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Appendix, GRNN

O0O00000000O0

bef or

OO0O0O000O0000O0O00O0

Li nk
Li nk
Li nk

Thi ngs you coul d do:
in a normaization programto have nornalized data
a subroutine in to shown devel opment of the SSQ
a graphing programin to show predictions

Have fun doi ng that

e send changes to

bauer @ a. ne. wi sc. edu

Thanks a | ot
Mat t hi as Bauer

PROGRAM GRNN_MAI N

C DECLARATI ON OF VARI ABLES

doubl e

doubl e

doubl e

doubl e

doubl e
and nin

doubl e

nt eger
nt eger
nt eger
nt eger
nt eger
nt eger

i nfl

nt eger
nt eger

precision x_train,y_train

preci sion signm_use, sigma_old

preci sion signma_step
precision X Y, x_norm
preci sion maxi, nni

preci sion grnn_val

n
q

i,j,k
numb_si gma
inflections
over shoot

bl ocks
set _size

This programis far from being a conmercial program
pl ease feel free to change and expand the program
in any way you want.

If you play with this program pl ease send changes
to (starting at 02/01/96)
bauer @vtservl. verfahrenstechni k. uni-stuttgart.de

sanpl e data

! snoot hness parm

snoot hness par m changes
eval uati on points
dunmmies to cal cul ate max

procedure val ue of GRNN

numb of training sampl es
nunb of di nensions

counting vars

counting vars

nunb of inflections allowed
how many tinmes over all owed

bl ocks of data
size of bl ock



file

integer m ! nunmb of points in eval uat

C Decl arati on of Di nensions

di mensi on x_train(10000, 10), y_trai n(10000)
di nensi on X(20000, 10), Y(20000), x_nor m 20000, 10)
di mensi on maxi (10), m ni (10)

character*3 enough ! flag for iteration
character*20 out_nane, train_name, eval _nane I fil enames
character*1 junmp ! junp over iterations flag
external readtrain ! procedure name

external grnn ! procedure nanme

OO0 0.0

BEG NNI NG OF THE PROGRAM

¢ reading trainng data

wite(*,*) 'trai nnname?’
wite(*,*) 'make sure that training data are normalized!"
read(*,*) train_nanme

OPEN( 333, fil e=trai n_nane, st at us=" unknown')
rewi nd 333
CALL READTRAI N( X_train, Y_train,n,q, nunrb_signa,

& sigma_st ep, maxi, m ni,inflections, bl ocks)

CLOSE (333)

wite(*,*) 'evaluate nane?
wite(*,*) 'make sure that evaluation file is normalized!"’
read(*, 999) eval _nanme

C----- readi ng eval uating data
OPEN(444,fil e=eval _name, st atus="unknown')

rewi nd 444

READ( 444, *)

READ( 444, *)

READ(444,*) M I nunber of evaluation points

READ(444,*) Q ! di meni sions of input vector

READ( 444, *) set_si ze ! how many sanples for each change
in dim

READ( 444, *) sigma_use ! can be used for input of signg,
t hen

wite(*,*) 'what start sigma? | comment those out!

READ( *, *) signma_use ! sigma start for w ggle nethod

DOi=1,m

READ( 444, *) (X_norm(i,j), j=1,0Q ! eval points
END DO

CLOSE (444)
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¢ reading output file nane!
wite(*,*) 'filenanme output?
read(*, 999) out_nane

Crmmmmm e e e e o
C GRNN
Crmmmmm e e e eeaa s

junmp = 'no’

j=0

c allow possibility to circumvent w ggle nethod
wite(*,*) 'do you want to use a specific sigma? y/n
read(*,*) junp
if ( junp .eq. 'y') then

wite(*,*) 'what sigma would you like to use?
read(*,*) sigma_use
end if

c loop iteration for w ggle nmethod
do while (enough .ne. 'yes')

j=i+1

¢ cushen possible wong (too low) inflectionpoints
if (j .gt. 100) then

inflections = inflections +1

j =0

sigma_use = 0.005 I st back of sigmm

wite(*,*) "inflections were increased to: ',inflections

read(*, *) ! enpty line to confirmincrease iof infl
end if

C junp to subroutine GRNN for all trainng sanples (Neural Net here!)

