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Irreversibility of Scientific Method
Knowledge for Understanding and Knowledge for Action

Analysis: Synthesis:
Experiment, Measurement, Theory Design, Planning, Innovation,
(Hypothesis, Discovery, New discipline, )* Management, Policy-formulation,
Bill-drafting, Composition of art works etc
Property n
Reality
Property 3 (Artifact)
Reality
(Nature) Property 2 Universal
Discip aws) 1 'p Law(dogma)
Property 1
Science for Analysis Science for Synthesis
-Always right =Fallible
Systematic scientific method Less systematized singular methods

* These belong to synthesis. See next page. (know-how, technology or engmeermg)

Asymmetry of
Examine(use) the real to Human Thought Use(examine) the knowledge
create knowledge CEEEEE—) to create real




Discovery of Highly Universal Scientific Law

Discovery of new theory ( construction of new discipline) in basic science

= Fact 1
Array
Fact 2
Collection Synthesis
ﬁ Analysis > Fact n
Intuition Selection
(Einstein)
ABDUCTION
Discover
World ---------------------------------y- --------------------
Facts,
Things,

Phenomena,

Hypothetical Law

M

Experiments, o

Verification Scientific
Research

(Refutation)

i} (Popper)

Discipline
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Science is to find Universal Principles
behind diversified phenomena in nature.
(Discovery)

F= Mo > Zl'ewton’s(;ch:]ee Iav}\:s \g/jre |
iscovered through abduction.
YFu=-Y R g




Central Dogma of Molecular Biochemistry with Enzymes

replication
(DNA -> DNA)

DNA Polymerase

DO oNA

transcription
(DNA -> RNA)

RNA Polymerase

WA RNA

translation
(RNA -> Protein)
Ribosome

O-0-0-0-0-0O-0 Frrotein

Dogma by Francis Click

The central dogma of molecular biology deals
with the detailed residue-by-residue transfer of
sequential information. It states that such
information cannot be transferred back from
protein to either protein or nucleic acid.



http://en.wikipedia.org/wiki/Molecular_biology
http://en.wikipedia.org/wiki/DNA_sequencing

Engineer’s Design: Systematic Innovation

Property 1
Requirement Property 2

(functionality)
Each discipline

; Property n
Intuition Analysis perty
or big data
Request by customer
or Forecast by designer
L
Innovation

(individual or societal)

Synthesis

Practice by
experience

ABDUCTION

A hypothetical
solution (innovation)

|

Use and judged
in society

{ ! Evolution

» Good innovation

(taking root in society)



Properties (attributes) and Effects (functionality)

“Pour liquid into it, store it, and people can drink liquid from it.”
_ /)
~ " - ~ -
Property to store the liq.
(geometry, material)

Property to be poured
(fluid dynamics, material)

Y

Property by which she drinks the liq.
(weight, shape, surface)

N o \
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Even when we know the properties (geometry, material, weight, surface, esthetics )
necessary for the function, it is not easy to realize an artefact which satisfies the function.




Progress of Abstraction

Developing model of Science by C.S.Peirce

Charles Sanders Peirce (1839-1914)

Mathematics

A
Metaphysics

(Psychical science) /Nhysical science)

Nomological
science

Classificatory
science

Descriptive
science

Actions in
real world

Psychology Dynamics
A N
Linguistics, Chemistry,
Anthropology Biology
,r /
Sociology Geology, Geography,
Astronomy, Hydrology
A A
Technology Technology
(Social rules/manners) (Manufacturing technology)

Psychical technology Physical technology

Direction of progress of

science : abstraction b
discoveries—> W:\:]pIV[egs[0]\




Deduction, Induction and Abduction
Charles Sanders Peirce (1839 -1914)

Deduction

Rule --- All the beans from this bag are white.

Case --- These beans are from this bag.
Result --- These beans are white

Induction

Case --- These beans are from this bag.
Result --- These beans are white.

Rule --- All the beans from this bag are white.

Hypothesis(abduction)

Rule --- All the beans from this bag are white.
Result --- These beans are white.

Case --- These beans are from this bag.

Inference

N

Analytic Synthetic
(deduction)

Induction Abduction

10



Similarity between Abduction and Design
(Similarity between Scientific Discovery and Innovation)

Deduction

Rule --- Any body keeps some law.
Case ---This is a body.

Result ---This body keeps some law.

