

; 15, -35 1 185 #

; 16, -21 1 186 #

; 17, -14 1 187 #

; 18, -12 1 188 #

; 19, -06 1 189 #

; 20, +41 1 190 #

; 21, 429 1 191 #

; 22, +27 1 192 #

; 23, +24 1 193 #

; 24, +18 1 194 #

; 25, +17 1 195 #

; 26, +12 1 196 #

; 27. +10 1 197 #
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Compression: raw-diff-5 @ 3

;1. =00 65 65 ##t##t##HHH ISR
;2. -01 22 87 ##t#t{t#H##HHHHH

;3. -02 21 108 #i#t#t{t###H#H{HHHHH T

;4. +01 15 123 ##t#{t###H#H#HHHH

;5. +02 14 137 ########HHHH#HA o

;6. -07 11 148 ##t######H#HH#H# "
;7. -03 11 159 #i#t######### 81 A) 3 blt
; 8. +05 6 165 ###### . .
;9. -04 5 170 ##### 19%: 7-bit
; 10. +03 5 175 #####

; 11. +04 3 178 ###

; 12, -10 2 180 ##

; 13, -09 2 182 ##

; 14, -05 2 184 ##

; 15, -35 1 185 #

; 16, -21 1 186 #

; 17. -14 1 187 #

; 18. -12 1 188 #

; 19, -06 1 189 #

; 20, +41 1 190 #

; 21, +29 1 191 #

; 22, +27 1 192 #

; 23, +24 1 193 #

; 24, +18 1 194 #

; 25, +17 1 195 #

; 26, +12 1 196 #

; 27. +10 1 197 #
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Compression: raw-diff-5 @ 4

© 1. 200 65 65 #EHHHEHEE R R R R R R R R R R
L 2. -01 22 87 HEHHHEEHEHEEHEERERERY

L 3. 202 21 108 #HHHEEEEHEEREERIEER

© 4. +01 15 123 #HEBHEEEEEEREE

© 5. 102 14 137 #HEEHEEEEEERE

L 6. -07 11 148 #EBEHEEEERE

s 7. -03 11 159 #EBHEEEBEEE

. 8. +05 6 165 #E#i##

© 0. -04 5 170 #e#us

: 10, +03 5 175 ##s#

; 11. +04 3 178 ###

© 12, -10 2 180 ##

: 13. -09 2 182 ## o

© 14, -05 2 184 ## e A _hi
. 15, -35 1 185 # 94%: 4-bit
. 16. -21 1 186 # _ :

. 17. -14 1 187 # 6%: 8-bit
. 18. -12 1 188 #

. 19. -06 1 189 #

© 20, +41 1 190 #

2 21. +29 1 191 #

; 22, +27 1 192 #

; 23, +24 1 193 #

224, +18 1 194 #

. 25. +17 1 195 #

© 26, +12 1 196 #

2 27. +10 1 197 #



Making of 549NOTES.COM

Compression: nutab

No Uncompressed Table



Making of 549NOTES.COM

Compression: nutab

No Uncompressed Table:
 High number of values - large table



Making of 549NOTES.COM

Compression: nutab
No Uncompressed Table:

e Low utilization of the table (usually 1 note)



Making of 549NOTES.COM

Compression: nutab

No Uncompressed Table:

e Range of minimum and maximum
value is not much bigger than table size



Making of 549NOTES.COM

Compression: nutab

No Uncompressed Table:

e Table needs some extra code



Making of 549NOTES.COM

Compression: nutab

Show me the proof!
| need evidence



Making of 549NOTES.COM

Compression: nutab

value bits storage | ucomp
split table | range |peritem | + table total
_ 24 5 717 + 24 101
raw-diff-5 @ 2
nutab 76 7 100
, 20 5 38 + 20 58
raw-diff-5 @ 3
nutab 76 7 47
Hif.5 @ 4 12 4 12 + 12 24
raw-diff-
w-ailt> @4 1 itab | 62 6 15




Making of 549NOTES.COM

Compression: nutab

value bits storage | ucomp
split table | range |peritem | + table total
, 24 5 717 + 24 101
raw-diff-5 @ 2
nutab 76 7 100
, 20 5 38 + 20 58
raw-diff-5 @ 3
nutab 76 7 47
JIfE5 @ 4 12 4 12 + 12 4
raw-diff-
Wl @ nutab 62 6 i




Making of 549NOTES.COM

Compression: nctab

No Compressed Table



Making of 549NOTES.COM

Compression: nctab

No Compressed Table:
e Top values are almost continous



Making of 549NOTES.COM

Compression: nctab
No Compressed Table:

 Swap values for continous range



Making of 549NOTES.COM

Compression: nctab

No Compressed Table:

 Small compromise for eliminating
Compressed Table



Making of 549NOTES.COM

Compression: nctab

;7 1. =00 65 65 ##AHHHAHHHHHHHHHHHHHHHHHHHHHHH R AR R R R RS
;o 2. =01 22 87 #H#HHHHAHHHH R

i 3. =02 21 108 ###HHAHHAHHHHHHAHH I

;4. +01 15 123 ####HAHAHAHHHE

;5. +02 14 137 #H###HHH#HHAHHIHHH

i 7. =03 11 159 ######HHIE Swap

With +03: 5 notes

; 10. +03 5 175 #####



Making of 549NOTES.COM

Compression: nctab

. =00 65 65 #HHHHHHHHHHHHHHHHHHHHIH IR IR IR IR R R R R R R
=01 22 87 #H#H#HHHHHHHHHRH

-02 21 108 ###H#HHAHHAHHAHATHHH I

. +01 15 123 ######H#HIHAHIHH

. +02 14 137 ####HHHHHHRHHY

. +03 5 175 #####
. =03 11 159 ####H###HIH Swap

With +03: 5 notes

NouhrhWNRK

s W wuE wuE wuE wuE wun




Making of 549NOTES.COM

Compression: nctab

. =00 65 65 HHHHHHAHHHIRAARRR AR AR R AR R
“OL 22 87 HAHHHHRAAHHBHARAARARRY

-02 21 108 #A#HHHHHBHAHHARABHARS

. 401 15 123 #A#HAAAAAHARHER

. +02 14 137 ####HABHARHRRY Top notes: -03..+03

. +03 5 175 #####

-03 11 159 ###########A

Nouh~hWNRK

s W wuE wuE wuE wuE wun




Making of 549NOTES.COM

Compression: select method



Making of 549NOTES.COM

Compression: select method

Jiff compressed| compressed | uncompressed

note word size table table

~diff-1

- diff-2

| diff-3

raw- | diff-4

| diff6

- diff7 /.
- diff-8 e

—=—vyes-— | yes
nctab |  nutab

@O ®
O~ WN

2 X9 *4x2*x7) =288 variations



Making of 549NOTES.COM

Compression: select method

Select compression method:
e Create estimation for all the 288 variations



Making of 549NOTES.COM

Compression: select method
Select compression method:

e Accurate estimation of data and table sizes



Making of 549NOTES.COM

Compression: select method

Select compression method:

 Can't calculate required code size



Making of 549NOTES.COM

Compression: select method

Challenge accepted.