DOi=1,m
call GRNN(N, Q i, sigma_use,
& X_norm X train,Y_train,grnn_va
& , out _nane)
y(i) = grnn_val
END DO
sigma_old = sigma_use ! store old sigm
C------ call of subroutine to get optimal sigm
c using inflection points
if (jump .ne. 'y' ) then

wite(*,*) 'before curve',inflections
call curve(y,n, sigma_use, overshoot, enough
& i nfl ections, set_size,q)

end if
wite(*,*) "after curve
if (jump .eq. 'y') then

enough = '"yes
end if

end do



si gma_use=si gma_ol d

output in file

OPEN( 444, fil e=out _nane, st at us=" unknown')
rewi nd 444
write(444,888) M
write(444,888) Q
wite(444,777) sigma_use
DO i=1, M

write(444, 777) (X(i,i), j=1,Q,Y(i)

END DO
CLOSE (444)

c poosibility for two dimprob for easier plot in exce
if (q.eq. 2) then
wite(*,*) 'outname for special file?
read(*, *) out_nane

or el sewhere!

C ------- output in file special for 2 input dinmensions
OPEN( 444, fil e=out _nane, st at us=" unknown')
rewi nd 444
DO i =1, m set_si ze
wite(444,779) (Y(i+k), k=0, set_size-1)
END DO
end if
CLCSE (444)
cl ose(999)
999 f or mat ( A20)
888 format (18)
777 f or mat (10F15. 8)
778 for mat (10F15. 4)
779 format (51F15. 4)
END
C
C
C BELOW HERE: SUBROUTI NES AND FUNCTI ONS
C
C
(e
C  SUBROUTI NE GRNN
(o

&
&

subrouti ne GRNN(N, Q i _mai n,

sigma, X, X_train,Y_train,grnn_val
, out _nane)
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doubl e precision sigm I sigm

doubl e preci si on DENOM NUM I neuron val ues
doubl e precision D2 I di stance”2

doubl e precision X I eval uation vector
doubl e precision X train,Y_train ! training sanples
doubl e precision grnn_val I predicted result
doubl e precision dumy, dummy2 ! dumm es

i nteger i,j ! counting dinensions in array
i nteger n ! max nunb in array

i nteger q ! di meni son of vector

integer i _main ! evaluation sanple

character*20 out _name

c dinmensions of trainng sanples
di mensi on x_train(10000, 10), Y_trai n(10000)
di mensi on X(20000, 10)

Crmmmmmmm e s

c reset val ues of neurons

NUM =0. 0
DENOM=0. 0
d2=0.0
c core of GRNN
do i=1,n
c di stance
d2=0.0
do j =1,¢q
D2 = D2 + (X_train(i,j)-X(i_min,j))**2.0
end do
dummy?2 = -D2/(2.0*sigma**2.0)
dummy = DEXP(dumy2)
NUM = NUMtY_train(i)*dumy
DENOM = DENOWHdunmy
END DO

¢ cushen nunerical problens
if (DENOM .le. 1.0D- 140) Then
grnn_val = 1.0D140

c wite(*,*) 'value reset!', out_nane, denom
el se
grnn_val = NUM DENOM
end if
RETURN
END



W GGLE METHCD
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subroutine curve(y, n,si gm, over shoot, enough, count nax,

& set _

doubl e precision y
doubl e precision sigm

doubl e precision secl, sec2

doubl e precision dumy

nteger n !
nt eger overshoot !
nteger i,jj,kkk !

nt eger count max, count
nteger j,set_size,q

character*3 enough

di mensi on y(20000)

wite(*,*) set_size
enough = 'no

max_count =0
ave_count =0

if (q .eq. 1) then
count = 0

si ze, Q)

