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A syntactical comparison between pair sentential calculus
PSC and Gupta’s definitional calculus C,

Tadao Ishii*

Abstract

In this paper we will compare two logical systems PSC and C,, with a syntactical
point of view. Because both notions of the pair-sentence with stage number in PSC and
Gupta’s sentence-definition with revision stage number in C,, are very similar, and both
can deal with paradoxical sentences like a simple Liar sentence. His system was defined
as a predicate calculus, but here we will introduce the propositional version of C,, for the
comparison, and we had the following results: (1) Co is a sublogic of PSC, or PSC is an
extension of Cy under the two translations tc and tp. Similarly, PSC,, is an extension of
C,. (2) If we extend the systems Cy and C,, by adding three properties: exchangeability,
transitivity and relativity of revision indices, then two logics Cy and PSC (also C,, and
PSC,,) are syntactically equivalent. (3) We can calculate a cycle number of each pair
sentence in PSC, but not in Cy. (4) PSC can deal with multiple pair sentences, but
difficult to deal with such multiple definitions in C,,.

Keywords: SCI, pair-sentence, Liar paradox, Tarski’s biconditional, revision theory.

1 Introduction

In the 1970’s, R. Suszko attempted to formalize an ontology of facts in L. Wittgenstein’s
Tractatus on the basis of Fregean scheme, and called it non-Fregean logic [5, 6]. 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. SCI has the following identity axioms:

(E1) A=A

(E2) (A=B) —» (B=A)

(E3) (A=B)A(B=C)—(A=0)

(Cl) (A=B) —» (-A=-B)

(C2) (A=B)A(C=D)—= (ANC)=(BAD)

(C3) (A=B)A(C=D)— (AvC)=(BV D)

(C4) (A=B)A(C=D)— (A= C)=(B— D)
(C5) (A=B)A(C=D)—» (A=C)=(B=D)
(SI) (A= B) —» (A— B)

Here (E1)-(E3) and (C1)-(C5) show that the identity connective = is an equivalence and
congruence relation, respectively. From (SI) we get A <+ B % A = B in general, which means
SCI is non-Fregean logic because we can consider more than two situations (true and false) in
SCI. Every equation in the logical theorems of SCI is only a trivial (i.e., A = A). So, SCI
is a very weak logical system. But many logical systems can be simulated on Suszko’s theories
of situation. For example, we define « = § <= O(« <> ) in modal logic, then we have the
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correspondences W — S4 and Wy — S5, where W and Wy are some elementary extensions
of SCI. Also we define o = <= (a < ) in 3-valued Lukasiewicz logic where < is a Lg
equivalence, then we have the correspondence SCI — Ls.

Here we consider to deal with a simple Liar sentence : “This sentence is not true” in SCI.
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 can not deal with a Liar
sentence in the normal SCI. In order to overcome the matter, we introduced a referential
relation of pair-sentence similar to identity =, i.e., (A%, —A') : a situation of A at a stage 0
is referential to the situation of —A at a stage 1 [2, 3]. And we proposed a pair sentential
calculus, PSC in short, which was obtained from the classical sentential calculus by adding a
new pair-sentence constructor ((_)¢,(.)7), where i, j are some stage numbers.

As another approach to overcome the matter, A. Gupta and his colleagues studied the truth
concept and paradox in the 1980’s, and published a book, the title of which is “The Revision
Theory of Truth” as the results so far obtained. In the book, Gupta proposed the theory of
definitions which is the proper framework for the construction of a theory of truth [1]. At first
as an analytical tool for the truth concept, Gupta based on Tarski’s biconditionals for L in
L’ such that X is true in L <= p in L/, where X is replaced by the standard name of a
sentence of L and p is replaced by the translation in L’ of the sentence. The language L for
which the definition is constructed is called the object language, and the language L’ in which
the definition is given is called the metalanguage. For example, let’s consider a simple Liar
sentence:

(This sentence) “This sentence is not true”.

Then at first we have the following identity.

(1) This sentence = “This sentence is not true”,

and by the Tarski’s biconditionals for this sentence, we get

(2) “This sentence is not true” is true <= This sentence is not true.

By substitutivity of (1) to (2), we get

(3) This sentence is true <= This sentence is not true,

which immediately yields a contradiction. So, the Liar paradox appears to show that the
fundamental intuition is incoherent. In general, a central problem in the theory of truth is to
resolve the paradox without damaging the fundamental intuition in any essential way.

Gupta viewed Tarski’s biconditionals such that “A” is true <= A as procedures for deter-
mining whether a sentence A is true or not, and divided into two derivations:

A _ "A” is true
A" is trae (T — Intro) " (T — Elim)

where T-Intro and T-Elim mean T-Introduction and T-Elimination, respectively.

Similarly, the definition of a sentence A such that A =4 D4, which may include a self-
referential form, can be viewed as procedures for determining whether a sentence is A, and
divided into two derivations: M

Da .

Moreover, the sequence generated by each derivation was called a revision sequence for a
sentence A and a revision stage number i was introduced to show the process of revision. The
modified versions of (Df-Intro) and (Df-Elim) are as follows: for any integer number 4,

( i

Da A" (Df - Elim)

A;-}-l DAz—l
where A is the definiendum and D4 is the definienda of A. Gupta proposed the definitional
calculus based on the natural deduction system and called C,,. The definitional calculus C,,
consists of classical inference rules, two definition rules (Df-Intro) and (Df-Elim), and moreover
the following two kinds of index shift rules: for any integer number 7, j,

A A
45 09) i (182)  (GneN)

where an occurrence of A* in a derivation indicates the relative position of the step in a revision

(Df — Intro)




process. A must not contain any defined symbols in (IS), but may contain these in (IS,).

In this paper we will compare two logical systems PSC and C,, with a syntactical point
of view. Because both notions of the pair-sentence with stage number in PSC and Gupta’s
sentence-definition with revision stage number in C,, are very similar, and both can deal with
paradoxical sentences like a simple Liar sentence.

2 PSC Logic

Let Lp =< FORp,—,A,V,—,((1)",(.)7), T, L > be a language of the sentential calculus with
pair-sentence constructor to construct a pair sentence formula (A%, BY) which means “A at a
stage i is referential to B at stage j”, where ¢ and j are referential stage numbers that A and
B hold, respectively. Then the formulas FORp of a language Lp are generated in the usual
way from an infinite set VARp 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 ((_)*,(_)7), where i, j are some
stage numbers. So, we have:
(1) VARp = U,y VAR', where VAR' = {p', ¢',r",.. .}
(2) VARp C FORp
(3) VA B, C7 € FORp = — A", A" A Bi, A"V B, A" — B' (A",C7) ¢ FORp

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, —, ((1)*, (-)7) in order. Throughout this
paper the letters p, g, r, p°, p'... are used to denote any variables; the letters A, B, C, ...
denote formulas of a PSC language Lp; the letters X, Y denote sets of formulas.

We will introduce several terminologies with the pair-sentence as follows:
(1) If A is a subformula of B, then we say that the pair-sentence (A%, B7) is a circular referential
relation. Otherwise, is a non-circular referential relation. 4
(2) For a circular referential relation (A%, B7) such that the referential recursive pattern A’ B}

BTt Bit? . Bg+(n_1) .-~ holds, the total referential stage number n of B} being recursively

returned to itself Béﬂn*l) is called a referential cycle number of B relative to a circular referen-
tial relation (A%, B7), and 7(B) = n in symbol. Otherwise, for a non-circular referential relation
(A%, BY), the referential stage numbers i, j are ineffective, so we will eliminate each referential
stage number like (A, B), and 7(B) = 0.
(3) For any circular referential relation (A%, BY), if 7(B) = 1 then we say that B is categorical.
Otherwise, if 7(B) > 2 then we say that B is paradozical.

We define the referential stage numbering of composed formulas as the following: Vi,j € N,

(1) (CA) = A0

(2) (A/\B) — A'ANB’

(3) (AV B)! < A'v B!

(4) (A= B) <= A' =D’

(5) (4,B)' = (A", BY)

(6) (A') = A
The ax10matlc system PSC for the language Lp is defined by the following way: Vi, j, k € N,
1 — (B* — A%
2 — (B" = C") = ((A* = B') = (A" = ("))
3 A B! — A
4

— (B! = (A"ABY))
— AtV B!
— A'v B
(A" - C") = (B = C%) — (A" V B' — (%))
~ AP (A’ — BY)
)AZ _|AZ

(A’

Al

Al A B — B
Al

B

e > > > >
= © 00 9o ot

) A
)
)
)
) A
)
)
) (
)
0



(E1) (A%, A7) where i = j if A is related to others as a circular referential relation
(E2) (A", B7) — (B, A") A

(E3) (A7, BJ‘) (B, C’“) — (A}, CM)

(C1) (A%, B7) — ((—A)", (-B))

(C2) (A’,BJ_) A(CH DY) — ((AANC) (B A D))
(C3) (A", B/) AN (C*, DY) — ((AVC)l (BV D))
(C4) (A", B/) A (C", D7) — ((A )’,( — D))
(C5) (A%, B7) A (C*, D7) — ((4, ),(B, D)7)
(P1) (A}, BY) — (A" — BY)

(P2) (A}, BY) A (B C)J — (A}, CY)

(P3) (A", B) A (A« C) — (C%, BY)

(P4) (A%, BY) — (A", Bi*") where In > 0

(Mp) A A= B

Here the axioms of (A1)—(A10) with modus ponens(Mp) as a single rule (and of course not
exist any pair sentence, so we can eliminate any upper index) will give an axiomatic system
C'L for the classical sentential logic, and if we will restrict the pair-sentence formula (A%, B7) to
a non-circular referential relation, i.e, (A, B), then PSC is collapsed into an extension Wg of
SCI system because if we regard (A, B) as A = B, then any axioms of SCI can be drived from
PSC and also we must demand to have two additional axioms (A= B)A (B + C) — (A=C)
and (A=B)A (A< C)— (C=DB) in SCI. Also we call a system which is obtained from
PSC by adding an axiom (P5) (A%, A**") where 3n > 0, PSC,,.