Making of 549NOTES.COM

Compression: compare methods



Making of 549NOTES.COM

Compression: compare methods

+ -==-=-=- @stimation for raw-diff-5 @ 3 nutab ------




Making of 549NOTES.COM

Compression: compare methods

: -=-=-=- @stimation for raw-diff-5 @ 3 nutab ------

This is the estimation for:
e diff from 5 notes behind



Making of 549NOTES.COM

Compression: compare methods

: ==--- estimation for raw-diff-5 @ 3 nutab ------

This Is the estimation for:

e compressed word size is 3-bit



Making of 549NOTES.COM

Compression: compare methods

: ==--- estimation for raw-diff-5 @ 3 nutab ------

This Is the estimation for:

e use table for compressed values
(not mentioned)



Making of 549NOTES.COM

Compression: compare methods

+ -=-=-=- @stimation for raw-diff-5 @ 3 nutab ------

This Is the estimation for:

* no table for uncompressed values



Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------




Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

: note num: 7.C 20.u 27 .t




Making of 549NOTES.COM

Compression: compare methods

+ -==-=-=- @stimation for raw-diff-5 @ 3 nutab ------

: note num: 7.C 20.u 27 .t

Number of different note values:



Making of 549NOTES.COM

Compression: compare methods

+ -==-=-=- @stimation for raw-diff-5 @ 3 nutab ------

: note num: 7.C 20.u 27 .t

Number of different note values:
e 7/ compressed (table index)



Making of 549NOTES.COM

Compression: compare methods

+ -==-=-=- @stimation for raw-diff-5 @ 3 nutab ------

: note num: 7.C 20.u 27 .t

Number of different note values:

e 20 uncompressed (nutab: raw pitch range)



Making of 549NOTES.COM

Compression: compare methods

+ -==-=-=- @stimation for raw-diff-5 @ 3 nutab ------

: note num: 7.C 20.u 27 .t

Number of different note values:

e 27 total



Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

note num: 7.C 20.u 27.t
note count: 159.c 38.u 197.t




Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

note num: 7.C 20.u 27.t
note count: 159.c 38.u 197.t

Note count (no. of occurrences):



Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

note num: 7.C 20.u 27.t
note count: 159.c 38.u 197.t

Note count (no. of occurrences):
e 159 compressed



Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

note num: 7.C 20.u 27.t
note count: 159.c 38.u 197.t

Note count (no. of occurrences):

e 38 uncompressed



Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

note num: 7.C 20.u 27.t
note count: 159.c 38.u 197.t

Note count (no. of occurrences):

e 197 total



Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

note num: 7.C 20.u 27.t
note count: 159.c 38.u 197.t
note bits: 3.C 10.u




Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

note num: 7.C 20.u 27.t
note count: 159.c 38.u 197.t
note bits: 3.C 10.u

Storage needed by one note:



Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

note num: 7.C 20.u 27.t
note count: 159.c 38.u 197.t
note bits: 3.C 10.u

Storage needed by one note:
e 3 bits for compressed



Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

note num: 7.C 20.u 27.t
note count: 159.c 38.u 197.t
note bits: 3.C 10.u

Storage needed by one note:

e 10 bits for uncompressed (spec: 3 + data: /)



Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

: note num: 7.c 20.u 27 .t
» note count: 159.c 38.u 197.t
: note bits: 3.C 10.u

; storage: 59.cC 47.u 107.t




Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

: note num: 7.c 20.u 27 .t
» note count: 159.c 38.u 197.t
: note bits: 3.C 10.u

; storage: 59.cC 47.u 107.t

Storage needed for song data:



Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

: note num: 7.c 20.u 27 .t
» note count: 159.c 38.u 197.t
: note bits: 3.C 10.u

; storage: 59.cC 47.u 107.t

Storage needed for song data:
59 pbytes for compressed



Making of 549NOTES.COM

Compression: compare methods

---=- estimation for raw-diff-5 @ 3 nutab ------

: note num: 7.c 20.u 27 .t
» note count: 159.c 38.u 197.t
: note bits: 3.C 10.u

; storage: 59.cC 47.u 107.t

Storage needed for song data:

e 47 bytes for uncompressed



Making of 549NOTES.COM

Compression: compare methods

---- estimation for raw-diff-5 @ 3 nutab ------

: note num: 7.c 20.u 27 .t
» note count: 159.c 38.u 197.t
: note bits: 3.C 10.u

; storage: 59.cC 47.u 107.t

Storage needed for song data:

e 107 bytes total



Making of 549NOTES.COM

Compression: compare methods

; storage: 59.cC 47.u 107.
: table: 7.cC 0.u




Making of 549NOTES.COM

Compression: compare methods

; storage: 59.cC 47.u 107.
: table: 7.cC 0.u 7.

Storage needed for tables:



Making of 549NOTES.COM

Compression: compare methods

; storage: 59.cC 47.u 107.
: table: 7.c 0.u

Storage needed for tables:
e 7 bytes for compressed



Making of 549NOTES.COM

Compression: compare methods

; storage: 59.cC 47.u 107.
: table: 7.cC 0.u

Storage needed for tables:

 none for uncompressed (nutab)



Making of 549NOTES.COM

Compression: compare methods

; storage: 59.cC 47.u 107.
: table: 7.cC 0.u

Storage needed for tables:

e / bytes total



Making of 549NOTES.COM

Compression: compare methods

---=- estimation for raw-diff-5 @ 3 nutab ------

: note num: 7.c 20.u 27 .t
» note count: 159.c 38.u 197.t
: note bits: 3.C 10.u

; storage: 59.cC 47.u 107.t
» table: 7.cC O0.u 7.t

total bytes (storage + leading + table): 120

Total storage required:



Making of 549NOTES.COM

Compression: compare methods

---=- estimation for raw-diff-5 @ 3 nutab ------

: note num: 7.c 20.u 27 .t
» note count: 159.c 38.u 197.t
: note bits: 3.C 10.u

; storage: 59.cC 47.u 107.t
» table: 7.cC O0.u 7.t

total bytes (storage + leading + table): 120

Total storage required: 107



Making of 549NOTES.COM

Compression: compare methods

---=- estimation for raw-diff-5 @ 3 nutab ------

: note num: 7.c 20.u 27 .t
» note count: 159.c 38.u 197.t
: note bits: 3.C 10.u

; storage: 59.cC 47.u 107.t
» table: 7.cC O0.u 7.t

total bytes (storage + leading + table): 120

Total storage required: 107 + 5



Making of 549NOTES.COM

Compression: compare methods

---=- estimation for raw-diff-5 @ 3 nutab ------

: note num: 7.c 20.u 27 .t
» note count: 159.c 38.u 197.t
: note bits: 3.C 10.u

; storage: 59.cC 47.u 107.t
» table: 7.cC O0.u 7.t

total bytes (storage + leading + table): 120

Total storage required: 107 + 5 + 7



Making of 549NOTES.COM

Compression: compare methods

---=- estimation for raw-diff-5 @ 3 nutab ------

: note num: 7.c 20.u 27 .t
» note count: 159.c 38.u 197.t
: note bits: 3.C 10.u

; storage: 59.cC 47.u 107.t
» table: 7.cC O0.u 7.t

total bytes (storage + leading + table): 120

Total storage required: 107 + 5 + 7 = 120 bytes



Making of 549NOTES.COM

Compression: compare methods

We have histogram,
estimation and
data generator

for all the

288

variations



Making of 549NOTES.COM

Compression: compare methods

The winner is...




