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A system of pair sentential calculus that has a
representation of the Liar sentence

Tadao Ishii*

Abstract

In this paper we will introduce a referential relation between pair-sentences similar to
the identity connective = in SCI. Here pair-sentence statements of the form (A, B) read
as “A is referential to B”. Then by interpreting the pair-sentence (A, B) as a sequence of
referential relation such that the referential recursive pattern A By B1 Ba ... Bo B1 Bz ...
holds, we will formalize a pair sentential calculus and represent the behavior of Liar sen-
tence. To formalize the pair sentential calculus, we firstly introduce the stage numbers i, j
in which each of pair-sentence holds, i.e., (A%, BY) and which means a situation of A at
a stage i is referential to the situation of B at a stage j. We also introduce a referential
cycle number of (A*, B’) and by using of this cycle number, we may classify pair-sentences
into two categories, that is, categorical and paradozical. Then each Liar sentence has a
referential cycle number of n such that n > 2 and is paradoxical.

Keywords: SCI, pair-sentence, Liar paradox, four-valued logic, paraconsistent logic.

1 Introduction

By the inspiration of L. Wittgenstein’s Tractatus in which facts are constructed by states of
affairs (or situations), R. Suszko attempted to formalize an ontology of facts in Tractatus on
the basis of Fregean scheme, and called it non-Fregean logic [12]. The sentential calculus with
identity, SCI in short, is the most simplified version of his non-Fregean logic and obtained by
adding the sentential identity connective = to the classical logic. Statements of the form A = B
read as “A is identical with B” which means that the referent of two sentences are identical in
the basis of Fregean scheme. In SCI, it is not assumed that all true (and similarily, all false)
sentences have a common referent, called the Fregean axiom. Thus, we may think that SCI is
addressing the area of many-valued logic, since sentences are allowed to have more than two
values. But we must also be noticed that this is the referential many-valuedness, quite distinct
from logical many-valuedness. If applying the theory of inference relation (finitary consequence
operation) on the set of all formulas, then for any logic considered as an inference relation I+,
we can find sets V' of 0 — 1 valued functions defined for all formulas, called logical valuations
[13], that is, every logic may be regarded as logically two-valued. On the other hand, for the
given formalized language £, we may consider any algebraic structure A similar to £ and maps
of L to A satisfying some morphism conditions, called algebraic valuations. Then the formulas
may have many algebraic values (admissible referents).

In this paper we will introduce a referential relation between pair-sentences similar to the
identity connective = in SCI. Here pair-sentence statements of the form (A, B) read as “A is
referential to B” which means that the referent of a sentence A is referential to the referent of
a sentence B. When doing logical reasoning, it is usually assumed that several fundamental
postulates implicitly hold by a priori. For example, the principle of identity says that “A is
always A and not being —A”, the principle of contradiction says that “A is not both A and
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—A”, and the principle of excluded middle says that “either A is B or A is ~B”. Here if we do
not admit these fundamental postulates, then several paradoxes appear in public and we could
not proceed correctly to the formal reasoning. In order to overcome the matter, there exist
several approaches to the problem from different point of views, that is, paraconsistent logic
[2, 11], a theory of truth [10], naive semantics [5, 6] and self-reference/recursive forms [8, 9].
Here we will interpret pair-sentence (A, B) as a sequence of referential relation such that the
referential recursive pattern A By By By ... By By By ... holds by following the ideas of H. G.
Herzberger and L. H. Kauffman. Then for the principle of identity sentence “A is A”, we will
get the pair-sentence (A, A) which satisfies a sequential form A A A A A A.... Similarly, for
a simple Liar sentence “this sentence is not true”, we will get the pair-sentence (A4, —A) which
satisfies a sequential form A -A A -A A -A.... We have typically four referential relations,
that is, (T,T), (L, T), (T,L1) and (L, L). If we will axiomatize for a pair-sentence calculus
similar to SCI manners, this system can be seen one of four-valued logic [1, 3], and could not
deduce the principle of contradiction and excluded middle.

The logical axioms for SCI consist of two sets of schemata TF A (truth functional axioms)
and IDA (identity axioms). Here ID A is the following:

(E1) A

(E2) (A=B)— (B=4)

(E3) (A=B)A(B=C)— (A=C)

(Cl) (A=B) = (~A=-B)

(C2) (A=B)A(C=D)— (ANC)=(BAD)
(C3) (A=B)AN(C=D)— (AvC)=(BVD)
(C4) (A=B)A(C=D)—» (A—-C)=(B—D)
(C5) (A=B)A(C=D)— (A=C)=(B=D)
(S) (A=B) (4~ B)

(E1)—(E3) and (C1)—(C5) show that the identity connective = is an equivalence and congru-
ence relation respectively. From (SI) we get A <» B % A = B in general, which means SCI is
non-Fregean logic. Every equation in the logical theorems of SCI is only a trivial (i.e., A = A).

Figure 1: Relations between extensions of SCI

Moreover, many logics can be reconstructed as Suszko’s theoreies of situation. For example,
we define a = f <= O(a + ) in modal logic, then we have W — S4 and Wy — S5. Also



we define « = f <= (a & ) in 3-valued Lukasiewicz logic where < is a L3 equivalence, then
we have SCI — Lg.

Here we consider a simple Liar sentence : “This sentence is not true”. Of cource, SCI could
not deal with the Liar sentence. Let’s define A="This sentence is true”, then A = —A because
the referent of two sentences A and —A are identical, but it’s impossible logically by (SI). So,
we will introduce a referential relation of pair-sentence similar to identity =, i.e., (4%, ~47) : a
situation of A at a stage i is referential to the situation of —A at a stage j. In this paper, we
will formalize a pair sentential calculus and represent the behavior of Liar sentence.

2 PSC Logic

In this paper we will propose a pair sentential calculus, PSC in short, which was obtained from
the classical sentential calculus by adding a new pair-sentence constructor (-, _) and its axioms
of the form (A%, B’) which means “A at a stage i is referential to B at stage j” where i and j
are referential stage numbers that A and B hold respectively.

2.1 Definitions

The formulas FORp of a language Lp of the sentential calculus with pair-sentence constructor
are generated in the usual way from an infinite set Vp of sentential variables and constants T
(true), L (false) by the standard truth functional connectives —( negation), A (conjunction), V
(disjunction) and — (material implication) as well as the pair-sentence constructor (-, ), i.e.,
Lp=<FORp,—,A\,V,—,(-,-), T, L >. Also we may use the same parentheses as auxiliary
symbols even assume that the priority of each connective and constructor are weak as -, A, V,
—, (_,_) in order. Throughout this paper the letters p, g, r, p1, ... will be used to denote any
variables; the letters A, B, C, ... will denote formulas of a PSC language Lp; the letters X,
Y will denote sets of formulas. We will also use the following abbreviation: (i) T = (T, T), (ii)
L=(L,1), (1ii)) V=(L,T), (iv) A=(T,L) and (v) A= (A, A). We will introduce several
terminology with pair-sentence as the following.

Definition 2.1 (Pair-sentence)

(1) If A is a subformula of B, then we say that pair-sentence (A%, BY) is a circular referential
relation, where i and j are referential stage numbers that A and B hold respectively.
Moreover, if A is not a subformula of B, then pair-sentence (A%, BY) is a non-circular
referential relation.

(2) For a circular referential relation (A?, BY) such that the referential recursive pattern At Bg
B{H Bg” ~~~Bg+” -+ holds, the total referential stage numbers of Bg being recursively
returned to itself is called a referential cycle number of (A%, BY) and the cycle number
is n, p(A% B7) =n in symbol. On the other hand, for a non-circular referential rela-
tion (A%, B7) such that the referential recursive pattern A* BI BiT1 Bit2 ... holds, the
referential cycle number is always 1, i.e., p(A?, B7) = 1.

(3) If u(A*, B9) = 1 then we say that (A%, BY) is categorical and we will omit each referential
stage number like (A, B). On the other hand, if u(A*, B7) > 2 then we say that (A%, BY)
is paradoxical.

(4) The referential stage numbering of composed formulas is the following.
(i) (mA)! = —A
(ii) (AAB)! < A*A B!
(ili) (AV B)! < A"V B’
) (

(iv) (A— B)! < A" — B'



(v) (A,B)" < (A", B")
The axiomatic system PSC for the language Lp is defined by the following way.
Definition 2.2 (PSC system) The aziomatic system PSC consists of the two sets of schema
TFA (truth functional azioms) and PSA (pair-sentence azioms) below. Furthermore PSA

splits to the three sets of schema EA (equivalence axzioms), C A (congruence axioms) and PA
(pair-sentence axioms). The rule of inference is only modus ponens.

(A1) A— (B— A)
(A2) ( A-(B—C))=»((A—B)— (A= ()
(A3) ANB— A
(A4) ANB— B
(A5) A— (B—= (AAB))
(A6) A— AV B
(A7) B— AV B
(A8) (A—-C)—= ((B—=C)—=(AVvB—=(0))
(A9) -A — (A — B)
(A10) Av—-A
(E1) (A, A)
(E2) (A, BY) — (BJ, A?)
(E3) (A%, BI) A (BF,CY) — (A*,C1HU=FR)
(C1) (A", B7) — ((~A)™, (=B)7*H)
(C2) (A", BI)A(CH, DI) — ((AANC), (B A D))
(C3) (A", BI)A(CH, DI) — ((AV C),(BV D))
(C4) (A", BIYA(CH, DY) — ((A— C)', (B — D)’)
(C5) (A%, BY) A(CF, D) — ((A",C*)™, (B7, D))
(P1) (A%, B7) — (AF  Bit+(=i)
(P2) (A", B¥) A (A%, B7) — (A+(=9) BF)
(P3) A" — A™™ where n > 0
(P4) A* — AJ where A is related to other formulas only as the non-circular referential relation

(Mp) A AB—> B

The axioms in TFA with modus ponens as the single rule will give an axiomatic system
CL for the classical sentential logic, and if we will restrict the pair-sentence formula (A?, BY)
to a non-circular referential relation, then PSC is collapsed into pure SCI system because of
regarding (A, B) as A = B.

Definition 2.3 (Derivability) Let X be a set of formulas in a language Lp, A a formula and
PSC a system in Lp. Then we say that A is derivable from X in PSC, we write PSC, X - A
iff there is a sequence of formulas By, ..., B,(n > 0) such that every formula in the sequence
Bi,...,By, A is either a theorem of PSC, or belongs to X, or is obtained by (Mp) rule from
formulas occurring before it in the sequence, where if X =0, we write PSCF A, and we say
that A is a theorem of PSC.



2.2 Elementary Results

Theorem 2.4 If we will restrict every pair-sentence formula (A%, B7) to the non-circular ref-
erential relation (A, B), then PSC is collapsed into pure SCI system.

Proof. Assume that all pair-sentences (A?, B7) are only the non-circular referential relation.
Then we can omit each stage number because of its referential cycle number is 1 by Definition
2.1(2). In this case we can be identical (A4, B) with A = B in SCI owing to the meaning of pair-
sentence. Then axioms FA and C A show that the pair-sentence (A, B) satisfies an equivalence
and congruence relation respectively. Moreover axiom (P1) show that (A, B) — (A <> B) holds.
So all axioms need for SCI are satisfied by PSC.

O

Theorem 2.5 While PSC is inconsistent as the ordinary logic, it is consistent as the patho-
logical logic.

Proof. If we will consider any circular referential relation (A%, BY) in SCI, then it is incon-
sistent, but consistent in PSC because each stage of pair-sentence is closed under classical in
itself.

O

Theorem 2.6 For any circular referential relation (A?, B7) where (i < j) there exists a natural
number n > 2 such that (A%, B7) = n [6].

Theorem 2.7 For any referential stage number i,j, k such that i < j <k, the following are
logical theorems of PSC.

Al Bk Al BY) — (BJ, B¥)

AT BF) — (Al AY)

) = (A7, Bi+(k=1)

(A%, CY)

) ( ) A (
) ( ) A (
3) (A, B¥) A (A7, BE
) ( ) A (
) ( ) A (

Loy

(C*, BY)

Proof. (1) Suppose (A?, B¥) A (A%, BY). Then we have (A%, B¥) A (B7, A) by (E2). So we
get (B7, B¥) by (E3). (2) is similar to (1). (3) Suppose (A%, B¥) A (47, B¥). Then we have
(B*, A)A (BF, A7) by (E2) twice. So we get (B*t(=7) A%) by (P2). Hence we get (A?, B*+(k=1))
by (E2). (4) Suppose (A%, BY) A (B — C)?. Then we can deduce C' at stage number j by (Mp).
So we get (A%, 7). (5) is similar to (4).

O

Theorem 2.8 For any pair-sentence form of (A?, = A7), the referential cycle number of (A%, = A7)
is 2(j — ).

Proof. Suppose (A%, —A7). Then we have (=A™ —=AIF1) ie. (=A™ AT+L) by (C1). So
we get (A7, ~A7) A (AT, ATTY) — (A7, A%777) by (E3). Hence the referential cycle number is
(AT, AY) = (25 — i) — i =2(j — ©).

O

Theorem 2.9 For aziom (E2) (A%, BY) — (B7, A"), whether both of (A*, BY) and (B’, A%) are
circular referential relations or not is identical.

Theorem 2.10 Suppose that the pair-sentence form of (A°,—~A') holds. Then L is a logical
theorem of PSC under the axiom (P3) A® — A™" where n = 3 [4].



Proof. Suppose (A, —AL).
) [A°] by Hypothesis
—AY by (P1): A°A (A%, —AY) — —A!
[~A2?] by Hypothesis
Al by (3) and (P1): =A% A (A%, —A) — Al
(1) by (2) and (4
(1)? by (P4)
A% by (3) and (6)
—A3 by (7) and (P1): A% A (A%, —A) — —A3
-A° by (PS) —A3 — A0
) =A% by (1) and (9)
) A by (C1), (10) and (P1): =A% A (mAL, A%) — Al
) =A% by (11) and (P1): A A (A%, =AY) — A?
) =A% by (10) and (P3): =A% — —A3
) A2 by (13) and (P1): =43 A (A, =AY) — A?
)
)

(L)? by (12) and (14)
(L)% by (15) and (P4)
O
3 Examples
We will investigate several circular referential relations.
Example 3.1 (A simple liar sentence)
“This sentence is not true”.

Remark. Now we define A = ”This sentence is true”. Then a simple liar sentence is expressed

by the pair-sentence formula (A4,—-A). Suppose (A% —A'). Then we get the referential cycle
number of (A% —A') is 2 by Theorem 2.7.
Moreover, because of (A% —A') > 2 this sentence is paradoxical by Definition 2.1(3).

O
Example 3.2 (Dialogue for Socrates and Plato 1)
Socrates : “My remarks are not true”.
Plato : “Socrates’s remarks are true”.
Remark. Now we define S = ”Socrates’s remarks are true” and P = ”Plato’s remarks are

true”. Then we get the two pair-sentence formulas (S, —S) and (P, S). Suppose (S°, =S!) and

(PY,SY). Then we get the referential cycle number of (S°, =S*) is 2 by Theorem 2.7.
Moreover, the referential cycle number of P is also 2 as follows.

(1) (P°,=S2) by (E3): (PY SY) A (5% =St — (P°,—5?)

(2) (P°,83) by (1), (C1) and (E3): (P° ~S5?%) A (=S1,5%) — (P°,S3)

(3) (P?,83) by (2) and (P2): (P°,S3) A (PY,SY) — (P?,53)

(4) (P° P?) by (3) and Theorem2.5(2): (P°,S3) A (P?,83) — (P°, P?)

So two sentences are both paradoxical by Definition 2.1(3).
Example 3.3 (Dialogue for Socrates and Plato 2)

Socrates : “Plato’s remarks are not true”.

Plato : “Socrates’s remarks are true”.



