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based on the pseudo-F statistics and eight-cluster structure based on CCC while KM 

and NN fail to recover similar cluster structure.

The results and conclusions reported in this study should be true for the problems 

only within the boundary o f  the parameters in the simulated and real problems evaluated 

in this study. For example, we find that the correct classification o f the KM is lower in 

seven-cluster structure than in two-cluster structure. One should not conclude with 

certainty that the result o f the KM in eight-cluster structure is better than it is in the nine- 

cluster structure since the eight- and nine-cluster structure are beyond the boundary o f  the 

parameters tested in this study. Such an inference is only based on extrapolation o f my 

study results.

Future research may involve three different areas: effects o f  some error 

perturbations on these clustering approaches more sophisticated machine learning 

approaches in cluster analysis and a wider variety o f  applications. It is possible to 

investigate effects o f  some error perturbations on the five clustering approaches using 

Milligan’s (1980) framework as a prototype. One factor that could be incorporated in the 

simulation process is the shape o f the clusters. In this study, all clusters have similar 

shape, ellipsoidal in all dimensions. In a more advanced study, the shape o f one or more 

clusters could be distorted. Another factor that may be worthy o f investigation is 

misclassification cost. This factor could influence the outcomes dramatically, especially 

for the machine learning approaches since they provide less consistent results than does 

KM. In addition, the machine learning approaches tested in this study are in their simplest 

forms and could possibly be improved in the manner described in previous section. Yet 

they exhibit promising outcomes in the real problems. Finally, each real problem has a
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unique set o f  characteristics. It is relevant to investigate cluster structure o f the real-life 

problems individually.
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PROC XML;
SEED = 0; 
N = 1764;

. = { 0 . 0 9 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 ,
0 . 0 0 1 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 ,
0 . 0 0 0 . 0 0 1 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 ,
0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 ,
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0 0 . 0 0 0 . 0 0 ,
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0 0 . 0 0 ,
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0  } ;oooooo

0 , 0 } ;
p = n ro w (s ig m a ) ;  
m = r e p e a t ( m u ' , n ,  1 ) ;  
g  = r o o t ( s i g m a ) ;  
z = n o r m a l ( r e p e a t ( s e e d , n , p ) ) ;  
y  = z*g + m;
p r i n t  ’Multivariate Normal Sample’; 
c r e a t e  s im d a t  from  Y; 
append from  Y; 
c l o s e  S im da t;

DATA FINA (KEEP=G X1--X7); 
SET SIMDAT;
NUM=_N_;
Xl=COL2;
X2=COL3;
X3=COL4;
X4=COL5;
X5=COL6;
X6=COL7;
X7=COL8;

IF XI < -0 6 THEN XI =
IF X2 < -2 THEN X2 = -2
IF X3 < -2 THEN X3 = -2
IF X4 < -2 THEN X4 = -2
IF X5 < -2 THEN X5 = -2
IF X6 < -2 THEN X6 = -2
IF X7 < -2 THEN X7 = -2
IF XI > 0. 6 THEN XI =
IF X2 > 2 THEN X2 = 2
IF X3 > 2 THEN X3 = 2
IF X4 > 2 THEN X4 = 2
IF X5 > 2 THEN X5 = 2
IF X6 > 2 THEN X6 = 2
IF X7 > 2 THEN X7 = 2
X2 = (2. 5*X2)+5;
X 3 = ( 2 . 5 * X 3 ) + 5 ;
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X4=( 2 . 5*X4)+5;
X5=( 2 . 5*X5)+5;
X6=( 2 . 5*X6)+ 5;
X7=( 2 . 5*X7)+ 5;
IF  NUM <= 252 THEN 

DO;
G=1 ;
XI = X l+ 1 .2 5 ;  
X2 = X 2+0.25; 
X3 = X 3+0.25; 
X4 = X 4+0.25; 
X5 = X 5+0.25; 
X6 = X 6+0.25; 
X7 = X 7+0.25;

END;
IF  252 < NUM <= 504 THEN 

DO;
G=2;
XI = X l+ 8 .7 5 ;

END;
IF  504 < NUM <= 756 THEN 

DO;
G=3;
XI = X l+5;