! predicted val ues

! snoot hness parm

! second derivatives

I dummy vari abl e

nunb of eval. points

overshooting over wanted inflections
counting vars

I counting inflections

! data charac. for wi ggle nethod

nt eger max_count,ave_count ! results in inflection count

secl= y(1)-2.0*y(2)+y(3)

do j=3,set_size-1

sec2 = y(j-1)-2.0%y(j)+y(j+1)

dumy = secl*sec?2

if (duimmy .le. 0.0 ) then
if ( (secl .eq. 0.0)
& .and. (sec2 .eq. 0.0 ) ) then

count =count
el se
count = count +1
end if
end if
secl=sec?2
end do

if (count .gt. max_count) then

max_count =count
end if

ave_count =ave_count +count

ave_denonrave_denomt+l
end if



[ for two dinmesnions--------------
C ______________________________________
c derivative in first dinmension
C ______________________________________
if (q.eq. 2) then
count =0
c in first dinmension!
do i=1, set_size
secl = y((i-1)*set_size+l)
& -2.0*y((i-1)*set_size+2)
& +y((i-1)*set_size+3)
do j =3, set_size-1
ii=ii+l
sec2 = y((i-1)*set_size+j-1)

& -2.0*y((i-1)*set_size+j)
& +y((i-1)*set_size+j+1)
dumy = secl*sec?2
if (duimmy .le. 0.0 ) then
if ( (secl .eq. 0.0)
& .and. (sec2 .eq. 0.0 ) ) then
count =count
el se
c count = count +1
end if
end if
secl=sec?2
end do
if (count .gt. max_count) then
c max_count =count
end if
ave_count =ave_count +count
ave_denonrave_denomt+l
count =0
end do
C ______________________________________
c derivative in second di nension
C ______________________________________
count =0
do i=1, set_size
secl = y((i-1)+1)
& -2.0*y((i-1)+1 +set_size)
& +y((i-1)+1+2*set _si ze)
do j =3, set_size-1
sec2 = y((i-1)+set_size*(j-1))
& -2.0*y((i-1)+set_size*j)
& +y((i-1)+set_size*(j+1))



dumy = secl*sec?2
if (dummy .le. 0.0 ) then
if ( (secl .eq. 0.0)

.and. (sec2 .eq. 0.0 ) ) then
count =count
el se
count = count +1
end if
end if
secl=sec?2
end do

if (count .gt. max_count) then
mex_count =count

end if

ave_count =ave_count +count

ave_denonrave_denomt+l

count =0
end do
end if
C------------ three dinensions----------------------
C ______________________________________
c derivative in first dinmension
C ______________________________________

R Ro

R Ro

if (q .eq. 3) then
count =0
do jj=1,set_size
do i=1, set_size
secl = y(1+ (i-1)*set_size+(jj-1)*set_size**2)

-2.0*y(2+ (i-1)*set_size+(jj-1)*set_size**2)
+y(3+ (i-1)*set_size+(jj-1)*set_size**2)
do j=3,set_size-1
sec2 = y(j-1+(i-1)*set_size+(jj-1)*set_size**2)
-2.0*y(j+ (i-1)*set_size+(jj-1)*set_size**2)
+y(j +1+(i-1)*set_size+(jj-1)*set_size**2)
dumy = secl*sec?2
if (duimmy .le. 0.0 ) then
if ( (secl .eq. 0.0)
.and. (sec2 .eq. 0.0 ) ) then
count =count
el se
count= count +1
end if
end if
secl=sec?2
end do

if (count .gt. max_count) then
max_count =count
end if
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ave_count =ave_count +count
ave_denonrave_denomt+l
count =0
end do
end do

count =0
do jj=1,set_size
do i=1, set_size
secl = y(i+0*set_size+(jj-1)*set_size**2)
-2.0*y(i+1*set_size+(jj-1)*set_size**2)
+y(i +2*set _si ze+(jj-1)*set_size**2)
do j =3, set_size-1
sec2 = y(i+(j-1)*set_size+(jj-1)*set_size**2)
-2.0*y(i+(j )*set_size+(jj-1)*set_size**2)
+y (i +(j +1) *set_size+(jj-1)*set_size**2)
dumy = secl*sec?2
if (duimmy .le. 0.0 ) then
if ( (secl .eq. 0.0)
& .and. (sec2 .eq. 0.0 ) ) then
count =count
el se
count= count +1
end if
end if
secl=sec?2
end do
if (count .gt. max_count) then
max_count =count
end if
ave_count =ave_count +count
ave_denonrave_denomt+l
count =0
end do
end do