Definition 2.1 (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: _

(1) (A%, AY) is derivable from X in PSC, we write Xtpsc(AY, A2) iff there is a sequence of
formulas By, Ba, ..., Bn(n > 0) such that every formula in the sequence By, Ba, . .., By, (A%, Aj)
is either a theorem of PSC, or belongs to X, oris obtained by (Mp) rule from formulas occurring
before it in the sequence, where if X = (), we write Fpsc (A}, A3), and we say that (A}, AY) is a
theorem of PSC.

(2) A is derivable from X in PSC, we write XFpscA iff there is a sequence of formulas
Bi1,Bs..., B, such that BY,BY ..., Bo%pscA®. If X =0, we write FpscA, and we say that A
is a theorem of PSC.

For example, let’s consider a simple Liar sentence: “ This sentence is not true”. If we define A
“This sentence is true”. Then a simple Liar sentence is expressed by a pair sentence formula

o~

0 =A%), and we can prove that (A%, —=A)Fpgc(AY, A?) as follows:
1 [(A% —AY)] [Hypothesis|
2 (A9, ~A1) - (~A0, ~~AY) (C1)
3 (_'AO7_'_‘A1) (1, 2 and (Mp)]
4 (A < A [Tautology of CL]
5 (A% =AY A (m—A  A)L — (A0 AY) [(P2)]
6 (mA° AY) [3, 4, 5 and (Mp)]
7 (=A% AY) — (RAL, A?) [(P4)]
8 (—AL, A?%) [6, 7 and (Mp)]
0 (A7, %A1 A (=AY, A7)+ (A0, A7) (E3)]
10 (A1, A?) [1, 8,9 and (Mp)]

So, we know that 7(A) = 2 relative to a circular referential relation (A% —A') and A i

paradoxical. Also we can prove that (A%, —Al)Fpgc, L as follows:

1 [(A% —AY)] [Hypothesis|
2 [A9 [Hyothesis]
3 Al [(P1):A% A (A0, =AY) — =AY
4 [-A?] [Hypothesis]
5 Al [4 and (P1):mA2 A (A%, —AY) — A1)



6 (L)' [3 and 5]
T (L) [(E1):(L1, 12) and (P1)]
8 A? [4 and 7]
9 —A3 8, (P4) and (P1):A% A (A%, —AY) — —A43]
10 —A° [(P5):—A3 — —AY)
11 ~A° [2 and 10]
12 A! [11, (C1) and (P1):=A° A (=AY, A%) — AY)
13 —A2 [12 and (P1):A' A (A9, =A') — A2]
14 —A3 [11 and (P5):=A°% — —A3]
15 A? [14, (P4) and (P1):=A3 A (A%, —A) — A?]
16 (L)2 [13 and 15]
17 (L)° [15, (E1):(L2, 1°) and (P1)]

Similarly, we have the following results:
(1) {(S°, =81), (P°, S1)}psc(SY,82) and (P, P?). So, both of S and P are paradoxical and
T(S) =7(P) =2.
(2) {(S%,=PY), (PY, SY)}psc(SY,5), (PO, P*) and ((S A P)°, (S A P)*). So, all of S, P and
S A P are paradoxical and 7(S) = 7(P) = 4.
(3) {(S% =PY), (PY, =S psc(S°,5%), (P°, P?) and ((SA—-P)° (SA-P)). So, both of S
and P are paradoxical and S A =P is categorical.
(4) {(S°~PY), (P, ~A4"), (4%, S} psc(S A P A AV (S A P A AP,
(SAPA=A)Y (SAPA-A)?), (SA-PA-A), (SA-P A=A,
(RSAPAA), (ﬁS APAAR), (FSA-PAAC (=SA-PAA3,
(=S A=PA ﬂA) (=S A-P A=A, (SA=PAAY (SA-PA A and
(=S APA-A)°, (ﬁS AP A=A,
(5) {(S°, ~PY), (P%, ~AL), (A%, ~S1)}psc((S A P A ~AY, (S A P A —A)),
(SA=PANAL (SA-PAAC), (SA-PA-A)D, (SA-PA-A)S),
(RSAPAA), (ﬁS APAAS), (RFSAPA-A)P (=SAPA-AY),
(=S A=PA A) (ﬁS A=PAAS), (-SA=PAAP (-SA-PAA)?) and
(=S A=PA ﬂA) (=S AP A-A)?).
Next, we consider a set of circular referential relations: {(A°,(BV (C A —-A))Y), (B, BY),

(O, C’l)} Then we can prove that
(1) {(A° (B V (C A=A))'), (B, BY), (C% CH)}rpsc((B V (C A=A))°, (BV (CA=A))?) and
(2) {(A° (B V (C A=A))Y), (BO,Bl)}FpSCB — A as follows:
o
1 [(A° (B V (CA=A))Y) [Hypothesis]
2 [(BO BY)] [Hypothesis]
3[(C° ) [Hypothesis]
4 (=A% ~(BV (C A=A [1 and (C1)]

where (B V (C A —=A))! <+ (=B A (=C Vv A))*
5 (COCYHA (=AY (=B A (=CV A))) = (C A=A (CA-BA(=CV A [(C2)]
6 ((C A=A (CA-BA(=CV A [3,4,5 and (Mp)]
7 (B, BYA((CA—=A)° (CA-BA((-CV A

= ((BV(CA=A)° (BV(CA=BA((=CVA))? [(C3)]

where BV (CA-BA(-CV A))«< BV (CANA)
8 (BV(CA=A)° (BV(CAA)) 2, 6, 7 and (Mp)]
9 ((BV(CAA))(BV(CA-A)) [similar to above]
)%)

10 (BV (CAA)Y(BV(CA—-A)?) [(P4)]
L((BV(CA=A)?(BV(ICANANYA(BV(CANA)L(BV(CA-A))?)

= ((BV(CA=A)° (BV(CA-A4))?) [(E3)]

12 (BV (C A=A))°, (BV (C A—A))?) 8,10,11 and (Mp)]

So, BV (C AN—A) is paradoxical and 7(B V (C' A —A)) = 2 relative to circular referential re-
lations {(A%, (B V (C A—A))1), (B BY), (C°,Ch)}.



(2):

1 [(A° (B V (CA=A)Y) [Hypothesis|
2 [(B°, BY)) [Hypothesis|
3 [BY [Hypothesis]
4 (B, B') - (B — B') [(P1)]
5 B" — B! [2,4 and (Mp)]
6 B! [3,5 and (Mp)]
7 B! = (BV(CA-A))? [(A6)]
8 (BV (C A-A))! [6,7 and (Mp)]
9 (A%, (BV (€ A—A)Y) = (B (€ A=A))!, A7) (E2)
10 ((BV (C A=A))L, A9 [1,9 and (Mp)]
11 ((BV(CA=A)L A% — (BV(CA—-A) — A%) [(P1)]
12 (BV (C A-A)L — A° [10,11 and (Mp)]
13 A° [8, 12 and (Mp)]
14 (B — A)° [3, 13 and DT]

3 Cn Logic

At first we consider the following definition: (1) A =4 BV (C' A —~A). Here A is the definiendum
and D4 (A) = BV (C A —A) is the definienda of A. And in this case, D 4(A) has the definiendum
A itself as a subformula. So, we say that the definienda D4(A) is a self-referential form.
Assume that (2) =B A C and (3) A hold. By (1), (3) and (Df-Elim), we get BV (C A —A).
And the conjunction of the result and (2) yields (-=BAC)A (BV (C A—=A)) < —A. So, we
have A — —A. Similarly, if we assume B A C' and — A, then we have ~A — A. Hence we have
A + —A under the assumption of (2). To deal with such a circular definition, Gupat proposed
the definitional calculus based on the natural deduction system and called C,. His system
was defined as a predicate calculus, but here we will introduce the propositional version of C,,,
because of doing the comparison between PSC and C,, in the later section.

Let Lo =< FOR¢c,—,A\,V,—,=qf,=, 1,1 > be a language of the definitional calculus,
where =4 is a definition constructor like A =4 D4 such that A is the definiendum and D4 is
the definienda of A, and = is an identity connective and we need this connective when replac-
ing the identity formulas in the definienda. Then the formulas FORc of a language Lo are
generated in the usual way from an infinite set VAR of sentential variables and constants T,
1 by the standard truth functional connectives = (negation), A (conjunction), V (disjunction)
and — (material implication) as well as = (identity) and =4 (definitional constructor).

(1) VARc = U,y VAR, where VAR' = {p, ¢',7%,...}
(2) VARc C FOR:
(3) VA", B',D';' € FORc = —~A!, A" AB',A* v B',| A" —» B',A' = B', A' =4 D'y' € FORc

We will introduce several terminologies with the definition as follows:

(1) For any definition A =g Da(A), if the definienda of A includes the definiendum A itself,
then we say that the definition is a circular definition. Otherwise, is a non-circular definition.
So, any definition that has a self-referential form is a circular definition.

(2) For a set D of several circular definitions of A, the sequence of A generated by applying two
derivation rules (Df-Intro) and (Df-Elim) to D was called a revision sequence for A. A revision
stage number 3 of A’ shows the current position for the process of revision.

