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774 X T s (Fuzzy Systems)
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fuzz (£, #HE)

= 2y IR 0]
RBADIF-SYLENED

4

fuzzy (28 - IRR O FERAL,
HUNELE, [FWPIT)

4

fuzzify (WBEENT) < defuzzify (BREIZT 3)
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y:f(x):ax2+bx+c
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IFx =-12, THEN y = +65
IFx=-10, THEN y =+50
|Fyx=—8 , THEN y = +40
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ERIEALER ATIHI%E (AI) 0110 4EvrJ—FK




FARIAVE 1 —RET?
0110100101111001010========== 011 64wk

2 — 18X 10" FEOHEREETTTEE
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THDRELEDLENERIBDIF-ZTYLE-IFROATYIRS)
BB Bl (KB 36.5°C, EEfEEE 4B EH2B)

BT (v = ax® + bx + ¢)
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AILHBE(ZTXRIN—FRT L)

HLEMICRLHNIE, TENIE/THS.

1000 1001

HLLEMICTFABNIE, ThIZARTHS.
0011 1011

LLBMARNETHIIE, TIITEERTHS.
1011 1111

LLEBMICISAHBNIE, TNEZATHS.
0001 0010

COBYIZITFLHS
0011



AILHBE(ZTXRIN—FRT L)

HLEMICRLHNIE, TENIER/THS.

1000 1001
LLEIRMIZFABNIE, TNIIRBTHS.
0011 1011
LLEIMNARTHNIE, ThIXEEKTHS.
1011 1111
LLEMICISHAHNIE, ThITATHS.
0001 0010
CDEMIZITTFHEHS. NEBTHS.
0011 1011
COBMIARTHS.

1011



AILHBE(ZTXRIN—FRT L)

HLEMICRLHNIE, TENIE/THS.

1000 1001
LLEBMI-F A BN, ThIZHETHS.
0011 1011
LLBMARETHIIE, ZThIZERTHS.
1011 1111
LLEBMISTSABIIE, ThIZATHS.
0001 0010
— OB F BB, AETHS.
0011 1011 — ,
COBMITRETHD. ZBHD. | L LD

1011 1111
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0.4678352890
0.3426745211
0.8438571344
0.6487621003
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IF-THEN /L—J)L

B =BULELMROBBRMSRE (TybLR) Bl 5L
s SEROT—AEFEEDBIE + BOTEH (PN EE)

D@
m@c IFIIIIIII, THENIIIIIIIII
¥ IR
EROESH-
HEIE A —R 1 ] BROIFOH= ENL-EE(BAEE) TERH
BB —R3

% o0 .
HEp7—X 2



F 58D =B

IF-THEN JL—/L

& fnam
IF x 1s large @mall,}ﬁﬂ\lziq medium.
(KELY)
(/vELY)
¢=IRY
(BABLY)
(FBLY)

(JERIZKE=|LY)
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[ UKERE ERISE THS RIMEAT L, FBEOTRNELS. |
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ThEBXCEBELGERETRRRTHILENRN
H&(<7:5] (Lotfi A. Zadeh, 1965)
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(YES) 1.0

0.5T

(NO)

(YES) 1.0

0.5

(NO)

(YES) 1.0

0.5

(NO)

“BOILING TENPERATURE”

S ‘_‘ﬁiﬂiﬂfﬁ"
S
MENBERSHIP <>
FUNCTION Ay
AoN—y TR
— I o
0 20 40 6 8 100 12 1CC)
“EXACTLY 100°C”
u «100°CEw41)”
______________________________________________ .
|
: N
1 5\“
:
|
|
| | | | { |
0 20 40 60 80 100 120 T (°c)
s “60°C~80°C”
____________________________ :
|
| 1 6
: : %
. &
! |
1 1
! |

0 20

40 60 80 100 120



A=y TR

U, (T) “LOW?” Ly (T) “MEDIUM” /uML(T) “MORE OR LESS HIGH”

