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A Comparison of Statistical Packages
for Analyzing Clustering Methods
- SAS, SPSS, Stata -

Soon-kwi Kim"
Dept. of Information Statistics, Gangneung-Wonju National University,
Gangneung, 25457, Korea

Abstract: Clustering methods are popular in a variety of fields so that a number
of statistical packages are supplied for analyzing the clustering methods. This
paper briefly introduces the clustering methods, and in addition, their using and
syntax of the three statistical packages(SAS, SPSS and Stata) are investigated

through examples.
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3. dE T TA HINAY BRE

o o= el w3 V)R olES AYsiaL, o] AddM= FA #H7|
Al SAS 94, SPSS 23, Stata 125 TAHOE A5 &
A FANTIA o HEFEE A

1. A= ol @ Al A4 s
2. 27| 1 n=10 observations, 2 variables
3. A 1 o382 (2006), p389
4. A4 A=
W4 018 w4 oln| w42t o]
rrelation AlnlAg 1004 A=
rscore A4 10074 wH

5wl 4 A

rrelation rscore

1 23.00 57.00

2 48.00 93.00

3 57.00 76.00

4 40.00 88.00

5 45.00 82.00

6 42.00 85.00

7 58.00 86.00

8 47.00 74.00

9 32.00 64.00

10 36.00 72.00

ZFste w9 4H A
relation score

1 -1.83698 -1.83434
2 0.48244 1.35582
3 1.31743 -0.15065
4 -0.25977 0.91274
5 0.20411 0.38105
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6 -0.07422 0.64689
7 1.41020 0.73551
8 0.38966 -0.32788
9 -1.00199 -1.21403
10 -0.63088 —-0.50511
3.1 AFH TAHH
ASH P F Ward W AsHE, 2 d7149 9y 1 Aske] Ar
e gk
(1) Stata HZnt Zat
. cluster wardslinkage relation score, measure (L2squared)
cluster name: clus 1
! M relation$} scoreE ©]&ste] THIEAS dtete WRHAH, ATAH LJLH T

o
WS

Ward AHgetebe W ol

. cluster dendrogram clus 1

PRl adS AhEetebe W ol
Dendrogram for _clus_1 cluster analysis
% -

20
1

15

10

L2squared dissimilarity measure

5




(2) SAS gt Zt

Proc cluster data=salestd method=Ward Out=result ;
Var relation score ;

run;

rE
mjo
10
9'|_|
ofm

: M4 relation® score® ©]&3ste] THEAE et WHEHAY, ATH

Ward B & Ab&etebs W EoltH(EZE3td ARE o] &8k

Proc Tree data=result ;

Copy relation score ; Run ;

CREZ RS AbEsiele W ol
The CLUSTER Procedure
Ward's Minimum Variance Cluster Analysis
Eigenvalues of the Covariance Matrix
Eigenvalues Differences Proportion
1 1.67361087 1.834722175 0.8368
2 0.32638913 0.1632

Root—-Mean-Square Total-Sample Standard Deviation

Root—Mean—-Square Distance Between Observations

Cluster History

Number of Clusters Joined Freq Semipartial
Clusters R-Square
9 0OB4 0OB6 2 0.0029

8 CL9 0B5 3 0.0110

7 0B9 0oB10 2 0.0178

6 0B3 OoB7 2 0.0221

5 0B2 CL8 4 0.0325

4 CL6 0B8 3 0.0494

3 0OB1 CL7 3 0.0738

2 CL5 CL4 7 0.1381

1 CL3 CL2 10 0.6526

|
Cumulative
0.8368
1.0000
1
2
R-Square Tie
.997
.986
.968
.946
914
.864
791
.653
.000

A 7|22 H| W
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The TREE Procedure
Ward's Minimum Variance Cluster Analysis
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[GIOIEIMIE1] C:WUser stkshitDesktopitstd10.sav

HOIA He| QP

PIES
fa Zz25 A
N HAE N HAE HAE
10 100.0 0 0 10 100.0
a. Ms g2cICiet Hel A=
b. Ward 9Z¢
Ward o2 g
T3 LFHE
28 =238 HES UELE 289 S

=0 =& 1 =& 2 H == =& 1 =& 2 = S
1 4 6 .053 0 0 2
2 4 5 .250 1 0 5
3 9 10 .b71 0 0 7
4 3 7 .967 0 0 6
5 2 4 1.552 0 2 8
6 3 8 2.441 4 0 8
7 1 9 3.769 0 3 9
8 2 3 6.254 5 6 9
9 1 2 18.000 7 8 0