N

What is some law which
Hypothesis(abduction) > covers any body?

Rule --- All bodies keep some law.
Result --- This body keeps some law.
Case ---This is a body.

ﬂ Abduction by CSP

) Newton’s Law and Dynamics

Design is also an abduction. (Design formally has the same logic with abduction)

Deduction
Rule---In a good house any family lives comfortably. .
Case---This house is a good house. What is good house for
Result---A family lives comfortably in this house. any family?
) > ﬂ Design Theory,

Design :

o Systems Science,
Rule---In a good house any family lives comfortably. | =
Result---A family lives comfortably in this house. Design Law and Theory

Case---This house is a good house. J (Design Methodology)



“Science” of Discovery (synthesis)

Karl Popper (Logik der Forschung 1935, The Logic of Scientific Discovery 1959)

----. However, my view of the matter, for what it is worth, is that there is no such thing
as a logical method of having new ideas, or a logical reconstruction of this process. My
view may be expressed by saying that every discovery contains ‘an irrational element’,
or ‘a creative intuition’ in Bergson’s sense.

Albert Einstein (ref. Popper ditto)

‘search for those highly universal laws .... from which a picture of the world can be
obtained by pure deduction. There is no logical path, leading to these..... laws. They can
only be reached by intuition, based upon something like and intellectual love of the
objects of experienced.

Ernst Cassirer (Substanzbegriff und Funktionsbegriff 1910)

The theory of abstraction is premised on existence of “a form of ordered diversity ” which is
not identified previously , and maybe conducted by intuitive or psychological processes.
............ Generalisation of concept of a thing (or finding of general model from a
phenomenon) is the liberation of the thing from its singularity, through which its intrinsic
structure emerges. The structure should be described in mathematics (HY).

Discovery is synthesis. It is a tough subject in science.

> WX:DUaile] Wby Charles Sanders Peirce



Chagall

Love and the Stage 1914-1922

Fdited by Susan Compron

MERREIT HOLBERTON
FUBLISIARS LONDON

56 Abduction, 1920 (V&&BLY)

black ink on grey paper, 34 X 47.1 cm,
Musée national d'art moderne, Paris



Transition of Thinks in Design (HY)
“Square of Concepts”

Paradigm(ideas) Design(artefact) ,
Set of (Claude Levi Strauss
o composition : literarily named:)
entities > An entity

A

bricoleur’s design
=selection—composition

A

decomposition

a

engineering design
=(encounter—synthesis)

When a theory for design is
not available, the design must
create a “path” of concepts
connecting function and
entity. There seems to be two
connecting paths by which

| design is possible. At least,

encounter one abduction appears in
Set of
Set of both cases.

functions ) i
use Properties

synthesis
analysis

denotation
connotation

A\ 4

A

Requirements(concepts) Metamodel(a context of disciplines)




Basic Types of Design (transforming system of concepts)

F m

serendipity

\\\\\

metamodel

p—> S S p——> S| |p S
F m m F—— F m
bricoleur engineer engineer-bricoleur bricoleur-engineer

/" F=requirement N érequirement

m=metamodel

KS=sqution (F#)

(ERBRED BRI (B8
SFDEEIELT=H D Hmetamodel)

(B3R EHOHEE (ERMKER)
p=paradigm(elements of requirement

(EREEEDEARRBTEHL >TDHEE1D
L=t D h EH paradigm )

TR M)

_/

p=paradigm
m=metamodel

metamodel.

ﬁsolution

(described by elements of requirement)

(entities that respectively satisfy
elements of requirement, structured
entities are called a paradigm)

(attributive description of elementary functions
(preliminary discipline), structured description of
attributes in preliminary discipline is called

*HOWBEEE (A IFEBE) ICEFNEIER (TR TOEHE) 2RBUTERELI-EE
(RIFFICERERE DRI R ED . EREF R DR E)

~

_/



Bricoleur defined by Levi Strauss
(separation-denotation-composition)

composition

p ——* 5

Entity set (Z£Z5iBIZHAHED)

denotation /

selection and composition

F m
o
separation b — S Solution
denotation - _
ABDUCTION
separation
o
requirement \

Functional set

16



Engineer defined by Levi Strauss
(provisional discipline)

Solution
o)

F—— m

intersection-calculation P > logical process
(calculation)

