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Simulat ion programs for Appendix 2 - Stochastic Systolic Array 



F O R T R A N ? ? program A R R A Y . M A I N 

- main array simulation 



Q ************************************************ 
C * * 
C * S y s t o l i c A r r a y P r o d u c t i o n Program * 
C * * 
C * - T h i s program i s t h e Double P r e c i s i o n * 
C * V e r s i o n o f t h e f i n a l i s e d p r o t o t y p e * 
C * s i m u l a t i o n program f o r r u n n i n g e x t e n s i v e * 
C * t e s t s on t h e s t o c h a s t i c s y s t o l i c c e l l s . * 
C * - T h i s uses t h e r e p e a t a b l e i n i t i a l s e t t i n g * 
C * f o r t h e random number g e n e r a t o r e n a b l i n g * 
C * comparisons t o be made between su c c e s s i v e * 
C * r u n s . * 
C * - The o u t p u t s a r e f e d i n t o a s i m u l a t e d s h i f t * 
C * r e g i s t e r SHIFT so t h a t t h e Moving Average * 
C * can be t e s t e d . * 
C * - A Gaussian n o i s e component has been * 
C * i n t r o d u c e d on t h e x i n p u t d a t a . * 
C * The NAG r o u t i n e G05DDF i s used. * 
C * The St a n d a r d D e v i a t i o n o f t h i s i s i n p u t * 
C * as a dB v a l u e t o t h e program. * 
C * The dB v a l u e i s d e f i n e d as n o i s e s t a n d a r d * 
C * d e v i a t i o n t o maximum i n p u t s c a l e d s i g n a l . * 
C * - t h i s program performs a C y c l i c C o r r e l a t i o n * 
C * o p e r a t i o n u s i n g s t o c h a s t i c a r i t h m e t i c v i a * 
C * a N X N s y s t o l i c a r r a y s i m u l a t i o n . * 
C * - The s i m u l a t i o n i s f o r complex p o s i t i v e * 
C * or n e g a t i v e n o r m a l i s e d v a l u e s . * 
C * - The program c o n v e r t s t h e x and h da t a * 
C * & c o e f f i c i e n t s t o independent pn sequences * 
C * r e p r e s e n t i n g these v a l u e s u s i n g a two l i n e * 
C * b i p o l a r r e p r e s e n t a t i o n . * 
C * - NB t h e v a l u e s s h o u l d have been n o r m a l i s e d * 
C * so t h a t t h e g r e a t e s t does n o t exceed * 
C * +/- one. * 
C * - The program o u t p u t s c a l c u l a t e d v a l u e s « 
C * e v e r y c l o c k c y c l e t o show i n c r e a s i n g * 
C * p r e c i s i o n . * 
C * On c o m p l e t i o n , t h e f u l l r e s u l t i s o u t p u t t e d * 
C * on c h a n n e l 4. * 
C * - The s c a l e i s e n t e r e d manually and should * 
C * be a t l e a s t t h e magnitude o f t h e peak of * 
C * a u t o c o r r e l a t i o n f u n c t i o n o f t h e r e f e r e n c e . * 
C * - There i s a wide c h o i c e o f p o s s i b l e c e l l s * 
C * t o be s i m u l a t e d , a l l are i n t h e CELL.SUB * 
C * f o r m a t a l l u s i n g s p e c i a l COMMON b l o c k s * 
C * o f memory. * 
C * - The c o r r e l a t i o n o p e r a t i o n i s d e f i n e d as * 
C * a summation E x.y ( w i t h a p p r o p r i a t e * 
C * s u b s c r i p t s ) . I f x= ( a + i b ) and y= ( c + i d ) * 
C * then t h e f o u r c o r r e l a t i o n s r e q u i r e d are ; * 
C * E ( a c ) - E (bd) + i E (be) + i E (ad) * 
C * - For a p u r e l y r e a l sequence, b=d=0 and we * 
C * a r e l e f t w i t h E (ac) as b e f o r e . * 
C * We t h e r e f o r e c a l c u l a t e one complex * 
C * c o r r e l a t i o n as f o u r r e a l c o r r e l a t i o n s . * 
C * - The program performs t h i s by m u l t i p l e x i n g * 
C * NODE NOW and NEXT values f o r each of t h e * 
C * f o u r cases so t h a t a t any c l o c k c y c l e , * 
C * t h e f u l l complex r e s u l t may be examined. * 
C * - ISLOT i s t h e e f f e c t i v e l e n g t h o f t h e * 
C * s h i f t r e g i s t e r and i s e n t e r e d manually; * 
C * - ISELEC s e l e c t s t h e mode o f a v e r a g i n g . * 
C * ISELEC=0 - Standard Averaging * 
C * ISELEC=1 - Moving Average * 
C .* - F u n c t i o n s c a l l e d a r e ; - * 



c * * 
C * I N I T i n INIT.SUB (Non r e p e a t a b l e ) * 
C * READER i n READER.SUB 
C * RAND i n RAND.SUB (NB Double P r e c i s i o n ) * 
C * MAPI i n MAPPER.SUB * 
C * *NAG l i b r a r y * 
C * CELL i n CELL.SUB * 
C * OUTCNT i n OUTCNT.SUB * 
C * AVERAG i n AVERAG.SUB * 
C * * 
C * - Maximum N i s 100. * 
C * * 
C * A u t h o r : R i c h a r d Leaver * 
C * C r e a t e d : 1 4 t h November 1986 * 
C * Update :18th February 1988 * 
C * Frozen : 5 t h May 1988 * 
(2 ************************************************ 

PROGRAM ARRAY 
C 
C D e f i n e node v a l u e s a r r a y s -
C We d e f i n e node-now and node-next r e p r e s e n t i n g t h e v a l u e s 
C o f t h e node f o r t h e c u r r e n t round o f computations and those 
C v a l u e s o f t h e node as c o m p u t e d / i n p u t t e d a t t h i s time t o be 
C used f o r t h e n e x t round of c o m p u t a t i o n ; 
C The ,2 di m e n s i o n i s because we ar e u s i n g one l i n e f o r p o s i t i v e and 
C one l i n e f o r n e g a t i v e r e p r e s e n t a t i o n . 
C 
C The a r r a y s i z e s a r e d e f i n e d as H*(N*(N+1),4,2), 
C Y*((N+1)*N,4,2), X*((N+1)*(N+N-1),4,2) 
C 

INTEGER HNOW(10100,4,2), HNEXT(10100,4,2) 
INTEGER XNOW(20099,4,2), XNEXT(20099,4,2) 
INTEGER YNOW{10100,4,2) , YNEXT(10100,4,2), COUNT(10000,4,2) 

C 
C Set a s i d e space f o r t h e i n p u t and r e f e r e n c e d a t a ; 
C 

DOUBLE PRECISION XREAL(0:95), XIMAG(0:95), HREAL(0:95), 
& HIMAG(0:95) 

C 
C D e f i n e space f o r t h e a r r a y s which w i l l form t h e data and r e f e r e n c e 
C p r o c e s s i n g a r r a y s f o r t h e f o u r s i m u l t a n e o u s c o r r e l a t i o n s ; 
C 

DOUBLE PRECISION TXREAL(0:95,4), THREAL(0:95,4) 
C 
C Now d e f i n e a r r a y mapping; 
C T h i s i s MAP(no o f pr o c e s s o r s , 6 ) where t h e 6 r e p r e s e n t s s i x 
C addresses 
C i n t h e MAP a r r a y -
C 1=HIN 2=H0UT 3=XIN 4=X0UT 5=YIN 5=Y0UT 
C 

INTEGER MAP(10000,6) 
C 
C D e f i n e i n t e g e r b l o c k s f o r t h e I/O node values ; 
C 

INTEGER HN0DE{96), XN0DE(191), YNODE(96) 
C 
C D e f i n e i n t e g e r a r r a y f o r t h e o u t p u t a v e r a g i n g o f the f o u r 
C c o r r e l a t i o n s ; 
C 

INTEGER 0UT(96,4,2) 
C 
C D e f i n e S h i f t R e g i s t e r f o r t h e s t o r i n g o f o u t p u t b i t streams; 
C 



INTEGER SHIFT(10000,6,4,2) 
C 
C D e f i n e Random Number PN and Clock and Scale v a r i a b l e s 
C as Double P r e c i s i o n ; 
C 

DOUBLE PRECISION PN, CLOCK, CLOCKl, SCALE, SCALEl 
C 
C D e f i n e Noisy d a t a w o r k i n g v a r i a b l e 
C as Double P r e c i s i o n ; 
C 

DOUBLE PRECISION XNOISE, STADEV 
C 
C D e f i n e I n t e g e r V a r i a b l e s ; 
C 

INTEGER HIN, HOUT, XIN, XOUT, YIN, YOUT, HNUM, XNUM, YNUM 
INTEGER H I N l , HOUTl, X I N l , XOUTl, Y I N l , YOUTl 
INTEGER TIME, PROC, MXTIME, CORRNO 

C 
C D e f i n e s t a n d a r d COMMON b l o c k ; 
C 

COMMON COUNT, OUT, HNOW, HNEXT, YNOW, YNEXT, XNOW, XNEXT, NPOINT 
C 
C D e f i n e INTERF named COMMON b l o c k ; 
C 

COMMON /INTERF/ SHIFT, ISLOT, ISELEC 
C 
C Read I n p u t v a l u e s - s e t IC0M=1 t o OPEN f i l e s ; 
C 

ICOM = 1 
CALL READER(ICOM, XREAL, XIMAG, HREAL, HIMAG) 

C 
C Place d a t a i n mapping a r r a y - see page 150 n o t e s ; 
C 

CALL MAPI{HNUM, XNUM, YNUM, MAP, HNODE, XNODE, YNODE) 
C 
C I n i t i a l i s e Random Number Generator; 
C 

CALL INI T 
PN = l.ODO 

C 
C Read i n r e g i s t e r l e n g t h 
C 

WRITE ( 6 , * ) ' I n p u t Window Length' 
READ ( 5 , * ) ISLOT 

C 
C Read i n mode o f a v e r a g i n g 
C 

WRITE ( 6 , * ) ' I n p u t A v e r a g i n g Mode' 
READ ( 5 , * ) ISELEC 

C 
C Read i n Standard D e v i a t i o n of noise component (dB) 
C 

WRITE ( 6 , * ) ' I n p u t Standard D e v i a t i o n o f Noise (dB)' 
READ ( 5 , * ) DBHISS 

C 
C The P r o b a b i l i t y D i s t r i b u t i o n F u n c t i o n f o r t h e NAG r o u t i n e G05DDF 
C i s : 
C 
C P(X) = 1 / (SQRT(2 P I ) B) EXP {- (X-A)A2 / 2 BA2 } 
C 
C Where A = Mean and B = Standard D e v i a t i o n 
C 
C D e f i n e R a t i o DBHISS r e l a t i v e t o maximum i n p u t s c a l e 



u 
C DBHISS = -20 LOGIO ((1/SQRT(SCALE)) / B) 
C 
C Read i n Maximum Time 
C 

WRITE ( 6 , * ) ' I n p u t Max Time' 
READ ( 5 , * ) MXTIME 

C 
C S c a l e v a l u e s ; 
C 

WRITE ( 6 , * ) ' I n p u t S c a l e ' 
READ ( 5 , * ) SCALEl 
SCALE = DSQRT(SCALEl) 

C 
C Compute Sta n d a r d D e v i a t i o n o f n o i s e ; 
C 

STADEV = (1.0/SCALE) * 10 ** (DBHISS/20.0) 
C 

DO 1 I = 0, (NPOINT - 1) 
XREAL(I) = XREAL(I) / SCALE 
XIMAG(I) = XIMAG(I) / SCALE 
HREAL(I) = HREAL(I) / SCALE 
HIMAG(I) = HIMAG(I) / SCALE 

1 CONTINUE 
C 
C P l a c e t h e d a t a v a l u e s i n t o t h e TXREAL and THREAL a r r a y s ; 
C 1= XREAL & HREAL 
C 2= XIMAG & HIMAG 
C 3= XIMAG & HREAL 
C 4= XREAL & HIMAG 

DO 2 I = 0 , NPOINT - 1 
TXREAL(I,1) = XREAL(I) 
THREAL(I,1) = HREAL(I) 
TXREAL(I,2) = XIMAG(I) 
THREAL(I,2) = HIMAG(I) 
TXREAL(I,3) = XIMAG(I) 
THREAL(I,3) = HREAL(I) 
TXREAL(I,4) = XREAL(I) 
THREAL(I,4) = HIMAG(I) 

2 CONTINUE 
C 
C D e f i n e CLOCK s t a r t v a l u e ; 
C 

CLOCK = 1 . 0 
C 
C Begin l o o p c a l c u l a t i n g each processors c o n t r i b u t i o n a t each t i m e 
C i n t e r v a l 
C t where t=l,MXTIME and no processors = 1,NP0INT**2 ; 
C T h i s i s c a r r i e d o u t over t h e f o u r c o r r e l a t i o n s ; 
C The a r r a y a v e r a g i n g i s o n l y s t a r t e d a f t e r t h e a r r a y i s ' f l u s h e d ' 
C w i t h d a t a , t h i s p r e v e n t s a s l i g h t s t a r t up e r r o r i n t h e a v e r a g i n g 
C pro c e s s ; 
C 

DO 12 TIME ^ 1, MXTIME + NPOINT 
I F (TIME .GT. NPOINT) CLOCK = DFLOAT(TIME) - NPOINT 
WRITE ( 6 , * ) CLOCK, TIME 

C 
C M u l t i p l e x c o r r e l a t i o n s i n t u r n ; 
r 

DO 10 CORRNO = 1 , 4 
C 
C Encode i n p u t terms i n t o pn sequences as r e q u i r e d and perfo r m 
C c o m p u t a t i o n ; 
C 
C D e f i n e t h e ,1 di m e n s i o n as p o s i t i v e v a l u e s and t h e ,2 dimension as 
C n e g a t i v e v a l u e s ; 

10 



c 
C Use XNOISE as w o r k i n g v a r i a b l e c o n t a i n i n g t h e Gaussian n o i s e 
C d a t a ; 
C 

J = 0 
C 

DO 3 I = 1 , XNUM 
CALL RAND(PN) 
XNOISE = G05DDF(TXREAL(J,CORRNO),STADEV) 
I F (XNOISE .GE. O.ODO) THEN 

I F (PN .LT. XNOISE) THEN 
XNOW(XNODE(I),C0RRN0,1) = 1 

ELSE 
XN0W(XN0DE(I),C0RRN0,1) = 0 

END I F 
ELSE 

I F (PN .LT. (-1.0D0*XNOISE)) THEN 
XNOW(XNODE(I),C0RRN0,2) = 1 

ELSE 
XN0W(XN0DE(I),CORRNO,2) = 0 

END I F 
END I F 
J = J + 1 
I F ( J -EQ. NPOINT) J = 0 

3 CONTINUE 
C 

DO 4 J = 0, HNUM - 1 
I = J + 1 
CALL RAND(PN) 
I F (THREAL(J,CORRNO) .GE. O.ODO) THEN 

IF (PN .LT. THREAL(J,CORRNO)) THEN 
HNOW(HNODE(I),C0RRN0,1) = 1 

ELSE 
HN0W(HN0DE(I),C0RRN0,1) = 0 

END I F 
ELSE 

IF (PN .LT. (-1.0D0*THREAL(J,CORRNO))) THEN 
HNOW(HNODE(I),CORRNO,2) = 1 

ELSE 
HNOW(HNODE(I),C0RRN0,2) = 0 

END I F 
END I F 

4 CONTINUE 
C 
C C a l c u l a t e each p r o c e s s o r s c o n t r i b u t i o n ; 
C I n c o r p o r a t e i n t h i s p a r t a t e s t i n p u t f o r t h e i n i t i a l C l i n e s , 
C T h i s i s n o r m a l l y s e t t o ze r o ; 
C 