R0 Ro

R0 Ro

count =0
do j =1, set_size
do i=1, set_size
secl =
y(i+(j-1)*set_size+0*(set_size)**2)
-2.0*y(i+(j-1)*set_size+l*(set_size)**2)
+y(i+(j-1)*set_size+2*(set_size)**2)
do jj=3,set_size-1

R0 Qo Ro



ii=ii+l

sec2 =
& y(i+(j-1)*set_size+(jj-1)*(set_size)**2)
& -2.0*y(i+(j-1)*set_size+(jj )*(set_size)**2)
& +y(i+(j-1)*set_size+(jj+1)*(set_size)**2)
dumy = secl*sec?2
if (duimmy .le. 0.0 ) then
if ( (secl .eq. 0.0)
& .and. (sec2 .eq. 0.0 ) ) then
count =count
el se
count= count +1
end if
end if
secl=sec?2
end do

if (count .gt. max_count) then
max_count =count

end if

ave_count =ave_count +count
ave_denonrave_denomt+l

count =0

end do
end do

end if

count =0
do kkk=1, set_size
do jj=1,set_size
do i=1, set_size
secl = y(1+ (i-1)*set_size+(jj-1)*set_size**2

& +(kkk-1)*set _size**3)
& -2.0*y(2+ (i-1)*set_size+(jj-1)*set_size**2
& +(kkk-1)*set _size**3)
& +y(3+ (i-1)*set_size+(jj-1)*set_size**2
& +(kkk-1)*set _size**3)
do j=3,set_size-1
sec2 = y(j-1+(i-1)*set_size+(jj-1)*set_size**2
& +(kkk-1)*set _size**3)
& -2.0*y(j+ (i-1)*set_size+(jj-1)*set_size**2
& +(kkk-1)*set _size**3)
& +y(j +1+(i-1)*set_size+(jj-1)*set_size**2
& +(kkk-1)*set _size**3)

dumy = secl*sec?2
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if (dummy .le. 0.0 ) then
if ( (secl .eq. 0.0)

& .and. (sec2 .eq. 0.0 ) ) then

count =count
el se
count = count +1
end if

end if

secl=sec?2

end do

if (count .gt. max_count) then
mex_count =count

end if

ave_count =ave_count +count

ave_denonrave_denomt+l

count =0
end do
end do
end do
C ________________________________________
c derivative in second di nension
C ________________________________________
count =0
do kkk=1, set_si ze
do jj=1,set_size

do i=1, set_size
secl = y(i+0*set_size+(jj-1)*set_size**2
+(kkk-1)*set _size**3)
-2.0*y(i +t1*set _size+(jj-1)*set_size**2
+(kkk-1)*set _size**3)
+y(i +2*set _si ze+(jj-1)*set_size**2
+(kkk-1)*set _size**3)

R0 Qo Ro Ro Ro

do j=3,set_size-1
sec2 = y(i+(j-1)*set_size+(jj-1)*set_size**2
+(kkk-1)*set _size**3)
-2.0*y(i+(j] )*set_size+(jj-1)*set_size**2
+(kkk-1)*set _size**3)
+y (i +(j +1) *set _size+(jj-1)*set_size**2
+(kkk-1)*set _size**3)

R0 Qo Ro Ro Ro

dumy = secl*sec?2
if (duimmy .le. 0.0 ) then
if ( (secl .eq. 0.0)
& .and. (sec2 .eq. 0.0 ) ) then
count =count
el se
count = count +1
end if
end if
secl=sec?2
end do



if (count .gt. max_count) then
max_count =count
end if
ave_count =ave_count +count
ave_denonrave_denomt+l
count =0
end do
end do
end do