A A A

1

> T 0 > | > T

0 1 | | | | | | | O
0 20 40 60 80 100 [*C1 0O 20 40 60 80 100 [*I 0 20 40 60 80 100 [°C

1 (T) “HIGH” 1y, (T) “VERY HIGH”  we(T) “NOT HIGH”
1 4 1 “_ IUNH(T):I_IUH(T)

O I | :[OC] O | 1 I I ;rl; 0 l T
0 20 40 60 80 100 0 20 40 60 80 100 [Cl 0 20 40 60 80 100 [°C]
p(T) “OW OR HIGH” “NOT HIGH” (49 LE “LOW”
1 1 [ZZLULNEIXRDARLN.
O | | | > T

0 20 40 60 80 100 L



AoN—y TR (BTN EREE R

w,(T) “LOW” 11, (T) “MEDIUM”
1 1r
0 | | | | | > T O | | | | )
0 20 40 60 80 100 [CI 0 20 40 60 80 100 [CI
#(T) “HIGH” #,(T) “VERY HIGH”
1 1
O | | | | | =T O | | | | | R T
0 20 40 60 80 100 '“) "0 20 40 60 80 100 [
11,,(T) “LOW OR HIGH”
1
O l | | | | > T
0 20 40 60 80 100 '

/uML(T) “MORE OR LESS HIGH”

A

1

T
[°C]

0

0O 20 40 60 80 100
ting (T) “NOT HIGH”
1 IUNH(T):I_IUH(T)

l | | ;T
60 80 100 [*C]

40



A IN— TR DRI LIRED

/u/z\ﬁ (T)

(0 S S |

B L 05

0 . o
0 20 40 60 80 100 Tl
u,, (T) W, (0,00, ,0.1,0.2,-1.0,0.9,-,0,0)
A “MEDIUM
1.0 [
i LG
0.5
0 ...||I||H “hl“l T C]
0O 20 40 60 80 100



FERfESEE ?

RERDER (FEE)
<GUELRAR>

¢ HEMNMETIEEDER (YES or NO)
MEAL M.

CEEENHD(FERITHENTELTE
BLIZHB).

CBEERFERHMEESTHENLD.

0

1

6

Zp(i) 1l

1

> 1
2 3 4 5 6

Y4200 H

D

D

D

T8 BRE. BEICEIBDBULENS
STPORR>
FFEIAEE->TH, EBOEABAHMBALGH
[Z7R 5780,
FEIZKBECANK.
Ao N—=yTBBEESLTHTIC
EeAY{(AY

1(x) J‘ u(x)dx #1

1 _____________
/r%ﬁ%w
0 > X

160 1&0 léO 190 200
B (cm)

BEERRETORR(TXR/IS—FVRTL)
[ZRKZE<EE.




REER

_k#Mm x+y=z=2+5=7
g XX)Y=z=2x5=10

Fhrtt=pesr P, =F,xF =0.5%x0.1=0.05

274 HERE

JrOMEBNM U= VH, =09v0.2=09
sl OR OfER (Max EH:—BXELGRIEZELT D)

IJ7o4REE U=y ru, =09A0.2=0.2
He4hs AND OfEER (Min BE : —B/NSURELXELT D)
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Fuzzy Inference (Approximate Reasoning)

HEN—A

HUVELVEEED
HWEVVEHIEZE
SCERERFR
(IF-THEN JL—JL)

EEEH, =HE JPSAHRTIOCY > HRRER

4

g
OBUETEER > JH4 etc.

> WIERH

QHIETHH

\_
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Fuzzy Inference (Approximate Reasoning)

OBUETRED S, RBZHEET S

AEEDEOIBLNENEIZEREL,
EEICEHEH-E-5BE



Ambiguity of the Measured Value
GAIEEDFOIHLVELVE])

1. Ambiguity Peculiar to the Instrument (Accuracy)

AEFRDFINHLFENSI(FRE)

2. Reading Errors
A PMYRE

3. Personal Errors

AEEHICIHBEANNRE

4. Ambiguity Based on Interpretation of the Measured Value

AET—HEERTIZROBRLEDIHLENE]