DO 7 PROC = 1 , NPOINT * NPOINT 
C 

DO 6 I = 1 , NPOINT 
C 

DO 5 K = 1 , 2 
PN = G05CAF(PN) 
IF (PN .LT. 0.0) THEN 

I F (CORRNO .EQ. 1) THEN 
IF (K .EQ. 1) THEN 

YNOW(NPOINT*NPOINT + I,CORRNO,K) = 1 
ELSE 

YNOW(NPOINT*NPOINT + I,CORRNO,K) = 0 
END I F 

END I F 
END I F 

1 1 



5 CONTINUE 
C 

6 CONTINUE 
C 
C Use mapping t o s e t node v a l u e s f o r pr o c e s s o r ; 
C 

HIN = HN0W(MAP(PR0C,1),C0RRN0,1) 
XIN = XN0W(MAP(PR0C,3),C0RRN0,1) 
YIN = YN0W(MAP(PR0C,5),C0RRN0,1) 
H I N l = HN0W(MAP(PR0C,1),C0RRN0,2) 
X I N l = XN0W(MAP(PR0C,3),C0RRN0,2) 
Y I N l = YN0W(MAP(PR0C,5),C0RRN0,2) 

C 
C C a l l p r o c e s s o r CELL ; 
C 

CALL CELL(HIN, H I N l , HOUT, HOUTl, XIN, X I N l , XOUT, XOUTl, 
& YIN, Y I N l , YOUT, YOUTl, PROC, CORRNO) 

C 
C Set n e x t node v a l u e s f r o m o u t p u t o f c e l l . ( T h i s leaves now node 
C v a l u e s unchanged) ; 
C 

HNEXT(MAP(PR0C,2),C0RRN0,1) = HOUT 
XNEXT(MAP(PR0C,4),CORRNO,1) = XOUT 
YNEXT(MAP(PR0C,6),C0RRN0,1) = YOUT 
HNEXT(MAP(PR0C,2),C0RRN0,2) = HOUTl 
XNEXT(MAP(PR0C,4),C0RRN0,2) = XOUTl 
YNEXT(MAP(PR0C,6),C0RRN0,2) = YOUTl 

7 CONTINUE 
C 
C C u r r e n t round o f node co m p u t a t i o n s c o m p l e t e , 
C 
C C a l l o u t p u t a v e r a g i n g i n t e r f a c e s u b r o u t i n e ; 
C 

CALL OUTCNT(CORRNO, TIME, YNUM) 
C 
C Set n e x t node v a l u e s t o now node v a l u e s ; 
C 

DO 8 I = 1 , NPOINT * (NPOINT + 1) 
IVALHl = HNEXT(I,CORRNO,!) 
HNOW(I,CORRNO,1) = IVALHl 
IVALYl = YNEXT(I,C0RRN0,1)• 
YN0W(I,CORRNO,1) = IVALYl 
IVALH2 = HNEXT(I,C0RRN0,2) 
HN0W(I,C0RRN0,2) = IVALH2 
IVALY2 = YNEXT(I,C0RRN0,2) 
YN0W(I,C0RRN0,2) = IVALY2 

8 CONTINUE 
C 

DO 9 I = 1 , (NPOINT + 1) * (NPOINT + NPOINT - 1) 
IVALXl = XNEXT(I,C0RRN0,1) 
XNOW(I,C0RRN0,1) = IVALXl 
IVALX2 = XNEXT(I,C0RRN0,2) 
XN0W(I,C0RRN0,2) = IVALX2 

9 CONTINUE 
C 
C Co n t i n u e w i t h n e x t r e a l c o r r e l a t i o n ( s e r i e s o f 4) ; 
C 

10 CONTINUE 
r 
C C a l l a v e r a g i n g and complex c o m b i n a t i o n r o u t i n e ; 
C 

12 



c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

CALL AVERAG(CLOCK, SCALEl) 

C o n t i n u e w i t h n e x t c l o c k c y c l e ; 

W r i t e o u t r e s c a l e d c o r r e l a t i o n o u t p u t t o f i l e ; 

DO 11 I = 1 , NPOINT 
I F (CLOCK .GT. 0) THEN 
AC = ((DFLOAT((0UT(I,1,1) - OUT(I,1,2))))/CLOCK) * SCALEl 
BD = ( (DFLOAT((0UT(I,2,1) - OUT{1,2,2))))/CLOCK) * SCALEl 
BC = ((DFLOAT((0UT(I,3,1) - OUT(I,3,2))))/CLOCK) * SCALEl 
AD = ((DFLOAT((0UT(I,4,1) - OUT(I,4,2))))/CLOCK) * SCALEl 

END I F 
IF ((CLOCK -EQ. 1) .AND. (TIME .GE. NPOINT)) WRITE (50,*) (AC 

- BD), (BC + AD) 
I F (CLOCK -EQ. 10) WRITE (51,*) (AC - BD), (BC + AD) 
I F (CLOCK .EQ. 100) WRITE (52,*) (AC - BD), (BC + AD) 
I F (CLOCK .EQ. 1000) WRITE (53,*) (AC - BD), (BC + AD) 
IF (CLOCK .EQ. 10000) WRITE (54,*) (AC - BD), (BC + AD) 

11 CONTINUE 

12 CONTINUE 

Close a l l f i l e s - s e t ICOM=0 ; 

ICOM = 0 
CALL READERdCOM, XREAL, XIMAG, HREAL, HIMAG) 
STOP 
END 
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F O R T R A N ? ? subroutine CELL.SUB 

- inner product cell 
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c ************************************************ 
C * S y s t o l i c s t o c h a s t i c C e l l S u b r o u t i n e ; * 
C * * 
C * - t h i s s u b r o u t i n e p r o v i d e s a s t o c h a s t i c * 
C * s e t o f o p e r a t i o n s on f o u r i n p u t s - * 
C * XIN,HIN,YIN and a memory b l o c k f o r each * 
C * p r o c e s s o r , COUNT(proc) which i s common * 
C * t o t h e main r o u t i n e and i s used f o r t h e * 
C * summation t o g e t h e r w i t h t h e OR o p e r a t i o n . * 
C * - The ,1 di m e n s i o n i s used f o r p o s i t i v e * 
C * v a l u e s and t h e ,2 dimension i s used f o r « 
C * n e g a t i v e v a l u e s . * 
C * - The r o u t i n e p r o v i d e s t h e f o l l o w i n g o u t p u t s . * 
C * XOUT,HOUT and YOUT. (& t h e -ve dimension) * 
C * - XOUT=XIN 
C * HOUT^HIN * 
C * YOUT=[YIN+(HIN.XIN)] * 
C * - No r m a l i s e d ONE corresponds t o a sequence * 
C * o f a l l I ' s . 
C * - ZERO co r r e s p o n d s t o a l l O's. * 
C * - M u l t i p l i c a t i o n i n s t o c h a s t i c systems as * 
C * d e f i n e d on t h e above mapping may be done * 
C * v i a an AND o p e r a t i o n . F u l l f i e l d ( i e . + & * 
C * -ve a r i t h m e t i c ) needs f o u r AND g a t e s . * 
C * - A d d i t i o n i s acc o m p l i s h e d by u s i n g an OR * 
C * o p e r a t i o n on t h e i n p u t sequences. * 
C * - The OR o p e r a t i o n i s v a l i d a t e d f o r * 
C * c o i n c i d e n t s t o c h a s t i c p u l s e s by p r o v i d i n g * 
C * a pseudo c a r r y . T h i s i s a co u n t e r which * 
C * i n c r e m e n t s f o r each c o i n c i d e n t e v e n t * 
C * and decrements f o r each non OR o r AND * 
C * e v e n t , a t t h e same t i m e i n s e r t i n g an * 
C * o u t p u t p u l s e f o r e v e r y a v a i l a b l e s l o t * 
C * u n t i l t h e c o u n t e r i s z e r o . This corresponds* 
C * t o compensation f o r c o i n c i d e n t p u l s e s . * 
C * - The COMMON b l o c k i s d i v i d e d by 4 f o r the * 
C * f o u r c o r r e l a t i o n o p e r a t i o n s and by 2 f o r * 
C * t h e p o s i t i v e & n e g a t i v e s i d e . * 
C * * 
C * A u t h o r : R i c h a r d Leaver * 
C * C r e a t e d : 1 4 t h November 1986 * 
C * Update : 2nd Februa r y 1987 * 
C * Frozen : 5 t h May 1988 * 
(2 ************************************************ 

SUBROUTINE CELL(HIN, H I N l , HOUT, HOUTl, XIN, X I N l , XOUT, XOUTl, 
& YIN, Y I N l , YOUT, YOUTl, PROC, CORRNO) 

C 
C D e f i n e s t a n d a r d COMMON b l o c k ; 
C 

COMMON COUNT, OUT, HNOW, HNEXT, YNOW, YNEXT, XNOW, XNEXT, NPOINT 
C 
C D e f i n e I n t e g e r i n p u t and o u t p u t v a r i a b l e s ; 
C 

INTEGER HIN, HOUT, XIN, XOUT, YIN, YOUT, RSULT, PROC, CORRNO 
INTEGER H I N l , HOUTl, X I N l , XOUTl, Y I N l , YOUTl, RSULTl 

C 
C D e f i n e a r r a y s ; 
C 

INTEGER COUNT(10000,4,2) 
INTEGER OUT(96,4,2) 
INTEGER HNOW(10100,4,2), HNEXT(10100,4,2) 
INTEGER YNOW(10100,4,2), YNEXT(10100,4,2) 
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INTEGER XN0W(20099,4,2 ) , XNEXT(20099,4,2) 
C 
C Pe r f o r m o p e r a t i o n s ; 
C Pass o u t t h e i n p u t v a l u e s o f HIN and XIN t o HOUT and XOUT. 
C 

HOUT = HIN 
XOUT = XIN 
HOUTl = HI N l 
XOUTl = X I N l 

C 
C T h i s p a r t p e r f o r m s t h e m u l t i p l y / a c c u m u l a t e o p e r a t i o n . 
C F i r s t t h e m u l t i p l y - u s i n g an AND o p e r a t i o n . 
C T h i s needs f o u r o p e r a t i o n s f o r f u l l a r i t h m e t i c f i e l d s 
C NB: T h i s o n l y works f o r t h e mapping zero^O,normalised one=l ; 
C 

I F ( ( ( H I N .EQ. 1) .AND. (XIN .EQ. 1 ) ) .OR. ( ( H I N l .EQ. 1) .AND. ( 
& X I N l .EQ. 1 ) ) ) THEN 

RSULT = 1 
ELSE 
RSULT = 0 

END I F 
I F ( ( ( H I N .EQ. 1) .AND. ( X I N l .EQ. 1 ) ) .OR. ( ( H I N l .EQ. 1) .AND. ( 

& XIN .EQ. 1 ) ) ) THEN 
RSULTl = 1 

ELSE 
RSULTl = 0 

END I F 
C 
C Ap p l y a s l i g h t improvement t o t h e hardware. Test t o see i f when 
C t h e p r o d u c t o f x*h i s one p o l a r i t y and t h e Y i n p u t d i a g o n a l i s 
C t h e o p p o s i t e , can we c a n c e l them out w i t h t h e r e s u l t a n t s a v i n g 
C i n c o u n t e r c a p a c i t y ? ; 

I F ( ( Y I N .EQ. 1) .AND. (RSULTl .EQ. 1 ) ) THEN 
YIN = 0 
RSULTl = 0 

END I F 
I F ( ( Y I N l .EQ. 1) .AND. (RSULT .EQ. 1 ) ) THEN 

Y I N l = 0 
RSULT = 0 

END I F 
C 
C Now t h e summation :add t h e r e s u l t t o YIN and pass t o YOUT; 
C F i r s t t h e p o s i t i v e s i d e ; 
C 

I F ( ( Y I N .EQ. 1) .OR. (RSULT .EQ. 1 ) ) THEN 
YOUT = 1 

ELSE 
YOUT = 0 

END I F 
I F ( ( Y I N .EQ. 1) .AND. (RSULT .EQ. 1 ) ) THEN 
COUNT(PROC,CORRNO,1) = COUNT(PROC,CORRNO,1) + 1 

END I F 
I F ( ( Y I N .EQ. 0) .AND. (RSULT -EQ. 0) .AND. (COUNT{PROC,CORRNO,1) 

Sc .GT. 0 ) ) THEN 
COUNT(PROC,CORRNO,1) = COUNT(PROC,CORRNO,1) - 1 
YOUT = 1 

END I F 
C 
C Now t h e n e g a t i v e s i d e ; 
C 
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I F ( ( Y I N l .EQ. 1) .OR. (RSULTl .EQ. 1 ) ) THEN 
YOUTl = 1 

ELSE 
YOUTl = 0 

END I F 
I F ( ( Y I N l .EQ. 1) .AND. (RSULTl .EQ. 1 ) ) THEN 

C0UNT(PROC,CORRN0,2) = COUNT(PROC,CORRNO,2) + 1 
END I F 
I F ( ( Y I N l .EQ. 0) .AND. (RSULTl .EQ. 0) .AND. (COUNT(PROC,CORRNO, 

& 2) .GT. 0 ) ) THEN 
C0UNT(PR0C,C0RRN0,2) = COUNT(PROC,CORRNO,2) - 1 
YOUTl = 1 

END I F 
C 
C Option: w r i t e out the counter s t a t e ; 
C 
C I F (CORRNO .EQ. 1) THEN 
C WRITE (20,*) COUNT(PROC,CORRNO,1) 
C WRITE (21,*) COUNT(PROC,CORRNO,2) 
C END I F 

RETURN 
END 
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I N P U T 

- Input data file 

18 



6 POINTS 
6 
.6234904,-.781831, 
-.9009572,-.433887, 
-.2225188,-.9749284, 
.6234853,.7818343, 
-.9009703,.4338807, 
-.2225256,.9749259, 
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R E F E R 

- Reference data file 

20 



6 Po i n t s 
6, 
1. ,0. , 
1. ,0. , 
1. ,0. , 
0. ,0. , 
0. ,0. , 
0. ,0. , 
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F O R T R A N 7 7 subroutine I N I T . S U B 

- Initialisation 
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C ***********:•:«*«********************************* 
C * S t o c h a s t i c PN Generator I n i t i a l i s a t i o n * 
C * Routine ; * 
C * * 
C * - t h i s subroutine i n i t i a l i s e s the NAG * 
C * l i b r a r y G05CAF pn generator by c a l l i n g * 
C * the NAG r o u t i n e G05CBF. * 
C * - Th i s must be performed a t the s t a r t of * 
C * any program using the pn generator. * 
C * Use of G05CBF ( r a t h e r than G05CCF) * 
C * r e s u l t s i n re p e a t a b l e sequences. * 
C * - the subroutine then i n i t i a l i s e s a l l the * 
C * v a r i o u s nodes and counters to zero; * 
C * 
C * Author: Richard Leaver * 
C * Created :14th November 1986 * 
C * Update : 5th January 1987 * 
C * Frozen : 8th January 1987 * 
(2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SUBROUTINE INIT 
C 
C Define standard COMMON block; 
C 

COMMON COUNT, OUT, KNOW, HNEXT, YNOW, YNEXT, XNOW, XNEXT, NPOINT 
C 
C Define INTERF named COMMON block; 
C 

COMMON /INTERF/ SHIFT, ISLOT, ISELEC 
C 
C Define a r r a y s ; 
C 

INTEGER COUNT(10000,4,2) 
INTEGER 0UT(96,4,2) 
INTEGER HNOW(10100,4,2), HNEXT(10100 ,4,2 ) 
INTEGER YNOW(10100,4,2), YNEXT(10100,4,2) 
INTEGER XNOW(20099,4,2), XNEXT(20099,4,2) 
INTEGER SHIFT(10000,5,4,2) 

C 
C C a l l NAG repeatable i n i t i a l i s a t i o n r o u t i n e ; 
C Use INTEGER seed s e t to 1; 
C 