Making of 549NOTES.COM

Compression: compare methods

: raw-diff-mixed/1/5 @ 4 nctab nutab = 114
: raw-diff-mixed/1/5 @ 3 nutab = 117
: raw-diff-5 @ 3 nctab nutab = 118
: raw-diff-5 @ 4 nctab nutab = 118
: raw-diff-5 @ 3 nutab = 120
; -diff-mixed/1/5 @ 4 nctab = 122
: 1ff-mixed/1/5 @ 4 nutab = 124
- raw-diff-1 @ 3 nutab = 125
: raw-diff-5 @ 4 nctab = 126
. raw-diff-1 @ 2 nutab = 127
: raw-diff-5 @ 3 nctab = 127
; Faw-diff-mixed/1/5 @ 2 nutab = 127
; s raw-diff-5 @ 4 nutab = 128




Making of 549NOTES.COM

Compression: compare methods

118
118

- raw-diff-5 @ 3 nctab nutab
; raw-diff-5 @ 4 nctab nutab




Making of 549NOTES.COM

Compression: compare methods

118
118

: raw-diff-5 @ 3 nctab nutab
: raw-diff-5 @ 4 nctab nutab




Making of 549NOTES.COM

Creating data (raw-diff-5 @ 3 nctab nutab)



s W wuE wuE wuE wuE wun

Nouh~hWNRK

Making of 549NOTES.COM

Creating data (raw-diff-5 @ 3 nctab nutab)

. =00
. =01
. =02
. +01
. +02
. +03
. =03

65
22
21
15
14

5
11

65

87
108
123
137
175
159

e e e b b e
FHAHH
HHAHH T
R A
FHHHH

HHHR

R

Top notes: -03..+03

O @ remember...
J



Making of 549NOTES.COM

Creating data (raw-diff-5 @ 3 nctab nutab)

cSub = 4
uSub = 42
spec = 0

for 1 in range(0, len(self.notes)):
note self.notes[1]
diff note.get(”"raw-diff-5")

if diff in (-3,-2,-1,0,1,2,3):
self.renderDataBits(3,diff + cSub)
else:
self.renderDataBits (3, spec)
self.renderDataBits(7,diff + uSub)




Making of 549NOTES.COM

Creating data (raw-diff-5 @ 3 nctab nutab)

cSub = 4

uSub = 42 ﬁ
0

for 1 in range(0, len(self.notes)):

spec
note self.notes[1]
diff note.get(”"raw-diff-5")

if diff in (-3,-2,-1,0,1,2,3):
self.renderDataBits(3,diff + cSub)
else:
self.renderDataBits (3, spec)
self.renderDataBits(7,diff + uSub)




Making of 549NOTES.COM

Creating data (raw-diff-5 @ 3 nctab nutab)

compressed

if diff in (-3,-2,-1,0,1,2,3):
self.renderDataBits(3,diff + cSub)




Making of 549NOTES.COM

Creating data (raw-diff-5 @ 3 nctab nutab)

uncompressed

else:
self.renderDataBits (3, spec)
self.renderDataBits(7,diff + uSub)




Making of 549NOTES.COM

Creating data (raw-diff-5 @ 3 nctab nutab)

; value to substract from compressed data

The final data PR

; value to substract from uncompressed data
DATA USUB = 42

data notes: ; bit packed note data

$92,$49,$16,$d5,$c5,$25,%8d1,$39
$30,$5¢,$17,%c4,$42,$30,$8d, $ca
$17,$85,$£f1,$10,$8¢c,$23,$52,$48
$11,$94,$e0,$5f,%a5,%$71,%e9,$93
$5a,$c7,$02,$62,%da, $d6,$22,5$11
$84,$6a,$49,5$02,$32,$9c,$0b, $£4
Sae,$7£,$20,%$46,$9c,$94,$25,$92
$60,$bf,$44,5e0,54c,%e4,$72,%e8
$ad,$b2,$47,$25,$d6,$ca, $ab5, $8a
$45,$24,$70,$23,$51,$b9,$13,$09
$84,$70,5$d8,$2e,5e4,51e,$21,$30
$40,$13,$10,$54,$24,%$0e,$c3,58cl
$08,$53,%$11,%$42, $ee,$42,5$02,$10
$84,$21,$18,%4a,5$03,$83,$8£,$86
$95

6EEEEEEEEEEEERE




Making of 549NOTES.COM

Creating data (raw-diff-5 @ 3 nctab nutab)

; value to substract from compressed data

The final™ data e

; value to substract from uncompressed data
DATA USUB = 42

data notes: ; bit packed note data

$92,$49,$16,$d5,$c5,$25,%8d1,$39
$30,$5¢,$17,%c4,$42,$30,$8d, $ca
$17,$85,$£f1,$10,$8¢c,$23,$52,$48
$11,$94,$e0,$5f,%a5,%$71,%e9,$93
$5a,$c7,$02,$62,%da, $d6,$22,5$11
$84,$6a,$49,5$02,$32,$9c,$0b, $£4
Sae,$7£,$20,%$46,$9c,$94,$25,$92
$60,$bf,$44,5e0,54c,%e4,$72,%e8
$ad,$b2,$47,$25,$d6,$ca, $ab5, $8a
$45,$24,$70,$23,$51,$b9,$13,$09
$84,$70,5$d8,$2e,5e4,51e,$21,$30
$40,$13,$10,$54,$24,%$0e,$c3,58cl
$08,$53,%$11,%$42, $ee,$42,5$02,$10
$84,$21,$18,%4a,5$03,$83,$8£,$86
$95

6EEEEEEEEEEEERE

Nnot



Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)



Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

db $92,549,S$16,5d5,$ch,5$25,5d1,$39
db $30,$5c,$17,5c4,$42,530,5$8d, Sca

c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:

c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5
c-3:60: e-3:64: g-3:67: c-4:72 e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
C-3:60:+01 e-3:64:+02 g-3:67:=00 <c-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5
c-3:60: e-3:64: g-3:67: c-4:72 e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
C-3:60:+01 e-3:64:+02 g-3:67:=00 <c-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5
%10010010
c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:4+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
C-3:60:+01 e-3:64:+02 g-3:67:=00 <c-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

%10010010 %01001001

C
C
h
C

WINNWW

$92

60:

60:=00
59:-01
60:+01

D QO

1
wWwwww
(o) e) M o) ey}
S NN S

$49

$16

N0 QN
I
£
NN NN
NABRN

$d5

I
NNNN
NN O

® =h =h O
I
b bhp



Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110

6 c-4:72: e-4:76:
-3:69:402 d-4:74:402 T-4:77:401

6 d-4:7

6 c-4:7

-3:60: e-3:64:
-3:60:=00 d-3:62:-02
-2:

-3:

4:=00 f-4:77:=00

g

a
59:-01 d-3:62:=00 g-3:

g 2:-02 e-4:76:-01

60:+01 e-3:64:+02




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

-3:60: e-3:64: g-3:67: c-4:72: e-4:76:

-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:4+02 f-4:77:+01
-2:59:-01 d-3:62:=00 ¢g-3:67:-02 d-4:74:=00 f-4:77:=00
-3:60:+01 e-3:64:4+02 g-3:67:=00 cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

10010010 %01001001 %00010110 %11010101

-3:60: e-3:64: g-3:67: c-4:72: e-4:76:

-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:4+02 f-4:77:+01
-2:59:-01 d-3:62:=00 ¢g-3:67:-02 d-4:74:=00 f-4:77:=00
-3:60:+01 e-3:64:4+02 g-3:67:=00 cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5
%10010010 %01001001 %00010110 %11010101
4 4
c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:4+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:4+02 g-3:67:=00 <c-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

HBHHHAFHHI SHAFRRIRNA BRI AR

4 4 4

c-3:60 e-3:64: g-3:67: c-4:72 e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:4+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

HBHHHARHBI SHHHHRIRAS BRI SRR

4 4 4 il

c-3:60 e-3:64: g-3:67: c-4:72 e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:4+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

HBHHHAFHHHH SHAFRRIHNA FHSHARRRIIAAHHRRR SRR R

4 4 4 4 4

c-3:60 e-3:64: g-3:67: c-4:72 e-4:76:

c-3:60:=00 d-3:62:-02 a-3:69:4+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 =MAATMO]]TO %11010101

B e C S U B_ 4

4 4 4 4 4

c-3:60 e-3:64: g-3:67: c-4:72 e-4:76:

c-3:60:=00 d-3:62:-02 a-3:69:4+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 =MAATMO]]TO %11010101

B e C S U B_ 4

4 4 4 4 4
© 0 0 0 0

c-3:60 e-3:64: g-3:67: c-4:72 e-4:76:

c-3:60:=00 d-3:62:-02 a-3:69:4+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 =MAATMO]]TO %11010101

B e C S U B_ 4

4 4 4 4 4
© 06 0 0 0

c-3:60 e-3:64: g-3:67: c-4:72 e-4:76:

c-3:60:=00 d-3:62:-02 a-3:69:4+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

b e R R e

c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:

c-3:60:=00 d-3:62:-02 a-3:69:4+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

b e R R e

4
c-3:60 e-3:64: g-3:67: c-4:72: e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:4+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

%10010010 %01001001 %00C

$92

$49

b e R R e

C
C
h
C

I
WINNWW
G Ul O O
WO Oo

:+01

D QO

"
wWwwww
(o) e) M o) ey}

S NN S

$16 $d5
10110-0177010101
CSUB=4
c-4:72: e-4:76:
d-4:74:402 T-4:77:401
d-4:74:=00 T-4:77:=00
c-4:72:-02 e-4:76:-01



Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

b e R R e

4
0
c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$d5

$49 $16

$92

%10010010 %01001001 %00010110 %11010101

bz T N T e e

c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:

c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01



Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$d5

$49 $16

$92

%10010010 %01001001 %00010110 %11010101

bz T N T e e

2
c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:4+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5
%10010010 %01001001 %0001011A %11010101
HHHHRHAH HHHHRSHH SRR B R R #####i###### C S U B= 4
-2

c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
C-3:60:+01 e-3:64:+02 g-3:67:=00 <c-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5
%10010010 %01001001 %0001011A %11010101
HHHHRHAH HHHHRSHH SRR B R R #####i###### C S U B= 4
-2

c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 T-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
C-3:60:+01 e-3:64:+02 g-3:67:=00 <c-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

bz T N T e e

c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:

c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

HBHHHARHBI AR BRI SRR BRHARRR BRI BRI 3R

c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:

c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

HBHHHARHBI AR BRI SRR BRHARRR BRI BRI 3R

0
c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5
%10010010 %01001001 %00010110 %=11ATA1Q]
HHAHHBHAH HHHHRHHHE R B R R S C S U B= 4
6
2
c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
C-3:60:+01 e-3:64:+02 g-3:67:=00 <c-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

HBHHHARHBI AR BRI SRR BRHARRR BRI BRI 3R

0

2
c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 T-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

HBHHHARHBI AR BRI SRR BRHARRR BRI BRI 3R HBHHHHHHBHH

6

2
c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

HBHHHARHBI AR BRI SRR BRHARRR BRI BRI 3R HBHHHHHHBHH

6

2
c-3:60: e-3:64: g-3:67: c-4:72: e-4:76:
c-3:60:=00 d-3:62:-02 a-3:69:+02 d-4:74:4+02 f-4:77:+01
h-2:59:-01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
c-3:60:+01 e-3:64:+02 g-3:67:=00 <Cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

HBHHHARHBI AR BRI SRR BRHARRR BRI BRI 3R HBHHAAHHBIH SHHHHIAA

:+01

C
:+02 d

: =01 :-02 d-4:
C

:+01

I
WINWW
S U1 OY OO
WO OoO
NN ON

wWwww
(o) e) o) Ne))

e
:+02 f-4:

f

e

D QoM
I
Wwww
S O O OY
N
Il
S
(<
QQ 9 Q
I

C
C
h-
C

: =02 : =01
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Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%10010010 %01001001 %00010110 %11010101

HBHHHARHBI AR BRI SRR BRHARRR BRI BRI 3R HBHHAAHHBIH SHHHHIAA

:+01

C
:+02 d

: =01 :-02 d-4:
C

:+01

I
WINWW
S U1 OY OO
WO OoO
NN ON

wWwww
(o) e) o) Ne))

e
:+02 f-4:

f

e

D QoM
I
Wwww
S O O OY
N
Il
S
(<
QQ 9 Q
I

C
C
h-
C

: =02 : =01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%100 101

#HAHFHHHHRHAE A YH##

Sorry, no uncompressed example...

+01

59 -01 d-3:62:=00 ¢g-3:67:-02 d-4:74:=00 T-4:77:=00
:60:+01 e-3:64:402 g-3:67:=00 c-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

$92 $49 $16 $d5

%100 101

#HAHFHHHHRHAE A YH##

Sorry, no uncompressed example...
Because It's so effective!

+01

59 -01 d-3:62:=00 g-3:67:-02 d-4:74:=00 f-4:77:=00
:60:+01 e-3:64:+02 (g-3:67:=00 cc-4:72:-02 e-4:76:-01




Making of 549NOTES.COM

Decoding data (raw-diff-5 @ 3 nctab nutab)

%100]
Sorry, no uncompressed example...

$92 $49 $16 $d5

Because It's so effective!

9:-01 d-3:62:=00 ¢g-3:67:-02 d-4:
0:+01 e-3:64:+02 g-3:67:=00 c-4:]

101




Making of 549NOTES.COM

l1l. Code
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l1l. Code

Assembly code ahead!



Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)
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Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

How to decompress diff value:
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Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

How to decompress diff value:
* not optimized yet, no sizecoding tricks



Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

How to decompress diff value:
 not optimized yet, no sizecoding tricks
e special code for raw-diff-5 @ 3 nctab nutab



Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

load _play note:
mov b1l,DATA CSUB ; DATA CSUB = 4
mov ax, $2000 ; AL:=0, AH:=%xx10'0000: 3 SHL from zero
@next_bit:
or ah,ah
jnz @read_bit
;word read:
or al,al ; check for %000 special value
jnz @adjust_word
; Load_uncompressed:
mov b1l,DATA USUB ; 42, also a good value for bit counter

mov ah,bl 7 %xXxxXX'xx10: 7 SHL from zero
jmp @next_bit
@read bit:

or cl,cl
jnz @shift_latch

; Lload_latch:
inc c¢x ; INC CX for CL:=1, %xxxx'xxxl: 8 SHL from zero
mov ch, [bp]
inc bp
@shift_latch:
sal ax,1
sal «c¢x,1
adc al,o0

jmp @next_bit
@adjust_word:
sub al,bl




Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

load play note:
mov bl,DATA CSUB ; DATA CSUB = 4

word: 0] 1 2 3 4 5 §) 7/
diff: SPEC -03 -02 -01 =00 +01 +02 +03

word - DATA CSUB = diff
BL




Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

s W wuE wuE wuE wuE wunE

NouhrhWNRK

. =00
. =01
. =02
. +01
. +02
. +03
. =03

65
22
21
15
14

5
11

65

87
108
123
137
175
159

e e e b b e
FHAHH
HHAHH T
R A
FHHHH

HHHR

R

Top notes: -03..+03

O @ still remember...
-



Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

load play note:
mov b1l,DATA CSUB ; DATA CSUB = 4

word: 0] 1 2 3 4 5 §) 7/
diff: SPEC -03 -02 -01 =00 +01 +02 +03

word - DATA CSUB = diff
BL




Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

mov ax,$2000 ; AL:=0, AH:=%xx10'0000: 3 SHL from zero

AL: result diff value, initialize
AH: shift counter, shift until zero
SHL AX: shift value and counter




Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

@next_bit: .
or ah,ah AH: shift counter

jnz @read bit If 1t's not zero, read next bit
If 1t's zero, word 1s read in AL
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Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

;word read:
or al,al ; check for %000 special value
jnz @adjust word

If 1t's not SPEC escape (%000),
the word is almost ok (later)
If 1t's a SPEC escape...




Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

After SPEC: load uncompressed word

DATA USUB transforms 1..127 data to -35..+41
diff, there's space for some optimization...

; Load _uncompressed:
mov bl,DATA USUB ; 42, also a good value for bit counter
mov ah,bl 1 %XXXX'xx10: 7 SHL from zero

...1t works as shift counter as well.




Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

Read bits again with uncompressed
counter (AH) and USUB (BL) value

jmp @next bit




Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

CL 1s the latch counter. If zero,

@read_bit: new data byte must be read.
or cl,cl

jnz @shift_latch




Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

Initialize latch counter (CL)
Read next data byte to latch (CH)

; Load latch:
inc cx ; INC CX for CL:=1, %xxxx'xxxl: 8 SHL from zero
mov ch, [bp]

inc bp




Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

hift_latch: . o
@s slal‘aax,cl Shift result, low bit 1is

to be read from latch...




Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

Shift latch counter (CL) and value (CH)
Latch value 1s shifted to CF, copied to AL

sal c¢x,1
adc al,o0
jmp @next_bit




Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

mov bl,DATA_CSUB

mov bl,DATA_USUB

When a word 1s read to AL, then CSUB or
USUB (BL) must be substracted from 1t

@adjust word:
sub al,bl




Making of 549NOTES.COM

Clean Code Decoder (raw-diff-5 @ 3 nctab nutab)

Player prototype with data: 228 bytes (no repeat)

e data: 118 bytes

e playing all notes only once, not repeating

e no Vvisual yet

e after draft implementation of repeating: 377 bytes




Making of 549NOTES.COM

[ern0] We are at 228 byte with repeats
not implemented, no visual yet...



Making of 549NOTES.COM

[ern0] We are at 228 byte with repeats
not implemented, no visual yet...
My concept does not work,
it's a slap in the dead end.



[ern0]

Making of 549NOTES.COM

We are at 228 byte with repeats
not implemented, no visual yet...
My concept does not work,

it's a slap in the dead end. O @
M



[ern0]

[ TomCat]

Making of 549NOTES.COM

We are at 228 byte with repeats
not implemented, no visual yet...
My concept does not work,

it's a slap in the dead end. O @

Well, let's see... M



Making of 549NOTES.COM

[ern0] We are at 228 byte with repeats
not implemented, no visual yet...
My concept does not work,

it's a slap in the dead end. O @

[TomCat] Well let's see... M




Making of 549NOTES.COM

Fit into 256 bytes
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Fit into 256 bytes




Fit into 256 bytes

before after

‘Y IIIIIIII
2 SPOILER ALERT

T AL L LLLLLLL




Making of 549NOTES.COM

Fit into 256 bytes

before after
data 118 114
player 259 121
visual 0 21
377




Making of 549NOTES.COM

Fit into 256 bytes

before after
data 118 114
player 259 121 -539%,
visual 0 21
total 377 256




Making of 549NOTES.COM

Fit into 256 bytes

Major steps of optimization:
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Fit into 256 bytes

Major steps of optimization:
1. Shorter instructions
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Fit into 256 bytes

1. Shorter instructions (example 1)

before (15 bytes) after (9 bytes)
push cx mov si,data start
lea si,[data start] mov di,snapsjot start
lea di,[snapshot start] | movsw

mov ¢CX,5 movsw

rep movsb movsbh

pop CX




Making of 549NOTES.COM

Fit into 256 bytes
1. Shorter instructions - result:

cca. -60 bytes
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Fit into 256 bytes

Major steps of optimization:
1. Shorter instructions
2. Reorganizing the code



Making of 549NOTES.COM

Fit into 256 bytes

2. Reorganizing the code



Making of 549NOTES.COM

Fit into 256 bytes

2. Reorganizing the code

e eliminating subroutines: remove "play byte"
and others
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Fit into 256 bytes

2. Reorganizing the code

e eliminating subroutines: remove "play byte"
and others

e less CALL and RET insructions



Making of 549NOTES.COM

Fit into 256 bytes

2. Reorganizing the code

e eliminating subroutines: remove "play byte"
and others

e less CALL and RET insructions

e usually only one subroutine is enough
and optimal, we can reuse it's RET
instruction to exit



Making of 549NOTES.COM

Fit into 256 bytes

2. Reorganizing the code

e eliminating subroutines: remove "play byte"
and others

e less CALL and RET insructions

e usually only one subroutine is enough
and optimal, we can reuse it's RET
instruction to exit

e less jumps and conditional jJumps



Making of 549NOTES.COM

Fit into 256 bytes
2. Reorganizing the code - result:

cca. -40 bytes



Making of 549NOTES.COM

Fit into 256 bytes

Major steps of optimization:
1. Shorter instructions
2. Reorganizing the code
3. Bitfields



Making of 549NOTES.COM

Fit into 256 bytes

3. Bitfields
before after
@read bit: @read bit:
(...) bt [si-start+notes], bp

inc cX inc bp

mov ch, [bp] rcl al,l

inc bp jnc @read bit
@shift latch:

sal ax,1

sal c¢x,1

adc al,o0




Making of 549NOTES.COM

Fit into 256 bytes
3. Bitfields - result:

cca. -20 bytes



Making of 549NOTES.COM

Fit into 256 bytes
3. Bitfields - result:

cca. -20 bytes

Requires flipping the bit order of entire data



Making of 549NOTES.COM

Fit into 256 bytes

Major steps of optimization:
1. Shorter instructions
2. Reorganizing the code
3. Bitfields
4. Combine play and copy
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Fit into 256 bytes