Remark. Now we define S = ”Socrates’s remarks are true” and P = "Plato’s remarks are
true”. Then we get the two pair-sentence formulas (S, =P) and (P, S). Suppose (S°, ~P') and
(P°,S1). Then we get the referential cycle number of S and P as follows.
(1) (=P, =S?%) by Hypothesis and (C1): (P°, S) — (~P!,~5?)
(2) (S°,=5?) by (1) and (E3): (S, =PL) A (=P, =5?%) — (S°,-5?)
So we get the referential cycle number of S is u(S°, =S?) = 2(2 — 0) = 4 by Theorem 2.7.
Similarly, the referential cycle number of P is 4 as follows.
(3) (PO, ~P2) by (E3): (P%,8") A (S, ~PL) > (P%,~P?)
So two sentences are both paradoxical by Definition 2.1(3).
Next we will consider the sentence S A P means that “Both remarks of Socrates and Plato
are true”. Then we have the following calculation.
) ((SAP)Y, (=P AS)Y) by (C2)
(—P',=S8%) by (C1)
(=P AS), (=P A=S)Y) by (5) and (C2)
(SAP) (=P A=S)?) by (4), (6) and (E3)
(—St, P?) by (C1)
(=P A=8)Y (=S AP)Y) by (8) and (C2)
) ((SAP),(=SAP)) by (7),(9) and (E3)
) (0SAP),(PAS)) by (C2)
Y ((SAP)Y (PAS)Y) by (10), (11) and (E3)
So the referential cycle number of S A P is 4 and in this case it is also paradoxical.

Example 3.4 (Dialogue for Socrates and Plato 3)
Socrates : “Plato’s remarks are not true”.

Plato : “Socrates’s remarks are not true”.

Remark. Now we define S = ”Socrates’s remarks are true” and P = ”Plato’s remarks are
true”. Then we get the two pair-sentence formulas (S, —P) and (P,—S). Suppose (S°,—P?)
and (P —S1). Then we get the referential cycle number of S is 2 as follows.
(1) (=P, S?) by Hypothesis and (C1)
(2) (S°,8?) by (1) and (E3): (S°,=P) A (=P, 5?) — (S°,5?)

Also the referential cycle number of P is same as S. So two sentences are both paradoxical
by Definition 2.1(3).

But if we consider the sentences of S A =P or =S A P, then both cases are categorical. For
example,
(3) (SA=P)° (=P AS)Y) by (1) and (C2)
Hence we get 1(S A —P) =1 by Theorem 2.7 and categorical.

Example 3.5 (Dialogue for Socrates, Plato and Aristoteles 1)
Socrates : “Plato’s remarks are not true”.
Plato : “Aristoteles’s remarks are not true”.

Aristoteles : “Socrates’ remarks are true”.

Remark. Now we define S = ”Socrates’s remarks are true”, P = ”Plato’s remarks are true” and
A = “Aristoteles’s remarks are true”. Then we get the three pair-sentence formulas (S, —P),
(P,—A) and (A,S). Suppose (8% -P!), (P° —Al) and (A% S'). Then all of the sentences
SAPANA SANPAN-A SAN-PAN-A -SAPANA -SAN-PAAand -SA—-P A—-A have 3 as
the referential cycle number and paradoxical. For example,

(1) (SAPAA) (-PA-AAS)Y) by Hypothesis and (C2)



(P A=ANS) (AA=SA=P)Y) by Hypothesis, (C1) and (C2)
((SAPAAY (AN-SA=P)?) by (1), (2) and (E3)
(AAN=SA=P)° (SAPAA?L) by Hypothesis, (C1) and (C2)
(SAPANAY (SAPAA)3) by (3), (4) and (E3)
On the other hand, each of the sentences S A—=P A A and =S A P A —A is categorical. For
example,
(6) ((SA=PAA° (=PANAAS)) by Hypothesis and (C2)

(2)
(3)
(4)
()

O
Example 3.6 (Dialogue for Socrates, Plato and Aristoteles 2)
Socrates : “Plato’s remarks are not true”.
Plato : “Aristoteles’s remarks are not true”.
Aristoteles : “Socrates’ remarks are not true”.
Remark. Now we define S = ”Socrates’s remarks are true”, P = "Plato’s remarks are true”

and A = “Aristoteles’s remarks are true”. Then we get the three pair-sentence formulas (S, =P),
(P,—A) and (A, —S). Suppose (S, =P1), (P°,—A') and (A°,—=S1). Then all of the sentences
SAPA—A SA-PANA, SA-PA=A, -SAPAA -SAPA-Aand ~SA-PAA
have 6 as the referential cycle number and paradoxical. For example,
( Y (SAPA=A)Y (=PA-ANA S)l) by Hypothesis and (C2)

(~PA-ANS) (ANSA ﬁP) ) by Hypothesis, (C1) and (C2)

(SAPA=AL (AANSA=P)?) by (1), (2) and (E3)

(ANS A —\P)O (=S A=P A A)Y) by Hypothesis, (C1) and (C2)
(SAPA=AY, (—|S A =P A A)?) by (3), (4) and (E3)
(=SA=PA A) (PANAN —|S)1) by Hypothesis, (C1) and (C2)
(SAPA=AP (P ANAAN=S)Y) by (5), (6) and (E3)
(PANAN-S) (wAA-SAP)) by Hypothesis, (C1) and (C2)
(SAPA=AY (mAAN-SAP)®) by (7),(8) and (E3)
) (FAAN=SA P) (SAPA=A)) by Hypothesis, (C1) and (C2)
1) ((SAP A=A, (S AP A=A by (9), (10) and (E3)

On the other hand, each of the sentences S A P A A and =S A =P A —A has 2 as the referential

ycle number and also paradoxical. For example,
12) ((SAPAAP° (=PA-ANA=S)Y) by Hypothesis and (C2)
13) (nPA-AA=S) (SAPAA)) by Hypothesis and (C2)
14) (SAPAAL (SAPAA?Z) by (12), (13) and (E3)

0

2) (
(
(
(
(
(
(
(

)
)
)

—~—~—~ 0

Example 3.7 (G, (FV (H A—=G))) [4]

Remark.

(1) (G°,(F VvV (H A —=G))*) Hypothesis

(2) (F°, F') Hypothesis

(3) (H°, H') Hypothesis

(4) (<G, ~(F v (H A~G))?) by (1) and (C1)
where =(FV (H A—G)) = (-FA(-HVQ)).

(5) (HA=G)’,(HAN—-F A (-HVG))') by (3), (4) and (C2)
where (C2): (H°, HY) A (=GO, —=(F V (H A =G))) —

((H A ﬁG)O, (HA-FA((=HVG)Y

(6) (FV (H A=G))°, (FV (H AG)Y) by (2), (5) and (C3)

(1) (G°,(FV (HAG )2 by (1), (6) and (E3)

8) (FV(HAG)), (FV(HA-G))') by similar to (4) - (6)



(9) (G° (FV (HA=G))®) by (7), (8) and (E3)
Hence we get u(G, (FV (H A —G))') = 2 and paradoxical.
Moreover F' — G is provable as follows.
0) [F°] by Hypothesis
1) F'' by (2), (10) and (P1): FOA(F°, F1) — F*!
2) (FV(HA—-G))' by (11) and (V-introduction) in a stage 1
3) G° by (12) and

(P1): (FV(HA-G)*A(G (FV (HAN-G))') — G°
(14) FO — G° by (10), (13) and (—-introduction) in a stage 0
(15) (F — G)°

(1
(1
(1
(1

Example 3.8 (G,(FAH)V(FA-HAG)V (-FANH-Q)) [4]

Remark.
(1) (G°,((FAH)V (FA-HAG)V (=F A HA—-G))') Hypothesis
(2) (F°, F') Hypothesis
(3) (H°, H') Hypothesis
(4) Suppose (F' A —H, T)!, then we get (F A H, L)', (FA-H AG,G)' and (=F A H A =G, 1)!.
So, (G°,G') and categorical.
(5) Suppose (=F A H, T)!, then we get (F A H, L)}, (FA—-HAG, L)' and (-F A H A =G, —G)1.
So, (G°,~G') and paradoxical.
(6) Suppose (F' A H, T)!, then we get (FAH, T)!, (FA-HAG, L)' and (-F A HA—G, 1)!.
So, (GY, T1) and categorical with truth.
(7) Suppose (=F A =H, T)!, then we get (F A H, L)}, (FA-H AG, L)t and (=F A H A =G, 1)L
So, (GY, L) and categorical with false.

0O

4 Conclusion

We proposed a pair sentential calculus PSC by extending SCI to deal with (A%, B7), which
means “A at a stage i is referential to B at stage j” where 7 and j are referential stage numbers
that A and B hold respectively. Here PSC is a conservative extension of SCI and can deal
with the paradoxical sentences. While PSC is inconsistent as the ordinary logic, it is consistent
as the pathological logic, so it is one of paraconsistent logic.

- further works

e some elementary extensions of PSC
e relations with other paraconsistent logics

e adequate algebraic semantics
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oooPf® gooobs

00

goooodooooooooooboobobooonoooooooooooooonooon
doo0oooodo 2006000 201 00000000000 0000000000 OOODOO
0000000000000 000000000000000000D0DO000000000
ooooooooooooooooooonoobobooooonoonooooooooong
doo0oooooooooooooooooooboboobooobooooooooooo
0000000000000020150 3000000000000 000O00O0O0O0O0O0O0O0
goooozonlooooooooooooooboobooooooooog

oooooo

19530 20 1000000000000 "e00 000000000000 O0OODOOOO0O
000000000@:® 000000000000 o00ooooonooon 20030 1200
oobobObOO0ooooobbobbog 20060 4000000000190000000000O0
gooobooobibooooooboobboboooooooboooboooooooooobon
ggooobooobooooooobobbbbooooooobobbboboooooooooobn
gobobboboooooobobbooooooobbboooooobbbooooooobbooon
gooobooobibooooooboobboboooooooboooboooooooooobon
ggooobooobooooooobobbbbooooooobobbboboooooooooobn
gobobboboooooobobbooooooobbboooooobbbooooooobbooon
gooobooobibooooooboobboboooooooboooboooooooooobon
ggooobooobooooooobobbbbooooooobobbboboooooooooobn
gobobboboooooobobbooooooobbboooooobbbooooooobbooon
goooobobooooooooooboboooooobooboboooogn 20150 3
oogooooooooo

ogoooon
gooboboboooooobobboobobboooooobobobbooOobboogNTTD D
gobobbooooooobobboooooobbbo 140000000 0O0O0O00ODODDOOOO
g2ot0dggoooobnoboboioooooaooosoconbooooooooboonoboboon
gogoboooooooboooooobooboboooobboo sgoobob1b00boboooon
obhoobooobobooobONHKDODODOOOOOoO 20060 7000 20110 1000
ggosuoboboobboooooooboobbobooooooboooboboooooooooobon
ggoooboooboooooobobbboooooooobbboooooooooboboboson
gobO 00000 300 2000000obboogoooobboobooooooooobbg
gooobooobooooooooobboboooooooooboboooooooooobon
ogoooobobboooooooobiob 20%00000000000000000000

BOUKONDO Susumud 000000000
JOKAMIMURAKiichiDOOOOOOOO

- 27 -



goooobobobobogdzo100 2011000 3% 0000000000 000000O00O00O0OO
00000000oooooog

o1 gooooooon

REER Prir—tH EEHK| EER
2006498 | 548 114 20.8%
2007% 15 | 548 113 20.6%
200918 | 511 146 28.6%
201018 | 535 190 35.5%
20114F1R | 535 180 33.6%

ggoboobodoad
gobobooooboboobboooobboooobboooboooomoooboooooon
O000D0O00O000O00ODO00DO00bO0 AVOOODODOOODOOoOooOOoooogooDoo
ggouoboobiboooooobobbboooooubobobbooooooooobn
gooobobobobooooooooono 20070 100o0ooooo0oo

ggoboobboooogaoo
OOO00D0O00O00C0DO0O0ODOOO0O0OCOONHK ODOO0ODOooobobbooDoo
20060 7O00000000OO0ODOODOO0O0OOOOOODOODOO0O0O

Q. booobobbbooooobobbobooooboobobbbooooooo

goboboosscodd g oo oobDoOoNssOOn 0 oo
TvooogTseo 00O O od gooDoAaNOOO0 O od
NHKDO O 00 0 oo NHKD O 00 0 oo

Q UbbobobUoobooboboobbUooboobobo@wDhooooo)yybooooooboobo
ooooog ooooo

00000000000000000000000000
0000 0oooO0

- 28 -



100% /‘.———.7
0% &
80% *.———/ /‘
70% /
60% /
/( —o—HERAED B

50%

/ -7 OSOER

40%
e ——EED A
30%

20%
10% —t—'—"/

0}6 T T T T 1
2006-7H 2007-18 2009-18 2010-18 2011-18

L

o1 gooooooooooooobboboooog

goooobbobooooooobbboboooooooobobboooooooooon
goobboboooboobboooooobbbooooobbboooobobobbO0 20060 6
g7000000NKDOOOOO0OODOODOOOI00000ObObO00000oooObbO000
goobobobooooobobb swdoooobbbooooooobbooooooobbooo
OooobOoobDO0ooboboobOo Dpad 0D O0DOOO0OOODOOODOOOOOODODO
ggooaooswuiooooouoobooogoobboboboooogb20ong 7ooouoobon
ooooo0O00 10%0000020090 100000 30% 000020110 100000 90%0
gggo

gobobbobooooooobboooooooobobboooooon

Q b0ooooobbboooooobbbooooooooD

ood oooooog ooo oooo oooo
ogooooboo ooooo ooooobog ooooobooogoo
oooo o 0

100%
a
20% o —— i
80% )
/ —m-mi
2% M —te— M3
60% / ¥ 2 =L
50% ;
4 —tS7
40%
——- BTk
30%
20% i
—BBFLER
10% |
— AR
{Bﬁ T T T T 1
2006-78 2007-18 2009-18 2010-18 2011-1H

oo gooboboooooon

- 29 -



goooobooboboooooobobobobodoooooobobboooooooooon
goboboboooeohbbooobboobobbobobbecDDDOOOmMOOOOOODO 2000
gobobbboooobooooooobboooooobbbog e0sb0bboobobboogn
gobobbbooooobobbooooooobbboooooobobboooooobbooo
oobopboooomooooobbbboodooobbooobobmuooboooDboooO 10%
gobobbboooooobobbbooooobobbbooooon

gogoooooboooooooooooobobooo

Q bOoooobobbbooooobobbbbooooboboobboooooooobboboOoo
oooooo ooo ood oooo ogoooog oooooo

100%

90% -

80% -

70% miaTIL
60% - mIER (270
50% - I

40% - ER=pL:]

30% - il

20% - B REEL
10% -

0% - . : . .

