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Considerations on “orientation”, “order” and “connection”
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From value-alignment to fundamental processes of our recognition.
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It is recognized that
we have tendency to consider and understand things
based on relations between “this side” and “the other side”,
so that
we have preference for theoretical description
based on dividing wholeness of the world into two and recombine them.

We have preference for sectorized representation of things composed of
product and coproduct in reference frame set by equivalence relation
associated with orientation and ordering parametrized by sector width.
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Some considerations on

orientation and ordering of things based on intuitive theory of functionality
HEED BERIEHICEDOCHL DT LD EFIT EIEFATIS

“intuitive theory” is theory based on things which we can observe or confirm.
BRIEmIE. AT OAEA LI VELI DY THIENTZELHD I & DER,

meaning of orientation and ordering of things based on functionality
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“things which we can observe or confirm”
are different from things as they are in principle.
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How can we separate “this side” and “the other side” in the entire world?
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How can we connect “this side” and “the other side” properly keeping identity?
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flag and category of mobility

key concept of mathematics
describing intelligent dynamics
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alternative description : Category of Mobility
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Isomorphic Categorically equivalent

(a) (b)

F1GUurE 2: Mathematical understanding of the difference between hard and soft robotics. (a) Isomorphisms describe the underlying principle
to describe hard robots: a coherent one-to-one correspondence between the state and transitivity of states of the composite system and robots
during interaction. (b) On the other hand, categorical equivalences represent the architecture of soft robots: abundant degrees of freedom or
versatile possibilities are accommodated during interaction.

“Category of mobility” is first formulated by Dr. Hayato Saigo

to describe adaptive function of “soft robotics”
in
“Analysis of Soft Robotics Based on the Concept of Category of Mobility”,
Hayato Saigo , Makoto Naruse , Kazuya Okamura, Hirokazu Hori,
and Izumi Ojima,
Hindawi, Complexity, Volume 2019, Article ID 1490541, 12 pages,
https://doi.org/10.1155/2019/1490541.



classical and intuitive

unbroken symmetry and broken symmetry
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Angel or Buddha

classical &38Ry
unobservable

( dynamics as it is)

world

([ J

dynamics

thing:
as itis

in principle

unbroken symmetry

We can learn “dynamics”
as itisin principle
which is independent of
physical ability of us.

regarding entireness of world
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One who has “right and left hands”.
intuitive B EHY
observable

( emergence of dynamics)  tjme-
world future
final state /past
(object) space:
algebra there
 mm) |arrow /here
dynamics things:
initial state after
(object) /before
me:
broken symmetry prospect
(non-equilibrium) [career
We can confirm “dynamics”  hands:

via observation of world left
and establish [right
theory of transport
between initial and final objects.
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identity and support

me, notme : 1,0 . 00
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“identity” of things is supported by “else” or “0”.
“understanding” belongs to covering space or sheaves or functionality.
Cover Vo e P e cover

based on 7 Ly soft sheaf

Support flabby sheaf
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& (%)

L L
manifold or variety of elephant (V7 %%4%)
elephants with environment Og,p,
Elph(x) =0 \not else Elph(x) # 0 not else) Elph(x) =0

else

else

function as “elephant” Y
_ support of elephant Og,p, _
Support Class of similarity Support

4 \
“Elephantness” is not 0 but many different numbers.




taking out “this side” and “the other side”

ultra filter (in non-standard analysis)
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One who has right and left hands.
intuitive B EHY
observable
( emergence of dynamics )

world

finial state

(object)
algebra
e m) |arrow

dynamics

initial state
(object)

broken symmetry
(non-equilibrium)

We can confirm “dynamics”
via observation of world
and establish
theory of transport
between initial and final objects.
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“ultra filter” taking
“this side” and “the other side”
out of “entire world".
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Grassmannian

manifold Interaction in

R entire world
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“this side” :  “the other side”

0F€1'; else 0F1,”2

environment with singularities
and environment of environment



proper connection of arrows

category theory
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One who has right and left hands.
intuitive B EHY
observable
( emergence of dynamics )

world
finial state

(object)

algebra

e m) |arrow

dynamics

initial state
(object)

broken symmetry
(non-equilibrium)

