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ET .1 SYSTEMS
THAT
THINK

T0 UNDERSTAND
IS TO REDUCE.

70 REDUCE
IS TO SEE CLEARLY.

0

B
2
=il
Y

i _-_-..I' e B
_— _ﬁ,‘ -
aa 1 S
J— T L Lty (T 1
ey B [ ] gl JeE ==
Jﬂi‘ i =l B e kg, ki |
Rl ;':' i v i f = o [l
' 4 T T r
] i -
-
.

N
If ]

BEYOND COMPLEXITY...

00217 79/CDC :
ae wx &

12P PUBLICATION

SRR SR R e o

e

it
3
_—
Ei
TE R

=
=

o
f o
L] Py
oA .
-
Y ]
- [
.-:' i

3 .
of ¥

. _ __,
e Y e e el

LIES CLARITY. &

.._._.._-...-.._.q._._.'““-;-.._.._.a._d




FOR CENTURIES,
MATHEMATICIANS
BELIEVED
ABSTRACTION AND
COMPUTATION
WERE DIFFERENT

1957.

THE INSTITUTE FOR
STRUCTURAL
COMPUTATION.

A SMALL ROOM.
A BLACKBOARD.
A QUESTION THAT
WILL CHANGE

EZS S 4 RETRO SCIENTIFIC ROMANCE
' g by FLYXION

e I e

B supposEe Y
| THEY AREN'T. = | .
STRUCTURE
SIMPLIFICATION [&
THAT
PRESERVES
WHAT

.HA'IFTEES. _.-

THE ARROW
8 cHanGer (= N\
| EVERYTHING. JBE =\

IT LOOKS SIMPLE. Q.- ./@ S THIS IS WHAT :
ALMOST TOO SIMPLE. "~ HAPPENS WHEN NOT MYSTERY.
WE UNDERSTAND. JUST REDUCTION.

AX.Ay. xy O\/ G?/
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(}\x M}N
N/X] kco @

BUT IN THAT SIMPLE MOTION— \ L ey
SOMETHING COMPLEX DISAPPEARS, ll \\\ @\ - 4 | THE ARROW.
AND SOMETHING ESSENTIAL A g THE HEART OF ABSTRACTION.

REMAINS. THE ENGINE OF THOUGHT.



THE REDUCTION

FOUR GREAT MINDS, EACH CONVINCED
THEY DO SOMETHING DIFFERENT.
EACH CLAIMS THEIR WAY IS UNIQUE.

| REDUCE | UPDATE Y&/ | COMPOSE i | PROPAGATE
EXPRESSIONS. STATES. S\ MORPHISMS. ACTIVATIONS.

- Ty

. | e % ; 1 > ; . .
LAHBDL%S —\j e =il - - YOU MAY
= CALCU Wl = S THINK SO0.

e b
o e

' e F
y | TAKE % =ur’ | TRANSFORM H 2 ] | REPLACE 4. ..: "‘f <Y | TURN INPUTS
: SOMETHING ___ ) ONE CONFIGURATION Ji COMPLEX /> =3l INTO OUTPUTS
COMPLEX AND | INTO ANOTHER. A | e sTRUCTURES | & s | THROUGH LAYERS
MAKE IT SNkl rRaly ik wiH Ther I BR® == 8| OF TRANSFORM-
SIMPLE. Y X [EERE 8\ RELATIONAL e e
\ | =5 2\ ESSENCE.

YOU'RE ALL 0 COMPLEXITY

PERFORMING THE ' - IN.
SAME FUNDAMENTAL ESSENCE
OPERATION.




ABSTRACTION. B gl | =il ad » = o mil af 0] 7 |

TRl | [ 15
| =

THE GREAT HME - ONKNEMT  OCVIV)

COMPRESSION. BBl EVERY SYSTEM HAS MORE DETAIL THAN ANY MIND CAN HOLD.

ABSTRACTION REMOVES DEGREES OF FREEDOM.
E| - OUT COMES

& E]
WE FEED THE — , For t = oo

SRR P (S | SOMETHING SIMPLE,
WORLD'S COMPLEXITY R lR O R T ey TN

INTO THE MACHINE...