CALL G05CBF(1) 
C 
C I n i t i a l i s e output node counters ; 
C 

DO 3 I = 1, NPOINT 
C 

DO 2 J = 1, 4 ̂  
C 

DO 1 K = 1, 2 
OUT(I,J,K) = 0 

1 CONTINUE 
C 

C 
2 CONTINUE 

3 CONTINUE 
C 
C I n i t i a l i s e a l l nodes to value 0 ; 
C 

DO 6 I = 1, NPOINT * (NPOINT + 1) 
C 

DO 5 J = 1, 4 
C 
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c 

c 

c 

c 

c 

c 

c 

DO 4 K = 1, 2 
HNOW(I,J,K) = 0 
HNEXT(I,J,K) = 0 
YNOW(I,J,K) = 0 
YNEXT(I,J,K) = 0 

4 CONTINUE 

5 CONTINUE 

6 CONTINUE 

DO 9 I = 1, (NPOINT + 1) * (NPOINT + NPOINT - 1) 

DO 8 J = 1, 4 

DO 7 K = 1, 2 
XNOW(I,J,K) = 0 
XNEXT(I,J,K) = 0 

7 CONTINUE 

8 CONTINUE 

9 CONTINUE 
C 
C I n i t i a l i s e the counters to 0 ; 
C 

C 

C 

DO 12 I = 1, NPOINT * NPOINT 

DO 11 J = 1, 4 

DO 10 K = 1, 2 
COUNT(I,J,K) = 0 

10 CONTINUE 
C 

11 CONTINUE 
C 

12 CONTINUE 
C 

RETURN 
END 

24 



F O R T R A N 7 7 subroutine R A N D . S U B 

- Random numbers 
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c ************************************************ 
C * Random Number Generator Subroutine ; * 
C 
C * - r o u t i n e uses the NAG routine G05CAF * 
C * which generates random numbers. * 
C * - The c a l l i n g program must have c a l l e d * 
C * the NAG i n i t i a l i s a t i o n routine G05CCF. * 
C * - r o u t i n e to be used f o r s t o c h a s t i c * 
C * s y s t o l i c p r o c e s s i n g . * 
C * * 
C * - NAG ro u t i n e r e q u i r e s Double P r e c i s i o n * 
C * v a r i a b l e s - must be used otherwise * 
C * e r r o r s w i l l occur. * 
C 
C * * 
C * Author: Richard Leaver * 
C * Created :14th November 1986 * 
C * Update :14th November 1986 * 
C * Frozen :14th November 1986 * 
(2 ************************************************ 

SUBROUTINE RAND(X) 
C 
C Define standard COMMON block; 
C 

COMMON COUNT, OUT, HNOW, HNEXT, YNOW, YNEXT, XNOW, XNEXT, NPOINT 
C 
C Define a r r a y s ; 
C 

INTEGER COUNT(10000,4,2) 
• INTEGER 0UT(96,4,2) 

INTEGER HNOW(10100,4,2), HNEXT(10100,4,2) 
INTEGER YNOW(10100,4,2), yNEXT(10100,4,2) 
INTEGER XNOW(20099,4,2), XNEXT(20099,4,2) 

C 
C Define Double P r e c i s i o n v a r i a b l e s ; 
C 

DOUBLE PRECISION X, G05CAF 
C 
C C a l l NAG rout i n e ; 
C 

X = G05CAF(X) 
RETURN 
END 
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F O R T R A N 7 7 subroutine R E A D E R . S U B 

- Input/Output functions 
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Q ************************************************ 
C * Reading Subroutine - S y s t o l i c Array ; * 
C * * 
C * - Th i s subroutine i s used to OPEN and CLOSE * 
C * f i l e s and to read i n t o the a r r a y s ; * 
C * - I f IC0M=1 then OPEN, e l s e CLOSE * 
C * * 
C * Author: R i c h a r d Leaver * 
C * Created:14th November 1985 * 
C * Update : 8th January 1987 * 
C * Frozen : 8th January 1987 * 
(2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SUBROUTINE READER(ICOM, XREAL, XIMAG, HREAL, HIMAG) 
C 
C Define standard COMMON block; 
C 

COMMON COUNT, OUT, KNOW, HNEXT, TNOW, YNEXT, XNOW, XNEXT, NPOINT 
C 
C Define a r r a y s ; 
C 

INTEGER COUNT(10000,4,2) 
INTEGER OUT(95,4,2) 
INTEGER HNOW(10100,4,2), HNEXT(10100,4,2) 
INTEGER YN0W(10100,4,2), YNEXT(10100,4,2) 
INTEGER XNOW(20099,4,2), XNEXT(20099,4,2) 

C 
C Define Input a r r a y s as DOUBLE PRECISION; 
C 

DOUBLE PRECISION XREAL(0:95), XIMAG(0:95), HREAL(0:95), HIMAG(0:95) 
C 
C Define c h a r a c t e r space f o r the t i t l e ; 
C 

CHARACTER*30 T I T L E , T I T L E l 
C 
C I f IC0M=1 then OPEN f i l e s e l s e CLOSE them; 
C 

I F (ICOM .EQ. 1) THEN 
C 
C Open d a t a f i l e s & f i l e s ; 
C 

OPEN (1,FILE='INPUT') 
OPEN (2,FILE='REFER') 

C 
C 3 used f o r the second x input data (non s t a t i o n a r y i n p u t s ) ; 
C 

OPEN ( 3, FILE=='SECOND • ) 
C 
C 4 used for the f i n a l output f i l e - only u s e f u l for s t a t i o n a r y 
C input; 
C 

OPEN (4,FILE='RESULT') 
C 
C 
C 

OPEN (11,FILE='A1') 
OPEN (12,FILE='A2') 
OPEN (13,FILE='A3') 
OPEN (14,FILE='A4') 
OPEN (15,FILE='A5') 
OPEN (15,FILE='A5') 

C 
C Read i n T i t l e and No of Points for input sequence; 
C 

28 



READ (1,2) TITLE 
READ (1, * ) NPOINT 

C 
C Read i n T i t l e and No of Points for r e f e r e n c e sequence ; 
C T I T L E l and MPOINT are dummy v a r i a b l e s - assume NPOINT=MPOINT 
C f o r C y c l i c c o r r e l a t i o n p r o c e s s i n g ; 
C 

READ (2,2) T I T L E l 
READ ( 2 , * ) MPOINT 

C 
C Label Output F i l e ; 
C 

WRITE (4,2) TITLE 
WRITE ( 4 , * ) NPOINT 

C 
C Read i n va l u e s ; 
C 

DO 1 I = 0, (NPOINT - 1) 
READ (1,*) X R E A L ( I ) , XIMAG(I) 
READ (2, * ) HREAL(I), HIMAG(I) 

1 CONTINUE 
C 

ELSE 
CLOSE (1) 
CLOSE (2) 
CLOSE (3) 
CLOSE (11) 
CLOSE (12) 
CLOSE (13) 
CLOSE (14) 
CLOSE (15) 
CLOSE (16) 

END I F 
RETURN 

2 FORMAT (A) 
END 
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F O R T R A N 7 7 subroutine M A P P E R . S U B 
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c ************************************************ 
C * Mapping Program - S y s t o l i c Array ; * 
C * * 
C * - t h i s subroutine provides the mapping * 
C « for the i n t e r c o n n e c t i o n of s y s t o l i c c e l l s * 
C * i n an N X N c o n f i g u r a t i o n r e p r e s e n t i n g * 
C * an N point c o r r e l a t i o n . * 
C * - The program takes the number of p o i n t s as * 
C * an input and outputs the node mapping i n * 
C * the MAP (Pr o c e s s o r number,node type) * 
C * a r r a y plus t h r e e a r r a y s HNODE,XNODE,YNODE * 
C * which c o n t a i n the v a l u e s of the a r r a y I/O * 
C « nodes. * 
C « These t h r e e a r r a y s are accompanied by * 
C * the v a r i a b l e s HNUM,XNUM and YNUM which 
C * c o n t a i n the end v a l u e s f o r reading the * 
C * thre e a r r a y s . * 
C * - Th i s subroutine was s p e c i a l l y a d j u s t e d to * 
C * - be used by the ARRAYl.FTN complex * 
C * c o r r e l a t i o n program which r e q u i r e s a l o t * 
C * more memory than the r e a l p o s i t i v e * 
C * c o r r e l a t i o n performed i n ARRAY.FTN * 
C * - maximum number of poi n t s i s 5. * 
C * Th i s i s because of memory l i m i t a t i o n s . * 
C * - Th i s subroutine i s e x a c t l y the same as * 
C * MAPPER.SUB.1 except t h a t i t uses the * 
C * COMMON block f o r NPOINT. * 
C * * 
C * Author: R i c h a r d Leaver * 
C * Created:14th November 1986 * 
C * Update :14th November 1986 * 
C * Frozen :14th November 1985 * 
C ************************************************ 
C 

SUBROUTINE MAP1(HNUM, XNUM, YNUM, MAP, HNODE, XNODE, YNODE) 
C 
C 
C Define a r r a y s to hold the intermediate r e s u l t mappings; 
C HARRAY(N,N+1),YARRAY(N+1,N),XARRAY(N+1,N+N-1) 
C together with MAP(N*N,6) 
C A l l a r r a y s are defined i n terms of H inp u t s H(0) to H(N-l); 
C T h i s i s v i a the row s e l e c t of the a r r a y (N, ; 
C As i n the t h e s i s , H(0) i s a t the bottom l e f t corner of the a r r a y 
C with H(N-l) a t the top l e f t . Consequently mapping values are presented 
C with the c e l l numbering commencing top l e f t to top r i g h t e t c . 
C XARRAY i s s p e c i a l i n t h a t s i n c e the a r r a y i s a parallelogram, 
C we have to be c a r e f u l . I define a r r a y value 0 as a f i l l e r for 
C c a s e s where no connection i s made i n the matrix. 
C XO i s the bottom l e f t corner. The Y a r r a y inputs to the c e l l s 
C H val u e s w i l l have input and output. The Y array inputs to the 
C c e l l s a r e defined as zero. The Y ar r a y extends to -1 to include these 
C YIN'S ; 
C 
C 
C Define standard COMMON block; 
C 

COMMON COUNT, OUT, HNOW, HNEXT, YNOW, YNEXT, XNOW, XNEXT, NPOINT 
C 
C Define a r r a y s ; 
C 

INTEGER COUNT(10000,4,2) 
INTEGER OUT(96,4,2) 
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INTEGER HNOW(10100,4,2), HNEXT(10100,4,2) 
INTEGER YNOW(10100,4,2), YNEXT(10100,4,2) 
INTEGER XNOW(20099,4,2), XNEXT(20099,4,2) 
INTEGER HARRAY(0:95,97), YARRAY(-1:95,97) 
INTEGER XARRAY(0:95,0:190) 
INTEGER MAP(10000,5) 

C 
C Defi n e a r r a y s to c o n t a i n the I/O nodes ; 
C 

INTEGER HN0DE(96), XN0DE(191), YN0DE(96) 
C 
C Defi n e i n t e g e r v a r i a b l e s f o r processing ; 
C 

INTEGER HNUM, XNUM, YNUM 
C 
C Defi n e HNUM,XNUM and YNUM with end point values ; 
C 

HNUM = NPOINT 
XNUM = NPOINT + NPOINT - 1 
YNUM = NPOINT 

C 
C C a l c u l a t e H mapping; 
C 

ICOUNT = 0 
C 

DO 2 I = NPOINT - 1, 0, ^1 
C 

DO 1 J = 1, NPOINT + 1 
HARRAY(I,J) = ICOUNT + J 

1 CONTINUE 
C 

ICOUNT = ICOUNT + NPOINT + 1 
2 CONTINUE 

C 
C F i l l the mapping a r r a y with HIN and HOUT values from the above 
C p r o c e s s . 1==HIN, 2=H0UT ; 
C 

C 

C 

LEVEL = 0 

DO 4 ICOUNT = NPOINT - 1, 0, -1 

DO 3 JCOUNT = 1, NPOINT 
C 
C Allow f o r increment i n Processor number as we descend l e v e l s ; 
C 

IPROC = JCOUNT + LEVEL 
MAPdPROCD = HARRAY( I COUNT, JCOUNT) 
MAP(IPR0C,2) = HARRAY(ICOUNT,JCOUNT + 1) 

3 CONTINUE 
C 

LEVEL = LEVEL + NPOINT 
4 CONTINUE 

C 
C Write out H Input nodes i n t o HNODE arra y ; 
C 

DO 5 I = 0 , NPOINT - 1 
J = I + 1 
HNODE(J) = HARRAYd ,1) 

5 CONTINUE 
C 
C C a l c u l a t e Y mapping; 
C 
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c 

c 

ICOUNT = 0 

DO 7 I = NPOINT - 1, - 1 , -1 

DO 6 J = 1, NPOINT 
YARRAY(I,J) = ICOUNT + J 

6 CONTINUE 
C 

ICOUNT = ICOUNT + NPOINT 
7 CONTINUE 

C 
C F i l l the mapping array w i t h YIN and YOUT values from the above 
C process. 5=YIN, 6==yOUT ; 
C, 

C 

C 

LEVEL = 0 

DO 9 ICOUNT = NPOINT - 1, 0, -1 

DO 8 JCOUNT = 1, NPOINT 
C 
C Allow f o r increment i n Processor number as we descend l e v e l s ; 
C 

IPROC = JCOUNT + LEVEL 
MAP(IPR0C,5) = YARRAY(ICOUNT - 1,JCOUNT) 
MAP(IPR0C,6) YARRAY( ICOUNT, JCOUNT) 

8 CONTINUE 
C 

LEVEL = LEVEL + NPOINT 
9 CONTINUE 

C 
C Write out Y Input nodes i n t o YNODE array ; 
C 

DO 10 I = 1, NPOINT 
YNODEd) = YARRAY( NPOINT - 1,1) 

10 CONTINUE 
C 
C I n i t i a l i s e XARRAY; 
C 

DO 12 I = 0, NPOINT 
C 

DO 11 J = 0, NPOINT + NPOINT - 2 
XARRAY(I,J) = 0 

11 CONTINUE 
C 

12 CONTINUE 
C 
C Calculate XARRAY values ; 
C 

IFLAG = 0 
ICOUNT = 1 
JCOUNT = 1 

C 

C 
DO 14 J = 0, NPOINT + NPOINT -

DO 13 I = 0, NPOINT 
IF (IFLAG .EQ. 0) THEN 

IF ( I -LE. ICOUNT) THEN 
XARRAY(I,J) = JCOUNT 
JCOUNT = JCOUNT + 1 

END IF 
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ELSE 
IF ( I .GT. (NPOINT + 1 - ICOUNT)) THEN 
XARRAY(I,J) = JCOUNT 
JCOUNT = JCOUNT + 1 

END IF 
END IF 

13 CONTINUE 
C 

IF (IFLAG .EQ. 0) ICOUNT = ICOUNT + 1 
IF (IFLAG .EQ. 1) ICOUNT = ICOUNT - 1 
IF (ICOUNT .EQ. NPCINT + 1) IFLAG = 1 

14 CONTINUE 
C 
C F i l l the mapping array w i t h XIN and XOUT values from the above 
C process. 3=XIN, 4=X0UT ; 
C 
C 
C This case i s the most complicated since X i s a parallelogram ; 
C 

LEVEL = NPOINT * NPOINT 
C 

DO 16 ICOUNT = 0, NPOINT - 1 
LEVEL = LEVEL - NPOINT 

C 
DO 15 JCOUNT. = 1, NPOINT 
IPROC = LEVEL + JCOUNT 
KCOUNT = JCOUNT + ICOUNT 
MAP(IPR0C,3) = XARRAY(ICOUNT,KCOUNT - 1) 
MAP(IPROC,4) = XARRAY(ICOUNT + 1,KCOUNT - 1) 

15 CONTINUE 
C 

16 CONTINUE 
C 
C Write out X Input nodes i n t o XNODE array ; 
C 

ICOUNT = 0 
KCOUNT = 1 

C 
DO 17 JCOUNT = 0, NPOINT + NPOINT - 2 

IF (XARRAY(ICOUNT,JCOUNT) .NE. 0) THEN 
XNODE(KCOUNT) = XARRAY(ICOUNT,JCOUNT) 