Provisional discipline
(Topological set)
ABDUCTION

A=
each discipline \

requirement Union of property sets

Functional set —

17



Bricoleur

selection

4 (Dbox
@door
@foundation
@umbrella
®structure

i

Elaboration :
of required @fix-on-ground,
function @good -for-rain,
B)strength-

]

Living space to

isolate people |:>
from outer

world

~

/®isolate, @in-out,\

against-outer-force
\® /

Design Square:

Collection of elements into

=

Separation

paradigr?/ \

A paradigm

Two paths of design: Bricoleur and Engineer

4 I
A Solution:
Satisfactory
house

\ /

4 N\

/ ; roof\
wall | pillar
floor

Q‘oundatlon )

preliminary
discipline
“house”

A maquette

-

== adhesion

Fix — strength

metamodel

|:> Side Separation
(stop-wind)

Top Separatlon \

(stop-rain)

Support(strength)
Bottom separation

(pace to walk)

Fix to the ground

Ground

Engineer

/

evolution of metamodel




Knowledge used in Design

Indigenous Realisation of m
Elements knowlqu.e of composition
set composition

A

5t

Provisional
discipline

o

t
Indigenous maquette (Quantitative relation
knowledge of between attribute

relation between composing a maquette)

functions and
elements

Disciplinary
f(x)=y scientific
knowledge

Disciplinary
knowledge of
Function D o> relation Property
set Y ’ between set

functions and

properties
19



Discipline
Reversible translation between concepts

Function

X (Strength)

O+« »O ‘
y (Geometries of a material)
Property

Functional Set{x}  Property (attributive) set {y}

[In case quantified]
synthesis

analysis

Within a discipline, function and property has mutual correspondences. It means
that the translation between concepts of property and function are reversible. The
reversibility is available in cases of indigenous knowledge and quantified discipline.



Engineer’s Design: Systematic Innovation

Property 1

Requirement Property 2

: A hypothetical
(functionality) Synthesis ulx

solution (innovation
Each discipline ( )

™ |
: Property n
Intuition Analysis PETY )
or big data Practice by Use and judged
experience in society
Request by customer ABDUCTION .
or Forecast by designer Evolution
L
WlSh ------------------------------------------ .;.E‘ ------------- > Good innovation

(individual or societal) (taking root in society)

PROVISIONAL
DISCIPLINE



Formation of Dynamics by Sir Isaac Newton

Mass, 1.uniform
Theory of

Motions of
2 celestial force, motion
/I bodies and momentum, | > 2f=ma dynamics
locus of 3.action/reaction

apples
particle

‘ Collection Variables Laws Theory
Light,
living things,
N . The whole world

-~ (all objects)

Newton’s dynamics explicitly explains the motion of objects, such as celestial
bodies in the universe or a thrown body on the earth.

It should be noted that the disciplines in science are established in order to
explain the collection of phenomena systematically, in other words one-to-one
correspondence between a phenomenon(function) and property by selecting
objects so as to get good explanation, such as physics, chemistry, biology,

sociology, linguistics, etc. We call them “basic disciplines”.



Disciplines of Artifacts (synthesis)
(an example: motorcar engineering)

Pay load
Speed

Relationship

'/ collection
/ Fuel consumption among <
/ Something that ) 1 . Discipline
AL variables of motor car
(ill structured

Operationability
Habitability

carries human

g

variables)

function
\\ 2 /
\ i variables -7 laws theory
\\\ I’I . \
1 ) / / Prototype
\\ Other artifacts /,’ . (maquette) ' Two paths:
N ‘ 7/ 1.Relations are derived from variables.
N s 2.Relations are derived following the maquette

A .-* All artifats

S -

—————

In case of disciplines of nature, collections of the phenomena(of existing things) which can be
explained by a few and systematic variables are good collections. In other words, disciplines are
established by collecting those which promise good theories. On the contrary, the disciplines of
artifacts must be established from collections which have common functions, and thus including

various phenomena which cannot be explained systematically by a principal law. This kills the

reversibility of thoughts. Discipline of artifacts is called provisional discipline or engineering
discipline. Scientific discipline covers a set of phenomena but engineering discipline covers artifacts

which have similar functions.



Progress of Disciplines and Reversibility

In each discipline, we may find corresponding properties to a function(an entity which exerts
the function), but may not find a function (an entity) which corresponds to given properties.