Ward HZHE AISStBEE 3

WEET Hel =28 =2

13 20
1
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HAISH AW T k-means WS A&, 7 w7IAe WEY 2 239
A= vt 2o

Statistics ——> Multivariate analysis ——> Cluster analysis ——> Cluster data ——>

KmeansE F+2W, th& o] U2t s cluster kmeans’d Aol A

the number of groups(3), L2 or Euclidean

F ™
[-=] cluster kmeans - Kmeans cluster analysis @_lg

Main | ifsin | Options | Advanced|

Variables: (leave empty for all variables)
relation score [=]

34| K {the number of groups)
(Dis)similarity measure

@ Continuous () Binary ) Mixed

EESQUGI’EH ar square! !LIC |!ean o

L1 ar absolute value (4
Lirfinity or maximum value
Li#)

»

=
| momasmed WY

z

Mame this cluster analysis: (leave ermpty for default name)

o 0 E [ OK [ Cancel |[ Submit |
A
= 118 ¥, Options tabs FETL tha oA Adg 3o 3713 & gls =7
A
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8] cluster kmeans - Kmeans cluster analysis El_u

[Main [ iffin | Options | Advanced

Initial group centers

K. unique random observations
_ First K. observations
Last K observations
K. randomn centers chosen from within the range of the data
O Group means from K random paditions of the data
T iGroup means from K paritions formed by grouping every Kth observation
I Group means from K {nearly equal} contiguous paritions of the data
@ Group means from partitions defined by initial grouping variable:

_elus_1 [=]

Exclude the K obsersations

[] Append the K final group means to the data

o 0 E [ OK [ Cancel |[ Submit |

. cluster kmeans relation score, k(3) measure(L2) start(group( clus 1))

cluster name: clus 2

Co7lelME 271Gk R WS cus 1 9 (1, 2, 3)& ol &8k, v daEs deth
1

id relation score clus 1  clus 2

1. | 1 -1.83698 -1.83434 3 3
2.1 2 .48244 1.35582 2 2 |
3.1 3 1.31743 -.15065 1 1]
4. 1 4 -.25977 .91274 2 2 |
5.1 5 .20411 .38105 2 2|
6. | 6 -.07422 .64689 2 2 |
7.0 17 1.4102 .73551 1 1|
8. | 8 .38966 -.32788 1 1|
9. 1 9 -1.00199 -1.21403 3 3
10. | 10 -.63088 -.50511 3 31
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(2) SAS HEu}t Ant
Proc Fastclus data=salestd Maxiter=10 Maxclusters=3 Out=result ;
Var relation score ;

Run ;

Proc Print; Run;

The FASTCLUS Procedure
Replace=FULL Radius=0 Maxclusters=3 Maxiter=10 Converge=0.02

Initial Seeds
Cluster relation score
1 —-1.836976742 —1.834342143
2 -0.259774489 0.912740294
3 1.8317427764 -0.150646456
Minimum Distance Between Initial Seeds = 1.902198

lteration History

Relative Change in Cluster Seeds
Iteration Criterion

1 2 3
1 0.5597 0.2734 0.2150 0.1919
2 0.4738 0 0 0

Convergence criterion is satisfied.

Criterion Based on Final Seeds = 0.4738

Cluster Summary

Maximum Distance

Cluster Frequenc RMS Std Distance Radius Nearest Between
a y Deviation from Seed Exceeded Cluster Cluster

to Observation Centroids
1 2 0.5201 0.5201 2 2.4893
2 5 0.5768 1.2090 3 1.1924
3 3 0.5670 0.7699 2 1.1924

Statistics for Variables
Variable Total STD  Within STD  R-Square  RSQ/(1-RSQ)
relation 1.00000 0.49504  0.809392 4.246362
score 1.00000 0.62943 0.691854 2.245210

_13_
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OVER-ALL 1.00000 0.56624  0.750623 3.009987

Pseudo F Statistic = 10.53

Approximate Expected Over—-All R—Squared =

Cubic Clustering Criterion =

WARNING: The two values above are invalid for correlated variables.