count =0

do kkk=1, set_size
do j =1, set_size
do i=1, set_size

R0 Qo Ro Ro Ro Ro

R0 Qo Ro Ro Ro Ro

secl =
y(i+(j-1)*set_size+0*(set_size)**2
+(kkk-1)*set _size**3)
-2.0*y(i+(j-1)*set_size+l*(set_size)**2
+(kkk-1)*set _size**3)
+y(i+(j-1)*set_size+2*(set_size)**2
+(kkk-1)*set _size**3)
do jj=3,set_size-1
ii=ii+1
sec2 =
y(i+(j-1)*set_size+(jj-1)*(set_size)**2
+(kkk-1)*set _size**3)
-2.0*y(i+(j-1)*set_size+(jj )*(set_size)**2
+(kkk-1)*set _size**3)
+y(i+(j-1)*set_size+(jj+1)*(set_size)**2
+(kkk-1)*set _size**3)
dumy = secl*sec?2
if (duimmy .le. 0.0 ) then
if ( (secl .eq. 0.0)
& .and. (sec2 .eq. 0.0 ) ) then
count =count
el se
count= count +1
end if
end if
secl=sec?2
end do

if (count .gt. max_count) then
max_count =count

end if

ave_count =ave_count +count
ave_denonrave_denomt+l
count =0
end do
end do
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end do

C ______________________________________
c derivative in fourth dinmension
C ______________________________________
count =0
do jj=1,set_size
do j =1, set_size
do i=1, set_size
secl =
& y(i+(j-1)*set_size+0*(set_size)**2
& +0*set _si ze**3)
& -2.0*y(i+(j-1)*set_size+l*(set_size)**2
& +1*set _size**3)
& +y(i+(j-1)*set_size+2*(set_size)**2
& +2*set _size**3)
do kkk=3, set_size-1
=i+l
sec2 =
& y(i+(j-1)*set_size+(jj-1)*(set_size)**2
& +(kkk-1)*set _si ze**3)
& -2.0*y(i+(j-1)*set_size+(jj )*(set_size)**2
& +(kkk-1)*set _si ze**3)
& +y(i+(j-1)*set_size+(jj+1l)*(set_size)**2
& +(kkk-1)*set _si ze**3)
dumy = secl*sec?2
if (duimmy .le. 0.0 ) then
if ( (secl .eq. 0.0)
& .and. (sec2 .eq. 0.0 ) ) then
count =count
el se
count = count +1
end if
end if
secl=sec?2
end do
if (count .gt. max_count) then
max_count =count
end if
ave_count =ave_count +count
ave_denonrave_denomt+l
count =0
end do
end do
end do
end if
C--------- change in sigm --------------------

count = max_count
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c count = ave_count/ave_denom
write(*,*) 'countmax', countnax, count

if ( count .gt. countmax) then
sigma = sigma*1l.1
el se
overshoot = overshoot +1
if (overshoot .ge. 2) then
sigma = sigma*0. 93
if (overshoot .gt. 8) then

enough = '"yes
end if
end if
end if
C-------- out put on screen to check

wite(*,*) "inflections counted, over goal
wite(*,*) count, overshoot
wite(*,*) sigm

777 format (1F15. 5)
888 format (15)
return
end
C ______________________________________________________
C  SUBROUTI NE TO READ TRAI NI NG DATA
C _______________________________________________________

SUBROUTI NE READTRAI N(x_train,y_train, N, Q nunb_si gm,
& si gma_st ep, maxi , m ni, count max, bl ocks)

doubl e precision X train,Y_train
doubl e precision sigm_step
doubl e precision maxi, m ni

character*20 cluster_fl ag

INTEGER i , j , N, Q

i nteger nunb_sigma

i nt eger count max ! nunber of inflection points in train

i nteger bl ocks

DI MENSI ON X_t r ai n( 10000, 10), Y_trai n(10000)
DI MENSI ON maxi ( 10) , ni ni ( 10)

wite(*,*) 'reading data

READ( 333, *)
READ( 333, *) cluster_flag
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wite(*,*) 'how many sanpl es?
READ(*, *) N
READ( 333, *) Q
READ( 333, *)
READ( 333, *)
DO i=1,n
READ( 333, *) (X_train(i,j), j=1,Q,Y_train(i)
END DO

c sanpl e output of trainng data

999
888
777

DO i =1, 12
wite(*,*) (X_train(i,j), j=1,Q,Y_train(i)
END DO

wite(*,*) ' how many inflection points do you allow?
read(*, *) count max

RETURN
f or mat ( A20)
format (15)
format (10E16. 7)

END