(3) For any circular definition A =g D(A), if the truth value of A converges in some con-
stants(true or false), then we say that A is categorical. Otherwise, is paradozical, and whose
truth value oscillates in the revision sequence.



A natural deduction system C,, for the language L¢ is defined in the following way: Vi, j € Z,

(k)
[A7]
A (A B) *
A A2 B im) — B Itro) (k)
B (A— B)
AN B)! AN B) Y
g (AElim1) g (AElim?2) A B (Alntro)
A® B’ (AN B)*
k) (k)
(A" [B]
AVB)Y ¢ (i i i
AVB) (VELim) (k) A" (VIntrol) B (VIntre2)
C (AvV B) (AV B)
(k)
[A°]
~A (Blim) L' (CIntro) (k)
A (—A4)
L (LElim) AT A (LIntro)
At 1t
A=DB)" Du(A)
( ) iA( ) (= Elim) ———— (= Intro)
Dp(B) (A=4)
Al=y Dyt A : A=y DYy Dy’
Dot (Df — Elim) i (Df — Intro)
Al Al
yri (IS) JiEn (IS,) (BneN)
and also the identity connective = is an equivalence relation, so we assume the following rules:
(A= B)" (A=B) (B=0C)
——— (= Sym) , (= Tran)
(B=A) (A=C)

An occurrence of A? in a derivation indicates the relative position of the step in a revision
process. A must not contain any defined symbols in (IS), but may contain these in (IS,). So,
if D4 has not any defined symbols, i.e., A has a non-circular definition, then the indices are
dispensable in all contexts by (IS) rule. For example,

(1) [Az] [Hypothesis]
(2) D! [(1) and (Df-Elim)]
(3) Dy [(2) and (IS)]
(4) A7 [(3) and (Df-Intro)]

Thus, because the indices do not work with non-circular definitions, they can be eliminated.

Here the inference rules of —, A, Vv, =, 1 will give the classical natural deduction system IN K,
and if we will restrict an only non-circular definition, then each definition A =g D4 is collapsed
into the logical equivalence A <» D4 in C,,. Also we call a system C,, except for (IS,) rule
Cy. Thus we have Cy = NK + (Df — Elim) 4 (Df — Intro) + (= Elim) + (= Intro) + (IS) and
C, =Cy+ (ISy).



Definition 3.1 (Derivability) Let D be a set of definition in a language Lo, A a formula
and Cp(or Cy) a system in Lco. Then we say that:

(1) A is derivable from D in Cy, we write Di-coA iff a derivation of A° can be constructed in
Cy from D. If D = (), we write FcoA, and we say that A is a theorem of Cy relative to D.
(2) AJ is derivable in C, on the basis of D from a set X of indexed formulas, we write
XFcn A7 iff there is a derivation of A7 in C,, on the basis of D from some indexed formu-
las Bi*, B, ..., Bi™ that belong to X.

(3) A is derivable in C,, on the basis of D from a set X of indexed formulas, we write Xtc, A
iff there are formulas By, B, ..., By, € X such that BY, B, ... BOlFcn,A°. If X = 0, we write
Fcnd, and we say that A is a theorem of C,, relative to D.

Proposition 3.2 Let D = {A =4 Da,B =g D} be circular definitions of A and B, then we
can prove the following as drived rules:

(1) ﬁAH_ll—(mﬁqu (ﬁDf-Elzm)
(2) =DiyFcp—ATT! (—~Df-Intro)
(3) (A%B)iJrcho(DA%DB)i where % € {/\7 V, =, :}

(4) (DA%DgB)co(A%B) Y where % € {A,V,—,=}

(5) (DA <~ EA)i — Ai+1|—COEf4

(6) (A« C)F! = CHlo DYy

Proof. (1) and (2):

9 0
(H ?f;i’ﬁfis) Lﬁj_‘} (DI — Intro) (H y[fiogfe]s“) [’; L (Dt - Blim)
, (LIntro) A A (LIntro)
JJ'H K
=) L5 a9
D, (—Intro) (k) TSy (—Intro) (k)
(3):(i) (AA B)*'-co(Da A Dp)*
(H ypothetiif) (H ypotheff])
[(AAB)™] . (AN B) :
T /\(Eh.ml) -_— /\(Eh.m2)
— (Df — Elim) (Df — Elim)
A
(DanDn) (Alntro)
(if) (AV B)"*'co(Da V Dp)’
0 @1
( | 4 Z. ] (Df — Elim) B i } (Df — Elim)
Hypothesis A B ntr
[(AV B)*1]  (DaV Dp) (DaV Dp)’ (Vv(fmf;f ()k)

(DA \Y DB)i

(118€ )(A — B)*lco(Da — Dg) and (iv) (A = B)it'Feo(Da = D)

[D4] _ ot (Hypothesis)
et OE )y gy
o (— Elim) )
B- (Df — Elim) (Hypotheng) — (= Intro)
D5, o) (k) (A=5)" Bs=Dp) (g,
(DA—>DB)i (DA:DB)i N



(4): we can prove the similar way to (3).

(5) and (6):
(Hypothesis)
Hypothesi Hypothesi is) [(C A
! (pf — Blim) 22AC 2T gy (€T C=> AT, Blim)
Dy (Da — E4)’ . Aitl .
. (— Elim) — (Df — Elim)
E Dy

O
For example, let Dy = {A =4 BV (C A—A)} be a circular definition of A. Then we can
prove that DiFcgB — A as follows:

1 [BY] [Hypothesis]
2 B! [1 and (IS)]
3B lv(CA-A)"L [2 and (VIntrol)]
4 (BV(CA-A))T? [syntactical equivalence]
5 A° [4 and (Df-Intro)]
6 BY — A° [1,5 and (—Intro)]
7(B— A)° [syntactical equivalence]

Next let Dy = {A =4 —A} be a circular definition of A. Then we can prove that Dolc3.L as
follows:

(@) (k)

—-A° A
[ 1 ] (Df — Intro) —1 (Df — Elim)
4 n -4 (LIntro)
3 (19)
— (—Intro)(k)
—£— (Df — Intro)
l A3
h b (159 | |
[-A"] A L (Intro) (drived : see leftside)
0
~ ~(Tntro) (1) ~o A (18y)
— — (Df — Intro) _‘_‘3 (—Elim)
~A (D - Intro) A (Df - Elim)
A —-A 1T
IE (LIntro)
To IS)

Moreover, we can prove Daolc,, ., L, but Dy /¢, L for ¥m € N such that m > 1.

4 Some syntactic comparisons between PSC and Cn

At first we will introduce a general method of showing syntactical equivalence between various
logics owing to mainly K. Segerberg’s book [4]. For two logics which are formulated in very
different object languages, we can intuitively say that these logics are the same or at least
equivalent if they are equally strong, or they come to the same thing. We can also say this fact
if the languages in which they are formulated are intertranslatable, namely if what can be also
expressed in one language can be expressed in other one. And moreover, whenever a formula
in one logic is valid, then its counterpart in the other is also valid. We will define the above
notion of equivalent of logics more precisely in the following.

Suppose that Ly and Lg are two logics in the language £; and Lo such that Ly = (£4,C4) and
L2 = (£2,C3) where C; and Cs are structural consequence operators, i.e., Ci(X) = {A4| Xt A}
(i=1,2) on £1 and Lo, and the sets of formulas of which are L; and Lo, respectively. Fur-
thermore assume that the languages £; and Lo have equivalence connectives <»; and <o,



respectively. Then we define syntactically equivalent of two logics Ly and Lo as follows.

Definition 4.1 (i) L1 and Lo are syntactically equivalent with respect to ¢t; and to if and only
if t1 : L1 = Lo and ty : Lo — Ly are functions such that the following conditions are satisfied:
(1) for all « € Ly, (t2(t1(a)) 431 @) € Ly,
(2) fOT’ all A € LQ, (tl(tQ(A)) 9 A) € Lz,
(3) for alla € Ly, a € Ly iff t1(a) € La,
(4) for all A € Ly, A € Ly iff t2(A) € L.
(i) L1 and Lo are called syntactically equivalent if there exist functions t; and to with respect
to which they are syntactically equivalent.

The definition of the above syntactic equivalence can be understood intuitively as follows.
Two functions t; and 9 are to be understood as translations of one language into the other.
Conditions (1) and (2) are to denote a way of checking that two translations do their jobs
that at least they are inverse operations of one another. Conditions (3) and (4) are meant to
guarantee that both translations preserve logical relationships.

We can use the word ’extension’ as refer to either languages or logics. Suppose that
£y = (VAR;,BOP;, AdOP{,RNK;) and L5 = (VAR3, BOP3, AdOP5, RNKs) are languages, where
VAR; and VAR, are denumerably infinite variables, BOP; and BOP; Boolean operators,
AdOP; and AdOP;, additional non-Boolean operators, and RNK; and RNK, ranks, respec-
tively. Then we have the following definitions.

Definition 4.2 (i) £ is a sublanguage of Lo or Lo is an extension of L1 if the following
conditions are satisfied:
(1) VAR; C VAR,,
(2) BOP; C BOPs,
(3) AdOP; C AdOPs,
(4) RNK; and RNKy agree on BOP; U AdOP;.
(i) If L1 = (£1,C1) and La = (L2, C3) are logics on L1 and Lo respectively, and in addition
to (1)-(4), also
(5) C1 C Cy,
then we say that Ly is a sublogic of Lg or that Ls is an extension of Ly .
(#ii) Furthermore, an extension Lo of Ly is conservative over Ly if
(6) Ly = La N (p(L1) x p(L1)).
(iv) An extension La of Ly is definitional over Ly if it is satisfied in addition to (1)-(6), also
(7) VAR; = VAR,.