Cluster Means

Cluster relation score
1 -1.419482028 -1.524187675
2 -0.055665962 0.558278044
3 1.039097955 0.085661710

Cluster Standard Deviations

Cluster  relation score

1 0.5904266868 0.4386246560

2 0.4271755605 0.6949403943

3 0.5643380452 0.5697183577
Obs relation score CLUSTER DISTANCE
1 -1.83698 -1.83434 1 0.52009
2 0.48244 1.35582 2 0.96209
3 1.31743  -0.15065 3 0.36512
4 -0.25977 0.91274 2 0.40903
5 0.20411 0.38105 2 0.31447
6 -0.07422 0.64689 2 0.09054
7 1.41020 0.73551 3 0.74835
8 0.38966  -0.32788 3 0.76992
9 -1.00199 -1.21403 1 0.52009
10 -0.63088 -0.50511 2 1.20899
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7|29 H| @

T

7

(1) SPSS ¥l+/d=}el A

TR0
,mo

(3) SPSS

~I
M
I

ﬁo

xr
R

R

xr
ik

o
o

T

)A
el

4= relation¥} score)

(k-

o o

=38 F3)

(ii) o

]

gl

_15_

A
K

® PHENA Y BRIIM O BRS S

HOI£ HOIE 7 S8 E)

& relation
& score

(te ) (uowre) ez (se ) smw )

[T 312 B AEX

23S




3H(The

Journal of Natural Science

. GWNU) 223 AH13 (¢ #36&) 2016. 12.

=S XD
=8
1 2 3
relation -1.83698 -.25977 1.31743
score -1.83434 91274 —-.15065
A52E
HOIA HS =& el
1 1 .520
2 2 .962
3 3 .365
4 2 .409
5 2 314
6 2 .091
7 3 .748
8 3 770
9 1 .520
10 2 1.209
xHE 2HSY
=&
1 2 3
relation -1.41948 -.05566 1.03910
score -1.52419 .55828 .08566
HE 2HSH2 el
=& 1 2 3
1 2.489 2.939
2 2.489 1.192
3 2.939 1.192
28 289 HOolA £
=& 1 2.000
2 5.000
3 3.000
28 10.000
2 .000
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2016\ BARAH T A =7ke & Aol gk HUt

Assessment on Quality of Life of OECD countries
in 2016

Ye-Joon Chungl), Ji-Min ]inZ), Dong-Bin Jeongg)*
Y Americas Department, Korea International Trade Association, 47" F, l,
Trade Tower, Seoul 06164, Korea
“Trade Education Department, World Trade Academy, Korea International
Trade Association, Coex Office 4th Fl, Seoul 06164, Korea
3)*Dept. of Information Statistics, Gangneung—Wonju National University,
Gangneung, 25457, Korea

Abstract: Mulitvariate analyses carried out in this paper are based on the 17
‘quality of life’ criteria in 38 ones, including 35 OECD countries. We categorize
and segment 38 countries based on dissimilarity and grouping by using cluster
analysis. Hence, 38 countries can be categorized into four distinct clusters, and
relatively homogeneous traits of 38 countries can be assessed within and
between clusters. Additionally, multidimensional scaling method can get visual
display for detecting the pattern of proximities among 38 countries based on 17
quality of life attributes, so that relative superiority among countries can be

compared.

» Corresponding Author. E-mail: dj@gwnu.ac.kr, Tel: +82-33-640-2280.
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Some Quasi—-Newton Methods and its Practices

in Root Findings

Hongchul Kim

Dept. of Mathematics, Gangneung-Wonju National University, Gangneung, 25457, Korea

Abstract: Root finding problems are regarded as one of prominent research
subjects in the optimization problems. In this study, after brief review for the
fixed point iteration method and Newton method as a systematic process to find
roots for nonlinear equations, we investigate and examine efficiency for some
quasi-Newton methods linked with damped Newton method and line search
method to recover the rapid convergency which can be attained through Newton
iteration method. Moreover, we design the detailed algorithms and verify the
efficacy of the presented quasi—-Newton methods by numerical experiments using

Matlab programming.
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Keywords: Root findings, fixed point iteration method, Newton method, quasi-Newton
method, damped Newton method, line search method
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0! z,~ 1.3917452002707