2006-78 2007-18 2009-18 2010-1H 2011-18

o gooooboooooo

gooobbO3goooboobbooooooobboooooooobbboooooboooD
ggooobooobooooobbbbboooooooobbbO20e 4000000000
Uomio@mooomuooooobo syoooobboobbbooooooobboboo
gogooooboboooooooobbmoooomooobbbbooooooooDnD 50%0
goooboboobiooooooobobbbooooooboobbooooooooobn
gobobobooooooobobbooooooobobboooooooboboooooooobbooon
ogoooo

- 30 -



100%
/
80% L
=AlE /\// —~—EEH
60% -5 5E
40% W— —— A ATE
30% - =TI TR
r’_‘r , /
20% - ! ? ! —8—EPG
10%
{}}6 T T T T 1
2006-7H 2007-18 2009-18 2010-18 2011-1H

oo gobobobooooooooon

gobobobbooooooobboooooobbbooooon

Q bbobboobooooobbobobooboobobobobooDn (@booo)

ogoobob...0ogoooobobbooooooobobboooooo
ooooobo.s5100000000000000000000o0o0ooo0n
ogoobob...0ogoobobboooooobobobooooooobobbboooooobobob
ooooooboo..ogooboboboooooobobboboooooooooon
ogoobob...0ogoooobbboooooobobbbooooooobbboooon
oo0ogoooceps).00000DO0ODOOOODOOODOODOOOODODOODOOO

gooobb4000000D00OO00O0000ODODOOOO0O0OODODOOOO0OOODDD
oobobobooooooobbboooooooobobbooooooooon
gooobbooooooobobbooooooobobbooooooobobboboooooboobooD

goobooboooooobobDNwsOOOOODOOOOOOODDOOOOOOEPGODOOOO
gobobboooooomoboooooooobobooooooobooooooobooboooo
gobobboboooooobobbooooooobbboooooobobbooooooobbooo
oooooo0ONK ODODODOOO00000oobobbooooooobbooooooobbooo
ooobOboooooooobbobooooooobobbooooooooboboboooo

gooobboooood
gooobbooooooobobbooooooobobbooooooobobboboooooboobooD
oooooog

Q bboooobobbobboooobobbbboooobobobobboooooobobbog
goobbobooogoo oobbogo

ogooooboogg ooooooboooo ooooobboooooooon

oooobooobooogo oooooboooooooooo

ogoooobboooooooooboo ooooooogg oooooo

- 31 -



ogooo 0

70%

60% P id
/ ——F-TIE
50% / —W—-FTiThs
[==-] FEZ -
i | —— BBz

——tEL -5

A e =
20% N‘/P\ . ——EE N5
N mEonrREsT

] |

10% W ——IoihAsk

0% : ; : . |
2006-7 B 2007-1H2009-1 A 2010-1 A 2011-18

od goooooobooooooooo

goooobbobobooooooobsbbobodooooobobboooooooooon
gobobbobOomooobboomobboooomoboooooooobbooooobbooo
gobobobooooobbbooooooomuoooooobooobboooooooobobooo
goobb20110 100000000000 0000ooooooobobobbbb20b 0000

goooObbO0ogz200 sooobboboooooobobooobobobbooooooooob
gobobbobooooobobboooobbboooooobobbbooooobooDbb2011000
gobobbooooooobobboooooobobobbooooobbbon 20000000
ogooooooon

gobobObboooooobobbbooooooobbbooooooon

80%

70%
/ \ ——
60%

Ll —m—-BEEE
50% - .
40% —e PR
20% w____%_ P —o— {HitE
\‘;_/_r) —— A1
20% .____.f/’ — T

1o m Ry
0%

200678 200718 200918 201018 20111A

od goooboooooo

Q bOooooobbbbooooobobbbboooooobbbboooooo
oon oooooog oooooo ooon
ogo ooooo ooooo oooooo



goobobbelOobobObbbOOOUODDObOOOOUObODeMOIDDDDOOOO
gobb2011-1000oobboogoooobbboooooobboobooooooobboon
gooomoobooooooooobobooooooooooooboomoooooon
gobobbbooooobobboooooobb 2005000 13000 0000000DODO0OOO
ogooobbobooooooooboobboboooooobobobobooooooooboobn
oo

gooooooobooooooooooboooogo

Q bOoooobobbbooooobobbboooooobbbo ODoooobo

oso00dn os0003000 o3002000 o200011000
ol100500 o0os500300 o3000don oooooo

100%

90% -

0% - w0
70% - m3RALT
60% - m5~3

50% - m10~5

40% - 2010
30% - =30~20
20% - m 5030
10% - ms505 LI
0% - . . . .

2006-78 2007-18 2009-18 2010-1H 2011-18

oo goooboooo

goobobboooooobobbooooosbbboooooooobbbooooooobooon
goboobobobobooooooobobboooooooobobbb 2000b0b0bbOOO0oo
gobbbb0oogz2s0doboblioobil1bboooooobbz40bb0100000
so00000b0b00oooooobboooooon

gooobboooooobobboooooooobbooooooooon

Q bOooooobobbboooooobbboooooobobbboooooobbobooo

ogoooobogo oooooo oooooo 010000 oooooo
ooboooooogo ooooobobooooooaooon ogoooooon
oooooo ogooo O

gooobboooooobobbooooooobobbooooooobobbbooooboboon
oobobboboomoobboooooboboobbooooooobobbboooooboobooDooD

- 33 -



gooboboboooooobobboooooobobmoooooomooboooooooboo
gobobbbooooooobbomooooobboooooswooooogooooboboooo
gobobooooooooo

120%

100% mEZ T

LR TETIE
80%
m2sEL B
60% - .Zﬂ':*xﬁ
m1EFE
40% 7 mEFLIA
.36’)%1«)“7‘]
20%
miF-Thvg
0% m T T T T

2006-78 200718 2009178 201018 201118

od bOoObooooooooboobb

gooobboogo
O0oo0ooOooobcAVOOOOOOOOOOOOOOODOOoDOoon

Ud ooboobooboooooooooboboobobobooooooboon Ooooodod
oooo oooooOviRD obvwOOOOO obvwiHOOOOO
oooooobob ooooooboo oooobog ooooo 0

gobobbooooooobobbbooooobbbboooooobbb0ooOon 100%000
gooooogo

100% -
90% ——F L

T e ~e—a
70% g e

% N
4 —#—BDDVD L+
50% ~

40% :
30% il : M == BDDVD/HDL T — %
ot M ‘/P—K\L

L 2

1»
L 3

——T R IAT

AP G B k&
& & o
(N S

oo AvOoooood
O00z2011000000000000000000DOOOOOOOOOPCOOODOOOO

gobobboboooooobobboooooooobobboooooooobbooooooobbobooo
gobobbboooooobobboooooobbbooooooobobbooooooobbooo

- 34 -



obooooobooooobobogobooboo bvboBDOOODODOOOOOOOOODOO
gobobbobooooooobbooooooobobboooooooobbooooooobboobooo
gobobboboooooobobbooooooobbbooooooobbooooooobbooon
ooobooooooon

gobobobboooooobbboooooooboob

Q bOooooobbboooooobobbbooooomobbooooooobbbooo
oooo

ogooooboogg oooooo ogoooooo
ooooooboooooooo ooooooobo oooggd
ooooo O

100%

90% -

B0% -

70% - B FO

60% - B0 5%

50% - | D awinbrE So bl
40% - m7sA=

30% - LRt

20% - SOV

10% -

0% - . : : :

2006-78 2007-1H 2009-1H 2010-1 8 2011-1H

oo gooooooooooo

QUUbObDbOOoOooooobDbbboooooooo
oo ooooog

100%

= EHIS0inch L £
BEU40~~ 49inch

e _———
804}6 = L
70% - = EEI30~3%inch
60% - = JEHEII0~~ 29inch
50% - B jE3U10~ 19inch
40% - B BT 9inch LT
30% - ® 'S0 & 30inchll £
20% - B 757 20~ 29inch
10% - B 757 & 10~ 19inch
0% - : . . ; B 7S0 B inch R

2006-782007-18 2009-182010-182011-18

gogd goooooooo

- 35 -



goobobooooobbboooooooobobbooooobbbooooooosuooooo
goboboboboooooobobbboooooobobbboooo ssyooooooooooon
goboboboboboooooooooooooooooboobobbbbboooooooowooogg
gobovowoooDbboooooobobbooooooobboooooooobooooooo

goooooboobooooooooboobobodoooooobobboooooooooon
gobobbboooooobobbboooooobbbboooobobbboo 4:3000goon
le:o0poouooobboooooobbbooooboooooooooobbooooooo
gooobobboooood

gooooobobooooooooooboboooooooobbooogo

Q DbhOoooooboobobooog
goobbobooooooobobboooo

ooooobobooooooooooboon oooooooood oS 00D Ogd
ossOOooon ocsudooooooooon
ooooo g

80%

AR __"A\\ /

60% ——7F0

o > -t 7R
. ’/ \ —4—BS7FOY

o W Bl

—=CS
—o—=r =FILTV
——T D1

m’ﬁ 1 T 1 1 1 1 T T ]
2006-7H 2007-18 2009-18 2010-18 2011-1H

oo gobobboooooo

gooobboooooobob o bbooooooobobboooooobboon 90%h
gobobboboooossgooooobooowobboooooooobooooooooboooo
gobobboboooooobobbooooooobbboooooobobbooooooobbooo
gobobboboooooobobboooooobobbooooooobboooooooboobooo
goobbobOooooooobbbooooooobbbbooooobobbbooo20101d
goboboboooooobobobbooooooobboooooboobbooooooobobobooo
gooboobbbO0ooooooooooooobobbbbbboo 20110 1gg 700000000

goboobbooooooobossoooobobobboooooboobbooooooooD
gossbbooogccsooobooooooobbooooooobbobooooooooboog
ooopboboesOdoobobobbooooobobbboooooobbooooon

ogooooooon

- 36 -



gobooooboooobbooboboooobboooobbooboobooobbooooboo
640x4800 4:30 0 0 1920x1080(16:9)0 0 00 0000000000000 0O0O0O0O0OO0OO
ugoooboboobioooooooobobobobooooooobooboboooooooooobon
ggooobooobiooooooomoooooobomobobbobodoo 20040000000
gobobboboooooobobboooooobbboooooobbbooooooobbooo
goooboboobiboooooobobbobooooooobooboboooooooooobon
ggoooboooboooooooobobbbbooooooobobbbbooooooooobobon
gobobboboooooobobboooooobbboooooobbbooooooobbooo
goooboboobiboooooobobbobooooooobooboboooooooooobon
ggoooboooboooooooobobbbbooooooobobbbbooooooooobobon
obooobOoobOoobobooboobooboobosboboooboOooU108MHz DM OO0
000000001700 222MHz000 VHFO O O13062 0000004700 770MHz00 UHF
goboooboobooboobooobooboobooboobooboobooboon
UHroboooooooooobooboooboboooboooboooooobooboooboogon
ogooonzoobzontooooooooaoyd

Q BIELIIEL T A FIOT L EHGEIZ DT, FE R EOmuUE (D) |2 DU THERET
FHIHL CTL7EE W
BRI Z AN AEO | B DELNS A0 | FHEST-IO7RIEOSA130 |
BUERITASCDE L2 D5E130 . BN 2SN GEATE0 DE 22U AL TES N
oooogssco . O OO0ODONBSO O TvODOTSBO O
ODODOABND O NHKOD O NHKOD_ O

COBERFTFATHETE M TOAVBRETT A OFPALKE O7FaJ

2%

mlevel 5

level 4 Hlevel 5
M level 3 level 4
Hlevel 2 M level 3

mlevel 1

0000000000 CDOO0ODONHKOODO O000OC0DOO0O0OD0O0O0OO0OO0ONHKDOOO

goobooboooooobobbboooooobbboooooooooooobobobooooo
gooboboooooobobobboooooobobboooooboobbooooooobbbooo
gobobboboooooobobbooooooobbbooooooobbooooooobbooo
gobobbbooooooobbboooowoobboooooooobbbooooooooboo

- 37 -



ooobboooooobobobbooooobo NHKOOOOooooog
oboobooobobooob NHKOOODOOOooOoooooobooobo vHFOOOoOoooD
O0O0O0D00007%0 levelDDOOOOO0O0ODOO leveldO 17% 00000000 level
O06%00000000000 leveld0D0OO0D0O0O
gobobooooobooooooobboboooooooboboos1ggooobboboooooon
ubobooobooboooboobooobobooboboooboboooboboooooogon
ooooooobobooooooooboob 2% 000000
obmobooboogbobooboobooobmuobobo NEKOODOOooDooooooo
O00O0D0OODO0OOCOoOlevelDOOODOOOOOUOe DO0ODe JOOOOODOOODODO
ggooobbooooobobooobboboobbbbooooooobooooooboobon
OooobOoobDOooboboomboboboobooobo 40000 levelDOODOOODOO
UdddeDOOO0O0O0O0OO0OODOODOODOOO0OOOODODOOODOOOOOOOOOOOO
ggooobooobooooooobobbbbooooooobobobbboooooooooobn
ooooboobooobobobobooboOo NgEKODOOooooooDoo

OO0 DOO0OO00O0bDO0DONHKOOO 000 ObhOoobOoobobOO0oboNHKOOO

000000000000 0O0O leveldOo ODODOOOO0OOODODO leveldOOOe OOOOO
e JU0ODODOOO3DOD10DDLOOOODOOOOOODLODODDODOOOOODOODOODLODDD
U0e OO OOODOOO0OOOOODODODOODOOO0OOOODDOODOOOOOOOOOOOO
ggooobooobooooooobobbbbooooooobobobbboooooooooobon
gobobboooohbooooboobbbooooooobobboooohoboooooooobobooo
ogooboboobooooooobooboboooooooobooboooooooooon
gobobboooooobobobbooooobobobboooooboobbooooonD NHKOO
oooboboooooooon
ogooboboobooooooobooboboooooooobooboooooooooon
ggooobooobooooooobobbbbooooouoobbbbbbegoooooOoO

- 38 -



Udddbo 000000000 DODODOODOOO0O 20060 900 20070 10000000
gobobboboooooobobboooooobbboooooobbbooooooobbooon
gooobobooboooooooboboboboooooooboooboooooooooobon
00000000000000000000000000M e 00000000000000
uob4000000D00D0DODOOOOOODODODOOO1I%00000O0000ODDOOO0O
gooobooobioooooooboobbobooooooobooboboooooooooobon
godgdzzowodil1bo0bz2ongi10000oooooboboooo40% b oooooooooon
gobobboboooooobobbooooooobbboooooobbbooooooobbooo
gooobooobioooooooboobbobooooooobooboboooooooooobon
ggoooboboobooooooobobbbobooooooobbbbboooooooooobn
gobobooooooooo

oob0 DOO0O00O0O00D0DOD 200620070 D00 OO0OO0OO0ODOOOO 2010-10110

goooo
ooobobobOoz2011070000000000D0DOO0O00000DODOOO0O00020120
Jgooobbooooooobobbboooooobobboooooobbbboooooobobo
oobobb 2503000000000 obob oooboooooooobbooooboooo
gobobbboooooobobbooooooobbbooooooobobboooooobbooo
ggooobooobooooooobobboboooooooboboboboboooooooooobon
gobobbboooooobobbooooooobbbooooooobobboooooobbooo
ggooobooobooooooobobboboooooooboboboboboooooooooobon
gobobbboooooobobbooooooobbbooooooobobboooooobbooo
ggooobooobooooooobobboboooooooboboboboboooooooooobon
ggouobbobibodoooooobbbbbooooouobbobbooooooooobn

- 39 -



gobobboboooooobobboooooobbboooooobbbooooooobbooon
gobobobobboooogozedooobobooooooobbooooooobbobboooo
gobobboboooooobobboooooobbboooooobbbooooooobbooon
gobobbobooooooobboooooooobobbooooooobboooooooobbobooo
gooobboooood

oooo

[1] O0000O"0OD0OODO0000000OODbOO00O0™ ooboogd Vol 37 No.4
pp201-205,Apr.1954

[2] O00000"DODOO000Ooo" 0000000 Vol.37 No.4 pp216-220,Apr.1954

[3] OD0O0""O00OO0ODODOO0000oOoDODOO*"ooooonO vol.37 No.4 ppl92-195,
Apr.1954

[4] 000 O0O0ODOODOODOOO0O0O0OODOObDOOOOoOOobOObDbOOoooDbOOooOn
Ooogd 2006-1s-98 ODO0OOOOOODOODOOOOOODOOOODODOOOOOn,
2006.11.60

[°7] U00 ODO0O0OO00OO0DOODOO0O0O0OO0O0OooObOooOoDboObOoooooooooon
Vol .16 ppl105-115, (2013)

[6] OO0 0O0D00OD0O0O0O0OO0OO0O0OO0O0DOODOOBSOO0OOOOOOODOOOOOOOOO
000 Vol.17 ppl23-130, (2014)

Keyword O0OO0O0O0OO0O OO0 OOO OO 0ODO

ogooooooboooo goooooo
goobooooo oboobobog

- 40 -



A dynamic span model and associated control strategy for roll transport
systems for sheet-type materials (Part I)

Kenji Shirai*! Yoshinori Amano*?

Abstract

In this study, we propose a mathematical model of the tension occurring at stands between
rolls in a roll transport system, and then we propose an optimal control system. The model is a
distributed parameter model described by a partial differential equation (PDE). The PDE is derived
from particular equilibrium conditions, which balance spatial forward deviation at a stand between
rolls and temporal variation of tension. To build a realistic system, we utilized an optimal regulator
theory derived by converting a PDE to an ordinary differential equation in a functional space. As
a result, the proposed system is highly feasible.

Keyword: partial diffusion equation, tension, optimal control, distributed parameter system,

sheet materials.