Measured Value

i E (E
Blood Pressure
0 > M
130 (mmHg)
(Fuzzification)
(Z7241k)
'
Data Considering 1
Each Ambiguity
HOoWHRERE %

ERLEMET—F

Blood Pressure

130

> mA
(mmHg)

hﬁ_‘iﬁ#‘l;ﬂ 0%

(1 3mmHg)



BERGRELERTERLEOSTUE (FRLEERE)

F: 27047 —KR(TEMmME1GE)

YINRYFIT

T : Soft Matching Degree (Compatibility, Similarity Measure)
VIRRYFUOTDEE (BEE, FEEERIE)



EREEEDEHMTIT

Fg8atant=07547—F ) - \
F: 279047 —F(TBIMEIZE)

F
10—-—--%2
o
O EEE
0<a<l.0
0 . X

T : Soft Matching Degree (Compatibility, Similarity Measure)
VIRRYFUOTDEE (BEE, FEEERIE)



BERRGT—5&E
EAF TSN -BREERDTYFVT

FYBafttantz=o7S47—K L ‘
F:O7949—F (TBMERE)

1.0 -

o_‘ » X

Soft Matching Degree (Compatibility, Similarity Measure)
T=1—-0a
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Linguistic Description of the Relationship between
Proteins and Inflammatory Syndromes

CIF-THEN Rules )

If C3-Complement Fraction is Decreased or Normal,
and Alpha 1 Anti-Trypsine is Decreased or Normal,
and Orosomucoid is /ncreased,
and Haptoglobin is Very Increased,
and C-Reactive Protein is Very Increased,

then the patient is Vasculitis.




Linguistic Description of the Relationship between
Proteins and Inflammatory Syndromes

7074 v EREMAERE (1.S.) OBFEOESE

PROTEINS

C3-

ALPHA 1 C-REACTIVE
COMPLEMENT ¢ INE | OROSOMUCOID | HAPTOGLOBIN
LS. PR e ANTI-TRYPS PROTEIN
NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL
BACTERIAL NORMAL OR VERY
INFECTION | INCREASED INCREASED INCREASED INCREASED | |NCREASED
DECREASED DECREASED VERY VERY
VASCULITIS | orNORMAL | orNoRmAL | INCREASED | \cReasep | INCREASED
SLIGHTLY SLIGHTLY
NEPHROTIC DECREASED DECREASED DECREASED INCREASED INCREASED
SYNDROMES | OR NORMAL OR NORMAL OR NORMAL OR OR
INCREASED INCREASED
I.V. HEMOLYSIS | DECREASED, NORMAL NORMAL VERY
WITH NORMAL OR OR OR DECREASED INCREASED
INFLAMMATION | SLIGHTLY INCREASED INCREASED OR NORMAL

INCREASED




T4 TrplaArI—ATRRENZTOT A > & RESERFORF

T.V.HEMOLYSIS
WITH

|

Y

1.25 1.5 1.2 1.9

0.8 1.4

PROTEINS ] ALPHA 1 OROSO- HAPTO - ER.7Y.
ANTI- MUCOID GLOBIN
[.S5. TRYPSINE
0.1 0.15 8 0.3 150
NORMAL Fan O R TL_, T \
0407 1z16 '0407 12515 0.4 0.6 1.4 18 0.2 0.3 12:19 i
BACTERIAL A
INFECTION / /— /— /_ /—
0.5 0.8 - B B S
A
VASCULITIS \ /_ T /_ T /_
e 4 13 - 22 o : : >
NEPHROTIC J A
SYNDROMES \ /

INFL.AMMATION:

L L

0.40.7 0.4°086




274 HEH

IF C3-Complement Fraction (0.1) is decreased or normal,

Alpha1-Antitrypsine (1.0) is decreased or normal,

Orosomucoid (0.8) is increased,
Haptoqglobin (0.3) is very increased, and

-R ive Protein (0.8) is v incr

THEN Vasculitis
0.9 0.7 0.6 1.0 0.2

=T LEE
0.9 0.7 0.6 1.0 0.2
A A N A A
1 N o— 1 N 1----- -l 1p------ | 117 1
i 5 lg h _,K_ i i 0.2
1017 . 1418 12 22 16 22 20 50~ Vasculitis
C3-Complement Alpha1- Orosomucoid Haptoglobin  C-Reactive Protein DT AETE