Theorem 4.3 If Ly and L2 are logics such that Lg is a conservative definitional extension of
Ly, then Ly and Lo are syntactically equivalent.

Next, we will consider translations between PSC and Cy. We already introduced a language
of Gupta’s definitional calculus and its natural deduction system Cy in Section 3, so at first we
will define two translations t¢ and tp between Cy-language Lo and PSC-language Lp in order
to investigate whether two logics Cy and PSC are syntactically equivalent or not with respect
to these maps in the sense of Definition 4.1.

Definition 4.4 The mapping tc : FORc — FORp, called a C -translation, is defined induc-
tively as follows:

(1) tc(p) ==p, p€ VARc,

(2) to((me)') == —te(ah), _
(3) te((a A B)') := tc(a’) Ntc(B),
(4) te((aV B)') :=tc(a®) Vtc(B),
(5) tC((Of — B)") = tc(a’) = tc(BY),
(6) tc((a = B)') := (tc(a’), tc(8Y)),
(7) te(a' =g B7) == (tc(a?), tc(B7)).

- 10 -



Definition 4.5 The mapping tp : FORp — FORc, called a PSC-translation, is defined in-
ductively as follows:

(‘Z) tP( ) _pv pE VARP;

(2) tp((~A)") := —tp(A7), '
(3) tp((ANB)) = tp(Af) /\tp(Bz_),
(4) te((AV B)') := tp(A") Vtp(B'),
(5) tp((A — B)Y) :=tp(A?) — tp(BY),
(6) tp(A" — BJ) =tp(AY) — tp(BY),
(7) te((A, B)') :=tp(A") = tp(B’),
(8) tP((AZ BY)) = tp(A") =4 tp(B).

For two maps tc and tp we can prove the following two propositions.
Proposition 4.6 For any formula ¢ in FORc, ¢ € Cq implies tc(p) € PSC.

Proof. By induction on the length of derivation in Cy.

(i) Base step: We have to check the provability of an axiom ¢ := (o’ =a’) and a defini-
tion ¢ := (o' =4 B%) of Cy in PSC after a tc-translation. In the first case, we have
ta(p) == te(a? = at) = (tc(a?), tc(at)) = (A?, AY) € PSC by (E1). In the second case,

te(p) = to(a™™ =4 BY) = (tc(a’),tc(8Y)) = (A", BY) € PSC by a pair sentence hypoth-
esis.

(ii) Induction step: We have to check the admissibility of every inference rules for {—, A, V, -,
1,=,Df, IS} in PSC after a tc-translation. But the inference rules for Boolean connectives
are a routine work and so we omitted. Here we only show the cases of {=, D f, IS}.

(1) (= Elim): Assume that (o = ) and goa( ). Then we have tc((« 6) ) = (te(ad), tc(ﬁ’))
— (A, B) and to(¢h (@) = to(gh)(te(a)) = Di (A7), By (CLI~(C5), (A7, B) = (A, B’

= (A= B)' is a congruence relation, so we get tC(Lpa(ﬁ)) =tc(¢l)(tc(8Y)) = DY (B") from
DY (AY). (2) (Df — Elim): Assume that o’ =4 ¢4 ! and a’. Then we have tc(a’ =4 ¢i!) =
(to(a®), ta(pi7) = (AH, DY) and to(a?) = A’. Here we have the following derivation:

Hypo (P1)
i myi—1 i el i i—1
[AY] At — D!
pit (Mp)

(3) (Df — Intro): Assume that o't =4 ¢}, and ¢,. Then we have tc(a’*! =4 ¢l,) =
(to(a ™), ta(ph)) = (AL, DY) and to(¢f) = DYy. Here we have the following derivation:

Hypo (E2)
(A1) (A D) > (Dy A ey
Hypo (D), A7) (Diy A = (Df = A7)
D) D}y A7
A (Mp)
(4) (IS): Assume that a’. Then we have tc(a’) = A’. Here we have the following derivation:
Hypo (P1)
Al A Al A Al — AT
Hypo (A", A7)] ( E )_>( — A7) (Mp)
[AY] At — A N
e (Mp)

Corollary 4.7 For any formula ¢ in FOR¢, ¢ € C,, implies tc(p) € PSC,,.

Proof. (5) (IS,): Assume that a’. Then we have tc(a’) = A®. Here we have the following
derivation:
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(P5) (P1)
Hypo (Ai,Aii”) (Ai’Aiin) N (Ai N Aiin)
[Ai] Ai N Aiin
e (Mp)

(Mp)

O
Proposition 4.8 For any formula A in FORp, A € PSC generally does not imply tp(A) € Cy.

Proof. We will investigate what is the matter to hold that A € PSC implies tp(A) € Cy by
induction on the length of derivation in PSC.
(i) Base step: We have to check the provability of every axioms of PSC in Cy after a tp-
translation. But the classical axioms (A1)—(A10) are a trivial, so we omitted. Here we only
check the cases of (E1)—(E3), (C1)—(C5) and (P1)—(P4).
(E1): tp((AY, AY) = (tp(A?) = tp(AY)) = (o' = a') € Cq by (= ntro) Next, tp((A%, A7) =
(i (A7) =y tp(AT)) = (0 g 07) € Cy for i # j by (=15). (E2): tp((A%, BY) — (B, A%)) =
(AL B)) (B2, A) = (100) =y () = (1) =uy (A1) = (0 =y ) >
(5 =y o) # Co. (E9): ({41, B9) A\ (,C) (45, C1) =t (41 B7) (8, CF))
tp (A, CH)) = (0 =g B9) A (B =g 1) — (o =45 7*) & Co. (C1): tp((Al, BY) = (- A, ~B9))
= (tp(A") =g tp(B)) = (tp(mA") =g tp(=B7)) = (o' =q4r f7) — (-’ =4 =) € Co by Propo-
sition 3.2 (1) and (2). (C2)—(C5): let % be a logical connective of {A, V,—} or identity =. Then
we have tp((Ai Bj) (CZ Dj) ((A%C) (B%D)J)) = (o/ =df ﬂj) AN (’yi =df (W) —
(a%7)" =45 (B%6)’ € Cy by Proposition 3.2 (3) and (4). (P1): tp((A*, B?) — (A" — B7)) =
(o =4 B7) = (o = p7) € Cg by (Df — Elim). (P2): tp((A%, BY) A (B < C) — (A*,C7)) =
(@' =4t BI)YN (B 7)) — (o' =4¢ 77) € Cp by Proposition 3.2 (5). (P3): tp((A?, BY) A (A« C)?
— (C',BY)) = (a' =4 B7) A (> 7)" = (7" =ar #7) € Co by Proposition 3.2 (6).
(PA): tp((A7, BI) — (A7, BiEn)) 2 (af =gy §7) — (@i*7 —y §757) ¢ C.
(ii) Induction step: We have to check the admissibility of (Mp) in Cy after a tp-translation.
(Mp): Assume that A%, (A — B)? are provable in PSC. Then by LH. tp(A4%),tp((A — B)?),
i.e., a’,a’ — B? hold in Cy. So, we have the derivation of tp(B%) = 8% in Cy by (— Elim).
O

So, from the above results, the following conditions must be satisfied in Cy in order to hold
that A € PSC implies tp(A) € Cq:
(1) (o' =g p7) = (7 =g o)
(2) (a =ap B7) A (B =a5 7*) = (@’ =a5 7*)
(3) (o' =45 B7) = ('*" =4 BI*")  (3n>0)

Here (1) means the exchangeability of indices between A*™! and D%. (2) means the transi-
tivity of indices both A™! and DY. (3) means the relativity of indices both A'™! and D,.

If we extend the systems Cy and C,, by adding the above conditions (1)—(3) for a definition
constructor =g and call the result systems C{, and C;,, then we have the following corollary.

Corollary 4.9 For any formula A in FORp,
(1) A € PSC implies tp(A) € Cj,.
(2) A € PSC,, implies tp(A) € C/,.

Proof. Trivial from the above discussion.
Therefore we can prove the following two theorems.

Theorem 4.10 (1) For any formula ¢ in FORc, tp(tc(p)) <> ¢ € Cj.
(2) For any formula A in FORp, tc(tp(A)) < A € PSC .

Proof. Both cases are almost trivial and will be omitted. O

Theorem 4.11 (1) For any formula ¢ in FORc, ¢ € C if and only if tc(¢) € PSC.
(2) For any formula A in FORp, A € PSC if and only if tp(A) € Cj.
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Proof. By using Proposition 4.6, 4.7 and Theorem 4.10. O

Corollary 4.12 (1) For any formula ¢ in FORc, ¢ € C., if and only if tc(p) € PSC,,.
(2) For any formula A in FORp, A € PSC,, if and only if tp(A) € C/,.

Hence we may conclude that two logics Cj and PSC (, and also similary C/, and PSC,,) are
syntactically equivalent by Definition 4.1, Theorem 4.10 and Theorem 4.11.

5 Conclusion

In this paper we have compared two logical systems PSC and C,, with a syntactical point of
view, and we had the following results:

(1) For any formula ¢ in FOR¢, ¢ € Cq implies tc(¢) € PSC, but the converse direction,
i.e., for any formula A in FORp, A € PSC implies tp(A) € Cy, generally does not hold under
the two translations tc : FORc — FORp and tp : FORp — FORc. So, we say that Cy
is a sublogic of PSC, or PSC is an extension of Cy by Definition 4.2. Similary, PSC,, is an
extension of C,,.