1 Introduction

We previously reported on the use of a mathematical state model to design a control system con-
figuration for a drying oven. The model is described using a transfer function with a quadratic time
delay[1, 2]. The state of the drying oven in the control system is defined by a one-dimensional
advection?diffusion equation (ODE) in which the object model has a constant velocity of v. How-
ever, developing a quantifiable state estimate is difficult with such a model. Therefore, we propose
to use optimal filter theory based on functional analysis to estimate the state of such a model when
subjected to state-dependent noise. For state-independent noise, we can use the Kalman filter for
conventional state estimation.

In our previous Bulletin[1, 2], we reported that when materials on a sheet in a drying oven
moved, we applied a vapor pressure propagation model to the solvent contained in substrates in
an effort to solve the state estimation problem. By applying this model, it is possible to design an
optimal control system

Our findings related to transportation of sheet substrates were recently applied under a man-
ufacturing context, to a roll transport system for textile processing machinery[3]. The model has
also been used recently for a sheet transport/thin film transport system and with various chemically
processed substrates such as a nonmoving fabric transport system.

Roll transport systems are important mechanical elements of drive systems in transport drive
systems for sheet substrates[8]. The underlying principal of these systems for transporting sub-
strates is to apply a vertical load of a cylindrical roll and a frictional force between substrates and
rolls, as illustrated in Fig. 1. It is then possible to change the angle of sheet substrate transport by
connecting a motor and using that motor to forcibly rotate a drive roll in a given direction (see Fig.
2).

Generally, manufacturing equipment lines are long, and the drive rolls are utilized with mul-
tiple pieces of equipment. In many cases, a drive roll is used with well over twenty pieces of
equipment. The equipment that supplies substrates to these systems, known as an unwinding de-
vice, is usually installed at the inlet side. Then, sheet-type base substrates are fed using a driving

*1SHRAI, Kenji[ 1§ A7 4%+ ] Information and Culture Faculty
*2AMANO, Yoshinoril #5F§= 1 7 2 ] Kyohnan Elecs co.,LTD
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roll product wound into a roll. Then, the device, which is called a winder for winding the pro-
cessed product, is in some cases installed at an outlet. Obviously, other devices are in some cases
installed in certain locations.

The first system control problem in roll transport systems is process control in various process-
ing devices and the second is control of the tension generated in the transport middle base of the
sheet substrate; the latter is a major issue. In this study, we considered a dynamic model to control
tension in materials during transportation. Our study is based on metal rolling process theory[4, 5].
We then applied appropriate parameters in a tandem mill control system [Remark 4] to resolve the
material tension problem that occurs when dealing with substrate films[9, 10, 11, 12, 13]. More-
over, using the model, we were able to study another control problem; we applied a boundary
control function to study optimal speed tracking[16, 17].

2 Tension development model

2.1 Factors of tension development

C(Cin J

Driving roll

v

Fig. 1: Unit model (1) of a roll transport system Fig. 2: Unit model (2) of a roll transport system

Table. 1: Physical meaning of each symbol

K Friction coefficient
Q Back tension
P
\%

Vertical load
The average speed of the drive roll and the substrate [m/min]
vy | Speed difference between the drive roll and the substrate [m/min]
V1 Circumferential speed of the drive roll [m/min]
%) Conveying speed of the substrate [m/min]
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We obtain[14]:

v Vi—V 0
e ()
s(vi+mn) K
where, Eqn.(2.1) is called as a slip characteristics of macro.
Now, we describe more detail as follows: From vy = vi — vy,
d d
S —6vz+v(ﬂ—ﬂ> 2.2)
dx  Jdx
From Eqn.(2.2),
Vg ovy — 5vz)
—=——)+h 2.3
o= () ) 3

where, h(x) is a tension on the surface and a function of pressure distribution between rolls.
“Slipping” is the difference between the circumferential speed of the drive roll and the trans-
portation speed of the materials. It is dependent on dynamic characteristics including pull force
and pressure distribution that exist on the surface between the rolls and between the materials.
When slipping occurs on the surface of a roll, materials between rolls change their transportation
direction, which creates tension. As can be seen in Fig. 5, the tension on a stand between rolls
originates in a length between the rolls because of the dynamic characteristics of materials and the
speed difference between the rolls. We can use Young’s modulus to quantify these factors[6].

‘ 1 Ax
£ Q
=
Vi
P

C
C(Cm

Contact/surface

Fig. 3: General idea of slip phenomenon Fig. 4: Detail figure of slip phenomenon

Then, with respect to a drive roll same as Eqn.(2.1),

o= (o) =/l
C(s) ~ ? [vi(s) —Vit1 (s)} (2.5)
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Tension C(s)

Q Q
= = ) ()I (5 )
Vb2 N P/ VilS) Vi+1(S
c@ ( '
Vb1 " VS " ( Mb ( My
Transformation

(i) (i+1)

Fig. 5: Materials transformation model in the Fig. 6: Tension outbreak model for stand be-
stand between rolls tween rolls

where E is a Young’s modulus, represent hereafter.

As described above, the tension between the rolls and between the materials on a stand origi-
nates in the difference between the speeds of the rolls. Furthermore, slipping on the contact surface
between materials and rolls creates tension as material volume shifts between forward rolls and
receiving rolls. Now, slipping occurs on an independent roll, and is determined by a friction force
and drive rolls among vertical loads of rolls and materials. Then, we consider the dynamic param-
eters of tension that originates in the materials using Young’s modulus. In considering tension on
a stand between rolls and across a length between stands, we consider whether the transformation
that occurs is a slackening or a heightening of tension[7]. We can then construct a distributed
parameter system of tension and consider a lumped parameter system, which we will report next
year in a manuscript.

Young’s modulus is a proportional constant data between a distortion of coaxial direction and
a stress in an elastic range established by Hooke’s law. In Fig. 7 the value of Young’s modulus is
given by about o (stress)/e(Strain)[18].

2.2 Distributed parameters system

Fig. 8 shows a whole conceptual model and Fig. 9 shows a local model describing slackening and
tension at (x,x + Ax).
Now, From Fig.9,

[(J(x,t) —J(x+Ax,1)] = [C(x,t + At) — C(x,1)] (2.6)

That is, Eqn.(2.6) represents a slipping between materials and rolls, and speed fluctuation of drive
rolls[15].

[a sheet forward change| = |a tension deviation on stand between rolls] 2.7
From Eqgs.(2.6) and (2.7),

[J(x,1) —J(x+ Ax,1)]E - At = [C(x,t + At) — C(x,t)]L- Ax (2.8)
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+o(Stress)

E[tf/mm2]

v

Fig. 7: Concept of Young’s modulus

g(Strain)
x=0

Table. 2: Physical meaning of each symbol

Front driving motor

My
vy Front driving motor rotation speed [m/min]
M, Rear driving motor
Vp Rear driving motor rotation speed [m/min]
v Sheet transportation speed [m/min]
L Length between rolls  [m]
E Young’s modulus  [7f/ mm?] or [GPa]
C(x,t) Distributed tension function
X Space variable
t Time variable

- 45 -
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Fig. 8: Tension model on stands between rolls



I . Tension C(x,t)
J(x) J(x+Ax)

C(x,t)
X / P
Sending Recieving X
volume volume ( Mo
X x+AX x= - (L/2) X=(L/2)

Fig. 9: Local tension model on a stand between Fig. 10: Tension originating model on a stand be-
rolls tween rolls

Eqn.(2.8) represents deviation of sending volumes and receiving volumes, that is, tension that
originates in a slackening or heightening of tension.

From Eqn.(2.8),
AJ AC
= === 2.9
Ax At 2.9)
Here, if Ax — 0, At — 0, Eqn.(2.9):
dJ (E aC
_ (== 2.10
(D)= % @10
Then, we consider that materials flow causes tension deviation against forward transportation.
aC
J=—=— 2.11
o (2.11)
From Eqgs.(2.10) and (2.11),
dC  (E\J*C
(2= 2.12
5= ()72 12

Thus, Eqn.(2.12) is a one-dimensional diffusion equation that represents diffusional transportation
in both directions from an origin point that is the coordinate axes, and in a case of no external
force. A particular solution of PDE for diffusional transportation is obtained:

x2

1
Cln)= st exp{—TDt} (2.13)

where, D = E /L.
To solve the equation, an appropriate initial condition and boundary condition are needed. For
example, the boundary condition is at the roll transportation point[20, 21].

- 46 -




aC 0 aC

i — i = 2.14
ax x=0Q ’ ax x=0Q, ( )

Eqn. (2.14) shows that tension fluctuation can be ignored at a contact point between materials
and rolls. For the case of transportation of materials with speed v, a tension function C(x,?) is

described:

dC(x,t)  9C(x,1) d*C
=D 2.15
o TV ox ax? 2.15)
, where D = (E/L), x € [0,L], t € [0,T], L is a stand length between rolls and E is Young’s

modulus.
Eqn. (2.15) can be modeled as Fig. 10. Fig. 11 shows a local model at an origin point of

tension.

>V

y C(X,t) g
pH F

=]
=

X =-XL X=X

'
N

Fig. 11: The local model of Fig.10

Now, a local model is obtained from Fig.11:

dC(x,1) 2°C
=D 2.1
71 o (2-16)
Initial condition: Cp(x,0) = Cp(x) (2.17)
aC dC(x,t
Boundary condition : (1) _ 9Cx1) =0 (2.18)

(9)6 x=—X1, o ax x=+Xr. B

where D = (E/L), x € [—xr,+x1],t € [0,T].

The rolls used between drive rolls are called “dancer rolls” (see Fig. 11). Tension at the
dancer roll can be obtained as a fixed tension in despite position fluctuation, by adding force with
a fixed direction from a spring. This location is used to “pick-up” excess tension. In other words,
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the dancer roll is a piece of tension equipment that can be moved toward the y-axes and installed
at an appropriate place on the stand to absorb material slack.

The solution of Eqn. (2.13) shows that if materials have a constant Young’ modulus E, then
their diffusion coefficient D is in inverse proportion to length L. Accordingly, as L — small,
let D — large, a tension appears, with break-up around a certain central point. Conversely, as
L — large,let D — small, a tension appears, with centralization around a certain central point,
and gets small skirts.

With Eqn. (2.15), the tension distribution, which changes the transport direction widely, can
be obtained. We can obtain Figs. 12 to 15 using Eqn. (2.15) with appropriate parameters.

exp{—(x;Dv;)z} (2.19)

1
€)=t

0.3

0.25

Tensile strength function

Tensile strength function

Space axes

Space axes

Fig. 12: Distributed tension values(Diffusion co- Fig. 13: Distributed tension values(Diffusion co-
efficient = 0.5) efficient = 2)

Figs. 12 and 13 show distributed tension values with diffusion coefficients of 0.5 and 1.0, re-
spectively. Figs. 14 and 15show a diffusion convex?type equation and distributed tension function
with moving speeds of 0.5 and 1.0, respectively.

3 Tension control system design

We modeled a tension control system design for a realistic environment, as shown in Fig. 16.

Table. 3: Physical meaning of each symbol

ve(t) materials forward speed 0.5zw [m/min]

vp(t) | atensile speed of a standard material [m/min]

Here, L, E, C(x,t), x and ¢ are same thing in the previous section.
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0.5

04 —

05 %
i Y

02 [
02

Tensile strength function

Tensile strength function

-3 -1 1 3 5 7 0

Space axes Space axes

Fig. 14: Distributed tension values(Moving Fig. 15: Distributed tension values(Moving
speed = 0.5) speed = 1)

Dancer roll

Fig. 16: The local model of control system
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Definition 1 Control system specification A transportation speed makes tracking to a standard
tensile speed vy (t) during transportation between rolls. Then, v¢(t) is controlled by tension C(x,t),
which maintains a zero equilibrium. Here, v¢(t) is a control parameter at the boundary condition.

From above description, the target system model is described:

2
QC(gytc,t) = D(;xf +b5(x—xl)Vf(t) +b8(x—x o
82
=D S b)) 3.1)
Flat) =8(x—x )We(r) +8(x—x )vp(t) (3.2)

where, b > 0 is a constant and 0 (x) is a delta function.
Accordingly,

Definition 2 Evaluation functional

J= [PC?(x,1) + q(x)&*(x,1)]dxdt (3.3)
xeQteER

where, P and g(x) are a weight parameter and function, P > 0 and ¢(x) > 0.
A function g(x,7) is:

g(x1) = b(x)f(x,t) (3.4)

While optimal control is determined by a strict partial differential equation (PDE):
g (x,t) = —K(x,1)C(x,t (3.5)
K(x,t) = g~ ' (x)b(x)P(x,1) (3.6)

where K(x,t) is an optimal feedback function, and P(x,r) satisfies the following Riccati-type
PDEJ[22]:

‘9Pg’ D_sy [P(x, t)] —g(x)b(x)P*(x,1) + P 3.7)
where,
0
Z(0) =D (3.8)
P(x,T)=0 (3.9)

From the above description, a strict solution is obtained. However, as we are considering an actual
engineering problem, it is important to propose a realistic model.
Thus, we consider a next model:

Definition 3 Actual model
dC(x,t) 82C(x,t)

ol _pt2 (3.10)
QCCS(;,I) e riv(t) (3.11)
dC(x,

;fc f) =) (3.12)
C(x,0) = Co(x) (3.13)
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where D = (D/L), x € [0,L],t €[0,T], r; > 0and r, > 0.
Eqgs.(3.10) to (3.13) are the actual model, which has a boundary control function.
Generally, when let the X’s range to x € Q, let its boundary to x € dQ.
Here, Green’s theorem is used to Eqs.(3.10) to (3.13) and we obtain:

d 9? d d
Lo [ [ (-

We apply an eigenvalue problem to the terms in the left of Eqn.(3.14):

/g{("’?yf_/g(’)?;;g)c) }dx (3.15)

We rewrite Eqn.(3.15):

Z(¢:) = Lo (3.16)
where, i = 1,2,---, ¢; is a eigen-function, ; is a eigenvalue.
From Eqn.(3.16), we obtain:
aC aCcC _do
/Q[j—xc} (pdx_/m(q)a—cg)dx (3.17)
where, let the boundary condition of Eqn.(3.17) to (d¢/ 8x)’ o 0.
RIS

From Eqn.(3.17) with boundary condition, we obtain[15]:

dCl'(l)

18 = 24Gi(0)+ g0}y (6) — 2L vy (3.18)

where,
C(x,t) = Zl Ci(t) @i(x) (3.19)
Cit) = /Q Clx,1) @i (x)dx (3.20)

wherei=1,2,---

Accordingly, Eqn.(3.18) represents a system model, which considers a control function v (t)
at the boundary x = 0 in a functional space H>(Q).

Here, the subscript i is omitted hereafter, then we obtain:

df;” — AC()+b (1) 321)
where,
bf(t) =ri@(0)vs(t) —r2@(L1)vs (3.22)

According to Eqn.(3.20), and from C(t) € H*(Q):

Cr) = /Q Cl,1)(x)dx (3.23)

According to Eqn.(3.3), A evaluation functionals is:
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Assumption 1 Evaluation functionals

T
J= /0 [PC%(1) +qf*(1)]dt (3.24)
Then, according to Egs.(3.5) and (3.6),
f(t)=—K(@)C(t) (3.25)

where, K(t) = g~ 'bP(t) is a optimal feedback function.
Moreover, according to Eqn.(3.8), P(¢) is:

dz(tx) = 2AP(t) — gb*P*(t) + p* (3.26)
P(T)=0 (3.27)

where, Eqn.(3.27) satisfies a Riccati type differential equation.
Therefore, from Eqs.(3.22) and (3.25), vy (z) is:

Vf(t) _ *bK(l‘)C(l) + rz(p(Ll)vb
r19(0)
As aresults, Eqn.(3.28) represents a optimal forward speed of drive roll.
From the above description, a control function is derived as a standard speed function and
linear combination, which is a function multiplied by a feedback gain to a tension value obtained
from tension pick-up signals. Therefore, it is a high-feasibility system, and an actual control
system is designed as per our proposed system.