ELSE 
ICOUNT = ICOUNT + 1 
XNODE(KCOUNT) = XARRAY(ICOUNT,JCOUNT) 

END IF 
KCOUNT = KCOUNT + 1 

17 CONTINUE 
C 

RETURN 
END 
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F O R T R A N T T subroutine O U T C N T . S U B 

- output averaging 
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c ************************************************ 
C * s t o c h a s t i c Output I n t e r f a c e Subroutine ; * 
C 
C * - This r o u t i n e performs the selectable * 
C * output counting. * . 
C * - ISELEC=0 - Standard averaging * 
C * - ISELEC=1 • - Moving Average * 
C * * 
C * Author: Richard Leaver * 
C * Created:13th November 1986 * 
C * Update : 5th January 1987 * 
C * Frozen : 8th January 1987 *' 
C ************************************************ 

SUBROUTINE OUTCNT(CORRNO, TIME, YNUM) 
C 
C Define standard COMMON block; 
C 

COMMON COUNT, OUT, HNOW, HNEXT, YNOW, YNEXT, XNOW, XNEXT, NPOINT 
C 
C Define standard COMMON block; 
C 

COMMON /INTERF/ SHIFT, ISLOT, ISELEC 
C 
C Define i n t e g e r array f o r the output averaging of the four 
C c o r r e l a t i o n s ; 
C 
C Define a r r a y s ; 
C 

INTEGER COUNT(10000,4,2) 
INTEGER OUT(96,4,2) 
INTEGER HNOW(10100,4,2), HNEXT(10100,4,2) 
INTEGER YNOW(10100,4,2), YNEXT(10100,4,2) 
INTEGER XNOW(20099,4,2), XNEXT(20099,4,2) 
INTEGER SHIFT(10000,6,4,2) 

C 
C Define Integer v a r i a b l e s ; 
C 

INTEGER CORRNO, TIME, YNUM 
C 
C I f ISELEC=0 then perform normal averaging. Do not reset the 
C OUT counter 
C 
C Begin ISELEC IF statement 
C 

C 

C 

IF (ISELEC .EQ. 0) THEN 

DO 2 I = 1, YNUM 

DO 1 K = 1, 2 
IF ((YNOW(I,CORRNO,K) .EQ. 1) .AND. (TIME .GT. NPOINT)) 

& THEN 
OUT(I,CORRNO,K) = OUT(I,CORRNO,K) + 1 

END IF 
1 CONTINUE 

C 
2 CONTINUE 

C 
ELSE 

C 
C I n i t i a l i s e OUT array ready f o r counting ON states; 
C 

DO 4 K = 1, YNUM 
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DO 3 L = 1, 2 
OUT(K,CORRNO,L) = 0 

3 CONTINUE 
C 

4 CONTINUE 
C 
C Calculate no of ON states by examining 1 t o ISLOT 
C where ISLOT i s the window length; 
C 

DO 7 I = 1, ISLOT 
C 

DO 6 K = 1, YNUM 
C 

DO 5 L = 1, 2 
IF ((SHIFT(I,K,CORRNO,L) .EQ. 1) .AND. (TIME .GT. NPOINT)) 

Sc THEN 
OUT(K,CORRNO,L) = OUT(K,CORRNO,L) + 1 

END IF 
5 CONTINUE 

6 CONTINUE 

7 CONTINUE 
C 
C End ISELEC IF statement 
C 

END IF 
RETURN 
END 

C 

C 



F O R T R A N 7 7 subroutine A V E R A G . S U B 

- final processing 
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C * st o c h a s t i c Output I n t e r f a c e Subroutine ; * 
C * * 
C * - This r o u t i n e performs selectable * 
C * output averaging. * 
C * - The mode of averaging i s selected by « 
C * ISELEC 
C * - ISELEC=0 - standard Averaging * 
C * - ISELEC=1 - Moving Average * 
C * « 
C * Author: Richard Leaver * 
C * Created:13th November 1986 * 
C * Update : 5th January 1987 * 
C * Frozen : 8th January 1987 * 
Q ************************************************ 

SUBROUTINE AVERAG(CLOCK, SCALEl) 
C 
C Define standard COMMON block; 
C 

COMMON COUNT, OUT, HNOW, HNEXT, YNOW, YNEXT, XNOW, XNEXT, NPOINT 
COMMON /INTERF/ SHIFT, ISLOT, ISELEC 

C 
C Define INTERF named COMMON block; 
C 
C 
C Define arrays; 
C 

INTEGER COUNT(10000,4,2) 
INTEGER OUT(96,4,2) 
INTEGER HNOW(10100,4,2), HNEXT(10100,4,2) 
INTEGER YNOW(10100,4,2), YNEXT(10100,4,2) 
INTEGER XNOW(20099,4,2), XNEXT(20099,4,2) 
INTEGER SHIFT(10000,6,4,2) 

C 
C Define Double Precision Variables; 
C 

DOUBLE PRECISION CLOCK, SCALEl, DIVIS 
C 
C Calculate Real and Imaginary current values of the 
C fo u r c o r r e l a t i o n s ; 
C Convert back t o d e t e r m i n i s t i c representation i n c l u d i n g scaling ; 
C 
C Look at a l l 6 outputs i n t h i s t e s t case; 
C 
C I f ISELEC=0 then perform SUCCESSIVE averaging; 
C 
C Define Divisor 
C 

IF (ISELEC .EQ. 0) THEN 
DIVIS = CLOCK 

ELSE 
DIVIS = DFLOAT(ISLOT) 

END IF 
C 
C Processor 1; 
C 

IF (NPOINT .GE. 1) THEN 
1 = 1 
AC = ((DFLOAT((0UT(I,1,1) - OUT(I,1,2))))/DIVIS) * SCALEl 
ED = ((DFL0AT((0UT(I,2,1) - OUT(I,2,2))))/DIVIS) * SCALEl 
BC = ((DFLOAT((0UT(I,3,1) - OUT(I,3,2))))/DIVIS) « SCALEl 
AD = ((DFLOAT((0UT(I,4,1) - 0UT(I,4,2))))/DIVIS) * SCALEl 

C 
C Write out rescaled c o r r e l a t i o n , output t o f i l e every 
C c y c l e ; 



c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

IF (MOD(INT(CLOCK),1) .EQ. 0) THEN 
WRITE (11,*) CLOCK, (AC - BD), (BC + AD) 

END IF 
END IF 

IF (NPOINT .GE. 2) THEN 

Processor 2; 
1 = 2 
AC = ((DFL0AT((0UT(I,1,1) 
BD = ((DFLOAT((0UT(I,2,1) 
BC = ((DFL0AT((0UT(I,3,1) 
AD = ((DFLOAT((0UT(I,4,1) 

0UT(I,1,2))))/DIVIS) * SCALEl 
OUT(I,2,2))))/DIVIS) * SCALEl 
OUT(I,3,2))))/DIVIS) * SCALEl 
0UT(I,4,2))))/DIVIS) * SCALEl 

Write out rescaled c o r r e l a t i o n , output t o f i l e every 
cyc l e ; 

IF (MOD(INT(CLOCK),1) .EQ. 0) THEN 
WRITE (12,*) CLOCK, (AC - BD), (BC + AD) 

END IF 
END IF 

IF (NPOINT .GE. 3) THEN 

Processor 3; 
I = 3 
AC = ((DFLOAT((OUT(I,1,1) 
BD = ((DFLOAT((0UT(I,2,1) 
BC = ((DFLOAT((0UT(I,3,1) 
AD = ((DFLOAT((0UT(I,4,1) 

0UT(I,1,2))))/DIVIS) * SCALEl 
OUT(I,2,2))))/DIVIS) * SCALEl 
OUT(I,3,2))))/DIVIS) * SCALEl 
OUT(I,4,2))))/DIVIS) * SCALEl 

Write out rescaled c o r r e l a t i o n , output to f i l e every 
cyc l e ; 

IF (MOD(INT(CLOCK),1) .EQ. 0) THEN 
WRITE (13,*) CLOCK, (AC - BD), (BC + AD) 

END IF 
END IF 

C 
C 

C 
C 
C 
C 

C 
C 
C 

IF (NPOINT .GE. 4) THEN 
Processor 4; 

I = 4 
AC = ((DFLOAT((0UT(I,1,1) 
BD = ((DFL0AT((0UT(I,2,1) 
BC = ((DFL0AT((0UT(I,3,1) 
AD = ((DFLOAT((OUT(I,4,1) 

0UT(I,1,2))))/DIVIS) * SCALEl 
OUT(I,2,2))))/DIVIS) * SCALEl 
OUT(I,3,2))))/DIVIS) * SCALEl 
OUT(I,4,2))))/DIVIS) * SCALEl 

Write out rescaled c o r r e l a t i o n , output to f i l e every 
c y c l e ; 

IF (M0D(INT(CL0CK),1) .EQ. 0) THEN 
WRITE (14,*) CLOCK, (AC - BD), (BC + AD) 

END IF 
END IF 

IF (NPOINT .GE. 5) THEN 

Processor 5; 
1 = 5 
AC = ((DFLOAT((OUT(I,1,1) 
BD = ((DFL0AT((0UT(I,2,1) 

0UT(I,1,2))))/DIVIS) * SCALEl 
OUT(I,2,2))))/DIVIS) * SCALEl 
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c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

BC = ((DFL0AT((0UT(I,3,1) - OUT(I,3,2))))/DIVIS) * SCALEl 
AD = ((DFL0AT((0UT(I,4,1) - OUT(I,4,2))))/DIVIS) * SCALEl 

Write out rescaled c o r r e l a t i o n , output t o f i l e every 
c y c l e ; 

IF (MOD(INT(CLOCK),1) .EQ. 0) THEN 
WRITE (15,*) CLOCK, (AC - BD), (BC + AD) 

END IF 
END IF 

IF (NPOINT .GE. 6) THEN 

Processor 6; 
I = 6 
AC = ((DFL0AT((0UT(I,1,1) 
BD = ((DFL0AT((0UT(I,2,1) 
BC = ((DFL0AT((0UT(I,3,1) 
AD = ((DFL0AT((0UT(I,4,1) 

0UT(I,1,2))))/DIVIS) * SCALEl 
OUT(I,2,2))))/DIVIS) * SCALEl 
OUT(I,3,2))))/DIVIS) * SCALEl 
OUT(I,4,2))))/DIVIS) * SCALEl 

Write out rescaled c o r r e l a t i o n , output t o f i l e every 
c y c l e ; 

IF (MOD(INT(CLOCK),1) .EQ. 0) THEN 
WRITE (16,*) CLOCK, (AC - BD), (BC + AD) 

END IF 
END IF 
RETURN 
END 
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F O R T R A N 7 7 program I N P U T . G E N 

generates reordered 'twiddle' coefficients for D F T via correlation 
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c ************************************************ 
C * - Discrete Fourier Transform - using * 
C * C o r r e l a t i o n . * 
C * * 
C * - This r o u t i n e generates reordered sine * 
C * and cosine 'twiddle' terms using the * 
C * p r i m i t i v e root method f o r a 46 poin t * 
C * sequence (used t o generate the 47 poin t * 
C * DFT). 
C * * 
C * 
C * Author: Richard Leaver * 
C * Created: 17th January 1987 * 
C * Update : 19th March 1987 * 
C * Frozen : 5th May 1988 * 
Q ************************************************ 

INTEGER A(0:45) 
DATA A /46*1.0/ 

C 

C 

C 

DO 2 I = 0, 45 

DO 1 K = 1, I 
A ( I ) = MOD(5*A(I),47) 

1 CONTINUE 
C WRITE(6,*)I,A(I) 

2 CONTINUE 

PI = 3.14154 
WRITE ( I , * ) ' TITLE' 
WRITE ( 1 , * ) ' 46' 

DO 3 I = 0, 45 
X = COS(2.0*PI*FLOAT(A(I))/47.0) 
Y = -1.0 * SIN(2.0*PI*FLOAT{A(I))/47.0) 
WRITE (1,*) X, Y 

3 CONTINUE 

STOP 
END 
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F O R T R A N 7 7 program R E F E R . G E N 

reorders input data for D F T via correlation 
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Q ************************************************ 
C * - Discrete Fourier Transform - using * 
C * C o r r e l a t i o n . * 
C * * 
C * - This r o u t i n e generates reordered input * 
C * terms using the p r i m i t i v e r o o t method * 
C * f o r a 46 poin t sequence (used t o generate * 
C * the 47 po i n t DFT). « 
C * * 
C * * 
C * Author: Richard Leaver * 
C * Created: 17th January 1987 * 
C * Update : 19th March 1987 
C * Frozen : 5th May 1988 « 
C ************************************************ 

INTEGER A(0:45) 
INTEGER B(46) 
DATA A /46*1.0/ 
DATA B /46*0.0/ 
B ( l ) = 1 

C 

C 

B(2) = 1 
B(3) = 1 

DO 2 I = 0, 45 

DO 1 K = 1 , I 
A ( I ) = MOD(5*A(I),47: 

1 CONTINUE 
C WRITE(6,*)I,A(I) 

2 CONTINUE 
C 

PI = 3.14154 
WRITE ( 1 , * ) ' TITLE' 
WRITE ( 1 , * ) ' 46' 

C 
DO 3 I = 0, 45 
X = B ( A ( I ) ) 
Y = 0.0 
WRITE (1,*) X, Y 

3 CONTINUE 
C 

STOP 
END 
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F O R T R A N 7 7 subroutine D F T . R E A R R A N G 

- reorders result foi- D F T via correlation 
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c ************************************************ 
C * - Discrete Fourier Transform - using * 
C * C o r r e l a t i o n . * 
C * * 
C * - This r o u t i n e inputs a 46 p o i n t r e s u l t a n t * 
C * c o r r e l a t i o n and reorders i t using the * 
C * p r i m i t i v e root method. I t then i n s e r t s * 
C * the appropriate DC value as required f o r * 
C * t h i s p a r t i c u l a r input sequence. * 
C * * 
C 
C * Author: Richard Leaver * 
C * Created: 17th January 1987 * 
C * Update : 19th March 1987 * 
C * Frozen : 5th May 1988 * 
C ************************************************ 

CHARACTER*70 TITLE 
REAL*4 Rl(0:45), 11(0:45) 
INTEGER A(0:45) 
INTEGER B(46) 
DATA A /46*1.0/ 
DATA B /46*1.0/ 
READ (1,5) TITLE 
READ (1,*) NPOINT 

C 
DO 1 I = 0 , NPOINT - 1 
READ (1,*) R 1 ( I ) , 11(1) 

1 CONTINUE 
C 

C 

C 

C 

DO 3 I = 0, NPOINT - 1 

DO 2 K = 1, I 
A ( I ) = M0D(5*A(I),47) 

2 CONTINUE 

B ( A ( I ) ) = I 
3 CONTINUE 

WRITE (3,5) TITLE 
WRITE (3,*) NPOINT + 1 

WRITE (3,*) 4., 0.0 

DO 4 I = 1 , NPOINT 
WRITE (3,*) 1. + R 1 ( B ( I ) ) , I 1 ( B ( I ) ) 

C WRITE (6,*) I , B ( I ) , I 1 ( B ( I ) ) 
4 CONTINUE 

C 
STOP 

5 FORMAT (A) 
END 
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F O R T R A N 7 7 program A R P . P R E P 

- prepares Input-Output vector files 
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Q * * * * * * * * * * * * * * * * * * * * * * * * * ) ! * * * * * * * * * * * * * * * * * * * * * * 

C * A s s o c i a t i v e Reward-Punish Element (ARP) * 
C * Data P r e p a r a t i o n A i d Program; * 
C 
C * - T h i s program prepares t h e INPUT d a t a f i l e « 
C * f o r t h e ARP.MAIN program i n t h e c o r r e c t * 
C * f o r m a t ; * 
C * - M u l t i p l e images are a v a i l a b l e ; * 
C * 
C * A u t h o r : R i c h a r d Leaver * 
C * C r e a t e d : 1 s t June 1987 * 
C * Update :23rd J u l y 1987 * 
C * Frozen : 5 t h May 1988 * 
Q *«****««««*«***«***««*«************«*««****«*««* 