END;
IF  756 < NUM <= 1008 THEN 

DO;
G=4 ;
XI = X l+ 7 .5 ;

END;
IF  1008 < NUM <= 1260 THEN 

DO;
G=5;
XI = X l+ 2 .5 ;

END;
IF  1260 < NUM <= 1512 THEN 

DO;
G=6;
XI = X l+ 3 .7 5 ;

END;
IF  1512 < NUM <= 1764 THEN 

DO;
G=7;
XI = X l+ 6 .2 5 ;

END;
RUN;
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EXAMPLES SAS CODE FOR 5 CLUSTERS 
WITH 5 VARIABLES

B.l The K-means Algorithm

PROC FASTCLUS DATA=SimDat MEAN=MeanKM OUT=KOUT MAXCLUSTERS=5 
MAXITER=500;

TITLE "K-means";
VAR XI X2 X3 X4 X5;

RUN;

B.2 The Neural Network

PROC NLP data=Sim D at random= 50 o u t e s t = e s t  out=OutNNl m a x i te r=  500; 
a r r a y  x [ 5 ]  x l  x2 x3 x4 x5; 
a r r a y  h [ 5 ] ;  '"“ hidden neurons;
a r r a y  a [ 5 ] ; '■ “ bias for input;
a r r a y  b [ 5 , 5 ]  ; '"“ wieghts between input and hidden;
* c bias for output in this case it is zero; 
a r r a y  d [ 5 ] ; ***wieghts between hidden and output;
a r r a y  p [ 5 ] ;  *"* ‘probability for group 1 and 2;
a r r a y  m [5 ,5 ]  ;
a r r a y  r [ 5 , 5 ] ; '"'‘distance between an observation and its seed;

* + ■* + » bidden layer -number of neuron in hidden layer equal, to number of
clusters;
do i h = l  t o  5;

s u m = a [ ih ] ; 
do i x = l  t o  5;

sum=sum+x[ix] * b [ i x , i h ]  ;
end;

***** logistic function for hidden, neurons; 
h [ih ] =exp (sum) ;

end;

***** output; 
sum=0;
do i h = l  t o  5; •♦***♦*** ih is cluster number; 

su m = su m + h [ ih ]* d [ ih ] ;
end;

logistic function for output; 
do i h  =1 t o  5;
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p  [ i h ]  =  h [ i h ] / s u m ;
end;

***** Assign group membership; 
q = l ;
do ih = 2  t o  5;

i f  p [q ]  < p [ i h ]  th e n  q = ih ;  
end;

***** residual;

do i q = l  t o  5; ******** iq is cluster number;
do i p = 1 t o  5; ******** ip i s  var number; 

IF  q  = i q  THEN r [ i p , i q ] = ( x [ i p ] - m [ i p , i q ] )** 2; 
ELSE IF  q o i q  THEN r [ i p , i q ]  = 0; 

end;
end;
g= g;
Sumr= 0; 
do i q = l  t o  5;

do i p = l  t o  5; 
s u m r = s u m r + r [ ip , i q ] ; 

end;
end;

min sumr;

parms a l - a 5  b l - b 2 5  c d l - d 5  m l-m25 ;
RUN;

B.3 The Genetic Algorithm

Title ’Genetic Algorithm’;
%LET CHR = 10;
%LET c l  = 5;
%LET VAR = 5;
%LET N_M = %eval(&CL*&VAR*&CHR); 
%LET NumMu = %eval(&N_M/&CHR); 
%LET I t e r a t i o n  = 50;
%LET Accu = 100;
%LET Q u i t  = 9;

** . *■ * Assigning the 1st Generation for GA;
DATA S e e d s ;

ARRAY M[&CHR,&CL,&VAR];
NUM=_N_;
IF NUM > 1 THEN DELETE;
DO i c = l  to &CHR;

DO i g = l  to &CL;
DO i x = l  to &VAR;

M [ i c , i g , i x ]  = 10*RANUNI( 0 ) ;
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END;

END;
END;
KEEP M1--M&N_M;

RUN;
%MACRO U pd_Seeds;
DATA F i r s tG e n ;