(3.28)

4 Numerical example

Here, we present numerical examples of system dynamics and responses representing an optimal
feedback gain. We again describe a system model, an evaluation function, and a Riccati-type
differential equation.

e System dynamics

d—); =ax—+bu

J= /(px2+qu2)dt
where u = —Ku and K = g~ 'bP.

e Solution of Riccati type differential equation

d
?f — 24P — gb*P* + >

Q2= aB? + B+\/a*B? + p?
B = /(ab*)"!

(o + Kopel®@—®) /B2)
P(1) =
(1+ Kela—a)t /B2)

o
(%)
o
An optimal feedback function is calculated by Fig. 17, which shows a steady value of 0.0027.

Fig. 18 shows the response of the optimal feedback system. The evaluation function value is
approximately 7.189.

- 52 -



Table. 4: System parameters

a b P q
151010310

0.03 12
§ 0025 o 1
/ N

Q
f 0.02 = 08
; RN
Q
3 / 5 06
8 o015 5 o
g / \
5 00 04
o
02
0.005 ::
Lw*‘"** 0 - :
A — . L 0 02 04 06 08 10 12 14 16 18 20 22
0 0204060810121416 1820 22 .
Time axes
Time axes
Fig. 17: Optima feedback function value Fig. 18: Optimal feedback response value
S Results

By treating the roll transport system as a distributed parameter system, we were able to clarify
the tension point origin (or drive roll point). We proposed a mathematical model of the system
and a highly feasible tension control system design. The mathematical model considered tension
occurring at stands between rolls, and the tension control system is a distributed parameter model
described by a PDE. The PDE is derived from certain equilibrium conditions that balance spatial
forward deviation at stands between rolls and temporal variation of tension.

The main problem occurs with slipping in the driving roll that is attached to the sheet transport
system, creating slackening (back tension) or heightening of tension (tension). Tension was quan-
tified based on Young’s modulus acting as a macro parameter and on the speed deviation between
separate rolls.

In designing an optimal control system, we also considered a zero equilibrium regulator prob-
lem that takes into account the boundary control function. We utilized an optimal regulator theory
derived by converting a PDE to an ordinary differential equation in a functional space. Conse-
quently, it was possible to design a highly realistic system. However, a tension model for the
peripheral speed difference of rolls between the drive roll and the variable is required. We are
scheduled to report on this model in the next Bulletin.
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Abstract
A class of feature spaces that can violate the triangle inequality is proposed. The theory states that arbitrary N
samples, in which all the distances between any pair of samples are given but their coordinates are unknown,

can always assign the coordinates in the defined feature space after eigenvalue decomposition.

Keywords

Feature space, Metric space, Inner product, Triangle inequality

1. Introduction

The feature space is one of the basic concepts in information science including pattern recognition [1],
multivariate analysis [2], optimization problems [3], and artificial neural networks [4]. Pattern recognition
classifies input vectors in a feature space and a metric is critical that defines a norm between two vectors in the
feature space. Multivariate analysis handles multidimensional vectors, which are supposed to be coordinates in a
feature space. Optimization problems frequently require minimizing or maximizing vectors in a feature space.
Artificial neural networks, one of the most successful mathematical models in information science, encode
information of features in input and output vectors based on machine learning. An important characteristic of the
feature space is quantitative calculation of an abstract human concept by using a real value metric. Another
character is the utilization of linear algebra, which has many well-known mathematical techniques. It makes the
feature space a popular tool in the science and engineering fields.

The concept of metric in vector spaces may be formally generalized in several manners. A
pseudometric space is a space in which the distance between a pair of different vectors can be zero but the
triangle inequality holds. Oppositely, a semimetric space is a space in which the distance between a pair of
vectors is zero if and only if the vectors are identical but the triangle inequality can be violated among three
elements. Similar metrics are utilized for formalizing various abstract concepts in mathematics such as topology
or geometry.

The triangle inequality always holds on a usual feature space that has a metric because a metric
acquires a defined distance. A normal metric feature space thus cannot process data violating the triangle
inequality among three of vectors inside a feature space. This violation is sometimes appeared if a distance
matrix among all the pairs of vectors in a feature space is given in which explicit coordinates of the vectors are
unknown. Such situations occur in many cases in real problems, e.g., when one would like to classify
relationships among many samples in a multi-dimensional feature space in which a sample is supposed to be
characterized by multi-dimensional variables and only representative distances between any pair of samples are

" CHIKAYAMA Eisuke[ 43 % 7 A58} ]
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experimentally determined. If those data have violations of the triangle inequality, one would meet difficulty to
resolve allocations of the data within a Euclidean space. One might thus conclude that the semimetric space is
adequate because semimetric may violate triangle inequality. Although there are some applications of
semimetric in engineering fields, mathematical theories should be expected to extend.

Here we describe the theory for a class of N-dimensional complex feature spaces and show the
violation of triangle inequality can be logically existed without any conflict in that spaces. This theory is simple
and expected to be applicable to methods such as pattern recognition or neural networks.

2. Definition of the proposed three feature spaces
A series of metric spaces in this study is defined by using N-dimensional complex vector spaces, C", that have
new inner products, norms, and distances introduced this section.
DEFINITION 1 The three inner products are defined as,

1) (VW)= ————=

)

3) [v, w]= (v, w) +i{v, w}="vw = gvkwk

where V=(V1,V2,-'-,VN)ECN, W=(W1,W2,“-,WN)ECN, C" is a N-dimensional complex vector

space, v s a transposed vector of V,and W isacomplex conjugate of W.

Each inner product satisfies the following conditions, which are common to other ordinary inner
products.

PROPOSITION 1 The inner product (V,W) satisfies
4) (v, w) = (w,v),

(5) (au+ SV, W) = a{u,w) + S{v,w),
(6) (v,v)eR,

where u,v,weC"  and a,feR.

PROOF.

- 70 -



v, 4V, N
©® (v,\v)=> =ZRe(vk )eR
k=1 2 k=1
PROPOSITION 2 The inner product {V, W} satisfies

@) v, w}={w,v},
8) {au + pv,w}= afu,wi+ giv,w},
9) {v,v}eR,

where u,v,weC"  and a,feR.

© faus pr,w)= 3 (A (et pu o

7 2i

N o ow N v
:akz_llukwk Uy, Wy +ﬂkz_l:Vka2Vka —afu,wh Blv,wh

2i i
N v 2 _F N
© {yvj=> :ZIm(vkz)eR.
k=1 2i k=1
PROPOSITION 3 The inner product [V,W] satisfies
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(10) [v,w]=[w,v],
(11) [ + pv,w]= afu, w]+ Blv,w],
12  [wv]ecC,

where u,v,weC"  and a,peC.

PROOF.

(10) | Zv W, = iwkvk =[w,v
1) [au +ﬁv,w]:§:(oeuk + PV W, = aZu W, +,BZV w, = alu,w]+ glv,w].

N
(12) [vv]=>v*eC.
k=1
The inner product [V, W] is the sum of products of two complex numbers. It is an extremely simple

N
number and but it extends to a complex domain. Further, [V,W]:tVW=ZVka is regarded as a
k=1

complement to the ordinary inner product (V W):tVW ka W, inacomplex vector space.
=1
Following the definitions of these inner products, we define the norms and distances in these new
spaces using these inner products. In general, the definitions of ordinary norms and distances are limited by
several well-known conditions. We, however, call a norm, distance, or metric hereafter in a more extended way,
because the concept of an ordinary norm or distance corrupt when one think a vector space that can violate the
triangle inequality.

DEFINITION 2

(13) The norm |V| ofavector veC" with V V <V,V

~

(14) The norm |V| ofavector Ve C" with VV is 1/{V,V}

(15) The norm |V| ofavector veC" with VV is 1/l I
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DEFINITION 3

(16) The distance d<V,W> is |V—W|:,/<V—W,V—W> ,where v,weC".
(17) The distance d{V,W} is |V—W|=1/%V—W,V—W},Where v,weCV.
(18) The distance d[V,W] is |V—V\I|:1/|V—W,V—W|,where v,weC".

Each distance is symmetric for v and w.

PROPOSITION 4 The distances d{v,w), d{v,w}, and d[v,w] satisfy
a3y dv,w)=d(w)
)  div,wi=d{wv}
as)  dlv,w]=d[wy]
@) dv,w)=Jv-w,v—w) = [~ (w-v)~(w-v)) = J{w-v,w-v) =d(w,v).
a9 divwi=Jv-wy-wp =i (w-v)—w-v)i = iw-v,w-vi =diw,v}.

as)  dv,w]=y[v-wv-w]=[-(w-v)~(w-v)] = \[w-v,w-v] =d[w,v].

Each distance is pseudo-metric in which multiple pairs of two vectors having the distance of zero can

exist.

PROPOSITION 5 The distances d(v,w), d {v,w},and d[v,w] satisfy
(16) v and w that satisfy V # W and d<v, W> =0 exist.
a7 v and w that satisfy V=W and d {V, W} =0 exist.

(18) v and w that satisfy V=W and d [V, W] =0 exist.

PROOF.
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(16) Let v=(a, +ib,,---,ay +iby) and w=(c, +id,,---,Cc, +id ) that satisfy V=W and

i{(ak—ck — (b, —d,)?}=0 then

k=1

%

d{v,w) = J(v—w,v—w _\/i{(\/"_W")ZZ(V"_W")Z}—\/gRe{(vk—Wk)z}

k=1

= \/ZN:Re(vf — VW, W) = ZN:{(af ~b?)-2(a,c, —b,d, )+(c2 —d?)}
:\/Z{(ak _Ck)2 _(bk _dk)z}:()_

k=1

17 Let v=(a, +ib,,---,a, +iby) and w=(c, +id,,---,c +1id ) that satisfy V=W and

N

Z(ak —c,)(b,—d,)=0 then

k=1

d{v,w}./}v—w,v—wg\/i{(\/k —w ) __(Vk Wk)z} :\/kZN:;Im{(Vk _Wk)z}

k=1 2i

N

:\/ilm{vf—kawk+wf}:\/z {2a,b, - ~b.c, )+2c.d, }
k=1

i=1

=\/ZZN:(ak -¢)(b —d,) =0.

(18) Let v=(a, +ib,,---,ay +iby) and w=(c, +id,,---,Cc, +id ) that satisfy V=W and
N
> {a —c.)? = (b, —d,)? +2i(a, —c,)(b, —d,)}=0 then

dfv,w]= v —w,v—w] = J(v—w,v - w) +ifv—w,v - w}
=\/i{(ak —¢,)? = (b, —d,)? +2i(a, —c,)(b, —d,)} =0.

k=1

Moreover, each distance can be not only a real number, but also an imaginary number for d(V,W> and

d {V, W}, a complex number for d [v, W].
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PROPOSITION 6 The distances d{v,w), d{v,w}, and d[v,w] satisfy
(29) If (Vv—w,v—w)>0, then Re(d(v,w))=0 and Im(d(v,w))=0. If (v—w,v—w)<0, then
Re(d(v,w))=0 and Im(d(v,w))=0.
@0)  1f v—w,v—w}>0, then Re(d{v,w})=0 and Im(d{v,w})=0. If {v—w,v—w}<0,
then Re(d{v,w})=0 and Im(d{v,w})=0.
1) dlv,w]ecC.

PROOF.
(19) From (6) and d(V,W) = [(v=W,v—W) , if (Vv—w,v—w)>0, then Re(d(v,w));to and
Im(d(v,w))=0. 1t (v—w,v—w)<0,then Re(d(v,w))=0 and Im(d(v,w))=0.
200  From (9) and dfv,w}=/v—w,v—w}, it {v—w,v—w}>0, then Re(d{v,w})=0 and

Im(d{v,w})=0. 1f {v—w,v—w}<0,then Re(d{v,w})=0 and Im(d{v,w})=0.

(21) From (12), d[v,w]=/[v—w,v—w]eC.

Normally, distances should be zero or positive real numbers. These distances, however, are extended to negative
real and imaginary domains.
Here, we show several propositions related these metric spaces.

PROPOSITION 7 If v,we RN , the metric space with <V,W> or [V,W] is equal to an

N-dimensional Euclidean space.

PROOF.

'vw+ 'vw tvws'vw . _ _
> = > =VW and [V,W]z VW. Each of the metric spaces is

If vyweR"N, (v,w)=
(v, w)

equivalent to a Euclidean space, which has a metric (V, W):tVW.
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PROPOSITION 8 If v,we RM | the metric space with {V,W} is identically the space that has a

metric of 0.

PROOF.

‘vw—"vw  vw=vw
2i 2i

0.

If vyweR", {v,w}=

3. Isometric transformations

In metric spaces, the existence of their isometric transformations is critical. An orthogonal matrix T , a matrix
that satisfies ‘'TT =T'T =E, is only the isometric transformation for <V,W>, {v,w}, and [V, W] (as

proved below). This is also true in Euclidean spaces, while unitary transformations are needed in complex vector
spaces. Thus, the class of metrics in this study is regarded as a simple extension of the Euclidean metric from the
point of view of isometric transformations, rather than the complex vector metric in which the unitary

transformation is needed.

PROPOSITION 9 For arbitrary v and w,

@)  TT=E<(Tv,Tw)=(v,w)
23)  'TT =E < {Tv,Tw}= {v,w}

@4)  TT=E < [Tv,Tw]=[v,w]

PROOF.

(22) TT=E= <TV, TW> = <V, W> for arbitrary v and w:

Let T to be an orthogonal transformation, then
t t ty,t ty,t " t tyng
Tv)Tw+ (Tv]Tw ‘v TTw+ ‘v TTw  ‘vw+ 'vw

(Tv,Tw) = ( 5 ( = 5 = 5 =(v,w).

For arbitrary v and w, <TV, TW> = <V, W>:>tTT =E:

Suppose 'TT #E and <TV,TW> = <V, W> for arbitrary vand w. From
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(Tv, Tw) — (v, w) = (Tv, Tw) — (Ev, Ew) = (T + E v, (T — E)w)
_ VT HENT—Ew+ v (T +ENT—Ew _ 'vCw+ 'vCw
2 2

icj W, +cjkv W,

j,k=1

, where (T +E)T —E) is replaced by C, and then <TV,TW> :<V,W>

becomes

| -
(25) CjijWk -l-CjijWk _0
jk=1 2

where Cix (g) is an element of C (6), and constant by choosing a T . But (25) states that the sum of

two quadratic forms of vectors V, W,\_/ and v_v is identically 0, meaning that v and w are not arbitrary, and
contradicts the premise that states v and w are arbitrary. Therefore <TV,TW> = <V, W>/\tTT # E s false,
which leads <TV,TW> = <V, W>:>tTT =E istrue.

(23) TT=E= {TV,TW} = {V, W} for arbitrary v and w:

Let T to be an orthogonal transformation, then

t t =t Tttt T
v, Tw) = (Tv)Tw—_ (Tvtw _ 'v TTw=—"vTTw _ 'ww="vw _ ow).
21 2i 21
For arbitrary v and w, {TV,TW} = {V, W}:>tTT =E:

Suppose 'TT # E and {TV,TW}= {V,W} for arbitrary v and w. From

{TV,TW}_ {V,W} = {TV,TW}— {Ev, Ew} = {(T 4 E)v, (T B E)W}
VI HENT - VT EXTEJw _ ‘vow-VCw

2i 2i
N C.V.W, —C, VW,
= z ik P L , Where t(T+E)(T—E) is replaced by C, and then {TV,TW}={V,W}
j k=1 I
becomes
5) CyVi Wi = Vi Wi _
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where Cix (Q) is an element of C (6), and constant by choosing a T . But (26) states that the sum of
two quadratic forms of vectors V, W,\_/ and W is identically 0, meaning that v and w are not arbitrary, and
contradicts the premise that states v and w are arbitrary. Therefore {TV,TW}: {v, W}/\tTT # E is false,
which leads {TV,TW}z {v, W}:tTT =E istrue.

(24) TT=E= [TV, TW] = [V, W] for arbitrary v and w:

Let T to be an orthogonal transformation, then [Tv, Twl=" (TvJTw="v'TTw="vw = [v,w].