PROGRAM PREP 
C 
C D e f i n e I m p l i c i t v a r i a b l e s ; 
C 

IMPLICIT REAL*8 (A - H,Q - Z) 
C 
C Real*8 v a r i a b l e s ; 
C 

REAL*8 LAMBDA 
REAL*8 REWl, PUNl 

C 
C I n t e g e r s ; 
C 

INTEGER MAXCNT, NUMIM 
INTEGER LENGTH, WIDTH, DEPTH 

C 
C D e f i n e Images; 
C 

REAL*8 IMGE0(0:4,0:4) 
REAL*B IMGE1{0:4,0:4) 
REAL*B IMGE2(0:4,0:4) 
REAL*8 IMGE3(0:4,0:4) 
REAL*8 IMGE4(0:4,0:4) 
REAL*8 IMGE5(0:4,0:4) 
REAL*8 IMGE6(0:4,0:4) 
REAL*8 IMGE7{0:4,0:4) 
REAL*8 IMGE8(0:4,0:4) 
REAL*8 IMGE9(0:4,0:4) 

C 
C D e f i n e Answers; 
C 

REAL*8 ANS0(0:4,0:4) 
REAL*8 ANS1(0:4,0:4) 
REAL*8 ANS2(0:4,0:4) 
REAL*8 ANS3(0:4,0:4) 
REAL*8 ANS4(0:4,0:4) 
REAL*8 ANS5(0:4,0:4) 
REAL*8 ANS6(0:4,0:4) 
REAL*8 ANS7(0:4,0:4) 
REAL*8 ANS8(0:4,0:4) 
REAL*8 ANS9(0:4,0:4) 

C 
C D e f i n e C o r r u p t e d image; 
C 

REAL*8 BAD0(0:4,0:4) 
REAL*8 BAD1(0:4,0:4) 
REAL*8 BAD2(0:4,0:4) 
REAL*8 BAD3(0:4,0:4) 
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REAL*8 BAD4(0:4,0:4) 
REAL*8 BAD5(0:4,0:4) 
REAL*8 BAD6(0:4,0:4) 
REAL*8 BAD7(0:4,0:4) 
REAL*8 BAD8(0:4,0:4) 
REAL*8 BAD9(0:4,0:4) 

C 
C C h a r a c t e r s ; 
C 

CHARACTER*70 TITLE 
CHARACTER*10 NAME 

C 
C A s s i g n image d a t a ; 
C 

DATA IMGEO/ 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO 
&/ 
DATA IMGEl/ 
&0.ODO,0.ODO,1.ODO,0.ODO,0.ODO, 
SiO. ODO, 0. ODO, 1. ODO , 0. ODO, 0. ODO , 
&O.0D0,0.0D0,1.0DO,0.0D0,O.0DO, 
&0.ODO,0.ODO,1.ODO,0.ODO,0•ODO, 
&0.ODO,0.ODO,1.ODO,0.ODO,0.ODO 
&/ 
DATA IMGE2/ 
&1.ODO,1.ODO,1.ODO,1.ODO,1 -ODO, 
&0.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,1.ODO,1.ODO,1-ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,0.ODO, 
Sc 1. ODO, 1. ODO, 1. ODO, 1. ODO, 1. ODO 
&/ 
DATA IMGE3/ 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&0.ODO,0.ODO,0.ODO,0.ODO,1-ODO, 
&0.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&0.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO 
&/ 
DATA IMGE4/ 

&0.ODO,0.ODO,1 -ODO,1.ODO,0.ODO, 
SO.ODO,1.ODO,0.ODO,1.ODO,0.ODO, 
&1.ODO,1.ODO,1.ODO , 1.ODO,1-ODO, 
ScO. ODO, 0. ODO , 0. ODO , 1. ODO, 0. ODO , 
SO.ODO,0.ODO,0.ODO,1.ODO,0.ODO 
&/ 
DATA IMGE5/ 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,0.ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
SO.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
Scl. ODO , 1 . ODO , 1. ODO, 1. ODO, 1.ODO 
&/ 
DATA IMGE6/ 
&1.ODO,1.ODO,1.ODO,1-ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,0.ODO, 
Scl. ODO , 1. ODO , 1. ODO, 1. ODO, 1. ODO, 
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&1.ODD,0.ODD,0.ODD,0.ODD,1.ODD, 
&1.ODD,1.ODO,1.ODD,1.ODD,1.ODD 
&/ 
DATA IMGE7/ 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&0.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&0.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
SO.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
SO.ODO,0.ODO,0.ODO,0.ODO,1.ODO 
&/ 
DATA IMGE8/ 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1. ODO,1.ODO,1.ODO,1.ODO , 1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO 
&/ 
DATA IMGE9/ 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO , 1.ODO,1.ODO,1.ODO,1.ODO, 
&0.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&0.ODO,0.ODO,0.ODO,0.ODO,1.ODO 
&/ 

c 
C A s s i g n answer d a t a ; 
C 

DATA ANSO/ 
S.1. ODO , 1. ODO , 1 . ODO , 1. ODO, 1 . ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO 
&/ 
DATA ANSI/ 
SO.ODO,0.ODO,1.ODO,0.ODO,0.ODO, 
ScO. ODO , 0. ODO , 1. ODO , 0. ODO , 0. ODO, 
&0.ODO,0.ODO,1.ODO,0.ODO,0.ODO, 
ScO . ODO , 0. ODO , 1. ODO , 0. ODO, 0. ODO, 
ScO. ODO , 0. ODO , 1. ODO , 0. ODO , 0. ODO 
&/ 
DATA ANS2/ 

S c l . ODO , 1 . ODO , 1. ODO , 1. ODO , 1. ODO, 
ScO. ODO , 0. ODO , 0. ODO, 0. ODO , 1. ODO, 
S c l . ODO , 1. ODO , 1 . ODO, 1. ODO , 1 . ODO, 
S c l . ODO , 0. ODO , 0. ODO , 0. ODO , 0. ODO, 
S c l . ODO , 1. ODO , 1. ODO, 1. ODO, 1 . ODO 
Sc/ 
DATA ANS3/ 

S c l . ODO , 1. ODO , 1. ODO , 1. ODO , 1 . ODO, 
ScO. ODO , 0. ODO , 0. ODO, 0. ODO , 1 . ODO, 
ScO. ODO , 1. ODO , 1. ODO , 1. ODO , 1. ODO, 
ScO. ODO, 0. ODO , 0. ODO , 0. ODO , 1. ODO, 
S c l . ODO , 1 . ODO , 1. ODO, 1. ODO, 1 . ODO 
s./ 
DATA ANS4/ 

ScO. ODO , 0. ODO , 1. ODO, 1. ODO , 0. ODO, 
ScO . ODO , 1. ODO , 0. ODO , 1. ODO , 0. ODO, 
S c l . ODO , 1 . ODO , 1. ODO , 1. ODO , 1. ODO, 
ScO. ODO , 0. ODO , 0. ODO, 1 • ODO , 0 . ODO, 

52 



&0.ODO,0.ODO,0.ODO,1.ODO,0.ODO 
&/ 
DATA A N S 5 / 

&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,0.ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
SO.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO 
&/ 
DATA A N S 6 / 

&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&1.ODO , 0.ODO,0.ODO,0.ODO,0.ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO 
&/ 
DATA A N S 7 / 

&1.ODO,1.ODO,1.ODO,1•ODO,1.ODO, 
SO.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&0.ODO , 0.ODO,0.ODO,0.ODO,1.ODO, 
&0.ODO,0.ODO,0.ODO,0.ODO,1 -ODO, 
SO.ODO,0.ODO,0.ODO,0.ODO,1.ODO 
&/ 
DATA A N S 8 / 

&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&1.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO 
&/ 
DATA A N S 9 / 

&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
S c l . ODO , 0 . ODO, 0. ODO, 0 . ODO, 1 . ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO, 
&0.ODO,0.ODO,0.ODO,0.ODO,1.ODO, 
&0.ODO,0.ODO,0.ODO,0.ODO,1.ODO 
&/ 

C 
C A s s i g n c o r r u p t e d image d a t a ; 
C 

DATA BADO/ 
&1.ODO,1.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODO,1.ODO,0.ODO,0.ODO,1.ODO, 
&1.ODC,1.ODO,0.ODO,0.ODO,1.ODO, 
Scl. ODO , 0. ODO, 0. ODO, 0. ODO, 1. ODO , 
&1.ODO,1.ODO,1.ODO,1-ODO,1.ODO 
&/ 

DATA B A D l / 
&0.ODO,0.ODO,1.ODO,0.ODO,1.ODO, 
&0.ODO,0.ODO,1.ODO,1-ODO,0.ODO, 
&0.ODO , 0.ODO,1.ODO,0.ODO,0.ODO, 
&0.ODO,0.ODO,0.ODO,1.ODO,0.ODO, 
ScO. ODO , 0. ODO, 1. ODO , 0. ODO, 0. ODO 
&/ 
DATA BAD2/ 

Scl. ODO , 1. ODO , 0. ODO , 1. ODO, 1. ODO , 
ScO. ODO , 0. ODO, 0. ODO, 0. ODO, 1. ODO , 
S c l . ODO , 1. ODO, 1. ODO , 0. ODO, 1. ODO, 
S c l . ODO , 0. ODO , 0. ODO , 1. ODO, 0. ODO , 
S c l . ODO, 1. ODO, 1 - ODO , 1. ODO, 1. ODO 



&/ 
DATA BAD3/ 

S c l . ODO , 1 . ODO , 1. ODO, 0. ODO, 1. ODO, 
ScO. ODO , 0. ODO , 0. ODO, 0. ODO, 0. ODO, 
ScO. ODO, 1 . ODO , 1. ODO, 1 . ODO, 0. ODO, 
ScO. ODO , 0. ODO , 0. ODO, 0. ODO , 1. ODO, 
S c l . ODO, 1 . ODO , 1 . ODO, 1 . ODO , 1. ODO 
5c/ 
DATA BAD4/ 

ScO. ODO , 0. ODO, 1. ODO , 0. ODO ,0. ODO, 
ScO. ODO , 1 . ODO , 0. ODO, 1 . ODO , 0. ODO, 
S c l . ODO, 1 . ODO , 0. ODO, 1 . ODO , 1. ODO, 
ScO. ODO , 0. ODO , 1. ODO, 1 . ODO, 0. ODO, 
ScO. ODO, 0. ODO , 0. ODO, 1 . ODO , 0. ODO 
&/ 
DATA BAD5/ 

S c l . ODO, 1 . ODO , 0. ODO, 1 . ODO, 1. ODO, 
S c l . ODO , 0. ODO , 1. ODO, 1 . ODO, 0. ODO, 
S c l . ODO , 1 . ODO , 1. ODO, 1 . ODO , 1. ODO, 
ScO. ODO , 0. ODO , 0. ODO, 0. ODO, 1. ODO, 
S c l . ODO , 1. ODO , 1. ODO, 1 . ODO , 1. ODO 
Sc/ 
DATA BAD6/ 

S c l . ODO , 1. ODO , 1. ODO, 1 . ODO, 1. ODO, 
S c l . ODO , 0. ODO , 0. ODO , 1 . ODO , 0. ODO, 
S c l . ODO , 1. ODO , 1 . ODO, 0. ODO, 1. ODO, 
S c l . ODO , 0. ODO , 0. ODO, 0. ODO , 0. ODO, 
&1.ODO,1.ODO,1.ODO,1.ODO,1.ODO 
Sc/ 
DATA BAD7/ 

S c l . ODO , 1 . ODO , 1 . ODO, 1 . ODO, 0. ODO, 
ScO. ODO , 1 . ODO , 0. ODO, 0. ODO , 0. ODO, 
ScO. ODO, 1 . ODO , 0. ODO, 0. ODO, 1. ODO, 
ScO. ODO , 0. ODO , 0. ODO, 0. ODO , 1. ODO. 
ScO. ODO , 0. ODO , 0. ODO, 0. ODO, 1. ODO 
Sc/ 
DATA BAD8/ 

S c l . ODO , 1 . ODO , 1. ODO , 1 . ODO , 1. ODO, 
S c l . ODO , 1. ODO , 0. ODO , 0. ODO , 1. ODO, 
S c l . ODO , 0. ODO , 1. ODO, 1 . ODO, 0. ODO, 
S c l . ODO , 1. ODO , 0. ODO , 1 . ODO , 0. ODO, 
S c l . ODO , 1 . ODO , 1. ODO, 1 . ODO, 1. ODO 
Sc/ 
DATA BAD9/ 

Sc 1. ODO , 1 . ODO , 1. ODO, 1 . ODO , 0. ODO, 
S c l . ODO, 0. ODO , 0. ODO , 0. ODO , 0. ODO, 
S c l . ODO , 1. ODO , 1. ODO, 1 . ODO, 1. ODO, 
ScO. ODO , 0. ODO , 0. ODO, 1 . ODO , 1. ODO, 
ScO. ODO, 0. ODO , 0. ODO, 0. ODO, 1. ODO 
Sc/ 

c 
C A s s i g n v a r i a b l e s ; 
C 

LENGTH=5 
WIDTH=5 
DEPTH=1 
NUMIM^l 
REW1=0.9D0 
PUN1=0.1D0 
LAMBDA^O.OIDO 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

MAXCNT=10000 
TITLE='IMAGES• 
NAME='WEIGHTS' 

W r i t e o u t t o f i l e i n c o r r e c t f o r m a t ; 

WRITEd,* 
WRITEd,* 
WRITEd,* 
WRITEd,* 
WRITEd,* 
WRITEd,* 

Do t h i s 

WRITEd,* 
I F (NUMIM 
WRITEd,* 
ENDIF 
I F (NUMIM 
WRITEd,* 
ENDIF 
I F (NUMIM 
WRITEd,* 
ENDIF 
I F (NUMIM 
WRITEd,* 
ENDIF 
I F (NUMIM 
WRITEd,* 
ENDIF 
I F (NUMIM 
WRITEd,* 
ENDIF 
I F (NUMIM 
WRITEd,* 
ENDIF 
I F (NUMIM 
WRITEd,* 
ENDIF 
I F (NUMIM 
WRITEd,* 
ENDIF 

TITLE 
LENGTH 
WIDTH 
DEPTH 
NUMIM 
NAME 

l i t backwards t o co r r e s p o n d w i t h DATA; 

((IMGEOd,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
GT.l) THEN 

((IMGEld,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 

GT.2) THEN 

((IMGE2(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 

GT.3) THEN 

((IMGE3(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 

GT.4) THEN 

((IMGE4(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 

GT.5) THEN 

((IMGE5(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 

GT.6) THEN 

((IMGE6d,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 

GT.7) THEN 

((IMGE7(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 

GT.B) THEN 

((IMGE8(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 

GT.9) THEN 
((IMGE9(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 

Do t h i s b i t backwards t o correspond w i t h DATA; 

WRITE(1,*)((ANSOd,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
I F (NUMIM.GT.l) THEN 
WRITEd,*)( (ANS1(I,J) ,J^0,WIDTH-1) , I=LENGTH-1, 0 ,-1) 
ENDIF 
I F (NUMIM.GT.2) THEN 
WRITEd , * ) ( (ANS2 ( I , J ) , Ĵ Ô , WIDTH-1) , I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.B) THEN 
WRITEd,*)( (ANS3(I,J) ,J=0,WIDTH-1) ,I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.4) THEN 
WRITEd,*)( (ANS4(I,J) , J=0 , WIDTH-1), I=LENGTH-1,0 ,-1) 
ENDIF 
I F (NUMIM.GT.5) THEN 
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WRITE(1,*)((ANS5(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.6) THEN 
WRITE(1,*)((ANS6(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.7) THEN 
WRITE(1,*)((ANS7{I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
I F {NUMIM.GT.8) THEN 
WRITE(1,*)((ANS8(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.9) THEN 
WRITE(1,*)((ANS9(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 