We can confirm “dynamics”
via observation of world
and establish
theory of transport
between initial and final objects.
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Mathematics of arrows (category theory)
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blndlng folx =f =1yof gof=1x, fog=1y
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natural transformation
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observation and understanding

adjunction
“different” but “same”
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special properties of “intuitive understanding” : “different” but “same”

f

Y X
arrew F Fy) <" Fx)
connecting — functor M t t commutation relation
two different FEE . l l * Al =
categories G | G(Y) ST G(X)
natural transformation
category theoretical description of “adjunction” [&{#
I
G F
B >» C <€ A
f
Y G(Y) < F(X) X
G F
B |~ G (B) F(a) envvnnn| a
\4 \ 4 f’ \4 ¢
Y’ G(Y")< F(X") X

comma category (F = G)or (F 1 G)
“adjunction” of A and B is confirmed by commutation relation in C.




Special properties of “intuitive understanding” : “different” but “same”

f

g X
F FY) <Y pix)
functor M N t commutation relation
EF Eﬁ V AR,
G GY)<—GX)

_ G(f)
natural transformation

Law of excluded middle $E-72 may not hold in the world of functionality.

category theoretical description of “adjunction” pg 4
arrow connecting functors via commutation relation

category G «  category P category
B >» (C <€ A
functor functor
object Y object G(Y) < F(X) object X object
of B of C _ of C of A
G commutation F
arrow B |~ G(B) relation in C F(a) e @ grrow
(morphism) \L (morphism)
\4 \ 4 fl \ 2
Y’ G(Y")< F(X") X'

comma category (F = G)or (F 1 G)
“adjunction” of A and B is confirmed by commutation relation in C.




Special properties of “intuitive understanding” : “different” but “same”

f

g X
F FY) <Y pix)
functor M N t commutation relation
EF Eﬁ F AR =,
G GY)<—GX)

_ G(f)
natural transformation

category theoretical description of “adjunction” [&{#

c < F
me B > ( <€ A world
f
Y G(Y) < F(X) X
G observation F
B |~ G(B) process F(a) envvnnn| a
rec?gn/tlonv v f' v ¢ e/?‘lergel/‘i;e
In me YI G(Y,)( F(XI) XI In WOI‘

comma category (F = G)or (F 1 G)
“adjunction” of A and B is confirmed by commutation relation in C.




dynamics and arrows

functionality in intuitive world
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Physics of arrows
KOYPEZF

Representation of “Dynamics” : Emergence ElI¥

Spectrum _

Quadrality Scheme 2~ kL GNS representation
. in field theory

PAIRRI = BOEFHGNS £

micro-macro duality
7=/ aubyS ol
( Dr. Izumi Ojima )
States Algebra
TRRE (A%

Dynamics
XAFIvIR



Philosophy and Physics of arrows

Jyu-nyo-ze ( ten thusnesses in Buddism)

+mzE (A8, 5. K. B4R B &,

oo =z &

ARFTF

R.#H.AXK ) AR

T REE#IZE32 (Maha-prajiiaparamita-$astra, vol.32)
BE#st ( Nagarjuna ) = - =BEEFE{ ( translated by Kumarajiva, AC402-405 )

. Spectrum GNS representation
Quadrality Scheme form #8 in field theory
PO I8 X = HZNDEFRGNS RIR
micro-macro duality function ; (18 & 1)
SH/0O-<vH/OMx % re¢pmpense Substatz;e;of c;'gca;ma T
( Dr. Izumi Ojima) : 5:p-N
embodiment F nature
States 1$ ............... E. sssspdusnnnnnnnnnuEnnEnnEnnnEn 'l‘i Algebra
o rimdry cause
ARRREZF |
:| ™ segdndary cause
Representation |  Sacymesa &
'?{ .I ; A R1E (k)
of “Dynamics dharma
potency 7j

Dynamics
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[ REERIE32 (Maha-prajfiaparamita-éastra)
HEfE ( Nagarjuna ) = - = BEEFE (T ( Kumarajiva, 402-405 )

MR-EUE) - N-E-#&- R (R-#8) -5 RE (B RSB (AXEZF) |

such as "the embodiment, the dharma (function), the potency, the primary
cause, the secondary cause, the effect (result and recompense), the nature, the
hindrance (form) and expedient means to open a way through (complete
fundamental whole)"
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how “this side” and “the other” side can be different

What is an “event”?

