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. SOME TRUTHS DON'T CHAN
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. THEY JUST WAIT 0 BE UNDERST00D.
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DECORATING WAS
SOMETHING REAL.

BENEATH THE
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THE PATTERNS SHIFTED
THE SYMBOLS REFORMED
THE FOUNDATIONS MOVED
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YOU ARE LOOKING
AT DECORATION.
THE STRUCTURE
LIES BENEATH

FORMULAS

r

THESEUS ARRIVED IN A
EVERYTHING APPEARED
THEN THE CITY

MAGNIFICENT CITY BUILT
IMPRESSIVE

FROM NUMBERS

AND SYMBOLS.
WAS IN CONSTANT

THE CITY OF
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(iG] CONTINUATION |k
TTH 'S PERMITTED.
| EVERY JOURNEY 7 7
BEGINS WITH A CHOICE.
S \ - it 55 *'?tl_ . 'E- -]
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8 WISHFUL 225 omem b [T = P Al s = —=| STRUCTURAL
| CONTINUATION |== & « = == / - el o i 8| CONTINUATION
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STRUCTURAL CONTINUATION
ASKS WHAT MUST HAPPEN.

TWO ROADS. SRS al St A S | BN WISHFUL CONTINUATION
| TWo LOGICS. et R i & | _ ASKS WHAT SHOULD HAPPEN.

| ONE FOLLOWS |57 =7t  THE OTHER
[ DESIRE. |(g=> 2" | FOLLOWS CONSTRAINT.

THE ADMISSIBLE ROAD RS - __ _ W
OPENS. nnan =3

CONSISTENCY . | i RS e s T e e TRUTH REWARDS
PRESERVES i IR RO T M e s A THOSE WHO.
STRUCTURE. 1. 3 Rl s - OBEY LIMITS.

THE UNIVERSE
REWARDS CONSISTENCY.




SIMPLE IDEAS
CAN CREATE
VAST STRUCTURE
CONTINUED BEYOND SIGHT...

AND THE TOWER

GLOBAL TRUTH
GROWS FROM
LOCAL RULES
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GLOBAL CONSEQUENCES.

FROM THE LOCAL
TO THE GLOBAL.
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FLOOR

IS BUILT ON

WHAT CAME
BEFORE.

EACH

1 L ]

CAN SUPPORT AN INFINITE JOURNEY.
EACH RULE
GENERATES NEW
POSSIBILITIES

EVERY LEVEL INHERITS
THE CERTAINTY OF
A SINGLE ADMISSIBLE STEP

TRUTH DOES NOT
ARRIVE ALL AT ONCE.
THE LAST.
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THE
FUNNEL I]F

§ COUNTLESS THINGS
ENTERED THE MACHINE.

ONLY A FEW EMERGED.

THE MACHINE GROUPED
THINGS BY BEHAVIOR.

EQUALITY WAS
TOO STRICT.

THE MACHINE DID NOT ERASE.

IT IDENTIFIED.

IT PLACED THINGS INTO
EQUIVALENCE CLASSES.

THE UNIVERSE REMEMBERS
WHAT THINGS DO.

NOT WHAT
THEY LOOK LIKE.,

THEY WERE DIFFERENT
IN APPEARANCE, HISTORY,
AND CIRCUMSTANCE.

YET ALL BELONGED TO
THE SAME BEHAVIOR.

IﬁEHTITY WAS
A QUOTIENT.
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THE CONTINUUM RREEPINCp ™ €. - | (3. G
WAS BUILT. £ # > - ." ', .;.: o — . ,.. -:" , ' l

cuNTINU co T i ———— == h COMPLETE.
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TO LIMITLESS. Wi &L o INTEGERS
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EACH LEVEL INCLUDES | _dmus - D - |
THE LAST. e e Se—— .~ o
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pgie—— MORE FUNDAMENTAL.
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LEVEL 2: INTEGERS [ B LEVEL 3: RATIONALS E&E LEVEL 4: REALS |l
s N i o
COUNTING STONES. 8| DIRECTION ADDED. -t o B GAPS FILL. =y #l CONTINUITY REIGNS. i
DISTINCT AND FINITE. | OPPOSITES APPEAR. ﬁifbﬂ 88 FRACTIONS BRIDGE. [&s 84 NO GAPS REMAIN.
- N | b iz ¢ | sl T R N TETE TS TS

et et
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EACH STEP COMPLETES
WHAT CAME BEFORE.