USABLE, BEAUTIFUL.

@ ESSENTIALS ONLY
STRUCTURE « PATTERN = SIGNAL
| MEANING - FUNCTION - LAW

o

ABSTRACTION "B’ rien ABSTRACTION T — ”'CEOSCGF'CG MACR?CGF IC
ELIMINATES = i VN 1S DISCIPLINED | |». OVERWHELMING USEFUL

DEGREES OF FORGETTING? _ (A FORGETTING.

FREEDOM.
SELECTIVE.
PURPOSEFUL.

REVERSIBLE-
WHEN IT MATTERS. /

WE DON'T NEED ALL THE PARTS.
WE NEED WHAT WORKS.

BILLIONS OF PARTICLES... COUNTLESS INTERACTIONS... | | GENES, CELLS, SIGNALS... MILLIONS OF STATES... CHAOS OF EXPERIENCE...
BECOMES FEW LAWS. BECOMES BOND TYPES. BECOMES FUNCTIONS. BECOMES ALGORITHM. BECOMES MEANING.
2 TO UNDERSTAND '

IS TO COMPRESS. _ | EVERY ACT OF UNDERSTANDING

TO COMPRESS WELL AR IS AN ACT OF ABSTRACTION.

IS AN ART.
- EVERY ACT OF ABSTRACTION
IS A KIND OF COMPUTATION.

TO BE CONTINUED...



THE WORLD
IS BUILT FROM

INTERFACES.
WE DO NOT NEED TO KNOW WHAT IS INSIDE.

WE NEED ONLY WHAT CAN BE DONE.

EVERYTHING HERE
HAS AN INTERFACE. /=SS

IDENTITY 1S OFTEN DETERMINED | 5SS WE NEEDED THIS
BY WHAT CAN BE DONE, TO SURVIVE COMPLEXITY.

i B

i * TYPE CHECKING
« PERMISSIONS
« PRECONDITIONS

* WELL-FORMED
DATA

ABSTRACTION LETS Us  CHoeT
BUILD TOWERS OF MEANING &%)

ON FOUNDATIONS WE
NEVER HAVE TO SEE.

CHANGE THE
INTERIOR ALL
YOU LIKE...

NOT HOW IT IS DONE. NOW IT BUILDS CIVILIZATION.

-*’.'

PROTOCOL

S ExampLEs: Az~ [ LANGUAGE |
| + POSTCONDITIONS e '.

* RESULTS

{ « EFFECTS

* PROMISES

..AS LONG AS THE "
INTERFAGE HOLDS,
THE WORLD DOES

NOT NOTICE. :

EXAMPLES:

* APIS

* FORMATS

* PROTOCOLS

* CONVENTIONS

ABSTRACTIOH IS THE ART OF DRAWING BOUNDARIES THAT MAKE COMPLEXITY LIVEABLE.




THINKING IS
MOVEMENT THROUGH
A GEOMETRY.

EVERY POINT REPRESENTS A BELIEF—
WE DO NOT FIND A POSSIBLE A"f THE
THE TRUTH ALL AT ONCE | L pee— s

-
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ENTRIC |

NEW INFORMATION
MOVES US ACROSS

THE MANIFOLD,

SOME PATHS LEAD

TO DEAD ENDS.

SOME LEAD TO

DEEPER UNDERSTANDING.

UNCERTAINTY IS HEIGHT. A BELIEF IS A DISTRIBUTION,
: NOT A SINGLE ANSWER.

' ~
v\ A0l EARLY LATER LATER STILL
. s (UNCERTAIN) ~ (MORE FOCUSED)  (VERY CONFIDENT)
UNCERTAINTY . b2
v .":"-'1.:,- .
‘" -‘._. ;-*:'1I . 1
BEFORE EVIDENCE : e Mt
+ ~ LOW VALLEYS = * .
(LOW) STRONG
OLD BELIEFS CAN BECOME UNSTABLE. CONFIDENCE WE RARELY JUMP TO TRUTH.
NEW BELIEFS CAN BECOME ATTRACTORS. WE NARROW OUR DOUBTS.