IF  _ n _ = l  THEN SET S eeds ;
SET SimDat;
NUM=_n_;
DROP n;

RUN;
%MEND Upd_Seeds;

%MACRO A jC lu s;
DATA NextGen;

SET F i r s tG e n ;
ARRAY M[&CHR, &CL,&VAR] ;
ARRAY X [&VAR];
ARRAY R [StCHR, &CL] ;
ARRAY CLUS[&CHR];
ARRAY SmallR[&CHR];
ARRAY TotR[&CHR];
ARRAY INV[&CHR];
ARRAY P_INV[&CHR];
ARRAY TP_INV[&CHR];

* Find the best, worst, second best, and second worst Chromosomes; 
do i c = l  t o  &CHR; ********* ig is chromosome number;

do i q = l  t o  &CL; ******** iq  i s  cluster number;
R [ i c ,  iq ]  = 0 ;  
end;

end;
do i c = 1 t o  &CHR; ********* ig is chromosome number;

do i q = l  t o  &CL; ******** i q  i s  cluster number;
do i x - 1  t o  &VAR; ******** iq is cluster number;
R [ i c , i q ] = ( ( x [ i x ] - m [ i c , i q , i x ] )** 2 ) + R [ i c , i q ] ; 
end ;

end ;
end;
do i c = l  t o  &CHR; ******** iq is chromosome number;

C LU S[ic]=1;
S m a l lR [ ic ] = R [ ic ,  1 ] ;

end;
do i c = l  t o  &CHR; ********* ;.g is chromosome number;

do iq= 2  t o  &CL; ******** i q  is cluster number;
IF  S m a l lR [ i c ] > R [ i c , iq ]  THEN CLU S[ic]=iq;

IF  S m a l lR [ i c ] > R [ i c , iq ]  THEN S m a l l R [ i c ] = R [ i c , i q ] ;
end;

end;
do i c = l  t o  &CHR; ********* ic is chromosome number;

T o tR [ ic ]+ S m a l lR [ ic ]  ;
end;

RUN;
%MEND A_Clus;
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%MACRO Worat_C;
DATA W_Chroms (DROP=Xl--X&VAR);

SET NextGen;
ARRAY M[&CHR,&CL,&VAR];
ARRAY X[&VAR];
ARRAY R[&CHR,&CL];
ARRAY CLUS[&CHR];
ARRAY SmallR[&CHR];
ARRAY TotR[&CHR];
ARRAY INV[&CHR];
ARRAY P_INV[&CHR];
ARRAY TP_INV[&CHR];
ARRAY Counter[&CHR];
IF  NUM=107 THEN 

DO;
DO i c = l  t o  &CHR;

c o u n t e r [ i c ]  = 1;
END;

DO i a = l  To &CHR;
DO i b = l  To &CHR;

IF i a  NE i b  Then 
DO;

IF  a b s ( T o t R [ i a ] - T o t R [ i b ] ) <
SAccu THEN c o u n t e r [ i a ]  = c o u n t e r [ i a ] +  1;

END;
END;

End;

c o u n t= l ;
Do i c = l  t o  &CHR-1;

IF  C o u n te r [ i c ]> c o u n t  THEN c o u n t = C o u n t e r [ i c ] ;
END;

DO i c = l  t o  &CHR;
IN V [ic ]= 1 / (T o tR [ i c ] ) ;

END;

T_INV=INV1+INV2+INV3+INV4+INV5+INV6+INV7+INV8+INV9+INV10;

DO i c = l  t o  &CHR;
P_INV[ic] = 100*INV[ic]/T_INV;

END;

TP_INV1=P_INV1/ 100;

DO ic = 2  t o  &CHR;
TP_INV[ic] =TP_INV[ic- 1] +P_INV[ic] / 1 0 0 ;

END;

BEST1=1;

DO i c = l  t o  &CHR;
IF  P_INV[BEST1]<P_INV[ic] THEN BESTl=ic;

END;
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B e s t2 = ( ic )

W o rs t l= ic ;

W ors t2= (ic)

IF  BEST1 = 1 THEN BEST2=2; ELSE BEST2=1;