(2) If we extend the systems Cy and C, by adding the following conditions (i)—(iii) for a
definition constructor =g and call the result systems C{ and C/;:

(i) (o =aqr B7) = (B =qp ') . (exchangeability of indices)
(i) (al‘:df 63) A (B =df ) - (' =g ) (transitivity of indices)
(iil) (@ =g B7) = (a'F" =4 BIE")  (In > 0) (relativity of indices)

Then, the converse direction also holds, i.e., for any formula A in FORp, A € PSC implies
tp(A) € Cf, and also A € PSC,, implies tp(A) € C/,. As the result, two logics C{, and PSC (,
and also similary C] and PSC,) are syntactically equivalent by Definition 4.1, Theorem 4.10
and Theorem 4.11.

Next, we will consider the differences between PSC and Cy. At first, the pair-sentence
constructor ((_)*,(_)7), where i,j are some stage numbers, has an equivalence relation:(E1)—
(E3) and a relativity of indices:(P4), so we can calculate a referential cycle number of each
pair sentence in PSC, but not in Cy. Secondly, PSC can deal with multiple pair sentences,
ie., {(S% —P1), (PY —AL), (A% S1)}, but it is difficult to deal with such multiple definitions
{S =df —|P,P =df —|A,A =df A} in Co or Cn.
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Abstract

This research shows that Thai bakeries seem to have lesser product quality than Japanese bakeries and
that Flour and Controlled Temperature might be critical factors influencing the quality difference between
the two countries. Our objective was to identify the critical elements that make Japanese bakeries more
successful, considering that Flour and Controlled Temperature are the “Basic Kitchen Principles” used by
professional bakers. We conducted a questionnaire and interviewed 20 Japanese bakeries in Niigata city.
We recorded the type of flour and monitored the temperatures (i.e.: temperature loggers in 5 professional
premises) that are used by professional bakers, and identified significant positive correlations between flour
and techniques. Consequently, the results validated that the influence of temperature in the premises and in
particular the choice of a quality flour can significantly affect the quality of bakery products. As an
outcome of this research, we have provided a flour and temperature guideline that can be used as
inspiration for producing quality bakeries.

Introduction

In Thailand these days, there is increased consumption of bakery products due to changes in people’s
lifestyles. A number of new bakeries have been opened [1], and many tasteful Thai style bakeries have
created new products for instance coconut custard filled buns, and flossed pork buns. These bakeries are
not operated solely by Thai people but are joint ventures between Thai and foreign companies either from
Europe or other Asian countries like Japan and Hong Kong [1].

Thai people tend to buy baked products from those franchises as a result of local bakeries producing
lower quality products in terms of texture and suppleness and as a further result have a lower market share
to that of franchised bakeries [1]

On the other hand in Japan, bakeries are run solely by local bakers, which are well known in terms of
quality, and creativity. Plenty of popular new products were first created from local bakers for example
Melonpan, Currypan, and Anpan. Moreover in Japan, a good deal of European style bakeries can also be
found without much effort and operated by local Japanese.

We were interested in Thai and Japanese bakeries due to the perception that Thai bakeries product
quality is viewed as lower than that of Japanese bakeries. We wanted to know the connection between
production quality and the overall look and taste that can lead to a successful bakery business. In order to
understand the reason, we created questionnaire and conducted interviews, in-store observations, and
collected real-time temperature readings by using temperature loggers.

Previous studies that we have examined featured the relationship between production and quality, such
as the protein content in flour and the temperature control in bakeries, which can lead to a successful
business. According to Aamodt [3] Flours of strong protein quality produced hearth loaves with larger loaf
volume, larger bread slice area, and higher form ratio (height/width) than flours of weak protein quality. In
Dowell [4] For loaf volume models, grain or flour protein content was the most important parameter
included. In his book, "The Taste of Bread"[4], Prof. Raymond Calvel points out that average mixing
temperatures vary between 24 degrees Celsius and 25 degrees Celsius.

This study is the first to conduct field research from top bakeries in Niigata city by observing their
working processes in the kitchen, the atmosphere, equipment and followed up with a questionnaire for
revealing their tips on running a successful bakery business.

Added to this by using the 4 P’s of marketing companies can improve their chance of success and
realize their goals for example profitability, raising sales volume, market share, return on investment etc.
(Table 1)[2].

R R (FHS AT LFH)
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Table 1 The 4 P’s of marketing

Product Price Promotion Place

Design Retail Strategies Special offers
Technology Wholesale Skimming Endorsements
Usefulness Internet Penetration Advertising
Value Direct sales Psychological ~ User trials
Convenience Peer to peer Cost-plus Direct mailing
Quality Multi channel ~ Loss leader Leaflets/posters
Packaging Free gifts
Branding Competitions
Warranties Joint ventures

The general objectives of this paper are;

1. To find the key factors that result in local Japanese bakeries having a better quality products than that of
local Thai bakeries

2. To guideline how a successful local Japanese bakeries are run in order for local Thai bakers to follow.

Previous observations of the Thai-kitchen environment are that it is poorly managed. In particular,
there is no regard given for an optimum kitchen temperature. As a result the overall quality of the baking
process is unsatisfactory, turning away current and potential customers from Thai bakeries to Japanese style
bakeries and franchises.

Based on earlier observations and reports, we have formulated the following hypothesis:
If bakery products are of good quality it may lead to a successful business. And to achieve this
“flour and controlled temperature” are the science. If correct it should provide the incentive for
Thai bakers to follow.

Central to the context of this research has been our keen interest in the relationship of quality and the
overall look and taste that can lead to a successful business. And on what factors make these delightful to
customers. Therefore the question we put forward was, do Japanese bakers pay particular attention on
ingredient selection, production and a controlled temperature in and around the kitchen to maintain and
improve products quality?

Methods of study
(1) Questionnaire and interviews

We handed out twenty questionnaires to twenty top quality bakeries in Niigata city, which scored over
3.4 out of 5.0 on the popular food rating website Tabelog.com. We sent the questionnaires enclosed with a
pre-paid return-address envelope. The questions asked covered quality control, production technology and
ingredients. We then asked for a sixty-minute interview in order to research deeper into their questionnaire
answers. The questions were written both in English and Japanese. From the twenty bakeries we received
ten replies and of them, five out of the ten accepted our sixty-minute interview request.

The questionnaire was designed to enable us to understand how Japanese bakeries have become
successful and what they think are the factors that make for quality bakeries. Also how do they create new
products, maintain a high quality standard and their production technology. The participant bakeries were
asked to answer several questions including;

How is flour selected?
How do you create new products?
What makes quality products?

The five bakeries included two specializing in bread-based products, two cake shops, and one

traditional local Niigata city confectionary maker. The interviews were conducted in Japanese and took
about sixty minutes.
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(ii) In store Observation

We observed four top quality bakeries in Niigata city, spending on average seven days per bakery for a
total of thirty days. The four were a Japanese and European style bakery, a European style patisserie, and a
French style café-restaurant. And in Uonuma city, one day at a small local family owned sweet potato
confectionary maker. Finally we spent one further day in Ojiya city at a local rice flour confectioner. The
purpose of our observation was to see bakers working in real-time. In particular how they streamline their
working processes in the kitchen, use their equipment to produce bakery products, and their ingredients’
inventory management system in comparison to a Thai bakery.

(iii) Temperature Logger

We had temperature loggers put in five bakeries, four in Japanese bakeries in Japan and one in a Thai
bakery in Thailand, for twenty-four hours over six days. This was in order to record and collect the real-
time kitchen temperature data, and then compare the temperature results from both countries.

Responses from the questionnaire and interviews

The questionnaire was sent to twenty top quality bakeries nationwide in Japan. We received ten
questionnaires in response from the bakeries and of those five agreed to interviews, which we conducted.
From the ten questionnaires, we summarized the data into a percentage and placed the data into graphs as
shown below.

From the questionnaire Question 6: Asked how new products are developed? Eighty percentages said
they create new products based on seasonal ingredients. Another said they use as much fruit and as many
vegetables as possible. And another said, they produce special products for people with allergies (Figure 1).

Question 7: How is flour selected? Eighty percentages said they buy according to the sales-
representative’s advice and experimenting with product samples. Ten percentages said they buy only
“Made in Japan” products and the remaining look at protein and ash content (Figure 2).

Question 8: What makes quality products? Out of all responses, eighty percentages said techniques,
play a more important role compared to good technology (Figure 3).

100
80 . Season_al
60 Ingredients
40 - - & Fruits and
20 . - Vegetables
| -
0 Allergy-free
How new products are
developed?
Figure 1 How new products are developed?
100
80 & Samples
60 Made i
i Made in Japan
40 Jap
20 .
0 — Protein and
Ashes
How is flour selected?

Figure 2 How is flour selected?
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Figure 3 What makes quality products?

In the interviews we asked the same questions. Four out of the five interviewees said they are constantly
learning new ideas by making study trips to overseas bakeries. Further two out of five interviewees said
good flour is really important; therefore you need good advice from a sales-representative. This is due to a
good sale-representative being able to recommend the right protein and ash content in flour, as required.
One particular interesting answer was that Japanese style bread does not require as high a quality oven as
for baking European style bread. The most important point is to focus on the overall temperature of the
kitchen when baking because this affects the quality of the products. (See Appendix)

In store Observation results

The field research was an on-sight observation of how professional kitchens works. The period of
observation covered thirty days and two methods of study. In that time we observed different styles of
kitchen organization (Table 2).