[71¥ 6] f(z)=arctanz® 1

(A 3) f(z)=sgn(z—2)VIz—2] (Moler [5])

fixj=signi=-2) sart{abs{x-2}}

Sroll A v mpel o] g foll It

of 88 A7ke FelA Aeal

a2
=
)
r\I
I
o 2
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7
OlEE ¢'(u)p<0°] HHIH n
o wd p- -2 g wa weolsin Wy

ojA] FHagddFol AAHW VI FAS N A AV E A=

A 712 19839 Dennis<t

Schnabel([2])2 t&5 AlStstslth. o] A 72 FHAste] AT7Iso= 2y
&=

dlutAp) < o(u)+10" Ao (u)p

oluf 717 ¢ (u)p7t AWHoR AW wAAVE AHon A HAsH
¢ (u)p7t Ao Ao A7 E YA ow A A,

dA, TR wet Fa B poll Wl M) =gwtap)E HARZEES AR
Zol m(n)9 HAEF N E vy ©AY dAArE ddste e A4+ 2

t} o]} e WS A A Wb (Line Search Method)ol gt 3ttt ¢\ S 11())
2 A7) g8l v 2ol BT (0,09 4FE EHES Ay odAe A
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x> 7/2
sinz, |zl < #/2 (29 5])
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Ry

1

-1,
1=
S
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.
0°] o

1] f(w)Z{
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phi_sample(x)
pi/2

0.5*(sin(x))*2:
0.5*sin(2+*x);

-pi/2 & x<

(% 6]

1.3917452002707 =

if x>
y
dy
else
y=0.5;
dy=0;
end

function [y,dy]

:'U(J

=
=

pi/2
arctanz, (=3 <z <3)

sample(x)
cos(x);

-pi/2 & x<
0;
2] f(z)

0;

AL
e

1:dy
sin(x):dy
-1;dy

elseif x>

y

y
else

y

function [y,dy]
end

if x>pi/2
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=
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function [y,dy]=samplel(x)

y=atan(x):

function [y,dy]=phi_samplel(x)
y=0.5*(atan(x)).”2;

dy=atan(x)./(1+x.72);

dy=1./(1+x."2);

41 32 FH pye) dngdFd $A4Y
(1) gz
Fold B f@)=08 2& A A8 FHF o) = 5 f@)Pol W
Mol Ap)E FHE BAO=1 g L & BAH O A W)
ARA) 2714 ol e i ww - -2 = gawn.
f'(w)
@BA) o) 127 ¢ (w)pE A
A=173} stage=1S A A3t}

3AD) (7H& #4)
while A>eps
¢(u+Ap) 2t

A7+

pu)+10"*"Xo" (u)p AL

(A7) if o(u+rp) < HAIZ7|+
A3} =[stage, \, ut+\p, BS7]+] =4
break;

else
(#2]) stage+1 ; Az%)\
end
end
(2) =219

xold=1.3; % %7] F4X

rho=1/2; % %4 @A =A7]
[f,fp]l=sample(xold);

p=—1/fp; % w8 A Wk ALl

lambda=1; % X9 %7]|3}

[phi_old,phi_oldprime]=phi_sample(xold);
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xnew=xold+lambda*p; % =713 WA
stage=1;
while lambda>eps
xnew=xold+lambda*p;
[phi_new,phi_newprime]=phi_sample(xnew);
standard=phi_old+10"-4#phi_oldprime*p*lambda; % HA=7]+
result=[stage,lambda,xnew,phi_new,standard];
fprintf('%63g 2618.14f %18.14f %18.14f %18.14f \n’,result);
if phi_new<standard
break;
else
lambda=rho*lambda;
stage=stage+1;
end

end

[

() 4 wel WY A8 ¥ e ZEIF A
tol=10"(-8);
xo0ld=-0.50105122398399; % N4 %714
n=0; diff=10; nmax=50; % Z%7| dHlo]H
while diff>=tol & n<nmax
n=n+1;
[y,dy]=sample(xold);
xnew=xold-y/dy; % T W
[fx,dfx]=sample(xnew);
fx=abs(fx);
diff=abs(xnew-xold);
result=[n,xold,xnew,fx];
fprintf('%63g 2620.14f %20.14f 2%20.14f \n' result);
xold=xnew; % YUHlo|E

end
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(4) A3 25

[Agdr=1]
o 2715 w=139 A% A3 wd s F&AA =71 A
| A u+A\p du+\p) 2S)|&=
1 1 -2.30210244796798 0.50000000000000 0.46412934390457
2 0.5 -0.50105122398399 0.11536700898398 0.46417576612340
c271H AR F owE wEy g
=l xold xnew [f(xnew) |
1 -0.50105122398399 0.04661700869880 0.04660012627619
2 0.04661700869880 -0.00003379789363 0.00003379789362
3 -0.00003379789363 0.00000000000001 0.00000000000001
4 0.00000000000001 0.00000000000000 0.00000000000000
(A& & 4=2]
234 u=3 A% 44 W duAF e84 274 AA
A A u-+Ap d(u+\p) ==
1 1 -9.49045772398254 1.07430638376572 0.77990165923882
2 0.5 -3.24522886199127 0.80884471183393 0.77997966500590
3 0.25 | -0.12261443099564 0.00744266382624 0.78001866788944
o 271" A & wE WEEH A8
Bt=l xold xnew [f(xnew) |
1 -0.12261443099564 0.00122527632451 0.00122527571134
2 0.00122527632451 -0.00000000122634 0.00000000122634
3 -0.00000000122634 0.00000000000000 0.00000000000000