4. Combine play and copy

before after
pusha sub si,3
;gpa eight_of_eig mov cl,3+8
xchg si,di @three_of eight:
call eight_of_eight call play note
loop @three_of eight
eight_of eight: movsb
movsw
movsw
movsb
mov cl,3

sub si,cx
@three_of _eight:
lodsb
call play note
loop @three_of eight




Making of 549NOTES.COM

Fit into 256 bytes
4. Combine play and copy - result:

cca. -20 bytes



Making of 549NOTES.COM

Fit into 256 bytes

Every byte has its own story:



Making of 549NOTES.COM

Fit into 256 bytes

Every byte has its own story:
e Learn tricks from others - sizecoding.org
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Fit into 256 bytes

The MIDI setup

before (6 byte) after (5 byte) |
org 100H org 100H | _
mov al,3fH db 3fH . ori ARS
instruction,
mov dx,331H mov dx,331H doesn't hurt
out dx,al outsb
; assume SI=100H I



Making of 549NOTES.COM

Fit into 256 bytes

Every byte has its own story:

e Learn tricks from others - sizecoding.org
e Utilize initial register values



Making of 549NOTES.COM

Fit into 256 bytes

When things go crazy - use initial register values

before (5 byte) after (4 byte)
; at startup AH=0 ; at startup AH=0
add ah,4 adc ah,dh
jns @next_line jns @next_line




Making of 549NOTES.COM

Fit into 256 bytes

When things go crazy - use initial register values

before (5 byte) after (4 byte)
; at startup AH=0 ; at startup AH=0
add ah,4 adc ah,dh  py_p331H
jns @next_line jns @next_line (MIDI port)
DH=3




Making of 549NOTES.COM

Fit into 256 bytes

When things go crazy - use initial register values

before (5 byte) after (4 byte)
; at startup AH=0 ; at startup AH=0
add ah,4 adc ah,dh
jns @next_line ' ine
with a compare

instruction we can
sure the carry flag
1s always set




Making of 549NOTES.COM

Fit into 256 bytes

Every byte has its own story:

e Learn tricks from others - sizecoding.org
e Utilize Initial reqgister values
e Optimize data for decoder
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Fit into 256 bytes

Optimal data for decoder (CSUB, USUB, SPEC)

before (15 byte)

after (14 byte)

@load uncompressed:

mov ax,256*DATA_USUB+2
@read bit:

bt [si-start+notes], bp

inc bp

rcl al,l

jnc @read bit
;word _read:

test al,al; check for SPEC (0)
jz @load uncompressed

@load_uncompressed:
mov ah,DATA USUB
@read bit:
bt [si-start+notes], bp
inc bp
rcl al,l
jnc  @read bit
;word _read:
cmp al,2 ; check for SPEC (2)
je @load uncompressed




Making of 549NOTES.COM

Fit into 256 bytes

Optimal data for decoder (CSUB, USUB, SPEC)

before (15 byte) after (14 byte)

@load uncompressed: @load uncompressed:

mov ax,256*DATA_USUB+2 mov ah,DATA USUB
@read bit: @read bit:

bt [si-start+notes], bp bt [si-start+notes], bp

in

rl at,1 el a1 AL=000c xx10:

jnc @read bit jnc @read_bit 7 SHL to carry
;word _read: ;word _read:

test al,al; check for SPEC (0) cmp al,2 ; check for SPEC (2)

jz @load uncompressed je @load uncompressed




Making of 549NOTES.COM

Fit into 256 bytes

Optimal data for decoder (CSUB, USUB, SPEC)

before (15 byte) after (14 byte)

@load uncompressed: @load uncompressed:

mov ax,256*DATA_USUB+2 mov ah,DATA USUB
@read bit: @read bit:

bt [si-start+notes], bp bt [si-start+notes], bp

in

rl at,1 el a1 AL=000c xx10:

jnc @read bit jnc @read_bit 7 SHL to carry
;word _read: ;word _read:

test al,al; check for SPEC (0) cmp al,2 ; check for SPEC (2)

jz @load uncompressed je @load uncompressed

TSPEC=0 CSUB=8 USUB=42 HSPEC=2 CSUB=10 USUB=58




Making of 549NOTES.COM

Fit into 256 bytes

Optimal data for decoder (CSUB, USUB, SPEC)
before (15 byte) after (14 byte)

mov ax,256*DATA_USUB+2 mov ah,DATA_USUB

AL=%XxXXxXXX"'Xxx10:
/7 SHL to carry

TSPEC=0 CSUB=8 USUB=42 HSPEC=2 CSUB=10 USUB=58F|
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Fit into 256 bytes

"No such an optimized code, which couldn't be
one byte ShOF ter " (TomCat, sizecoder)




Making of 549NOTES.COM

Fit into 256 bytes

Polling the interrupt
before after
@loop_ tick: @loop_ tick:
mov si,l hlt
sub di,di mov si,l
es: sub di,di
rep movsw mov ch,54H
@wait tick: es:
int 21H rep movsw
cmp bp,dx dec bx
je @wait tick jne @Lloop tick
mov bp,dx
mov ch,54H
dec bx
jne @Lloop tick




Fit into 256 bytes

Polling the interrupt

before after

hlt

@wait tick:
int 21H
cmp bp,dx
je @wait tick
mov bp,dx




Making of 549NOTES.COM

Fit into 256 bytes
Polling the interrupt - result:

-8 bytes
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Fit into 256 bytes
Polling the interrupt - result:

-8 bytes

3 weeks after release
248 bytes
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Bugs
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BUGS EVEHYWHERE
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Bugs

Bugs:



Making of 549NOTES.COM

Bugs

Bugs:
e Dummy instruction trick to skip a branch
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Bugs
Dummy instruction to skip a branch
wrong correct

mov ax,256*DATA CSUB+16 db 66H ; MOV EAX prefix

db 38H ; CMP ?,BH mov ax,256*DATA_ CSUB+16
@load _uncompressed: @load _uncompressed:

mov ah,DATA USUB mov ah,DATA USUB
@read bit: @read bit:




Making of 549NOTES.COM

Bugs
Dummy instruction to skip a branch
wrong correct

mov ax,256*DATA CSUB+16 db 66H ; MOV EAX prefix

db 38H ; CMP ?7,BH mov ax,256*DATA CSUB+16
@load _uncompressed: @load _uncompressed:

mov ah,DATA USUB mov ah,DATA USUB
@read bit: _ @read bit:

_ skip the next

instruction




Making of 549NOTES.COM

Bugs
Dummy instruction to skip a branch
wrong correct
mov ax,256*DATA CSUB+16 db 66H ; MOV EAX prefix
db 38H ; CMP ?7,BH mov ax,256*DATA CSUB+16
@load _uncompressed: @load uncompressed:
mov ah,DATA USUB mov ah,DATA USUB
@read bit: _ @read bit
skip the next skip the MOV AH

instruction instruction
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Bugs

Bugs:

e Dummy instruction trick to skip a branch
e DOSBox timer - Windows vs MacOS
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Bugs

Half speed on MacOS using BIOS timer

DOS BIOS
: AH=2cH @wait tick:
@wait_ tick: int 1laH
int 21H cmp bp,dx
cmp bl,dl je @wait_tick
je @wait tick mov bp,dx
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Bugs
Half speed on MacOS using BIOS timer
DOS BIOS
; AH=2cH @wait_ tick:
@wait_ tick: int 1laH
int 21H cmp bp,dx
cmp bl,dl je @wait_tick
je @wait tick mov bp,dx

W Windows
& MacOS @
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Bugs

Half speed on MacOS using BIOS timer

DOS
 AH=2cH
@wait_ tick:
int 21H
cmp bl,dl ] @wait_ tick
je @wait tick mov bp,dx

W Windows
& MacOS @
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Follow i
@rauchg

Write tests. Not too many. Mostly integration.