HE CONTINUUM WAS BUILT. p=

i
e
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THE VALLEY

BY BOUNDARIES THAT
COULD NOT BE SEEN...

YET EVERYTHING
RESPONDED TO THEM. ,

ACROSS THE INTERFACE,
CONTINUITY BECAME
TRANSFORMATION.

WHEN CONTINUITY WAS PRESSED
AGAINST LIMITS...

CONTINUITY
FORCES CROSSINGS.

il ST
e
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LAWS CHANGED FORM.
YET NOTHING BROKE.

NO POINT REMAINS
ONLY RELATIONSHIP

THE SAME.
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§ THERE ARE MANY [ B el
THE 4 WAYS TO MEASURE RSSO Bl
e - b AL i B COORDINATES s |
[—— S R R R, ARE DECORATION. M < o< ™
| EACH MAP TELLS  [SESSSRER T R L
A DIFFERENT STORY. fifi— ot o i amssntpin B (WSS ~F¥_0\ L= 0 =
DESERT =1 &=~ 74

8 DISTANCES DISAGREE.
ANGLES DISAGREE.
SCALES DISAGREE.

| F

l EACH TRAVELER USES HIS OWN MAP. [

.= e i

el A g
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e = - S S R % ] = = =

; CARTESIAN MAP _. 1 4 . —— 8 GEODESIC MAP #_:a-,:':é::h”"??-" -" :

THE MAPS DISAGREE PR SR e Bl . . REACHES THE
ABOUT EVERYTHING. =y =S W SAME DESTINATION.

WHEN THE MAPS ARE Gt e ' - S i R RN .- LAND DOES

REMOVED, THE DESERT |[SEREESTS o s NIRRT SR NOT CARE HOW YOU

SHOWS ITS TRUE SHAPE. [ e - R — T SRR  DESCRIBE IT.
edas=Aee T Te % S e o, AR DTy R s - & :
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COORDINATES ﬁRE DECORATION.
STRUCTURE IS REALITY.
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I R e\ c VIS LA SRl Y cnercy ENTERS
e AT A iy ) ONE SIDE.
e TS0 TP e SR gt S TRUCTURE EMERGES

FROM THE OTHER.

BUNSERVATIUN inhh -'f - e R fll - NOTHING IS LOST.

NOTHING IS CREATED.

R IR Co) R S - R ) T EVERYTHING IS
[ e AL W NG e ey | REREL TRANSFORMED.
K : [l ~ F ._I I 4 R = sipe .1 . .

A MACHINE OF BALANCE.
d A LAW OF ACCOUNTING.

WHAT ENTERS AS POTENTIAL [ESEYete"
LEAVES AS STRUCTURE. L ofbh e > 8 gh \ il
NOTHING DISAPPEARS. EERSSNTE l ﬂu'_ / {rﬂﬂ rimuuum &) wa%

EVERYTHING IS ' ' %: .

ACCUNIED FOR. 3 '_ e ! | I}IMEHSIDH
-\-iT fia e
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RANK: THE PART THAT ACTS.
IMAGE(T) € W

| DIMENSION(V) =n
DIMEN smnmj =m

: G *_ = -.-,-I . ; e L.‘.” _. . | :
CHAOS IS NOT DESTROYED. 3 e
IT IS COMPRESSED INTO RELATION. RAHI({T} - HULLIT'\"{T} = n]

NULLITY: THE PART THAT THE SUM IS CONSTANT. DIFFERENT MAPS.
VANISHES INTO SILENCE. . | THE LAW IS UNEBREAKABLE. SAME LAW.

KERNEL(T) < V | | EANK(T} + NULLITT{T] DI?"?ENSICIH(V}
3
5
|

B!

RANK NULLITY DIMENSION
(IMAGE) (KERNEL) (V) THE DETAILS CHANGE.
r+(n-r)=n ALWAYS . THE ACCOUNTING NEVER DOES.

THE ENGINE TURNS. R IPIE T R TR~ TN (R T A SIS THC BALANCE
THE SCALES ALTGN. ok AR R L S e [ st
EQUILIBRIUM TS REACHED. == - iRy CTURE "\

THE LAW HOLDS. 'W T Vi ) e

STRUCTURE.
IN EVERY WORLD.
IN EVERY SYSTEM.
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a

THE BALANCE LUCI(S
INTO PERFECT EQUILIBRIUM.
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EVERY ACTION

‘ o oy o R HAS A WITNESS.
. B T &, - o 0 (RS e i EVERY DIRECTION
S R R (A CN (SR R " SR 1AS A MEASURE.