Table 2 The differences in kitchens of Japanese Bakeries and a Thai Bakery

Countries Japan Thailand
Bakeries/ Shop A B C D F
types Japanese European European French café Bakery
Bakery Bakery Cake shop and
Restaurant
Air-conditioned v v v v Open air
kitchen
Working island v v v v Kitchen tables
with fridges
underneath
Automatic electric v v v v Gas oven
oven
Dough kneading v v v v v
machine
Dough proofer v v v v Room
temperature

rise
Dough sheet v v v n/a n/a
maker
Dough roller v v n/a n/a n/a
machine
Semi-automatic n/a v n/a n/a n/a
dough divider
Freezer room v v v v n/a
Refrigerated room v v v v Refrigerator

- 83 -



From our observation, every kitchen had air-conditioning, which could keep the kitchens’ temperature
to around 25 degrees Celsius. Moreover one of the reasons of maintaining the bakeries quality is that they
use a dough proofer, which has around 28 degrees Celsius with the humidity between seventy-five
percentages and eighty percentages to control the dough’s rising [6]. Furthermore and significantly we saw
that every kitchen had a good quality refrigerated system to keep their ingredients fresh.

However a controlled-temperature and quality flour selection seemed to be disregarded at the local
producers in Uonuma and Ojiya city. Since there was no use of the available air-conditioning, and little
concern regarding ingredients like flour, we could clearly see are resulting lack of kitchen organization and
production consistency.

Temperature logger results

The temperature loggers recorded kitchen temperatures at 1440 points through each day for one minute
per point (Figure 4.). The graph Japan (Jpn) Bakery 1 and Jpn Bakery 2 show rather constant temperatures
at around 20 degrees Celsius to 25 degrees Celsius. Jpn Bakery 3 shows a temperature lower than 25
degrees Celsius from around midnight until before 6 A.M. because there is no activity in the kitchen.
Between 6 A.M. and 6 P.M. the temperature plateaus at around 29 degrees Celsius. On the other hand the
temperature in Jpn Bakery 4 peaks, fluctuates and peaks again at around 27 degrees Celsius and 30 degree
Celsius between 6 A.M. and 6 P.M. Lastly, temperature in Thai kitchen seems to be the highest 28 degrees
Celsius to 31degrees Celcuis.
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e=====]pn Bakery 1 =====]pn Bakery 2 Jpn Bakery 3 =====]pn Bakery 4 Thai Bakery

Figure 4 Collected temperature in 4 Japanese bakeries and 1 Thai bakery

Flour market in Thailand and Japan

Flour is a key ingredient for making quality products. The flour type and protein content is a key
specification for wheat and flour purchasers since it is related to many processing properties, such as water
absorption and gluten strength. Protein content can also be related to finished product attributes, such as
texture and appearance. Ash is a mineral content that remains in the flour after milling can affect color,
imparting a darker color to finished products [7].

Flour that is being sold and used by Thai bakeries does not give does not give any detailed information
about protein and ash content. It states only purposes for use, such as bread flour, cake flour, and all-
purpose flour (Figure 5). Moreover, since wheat production in Thailand is insignificant due to climate
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conditions, and other reasons, Thailand has to import wheat from the U.S. and Australia. The wheat and

then milled and re-packaged by Thai companies [8].
However though flour that is being sold in Japan is like Thailand imported as wheat from the U.S.,

Australia, and also Canada [9], details on protein and ash content are given (Figure 6).
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Figure 6 Flour catalogue from a Japanese sale-representative

Conclusions and Discussion

The primary conclusion of this paper is that “flour quality and the controlled temperature” are crucial
to operating a successful bakery business. And in order to produce superior quality products that evoke
great feelings and provide an exceptional experience for customers, professional bakers should use “Basic

Kitchen Principles”.

From the questionnaire and interview results, we have learned that Japanese bakeries select good
quality flour according to advice received from the sales-representative, which is an unfamiliar practice in
Thailand. Japanese bakeries also consider ash and protein content before purchasing flour. Moreover
Japanese bakeries consider techniques over technology, know-how on baking temperature and the right
flour to use, which leads to a quality product. Finally new products are introduced every season based on

seasonal fruits (Table 3) to boost sales.
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Table 3 Samples of Seasonal Fruits in Japan

Months Fruits

January Strawberries, Citrus fruits, Apples, Mikan

February Strawberries, Citrus fruits, Apples, Mikan

March Strawberries, Citrus fruits, Apples

April Strawberries, Citrus fruits, Apples, Loquat

May Loquat, Cherries, Melons, Watermelons

June Loquat, Cherries, Melons, Watermelons, Apricots, Plums

July Cherries, Melons, Watermelons, Apricots, Plums, Peaches, Grapes

August Melons, Watermelons, Plums, Peaches, Grapes, Figs, Japanese Pears

September Melons, Plums, Peaches, Grapes, Figs, Japanese Pears, Chestnuts,
Persimmons, Pears, Apples

October Grapes, Figs, Japanese Pears, Chestnuts, Persimmons, Pears, Apples, Mikan

November Chestnuts, Persimmons, Pears, Apples, Mikan

December Persimmons, Pears, Apples, Mikan

*Source: Production, Marketing and Consumption Statistics Division, Ministry of Agriculture, Forestry and
Fisheries[10]
The semantic list that forms the bakery kitchen’s framework for superior baked products has been
created from this research (Table 4) (Table 5). For example, data collected from professional kitchens by
observation and questionnaire. From this data collected, in the context of professional kitchens, bakers
produce higher quality products and are far more productive if they use the “Basic Kitchen Principles” in
their kitchens. Therefore, the following findings and suggestions will be of interest to bakers, and
researchers.

Guidelines and Recommendations for Thai Bakeries

The following guidelines are based on the findings of this study. The results strongly suggest that:

The ideal temperature for a professional bakery kitchen should be around 20 degrees Celsuis to 25
degrees Celsius, which affect dough quality and other ingredients like butter. A dough proofer should be
used to raise dough in a controlled temperature and humidity environment (Table 4).

Moreover the flour protein content guide makes a significant impact on the final quality of products, as
protein is an indicator of a products’ suppleness. It’s necessary for bread to look for flour with a high
protein content, around 13%-14%. For cake making and other products that do not require as much
suppleness, protein content should be around 8 %. Lastly for pastries, which have more fat need a little
higher protein than cakes in order to be able to hold the fat (Table 5).

Table 4 Ideal temperatures in kitchens

Conditions Temperature (°C)
Kitchen Around 20°C to 25°C
Dough rising temperature Around 26°C to 29°C

Humidity around 60% to 80%

Table 5 Flour guide for making quality bakeries
Flour Guide

Protein content (%) Ash content (%) Purposes
8.5+0.05 048 +0.02 Pastries
8.0 + 0.05 0.38 +0.02 Cakes
13%-14% + 0.02 0.53 +0.02 Breads
. Bakers should find inspiration from the work and methods used by successful professional bakers in
order to embed the Basic Kitchen Principles established in this paper in their baking techniques.
i Using the Basic Kitchen Principles should significantly improve the bakeries quality and working

conditions.
According to our research, we believe that Japanese bakeries quality compared to those of Thailand is
primarily a matter of kitchen organization, a focus on quality, and a good work atmosphere.
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Perspectives
Although Thailand imports various amount of its wheat from the same sources as Japan, the difference in
flour quality is accounted for due to Thailand’s lack of flour research and study.
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Appendix
Questionnaire and Interview Questions 2015/8/ 3

L. BIEICIAD BNIENEZHZ T IEI W,

BIEEHIEL LD LIRD-Z o0 (BHE) IMTTLEN?

Please tell a suggestion you have made that was implemented in your shop?
(The reasons that you’ve decided to open this shop.)

2ATERIE 2 SN TWETN?

How long you’ve been in this business?

3.EDX DB LOVREMICI Y A TWES 2
What is your challenge? The challenge to bake new style of breads/ if customers are going to like your
products/ they’re so many bread shops have been opened, how do you think you can compete with them?)

3L LWAZANDNR U EREE BT 2720 ORBMILED LI R bONRH Y 52
Is it challenging to the shop to bake new style of breads?

3-2. BEEN O RO EHFEICRDTEHDICEDL I RE 2 L THETMN?

How do you deal with customers’ comments on your products?

3B3.RIUDANUVBEBESARHIELTCHETR, HRZOBEIZEDIIICHESL TCWVITELEEZT
WET/N?

How do you think you can compete with the newly opened shops?

4. HIRTDBIE DRI A TET N2
What is your strength?

4-1. 728, HRT-OBIEOFENFEW & BWETN?
Why do you think your breads are good?

42 728, V=X OBEFENLZ WV E B NEFT N2

Why customers come back to your shop?

4-3. |k b ABOH 26T TT 2?2
What are your best products?

5.5727-DBIEDOIHEIXZATT N

What is your weakness?

51 b0 L BIEXRLTHDICTELZ L FAZEBNETN?
What do you think you can do better?

5260 LEMEOMEME O DTOEGTO (BHLEIO L LTWD) Hifidd £3 00?2

Is there any technique that you’re mastering to make better quality?

5-3 FHARCHBESIZED ISR TE D EBNETNn?

How do you deal with those weakness or problems?

5-4 BIEORESCEMIZOWVWTRUVBOKEEHKL TWVETN?

Do you consult among your baker friends?
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6.EDXITHBEMDT AT 7T 2BEZAHLTOETN?

How do you come up with new products?

6-1. EO X I L THPEMEZERICEVH L TR T

How do you create your new products?

6-2. A BERIHE SN R2NVGEE EDO L DI L ET 02 ftaFkELEdrThi b
R BRAEIEL 902

What if customers don’t like the new products, what will you do? Stop selling or adapt the tastes?

T NEHZEED L HITBEBIRL TWET?

How do you select good flour?

T- 1.2 DM OJFTE 22 ED X HITEIRL TWEF 2

How do you select good ingredients?