2:43 PM - 10 Dec 2016 from San Francisco, CGA
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Integration test

How it works:
e test data: 197 diff and 549 note values

test _note data:

db 60,64,67,72,76,67,72,76
db 60,64,67,72,76,67,72,76
db 60,62,69,74,77,69,74,77
db 60,62,69,74,77,69,74,77
db 59,62,67,74,77,67,74,77
db 59,62,67,74,77,67,74,77
(...)

test diff_data:
db 0,0,0,0,0

db 0,0,0,0,0

db 0,-2,2,2,1

db 0,-2,2,2,1

db -1,0,-2,0,0

db -1,0,-2,0,0
)
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Integration test

How it works:
e test data: 197 diff and 549 note values
e conditional compilation, on-board execution
e calls framework with diff and note values

@adjust _word: play note:
sub al,bl if TEST MODE > 0
jmp test note
;jrotate_notes: and if
if TEST_MODE > © skip note playing
Ca'l.'l..test_dlff and delay
end 1f
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How It works:
e test data: 197 diff and 549 note values
e conditional compilation, on-board execution
e calls framework with diff and note values
e log reference and calculated values to file
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Integration test

How it works: e 4000: 060
e test data: 197 diff and 549 notd "1 0cs

diff #002: =00

e conditional compilation, on-boal  nete #e02: 067 h1

diff #003: =00

e calls framework with diff and ndq _ note #ees: o72

diff #004: =00

* log reference and calculated val| po e s

note #006: 072
note #007: 076
note #008: 060
note #009: 064
note #010: 067
note #011l: 072
note #012: 076
note #013: 067
note #014: 072
note #015: 076
diff #005: =00
note #016: 060
diff #006: -02
note #017: 062
diff #007: +02
note #018: 069
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Integration test

How it works: e 4000: 060
e test data: 197 diff and 549 notd "1 0cs

diff #002: =00

e conditional compilation, on-boal  nete #e02: 067 h1

diff #003: =00

e calls framework with diff and ndq _ note #ees: o72

diff #004: =00

* log reference and calculated val| po e s

note #006: 072
note #007: 076
note #008: 060
< »n hote #009: 064
v note #010: 067
note #011l: 072
note #012: 076
note #013: 067
note #014: 072
note #015: 076
diff #005: =00
note #016: 060
diff #006: -02
note #017: 062
diff #007: +02
note #018: 069
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Integration test

diff #000: =00
note #000: 060

diff #001: =00
note #001l: 064

diff #002: =00

How It works:
e test data: 197 diff and 549 not

() te #002: 067
Condltlonal Complla diff #000: -05 <---- #003: =00 Dn
note #000: 055 <-- 060 bte #003: 072
* Calls framework Wit .o o oass. 5o So pre,roos: ¢
) note #001l: 056 <-- 064 te #004: 076
° IOg reference and C{aift #02: 05 <. =60 te #005: 067
note #002: 062 <-- 067 te #006: 072
diff #003: -08 <---- =00 te #007: 076
note #003: 064 <-- 072 te #008: 060
diff #004: -05 <---- =00 te #009: 064
note #004: 071 <-- 076 te #010: 067
note #005: 064 <-- 067 te #011: 072
wote #012: 076

note #013: 067
note #014: 072
note #015: 076
diff #005: =00
note #016: 060
diff #006: -02
note #017: 062
diff #007: +02
note #018: 069
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Integration test

diff #000: =00
note #000: 060

diff #001: =00
note #001l: 064

diff #002: =00

How It works:
e test data: 197 diff and 549 not

() te #002: 067
Condltlonal Complla diff #000: -05 <---- #003: =00 Dn
note #000: 055 <-- 060 bte #003: 072
* Calls framework Wit .o o oass. 5o So pre,roos: ¢
) note #001l: 056 <-- 064 te #004: 076
° IOg reference and C{aift #02: 05 <. =60 te #005: 067
note #002: 062 <-- 067 te #006: 072
diff #003: -08 <---- =00 te #007: 076
note #003: 064 <-- 072 te #008: 060
diff #004: -05 <---- =00 te #009: 064
note #004: 071 <-- 076 te #010: 067
note #005: 064 <-- 067 te #011: 072
wote #012: 076

note #013: 067
note #014: 072
note #015: 076
diff #005: =00
note #016: 060
diff #006: -02
note #017: 062
diff #007: +02
note #018: 069
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Integration test - save bug

Symptoms:
e Test result shows errors, but the song plays OK
e Closer look: it contains bad reference values

diff #000: -05 <---- =00
note #000: 055 <-- 060
diff #001: -08 <---- =00
note #001l: 056 <-- 064
diff #002: -05 <---- =00
note #002: 062 <-- 067
diff #003: -08 <---- =00
note #003: 064 <-- 072
diff #004: -05 <---- =00
note #004: 071 <-- 076
note #005: 064 <-- 067
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Integration test - save bug

Symptoms:
e Test result shows errors, but the song plays OK
e Closer look: it contains bad reference values

diff #000: -05 <---- =00
note #000: 055 <-- 060

diff #001: -08 <---- =00

note #001l: 056 <-- 064
diff #002: -05 <---- =00
note #002: 062 <-- 067
diff #003: -08 <---- =00
note #003: 064 <-- 072
diff #004: -05 <---- =00

note #004: 071 <-- 076
note #005: 064 <-- 067
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Integration test - save bug

Symptoms:

e Test result shows errors, but the song plays OK
 Closer look: it contains bad reference values
 Debugging: program works OK, good values

[ N ] DOSBox 0.74-2, Cpu speed: 100000 eycles, Frameskip 0, Program: INSIGHT
= [Inzight 1.24 AX=0000 SI=0100
BX=0000 DI=FFFE

moL CX=00FF BP=091C
out DX=0DZ21 SP=FFFE
lea
xor
pusha
push
lea
lea
mow : 0192
repe : 08n1 +00C3
pop : DEAD +0006

call : FFFF +0004

lea : EADD  +0002
: 9FFF +0000
1P0EE ZECD
:FFFEFEE00

10100
0 1 2 3 4 5 8 9 A B
CDh 20 FF 9F En aD DE Al o8
13 91 10 01 18 &1 01 01 91
FF FF FF FF FF FF FF FF FF FF 17 @D
14 15 FF FF FF FF
@5
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e Test result shows errors, but the song plays OK
 Closer look: it contains bad reference values
 Debugging: program works OK, good values

e When exiting after few notes: everything is OK
e If the song is shorter than 128 notes: OK
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Integration test - save bug