For arbitrary v and w, [Tv, TW] = [V, W]:>ITT =E:

Suppose 'TT #E and [TV,TW] = [V, W] for arbitrary vand w.  From

[Tv, Tw]—[v,w]=[Tv,Tw]-[Ev, Ew]=[(T + E)v,(T — E)w]
=v'(T + E)T — E)w="vCw

N
= chijWk ,where ‘(T +E)T —E) isreplaced by C,andthen [Tv,Tw]=[v,w] becomes
j.k=1
N
@7) D cyuvw, =0,
jk=1

where C i is an element of C, and constant by choosing a T . But (27) states that the quadratic form of
vectors V and W is identically 0, meaning that v and w are not arbitrary, and contradicts the premise that

states v and w are arbitrary. Therefore [TV,TW]:[V,W]/\tTT;tE is false, which leads

[Tv,Tw]=[v,W='TT = E istrue,

4. Violation of the triangle inequality
We finally conclude that the class of our metric spaces accepts both of the not-violated and violated triangle
inequality. This property makes these metrics afford real applications. We start with the following lemma.

LEMMA 1.

29) <a,b>:%(<a,a>+<b,b>—<c,c>),
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@ fab)=;(aal+b)-lec)

@ [ab]=3(aalbbl-[ec).

where c=b—a and a,b,ceC".

(28) (c,c)=(b—ab—a)=(b,b)+(—ab)+(b-a)+(—a-a)=(bb)—2(ab)+(aa)
Thus (a,b) = ((a.a) + (b.b) - c.c)).

29) {c.cl={p—ab—a}={bbl+{abl+ib-al+{a-al={bl-2{ab}+aal
Thus. {a,b} =~ (fa.a}+ b} f.c)

30) [c.c]=[b—a,b—a]=[(b,b)]+[-a b]+[o,~a]+[-a-a]=[b,b]-2[a,b]+[aa]

Thus [a,b]=%([a,a]Jr[b,b]—[c,c]).

Using this lemma, we proof propositions in the following. The proofs are similar to those of a multi-dimensional
scaling algorithm, which is often used in several scientific fields.

PROPOSITION 10.

A set of different N points {a. =1 N}, where the distance dlai,ajJ between different two points

L
a;,a; are arbitrarily specified as complex numbers, can be generally positioned in a (N —1) -dimensional

complex vector space C N1 with the metric [ai '8 J

PROOF.
Suppose @, = (O,-'-,O) (we can arbitrarily set the relative location of the only one point of all) and Z is a
(N —1)—dimensional matrix that has an element z;; = [ai ,ajJ: (i, j=2,---, N) thus symmetric. From (30),

the elements of Z can be transformed as
z :[ai,ajJ:%([ai,ai]+[aj,aj]—[aj —a,a, —ai]):%(dfi +d7, —d”?), where d :d[ai,ajj.

In general, any matrix can be decomposed into an eigenvalue diagonal matrix and eigenvector matrices. After
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the decomposition of Z , we obtain Z =YL'Y , where L is a diagonal matrix that has eigenvalues, Y is

1 1
an eigenvector matrix, and 'Y is its transposed matrix. Taking JL =L , We can get two matrix ‘X =YL?

and
B X =LY
from Z =YLYY =YL?L*'Y='XX . This (N —1) dimensional matrix X consists of the (N —1)

column vectors, which represents the coordinates of the (N —1) points @, e C" ™ : {i = 2,---N} with the

origin @, = (O,---,O)e chNt,

PROPOSITION 11.

A set of different N points {a. =1 N}, where the distance d<ai,aj> between different two points

a;,a; are arbitrarily specified as real numbers in which the triangle inequality can either hold or not hold, can

be generally positioned in a (N —1)—dimensional complex vector space C N1 with the metric <ai '8 > .
PROOF.

Similar with the proof of PROPOSITION 10, suppose &, :(O,---,O) and Z is a (N —1)—dimensional

matrix that has an element z;; = lai , ajJ: (i, j=2,--, N) thus symmetric. From (3),

[az’az] [aZ’aN] <a27a2> <a2’aN> {az’az} {aZ’aN}
Z=| o=l r s

[a‘N’aZ] [aN’aN] <aN’a2> <aN’aN> {aN’aZ} {aN’aN}

Therefore, if all the elements z; = [ai , ajJ are specified as real numbers, the resulted coordinate matrix X,

which is the same as (31), is of the metric <ai '8 > . Apparently, if one can specify arbitrary real numbers as
_ 1 2 2 2 . . . . . .

the elements  Z;; = > d; + dlj - dij , points can either satisfy the triangle inequality or not.

PROPOSITION 12.

A set of different N points {a. =1 N}, where the distance d{ai,aj} between different two points
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a;,a; are arbitrarily specified as real numbers in which the triangle inequality can either hold or not hold, can

be generally positioned in a (N —l)-dimensional complex vector space C N1 with the metric {ai 8 }‘

PROOF.

Similar with the proof of PROPOSITION 10, suppose & = (0,---,0) and Z is a (N —1)-dimensional

matrix that has an element Zy = [aj ,akJ: (j, k=2,---, N) thus symmetric. From (3),

[az’az] [aZ’aN] <a2’a2> <a2’aN> {az’az} {aZ’aN}
Z=| i o= s s

[aN’aZ] [aN’aN] <aN’a2> <aN’aN> {aN’aZ} {aN’aN}

Therefore, if all the elements Z; = [aj,akJ are specified as imaginary numbers (Z; = i{aj,ak }), the
resulted coordinate matrix X , which is the same as (31), is of the metric {ai,aj } Apparently, if one can

i 1
specify arbitrary ix real numbers as the elements z, = > (dlzj +dj —d jzk ) points can either satisfy the

1
triangle inequality or not, in the sense of Im{zjk =5 (dlzJ +d2 —d jzk )} :

5. Conclusion
We proposed a class of multi-dimensional feature spaces that can violate the triangle inequality by defining a
class of metrics, norms, and distances. The class of our metric is pseudo-semimetric and it simultaneously
affords vectors of both the mixed not-violated and violated triangle inequality. The violation or not are
mathematically symmetric caused of the symmetry in real and imaginary numbers. Our space is exactly identical
to Euclidean space if the imaginary parts of all the vectors are zero. We have demonstrated only orthogonal
matrices are the class of isometric transformations in our metric spaces. We have further proved the propositions
that vectors of which the distances between any pair are given can be always allocated to explicit positions with
the corresponding coordinates in a multi-dimensional complex vector space by eigenvalue decomposition
without any logical conflict. By only replacing real vectors to complex vectors, this theory is easily adopted to

known algorithms in information science such as pattern recognition and neural networks.

References

1. A. K Jain, R. P. W. Duin, and J. Mao, Statistical pattern recognition: A review, IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2000, 22, 4-37

2. T. Rajalahti, and O. M. Kvalheim, Multivariate data analysis in pharmaceutics: A tutorial review,

- 81 -



International Journal of Pharmaceutics, 2011, 417, 280-290

C. A Floudas, and C. E. Gounaris, A review of recent advances in global optimization, Journal of Global
Optimization, 2009, 45, 3-38

M. R. G. Meireles, P. E. M. Almeida, and M. G. Simoes, A comprehensive review for industrial applicability
of artificial neural networks, IEEE Transactions on Industrial Electronics, 2003, 50, 585-601

- 82 -



googgododggdyyydUUUUUUUUUg U

An analytical study of problems and solutions of waste cooking oil recycling projects of Niigata
and Bogor cities
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N ™

social * most households dispose WCO into ¢ in urban areas, most WCO solidified
issues drainage or soil and disposed as incinerating waste
* most industrial WCO be used by * inlocal areas WCO disposal into
street food shops, snack vendors, drainage commonly practiced
completely concern on health risks ¢ industrial WCO waste under control
environ- * severe drainage/edaphic pollution ¢ waste of recyclable energy in urban
mental * duplicated GHG emission at areas
issues production and wasting life cycles * sewage system deterioration by WCO
of cooking oil disposals in local areas
legislation ¢ 2014 Bogor City, all industrial WCO <+ Water Pollution Prevention Act, no

to be recycled clear penalties
* industrial WCO be disposed under
responsibility of business operators
* Waste Management Act, less than 5yr
imprisonment or 10 million JPY fine
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Bogor, Indonesia Niigata, Japan

WCO total 70000L school meals: 43000L (not for BDF)
collected 23 school association: 500~800L/m households: 28000L (city owned)
in 2013 big supermarket chain: 800L/m

Number of food companies: 500L/m 122 deposit stations including municipal
deposit church communities: 500L/m offices belonged to Niigata City

stations 2 or 3 deposit stations

purchasing 3500 IRP/L paid to all parties 20 JPY/L only to collecting communities
price WCO no payment for individual contributions
selling No selling, city owned WCO as 10 JPY/L for BDF company

price WCO material for BDF process 25 JPY/L for non-BDF company
purchasing 31,582L, Bogor City pays 4500 IRP/L 17000L of collected 28000L from

BDF City bus cooperate pays 3500 IRP/L households 126 JPY/L

public BDF 30 city buses (20% BDF in fuel) 36 city utilities (100% BDF in fuel)

use 60% BDF consumed by city vehicles 60% BDF consumed by city vehicles

remain sold to market, detail unknown remain sold as heavy eq. boiler fuel

2005 DOOOoOoOoooOoboooooobooooobobooooobobooooooo
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Bogor, Indonesia Niigata, Japan

issues as * popular demand to reduce GHG » utilization and buyers of recycled

public emission and health risks, but BDF is limited, few marketability

business fluctuating BDF quality reduces BDF ¢ too many WCO deposit stations
consumption by city buses increased transport costs

existing * acontracted company conducts * transportation of collected WCO

recycling recycling processes but no conducted by contracted companies

private privatizing of the whole operations paid by city

businesses * one NPO conducts self collection/

transportation for its own BDF use

constraints * awhole privatized business by the ¢ labor costs for collection,

for private city bus cooperate is expected, but transportation, recycling refrains
businesses can not afford to construct a BDF privatizing of WCO recycling
development plant with quality control business
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OS5 dodootboodooouoooooobooouoooooo
GHG emission kg-CO2e/FU

cooking oil |WCO BDF BDF RDF methane |CGHG of |glycerin GHG

production [transport |production |transport |production |(drainage) ;a;tbh‘;nng; g‘rzz::;t:;? Total reduction

Drainage disposal| 2.981E+00| 0.000E+00| 0.000E+00| 0.000E+00| 1.441E+00( 1.136E-02| 0.000E+00| 9.574E-01|5.391E+00|1.677E+00
Edaphic disposal | 2.981E+00| 0.000E+00| 0.000E+00| 0.000E+00| 1.441E+00( 5.681E-02| 0.000E+00| 9.574E-01|5.437E+00|1.722E+00
Complete use 2.981E+00( 4.824E-03| 0.000E+00| 0.000E+00| 1.441E+00| 0.000E+00 | 0.000E+00| 9.574E-01|5.385E+00|1.670E+00
WCO recycling | 2.981E+00| 4.824E-03 | 4.908E-01| 4.014E-03| 0.000E+00| 1.942E-01 | 3.947E-02| 0.000E+00|3.714E+00

6.00
glycerin production
& disposal

5.00 1T GHG of carbon in
methanol

methane (drainage)

4.00 T— 1 1

. . . “ RDF production
3.00 1 —

GHG emission kg-CO2e/FU

& BDF transport
2.00 T —— ] —
BDF production
1.00 1 # WCO transport
0.00 A & cooking oil

Drainage Edaphic Complete WCO production
disposal  disposal use recycling
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Potential of Aquaculture Business in Niigata Prefecture:

Case Studies of Myoko Snow Shrimp and Salmon of Murakami

OO0 0" OO0 oo' oo o
gd
gooooobobbooooooobobbbboooooobbobbbooooobobobbbooog
goboobobooooooooboobobbooooooobobobboooooobobobboooooooo
goboobbooooooobobobobboooogobobobboooooobobobbboooooooo
O00OchasmOOO0ODOO0ODOOOOOODOOOODOOODOODODOOODOODOODOODOOO
goboobobooooooobobobobboooooobobobbooooooboobboboooooooo
6000 bDO000o0oooboobbObooo0oobDbbo0ooooooboDobboooo200ooooO
gobobo3b0ooooooobobboooooooobobbooooooon
gooobboooooooobobbboennoon

googod
gooooobobbboooooobbbtboooooobbobbboooooobobobbbooog
goboobbobooooooobbbboooooooobbobbooooooobobobbboooooooo
gobsooobob2b000ggobboooooobobooooooobobobbooooooooDoo
goboobobooooooobobobbbooooogoobobbboooooooobobobboooooooo
gobobobbooooooobobobbbooooooobbobboooooooobobobbooooooooo
00000000000000000000000000000000000O0000"00000
gobooboboooorACODbDO0000ooooobobboooooooobobooooooooooo
0020080000000 150000000°0000000000000000000O00O0O0OO0O
Ob0O00b000obO0o0obOooboog1e20b o000 0120000000000 O00DO0O %00
00000"0000000000000000002000000000000°%0
gooooogoobglcboobooboobooboobooboobboobboOobD20000
ooofo
ooooooooboobooooobboooboobooboobooDbeestdbr.ooonoon
gpoz00800000002.0000000000000000O01.6D00DOO1.5000001.20
00000000000 0oo0oOooooooofo
goeosbOooooooobobbbo0oooooomos,e440000oomobbboooo
00000000000000000@4WOO0O0@wWooooooooswyooooooro
go0ooboooobobobobooooooobooooobobobboooooobDobboobooo
gooobobooooooooboobooboo

* Makoto Takayama 0 0000000000000 OO
T Yoichi Hiramatsu O OO OO0 000000000 OOO
fToruUchidaOODOOOO0ODOOO0OODOOOOOOODOOOODO OO

- 121 -



goooooooooad
21000000000

000O0O0O0OD0OD0OO0000O0O00 International Mariculture Technology Co.O0 OO INMTO O M OO
ggooboogoobooooobboooobbooobobbooobobbooobbbooog
O00O0O0O0O000000000D0O00 Indoor Shrimp Production Systemd ISPSO 000 00O0OODOO
goooboboooooobobobobbbooooooobm™ooobbD 2000000000000
00000°0000000000000000000020060 100 20000000000000
JooooooooooooooooobboooommTooooobooooooo e,000000000
o000 bbooo0oo0b oo oo oooog
0000000000000 bbooooooobooooOo2007 0 900D 0D 0OO0DOODOO
20070 2000000000 obboo0oooobooooooo

0go0o0ooooooobooooooobooooooobobooooooOoboDooooboooooog
godoboboboooooobobodoouobbobooooobbob oo bDoooobbobOoooog
goooon

ggbooooooobobobbooooooobobboooooo
ggbooogooobobobboooooobobobbooooooon
gobooooooooboboboooooooobobobooogooooobobbooooooooooboo
gooooobbooooooo
gogbooggooooboboooooooooboobobooogooooboobboooooooooboo
gogobooobboooooooobooboo
gogboogoooobobobooooooooboobooogooooooboobobooooooooooboo
goobobobbooooooooobobboooooo
ggbooogooobobboooooooooboobobooogooooobobbooooooooooboo
goobobobboooooobobobbbooooooooboooo
ggbooggooobobobboooooobobobood
goboooooobobobboooooooooo

2200000000000 000OO0OODOOO
ooooooooboobooooooooooooooooobooboooboobowooo
00000000000 000000000000000000000O0000O0®0o0o0o0o00a0
goboobobooooooobobobobboooogobobobbooooooboobboboooooooo
oooobbOo0ooooobobobobboooooobooboboooo
gooooobobboooooobobbtbboooooobbobbbboooooboobbboooo
goboobobooooooobobobobboooooobobobbooooooboobboboooooooo
00000000000 O0OoO00mMO0ONuooo0 0000000000000 0000
goboobboooooooboobobboooooooobbbooooooobobbboooooooo
goboobboooooooboobobboooooooobbbooooooobobbboooooooo