“event ”, here, is “an emergence of non-trivial evolution”.
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Non-triviality as the basis of decision making

Vs

Motion in Classical Mechanics

Trivial! Non-Trivial!

Natural
dynamics

Equivalent to
the initial state

Cause of
Motion

Functionality realized by
interaction
with Environment

Y4

Motion in Quantum Mechanics

Trivial! Non-Trivial!

Natural
dynamics

Unitary equivalent
to the initial state

Functionality realized by
entanglement
with Environment

AN




Concepts related to functionality

A non-trivial phenomenon providing “alternatives”
based on the interactions supported by non-equilibrium open system,
is referred to as “functionality”.

ETLEHFRAMROPTRAHEBEERICEDWGEIRBEZE T 5EEBHLGTIHEREFEEELITE S,
A system making decision for “functionality” based on its own sense of value
is referred to as “observer” or “intelligence”.

wonme@ Basic Configuration of

System with Functionality Interest!
sense of value
% visible g
observer
3 9%
ystem of Interest
Functionallty
envirgnmen

Entire Real World
Unknown Sink ) .
Absolute Aol including all class
envirgnme of of non-triviality
environment for observer

Hidden!
adjunction

An environmental system generating a correlated pair of excitation and de-excitation
supports functionality for which an observer is able to give substantial value.




how “this side” and “the other side” are connected

classification of topological structure in shaves (covering space)
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recognition of world based on disconnected partial knowledge
Bz o= S EICEOVWTHREZESRHET 5

problem lying in higher-dimensional space
HREITRATWAHAIUESRTDERICHS

space where the problem is visible

open boundary!

How to combine these disconnected knowledges?

Complicated path-search problems such as 3SAT
(g VX)) Axp VX3) A(x3 VX)) A(xa VX A V) A Vavia) =1




Topological structure should not be so complicated!
MR FHBEIETNIFREEHETEGL !

structural analysis of

given problem
HREDEEZ S

bundle (€, T, M)

: connection in base space and
structure in covering space

(function, sheaf)

@)

T l o
M : m

®(E,m M)

EZEfE TOHEE R E
WEZER (B, B) DEE

arbitrary axis and orientation of value
BFaMEDEEmE{TIT

in “visible” base space
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singularity and connection in covering space
HEMCHEBERICE T4

value alignment in covering space

non-trivial event

@ evaluation
ﬁ Sense of
spectrum value

result
. ﬁ Natural
dynamics
process
@ choice

>

Symmetry
breaking

2\ Vo
©

description¢‘
of

D : .

.. singularity

il E— e
Q ==

gé ,‘.”' » ;

U - L

T T~ 4L
S &5 non-triviality

/— A
o —" 4 i

1'( A B

path
in base space




singularity and connection in covering space
HEMCHEBERICE T4

non-trivial event

ﬁ

o ,.
O =
— — e o
n - »
- f
Q A
Lo y—
x 7
Ly 77— QO
7
7—R
i
\ (A

arameter Q4 cove

chirality

description

of

path
in base space




singularity and dynamics in emergence

Quadrality Scheme Spectrum
v = micro-macro duality

ATHE macroscopic gauge field and gauge field
N :\\ (=] 7
process T2k Dr. Izumi Ojima

| F

States ................ E .................. Algebra
choice of nontrivial dynamics . .
JEERGA A FTIVIRDER microscopic
Spectrum process S singularity

-

Dynamics o 1 HEM

-
.
........

/
(\I

States

Dynamics Dynamics
trivial evolution : no singularity emergence : inclusion of singularity

BRAGRDER BlF FHEEOIYRAH



singularity and dynamics in emergence
Spectrum

geometrical description of
quadrality relation

Spectrum
Algebra =g

—

Dynamics
"‘.‘ F . ‘.“
:’ P ou \\ %
g S %
. / \ .
. v \‘ .
Dynamics Algebra States

Dynamics
Spectrum

for better understanding of
involved singularity / cohomology
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transient [ Im
sector median A
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Dynamics .' 0 Qge
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\ Spectrum
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sector K '@ median
A Im
observed .
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base space definite phase RAEDRE



spectral sequence of flag or derived category
generated via observation process m A Lm
of worldbased on sectorization 7 e ST e