DO ic = 2  t o  &CHR;
IF i c  NE B e s t l  Then
IF  P_INV[Best2]<P_INV[ic] THEN

END;

W o r s t l= l ;
DO ic = 2  t o  &CHR;

IF  P_INV[W orstl]>P_INV [ic] THEN

END;

IF  W o rs t l  = 1 THEN W orst2= 2; ELSE W0RST2=1; 
DO ic = 2  t o  &CHR;

IF  i c  NE W ors tl  Then 
IF  P_INV[Worst2] >P_INV[ic] THEN

END;

87

END;
END;

ELSE DELETE;
RUN;
%MEND Worst_C;

%MACRO CroaaO;
DATA W_C_CO;

SET W_Chroms;
ARRAY M[&CHR,&CL,&VAR];
ARRAY TP_INV[&CHR];
ARRAY INV[&CHR];
ARRAY INW [&CHR] ;
ARRAY TP2_INV[&CHR];
ARRAY NewCl[&CL,&VAR];
ARRAY NewC2[&CL,&VAR];

IF  coun t  < &Quit THEN 
DO;

'■*Randomly Select 2 Chromosomes;
RN1=RANUNI (0) ; *«• + ■** + ****■■* * Random a number between 0 and 1;
DO i c = l  t o  &CHR; ** * * * ■* * * * * r Find out. the random number f a l l  Into 

vi h i c h c h r on i o s on i e s;
IF  TP_INV[&CHR-ic+ 1] > RN1 THEN RC1= (&CHR-ic+ 1 ) ;

END;
DO i c = l  t o  &CHR; ■*•>*■*■* »" T a k e  out the v a lu e  o f  the first selected 

chromosome;
IF  i c  = RC1 THEN INW [ ic ]  = 0 ;
ELSE IN W [ic ]  =INV[ic] ;

END;
*' +  i r - k + ' + i r  -it *• + +  • * +  +  +  -if *r +  ' k ' k  +  [a '  c j  r j  £  f  f t  f t  p  v- ;  ̂  *

T2 INV=INW1+INW2+INW3+INW4+INW5+INW6+INW7+INW8 + INW9+INW
1 0 ;

TP2_INV1=INW1/T2_INV;
DO ic= 2  t o  &CHR;

TP2_INV[ic] =TP2_INV[ic- 1] + IN W [ic]  /T2_INV;
END;
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+ the second chromosome;
RN2=RANUNI(0);
DO i c = l  t o  &CHR;

IF  TP2_INV[&CHR-ic+ 1] > RN2 THEN RC2=(&CHR-ic+1)
END;

*** + *** + -*********** + £anciomize Crossover Point;
X_Randm= 1+ ( ( (&VAR) - 1) *RANUNI (0 ) )  ;
X_Rand=ROUND (X_Randm, 1) ;
CL_Randm=l+( ( ( &CL)- 1 ) *RANUNI( 0 ) ) ;
CL_Rand=ROUND (CL_Randm, 1) ;

+ + t Crossover;
IF  CL_Rand > 1 THEN 
DO;

DO i q = l  t o  (CL_Rand-1 ) ;
DO i x = l  t o  &VAR;

N ew Cl[iq ,ix]=M [RC1, i q , i x ] ;
NewC2 [ iq ,  ix ]  =M [RC2, i q ,  ix ]  ;

END;
END;

END;

DO i x = l  t o  X_Rand;
NewCl[CL_Rand,ix]=M[RC1, CL_Rand, ix ]  ;
NewC2[CL_Rand,ix]=M[RC2, C L _ R an d ,ix ] ;

END;

IF  X_Rand < (&VAR+ 1) THEN 
DO;

DO ix= (X_Rand+1) t o  &VAR;
NewCl[CL_Rand,ix]=M[RC2, C L _R and ,ix ] ;
NewC2[CL_Rand,ix]=M[RC1, CL_Rand, ix ]  ;

END;
END;

IF  CL_Rand < (&CL+ 1) THEN 
DO;

DO iq= (CL_Rand+1) t o  &CL;
DO i x = l  t o  &VAR;