C 
C Do t h i s b i t backwards t o co r r e s p o n d w i t h DATA; 
C 

WRITE(1,*)((BADO(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
I F (NUMIM.GT.l) THEN 
WRITE(1,*)((BADl(I,J),J^O,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.2) THEN 
WRITE ( 1 , * ) ( ( B A D 2 ( I , J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.3) THEN 
WRITE ( 1 , * ) ( ( B A D 3 ( I , J),J-0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.4) THEN 
WRITE(1,*){(BAD4(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.5) THEN 
WRI TE(1,*)((BADS(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.5) THEN 
WRI TE (1,*)((BAD6(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.7) THEN 
WRI TE (1,*)((BAD7(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.8) THEN 
WRITE(1,*)((BAD8(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
I F (NUMIM.GT.9) THEN 
WRITE( 1,*)((BAD9(I,J),J=0,WIDTH-1),I=LENGTH-1,0,-1) 
ENDIF 
STOP 
END 
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E X O R 

- Input-Output vector data file 
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IMAGES 
2, 
1 , 
2, 
4, 
WEIGHTS 
0. ,0. , 
1. ,0. , 
0. , 1 . , 
1. , 1 . , 
0. ,0. , 
i . , o . , 
1. ,0. , 
0. ,0. , 
1. , 1 . , 
0. .0., 
1.,1., 
1 . , 1 . , 

58 



P A R A M 

- parameter file 
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.01, 
5, 
5, 
2, 
.5, 
.50, 
0.9, 
0.1, 
10000, 
100, 
1 , 
.5, 
90, 
1 , 
1 , 
1 , 
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Example program run 

Exclusive OR using an AR_P success/failure network 
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$Run -arp.exe+*nag+*ghost80 9=-9 98=-98 
I n p u t f i l e name... 
EXOR 
D e f i n i n g Image... 
D e f i n i n g Answer... 
D e f i n i n g C o r r u p t e d Image... 
C l o s i n g file..£l.. 
C l o s i n g file..£3.. 
Do you want t o r u n on D e f a u l t s ? . . . 
Y 
Which s e t o f d e f a u l t s ? . . . 
1 
I n p u t t i t l e = exor 
F i l e t i t l e ^ IMAGES 
A r r a y Length = 2, 
A r r a y Width = 1 , 
A r r a y Depth = 2, 
Image Length = 2, 
Image Wid t h = 1 , 
Number o f images = 4, 
Dummy v a r i a b l e = WEIGHTS 
Rho = .5, 
Temp = .5, 
Lambda ^ .lOOOOOOOOOOOOOOOE-01, 
Reward p r o b a b i l i t y = .9, 
Punish p r o b a b i l i t y = . 1 , 
Number o f t e a c h i n g t r i a l s = 100000, 
Number o f p o s t l e a r n i n g t r i a l s = 100, 
Maximum bound on number o f a t t e m p t s = 1 , 
P r o p o r t i o n clamped i n H o p f i e l d case = .5, 
Length p r o p o r t i o n clamped = 0,1, 
Width p r o p o r t i o n clamped = 0,0, 
Conf i d e n c e l e v e l (%) = 90., 
No o f program loops = 1 , 
Degree o f B a t c h i n g = 1 , 
S h i f t R e g i s t e r Length = 1 , 
D e f i n i n g Image... 
0. ,0. , 
1. ,0. , 
0.,1., 
I w l . , 
D e f i n i n g Answer 
0. ,0. , 
l . , 0 . , 
1 . ,0. , 
0. ,0. , 
D e f i n i n g C o r r u p t e d Image... 
l . , l . , 
0. ,0. , 
1. , 1 . , 
1. , 1 . , 
P l o t t i n g n e u r a l n e t c o n n e c t i o n s DISABLED 
Bl o c k P l o t ENABLED 
P l o t t i n g i n p u t / o u t p u t p i c t u r e s DISABLED 
P l o t t i n g w e i g h t s DISABLED 
G l o b a l Reward scheme ENABLED 
I n d i r e c t Reward ENABLED 
C l i p p e d T r a i n i n g Noise ENABLED 
C l i p p e d E x e r c i s i n g Noise ENABLED 
C l i p p e d Gaussian Noise ENABLED 
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P l o t t i n g N o i s y Image DISABLED 
S e t t i n g a l l i n i t i a l w e i g h t s t o z e r o 
Normal T r a i n i n g 
Use o f Random I n p u t s DISABLED 
Use o f N u l l Output DISABLED 
P l o t t i n g F i n a l Answer DISABLED 
P l o t t i n g Cash Values DISABLED 
F i n a l Feedback DISABLED 
Use o f B a c k p r o p a g a t i o n E r r o r F u n c t i o n ENABLED 
Use o f Checksum E r r o r F u n c t i o n DISABLED 
Asymmetric Weights ENABLED 
Normal C o n n e c t i o n ENABLED 
Normal E r r o r ENABLED 
S t i m u l u s v a l u e = 1.0 
Normal W i i 
ARP Model ENABLED 
Randomising Weights ENABLED 
D e t e r m i n i s t i c model ENABLED 

Training...IMAGES 
25000 

L e a r n i n g complete i n 49981, c y c l e s 
Opening f i l e . . . WEIGHTS 
Re c o r d i n g w e i g h t s . . . 
C l o s i n g f i l e . . . 
Maximum Weight i n a r r a y = 5.757002872341289, 
Minimum Weight i n a r r a y = -5.622133831327025, 
E x e r c i s i n g a r r a y w i t h Image... 

25 
50 
75 

100 
Image number 0 . R e c o g n i t i o n % 100., 

25 
50 
75 

100 
Image number 1 , R e c o g n i t i o n % 98., 

25 
50 
75 

100 
Image number 2 , R e c o g n i t i o n % 100., 

25 
50 
75 

100 
Image number 3 , R e c o g n i t i o n % 97., 
Have l e a r n e d c o r r e c t response t o 98.75, >90., % 
Maximum number o f program c y c l e s (xlOOOOO,) = 1 , 
E x e r c i s i n g a r r a y w i t h random image... 

25 
50 
75 

100 
I n c o r r e c t O utput % 4., 
Number o f Images presented % 100., 
Number o f c o r r e c t answers % 96., 
Number o f z e r o answers % 0., 
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F O R T R A N ? ? program A R P . M A I N 

main neural network simulation routine 
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c ************************************************ 
C * Associative Reward-Punish Element (ARP) * 
C * Image Recognition Program: * 
C * Program uses the Connectionist Model; * 
C * * 
C * - Program can deal w i t h up t o 10 images; * 
C * and has User l i m i t of 5x5x4 arrays; * 
C * - T r a i n i n g images may be presented i n « 
C * 'Batched' mode or s i n g l y ; * 
C * The depth of batching i s set at compile * 
C * time; * 
C * - Program loops round ITER times and zeroes * 
C * the WEIGHT and SUMS array on each pass; * 
C * - Program implements both GLOBAL and LOCAL * 
C * reward schemes although LOCAL should * 
C * only be used w i t h DEPTH=1 ; * 
C * - With the GLOBAL scheme, the choice e x i s t s * 
C * t o have d i r e c t encoding of the REWARD * 
C * l i n e w i t h a choice of e r r o r measure; * 
C * - An o p t i o n a l r o u t i n e has been included * 
C * at compilation time which w i l l produce * 
C * e r r o r data as defined by the expression i n * 
C * the paper on Back Propagation; * 
C * - This program seeks t o recognise an » 
C * L I X Wl Image using an ARP (or other type * 
C * of element) i n an array of size L x W x D ;* 
C * - Each ARP element i s connected t o a l l the * 
C * inp u t s on i t s l e v e l ; * 
C * - Each ARP element has a single output t o * 
C * the next plane of ARPs i n exactly the same * 
C * way ; * 
C * - The program reads i n general parameters * 
C * from a f i l e c a l l e d 'PARAM'; * 
C * - The program reads i n the input parameters * 
C * and image from a f i l e c a l l e d NAMEl; * 
C * - The program reads and records i n t o a f i l e * 
C * c a l l e d 'WEIGHTS', the current ARP element * 
C * weights. In t h i s way, the array states * 
C * can be examined and f u r t h e r runs performed * 
C * from the conclusion of the previous one; * 
C * - Symmetry can be imposed on the weights; * 
C * - The program can be exercised without * 
C * t r a i n i n g ; * 
C * - The program also reads i n the desired * 
C * output answer image from the f i l e , NAMEl; * 
C * - I f an i n c o r r e c t image i s presented, * 
C * the choice i s given whereby the array i s * 
C * required t o output a l l zeroes (NULL); * 
C * - ARP.PREP can be used t o prepare a s u i t a b l e * 
C * in p u t f i l e ; * 
C * - The program can be t r a i n e d with a uniformly* 
C * random component - e i t h e r clipped t o 0 or * 
C * 1 or the actual random values between 0 and* 
C * 1; * 
C * - The program can be exercised w i t h a noisy * 
C * image - the noise i s Additive Gaussian * 
C * w i t h zero mean and selectable Standard * 
C * Deviation e i t h e r c l i p p e d t o 0 or 1 or « 
C * using the ac t u a l random values clipp e d * 
C * between 0 and 1; * 
C * - The random input can be f i x e d on the f i r s t * 
C * i t e r a t i o n and the output of the array * 
C * fed back t o the i n p u t . I t i s hoped to * 
C * show i n t h i s case t h a t the output s e t t l e s * 
C * t o the nearest stable state when combined * 
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C * w i t h a GLOBAL Dire c t Reward scheme and * 
C * NO NULL response (which would otherwise * 
C * erase the i n p u t ! ) ; * 
C * - A corrupted image data set i s included * 
C * i n the data f i l e f o r t h i s purpose; * 
C * - A HOPFIELD, ARP or BACK prop model can be * 
C * sele c t e d . Note t h a t the Ho p f i e l d model * 
C * re q u i r e s t h a t the HOPFLG i s set t o 0; * 
C * - The Backpropagation model can operate * 
C * i n a stochas t i c mode; * 
C * - Var i a b l e clamping i s possible w i t h the * 
C * PROPOR f a c i l i t y ; * 
C * - The f i n a l array output may be p l o t t e d ; * 
C * * 
C * - Vari a b l e s ; - * 
C * FRAME - input p i c t u r e (0:L-1,0:W-1,1) * 
C * FRAME - output p i c t u r e (0:L-1,0:W-1,D+1) * 
C * LENGTH - V e r t i c a l array l e n g t h ; * 
C * WIDTH - Horizontal array l e n g t h ; * 
C * DEPTH - Array depth; * 
C * LENl - V e r t i c a l image le n g t h ; * 
C * WIDl - Horizontal image length; * 
C * - Program uses DOUBLE PRECISION va r i a b l e s ; * 
C * - Subroutines c a l l e d ; * 
C * BLOCK DATA INIT i n ARP.ZERO 
C * QUEST i n ARP.QUEST 
C * CONFIG i n ARP.CONFIG * 
C * PICT i n ARP.PICT * 
C * LINK-in ARP.LINK * 
C * LINE i n ARP.LINE * 
C * CAPT i n ARP.CAPT * 
C * COMP i n ARP.COMP * 
C * COMPl i n ARP.COMPl * 
C * ERR i n ARP.ERROR (Optional at Compile Time)* 
C * ARRAY i n ARP.CONNECT (Arp) 
C * HOPMOD i n ARP.CONHOP (Hopfield) * 
C * PROP i n ARP.PROP (Back Propagation) * 
C * SYMM i n ARP.SYMM * 
C * MATCH i n ARP.MATCH * 
C * NPLOT i n ARP.NPLOT * 
C * ELPLOT i n ARP.ELPLOT * 
C * ARP i n ARP.NEURON (25 inpu t ARP) * 
C * ELEM i n ARP.BACKP (25 inp u t Back Propag) * 
C * HOP i n ARP.HOP (25 input Hopfield) * 
C * *NAG * 
C * *GHOST80 * 
C * * 
C * Author: Richard Leaver * 
C * Created:17th May 1987 * 
C * Update :11th May 1988 * 
C * Frozen :24th July 1988 * 
C ************************************************ 

PROGRAM ARPSIM 
C 
C Define everything as i m p l i c i t REAL*8 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C Define X,Y from 0 t o maximum-1; 
C Define Z from 1 t o maximum; 
C 
C Define X input f o r ARP elements; 
C 26 in p u t s (25 + stimulus) vs 4 l e v e l s ; 
C 
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REAL*8 XIN(0:25,4) 
C 
C Image t o be recognised; 
C 

REAL*8 IMAGE(10,0:4,0:4) 
C 
C N u l l Image; 
C 

REAL*8 ZERO(10,0:4,0:4) 
C 
C Required output; 
C 

REAL*8 ANSWER(10,0:4,0:4) 
C 
C Corrupted image f o r o p t i o n a l t e s t ; 
C 

REAL*8 BADPIC(10,0:4,0:4) 
C 
C Define Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,Z+1) 
C 
C F i n a l Frame N+1 i s the output; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C 
C Define Weights f o r X x Y ARP elements w i t h Z Frames; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
C 
C Define Delta Weights f o r X x Y ARP elements with Z Frames; 
C 

REAL*8 DWGTS(0:4,0:4,4,0:4,0:4) 
C 
C Define Delta Weights f o r X x Y ARP elements with Z Frames; 
C A c c e l e r a t i o n values; 
C 

REAL*8 DWGTS1(0:4,0:4,4,0:4,0:4) 
C 
C Define Stimulus array f o r X x Y ARP elements with Z frames; 
C 

REAL*8 STIM(0:4,0:4,4) 
C 
C Define Delta Stim array f o r X x Y ARP elements with Z frames; 
C 

REAL*8 DSTIM(0:4,0:4,4) 
C 
C Define Delta Stim array f o r X x Y ARP elements w i t h Z frames; 
C ( A c c e l e r a t i o n value) 
C 

REAL*8 DSTIM1(0:4,0:4,4) 
C 
C Define storage array f o r an ARP element over 10000 t r i a l s ; 
C Real*4 f o r GHOST p l o t s ; 
C 
C REAL*4 VALUES(0:4,0:4,10000) 
C 
C Define storage array f o r Stimulus values 10000 t r i a l s ; 
C Real*4 f o r GHOST p l o t s ; 
C 
C REAL*4 STIVAL(10000) 
C 
C Define storage array f o r noise t r i a l s ; 
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C Real*4 f o r GHOST p l o t s ; 
C 

REAL*4 PLNOK 0:10000) 
C 
C Define storage array f o r CASH p l o t s ; 
C Real*4 f o r GHOST p l o t s ; 
C 

REAL*4 CSHPLT(10000) 
C 
C Define s h i f t arrays f o r t e s t i n g e r r o r ; 
C Tests over ISLOT cycles; 
C 

REAL*8 ERRCHK(500) 
REAL*8 SPECIA(50) 

C 
C Save SUMS f o r X x Y ARP elements, Z Frames ; 
C 

REAL*8 SUMS(0:4,0:4,4) 
C 
C Real *8 v a r i a b l e s ; 
C 

REAL*8 RHO, TEMP, LAMBDA, PN, G05CAF, PREVAL(IG), NOWVAL(IO) 
REAL*8 CASH, REWl, PUNl, TRY, STADEV, TRYAV, PROPOR, CONFD, CONVAL 
REAL*8 MAXWGT, MINWGT 

C 
C In t e g e r s ; 
C 

INTEGER X, Y, Z, NUMEL, RESULT, NUMIM, BAT 
INTEGER MAXCNT, XELEM, YELEM, ZELEM 
INTEGER LENGTH, WIDTH, DEPTH 
INTEGER LENl, WIDl 
INTEGER LEVEL, CHECK, ISLOT, ITER, PROG 
INTEGER MULT, MULTl, EXERC 
INTEGER RESFLG, CLIFLG, CLEFLG, GLOFLG, NEUFLG, DIRFLG, WGTFLG 
INTEGER TRAFLG, CLGFLG, NOIFLG, DUMFLG, TRYFLG, MULFLG 
INTEGER NULFLG, FINFLG, CONFLG, CSHFLG, ENEFLG, SYMFLG, HOPFLG 
INTEGER GRAFLG, STIFLG, INPFLG, PICFLG, BOLFLG, LINFLG, BRKFLG, 