BRWHRIL ZIED 7o, ED X5 O R AEPELAM 2 L TWET 2

What kind of technology in food producing are you using? (to make good products)

9. K7 v — FORIBNERZ EMEICHEMMT 5720 1 BEUNDOA v o —EICHHET 3
e
LW Ttxb 2 AITE RN 3.5
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A Study on Management Accounting Information processed by Accounting Software
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A dynamic span model and associated control strategy for roll-transport
systems used for sheet materials (Part II)

Kenji Shirai' Yoshinori Amano?

Abstract
In this study, we propose a mathematical model that simulates the tension occurring at stands
between rolls in a roll-transport system, and then we propose a method to estimate tension. The
model is a lumped parameter system described by an ordinary differential equation (ODE). The
ODE is derived on the basis of the tension of the stages between drive rolls on the stands. To build
a realistic system, we utilized an estimation theory, which is the Kalman filter theory in a control
theory. As a result, the proposed system is highly feasible.

Keyword: lumped parameter system, ordinary differential equation, tension, kalman filter,
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, 3]. 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 speed of v. However,
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, 3], 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[4]. 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[9]. 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
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.

!Information and Culture Faculty
2Kyohnan Elecs co.,LTD
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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(5, 6].
We then applied appropriate parameters in a tandem mill control system to resolve the material
tension problem that occurs when dealing with substrate films[10, 11, 12, 13, 14]. Moreover, using
the model, we were able to study another control problem; we applied a boundary control function
to study optimal speed tracking[16, 17].

In this study, applying the tension model of rolling processes, we propose a mathematical
model of the tension generated during each stage. The model is a lumped parameter system
described by an ordinary differential equation (ODE). The ODE is derived on the basis of the
tension of the stages between drive rolls on stands 1 and 2.

Moreover, we utilized the Kalman filter theory in a control theory to estimate the tension
between drive rolls[18]. Finally, we developed a numerical simulation to verify our mathematical
model and estimation method.

2 Lumped kinetic model on drive rolls between stage

The kinetic model of stage between stands shows in Fig.3. Here, (i — 1), i and (i + 1) represent a
stand each. A drive roll is installed on these stands and are driven by an electric motor M, M, and
Mj each. Itis called as “ Stage 1~ between (i — 1) and (i) and is called as “ Stage 2~ between
(i) and (i + 1). The it’s distance of stages between stand are L; and L, respectively. A tension C;
and C; occur on the stage 1 and stage 2 respectively. Moreover, A processing unit 1 is installed
between (i — 1) and (). Similarly, a processing unit 2 is installed between (i) and (i + 1)[1, 2, 3].

Assumption 2.1 Assumption Tension is caused by alterations of the substrate due to chemical or
physical changes as the substrate passes through processing unit 1, a component of the transport
equipment. For example, tension is caused by applying a coating to the substrate with a solvent
or by drying the coating.

Assumption 2.2 Assumption  Tension is caused by a slip or a change in the Young ’ s modulus
after passing through the drive roll, considering the above assumption 2.1.

Assumption 2.3 Assumption Tension is caused by differences in the speeds of the rolls, consider-
ing the above assumptions 2.2.

Assumption 2.4 Assumption The tension at each stage can be controlled during a separate stage.

These assumptions 2.1-2.4 can be applied because this is similar to the differences between the
forward and backward speeds of the substrates installed in each stand of the rolling process[4, 3,
6, 10].
When you apply the tension model of rolling process, the tension generated model of stage 1
is
dc, (t )
dt

L1 :El(Vbi—Vf;,l) (21)

where Cj is a generated tension, the unit is [kg - f/mm?].
Stage 2 is the same as stage 1. The model equation is

dcy (l‘)

L
1dt

=Ey(vp, , — V) 2.2)
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Driving roll
Fig. 1: Processing unit 1 of a drive roll Fig. 2: Processing unit 2 of a drive roll
(i—1) (i) (i+1) Vi1, Tension C1 Vi
C
: © a 1 Q
N I gl I gl Vbi\_ [P/ Vfi-1 Vb Vi
C C ) C 3 ( ) G
L1
M1 M;
(i-1) Stage 1 (i)
L1 L2

v

Fig. 3: Conceptual model diagram between the Fig. 4: Tension outbreak model for stage between
stand rolls
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Table. 1: Physical meaning of each symbol

E Young’s modulus of stage 1
vp,, | Inlet side substrate speed of (i — 1) stand
v, | Outlet side substrate speed of (i — 1) stand

Vb, Inlet side substrate speed of (i) stand
Vi Outlet side substrate speed of (i) stand
Viei Drive roll speed of (i — 1) stand

Vi Drive roll speed of (i) stand

where C; is a generated tension, the unit is [kg - f/ mm?][5, 6].
At this time, a degree of influence that (i — 1) stand gives to an outlet stand, puts F;_; ().

Fi(t) = Uff";(‘t) 23)

where U;_ is a circumferential speed of roll at the (i — 1) stand.
In the same manner, an impact received from the Inlet stand (i) is

Bit) = — 2.4)

where Uj(1) is a circumferential speed of roll at the (i) stand.
Therefore, in the same manner, F;(z) and B;;(t) are

N Vi
Bisa(1) = Uzi:(lt) 2.6)

where, using Eqs.(2.3) — (2.6), these items are able to be deformed as

vi (1) = Fio1-U(r) 2.7)
vi, (1) = B; - Ui(t ) (2.8)
v (t) = F-Ui(t) (2.9)
Vit (1) = Biy1 - Ui (2) (2.10)

Next, with respect to F;(¢), we put the value of no tension at the time as F’. Then, by applying a
rolling process model described as above at the time of tension,

F(t)=F(1+K}-Ci+K;-C,) Q.11)

where K l} and KJ% are parameters called as a backward rate and a forward rate respectively[10, 12,
11].
Specifically, the forward rate and the backward rate at the (i) stand respectively are

Definition 2.1 Definition

Vi Ky,
Kf = —, Kb
Vi Vi

2.12)
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Eqn.(2.12) represents the material speed ratio from the forward and backward against the target
drive roll speed[14].
In the same manner, B;(t) is

Bii1(t) =B} (14K, -C,+K}-C3) (2.13)

where K} - C3 the forward rate and a tension at backward stage (i + 1), which we are not assumed
in this model.

Definition 2.2 Definition FP and BY

i+1
FO V?t BO Vbi+l (2 14)
1 9 i+1 .
Uio UlgH
Then, if a no tension occurs,
Vi =V, (2.15)
From Eqn.(2.14), an equilibrium condition is
FiO . Ul.0 — B?+1 'UBA (2.16)
Eqn.(2.16) is called as a no tension equilibrium conditions[13].
With respect to a circumferential speed of drive roll at stand (i),
AU;
Ui(r) = U,.°<1 + U.Ol) 2.17)
where, AU;/U? is a speed variation rate of the drive roll itself.
Therefore, from the above described equations, Eqn.(2.1) is
dC (l) E;| E;
= L ) = LB Ui~ Fa (1) Ui () (2.18)
_ E{B,-(t) 1+ s )—Fa) U2, (1+ 0 )} 2.19)
Then, Substitute Eqn.(2.19) to Egs.(2.11) and (2.13).
dC(t) El{ 0 0 1 2 AU;
= 2B . U1+ KL -+ K2 C (1 —)
dt L 1() l(+ p-C1+ f 2) +U,O
AU; -
~F U (14 KD Go+ K- (14 ]1)} (2.20)
i
where, in accordance with Fi(r), Fi_i(t) is
Fii(t) = F2 (1 +Ky) -Co+Kp-Ci) (2:21)

where, the variable Kg - Cp is not assumed in this model described above.
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Using Eqn.(2.16), Eqn.(2.20) is deformed as

dcl(t) Ei 0 1 ) AU;
b - Eﬂ,l(z).Ui,l{(l +K}-Cr+ K30 (1 +W)

i

AU,
—(1+K£~C0+K}-C1)(1+ U(; 1)}
i—1

- EE91(z).Ui€1{K; CL+K2-Cr—K)-Co—K}-Ci+ <W_ 0 )
i i—1
AU, AU,
+(Ky - +K3-Co) 5 — (KP-Co+K}-C1)—
Ui Uiy
E
~ ﬁﬂ‘ll (t)-U?, {—K,? -Co+ (Ky —K})-C1 +K; -Cz} (2.22)

where, we ignore the each speed variation rate of the drive roll itself in Eqn(2.22). The main
causes of the tension generated are assumed to be the effect of K;, and Ky. A speed variation rate
of the drive roll itself is assumed to be an extremely small value. Therefore, in a similar manner,
the tension generated model of stage 2 is

dCy(1) E
;t( ) o LfFP(r) : UP{—K; .Ci+ (K} —K2)-C+ K} -03} (2.23)

Then, with respect to Eqs.(2.22) and (2.23),

E E
ay = flﬁgl(t) U, a = fzﬁo(t) Uy (2.24)
1 2
Eqs.(2.22) and (2.23) are respectively
dCy(t
;t( ) 4 (<KD -Co+ (K} —K})-Ci 1 K2-C) (225)
dCy(t
;t( ) o ar(=K, -Ci + (K; —K})-C2+ K} - C3) (2.26)
Moreover, we ignore an effects of Cy and Cs.
dCy(t
dlt( ) :al{(Kg_K}).CﬁK]%.cz)} (2.27)
dCy(t
;t( ) o az{—K; -C1 + (K; — K?) .cz} (2.28)

3 The relationship between the electric motor in the peripheral drive
roll and a generated tension

With respect to describe about the relationship between the electric motor in the peripheral drive
roll and a generated tension, we assume the following[8, 14, 19].