A NEURAL NETWORK IS A FAMILY OF ROADS
EACH INPUT PICKS
ON THE GEOMETRY OF BELIEF. A ROAD. THE NETWORK

GUIDES US ALONG
A PATH OF
POSSIBILITY.

N\ T AR Y B LEARNING IS PAVING
HIDDEN LAYERS OUTPUT s ien BETTER ROADS.

BELIEF IS NOT STATIC. IT IS A JOURNEY. WE MOVE BECAUSE WE CARE.
UNDERSTANDING IS NOT A PLACE. IT IS A DIRECTION. AND WE CARE BECAUSE WE PREDICT.




THE SELF
IS A COMPRESSION
ALGORITHM.

WHICH ONE IS
THE REAL ME?

# EXPERIENCE
| ARRIVES.

THE SELF BUILDS
A MODEL.

THE MODEL
GUIDES ACTION.

THE ACTION
CREATES NEW
EXPERIENCE.
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WE ARE BUILT TO PREDICT.
WE ARE MAINTAINED BY PREDICTIONS.

THE SELF IS THE MODEL THAT REMA!NS STABLE .

AS THE WORLD KEEPS CHANGING.

THE SELF BUILDS A STORY.

| AM A PROCESS
OF CONTINUOUS
COMPRESSION.

J PATTEEN"’ ’
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CH#HGES THE HDRLD

IDENTITY IS NOT MEMORY ALONE.
NOT MATTER ALONE.
NOT STORY ALONE.

..+.+.

IDENTITY IS THE STABLE PATTERN
THAT SURVIVES CHANGE.

THE CYCLE NEVER STOPS.

POSSIBILITIES
51 CONDENSE INTO
3| A WORKING MODEL.

WHAT REMAINS
IS NOT EVERYTHING--
ONLY WHAT MATTERS
FOR THE NEXT STEP.

THE SELF IS A PREDICTIVE MODEL THAT STRIVES TO STAY TRUE ENOUGH TO THE WORLD
TO SURVIVE, LEARN, LOVE, AND CREATE.




WHAT IF COMPUTATION
WAS AS SIMPLE AS

BUBBLES? -
e SPHEREPOP USES ONLY TWO MOVES: THEN IT IS NOT
oK LIk i MERGE AND COLLAPSE BUT WITH THESE ATOY. IT IS A
> - T o . e AN  TWO MOVES, WE CAN LANGUAGE. ¢
- - 7 - (8 AR e [N WD e BUILD ANYTHING. =
: AL g . ; . C e .

SPHEREPQP PRIMITIVES
* SPAWN a sphere
i * MERGE spheres

* COLLAPSE a region
| * OBSERVE the result
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A REGION IS A BOUNDARY THAT HOLDS SPHERES TOGETHER g
UNTIL IT CﬂLLAFSES Tﬂ A SINGLE RESULT.

b,
el

REGIONS CAN CONTAIN
REGIONS. COMPLEXITY
COMES FOR FREE.

UPDATE STATE. READ WRITE
STEP. REPEAT.

THIS LOOKS EVERY ABSTRACTION
100 SIMPLE. SPHEREPOP IS COMPUTATIONALLY UNIVERSAL B

It can simulate: IS JUST A REGION
* Any lambda term N THAT COLLAPSES.

* Any Turing machine

* Any circuit >

* Any program \ |
WITH ONLY MERGE AND COLLAPSE. % AR\

IN SF'HEREPOP COMPUTATIOH IS GEOMETRY. ABSTRACTION IS COLLAPSE. MEANING IS WHAT REMAINS.