Fraction Antitrypsine



x4 Tro 44/9—/\)1/('!3:@“6&7‘.7':17-4/tﬁrﬁﬁﬂiﬁwﬂaﬁc

PROTEINS C3 ALPHA 1 OROSO- HAPTO - C.R.P.
ANTI- MUCOID GLOBIN
1.5. TRYPSINE
0.1 0.15 55 0.3 150
NoRMAL I/\T/\T/\T/\l\
0a07 1z1s 0.4 0.7 1.251.5 0406 1418 0203 1251 : 223 4
BACTERIAL A A ?
INFECTION / /_ /_ /— T
05 08 - R o e ¢ femn 5 3 R gy
') A
VASCULITIS /— /_ /—
g g v g g o e 22 mige
NEPHROTIC | ‘ '
SYNDROMES - R / /
e s A .25 1.5 1.2 1.9 ;. A 0.8 1.6 »
I1.V.EEMOLYSIS
vz . R P T L Lo
INFILAMMATION: o o
P Al 0.4 0.7 3 0.4:06 il . 15 2 >

0.3

0.2

0.1

0.7



ZPHEROL—F—Fv—

Nomal
4
R .
I.&Hettnlc:llfylsm ” ’ '““\ Bacterial
withou amation o Y Infection

1> Vasculitis

I.V.Hemolysis
with Inflamation
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ERDEATHOHZBE

IF C3-Complement Fraction (0.1) is decreased or normal,

Alpha1-Antitrypsine (1.0) is decreased or normal,
Orosomucoid (0.8) is increased,

Haptoglobin (0.3) is very increased, and
C-Reactive Protein (0.8) is very increased,

THEN Vasculitis

0.9 0.7 0.6 1.0 0.2
A A / / /
1' N9 — 1 N 1t ----- -l 1P ------- 1 1P ------ 1
i S ZS 5 _,K_ i J i 0.2
T1.017 T 1418 12 22 16 22 20 50 ~  Vasculitis
C3-Complement Alpha1- Orosomucoid Haptoglobin = C-Reactive Protein DT AETE

Fraction Antitrypsine
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ERDOEASHOLNBE

IF C3-Complement Fraction (1.0) is decreased or normal,

Alpha1-Antitrypsine (1.0) is decreased or normal,
Orosomucoid (1.0) is increased,

Haptoglobin (1.0) is very increased, and
C-Reactive Protein (1.0) is very increased,

THEN Vasculitis

0.9 0.7 0.6 1.0 0.2
A A N A A
1 N 1] N Tp----- / - g -1 I
~CUT e B e e
1.0 1.7 1418 12 22 1.6 2.2 20 50 ~  Vasculitis
C3-Complement Alpha1- Orosomucoid Haptoglobin  C-Reactive Protein DA RETE
Fraction Antitrypsine
0.0 0.7 0.6 1.0 0.2
1 N N 1 N 1 ----- -l 1 ------- 1 1 ------ 1
\ A ﬁ P( / ZR D 00
1 1 | > 1 > 1 >
1.0 1.7 14 1.8 1.2 2.2 1.6 2.2 2.0 5.0
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Fuzzy Inference (Approximate Reasoning)

QEEFH,M o, BIEFHZEHEET S

HVEWNVEERETRESNI-HEIC,
AET—HEBOLADET, LISREHTEREZRD
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774 IF—THENJL—JL(Fuzzy IF-THEN Rules)

I is 4 and Y is Bj,then 2 is C, .

If xisAyand Y is B,, then 2 is C, .

If X is Ayand Y is B3, then Z is C; .

If xis Ajand Y is By, then T is C, .

X isA,and ) isB,, then 7 is C

Soft Matching—> 35 {ul {& 8l B (Similarity Measure)

EE1F# (Fact)
X is Ayand Y is B,

7 is CO?