. . s % ~, .'._ ; 4 . s o ~
along certain axis of value omamics § & Sm:\l re O i Sm:;\‘ pe  Omm i Sm:\‘ e
o —_— ) | e H — | n | e H
= :]:R L7={i ﬂE $H] [ZiaoT= gebra Spectrum gebra Spectrum Igebra Spectrum
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median

sector é
sector é

4 median

------

base space




spectral sequence of flag or derived category
generated via observation process
of worldbased on sectorization
along certain axis of value
FEIRL- (M {EEH</aoT
oA —EICE DR DOER &
BRE () DARIMLRIIME

_________________
xxxxxxxx

o

o

o

\\\\\
_______________________

- median

o

connection of

E
sector —%

. “events” with g4

i % 53 medion . 1~ I .. reference frame | § % |
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> J ! 1

sector é

o

median |
-

o

base space
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o
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gauge and diagram A

sector
sector
: gauge fields
/ gauge particles
sector
EDNE

base space

JEZE ]



gauge and diagram A

N A N function
\ o ( ) » sheaf (cover) C
A ,, ~ s [
\ ) q 1?4 Bg 7;'?5{ -
L2 =
di+3 -
< » : S
ql. 42 e ~
q z+1 g
< ‘
. qi Sipe Ak
: gauge fields N ;
/ gauge particles di-1
= q;_{naniold  number
% line-bundle :

: gauge fields

7~ / gauge particles

phase space
(base space)

fIHEZERE - T
(EZERE]) ~e

qi-4

i

Chern class
with quantization

Tautological Flag

singularity
on torus



underlying structure generated by dynamics

Grassmannian manifold and Schubert Cell

BAFTIVIANEHHETERNTIBE
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Schubert cells in Grassmannian manifold and connection of flag in base space

D3RR EGHKRICE T H 2 —NILMBRERZERIZHE T A ED

Shubert variety = Schubert cell + Surface(limit)
a—AN)LMZERIK Grassmannian variety

(22— LM+ RE) TIAN L BHK

Thom class
kLB

cohomology
assignment

compact cover

O ININEE
e =
Fe, | s
S EREEEE D BTERS
EZRMICHIT5IE FEIHERDEH local connection

frag in base space connection of epochs with singularity



how “this side” and “the other side” can be ordered

Schubert calculus

[CH61EMHBLo1ZEDIIICIEFfTITEHIENTEDH
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value alignment and alignment
natural transformation

11111

1st
Chern class

11111

T local emergence

¥ IR flag and g
bundle T
(Schubert cell) ‘ 1y
: at point P, :
i value alignment
completed
flag

corresponds to
universal cover

S IE
O

tautological flag
~universal cover

atpoint P, “adjunction” in certain sense of similarity

value-alignment via natural transformation based on sectorization




dual : symmetric matrices of base permutation (symmetric group)

basic configuration of value-alignment problem

o = (1, 2, n) Sectorization (quantization)
* " \nn-1, 1/ for certain value alignment
n [ L] [ L 3 2 1

smm ---I'I'I'I'....au.l.L uu

is Rank 1

Base Space : Order of Event

L]
F: :
|

" aatesrf
n T L L o

“"fanafany LA A T
n

How can we separate the rank 1 event from others?




Schubert calculus

dual : symmetric matrices of base permutation (symmetric group)

wo = (1, 2,_ ) n) Sector/za.tlon (quan.tlzatlon) Di agram
n,n—1, for certain value alignment

n « . =3 2 1

event 5
is Rank 1

Base Space : Order of Event

Right and below boxes to blue colored ones are filled.
Permutation in base space would result in lower triangular matrix
which has maximal number of unpainted (white) box and

=1 = ;™1 term identifying Grassmannian variety (No.1; others).

X1



Schubert calculus

dual : symmetric matrices of base permutation (symmetric group)

w0y = (1, 2,_ 1 711> SECtOI‘IZG.tIon (quan'tlzat/on) Dia gram
n,n—1, for certain value alignment

n « . =3 2 1

E .EE'JE:iHm-»

event 5
is Rank 1

<
" RN T

Base Space : Order of Event

Tialie g
= lll.....