BENEATH THE LAB,
THE WORLD IS MADE
OF FIELDS AND

ferel. SPHEREPOP DOESN'T JUST COMPUTE. RSVP GIEEDSE

F comruration SRR IT CHANGES THE PHYSICAL STATE OF THE WORLD. -
IS REAL, IT MUST AND LOOK— e ' il s i b ! i ﬁ

LEAVE A TRACE THE RSVP-IS| L, . L TWRgr _.; g
I-N PHYS!CS IT DDES. ”G HAMILTUHInH I ! i. ! = - ' N ( .: | - . “I . f
H= fdaxdt [H¢F2+ﬁ]|3“2

+y(VxA) +6(V¢)

= Z ijSESfj — TFS ]
(i,j)

@ = scalar field (meaning density]

= vector field (information f-::w}

A
o= T l PING -l‘;:-|r jl:"'!.""""'- t
S

= entropy field {uncertamty}

THE PHYSICAL WORLD IS A COMPUTER.
ITS LAWS ARE EVALUATION RULES.

SPHEREPOP REDUCTION CORRESPONDS HIGH

i BEDMAS
.;E}*A DROP IN HAMILTONIAN. ENERGY PN PEMDAS

(3+5)x2=16

— EVALUATE INSIDE FIRST. COLLAPSE. THEN CONTINUE.
AH <0 —> MORE STABLE STATE THE INNERMOST FIRST RULE IS UNIVERSAL.

FIELDS, SPINS, AND INFORMATION - S = REDUCTION IS THE UNIVERSE’S WAY
ARE DIFFERENT FACES OF THE SAME ' L‘:;gﬁ“g OF STAYING ALIVE.
UNDERLYING REALITY. s E ) VYRR L - STAR FORMATION .oz "= . " " - ENERGY FLOWS.

- h"_

GRAMMAR. -y -
* CHEMICAL REACTIONS * g @ = . ® COMPLEXITY FORMS.

+ NEURAL PROCESSING - “#-¢ - - 1/~ REDUCTION KEEPS
. e IT ALL POSSIBLE.

COMPUTATION oS === S | QT 1 1A - ..
IS NOT G | | IR/ THE UNIVERSE
MAGIC. €62 Ked )l | MEEG“ ik . . e : SRR  COMPUTES.
% OBSERVE W | T\ S & = GBI OF ITS LATEST
* CONTINUE QY (1N P, EVALUATION.
UNTIL NOTHING MORE ] e,
CAN BE SAID.

TO UNDERSTAND PHYSICS IS TO UNDERSTAND WHY COMPUTATIOH WORKS
TO UNDERSTAND COMPUTATION IS TO UNDERSTAND THE PHYSICAL WORLD.




BUT THEN—
THE SYSTEM
BREAKS.

| SOMETHING WAS LOST. NOT BY ACCIDENT—
THE MAPS.. ol BY THE VERY ACT OF REDUCTION.
Bl THE ARCHIVES... [ Sl -
SO\ THE CONNECTIONS... [SSSRl= SRS MApS BECOME | 9% -
(P THEY'RE GONE. G ~SWa g B
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REDUCTION REMOVED THE PATHS
THAT COULD HAVE LED BACK.

et W s ™
- > = . " -t .-
¥ ' =
| - o e <
: E25, . &
BEFORE _ o - :
.

WHAT WAS REMOVED [t = g

CANNOT BE USED. SR ARl (B ) 7 TS REDUCTION
WHAT CANNOT BE USED [/ o b Ly ALONE I
CANNOT BE UNDERSTOOD |2 COTRIREEN B\ A, NOT ENOUGH.

AGAIN. : NN |

TO SURVIVE,
THE SYSTEM NEEDS

o oty - MORE THAN
 INFORMATION DESTROYED. -~ XUl % MEANING COLLAPSES ol o

e, o il
]

* CONTEXT LOST e Y T RReEs .k SYSTEMS BECOME BRITTLE

=l
§

e AR ARy ¢ S - IT NEEDS INFRASTRUCTURE
% RECOVERY IMPOSSIBLE &7 m * . '.'_'HE FUTURE HAFEGWS THAT PROTECTS POSSIBILITY.
REPAIR || SEMANTIC INFRASTRUCTURE

DAMAGE IS INEVITABLE . THE WHOLE SYSTEM WORKS TOGETHER

= HIl|| MEANING SHARED,
M === il
BUT DAMAGE CAN Y. HEH! MMM - owNECTIONS PROTECTED.
FUTURE OPEN.