- 122 -



goboobbooogooooobobbboooooooobobobbooooooooboobobbooooooooo
goboobbooboooooooobbooooon
gogogoobobbbooooooobobbbooooooboboobbboooooobobobobbooog
gbooobooobooboboooboobbooobobooobOooooboobobobommoOo 1oOoon
O2000000000000000000° 00000000
gooobooobbboooooobobobbbooooooboobobobbooooooobobobbooogg
gobobobboboooooobobobbboooogobbbbooooooobobbbooooooonoo
goboobboooooobobobobboooogobobobboooooobobobbboooooooo
oootig
gooooobobboooooobobbtbboooooobbobbboooooboobbboooo
goboooboboooooobobobbbboooooooooobbboooooooooobbooom o
goboobobooooooobobobobboooogobobobbooooooboobbboooooooo
00000MO00000000000000000000o0ooooooo”’00omoooan
goboobbooboooooobobobbboooooooobbobbobooooooboobobbboooooooo
goboobbooooooooooobbboooooobbbboooooobbbobogeen O
goboobboooooobobobbbooooooobobobbooooooobobobboooooooo
goboobboooooobobobbbooooooobobobbooooooobobobboooooooo
goboobboooooobobobbbooooooobobobbooooooobobobboooooooo
goboobbooooooobobobbbooooooobbobbooooooobobobboooooooo
goboobboooooooobobbboooooooooo
ggoooboooboooooooobobobtbooomodoomuooooooobobooooooo
gobooboboooggore@mobooooooobbbbbooooooboobobbbooooooooboo
gobobobobooooboooboboooooooobobobooobobbbbooobobbboooooonees
goboobbooogooooobobbboooooooobobobbooooooooboobobbooooooooo
ggn

2300000000000 000DOO00ODO
gooooboobobbooooooooboobbtboooooooboboobbboooooobobobbbooog
gobobobboboooooobobobbbooooooobbbboooooobobobbooooooonoo
gobobobboboooooobobobbbooooooobbbboooooobobobbooooooonoo
gobobobboboooooobobobbbooooooobbbboooooobobobbooooooonoo
gooooboooooooooobbbooooooobbb™oobobbbobooooooooobo
goboobobooOoooooobobobobboooooobobobboooooooboobboboooooooo
goooboboooom@oooobbooooooooobboooooooobbomoooon
gobooboboooooooobooono
ggoboooooobobobbooooowoobbooooooobobbboooooooooo
0000000000000 0000000000000000000oooo®ooDoooooon
goboobbooooooooboobobboooobooboboboooooobbboooooD LLooobobo
gooooboobooboooooooboobbooooooobobobboooovooobbbbbbobog g

- 123 -



goooooo
gogogoobobbbooooooobobbbooooooboboobbboooooobobobobbooog
goboobobog.boooobbooooobboooooboooooobobobooooooooboobo
goboobboboooooobobobbboooooobbobboooooobbbboooooooo
gobooobooooooobobobobboooogoobobboooooooDob bbb ogoooo
oooooboooobobboomoooooobboooooooboobboooobboooooooo
000000000000000000000000000000O00O0O""00D0000000a0
goboobobooooooobobobobboooooobobobboooooooboobbboooooooo
ooooobooOooooooobobobbooooooobobobboooooooobooo
gooooobobboooooobobbtboooooobbobbboooooboobbbooog
gooobobooooooobobobobboooooobobobboooooooboobboboooooooo
goboobboOoooooobobobobboooooobobobbooooooboobbooooooooo
goboobboOoooooobobobobboooooobobobbooooooboobbooooooooo
goooboooooooobobbobooooooooobooooooooooboog
googoobooboboboooooooobbbtbooooooobobobbbooooooobobobbbooog
goboboboooooobmooobobboooooooobbooooooboobobbbooooooboobo
000000000000 000000000000000000000000000O0000O0
goboobbooboooooobobobbbooooooobbobbooooooooboobobboooooooo
goboobbooboooooobobobbbooooooobbobbooooooooboobobboooooooo
goboobboooooooobobbbooooogoobobobbooooooooboobobbooooooooo
gobobobboooooooobbbbooooooooboboobbooooooooboobobboooooooo
goooboboooooooobobbbooooon

2400000000 DOOO0O00000000O0O0O
gooobooobobboooooooboobbtboooooooboobobbooooooobobobbooooo
goooo

gogboboogoooobbbboooooooboboboooooooboboboogoo
gogoobbooooooobboooouoooboboooooobbooooobboo
gogoovMbboooobbooooobobbooooobboboooan
gogoobboboooooooboo

gooooobbboooooobobbtboooooobbobbbbooooobobobbbooog

goboobbooooooobobobbbooooooobobobboooooooboobbboooooooo
gooobooboboo0ooooobobbboooooooobbbboooooobobbbzo30OonO
gobooobbooooooobobobbboooooooobobobboooooooboobobbboooooooo
gooo0D 20130 120000000000000DO0O00O000000ODDODDODOOO0OOODODDODO
gobooboboooooooobobboooooooobobobooooooooboobobbooooooooo
goboboboboooooooobobobboooooooo

- 124 -



goooobbboooobbbbooooooooboobbboooooobooooooosesg
gogooboobomwrbodoooooobbbboooooooboobobbboooooooboboobboggo
oboobooboobOoobOz2e0 D00 70000000 DOO0ODOOObOODObOOObOOn
obooobooooobbooboobomooboomoboobooo oo oo oobDoon
ooooobooooooobobobooboobbooooooobobbooobDb 0o oo W o
oooooooooo*ooo*" oo obobbooooooobobobboooogooo
O0o0oQ0o0Ob0O00020140 80 2800 BSO0O0O0O O8O 3pOODOOCNBCODOOOOOODO
gooobobbO0og20140 502000000000 1000000000000 DODDOO0O0OO
0000000000000 0000000000000O0" 000000000 oo00o0ooooao
ooooobObooooooon

goooboobobbooooobobobbtboooooobobobbooooooboobboogog
goboobobooooooobobobbboooogobobobbooooooobobobboboooooooo
go0ididfooobboooooobobobboooooobobbbooooooobobobooo
Oo0oo®"000000ooo

ggooobb™obobbbboooooooobobobbbooooooooooboobobbbooboooa
gooobboooooooobobbboooooobobobboooooobobobboboooooooo
gobobobbooooooobbbboooooooobobobbooooooon

goooobb wmwmooooooobbbtboooooob™ooboboobobbbbbbooooga
00000000000000000000000O0O0""0000000

gooooboogd
3100000000000
goooobooboboboooooooobbbtbooooooobobobbbooooooobobobbboogg
000" 000000000000000000000000000000000000O0O0000
00000000000000000000000000000000D0O0o0OO000ooO® 0000
obooboobOobe4si0obooboobooboobooboobobooboobooD
gobobobboboooooobobobbboooooobbbbooooooobobbboooooooo
gobobobboboooooobobobbboooooobbbbooooooobobbboooooooo
gobooboboooooooboobobbooooooobobbooooooooDob bbb ogoooo
gobooboboooooobobobobboooooooobobbooooooboobboboooooooo
gooobObOoOoooooobobobobboooooooobobboooooooooboboooo
goooboboooobobbboooooooboboboobowvoooooobobbbooooboooo
goboobboooooobobobbboooooobobobbooooooobobobboooooooo
gooobbooooooobobobbboooooobobobobooooooobobobboooooon
gi7iposs oo oooboboooooooobobobboooooooboobobbooooooooo
gooooooobbobboooooomoboooooooboobbobooooooboobboboo
0000000000000 00000000000000000000300000000000
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gooobboooooooobobbboooooobobobbooooooobbobboooooooo

- 125 -



goboobbooogooooobobbboooooooobobobbooooooooboobobbooooooooo
gsdb1veoooobooobooobooboboobooobooboobooobobobooD
goboobboboooooobobobbboooooobbobboooooobbbboooooooo
ooPtPo
googobobobboooooooobobbbooooooboboobbboooooobobobbboooo
gbooboobooboobooooboooobobooobooboooobOobobOobogobn
Oooooooooootio
oooobobobbObO0ooooobobobbboooooobobzc0000ooooO

ood Oobobobbbooooo

oooo ooon

HEN gooooobobbbbooooooo 3ol booo 3gpooboboobooOoo
ogon goooooobbog

HEN gooooobobboooo9oybboooooooobobboo2o0bobboboog

HEN gooooobobbboooooobobbboooooobbobbbboooogoooobobo
ogon gooooobobbboooooobobbboooooobbobbbboooogoooobobo
HEN goooobobobbooooooooboboo

oo gosgpobo3uooobobobooooooobobbboooooobobobboboooo

ogon gooooobobbboooooobobbboooooobbobbbboooogoooobobo
ooooobobbboooooobobbbboooooobobobbbooooon

HEN gooooobobobboooooobobbboooooob o500 oooobobo
HEN goooobobobbbooooooooboboo

HEN gooooobobboooooobobbboooooobbobbbboooooooboobo
HEN ooooobobbobo soeibbOb0 0150000 DOODOOOUOUOUODOOOOO Y

giooooboooooo o0 gooobooooooooboboooo

obO 0Oo00b20050pp.6-14000000

3.200
gooobooobbboooooboobobbboooooobobobboooooobobobboooog
goooboboogo 12000goooboboooooooobobboooooooobobobboogoo
goboobbooooooobobobbbooooooobbobboooooobobobbboooooooo
gobbboooooobobbooooooobobbbooooobobobbomobobooggoon o
0000000000000 00® 0000000000000 000O0O0O 1wo0ooooogl?
00000000000000000000000000000000"" 000000000000
goboobboooooooobobbbooooooooboboobbooooooooboobobbooooooooo
goooboboooooooobobbobooooon
oooooooobooboobuoobuooboobooboobooboboOo2014030000Od
obOoobO0oz200000001100000000 2000000000 D00ODOO0DmMUObOObOODn
uMuoboooboobooooooboboooooobLoobL0o0obooboooooOoDbOoboOoo

- 126 -




goboobbooogooooobobbboooooooobobobbooooooooboobobbooooooooo
goboobboboooooobobobbboooooobbobboooooobbbboooooooo
goooboooogg
gogoooobooboboboodg -go0bbbb -odoob -bbbooooobbobbbooog
gobooobooooooobobobobboooogoobobboooooooDob bbb ogoooo
oooobbooooboboboooooooobobboooooooobobboooooooooboboooo

gooogod
gooooobobbooooooobobbbboooooobbobbbooooobobobbbooog
goboobbooooooobobobobboooogobobobboooooobobobbboooooooo
goboobbooooooobobobobboooogobobobboooooobobobbboooooooo
goooooboboooooobobobbboooooobobbbbooooobobobbbooooooo
goboobobooooooobobobobboooooobobobbooooooboobboboooooooo
goboobbooooooobobobbboooooooobbobboooooooboobobbooooooooo
00000000000000000000000000MO006000000D0ODOOOOO"RY
gmodoebbbObOO0OO0OO0ODLDbbOObOOOUOOOODDDbDbOOUOOObLDDbDDbbOOOOOOLDDOD
gooobz0bbb0o0o0ooooobo b0 oboobobbboooooobobbboogo
goboobbboogedbbbbbObooooobbbboooooobLbbbboooooooo
gobobobbooooooobbbbooooooobobobbooooooon

obooboobooboobOoob 2s00b00o0obo0bDbooobooooBsmoobDOoOoOooon
O00o00o0oobobo0oboobobooboboOoboOobobg2s2ss200goooonoooooon
gobooboooooooooobooo

goon

*Food and Agriculture Organization of the United Nations 7HE STATE OF WORLD FISHERIES AND
AQUACULTURE 2010, Rome.

SRR RITRIED 6 WIE RO BGR & IO ITARDEC INo0.47, 2012 4,

NHFTORENCB T LY B FEOFE LS %O PR | [P R SCHE R P el 2 5H 17 5, 201047,

JH K FEHE - AN —TRFZEL A8 — b B T O 8T 2 A ERE AR 2 I L2 2014 4R,

IKBEFTTRR 20 4R BEKEE A & IR . 2008 4R,

IKPEITTERL 25 AR BEKPE A FE M2 2013 4,

SNREN = =1 )1 i DIE s I N AR 0 BLBAFE 2xtE, 1982 4R,

TR L ILNERT, PR ER] S HAOR T2 BN T AR E UV CE BRI T T U DR
(2R E B LKA AL O R 7K PE T2 J48(3), 2012 47,

A ECHTEF K PEREZEE], Bl s EE | 2000 4,

AT = )N ofie—#iz AT B R, 51 B3 B AR, 2005 4,

gad

U 0000000000000 00000000000000M 000000000000 1700201000
Y Food and Agriculture Organization of the United Nations 7HE STATE OF WORLD FISHERIES AND AQUACULTURE
2010, Rome.

- 127 -



go0ooboo 250000000000 bo0ooo201300

00O Food and Agriculture Organization of the United NationsO 20100.

ooo

O0000oo2008

ooo

000O00—00000000000000 000 ooOOooOoowWw@ooo)oz2011050 20014

gooo

" 00000000000mOoooOoOoOoo200000

BB OO0

D A0000BOOOOOOODO20130 110 40

U 000 000000 00000 0000000000000000000000000000000a0
O0D0O0O0ODO0O0O0ODO0O0OD0O0O0OmuOooDOooOo4s(3), 201200

U 00oo00o0000o0o0o0oomooooooooo 00000b00o0ooOomooooOogn199sd 80
40000 10000

bt 0000000000000 00—00000000000000000000019920 50 31000
O 9pooaono

S 00000000 00001100000 000000020130 40 200

U0 000002000

"t 00000—0000000000000M000000ODnoowM@0O000)020120 900001400
00

O D0o0o

S O0Onews.00—000000000000MMOO000OO0O20070 100270000 220000

“ 000000000000 M 000000020140 50260000 10000

U 000000000000 MO000020140 10 2400

U8 goo

U 0000000000000 00000000000000019820030000

BDogoosooon

bt 00D00000000000000000000000000O00000 0000000020030 10 18
gpol11o00oo0

bt 00000000000 000000000000000 http://www.maruha-nichiro.co.jpd 20140 90
100m

BEOooo

S 000000000000 000——000000000000000000000000320140 110
B8O000070o0Oo0O

Ct 000000000 0000000000000000000000000—000000000mMm 000
goodooooooooz22000d

Pt 000000000000~ 000000000000000000000000000320110 80 6
Ooooooo220000

S J00000000000000000000000000000000000000000000000
goooobooobooobbooboobob0oil1booob oo b oL 00obboobooboDb o
0o0do0oo0oooDo0ooom@moobooob At ZO0000MODOMWOOO0OO00OID20130 110 18
gos50000d

P 00000000 6000000000 OOONO D ARDECO No.47, 201200

o o o o o o

- 128 -



goooooooooooooon
On an Information Sharing Platform for Universities
ooo®
Shigeru Nishiyama

gad

gooooboooooooooooooboooboooooooooooooooonoa
gooooooonooooooooooonooooonooooonoooooooooon
godooooooooooooooooooooobooooooooooooooon
dooooooonoooooobooooooooooooooooooa

gooooboooooooooooooboooboooooooooooooooonoa
godooooooooooooooooooooobooooooooooooooon
goo
000000000 oOOWwWebOOOOOODOOOOOODO

oooooo
gbobooobooobobobobooboobooboobobbooboobooDbo
gboooooooon
gooobobobobobobobooooooooooooooooboboooDo
gbobobooboobooboobobooboobooboboobooboobobooboon
gbobooboboboobobobobobob
gboboooboooboobobobooboobooboobobbooboobooDbo
vbobooobooboboobobobobobobobob

goooobogn
ICTOO0O0OO0OOO0ODO0ODODO0ODOO0ODDOO0OOO0OOOOOOOOODOODODOODn
gooboooo
ogboo oboobooboo
gooobooooboobbooooboboboooooobooooboboooooboobon
gooboooo
000000000000 00O00DODO000O00DO00DOO0O0OO0O0ODOoOOnDDn SNS
gooboooo
gobobbooooobobooooobobbooobobboooobobboooooboobobooo
OO00000DDO WikipediaDOOOOOODODOODODOOOOOODOODODOOODOOOD
gboobooboobbooboobboobooobooboo
gooobooooboobbooooboboboooooobooooboboooooboobon
obobooboobobooboobboooboobbooboon

oo0 0ooogd

gbooboobooboobooboobobobbobooobooboboobooboD
gbobobooboobooboobobooboobooboboobooboobobooboon
gbobobooboobooboobobooboobooboboobooboobobooboon