42 4 24 e dugdEy FXAY
(1) Ldagls
Folzl 5 fla)=09 &+ 87 Y& FEAF 4(x)
M Ap)E T 34
AHA) %712 wol e Fe wak p_;”,(&)) =
@CA) o) 71€7] ¢'(u)pE AAtstaL
A=17} stage=1& A3}
(3+4])  while lambda>eps
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)
(AZ71F) i ¢ut+rp) < HZF7]

A3} =[stage, \, u+Ap, As7]=] &4

break;
else
(2224} o ¢(u+v"p)<z;gwr¢'(u)p
b=¢ (u)p
c=¢(u) AL
(FAGAZ7]) stage = stage+l; A= —% A
end
end
(2) T2 1
xo0ld=1.3; % %7] F=AX
[f,fp]=samplel (xold);
p=—1/1p; % 7Y A Wk

lambda=1; % x| %7]|3%}
[phi_old,phi_oldprime]=phi_samplel (xold);
stage=1;
while lambda>eps
r=lambda;
xnew=xold+r*p; % 27|14 A
[phi_new,phi_newprime]=phi_samplel (xnew);
standard=phi_old+10"-4*phi_oldprime*p*r;
result=[stage lambda,xnew,phi_new,standard]; % #HA<7|<
fprintf('%63g %18.14f %618.14f %18.14f %18.14f \n’ result);
if phi_new<standard
break;
else
a=(phi_new-phi_old-r*phi_oldprime*p)/r"2;
b=phi_oldprimes*p;
c=phi_old;
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S ]y
lambda=-b/(2xa); % HZ dAZ7] FAF F4
stage=stage+1;
end
end
3) Ad A=
[Al&&h4=1]
c2FA w=139 45 A B4 LneE AedA 2714 A
EH | A u-+ A\p d(u+\p) EESPES
1 1 -2.30210244796798 |0.50000000000000 (0.46412934390457
2 10.48144731987589 [-0.43422256949257 |0.08849645185900 |0.46417748863656
s 271A AR F wd we
Ht=3l xold xnew [f(xnew) |
1 -0.43422256949257 0.02951911712249 0.02951483025638
2 0.02951911712249 -0.00000857709536 0.00000857709536
3 -0.00000857709536 0.00000000000000 0.00000000000000
[Al8l842]
c27FA u=20 A% A g AnAF g4 2718 AA
| A u+ A\p d(u+\p) EEEPES
1 1 -3.53574358897045 [0.83873144543982 |0.61276656382822
2 10.42221028490819 |-0.33724787787788 [0.05290012297816 |0.61283738803673
e 2714 AR F e wEy Ag
BI= 3l 4~ xold Xnew [f(xnew) |
1 -0.33724787787788 0.02501651376192 0.02501129705938
2 0.02501651376192 -0.00001043601647 0.00001043601647
3 -0.00001043601647 0.00000000000000 0.00000000000000
5. 4 &
Pk Be 202 AL ow FE Ee 274 A 9 2yl
g3k o o9 wWEA FEHse £ 5A4E 7HA A Uk derdoeE wE e
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Implications, Negations and Residuated Lattices

Gyung Rae Kim, Yong—-Chan Kim*

Dept. of Mathematics, Gangneung-Wonju National University, Gangneung,
210-702, Korea

Abstract: In this paper, we Iinvestigate some properties of implications,

negations and residuated lattices and give their examples.

Keywords: implications, negations, residuated lattices, complete lattices

1. Introduction

Hajek introduced a complete residuated lattice which is an algebraic structure
for many valued logic. It is an important mathematical tool for algebraic
structure of fuzzy contexts and the model of computing with words, pattern
recognition and data base theory.

On the other hand, implication structures play an important role in metric
spaces, algebraic structures.