STORE MANY VIEWS.
PRESERVE CONTEXT. S I BE REPAIRED.

ABSTRACTION IS TO UHIDE-RSTAHPI T THE NEXT STEP IS NOT

POWERFUL. BUT WITHOUT s
MEMORY, ADMISSIBILITY, THE FUTURE, . MORE REDUCTION.

AND REPAIR— - WE MUST PRESERVE -
THE POSSIBILITY OF

— ABSTRACTION - UNDERSTANDING AGAIN. -
BECOMES ERASURE. : 2 A




BUT OUT OF CRISIS
COMES CLARITY.
THE SYSTEM MUST EVOLVE.

WE DON'T NEED & W il
T0 KEEP EVERYTHING. i Xy NOT BY ADDING MORE DATA . FRESEWHG WHAT MATTERS.

WE NEED TO KEEP WHAT
KEEPS THE FUTURE

v/ LESS WEIGHT
| v" MORE MEANING -
|V CLEARER MODELS || *—
J v" STRONGER FUTURES J

I o TEpr—— —
=L B L —— T S

2 & ;i\ WE MOVE FORWARD WITH: J |
‘. a 3 | ‘1 i =

THE PRINCIPLES OF VALID ABSTRACTION
1. PRESERVE MEANING 2. PROTECT POSSIBILITIES || 3. REDUCE WITHOUT REGRET | | 4. BUILD FOR RESILIENCE 5. STAY VALID OVER TIME

Keep what carries Keep what allows the future Remove what does not Abstractions must bend A good abstraction remains
information, not just data, to remain open. change the outcome. but not break. useful as the world evolves.

IBILITF lS
FREEDGM

T I T s

3. MODEL SIMPLY 4. TEST RELENTLESSLY
[/] DATA SET 1

[] paTa seT 2

[v] para seT 3 o
SEE PATTERNS. : : é&:;:’g ﬂms
NOT JUST DETAILS: : '
1 : : - A FUTURE WORTH

BUILDING.

WE ARE NOT JUST ~ ~ ae s i ae—aeee a SR v A s —
: : < = - B o S AT THE GJFT

BUILDING SYSTEMS. /- p=7l ol e @ e S ' ;\ =
S Al e —— h:q_'fh:ﬂr., * KNOWLEDGE THAT ENDURES

WE ARE BUILDING [/ el = == SZ A -q _'_' == | % TOOLS THAT EMPOWER

A LEGACY OF AR L B R ’ 5 “— 5.0 | * MODELS THAT GUIDE
UNDERSTANDING. 5. ey Bt e EvEI@g ?ﬁggfﬁgﬁgﬂgﬂﬁéﬁw TIETIEAT |k POSSIBILITY THAT SURVIVES
| ' e e i | THIS IS HOW CIVILIZATIONS

NS o X ' ENDURE.
THE FUTURE IS NOT S S IT IS SOMETHING WE QLR R R e : = S
SOMETHING WE INHERIT. ; CO-CREATE THROUGH | ESSENRG | IS - [
— % | UNDERSTANDING. e RGE C OUR COMMITMENT
e = 0 @' WE WILL THINK DEEPLY,
' A WE WILL ABSTRACT WISELY.
- f WE WILL BUILD RESPONSIBLY.

WE WILL LEAVE THE WORLD
BETTER THAN WE FOUND IT.

j__;: WE WILL KEEP POSSIBILITY Amfs

_| LI r_. o d i
""i‘ e A

ABSTRACT!ON IS NOT ESCAPE. IT IS FOCUS.
VALID ABSTRACTION IS HOW WE BUILD A FUTURE.