Direction of progress Mathematics
of science 7
A Metaphysics
(Psychical science)/\ (Physical science)
Nomological psvchol D .
science sychology ynamics
A I\
Classificatory Linguistics, Chemistry,
science Anthropology Biology
i
D(?scrlptlve Sociology Geology, Geography,
science Astronomy, Hydrology
i I\
Actions in Psychical Technology || Physical Technology
real world (Social rules/manners) (Manufacturing technology)

Meaning Fact



Application of Peirce Category
to the Present Disciplines

Direction of Abstraction
toward Universality Mathematics
(progress of science) A
A Metaphysics
(Psychical science)/\ (Physical science)
Nomological . .
. Economics Dynamics
science
A A
Classificatory| Sociology M ial sci
science Behavioural science aterial science
'f /
Descriptive Cultural anthropolo
science pology Geology/Oceanology
A A
Actions in Social technique Physical Technique
real world (Social rules/manners) (Manufacturing techniques)

Human-Social Physical



Reversibility of Indigenous Knowledge and Mathematics

Design

(institutionalization)

L
------
-------
.
.
.

'...
"a,
----------
.

u
---------
sut®
.
.*

*
......
L]
.............

Cultural

products | v

1)

Progress of science

(Abstraction, disciplines)

Progress of science
(Abstraction, disciplines)

Des

ign

(Materialization)

-----
.............
Taa,
"
.
.

.
.
a®
annt®
-----------
-----

------
............
ay
e
.
.

.
.
.
wun®
-----------
anun

Reversible
within discipline

Industrial

................... *....................................................................................‘.......‘.‘.:::.______"
Mathematics
SR LT P [l LT rrrrrrryyy PPPPPPRFFFFFrPrPrORERRUURRRRRRIRIIS I PPPPPPPRPITLLE PP
v : : - v
Instituting . : .
nstitu lngi Psychical Metaphysics Physical EManufacturlng
: |...science ... .. ......... A :
: Economics Dynamics
.......................................... TP TTTRTRITY FTTTTrTTTT ORRS & SECTILLI
Sociolo ) ) :
. &Y . Material science
Behavuolural SCi.
Cultural Geology,
anthropology Oceanology
.......... | |
: Technology Technology Rl .
Social rule/manners Material/manuf.tech :
. . . \
Indigenous habit Indigenous tool M

: | products

Dynamics: If we understand that a ball flies x meters when it is thrown at speed of v and at angle of 6,

then we can throw any ball just x meters by v and 6. It means that when we understand phenomena
through a law, we can realize what we want. This is the reversible knowledge. Mathematical nomological
science is reversible, although at an abstract level.

2)

we can not produce diamond only by this knowledge. This is irreversible knowledge.

Material science: If we understand that diamond is composed of carbon atoms in tetrahedral structure,

26



Reversibility in Dynamics

1) When | threw a ball by vo and 0o, then it flew x meters;
Vo understanding a law as follows:

X=v,%sin20,/ g

8, mg 2) When | understand 1), then | can make a ball to fly any x
X by throwing it at vo and 0o, calculated by using the law.

v,2=Xg/sin26,
sin20,=X g/ v,?

The property that a ball flies x at v and 0 is only a part of the properties of the
ball which is known by dynamics law. The ball has many other properties which
were neglected by establishing a discipline “dynamics”.

This is the reason why reversibility has been lost except throw-fly property in
dynamics.



Systems Science to Recover Reversibility

R i e e Y ST R —
Classification | : : |[ Sociology s M‘\\t I sci : : | Classification
- PR ) ¢ i ien S
of behaviours [ Behavioural scieric aRgrig” science : "1 of matters
A MR
Description : : 7 ', . . Description of
of behaviour ":'"""""_E" CUIturaI anthropOIOgy GEOIogyl\oceanOIOgy __E___________§> matters
. ¢'I: \\¢ ; :
Cultural |7 Techniques Techniques v | Industrial
(Social rule/manner) (Material/Manufacturing) roduct
product . : v produc
Knife and fork: Knife and fork:

policies for table manners techniques to forge and finish
(knowledge and skills for  (knowledge and skills
use of existence) for manufacture of existence)

Peirce placed the metaphysics above the nomological science. If metaphysics deals with the fundamentals of all
entities, it may be requested to be transdisciplinary and reversible at any level of abstraction. If so, it must be
useful to solve the difficulties: the incommensurability among disciplines and irreversibility between abstraction
level. Unfortunately, however, as terms in it are described in too much qualitative manner, it cannot be a useful
tool to solve the present problems. Therefore, we substitute systems scientific method for metaphysics. 28