A MIRROR DOES NOT
COPY.

IT REVEALS A PARTNER.

TWO CITIES.
TWO LANGUAGES.
ONE REALITY.

THE CITY OF VECTDRS ;'_'_F ] | _[E CITY OF COVECTORS
Land of Directions. T | Land of Measurements.
Builders. Movers. Doers. - " Observers. Witnesses. Recorders.

A MOVEMENT ON ONE SIDE..
CREATES INFORMATION ON THE OTHER.

A DIRECTION CREATES A MEASUREMENT.
AN ACTION EEEATEE A RESPONSE.

THE PAIRING (¢p,v) IS REAL.
THIS IS THE LANGUAGE OF DUALITY.

VECTORS DO NOT KNOW THEIR SIZE. CHANGE OF COORDINATES ON ONE SIDE...
COVECTORS DO NOT KNOW THEIR SOURCE. BECOMES THE INVERSE CHANGE ON THE OTHER.

BUT TOGETHER, THEY KNOW EVERYTHING.
—— . BASIS IN V TRANSFORM DUAL BASIS IN V*

A VECTOR MOVES. A COVECTOR MEASURES. | THEY PAIR. l

' A NUMBER APFEAES,! el
| v) € K

(Tv} PAIRS WITH ¢ vV PAIRS WITH (T*¢)

TWO CITIES. TS ERE = - Y
{ TWO PERSPECTIVES. okt I T SRR IR iR EuEgsggggmu
ONE DANCE. RN L e oS 4l N g - T hin A WITNESS.
ONE WITHOUT THE OTHER |§ {6 o | O T A BTN M :

| IS SILENT.

TOGETHER,
THEY SPEAK REALITY.

THE DUAL CITIES ALIGN. THE MIRROR BECOMES A BRIDGE.
THEY ARE ONE.
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T T}}_di.};_j = AP ) VAT N 1S FORGETTING.
- ;3 i SR\ (B LRI NP A  TO SEE IS TO
7 ~; EEE T L RN Lol R COMPRESS.
l]lI]l:i:IE][IF“”“flllﬂllFlP\rr TEE T 2 e AN VRl e e D gy € T
i }-;; LAl B RN Y 10 REMEMBER
AN i @ St R R | :ss 15 1o
5? ‘ s PR @ A A UNDERSTAND
. : g h 4 '. F- * _ e _- g Ir.' ! MORE .
THERE ARE COUNTLESS REALITIES. ’%.1: T i W R g 2k e WGy
EACH WITH ITS OWN LAWS. = A B = ;

| ITS OWN HISTORY.
ITS OWN DETAILS.

YET THROUGH THE LENS
OF OBSERVATION...

ONLY SHADOWS REMAIN.

COMPLEXITY IS
PROJECTED DOWN.

DETAILS ARE
IDENTIFIED.

DIFFERENCES
ARE ERASED.

ONLY THE INVARIANT [jI
REMAINS..

OBSERVATION ——»  THE SAME SHADOW

|
I =y e
A
a3
ek

UNIVERSE A UNIVERSE B UNIVERSE C ||| UNIVERSE D UNIVERSE E

DIFFERENT LAWS. : : : THE MAP IS
Chaotic Orbits Harmonic Order Emergent Rules Quantum Foam Timeless Geometr
DIFFERENT FORCES. s i 2 i gl | NOT THE TERRITORY.

DIFFERENT BEINGS. [ SN ] OS] o assi TSN THE SHADOW IS
SAME OBSERVABLE.  HESCRSNECHE (REEE2 ) I AT | sretais |l - DAAAL NOT THE REALITY.
. S e S THE QUOTIENT

IS NOT THE Zi
UNIVERSE.

TO OBSERVE IS TO . ] MANY WORLDS.
APPLY A FENCTION. ; MANY HISTORIES.

TO UNDERSTAND IS TO i v MANY TRUTHS.
KNOW ITS KERNEL. (SN BN 14 B Fr ONE OBSERVATION.

KER(f) = {xeU| f(x) =0}
WHAT IS REMOVED.

WHAT IS FORGOTTEN. o THE QUOTIENT IS ALL THAT THE OBSERVER SEES ONLY
WHAT IS LOST. fire REMAINS AFTER FORGETTING. WHAT SURVIVES PROJECTION.