“FREE
REDUCTION

EXPANB YOUR MIND. REDUCE THE HOISE

IDEAS OR ORDER'

NIIJM

=\ KELP ABSTRACTION '%,, PLAYWOOD™ = —=. NOTION
s W CON A
= YO'GURT PAFER e A E: calﬁcfrfr A HOODLESM
Fuel your For notes uild mog s, _
philosophical that matter i Break beliefs. Shape Quick
fiora! (mostiy). 1| Start again. : Ib,d;;ie mgﬂ
Set of 6 Cups _— o "l the cup!
$9.95 = 695 ;‘1?.95 P barden Pack of 6
! = 150z Can $8.95
REDUCTION N § 7
GLASSES” A iock- 8 Glose Sl IDEA
| A TAPE UMBRELLA™
Ki i in res,
Sy ek ' inErEEF;a'IEaJ giw?;l:‘u B g:;::—.dk today. ggﬁ:t;;d
Understand =% i isa)y. s lomorrow. thoughts.
more. One Size Fits All Requires 1 AA 9* Diameter C. 3
FI §14.95 $19.95 $24.95 $ ;_ E;?mm E.I;E;J; ;ur
EGO ECHO s BINARY A== OVERTHINKER'S CLARITY
CANCELER" \ BLANKET™ /7 Y=\ WHEEL" )\ =] MARBLES" DARTS"
Silence the R Warm in )l Run it out. /Ml Clear : ' is.
S ET:: £ G:"”L:h”:u h’“‘ad_}wr 9= f'lli‘:hisama.
oz duality. Y b\ jase % TE "'"_:'H ' i o Sl
Battery Included el 50° x 60 > ::;“Tr:]; y :: :T:' =S ;’“”’;3
1 o e el o
| $18.95 $21.95 $16.95 $6.95 $7.95
| IDUCTION e UNIVERSE N CHAOS MIND MAP B Pilloso-siP
AN CHIPS MAGNETS™ [ — ) Ve
Stretch your SRR ] .
g — Ol el rnion. (@ ke THEREFOR . Tk
S : _~ Probably. r“': Sl Inevitable. matters. _ d'E;_uiy.
Metal =" 4" Cube Bag of 8 oz Set of 20 3 oz
g $6.95 $11.95 $4.95 $E[.95 ;19.95
| QUESTION » UNFOLLOW &S SIMPLFIER (CHENNER|  PATTERN __ REDUCTION
CUBES & BUTTON - SPRAY RO\ POSTERS™ s ROCK™
Rol. Press, A ':fﬁf that iﬁ:m E':IEEE{ Decorate. Carry it.
C Ask Detach. Maxes sense = (™ fate. &
i Repeat. Erj!he of it all THAT [I,‘L'IJH'T.. Eﬁﬂﬂuﬂ [ LA :?memﬁw
] C " ¥ _—
| Set of 5 Desk Tﬂp / . 4 or Can Setof 3 Real §
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PICK YOUR PRIZES... OR KEEP sj 00 A BOX CASH! I 2 w M‘S TO : CUT OUT —FILL IN — PASTE OR TAPE TO FRONT OF ENVELOPE. NO STAMP NEEDED! l
. ‘| EARN FAMOUS NAME PRIZES OR CASH BY SELUHG IDEAS | | name
'.- I FROM THIS SAMPLE BOOK! IT'S FUN! IT'S EASY! | Oel oMty ) norostace | |
MAIL FREE [><] address NECESSARY |
| £ | '] IF MAILED
veryone you pmsper:tl—r"m_ends, neighbors, relatives— OR ] i The I
! } gets a chance to eam big prizes or $1.00 a box cash! | PHONE FREE T II| ay | ONITED BraEs I
|| YOUPAY NOTHING... ONE NOTHING.. SO JON NOH! : : s i !
| | Call our FREE information number OR mail the postage- | i ' 2 1 _ !
QR Ceriny ool s ool gt ok | I8 i BUSINESS REPLY LABEL _|
' : You'll receive our FREE Prize Catalog and Sample Book— | piat toit rree~ |1 FIRAT CLASSFERNTNG 1FENFIELSY COliN. &
everything you need to earn PRIZES or CASH! 1-800-528-6000* || PAID BY 4 & =i
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THINK BIG. REDUCE WISELY. LIVE CLEARLY.

THANK YOU FOR SUPPORTING THE SCIENCE OF SIMPLICITY!

VISIT US ONLINE!

YOUTRONIUM.COM,