Systemic Theories

Economics Dynamics System Science is
A A . .
Sociology Material science the systematisation
A A of disciplines to
Cultural anthropology Geology/Oceanology L. c|e
- _ recover reversibility
Techniques Techniques through disciplines.
(Social rule/manner) (Material/Manufacturing)

4

Dynamics

— > Systemic theory of dynamic process

A

Material science

— > Systemic theory of material/manufacturing

)

Geology/Oceanology

— Systemic theory of data in of earth

A

Techniques
(Material/Manufacturing)

—> Systemic theory of techniques




Bundling Science 35
which derives a provisional discipline

Material
science

Fluid
mechanics

Bundling Science

(Preliminary\

(Systemic theory of dynamics) discipline for

Internal
Combustion
engine
theory
The reason why set procedure to design a real machine
Control (combustion engine) is not available is that elementary engineering
theory disciplines necessary to represent the machine are mutually
incommensurable. We need develop the commensurability
Reliabilit between disciplines, which we call a bundling science. The new
theory discipline, provisional discipline, can be any science: descriptive,

classificatory, nomological in Peirce’s’ category or an integrated
textbook, but hopefully we develop a quantified preliminary
discipline.

30



Approximate Realisation of Reversibility by System Science

(" {A}={al, a2, ——-,an } )
E(A)={el,e2,---,em}, m<n :
o OQ = )| Property(E)(p1, p2, —pm}
I(RedL:ct!o)n 2 an entity Function(E)={f1, f2, --- fm; R} | i
: (analysis) . R(E)={ r1(ei,—,ej), r2-—}
EWh Eb A?E A An[ Physical J As {Functlonaﬂ - . J J
: y F Ry A :

structure structure disciplinary knowledge

~
Disciplinary elements E, their | :
E |: Function(A)  Systemic representation of A . properties P and relationsR J

f (A}={al, a2, -—an} I

: .. i E(A)={el,e2,---,em}, m<n
:Composition: (A=t }

. . = -— :> O
 (synthesis) | Prope.rty(E) {p1, p2, ---pm} I:> :>

Function(E)={f1, f2, --- fm; R}
Make F! E\R(E)={ ri(ei,-ej), r2----} )

— unctiona Physical =
disciplinary knowledge Af [structure} “[ structure} An
Disciplinary elements E, their ) :
properties P and relations R Systemic representation Function(An)=F:

The reversibility of system science is based on its character that analysis and synthesis can
be conducted by the same descripting method of objects. Designation of elements and
relationship among them is a typical example of system science which can be used for
establishing reversibility, in case when a universal designation and relationship is achieved.



Nicolau Rashevsky
Structure of functionality of living things

C contact to food

| ingestion of food

D digest

A absorption

Df defecation

Sb synthesis of body
Des digestive enzymes
Sde secretion(43' i)

It inner transport

Cb catabolic process (1L {EFR)
E release of energy

Pco: production of CO2

Eco: elimination of CO2

W elimination of catabolic waste product
Pw production of catabolic waste

Tm protoplasmic movement
lo2 oxygen consumption

Fs stimulation

Mf movement

Ma avoiding movement

Mi movement for digestion
R reproduction

Sh harmful stimulus
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HEMHFTADIIMIBITEIRTLHE

WRICETARFRMOREELTDIAUTIDALTFH R IR DB

RECLBREGRR (" {A}={al, a2, —an} )
AVITSREATFTURADBER) E(A)={ele2 —em} m<n
4975&5’*@@%7]@5& property’(E);{p’l, pzl’ ---pm} 3ﬁ %)&%
%*E)“J%T“/Z@Fﬁﬁﬂrﬁug Function(E)={f1, 2, --- fm; R} E@?ﬁiﬁﬁ
ZRE \_R(E)={ ri(ei,ej), r2—} ) !

B3 1 = ol B
BEIR ITHRBRE
=y 45 Bl B TR
ORNEEE =
AT F U RE
A IDIBIMEDVRT L
270 (B fin) Bim A {Functionaﬂ An[ Physical J

(BtE. EH. @i, Ri%--) Fstructure structure

ROAATFUOR(D AT L) BEE Systemic representation
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