Sc STOFLG 
INTEGER TRACNT, EXECNT, RANCNT, GAUCNT, NOICNT, FDBCNT, IMCNT, 

& GOCNT, HOPCNT 
INTEGER RANRES, ZERRES, GAURES, CORRES, IMARES, GOMAX 

C Define EXERES as an array t o hold r e s u l t s f o r e x e r c i s i n g up 
C t o 10 i n p u t images; 
C 

INTEGER EXERES(10) 
C 
C Integer array t o hold Rewards f o r each element - f i n a l frame only; 
C 

INTEGER REWARD(0:4,0:4) 
C 
C A l t e r n a t i v e f o r Global Rewards; 
C 

INTEGER GLOREW 
C 
C Real array t o hold Results f o r each element - f i n a l frame only; 
C This element holds the e r r o r value f o r each output- on each l e v e l 
C V i s i b l e elements are i n DEPTH; 
C Maximum e r r o r +- 1.0 
C 

REAL*8 CORECT(0:4,0:4,0:4) 
C 
C Frame s h i f t r e g i s t e r - the 0th address holds the averaged value; 
C 
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REAL*8 SHIFT1(0:4,0:4,4,0:20) 
C 
C Erro r s h i f t r e g i s t e r ; 
C 

REAL*8 SHIFT2(0:4,0:4,4,0:20) 
C 
C Summer s h i f t r e g i s t e r ; 
C 

REAL*8 SHIFT3(0:4,0:4,4,0:20) 
C 
C Weights s h i f t r e g i s t e r ; 
C 

REAL*B SHIFT4(0:4,0:4,4,0:25) 
C 
C Characters; 
C 

CHARACTER*70 TITLE 
CHARACTER*30 TITLEl 
CHARACTER*30 TITLE2 
CHARACTER*30 TITLE3 
CHARACTER*30 TITLE4 
CHARACTER*10 NAMEl, DUMMY 

C 
C TITLE = T i t l e of jo b ; 
C TITLEl = T i t l e of ARP input- image p l o t ; 
C TITLE2 = T i t l e of ARP output answer image p l o t ; 
C TITLE3 = T i t l e of ARP corrupted image; 
C TITLE4 = T i t l e Of ARP uncorrupted output?; 
C 
C Define Common Block One; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& REWARD, GLOREW 

C 
C Define Common Block Two; 
C 

COMMON /TWO/ RHO, TEMP, LAMBDA, PN 
C 
C Define Common Block Three; ; 
C 

COMMON /THREE/ XIN 
C 
C Define Common Block Four; 
C 

COMMON /FOUR/ XELEM, YELEM, ZELEM, RESFLG, CLIFLG, CLEFLG, GLOFLG, 
& NEUFLG, DIPFLG, WGTFLG, TRAFLG, CLGFLG, NOIFLG, DUMFLG, 
& TRYFLG, NULFLG, FINFLG, CONFLG, MULFLG, CSHFLG, ENEFLG, 
& SYMFLG, HOPFLG, GRAFLG, STIFLG, INPFLG, PICFLG, BOLFLG, 
& LINFLG, BRKFLG, STOFLG, NUMIM, NOINUM, EXERC, GOMAX, LENl, 
& WIDl, TITLE, TITLEl, TITLE2, TITLE3, TITLE4, NAMEl, DUMMY 

C 
C Define Common Block Five; 
C 

COMMON /FIVE/ SHIFTl, SHIFT2, SHIFT3, SHIFT4, ISHIFT, IBCNT, BAT 
C 
C I n i t i a l i s e Delta weights; 
C 

DATA DWGTS /2500*0.0D0/ 
DATA DWGTSl /2500*0.0D0/ 

C 
C I n i t i a l i s e Delta stimulus; 
C 
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DATA DSTIM /100*0.0D0/ 
DATA DSTIMl /100*O.ODO/ 

C 
C I n i t i a l i s e Input image array; 
C 

DATA IMAGE /250*O.ODO/ 
C 
C I n i t i a l i s e Error Averaging w i t h nonzero value; 
C 

DATA ERRCHK /500*1.0D0/ 
DATA SPECIA /50*1.0D0/ 

C 
C I n i t i a l i s e N u l l image array; 
C 

DATA ZERO /250*0.0D0/ 
C 
C I n i t i a l i s e Output required answer array; 
C 

DATA ANSWER /250*0.0D0/ 
C 
C I n i t i a l i s e corrupted p i c t u r e array; 
C 

DATA BADPIC /250*0.0D0/ 
C 
C I n i t i a l i s e Correct r e s u l t array; 
C 

DATA CORECT /125*0.0D0/ 
C 
C I n i t i a l i s e PLNOI p l o t array; 
C 

DATA PLNOI /10001*0.0/ 
C 
C I n i t i a l i s e CSHPLT p l o t array; 
C 

DATA CSHPLT /10000*0.0/ 
C 
C I n i t i a l i s e Random Number Generator f o r non repeatable sequences; 
C 

CALL G05CCF , 
C 
C I n i t i a l i s e Random Number Generator f o r repeatable sequences; 
C 
C CALL G05CBF(1) 
C 
C Disable l i m i t checking on p l o t s ; 
C 

CALL GPSTOP(O) 
C 
C C a l l question subroutine t o input most t h i n g s ; 
C 

CALL QUEST(IMAGE, ANSWER, BADPIC, MAXCNT, REWl, PUNl, PROPOR, 
& CONFD, ITER, BAT, ISHIFT) 

C 
C C a l l Configuration r o u t i n e t o confirm; 
C 

CALL CONFIG(IMAGE, ANSWER, BADPIC, MAXCNT, REWl, PUNl, PROPOR, 
& CONFD, ITER, BAT, ISHIFT) 

C 
C Define v a r i a b l e values; 
C 



PN = l.ODO 
NUM = 1 
MULT = MAXCNT / 4 
MULTl = EXERC / 4 

C 
C Define ISLOT as the r e s u l t s averaging i n t e r v a l ; 
C 

ISLOT = 500 
C 
C P l o t images; 
C 
C 

DO 1 IMCNT = 1, NUMIM 
PREVAL(IMCNT) = O.ODO 
NOWVAL(IMCNT) = O.ODO 
IF (PICFLG .EQ. 1) THEN 
CALL PICT(IMAGE, LENl, WIDl, TITLEl, IMCNT) 

C 
C Pl o t answers; 
C 

CALL PICT(ANSWER, LENl, WIDl, TITLE2, IMCNT) 
END IF 

1 CONTINUE 
C 
C 
C Compute the number of elements f o r one frame; 
C 

NUMEL = LENGTH * WIDTH 
C 
C S t a r t I t e r a t i o n s from here; 
C 

DO 43 PROG = 1, ITER 
C 
C R e i n i t i a l i s e e r r o r check t o non zero value; 
C 

DO 2 I I = 1, ISLOT 
ERRCHK(II) = l.ODO 

2 CONTINUE 
C 
C Check t o see i f weights recorded i n weight f i l e before; 
C 

IF (DUMFLG .EQ. 1) THEN 
WRITE (6,*)'Opening f i l e . . . ' , DUMMY 
OPEN (2,FILE='WEIGHTS') 
READ (2,*) ( ( ( ( (WEIGHTd,J,K,L,M) ,1=0,LENGTH - 1),J=0,WIDTH -

& 1),K=1,DEPTH),L=0,LENGTH - 1),M=0,WIDTH - 1) 
READ (2,*) (((STIMd,J,K),1=0,LENGTH - 1),J=0,WIDTH - 1),K=1, 

& DEPTH) 
C 

WRITE (6,*)'Closing f i l e . . . ' C 
C Close f i l e ; 
C 

C 

C 

C 

REWIND 2 
CLOSE (2) 

ELSE 

DO 7 I = 0, LENGTH - 1 

DO 6 J = 0, WIDTH - 1 
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c 

c 

DO 5 K = 1, DEPTH 
PN = G05CAF(PN) 
IF (BRKFLG .EQ. 1) THEN 

STIM(I,J,K) = (2.0D0*PN - l.ODO) * l.ODO 
SUMS(I,J,K) = O.ODO 

ELSE 
STIM(I,J,K) = O.ODO 
SUMS(I,J,K) = O.ODO 

END IF 

DO 4 L = 0, LENGTH - 1 

DO 3 M = 0, WIDTH - 1 
PN = G05CAF(PN) 
IF (BRKFLG .EQ. 1) THEN 
WEIGHT(I,J,K,L,M) = (2.0D0*PN - l.ODO) * l.ODO 

ELSE 
WEIGHT(I,J,K,L,M) = O.ODO 

END IF 
3 CONTINUE 

C 
4 CONTINUE 

C 
5 CONTINUE 

C 
6 CONTINUE 

C 
7 CONTINUE 

C 
END IF 

C 
C Option - Draw Neural Net before doing anything; 
C 

IF ((NEUFLG .EQ. l ) .AND. (TRYFLG .EQ. 1)) THEN 
WRITE ( 6 , * ) ' P l o t t i n g i n i t i a l weights...' 
IF (LINFLG .EQ. 1) THEN 
CALL LINK(0, BOLFLG) 

ELSE 
CALL LINE(0, BOLFLG) 

END IF 
END IF 

C 
C I n i t i a l i s e GOCNT; 
C 

GOCNT = 1 
IF (TRYFLG .EQ. 1) GO TO 33 

C 
C Begin t r a i n i n g ; 
C 

8 WRITE ( 6 , * ) ' T r a i n i n g . . . ' , TITLE 
C 
C 

DO 26 TRACNT = 1, MAXCNT 
C 
C P r i n t out TRACNT i n m u l t i p l e s of MULT; 
C 

IF (MOD(TRACNT,MULT) .EQ. 0) THEN 
WRITE (6,74) TRACNT 

C 
C Option - Draw Neural Net; 
C 
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IF (NEUFLG .EQ. 1) THEN 
IF (LINFLG .EQ. 1) THEN 
CALL LINK(TRACNT, BOLFLG) 

ELSE 
CALL LINE(TRACNT, BOLFLG) 

END IF 
END IF 

END IF 
C 
C C a l l Random Number Generator - I f less than 0.5 then 
C T r a i n i n g p a t t e r n i s Image, othervise Random; 
C 
C Set TRAFLG=1 i f Image i s selected f o r presentation; 
C 

PN = G05CAF(PN) 
C 
C I f MULFLG=1 then only s h u f f l e through the input progs; 
C 

IF (MULFLG .EQ. 1) PN = PN / 2.0D0 
IF (PN .LE. 0.5D0) THEN 
TRAFLG = 1 

C 
C Generate random s e l e c t i o n of the image; 
C Defaults t o 1 i f NUMIM i s 1; 
C 

NUM = NINT(G05CAF(PN)*DFLOAT(NUMIM - 1)) + 1 
C 

DO 10 X = 0, LENl - 1 
C 

DO 9 Y = 0, WIDl - 1 
FRAME(X,Y,1) = IMAGE(NUM,X,Y) 

9 CONTINUE 
C 

10 CONTINUE 
C 

C 

C 

ELSE 
TRAFLG = 0 

DO 12 X = 0, LENl - 1 

DO 11 y = 0, WIDl - 1 
PN = G05CAF(PN) 

C 
C Generate Random I's and O's 
C 
C I f CLIFLG=1 then c l i p , otherwise not; 
C 

IF (CLIFLG .EQ. 1) THEN 
FRAME(X,Y,1) = DNINT(PN) 

ELSE 
FRAME(X,Y,1) = PN 

END IF 
11 CONTINUE 

C 
12 CONTINUE 

C 
END IF 

C 
C Analyse image - i s i t the r i g h t pattern? 
C I f Image i s greater than 5 x 5 then 
C chance of random generation of the corr e c t p a t t e r n 
C i s small...use TRAFLG t o t e l l i f image i s there; 
C 
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IF (NUMEL .LE. 25) THEN 
C 
C Do Check loop; 
C 

LEVEL = 1 
CALL COMP(IMAGE, LEVEL, RESULT, NUM) 

ELSE 
C 
C Set Result = Flag ; 
C 

RESULT = TRAFLG 
END IF 

C 
C Commence batching here; 
C 

DO 21 IBACNT = 1, BAT 
IBCNT = IBACNT 

C 
C I f HOPFIELD f l a g i s set then introduce recurrent connection here; 
C C a l l a rray; 
C 

IF (BOLFLG .EQ. 0) THEN 
CALL ARRAY(0, GLOFLG, STIFLG) 

END IF 
IF (BOLFLG .EQ. 1) THEN 
~. CALL HOPMODd, GLOFLG, STIFLG, LENl, WIDl, PROPOR) 
END IF 
IF (BOLFLG .EQ. 2) THEN 
CALL PROP(0, GLOFLG, STIFLG, CORECT, NUMIM, TRACNT, DWGTS, 

& DSTIM, DWGTSl, DSTIMl, STOFLG) 
END IF 

C 

C 
DO 14 X = 0, LENl - 1 

DO 13 Y = 0, WIDl - 1 
FRAME(X,Y,1) = IMAGE(NUM,X,Y) 

13 CONTINUE 
C 

14 CONTINUE 
C 

LEVEL = DEPTH + 1 
IF (HOPFLG .EQ. 1) THEN 

C 
DO 16 X = LENl, LENGTH - 1 

C 
DO 15 Y = WIDl, WIDTH - 1 
FRAME(X,Y,1) = FRAME(X,Y,LEVEL) 

15 CONTINUE 
C 

16 CONTINUE 
C 

END IF 
C 
C I f GL0FLG=1 then Global Reward otherwise Local; 
C For l o c a l case; 
C Check t o see i f c o r r e c t image was presented 
C and examine each elements output using COMPl f o r correct 
C r e s u l t on an i n d i v i d u a l basis - CORECT array holds 
C each elements Real 'Marks' 0 = zero e r r o r , + - l = t o t a l e r r o r ; 
C Note: i f a NULL response i s not required (NULFLG=0) 
C then the CHECK value w i l l be set t o a value 99 
C and the CASH v a l u e . w i l l be set t o e i t h e r REWl or PUNl with 
C p r o b a b i l i t y 0.5 (heads or t a i l s ) ; 
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c C I n i t i a l i s e CHECK t o avoid problems on Reward; 
C 

CHECK = 0 
C 

IF (RESULT .EQ. 1) THEN 
LEVEL = DEPTH + 1 
IF (GLOFLG .EQ. 1) THEN 
CALL COMP(ANSWER, LEVEL, CHECK, NUM) 

ELSE 
CALL COMPl(ANSWER, LEVEL, CORECT, NUM) 

END IF 
ELSE 

C 
C I n c o r r e c t image presented; 
C 

LEVEL = DEPTH + 1 
IF (GLOFLG .EQ. 1) THEN 

C 
C Check NULFLG s e t t i n g ; 
C 

IF (NULFLG .EQ. 0) THEN 
CHECK = 99 

ELSE 
CALL COMP(ZERO, LEVEL, CHECK, NUM) 

END IF 
ELSE 

C 
C Check NULFLG s e t t i n g - although CHECK i s not used e x p l i c i t l y 
C here - take advantage of the v a r i a b l e as s e t t i n g CORECT i s 
C d i f f i c u l t ( i t s an a r r a y ) ; 
C 

IF (NULFLG .EQ. 0) THEN 
CHECK = 99 

ELSE 
CALL COMPl(ZERO, LEVEL, CORECT, NUM) 

END IF 
END IF 

END IF 
C 
C Encode Reward array f o r each element; 
C 
C I f GL0FLG=1 then Global Reward otherwise Local; 
C I f DIRFLG=1 then D i r e c t Reward otherwise I n d i r e c t ; 
C 