In this paper, we introduce the notions of implication structures in complete

lattices. We investigate the relationships among implications, negations and

* Corresponding author. E-mail: yck@gwnu.ac.kr, Tel: +82-33-640-2270
of Ee AEUFY AdAGATL PG Wol A HAFY T
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complete residuated lattices. Moreover, we study the properties of implications.
We give their examples. We invstigate the properties of implications and
negations. We can obtain the residuated lattice from an implication with a

negation.

2. Implications, negations and residuated lattices

Definition 2.1. Let L be bounded lattice with top element T and bottom

L. The structure (Z,—, L, T) is called an implication if it satisfies the following
conditions, z,y,2E€ L,

M) Toz=u=z,

(12) (z—>y)—>lly—z)>la—2) =T,

(I3) (z—y)—y = (y—z)—z.

Example 2.2. Let (Z={0,1},—,0,1) be given where 0=F and 1=T.
Define 1-0=0,1—-1=1,01=1,00=1. Then (£L=1{0,1},—,0,1) is an implication
from the following statements:

(I1) 1-0=0,1>1=1

(I2) Put S=(y—z)—>(z—z), P=(z—y)>(y—z)>(2—2))

X y Z >y | y—z | x>z | S P
1 1 1 1 1 1 1 1
1 1 0 1 0 0 1 1
1 0 1 0 1 1 1 1
1 0 0 0 1 0 0 1
0 1 1 1 1 1 1 1
0 1 0 1 0 1 1 1
0 0 1 1 1 1 1 1
0 0 0 1 1 1 1 1
(I3)

X y Ty y—ou (z—>y)oy | (yox)ou
1 1 1 1 1 1
1 0 0 1 1 1
0 1 1 0 1 1
0 0 1 1 0 0
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Example 2.3. Let (L= P(X),—,2,X) be given. Define
A—>B=A°UB.
Then (L= P(X),—,2,X) is an implication from the following statements:
(I1) X>B=X‘UB= 2 UB=B8.
(I2) (4—B)—>(B—>D)—(A—D))=X from;
Since (B°UD)—(A°UD))=(B°UD)U(A°UD)=(BND)U(A°UD),
(A4°UB)—~((B°UD)~>(A°UD))=(ANBIU (BN DU (A4°U D)
=UNBIU[(BUAUD)]=AU[(BUAUD)]=X

(I13) (A—»B)>B=(B—>A)>A=AUB from:
(A—>B)>B=(A°UB)UB=(ANB)YUB=(AUB)N (BUB‘)= AU B.
(B>A)>A=(BUA)UA=(BNAYUA=(AUBNAUA)=AUB.

Example 2.4. Let —:[0,1] x[0,1]—10,1] be defined as
z—y=(1—2"+y")""Al(p>0).
Then ([0,1],—,0,1) is an implication from the following statements:
1) 1>z =u.
(I2) If z <y <z, then
(z—y)—((y—2)—(z—2))
= (1—a? + P )P (1= P + 22)VP s (1 — 2P + 2717
=(1—a’+ )P0 -2+ ") =1
If 2 <2<y, then
(z—y)—> ((y—2)—>(a—2))
=1 ((1— g+ ") /P (1—a? + 22)V/7)
=(1—a’+y")PA1=1.

If <2<y, then

(z—y)—((y—>2)—>(2—2))

=1->((1—y +27)/P>1) = 1.
If x <y< 2z, then
(2—y)—((y—z)>(z—2))

=1-(1-1)=1.
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Other cases are similarly proved.

(I3) If = <y, then

(z—y)—y=1->y=y
(y—ax)—x = (l—yp-i-xp)l/pﬂx: (1— 1+yp—acp+gcp)l/p =y.

Other case is similarly proved.

Example 2.5. Let —:[0,1]x[0,1]—[0,1] be defined as
1, if z<y,

xﬁy{%, otherwise.

Since (0.7—0)—0=1 and (0—0.7)—0.7=0.7, it does not satisfy (I3).

Hence it is not an implication.

Example 2.6. Let —:[0,1]x[0,1]—10,1] be defined as

1,if =<y,

x_)y:{y, otherwise.
Since (0.7—0)—0=1 and (0—0.7)—0.7=10.7, it does not satisfy (I3)

Hence it is not an implication.

Theorem 2.7. Let (X,—,1,0) be an implication operator. Define

a<b 1ff a—b=1.
Then (X,<) is a partially ordered set.
( reflexive ) Since (1—1)—[(1—z)—(1—z) =1, then

Proof. (1)
r—x =1.