D il L

LE e
,, R -

Permutation reduces the number of singularities.
Permutation in base space would result in lower triangular matrix
which has maximal number of unpainted (white) box and
= ¢;t™" ! term identifying Grassmannian variety (No.1; others).

x1



Schubert calculus

dual : symmetric matrices of base permutation (symmetric group)

0, = (1, 2, n) Sectorization (quantization) Diagram
nn—1 1/ forcertain value alignment
n ] Ll - - 3 2 1
; P event 5
1 is Rank 1

14

. 8
(]
o]
£

> 13
(]
C
£
O
©
o :
o
o
(%)
(]
O
©
o
(Vs
(]
(%]
©
o

9

Right and below boxes to blue colored ones are filled.
Permutation in base space would result in lower triangular matrix
which has maximal number of unpainted (white) box and

=1 = ;™1 term identifying Grassmannian variety (No.1; others).

X1



consideration in manifold

flag

SR TOHERLY

R
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Flag is inclusion column of subspaces of n-dimensional linear space V
on field of complex numbers C

BEREHACLED n ATERZER VOERZERDINZ VOIEELD,
Flog:0=E,cE,cE,c--cE, cE,=VeC"
For subgroup B stabilizing flag of automorphism group GL(V) in V, R

FL(V) is identified with GL(V)/B. ‘_
EEEETLHVOREBCRBEHEHGLV)DEREEBET 5,

FIWIXGL(V)/BERI—RTES,
' ”i
-

line-bundle

Tautological Flag



(12, n Geomet'rlcql Unders.tan.dmg Flag m
@o=\pn-1, e 1 Sectorization (quantization)
for certain value alignment

event 5
is Rank 1

Base Space : Order of Event

WDIN=°"To8 >y o>ty >0 =0:bo4

Dual : Symmetric Matrices of Base Permutation (Symmetric Group)

How can we separate the rank 1 machine (red box) from others?
( based on Boolean extension )



Flag

inclusion relation corresponding
to better selection

Flag jif

set of flag and bundle (singularities) corresponding
to worse selections should be deleted

Strategy to separating the rank 1 from others (Finding a Grassmannian)

( based on Boolean extension )



changing weight for each cohomology sequence described by flags

Flag cohomology sequence chooses a flag and disclose the rank

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

inclusion relation c%ases corresponds to flag

Schubert cell
| ‘.?Y
This part This part .+ " Win/
............ i::!.___________..ﬂpw Lose
l“?

dual : symmetric matrices of base permutation (symmetric group)



Flag i

Flog:0=E,cE,cE,c--cE, cE,=VeC"

Flag: SL,(C)NB =

1st-Chern class : C{(mr*E)t" 1

.: .‘. H
T* "

Po
g~

Iine-bund.l.e

B & SL,(C) » FL|~SL.(C)/B E

G

B-trajectory : permutation w~P,, , Track of extension

Y,

.....

automorphic form

(torus extension)
Schubert cell X

i.-

Tautological Flag



1st-Chern class : C{(mr*E)t" 1

. line-bundle

-
£7
[F

Tautological Flag




line-bundle

Tautological Flag

automorphic form
( torus extension )

>

singularity




Mathematical and Physical details

how “this side” and “the other side” are separated

how “this side” and “the other side” are oriented

gauge field theory
Thom class

[CHE61EHEL1ZEDLIIZRITHD
[CHE51EMHBEL1ZEDLIIZREFITHH

BB ER
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basic procedure for considerations on order and connection of events
LD EDIEFEDLHWYICET HIEREITO ILOICBELFIE

Appropriate procedures are required for isolation of “this side” and “the other side” and
connection of these regarding “orientation” along certain axis of value set by observation process of events.
MECEEEHABEEZERBLT (bl & [2B6] 28U DT,
(AEMAT] 2FRL T2, EVLOBREOBYARENBHE

axis of alignment direction of
under consideration propagation

A

saddle f(§,n) = &* —n?
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basic procedure for considerations on order and connection of events
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setting “orientation” and “equivalence” as the basis of isolation of events.
Y nFsEEELTO MEMIT] & [EMERER] OFRE