N THE MORE YOU SEE... PERHAPS NOTHING

THE MORE YOU REALTZE. [RVISESRIREPARISEE L s Uit i D T A SRR N -, <75 ouTsIOE
REALITY ITSELF S S SR S s dest SR f B THE STRUCTURES
MAY BE A QUOTIENT. o e, i R N N TP L g L A BB, THAT SURVIVE.

PERHAPS THE UNIVERSE
IS MADE ONLY OF WHAT
CANNOT BE FORGOTTEN.
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THE

CHANGE IS CONSTANT.
DESTRUCTION IS COMMON.

YET SOMETHING DOES NOT
CHANGE .

THAT SOMETHING IS STRUCTURE.
THAT STRUCTURE IS REALITY.

ROTATION
EXAMPLES hikove
OF WHAT

CHANGES. . . I

YET WHAT
SURVIVES

after

; : et i '
Aot

-
e
.

s

INVARIANCE
IS WHAT SURVIVES
EVERY PERMITTED
TRANSFORMATION.
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SCALING
before after

-

REMAINS.
INVARIANT:

DISTANCE, ANGLE

INVARIANT :
RATIOS

STRUCTURE IS NOT MADE OF PARTS. |
IT IS MADE OF RELATIONS.

®

THE ELEMENTS MAY CHANGE. |
THE RELATIONS MAY NOT. ‘

A SYSTEM IS DEFINED
BY ITS LAW.

LAW: L IF STATE: x

PERMITTED TRANSFORMATION: T
T respects L

RESULT: Ty = T(x)

INVARIANT: I(L)
I(L)(x) = I(L)(y)

[THE LAW SELECTS WHAT CAN _
CHANGE. THE INVARIANT SELECTS
WHAT REMAINS.

, i
-'“-"'"‘l"_I..'-h—

T ol — T e e——

TRANSLATION
after

CH
before

before

' PERMITTED MEANS
THE LAWS ARE
RESPECTED.

STRUCTURE IS

WHAT THE LAWS
PRESERVE.

— A e iy

ANGE OF BASIS |

after

S

il

INVARIANT :
RELATIONAL
STRUCTURE

COORDINATE FREE

INVARIANT: INVARIANT :
GROUNDED

PATTERNS

RELATIONS

FINDING INVARIANTS IS :

FINDING THE SIGNAL.

|
! A

/

) ‘
e W AR T & W

l ! '
hA
Jiri

i il |
Jlllllllul.ll“ “,hllil“"

ALL NOISE IS FORGOTTEN.
ONLY THE PATTERN SURVIV

WHAT YOU PROTECT WITH INVARIANCE. ..
THAT IS WHAT WILL STILL EXIST WHEN THE WORLD CHANGES.

d(p.q)=d'(p',q")

MAY NOT MATTER.

THE LAW OF INVARIANCE
IS NOT HUMAN..

IT IS NOT MATHEMATICAL.
IT IS NOT PHYSICAL.

IT IS MORE FUNDAMENTAL.

IT IS WHY THERE IS
UNDERSTANDING AT ALL.

K fex
".-Iilllrr_,"qvl,-,flllu"llr'kf 1"|

St |

r4£ELW
INVARIANT
SYMMETRY
LAW

£
\ /

i

\

THE GREATER THE SYMMETRY,
| THE STRONGER THE SURVIVAL.

POSSIBILITY “\R

CHAOS

| £

\

by

STRUCTURE RISES
FROM THE DEEPEST LAW.

~ EVERYTHING ELSE |
IS FORGOTTEN.

THE UNIVERSE
DOES NOT SPEAK
IN THINGS.

IT SPEAKS
IN WHAT
SURVIVES.

INVARIANCE IS REALITY.
EVERYTHING ELSE IS
JUST THE DRAFT.
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THE
AREHITEETURE
OF SURVIVAL -

THE UNIVERSE IS A NEST OF
POSSIBILITIES.

THE LAWS OF INVARIANCE
SELECT THE PATHS THAT
CAN BE WALKED.

STRUCTURE BUILDS THE
BRIDGES.

PRESERVATION KEEPS THEM
STANDING.

THAT IS HOW REALITY
CONTINUES.,

POSSIBILITY
IS THE OCEAN.

INVARIANCE
IS THE COMPASS.

STRUCTURE
IS THE SHIP.

CONSERVATION &
IS THE KEEL.

SURVIVAL
IS THE VOYAGE.

QUOTIENT: THE SPACE OF TRUTH.

- : == —= a DIFFERENT APPEARANCES. | | | WHAT REMAINS AFTER WE
_ NOT THE SAME. STILL REAL. - | § | SAME ESSENCE. | STOP BEING FOOLED.