1—(z—z)=1. So,
r <vy,y <z then x—y=1,y—>z=1.

(2) (transitive) If

Since (z—y)—((y—>z)—(z—2))=1, we have
1->(1—(z—2))=1>(z—2)

=z—z=1.

(3) (antisymmetric) Let = <y,y <z be given. Since (z—y)—y= (y—z)—>z, We

have (z—y)oy=1->y=y= (yoz)>x=1>z==zx.
implication defined as

(1) Since (P(X),—,.X,o) be an
A—»B=A°UB=X. Hence (P(X),c) a partially

Example 2.8.
A—>B=A°UB. Then A c B iff

ordered set.
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(2) Let —:[0,1]x[0,1]—[0,1] be an implication defined as
Ty = (1—xp+yp)l/p/\1.
Then z—y=1—2"+¢")""A1=1 iff (1—2?+y")/? =1 iff z<y.

Hence ([0,1],<) is a partially ordered set.

Definition 2.9. An operator N:L—L is called a negation 1if it satisfies the
following conditions. For all z,yE L,

(N1)  ~N(0)=1,N§(1)=0,

(N2) N(z)< N(y) if z>y.

(N3) N(N(z)) = z.

Example 2.10. (1) If ~:[0,1]—[0,1] with N(z)=1—2. Then N is a negation.

(2) If N:[0,1]—[0,1] with N(z)=1—2z* then N is not negation from:
N(N(z))= N1 —2°%) = z.

(3) If ~N:[0,1]—]0,1] with N(z)= m, then N is a negation from

NN@)=NV1—-22)=Vi—-(V1—-22) = Vi—-1+2 =z

(4) If ~N:[0,1]—]0,1] with N($)=(1—xp);,(p> 1), then N is a negation.

Theorem 2.11. Let (Z,—,1,T) be an implication. Define ~N(a)=a—0. Then
N is a negation with a—b= N(b)—>N(a) for all a,b= L.
Proof. (1) (N1) ~N(1)=1-0=0, N(0)=0—0=0.
(N2) Let a<b. By (I2), (a—b)—((b—0)—(a—0))=1. Since a—b=1,
(b—0)—>(a—0)=1. By Theorem 2.7, N(a)=a—0 = b—0= N(b).
(N3)  N(N(a)) = (a—0)—>0=(0—a)>a=1—>a=a
(2) By (I12), (a—b)—((b—0)—>(a—0))=1. Hence a—b < N(b)—>N(a).
By (I2), N(b)—N(a)—((N(a)—0)—(N(b)—0))=1. Hence
N(b)—Nla) < N(N(a))—>N(N (D)) = a—b.

Example 2.12. (1) Let (P(X),—,X,2) be an implication with negation N as
NA)=A-z =AU = A"
NN(A))=(49=A4, A—>B=A°UB=N(B)>N(A).
(2) Let ([0.1],—,0,1) be an implication with a—b=(1—-a+b)A1l. Then
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Theorem 2.13. Let (Z,—,L1,T) be an implication. Then
properties hold.
(1) If =z<wy, then y—>z < z—=z.
(2) z—(y—z)=1.
(3) If #—(y—z)=1, then y—(z—z)=1.
(4) (y—z)—>((z—>y)>(z—z))=1.
B) x> (y—z)=y—>(z—2).
(6) zVy=(z—y)—y.
Proof. (1). Let « <y iff z—>y= T. Then
(z—y)—((y—z)—(2—2))
= T ((y—>2)>(@>2))=(y—>2)>(e—>2) =T,
Hence y—z < z—2.
(2) By 1) y< 71, (T—>z)>y—>z)=T. Then z—(y—z)=T.
(3) Let z—(y—z)=1,ie. z < (y—z). Then
(y—2)—>z=(z—y)—>y < z—2z. Since y < (y—z)—z,
T = ((z=y)=y)—(@—z2) < y—(3—2).
Thus, y—(z—z)=1.
(4) Since (z—y)—((y—>2z)—(z—2))=1, By (3),
(y—2)—=((z—y)—>(2—z2)) = 1.
(5) By (4), since (y—z)—z < (a—(y—2))—(2—2),
(y—2)—>2)= (@ (y—z)>(2—2)) = 1.
Since y < (z—y)—y= (y—>z)—z2, then
y— (@ (y—z2))>(2>2) = (y—2)—>2)> (> (yo2) > (@>2)) =1
y— ((z—(y—2))—>(2—2)) = (@—>(y—2)) > (y—>(z—2) = T

Hence (z— (y—=z)) < y—(z—z). Similarly (z—(y—z2)) = y—(z—2).

el
ox
i3]
[
2
1N
=]
ujn

the following

(6) Since z < (y—z)—z and y < (z—y)—y and (y—z)—>z = (z—y)—y, then

zVy < (z—y)—y.