» Introduction of a point and surface for isolation of “this side” and “the other side”.
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Saddle point is introduced via indefinite metric.
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Zero-metric isolates this side and the other side.
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Outside of cone is considered as environment.
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Stabilization of orientation and order based on sectorization in dual space
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ordering requires singularity
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stabilization of order and orientation by sectorization
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relation between width of sector cone and mass of gauge particle
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how “this side” and “the other side” are connected
keeping identity or “sameness”

gauge-field theory
Chern class

TRICTHAIEVNITATUTATA— RN
[CH561EMBLL12EDKIITDECH

T—1518
Fy—2 %8



meaning of orientation and ordering of things based on functionality
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sector cone defines environment
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Grassmannian
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how identity can be transported
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Transportation process in non-equilibrium open system
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Entire World of unbroken symmetry
world for creatures with left-right hands

oriented order of emergence and transport
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some dynamical system governing emergence in this world




Entire mathematical framework

how entire process of arrows is described

Klein correspondence and derived category
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Klein correspondence 75 A s

% line-bundle

Flag is dissolved into
Grassmannian and
projection plane (Twister)
A/ S 2 X e
NEFmE(Y A RZ—)
IZDRY S

\ 4

flag multiplicative system
TR % TE Ak

boundgry interaction
Grassmannian Spinor:Twister
‘ (projection plane)
8

Tautological Flag

sector W,dth} \

projection plane
Twister



Klein correspondence X(vr) Klein correspondence
and arrows flag = short exact sequence
S = triangulated category

in multiplicative system
P y = derived category
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Connection of Flags in Grassmannian Variety via Gysin Map

Grassmannian decomposition of Flag Composite
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Grassmannian manifoldlZED<Schubert Cell D&k &EThom classD iR FE
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The pre-Socratic philosopher Heraclitus pointed out that
one cannot step in the same river twice.
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triangulated category : evolution maintaining the structure
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& sector P4 sector N sector

evolution of system and ordered inclusion of cohomology (singularity)
Theorem : Stepwise exact complex involves long exact sequence of cohomology.
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Entire World of unbroken symmetry
world for creatures with left-right hands

oriented order of emergence and transport

=20y =20y —=---- 20y >0y =2X 20,20y =20y >0y —

IE  connection of reference frame I

local world of broken symmetry

world for creatures with left-right hands

transport transport

- <] source impedance <} /

some dynamical system governing emergence in this world




proper way to connect “this side” and “the other side”

generalized theory of general relativity
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Fluctuation of bundle structure due to local measurement and stabilization by sectorization
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appropriate sector size filters off-sector connections
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appearance, emergence, orientation and order
an example for alignment of emergence
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appearance, emergence, orientation and order
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alignment of apparent events
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appearance, emergence, orientation and order

alignment of apparent events in order of emergence
based on sector-cone equivalence
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Schubert polynomials and Frag variety
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proper observation and understanding
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Special properties of “intuitive understanding” : “different” but “same”
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Example of connection and order : worm gearing with fluctuating axis due to interaction
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Example of connection and order : worm gearing with fluctuating axis due to interaction
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Example of connection and order : worm gearing with fluctuating axis due to interaction

VA —LFXT DO HAEDLE EHAERICL2EHOES T

quantized double
Schubert polinomials
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Top-down sector adjunction in measuring process
AEBRICE TS by 77X BT X — DR
index in object side  wmp completely positive instruments SEE2IE{EA >~ X b L X Y

(axis of value) fluctuation due to interaction index in

BT X R DIEZE in observation process instrument side
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quantization of double Schubert variety in double Schubert manifold
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crossing, splitting, merging of bundles
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classical sector
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further detailed or simplified considerations on

Hoph algebra
id (2
l s l
() id
Formin-Kirillov (quadratic) algebra

() () )
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/ — N

in relation to adjunction
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Realization of Flag Explorer based on photochromic crystal
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injective extension
i i i i
0->Hj—>Hy;—> > Hy ;> Hy 1 =0

Matrix Sensing of
Photon Transmission

Scanned Image of
Photon Transmission

p p ... p p {
0->H -H - - H, ,-> H, ;-0

projective extension g

,,“

0

w

Schubert cell

E( 12~15 singularities through 100 um )
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