Symptoms:

e Test result shows errors, but the song plays OK
 Closer look: it contains bad reference values
 Debugging: program works OK, good values

e When exiting after few notes: everything is OK
e If the song is shorter than 128 notes: OK

llznOteS I |
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Integration test - save bug

Symptoms:

e Test result shows errors, but the song plays OK
 Closer look: it contains bad reference values
 Debugging: program works OK, good values

e When exiting after few notes: everything is OK
e If the song is shorter than 128 notes: OK

e Check test framework: no 8-bit counters used
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Integration test - save bug

Symptoms:

e Test result shows errors, but the song plays OK
 Closer look: it contains bad reference values
 Debugging: program works OK, good values

e When exiting after few notes: everything is OK
e If the song is shorter than 128 notes: OK

e Check test framework: no 8-bit counters used
« WAT?
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Integration test - save bug

Symptoms:

e Test result shows errors, but the song plays OK
 Closer look: it contains bad reference values
 Debugging: program works OK, good values

e When exiting after few notes: everything is OK
o |f tr ag is shorter than 128 notes: OK
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Integration test - save bug

Root cause:
 DOS write() ruins the file, if the data is long

Solution / workaround:
* Close and re-open file frequently



Making of 549NOTES.COM

Integration test - save bug

test_reopen:

ROOt Cause . mov bx,[test file handle]
e DOS write() ruins the f| 5oy 3h3eH + close
lea dx,[test close failed text]
. jc .fail
Solution / workaround: lea dx, [test file name]

* Close and re-open file | oy 3y 7 open forwrite

lea dx,[test reopen_failed text]
jc .fail

mov [test file handle],ax

Xor CcXx,cXx
xor dx,dx

mov bx,ax

mov ax,4202H : seek from end
int 21H

lea dx,[test lseek failed text]
jc .fail

ret
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Integration test - save bug

test_reopen:

ROOt Cause _ mov bx, [test_file_handle]
* DOS write() ruins the f| oy 3h" ¢ close
lea dx,[test close failed text]
. jc .fail
Solution / workaround: lea dx,[test File namel |
* Close and re-open file| I 570" 7 oren Torvmee
Y A b|t SIOwer Jl_cza c.b;é][-{est_reopen_falled_text]

mov [test file handle],ax

XOor cx,cx
xor dx,dx

mov bx,ax

mov ax,4202H ; seek from end
int 21H

lea dx,[test lseek failed text]
jc .fail

ret
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Visual

DDSB[J:{ 0.74, Cpu speed: 100000 cycles, Frameskip 0, Program.. —
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Visual

Plot routine: push 0a@OOH
pop es
pusha
mov ax,90H
out dx,al
lodsb

out dx,al
imul di,ax, -320%*2

mov cl,bl
rep stosb
inc cx

mov ax,2c7fH
out dx,al
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Visual

Plot routine: push 0a@OOH
e Interleaved with MIDI player pop es

pusha

mov ax,90H
out dx,al
lodsb

out dx,al
imul di,ax, -320%*2
mov cl,bl
rep stosb
inc c¢x

mov ax,2c7fH
out dx,al
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Visual
Plot routine: push 0a@OOH
e Interleaved with MIDI player P
 AL: MIDI note + visual input mov ax,90H
out dx,al
lodsb

out dx,al

imul di,ax, -320%*2
mov cl,bl

rep stosb

inc c¢x

mov ax,2c7fH

out dx,al
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Visual
Plot routine: push 0a@OOH
e Interleaved with MIDI player P
 AL: MIDI note + visual input mov ax,90H
 complex instruction, but we out et

don't need other regs for calc ~ out dx,al
imul di,ax, -320%*2

mov cl,bl
rep stosb
inc c¢x

mov ax,2c7fH
out dx,al
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Visual
Plot routine: push 0a@OOH
e Interleaved with MIDI player B
 AL: MIDI note + visual input mov ax,90H
 complex instruction, but we out et

don't need other regs for calc ~ out dx,al
imul di,ax, -320%2

¢ AX*'].' mlrrOr, AX* 2' Scale mov cl,bl
(draw lower notes on lower part of the screen, higher address) rep stosb
inc cx

mov ax,2c7fH
out dx,al
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Visual
Plot routine: push 0a00OH
e Interleaved with MIDI player B
 AL: MIDI note + visual input mov ax,90H
 complex instruction, but we out et

don't need other regs for calc out dx,al

: 1 di,ax,-320%2
e AX * -1: mirror, AX * 2: scale nov ol bl
(draw lower notes on lower part of the screen, higher address) rep stosb
e bar width = delay length inc cx

mov ax,2c7fH
out dx,al
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Visual
Plot routine: push 0a00OH
e Interleaved with MIDI player B
 AL: MIDI note + visual input mov ax,90H
 complex instruction, but we out et

don't need other regs for calc out dx,al

: mul di,ax,-320%2
e AX * -1: mirror, AX * 2: scale v cl. bl
(draw lower notes on lower part of the screen, higher address) rep stosb
 bar width = delay length inc cx

mov ax,2c7fH

e bar color = note pitch out dx. al
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Visual

Scroll routine: push 0a®OOH

pop es
(...)

sub di,d1i
mov si,l
mov ch,54H
es:

rep movsw
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Visual

Scroll routine: push 0a®OOH

e ES=A000: video segment Pop §8

sub di,di
mov si,l
mov ch,54H
es:

rep movsw
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Visual
Scroll routine: push 0a00OH
e ES=A000: video segment PoP §5
e Cheap destination address: 0 sub di,di
mov si,l
mov ch,54H
es:

rep movsw
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Visual
Scroll routine: push 0a@OOH
e ES=A000: video segment PoP §5
e Cheap destination address: 0 sub di,di

mov si,l

e Source, SCFO”“’\g left by 1 pixel mov ch,54H

es.

rep movsw
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Visual

Scroll routine: push 0a@OOH

e ES=A000: video segment Pop §8

 Cheap destination address: 0 sub di,di

- Source, scrolling left by 1 pixel pov sl

* Only 54H * 256 * 2 pixels es:

rep movsw
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Visual
Scroll routine: push 0a@OOH
* ES=A000: video segment PoP §%
* Cheap destination address: 0 sub di,di
» Source, scrolling left by 1 pixel pov 52,,
 Only 54H * 256 * 2 pixels es:
e ES prefix: cheaper than set DS _=F_™"™"
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Visual
Scroll routine: push 0a00OH
e ES=A000: video segment PoP §5
* Cheap destination address: 0 sub di,di
» Source, scrolling left by 1 pixel  qpov &5 sa
e Only 54H * 256 * 2 pixels es:
e ES prefix: cheaper than set DS _—f_

 Copying by words



Making of 549NOTES.COM

THE END



Making of 549NOTES.COM

THE END

YouTube: https:// www.youtube.com/watch?v=ns/islipMelU

GitHub: https://github.com/ern0/549notes
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