Let z,y<z. Then z—z=T and z—z < y—z. So, (y—z)->z < (2—>z)—>z. Hence

(y—a) -z < (zoz)>r = (z—2)>z=2.

Definition 2.14. A structure (Z,®,—, 1, T) is called a residuated lattice if the
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following conditions:
(1) (£,®,T) is a commutative monoid.
(2) If y< 2z, then 20y < 2@ 2.

(3) z0y < z iff z < y—z.

Theorem 2.15. Let (Z,—, 1,T) be an implication and N(z)=z—_1 a negation.
Define ® :ZLxL—-L as follows:
r@y= N(z—Nl(y)).

Then (Z,®,—, L, T) is a residuated lattice.

Proof. (1) (commutative) z®y= N(z—>N(y)) = N(N(N(y))—>N(z)) =yOu.
(associative)
2O YO2) =20 (20y)=rON(=z—>Nl(y))
= N(z—>N(N(->Ny))) = Na—(z—N(y)))
= N(z—(z—>N(y))) = Nz—>N(N(z—>N(y))))
=20@0y)=(20y)oOz
(identity)
rOT = Na—>N(T))=NNWNT )>N(x))= N1—>N(x)) = N(N(x))= 2.
Hence (Z,®,T) is a commutative monoid.
(2) Let z <y be given. Then 20z < y®z from:
t—>N(z) = y—>N(z) iff Nz—>N(2)) < Ny—>N(z)).
(3) We will show that z®y < z iff z < y—=z.
( =) It follows from:
rOy=Na—>Ny)) <z iff 2>Ny) = N(z) iff
z < (z—>Ny))—>Nly) < N(z)>Ny) =y—=z.
( &) Since z < y—z, then
x—>N(y) = (y—2z)>Nly) = (N(z)>Ny))—>Ny) = N(z).
Hence z&y= Na—N(y)) < =

Example 2.16. Let (Z=1{0,1},—,0,1) be given as Example 2.2.

pOg=pAqg=~ (p— ~ q).

p q pPAq p—>~q ~(p—~4q)
1 1 1 0 1
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1 0 1 0
1 0 1 0
0 0 1 0

Then ({0,1},® = A,—,0,1) is a residuated lattice.

Example 2.17. Let (P(X),—,X, @ )be implication defined as
A—>B=A°UB, N(A)=A"
Then A®B= N(A—N(B))=NWNA)UN(B))=ANB.
Hence (P(X),® =nN,—,X,2) is a residuated lattice.
Put X=1{1,2,3,4,5,6,7,8,9}, A={1,2,4,6,7},C = {2,3,6}.
ANDc C iff DcCc A->C=A°UC
Then D c {2,3,5,6,8,9}.

Example 2.18. Let —:[0,1]x[0,1]—[0,1] be implication defined as
zoy=1—2"+ )" A1(p>0).Nz)=1—2")""(p>0)
We obtain 2@y = Naz—>Ny) =@’ +4"—1)""V1(p>0)
Then ([0,1],©®,—,0,1) is a residuated lattice.
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The Effect of Percolation Phenomenon in

Electrochromic cell Fabricated by Sol-gel method

Sunghee Kim", Dong Soo Choi®, Jachwa Kim""

D Dept. of Physics, Gangneung—Wonju National University, Gangneung, 210-702,
Republic of Korea
Y Institute of Advanced Materials Technology, Sungkyunkwan University,

Gyunggido, Republic of Korea,

Abstract: Sol-gel process are applied in various fields of science and
engineering. Sol-gel phase transition can be described as percolation. The
percolation theory most clearly manifests in a transformation of a liquid polymer
solution into gel. We investigated the electrochromic property within the
percolation approach in sol-gel process. Tungsten oxide and ITO were selected
as electrochromic materials and transparent electrode in electrochromic(EC) cell.
The EC cell was characterized by IR Spectroscopy, Transmittance, Microscopy

and Scanning Electron Microscope(SEM).
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Figure 1. Scheme of the process for EC film fabrication by sol-gel method.
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Figure 2. FTIR spectra of WOx depending on aging-time.
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