Assumption 3.1 Assumption Load torque with tension C

ga = WhRC (3.1)
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Sl.Jbstrate transport \) C /
direction ——

Observation
“Inoise
q Measuremen
t system

Fig. 5: Load torque with tension C

Fig. 6: Stochastic measurement system

Table. 2: Physical meaning of each symbol

Substrate width
Thickness of substrate
Radius of drive roll
Circumferential speed
Tension
Electric motor

QA=<= =
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With respect to Fig.5, the variables are described as Table.3. The circumferential speed v is

27R
y= % (¢ — WhRC)dt (3.2)

where, J indicates a hard to rotate larger[14, 19].
Then, the circumferential speed v, the substrate speed wq and let the forward slip as f[3, 15].

vo= (14 f)v 3.3)

where, the forward slip f changes due to the tension. Though the circumferential speed v is
constant, a variation of f occurs the substrate speed v changing[11, 15].
Then, let a degree of influence as K, _,

af

K, = v()% (3.4
where,
C= %/(V—chc)dt (3.5)
From Eqn.(3.5),
dc(t) E
ke Z/(V—chc) (3.6)

A tension at stage is depend on the circumferential speed v of drive roll[3, 7, 11].
Therefore, the mathematical model of tension at stage are reasonable as Eqs.(2.27) and (2.28).
Here, we simplify Eqn.(2.27).

=a.-C(f) (3.7)

where, a. is a comprehensive parameter.
Then, we proposed the approximation model of distributed parameter system[3]. We describe
the model as

dC,'(l)
dt

:liC,-(t)—i—rl (P,'(O)Vf(l)—rzq)i(L])vb (3.8)
Compare with Eqn.(3.8), when we add a external force f,,(¢) to Eqn.(3.7), we obtain

aC (1)
ot

Eqn.(3.9) is similar to Eqn.(3.8). Please refer to our paper about physical meaning of each variable
in Eqn.(3.8)[3].

=a.-C(t)+bfnl(t) (3.9)

4 Stochastic measurement problem of tension

Fig.6 shows the concept of stochastic measurement system. Applying Assumption 2.4, we repre-
sent a stochastic model of tension generating mechanism as following. Please see Eqgs.(3.8) and
(3.9) for reference.

dC(t) = a, - C(t) + bodWo (1) 4.1
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Moreover, we represent a measurement system as
dé(t) = g-C(t)dt + bydWy(t) 4.2)

where, g = a(Kj;, — Ky).
We apply Kalman Filter Theory to estimate a tension by using Eqs.(4.1) and (4.2). With
respect to a tension, It’s average and volatility are

(e

)
v

EIG|F"] (4.3)
viG|#Y (4.4)

A detailed definition for this system is omitted[18].
Then, A Riccati equation for v(¢) is

v _ Ll 2

=200V~ 5 48} *.5)
where,

v(0)=E [(oo - E[Go]z] =2 4.6)

The explicit solution of Eqs.(4.5) and (4.6) is

—K- exp{( a‘)t}
V= 1 —K-exp{( zbrz}')t} @
where,
Q=g 2 <ab§, F by 1/ a2+ ga%,) 4.8)
K= i - Z; 4.9)

h(t) :a—l%v(z) (4.10)
With respect to u(z), p(t) satisfy
du(t) = hou(r >dr+b7v< )& (1) @11

where, 1t(0) = E[0y]
Applying Ito’s Theorem to Semi martingale {4(¢),7} and the function f(¢,x) = x- exp{ —Js h(u)du},

,u(t)-exp{—/oth(u)du}—[.to:/Ot(—h(s)exp{—/oth(u)du}-u(s)ds
+ /texp /th(u)du bau(s)

- / exp / h(u du 5,;” (5)dE (5) 4.12)
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Therefore, (t) is

1(t) = Uo-exp /h du /exp /h du ($)d&(s) (4.13)

From the definition of stochastic integration, as t — oo,
v(t)~v (4.14)

Substitute Eqn.(4.14) to Eqn.(4.13).

u(t) = uo-CXp{ (ac — g;nv)t}—}—gz

Eqn.(4.15) is deformed.

2

;v-/oteXp{ (ac_gbé\/)(t—s)}dé(u?) (4.15)

m m

Then, let —f8 = a. — bz ,

p() = (o + Y [ ebag () (4.16)
bz Jo
The estimation variable (i (¢) of a tension C(z) is represented by Eqn.(4.16).
Therefore, the estimation variable (i (z) of a tension C(z) is a parameter.
= a(kb — I? f) X —
Ry =ap(1+&)
Ky =as(1+&5)

where, a is a parameter of substrate, K}, is a parameter of backward drive roll and K r 18 a parameter
of forward drive roll.

5 Numerical simulation

Fig.7 shows a solution process of tension C described by Eqn.(4.1). Fig.8 shows a solution process
of Brownian motion Wg(z) in Eqn.(4.1). Fig.9 shows a measurement process &(¢) obtained by
Kalman Filter in Eqn.(4.2). Fig.10 shows an estimation process () obtained by Kalman Filter in
Eqn.(4.15). Table.3 represents each parameter of Fig.7-10 used in the numerical simulation.

Table. 3: Description of Figure 7— 10

Fig.No. Fig.7 Fig.8 Fig.9 Fig.10

Average | a.=0.14 - a.=0.14 a.=0.14

Volatility | b =0.02 - bs =0.02,b,=0.2 | bs =0.2,g=0.1596
6 Results

By treating the roll-transport system as a lumped kinetic model on drive rolls between stages, 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
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considered the tension that occurred at the stands between rolls, and the tension control system was
a lumped parameter model described by the ODE. The ODE was derived from certain equilibrium
conditions that balance the spatial forward deviation at the stands between rolls with the temporal
variation of the tension.

The main problem occurred with slipping in the driving roll that is attached to the sheet trans-
port system, creating slackening (back tension) or heightening of tension (tension). The tension
was quantified on the basis of Young ~ s modulus acting as a macro parameter and on the speed
deviation between separate rolls.

In designing an optimal estimation system, a tension model was required for the peripheral
speed difference of rolls between the drive roll and the variable. We proposed a tension estimation
method using the Kalman filter theory in optimal control theory. We verified that our theory was
reasonable by demonstrating numerical simulation.

References

[1] Kenji Shirai and Yoshinori Amano: Mathematical Analysis of Vapor Diffusion Process for
Impregnated Solvent on Sheet-Type Films-Diffusion Status Model for Designing a Control
System Configuration-; Niigata University of International and Information Studies Bulletin,
2013, No.16, p.117-133

[2] Kenji Shirai and Yoshinori Amano: State Estimation of Impregnated Sheet Substrates in
a Drying Oven Niigata University of International and Information Studies Bulletin, 2014,
No.16, p.117-133

[3] Kenji Shirai and Yoshinori Amano: A dynamic span model and associated control strategy
for roll transport systems for sheet-type materials (Part I) ; Niigata University of International
and Information Studies Bulletin, 2014, No.16, p.117-133

[4] Osamu Takehira: Transport simulation of sheets; Ricoh Technical Report, 1999, No.25

[5] Jun Yanagimoto: Rolling theory(Elementary level) ; Institute of Industrial Science, Univer-
sity of Tokyo, p.3-77

[6] Yanagimoto: Rolling theory(Intermediate level) ; Institute of Industrial Science, University
of Tokyo, p.78-104

[7] Ken Nishida, etc: Film transport and control of speed and tension in the winding; Technical
Information Institute, 2013, p.47-56

[8] Shoichirou Koide: Physics; Shokabo,co, LTD, 2003

[9] Cheng Hui,etc: Development of A Simulation System for Sheet Transport Path, The Japan
Society of Mechanical Engineers, 2006, vol.72, no.722, p.3162-3169,

[10] Hitoshi Kushida, etc: Sizing Mill Rolling Technology for Close-tolerance Wire Rod; Kobe
Steel Ltd. R and D Kobe Steel Technical Report, 2000, vol.50, no.1, p.25-28

[11] Ichirou Hasegawa, etc: A model for estimation of forward slip rate and investigation of
model accuracy; Development of forward slip rate control II(Shaping and Fabrication * In-
strumentation and Control, The 111th ISIJ Meeting), 1986, p.376

[12] Katuya Takada, etc: Tension Control Technology for Wire Rod Rolling; Kobe Steel Ltd. RD
Engineering Report, 2006, vol. 56, no. 3

- 114 -



[13]

[14]

[15]

[16]

[17]

[18]

[19]

kazuya Asano, etc: Stabilization of Tension Control in Reverse Rolling by Using State Feed-
back; JFE Technical report, 2007, no.15, p.12-17

Jun Yanagimoto: The thickness of the tandem mill and Tension control; University of Tokyo
Press, 1999

Takayuki Koizumi, etc: Analysis of A Slip-Phenomenon of Paper Feeding System, The
Japan Society of Mechanical Engineers, Dynamics and Design Conference, 2000, no.00-6

Kenji Shirai and Yoshinori Amano, etc: Mathematical Model of Thermal Reaction Process
for External Heating Equipment in the Manufacture of Semiconductors(Part1); International
Journal of Innovative Computing, Information and Control, 2013, vol.9, no.4, p.1557-1571

Kenji Shirai and Yoshinori Amano, etc: Mathematical Model of Thermal Reaction Process
for External Heating Equipment in the Manufacture of Semiconductors(Part2); International
Journal of Innovative Computing, Information and Control, 2013, vol.9, no.5, p.1889-1898

Kenji Shirai, Yoshinori Amano and Sigeru Omatu: Throughput Analysis for Manufacturing
Process by Using a Kalman Filter Theory under Uncertainty based on Physical Approach;
International Journal of Innovative Computing, Information and Control, Volume 9, Number
11, pp.4431-4445, November, 2013

Japan Society of Mechanical Engineers: Mechanical Engineering Encyclopedia; Maruzen
co.Ltd, 2007

- 115 -