N e w C l[ iq , ix ]= M [R C 2 ,iq , ix ] ;
N e w C 2 [ iq , ix ]= M [R C 1 ,iq , ix ] ;

END;
END;

END;
"•■•••Substitute Two 'Worsts by Two New Chromosomes;

DO i q = l  t o  &CL;
DO i x = l  t o  &VAR;

M [W O R S T l, iq , ix ]= N ew C l[ iq , ix ] ;
M[WORST2, iq , ix ]= N ew C 2 [iq ,  ix] ;

END;
END;

END;
RUN;
%MEND CrossO;

%MACRO M utat;
DATA CO MU;
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SET W_C_CO;
ARRAY M[&CHR,&CL,&VAR];
ARRAY MuC[&NumMu];
ARRAY MuQ[&NumMu];
ARRAY MuX[&NumMu];

IF  c o u n t  < StQuit THEN 
DO;
* + + Mutation;

Do i = l  t o  &NumMu;
M u C [i]= l+ { ( (&CHR)- 1 ) *RANUNI( 0 ) ) ;
MuQ[i] = l + ( ( (&CL) - 1 ) *RANUNI( 0 ) ) ;
MuX[i]= 1 + ( ( (&VAR)-1)*RANUNI( 0 ) ) ;
MC=ROUND (M uC[i], 1 ) ;
MQ=ROUND (MuQ[i ] , 1) ;
MX=ROUND (MuX[i], 1) ;
M[MC,MQ,MX] = 10-M[MC,MQ,MX] ;

END;
END;
RUN;
%MEND M utat;

%MACRO In vera ;
DATA I n v e r s i o n ;

SET C0_MU;
ARRAY M[&N_M];
ARRAY SM[&N_M];

IF  co u n t  < &Quit THEN 
DO;
*• + ■** *** ***■«* + + ■«*•* + ■»* + ** * Randomly Select Two Points;

INVP1=1+(&N_M-1 ) *RANUNI( 0 ) ;
INVP2=1+(&N_M-1 ) *RANUNI( 0 ) ;
INVP1=R0UND (INVP1, 1) ;
INVP2=ROUND (INVP2, 1) ;

*•** *** ***** * Figure out Which is Start, and Which is End Point; 
DIFF=INVP1- INVP2;
IF  DIFF>0 THEN

DO; INVP3=INVP1;
INVP1=INVP2;
INVP2 = INVP3 ;

END;
Numlnv=abs(INVP2- INVP1) ;
MP_Inv=NumInv/2;
MP_Inv=Round (Mp_Inv, 1) ;

**.**.*****•.**». * * * * * * * * *sWap Them;
Do i = l  t o  M P_Inv-1;

SM [INVPl+i-1 ] =M[INVPl+i- 1] ;
M [IN VPl+i-1 ] =M[INVP2-i+1 ] ;
M [INVP2-i+l]=SM[INVPl+i- 1] ;

END;
END;
RUN;
%MEND Invers;
%MACRO R ep la ce ;
DATA S eeds;

SET I n v e r s i o n ;
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KEEP M1--M&N_M B E S T 1 ;
RUN;
%MEND R ep lace ;
%MACRO GA_Seeds;
DATA SeedGA (KEEP=Xl--X&NumMu);

SET SEEDS;
ARRAY M[&CHR, &CL,&VAR];
ARRAY X[&CL,&VAR];
DO i q = l  t o  &CL;

DO ix = 1 t o  &VAR;
X [ iq , ix ]= M [B e s t l ,  i q ,  ix ]  ;

END;
END;

%MEND GA_Seeds;
%MACRO I t e ;
PROC PRINT DATA=Inversion;

TITLE "This is the Siteration iteration"; 
VAR BEST1 BEST2 WORST1 W0RST2;

RUN;
%MEND I t e ;

%MACRO MyGA;
%D0 i = l  %to t l t e r a t i o n ;

%Upd_Seeds 
%A_CIus 
%Worst_C 
hCrosaO 
%Hfti t a t  
%Invera 
%R e p la c e;

%END;
%Xte
%GA_Seeda 

%MEND MyGA;

%UyGA
RUN;
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