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We propose a qualitative spatial representation focused on shape change. Our goal is an application of logical
reasoning of the representation to an organogenesis process. In the process of organ creation and cell division, such
phenomena as generation of a concave part from a simple sphere, creation of a tangent point and division of a
unit are frequently observed. We propose a symbolic expression that is an extension of Leyton’s Process-Grammar,
to represent features such as concavity, tangent point and division. Symbolic expression and formalization of
transformation rules enable us to give a reason for an observed shape change and to predict possible transformations.
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2. Process-Grammar

Process-Grammar
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process-diagram ( 2 )

Cm+ : m+ → m−

CM− : M− → M+

BM+ : M+ → M+m+M+

Bm− : m− → m−M−m−
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2: process-diagram

Bm+ : m+ → m+M+m+

BM− : M− → M−m−M−

Leyton

3.

3.1
process-

diagram

2 M+m−M+m−M−m−M+m+

3.2

3.3

L = {M+,m−,m+,M−}, E = {e1e2...en|ei ∈ L}
s, t ∈ E

s, t →s t

s[t] →s t

4.

4.1

TH : sm−tm− → sṁ−tṁ−

TU : sm+tm− → sṁ+tṁ−

TO : sM+tM+ → sṀ+tṀ+

TP : sM−tM+ → sṀ−tṀ+

e1, e2 ∈ L sė1tė2 e1 e2
( 3 )

M+m−M+m+ M+ṁ−M+ṁ+
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( 5 )

5:

( 6 ) typeH

typeH typeU

typeO typePl

6:

RH : sṁ−tṁ− → sṁ+, tṁ+ (typeH)

RU : sṁ+tṁ− → sm+Ṁ+m+, tm+Ṁ+m+ (typeU)

RO : sṀ+tṀ+ → sṀ−[tṀ−] (typeO)

RPl : sṀ−tṀ+ → sM−ṁ−M−[tM−ṁ−M−] (typePl)

RPr : sṀ+tṀ− → sM−ṁ−M−[tM−ṁ−M−]
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(typePr)

4.2.1

s t 3

4.2.2

[typeO] [typeP]

7 RO

7

7 (a)

7:

4.3

s ∈ E , e ∈ L s ė

ṡ

DE : ṡ1, ṡ2 → s1, s2
DI : ṡ1[ṡ2] → s1[s2]

s1 s2

5.

( 8 )

S0 : M+m+M+m+M+m+M+m+

⇓ (Cm+)

S1 : M+m−M+m+M+m−M+m+

⇓ (TH)

S2 : M+ṁ−M+m+M+ṁ−M+m+

⇓ (RH)

S3 : M+ṁ+M+m+,M+m+M+ṁ+

⇓ (DI)

S4 : M+m+M+m+,M+m+M+m+

8 S0

S1 Cm+

S2

TH

(S2 S3 ) RH

DI

S0 S1 S2

S3 S4
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