Air Conditioning

.

Dial
z(-1to 1)
Rule1

O =/\ O
n L
p 7724 IF-THEN JL—)L : $ZEREVICHETRS
L _dAT Rule1: If ATis 71 and y is PL, then z is NL.
YT Rule2: If ATis Il and y is ZR, then z is NM.
, Rule3: If /ITis 'S and y is NS, then z is ZR.
Time Y ’
@ 0 t : :
Fact : ATis +2.5°C and y is -1°C/min
Room Temperature T Conclusion : zis ?7?
Target Temperature T, ‘_1 _________ L PL: Positively Large
Erfor T-T,=AT PM: Positively Medium
PS: Positively Small
ZR: Approximately Zero
| | L NS: Negatively Small
i 5> AT 2 70 2 >V g NM: Negatively Medium
NL: Negatively Large
_____ 1 _ t
Lo AN Y\
| 5> AT 210 2 > 1 7 4 -1 0 1T~
| 4, 0.2
! N Center of Gravity
S A I (Weighted Average)
S5,
| | | 7 = 1=l
* 5 ’AT 2 40 2 _>y 1 S 7 is.

+2.5°C -1°C/min

i=1
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JL—ILt vk (Rule Sets)

Rule NO.1
Rule NO.2

Rule NO.3
Rule NO.4

Rule NO.5

Rule NO.6
Rule NO.7

Rule NO.8
Rule NO.9

If x is about 6 and y is about 6, then z is about 0
If x is about 0 and y is about 6, then z is about 6

If x is about -6 and y is about 6, then z is about 0
If x is about 6 and y is about 0, then z is about 6

If x is about 0 and y is about 0, then z is about 0

If x is about -6 and y is about 0, then z is about -6

If X is about 6 and y is about -6, then z is about 0

If x is about 0 and y is about -6, then z is about -6

If X is about -6 and y is about -6, then z is about 0

rf?




JL—ILt vk (Rule Sets)

Rule NO.1
Rule NO.2

Rule NO.3
Rule NO.4

Rule NO.5

Rule NO.6
Rule NO.7

Rule NO.8
Rule NO.9

Rule NO.10

If x is about 6 and y is about 6, then z is about 0
If x is about 0 and y is about 6, then z is about 6

If x is about -6 and y is about 6, then z is about 0
If x is about 6 and y is about 0, then z is about 6

If x is about 0 and y is about 0, then z is about 0

If x is about -6 and y is about 0, then z is about -6

If X is about 6 and y is about -6, then z is about 0

If x is about 0 and y is about -6, then z is about -6

If X is about -6 and y is about -6, then z is about 0

If X is closed to -3 and y is closed to 0, then z is about 9

JL—ILDEM

3 BTt o OEME
ST RHBEDHEFE
y 0 : s» -", +9 Tb\ ?
. +6
z
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NACLL (/hELY, FCEBLY, KELY, FEFEICKELY)
HiRaE GRLVER)

R E NIZFERIA B Hh

i E RIZZRA LD

O A

BIMED F 5

BOK (ARH)

THEN
=hnkesl
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(B 274 AT LBAR AT (FLSI)
@XMEPrE - BEEXRE

INFATFAHIITPOADRTLEEERKE(BMFSA2010)
< 2010&£1089H (1) ~108B(H)
2 EEXEHKEF



_#:E
— /B

HYMNESITTNELL



	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	知識（ノウハウ）の獲得
	スライド番号 14
	人間エキスパートによる知識の表現
	スライド番号 16
	スライド番号 17
	メンバーシップ関数 
	メンバーシップ関数（折れ線関数） 
	メンバーシップ関数のベクトル表記 
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	スライド番号 30
	スライド番号 31
	スライド番号 32
	スライド番号 33
	スライド番号 34
	スライド番号 35
	スライド番号 36
	スライド番号 37
	スライド番号 38
	スライド番号 39
	ファジィ推論（タイプ１）
	スライド番号 41
	スライド番号 42
	スライド番号 43
	スライド番号 44
	スライド番号 45
	スライド番号 46