UNISHIYAMA, ShigeruJ 000000000

- 129 -



uboboobooobbooboooboood
gbooobobooboo 1 0b000boboooobouoobobooboobboobooonbon
uobobobooooobboooooboobobooobobobooooboobobooooooobooaon
uobobobooooobboooooboobobooobobobooooboobobooooooobooaon
uboboobooooboobooooo
gobooboooobooboooobobbooooooboooobobooooobooon
ubbooboobobooboobboo sgbooooooboboooooan
gbogobobooboobboobooboo
gbobobooooboobuooooboobobooooobobboooooboboooobooo
uoboboboooobbooooobobobooobbboooobboboooaobooboboao
gbobobobobobobobmoooobooboobooooboobooooooonoo
gomoooboobooooomoooooooboboooooobobooooooon
OO0DO0O0OD0OO00OO0O0OD0OO0OOWiKkipedialDODOOOOOOOODOOOODOOODOOOO
uoboboboooobbooooobobobooobbboooobboboooaobooboboao
ubobooboan
gbobobooooboobuoooobobooooobbboooooboboooobooo
goobooboobooooooooooooooooooooooooobooomobooD
gobbboodgobbooooobbbooobbboooobbbooooobooboboao
ugbbooobodoboobbooboobbooboobboobuoobbon
gooooooooooooboobooboooobobooboboobobobobomo
ubboobuodgboboobobooboobobuoobooobg 10bbo0obooboo
gobbboodgobbooooobbbooobbboooobbbooooobooboboao
gobbboodgobbooooobbbooobbboooobbbooooobooboboao
gobbboodgobbooooobbbooobbboooobbbooooobooboboao
gobbboodgobbooooobbbooobbboooobbbooooobooboboao
gbboogobogboobbooboobbuooboobboobuoobbon
gbboobobooboobbuooboobboobboobbbooobbooboobo
ugobbboodgobbuooouobbbuooobbboooobbbouooooboboao
goboboboobooboobobooboobooboboobooboboobooD
goboboboobooboobobooboobooboboobooboboobooD
goobooooooooboboboboboobobooboobobobobobobob
gboboooooooooooooooooooooooooooonodg

ooo o0ood

gobooboobobooboobgoobobobooboobooboooboobooboobo
0000000000 o0o0o0o00oo00o00oooo0o0oooooooooo
ubobomobooboooobooboobobooboobooooobooobooboooooonooo
uobobobooooboboooobooboboooboboboooobbobooooooobooboaon
ubboooboobmbooobooobboobuooboboobooobooooooobooo
0000000000000 000000000 4000 SECI"fO00000O0OOOSECI
uboboobogood

- 130 -



ubobooobooboobobooboobobooobooobboobooonoo
0) 0000SocializationlD 0000000000000 00000D0O0O0OOOO0
ubobooboobooobobooboooon
0) O0000Externalization 000 00000000000000O0O0O0OO0OO0
ugbooooo
0) 0000Combination M 00 0000000000000 0O00O0O0OOOOO0
uboboobooooo
0) 0000InternalizationlD 0 0000000000000 000O0O0O0OO0O0
ubobooboooboaooo
SECI0D0OO0O0DOO0O0-O-0O--00000D000D00O0
goobobobooooboobboooobobbooooboboooobobooooooon
OOooOo0o0oDbOoOoob SECIObOobDooboboooooon
goobobobooooboobboooobobbooooboboooobobooooooon
ugogboboboooobobooooboboboooobboboooobooboooooboobon
ugogboboboooobobooooboboboooobboboooobooboooooboobon
ugoboboboooobboooobboboooobbobooooboobooooooboobobon
ugboboboooobboooobboboooobbboooobooboooooboboobon
O000O0OooooooooOoOgOo SECIODOOOOoOoOooooooooo

ugboobO obOogooboo
ugbobooobuog 200004000
uboooaoo
uboooaoo
guobobboooobobboooobbboooobbouooobobooooooo
ugbbobuooogboboooobobboooobbboooobooboooobobobon
ugbbobuooogboboooobobboooobbboooobooboooobobobon
ubbooboobbodgbood

ubob obooobooboo
obooooooooooooono 200000
OOO0PullOOWebOO
OO00PushOOOODOO
oooooobooooooboOoobooobooobooooOoo pAlODOOOOO
ooooooooooooboobobobboOoooooboobobo0ooDoOoDbOb0On0n Push
DooooobDo webOOOOooooooooDO
PullDO000O00D0OCO0ODOOODOOOOOOODOODOOOODOODOO0O0 Push
gobooboboboobooboobooboobobbobooboobooboboboon
gboboboooooooooooooon

oo obobobobob
gbooboooooooooooooooooogn

- 131 -



OO00OWebDODO
uboooobooon
uboooobooon
uboooobogoood
gboooobooobooboooo

OOooo0g WebDOO

HTML O HTTPOOOOOOODOODOOOOOOODOODOHPODOODODOOOD
go0oOo0ooOooooooboooooooboOobooooboOooboOogPOOOODOO
ooooooobooOooooOoo HpOOOO0OOOODOODOOOODOOO

oo0ooOoobooO0oOooOoooOoOoobOoOooooooDoD HTMLOODOOODOOOOOO
ugbobooboobboobooo

WebOODOOOOOOOD pulODOOOOOOODOOMWebOODOOOOOOODOO
ugboboooobod

ugboboo odgood

Web 0000000000 ODOOOOOOODOOOOOODOOODOOOOOODO
OWebOOOOOODOOOOOOODOOOOOODOODOOOOOODOODOOO
ugogboboboooobobooooboboboooobboboooobooboooooboobon
ubbooboobbooboooboobooon

Oo0o0oooboOooooo pulODOOOOOO0ODOODOOOODOOODOODOOO
gboboobood

ugboboo odobod
ugbboobuoobbooboobbooboo
oo0ooOooboOooooobi1b01000bOoOobobogoocecco BCccooooooo
ogooooooMLOOOOOOODOOOOOOODOOODOOOOOODOODOOOO
gboooaoo
gboobgooboboobooboobobooboooobooboobooboobo
ugbbodgboobbooboooboab
Ooo0oOooboOoboooUpushODOOoooOoOoOoDOOOOODOOODOODOOO
gbbodgbogbboobooobooobooobooab

uboobood obooobooboo
ubboobbooboboobbooboobboboobuooboboooboobobooon
ggbobobuoooobboooobboboooobbobooooboobooooobbobog
ggbobobuoooobboooobboboooobbobooooboobooooobbobog
ubbogboobbogboobbooboobobuoaboan
WebOOOOOOOooOOoOooOOoOoOOoOOOOODOOOoDOOOOOoOoDOObOOoOoD
gogbbobuoooobboooobobboooobbobooooboobooooobbbon
gbooooo

- 132 -



ubooono oobooboooon
gbooooobooabog 210000
021 ODoooooooad

0o gooooooon ooooo 0
Web oo Pull 00
oon oo Pull od
o000 oo0 Push oOooooo
oooooog 00 Pull ooooo

000 00000D00O0OO0OO0O00000OD0DOOOO0
0000000000000D0000000DDODOOOO000OoooOon
0000000000000 000000ODOOO0O00
O0oo000ooooooooooooob®
O0D0o0ooooooo
O00000n 0000000000000 000000D0000MO00000mD 03
0000000000 00000000O000000000000000O00mMDOOW 00
00000000000 0000000000000OD0000DO000DODO00DOOO0
odoo0o0ooooooooooooooooo
00d0ooooooobooooooooooooobooooooooooooooa
oodooOWebOOODDODOODOOODDOOODOODDODOODOODODOODOOOODOO
doobooooooooooooooooooooooooooooooooooooa
O000000000000VoiceMallDDOOOOOO CTIPO000OOODODOOO2008
00 BlogOOOO VoiceMall 0000000000000 O0ODOOOOOOOOM"M0O
0000000000000 0000000000DO00 100000000000 Voice
Maill 00000000000 DOOO0O0000OODDOODOOOO0O0OOODODOOOOO0O0
oooooom™
0 Computer Telephone Integration D 0000 0000000000000 OOODOO0O
0000000000000 0000000DDODODOO0O000OooOoO
0000000000000D0D000OSNSO0ODODOOO000ooooDooooooo
00000000000 0000000000000O0O00D0DO000ODO00DOO0O0
00000000000 0000000000000O0O00D0DO000ODO00DOO0O0
00000000000 0000000000000O0O00D0DO000ODO00DOO0O0
odoooooooobooooa

b0 o0oobooboobooboobobobo

gboooooooooooooooooooogoooooobooooboboonDo
oooon

- 133 -



’ PCA— L

BEES ATy UL BHEE
’ 8%, 22 A—
- EVE—S-ERF
CTl
-ﬁ%xx—wb‘—t‘x@ ENERY T
021 000ooooooooao
oooodano

0000000000000 WebOOOOOOOOOOODOODO
000000000000 mo0DooooooooooooooooooDmoon
oooooooog

Oo00ooooooooooog

0 O O CAIO Computer Aided Instruction0 O O 00O OO0O0OO0O0OO0OOO

00000 HPO SNSO Twitter[ facebookD LINE 0O O

0000000000000 o0o0o0Dooo0oooooooooonooooog

0000000000000 000000000000000000000000000

0000000000000 00000000D0000000D000000000000

0000000000000 00000000D0000000D000000000000

gOoooooogopCOOD0ODODODOODOODOODOODOODODODOODODODOn

0000000000000 00000000D0D0000000D00000000000

oooo

0000000000000 00000000000000000000000000
0000000000000 00000000D0D0000000D00000000000
000000000000 0o0ooo0ooooooooooono

0000000000000 00000000000000000000000000
O00oooooooooog

0000000000000 00000000000000000000000000
0000000000000 00000000D000000Doo0oo0oooooog
0000000000000 0000000oDoo0o0o0o0Doooo0o0oooonDn

000000000000 00WebOOODODOODODOOODOOODOOOODOGUIODOO
00000000000 o00ooooooooooono

CAl 0000000000000 0O00D000000Do0o0ooo0oooooooon

0000000000000 00000000D0D000000Do00o0o0ooooog

000000000000 0000000000000000000000MmO00o0g

Oo00oooooooon

00 HPOSNS 0000000000 00D0D00D0ODOO000000D0O000000O0OO0

- 134 -



uoboboboooooboboooooboobobooobobobooooboobobooooooboobooaon
uoboboboooooboboooooboobobooobobobooooboobobooooooboobooaon
uboboobooobobooooooboo
gboooobooboo 220000
022 ODO00bOooboobooooobooo

oo oo ooooo oo

0 oo gboobobooboboobo oooon

0 oon obooboooooooog ooooogoog

0 gooo gbooooooooood oooooooooo
0 gbobobobob gooooooooon ooog

0 CAIOOODO gbooooooooood oooooooon
0 OO HPOSNS gooooooo gooooooon

ugbbgobooboobodooo

O000O0000ONIIOOOO00O0D000DO CiNit Articles0 000000 &O OO
gbooooooobgobge2z000000000 1000000000O00O0DODODO
ugbboobuodgbobooobodbtb r1o0buobbooboobobooboooboo
uobboboogobbotoooobbbuooobbboooobbobooooobboban
uobboboogobbotoooobbbuooobbboooobbobooooobboban
ugbbogobooboboaoo

gbobobbooooboobuoooobbbooooobbboooobobooooboo
gbobobooboobooboboobooboobbobooboobobooboon
gooogo

gbooboobooboobobob
gboooooooooooooooogoooogooooonDo

oo ooooo
gboooooooooooobooboooooobobooboobooobo

goooo 0ooogo

gboooooob o0oooooooo

obooooo0 ooOoooobooooooooooooogn
gbooboobooboooooooooooooboooooooooooobooooooonoo

oboo o0ood
goboobooboboobooboobooboboobooboboboobobooboobo
gboobooboboboboboboboboboboobooobooooooooboobooon
gbooboooooooooooooogn
00002000000000000000Mb000000000000O0O0O00O0O0
0000Me000000000000000000Md000D0ND00D0Dooonoooo
boooobooboooobooboobooobobobobobobobobobo

- 135 -




uabono ooboogn
gobooboooobooboooobobboooooboobooooboooboooooboon
uoboboboooooboboooooboobobooobobobooooboobobooooooboobooaon
uoboboboooooboboooooboobobooobobobooooboobobooooooboobooaon
O0000O0D0O0Knowledge ManagementO KMOO OO OOOOODOOOOOOOOOO

ugboo oOoOod

ubooog ogo

gboooobodbob410b0000bo0booooooonooo
041 ODOO00O0O0

00O 00O ooo ooo
00 00 ooooo
oooooo oooooo
00 Ooooo ooooo
Ooooo0o 000000000000000000
0000000(TA)

gbboobobogboobbooboobboobooobodab 200000000
gobbboodgobbooooobbbooobbboooobbbooooobooboboao
ugbbogobuoobbooboobobod

ugbododo ggboobbod
gboboboooobobuoooobobbooooobbbooooobobooooboo
gbboboobuoobboobuobobboobuobbooboobboobooboo
gbobooboboobuoobooobuoobboobuoobboboboobuoobobooboo
ugbboobuoobbooboobbooboobbuooboobbuooboboooong
gogbobobogooboobuoooobobboooobooboooobobooooboo
uobbboooobboooouobbbuooobbboooobbboooooboboboao
gbboobgdgbboobuodobooobuooboooboobbooboobo
gobooboobobooboobgoobobobooboobooboooboobooboobo
goboboboobooboobobooboobooboboobooboboobooD
gboboooobooooooooboooooon

uboob0 obobobobobobo
gobooboobobooboobgoobobobooboobooboooboobooboobo
gboboooobooooooooooooooooooooooooooooooooon
oooooood
goooooooooooooooooooogoDg
goooooooon
goooooooooooooobooooooboooboobooobo
gbobooboobobobobo

- 136 -



gobooboooobooboooobobboooooboobooooboooboooooboon
uoboboboooooboboooooboobobooobobobooooboobobooooooboobooaon
gboogaoo
ubooooobooobooooboo
gbooobobooboobboobooobobooboooboboon
gboobooooboobooooboobooooooboboboooooboobooooobooon
ubobooobooboobboobooobboobooobobooonod
gbobobooooboobuooooboobobooooobobboooooboboooobooo
ugbboobooboobboobooo
gbbooboboobooboobobobooboooobbooboobobooooboo
uoboboboooobbooooobobobooobbboooobboboooaobooboboao
ubboobooboobboobooobbooboobboood

ubobod ogooboooo
gogboboboooobooboooobobbooooboboooobobooooboon
ubboobuogbbooboobbooboobboobooan
gbboobobooboobboobboooboobobooboobobooboooooboon
uoboboboooobbooooobobobooobbboooobboboooaobooboboao
ubbooobooboobbooboooboobooobooboon
goboboboooobooboooobobbooooboboooobobooooboo
uobobboooobbooooobbbooobbboooobbboooobooboboao
gbboobogbbboobduobbooboobbooobooboboobooboo

gboooaoo
uggbobobuooooboboooobbboooobbobooooboobooooobobooboo
gobbboodgobbooooobbbooobbboooobbbooooobooboboao
gobbboodgobbooooobbbooobbboooobbbooooobooboboao
gobbboodgobbooooobbbooobbboooobbbooooobooboboao
gbboobuodgboobobuoobooobooboooboobobooobg

goon

O O Nonaka, Takeuchill The Knowledge-Creating Company: How Japanese Companies
Create the Dynamics of Innovation Oxford University Press( 1995
0000doooooooooooooooooooooo19%en OO
oo ooonobouoooo
T. L. Friedman THE WORLD IS FLATO Penguin BooksO 2005

0 O Michael Arrington (@arrington) 0 Think Before You Voicemail O 2008 O
http://techcrunch.com/2008/07/05/think-before-you-voicemail/
godooooooooooooooooooooobooonooooooooooooo
O0O00.MPS, 00000000000 O0O0O0O 2014-MPS-101(7) O PP1-60
2014-12-02

- 137 -