THE UNIVERSE DOES NOT POSSIBILITIES
CARE ABOUT APPEARANCES.

IT CARES ABOUT
RELATIONSHIPS.

IT CARES ABOUT WHAT
CANNOT BE BROKEN.

IT CARES ABOUT WHAT
SURVIVES.

ACTIONS TRANSFORMATIONS INVARIANTS

TeG R . I(x)=ITk)

.
What survives
transformation.

TODAY WE SEE
A LITTLE.

TOMORROW
WE MAY SEE
MORE.

BUT THE LAW
WILL ALWAYS
REMAIN.

THE QUOTIENT
X/~

TO UNDERSTAND
INVARIANCE. ..

IS TO UNDERSTAND
REALITY.

TO LIVE BY
INVARIANCE. ..

IS TO TRAVEL
WISELY.

TO BUILD WITH
INVARIANCE. ..

IS TO BUILD
WHAT LASTS.

WHAT SURVIVES, CONTINUES.
WHAT TEACHES, ENLIGHTENS.
WHAT ENLIGHTENS, LIBERATES.

WHAT CONTINUES, TEACHES.

THE JOURNEY CONTINUES.
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THE %‘:Il

\ s
| T b
N
L] l}ﬂ i AR
n il = .‘:'-.I_ -
izz“*m fé; g8
TO UNDERSTAND INVARIANCE [N Zessy
IS TO CLIMS. R
WE START WITH THE WORLD A
AS IT APPEARS. =
WE ASCEND THROUGH LAYERS VAN
OF ABSTRACTION. =

WE LOSE NOTHING THAT
TRULY MATTERS.

WE LEAVE BEHIND ONLY
WHAT DOES NOT SURVIVE.

ABSTRACTION
IS NOT ESCAPE.

THE LADDER | LG THE CONCRETE WORLD
EVERYTHING (FOR NOW)
/ Things as they appear. e N
ot EACH STEP
. i A8 IS NOT A LOSS.
L1 OBSERVABLE STRUCTURE WE KEEP: e R
RELATIONS, POSITIONS,
Ignore what does not affect DISTANCES (AS OBSERVED) WE DO NOT TAKE
observations. L e P AWAY .
WE DISCARD
L2 MATHEMATICAL MODEL :EHEE'ETE;E ONLY WHAT DOES
' N ERVE TH
Use symbols. _ OPERATIONS, LAWS Tgﬂra RVE THE
Remove irrelevant detail. c
Keep the rules. (X,R,T,0)
- THIS IS HOW
L3 INVARIANT CORE RN AN, | WE Keep: oS
| JrFASH ) e ey | INVARTANTS
Forget representations. IIF (=2 e A (A Y THIS IS HOM
i Keep only what survives T b & g/} ' Hx)Y=HT(2)) WE SEE.
all permitted transformation. e = 1)
THIS IS HOW
L4 ESSENCE WE KEEP: WE UNDERSTAND.
THE LAW ITSELF
v The pattern behind all e *
patterns. L
ABSTRACTION IS A LENS. INVARIANCE IS THE FOCUS. THE LADDER IS REPEATABLE.
THE WORLD WHAT MATTERS | SEE
(HUGE) (SHARP) | CHAOS OF CHANGE <
| ) = 1 Mx\
: - REPEAT ;;:::_3 j ABSTRACT
: V e ﬁ;ﬁﬁ DISCOVER
APPLY "= " INVARIANTS

THE LENS DOES NOT CREATE.
IT REVEALS.

WE CLIMB NOT TO ESCAPE
THE WORLD. ..

BUT TO SEE IT TRULY.

WE CLIMB NOT TO DENY
CHANGE. . .

BUT TO UNDERSTAND
WHAT SURVIVES IT.

WE CLIMB NOT TO POSSESS
TRUTH. ..

BUT TO BE WORTHY OF IT.

CHANGE IS INFINITE.
WHAT SURVIVES IS FINITE.

THIS IS SCIENCE.
THIS IS WISDOM.

INVARIANCE
IS THE LIGHT
THAT GUIDES.

THE LADDER IS BEFORE US.

THE JOURNEY IS WITHIN US.

| SO WE CONTINUE. | |
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“Creamier than my ex's promises.” B
Vo oo m Al “tovat,moon coonv e KAKAR

“My coffee has never been this happy.”
_ JAX P., EARTH HRR AR

“l use it for cereal, shakes, baking, or _ B .
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