IF (GLOFLG .EQ. 1) THEN 
IF (DIRFLG .EQ. 1) THEN 

C 
C Option - do gradient ascent; 
C I n c o r p o r a t i n g a top of maxima Reward; 
C NB. No i s o l a t i o n provided f o r m u l t i p l e images; 
C 

IF (GRAFLG .EQ. 1) THEN 
CALL MATCH(ANSWER, LEVEL, NOWVAL(NUM), NUM, ENEFLG) 
IF (NOWVAL(NUM) .GT. PREVAL(NUM)) THEN 

IF (NOWVAL(NUM) .EQ. l.ODO) THEN 
C 
C Make d e f i n i t e REWARD here t o ensure lock-on; 
C 

CASH = l.ODO 
ELSE 
CASH = REWl 

END IF 
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ELSE 
IF (NOWVAL(NUM) .EQ. l.ODO) THEN 
CASH = l.ODO 

ELSE 
CASH = PUNl 

END IF 
END IF 
PREVAL(NUM) = NOWVAL(NUM) 

ELSE 
CALL MATCH(ANSWER, LEVEL, CASH, NUM, ENEFLG) 

END IF 
ELSE 
• IF (CHECK .EQ. 1) THEN 

CASH = REWl 
ELSE 
CASH = PUNl 

END IF 
C 
C Check here f o r CHECK=99; 
C 

IF (CHECK .EQ. 99) THEN 
PN = G05CAF(PN) 
IF (PN .GT. 0.5D0) THEN 
CASH = REWl 

ELSE 
CASH = PUNl 

END IF 
END IF 

END IF 
C 
C Begin Rewarding the array;- record these values; 
C Note 10000 point l i m i t ; 
C 

IF (CSHFLG .EQ. 1) CSHPLT(TRACNT) = CASH 
PN = G05CAF(PN) 
IF (PN .LT. CASH) THEN 
GLOREW = 1 

ELSE 
GLOREW = 0 

END IF ; 
ELSE 

DO 18 I = 0, LENl - 1 

DO 17 J = 0, WIDl - 1 
C 
C Check here f o r CHECK=99; 
C 

IF (CHECK .EQ. 99) THEN 
PN = G05CAF(PN) 
IF (PN .GT. 0.5D0) THEN 
CASH = REWl 

ELSE 
CASH = PUNl 

END IF 
ELSE 

C 
C Use nearest integer t o CORECT value; 
C 

C 

C 

IF (NINT(CORECT(DEPTH,I,J)) .EQ. 0) THEN 

76 



CASH = REWl 
ELSE 
CASH = PUNl 

END IF 
END IF 
PN = G05CAF(PN) 
IF (PN .LT. CASH) THEN 
REWARD(I,J) = 1 

ELSE 
REWARD(I,J) = 0 

END IF 
17 CONTINUE 

C 
18 CONTINUE 

C 
END IF 

C 
C Update Weights; 
C 
C C a l l a r r a y ; 
C 

IF (BOLFLG .EQ. 0) THEN 
CALL ARRAYd, GLOFLG, STIFLG) 

END IF 
IF (BOLFLG .EQ. 2) THEN 
CALL PROPd, GLOFLG, STIFLG, CORECT, NUMIM, TRACNT, DWGTS, 

& DSTIM, DWGTSl, DSTIMl, STOFLG) 
END IF 

C 
C Option - Impose symmetry; 
C 

IF (SYMFLG .EQ. 1) CALL SYMM(INPFLG) 
C 
C Option - Put ARP element no. elem WEIGHT i n t o storage array; 
C remembering t h a t Y i s Length and X i s Width; 
C 

C 

c 
DO 19 M = 0, WIDTH - 1 

C VALUES(L,M,TRACNT) = WEIGHT(YELEM,XELEM,ZELEM,L,M) 
C STIVAL(TRACNT) = STIM(YELEM,XELEM,ZELEM) 

19 CONTINUE 
C 

20 CONTINUE 
C 

END IF 
C 
C Conclude batching; 
C 

21 CONTINUE 
C 
C Take average over ISLOT of the s h i f t e d average; 
C 

CALL ERR(ANSWER, ERRVAL, ALTER, NUM) 
C 
C Take moving average of ERRVAL t o gauge r e l a t i v e performance; 
C Performed over 50 s l o t s ; 
C 

IF (WGTFLG .EQ. 1) THEN 

DO 20 L = 0, LENGTH - 1 



DO 22 ICLOCK = (50 - 1 ) , 1, -1 
SPECIAdCLOCK + 1) = SPECIA (ICLOCK) 

22 CONTINUE 
C 

SPECIA(l) = ERRVAL 
C 
C Now average over ISLOT by computing average success r a t e ; 
C 

ERRVAL = 0 
C 

DO 23 JCLOCK = 1, 50 
ERRVAL = ERRVAL + SPECIA(JCLOCK) 

23 CONTINUE 
C 

ERRVAL = ERRVAL / 50.0D0 
C 
C Option: now remove comment t o enable t h i s ; 
C 
C WRITE(99,*)ERRVAL 
C 

DO 24 ICLOCK = (ISLOT - 1 ) , 1, -1 
ERRCHK(ICLOCK + 1) = ERRCHK(ICLOCK) 

24 CONTINUE 
C 

ERRCHK(l) = ALTER 
C 
C Now average over ISLOT by computing average success r a t e ; 
C 

IVALER = 0 
C 

DO 25 JCLOCK = 1, ISLOT 
IF (ERRCHK(JCLOCK) .GT. O.ODO) THEN 

IVALER = IVALER + 0 
ELSE 

IVALER = IVALER + 1 
END IF 

25 CONTINUE 
C 

VALERR = DFLOAT(IVALER) / DFLOAT(ISLOT) * 100.ODO 
C 
C I f VALERR i s >CONFD then the array has learned the s o l u t i o n ; 
C 

IF (DABS(VALERR) .GE. CONFD) THEN 
WRITE (6,*)'Learning complete i n ', TRACNT + (GOCNT - 1) * 

& MAXCNT, ' cycles' 
WRITE (98,*) TRACNT + (GOCNT - 1) * MAXCNT 
GO TO 27 

END IF 
26 CONTINUE 

C 
IF (ITER .NE. 1) WRITE (98,*) MAXCNT 

C 
C Record Weights; 
C 
C Open the Weight record f i l e 
C 

27 WRITE (6,*)'Opening f i l e . . . ' , DUMMY 
OPEN (2,FILE='WEIGHTS') 
WRITE (6,*)'Recording weights...' 
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WRITE (2,*) (((((WEIGHTd,J,K,L,M),1=0,LENGTH - 1),J=0,WIDTH -
Sc 1) ,K=1, DEPTH) ,L=0, LENGTH - 1),M=0,WIDTH - 1) 

WRITE (2,*) (((STIMd,J,K),1=0,LENGTH - 1),J=0,WIDTH - 1),K=1, 
& DEPTH) 

C 
WRITE (6,*)'Closing f i l e . . . ' 

C 
C Close f i l e ; 
C 

REWIND 2 
CLOSE (2) 

C 
C Compute Maximum and Minimum weights; 
C 

MAXWGT = O.ODO 
MINWGT = O.ODO 

C 

C 

C 

C 

C 

DO 32 IM = 0, LENGTH - 1 

DO 31 JM = 0, WIDTH - 1 

DO 30 KM = 1, DEPTH 

DO 29 LM = 0, LENGTH - 1 

DO 28 MM = 0, WIDTH - 1 
MAXWGT = DMAX1(WEIGHT(IM,JM,KM,LM,MM) ,MAXWGT,STIMdM, 

Sc JM,KM) ,STIM(LM,MM,KM) ) 
MINWGT = DMIN1(WEIGHT(IM,JM,KM,LM,MM) ,MINWGT,STIMdM, 

& JM,KM),STIM(LM,MM,KM)) 
28 CONTINUE 

C 
29 CONTINUE 

C 
30 CONTINUE 

C 
31 CONTINUE 

C 
32 CONTINUE 

C 
C 
C 
C 
C Output r e s u l t s ; 
C 

WRITE (6,*)'Maximum Weight i n array = ', MAXWGT 
WRITE (6,*)'Minimum Weight i n array = ', MINWGT 

C 
C Exercise array;- f i r s t w i t h a l l Images; 
C 

33 WRITE (6 , * ) ' E x e r c i s i n g array w i t h Image...' 
C 

TRYAV = O.ODO 
C 

DO 42 IMCNT = 1, NUMIM 
C 

DO 35 X = 0, LENl - 1 
C 

DO 34 Y = 0, WIDl - 1 

EXERES(IMCNT) = 0 
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FRAME(X,Y,1) = IMAGE(IMCNT,X,Y) 
34 CONTINUE 

C 
35 CONTINUE 

C 
C 

DO 41 EXECNT = 1, EXERC 
C 
C P r i n t out EXECNT i n m u l t i p l e s of MULTl; 
C 

IF (MOD(EXECNT,MULTl) .EQ. 0) WRITE (6,74) EXECNT 
C 
C Option - Do Hopfield Style model; 
C 

IF (HOPFLG .EQ. 1) THEN 
LEVEL = DEPTH + 1 

C 
DO 40 HOPCNT = 1, EXERC 

C 
C C a l l a r r a y ; 
C 

IF (BOLFLG .EQ. 0) THEN 
CALL ARRAY(0, GLOFLG, STIFLG) 

END IF 
IF (BOLFLG .EQ. 1) THEN 
CALL HOPMOD(0, GLOFLG, STIFLG, LENl, WIDl, PROPOR) 

END IF 
IF (BOLFLG .EQ. 2) THEN 
CALL PROP(0, GLOFLG, STIFLG, CORECT, NUMIM, TRACNT, 

& DWGTS, DSTIM, DWGTSl, DSTIMl, STOFLG) 
END IF 

C 
C Feed back everything; 
C 

DO 37 X = 0, LENGTH - 1 
C 

DO 36 Y = 0, WIDTH - 1 
FRAME(X,Y,1) = FRAME(X,Y,LEVEL) 

36 CONTINUE 
C 

37 CONTINUE 
C 
C Now o v e r w r i t e - i f PROPOR i s greater than 0.0; 
C 

C 

C 

IF (PROPOR .GT. O.OODO) THEN 

DO 39 X = 0, NINT(DFL0AT(LEN1 - 1)*PR0P0R) 

DO 38 Y = 0, NINT(DFL0AT(WID1 - 1)*PR0P0R) 
FRAME(X,Y,1) = IMAGE(IMCNT,X,Y) 

38 CONTINUE 
C 

39 CONTINUE 
C 

END IF 
C 

40 CONTINUE 
C 

ELSE 
C 
C C a l l a r r a y ; 
C 



I F (BOLFLG -EQ. 0) THEN 
CALL ARRAY(0, GLOFLG, STIFLG) 

END I F 
I F (BOLFLG .EQ. 1) THEN 

CALL HOPMOD(0, GLOFLG, STIFLG, LENl, WIDl, PROPOR) 
END I F 
I F (BOLFLG .EQ. 2) THEN 

CALL PROP(0, GLOFLG, STIFLG, CORECT, NUMIM, TRACNT, 
& DWGTS, DSTIM, DWGTSl, DSTIMl, STOFLG) 

END I F 
END I F 

C 
C Check. Answer; 
C 

LEVEL = DEPTH + 1 
CALL COMP(ANSWER, LEVEL, CHECK, IMCNT) 
I F (CHECK .EQ. 1) EXERES(IMCNT) = EXERES(IMCNT) + 1 

41 CONTINUE 
C 

TRY = DFLOAT(EXERES(IMCNT)) * 100.ODD / DFLOAT(EXERC) 
WRITE (6,*)'Image number', ' ', IMCNT - 1, 'Recognition % 

& TRY 
TRYAV = TRYAV + TRY 

42 CONTINUE 
C 
C If t h i s i s l e s s than CONFD% then program needs to t r y again 
C 

CONVAL = TRYAV / DFLOAT(NUMIM) 
I F (ITER .EQ. 1) THEN 

I F (CONVAL .LT. CONFD) THEN 
WRITE (6,*)'Not r i g h t answer...trying again' 
GOCNT = GOCNT + 1 
I F (GOCNT .GT. GOMAX) THEN 
WRITE (6,*)'Have exceeded ', GOMAX, ' l e a r n i n g c y c l e s . . . e x 

S i t i n g . . ' 
C 
C Record maximum l e a r n i n g c y c l e i n £98 f i l e ; 
C 

WRITE (98,*) DFLOAT(GOMAX) * DFLOAT(MAXCNT - 1) 
ELSE 

I F (ITER .EQ. 1) GO TO 8 
END I F 

ELSE 
WRITE (6,*)'Have learned c o r r e c t response to ', CONVAL, 

& ' >', CONFD, ' %' 
WRITE (5,*)'Maximum number of program c y c l e s (x', MAXCNT, 

& •) = ', GOCNT 
END I F 

END I F 
43 CONTINUE 

C 
C E x e r c i s e a r r a y ; - now with Random Image; 
C 

WRITE ( 6 , * ) ' E x e r c i s i n g a r r a y with random image...' 
C 

RANRES = 0 
IMARES = 0 
CORRES = 0 
ZERRES = 0 
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DO 53 RANCNT = 1, EXERC 
C 
C P r i n t out RANCNT i n m u l t i p l e s of MULTl; 
C 

I F (MOD(RANCNT,MULTl) .EQ. 0) WRITE (6,74) RANCNT 
C 

DO 45 X = 0, LENl - 1 

DO 44 Y = 0, WIDl - 1 
C 
C Generate Random I ' s and O's 
C I f CLEFLG=1 then c l i p ; 
C 

PN = G05CAF(PN) 
C 

I F (CLEFLG .EQ. 1) THEN 
FRAME(X,Y,1) = DNINT(PN) 

ELSE 
FRAME(X,Y,1) = PN 

END I F 
44 CONTINUE 

C 
45 CONTINUE 

C 
C Analyse image - i s i t tne r i g h t pattern? 
C I f Image i s g r e a t e r than 5 x 5 then 
C chance of random generation of the c o r r e c t pattern 
C i s small...and can be ignored; 
C Set R e s u l t d e f a u l t here; 
C 

RESULT = 0 
I F (NUMEL .LE. 25) THEN 

C 
C Do Check loop; 
C 

LEVEL = 1 • 
C 
C Check a l l images; 
C 

DO 46 IMCNT = 1, NUMIM , 
CALL COMPdMAGE, LEVEL, RESULT, IMCNT) 

C 
C T h i s p a r t c a r r i e s IMCNT over; 
C 

I F (RESULT .EQ. 1) GO TO 47 
46 CONTINUE 

C 
C Compute number of occurrences of c o r r e c t image; 
C 

47 I F (RESULT .EQ. 1) IMARES = IMARES + 1 
END I F 

C 
C Option - Do Hopfield S t y l e model; 
C 

I F (HOPFLG .EQ. 1) THEN 
LEVEL = DEPTH + 1 

C 
DO 52 HOPCNT = 1, EXERC 

C 
C C a l l a r r a y ; 
C 
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I F (BOLFLG .EQ. 0) THEN 
CALL ARRAY(0, GLOFLG, STIFLG) 

END I F 
I F (BOLFLG .EQ. 1) THEN 

CALL HOPMOD(0, GLOFLG, STIFLG, LENl, WIDl, PROPOR) 
END I F 
I F (BOLFLG .EQ. 2) THEN 

CALL PROP(0, GLOFLG, STIFLG, CORECT, NUMIM, TRACNT, DWGTS, 
& DSTIM, DWGTSl, DSTIMl, STOFLG) 

END I F 
C 
C Feed back e v e r y t h i n g ; 
C 

DO 49 X = 0, LENGTH - 1 
C 

DO 48 Y = 0, WIDTH - 1 
FRAME(X,Y,1) = FRAME(X,Y,LEVEL) 

48 CONTINUE 
C 

49 CONTINUE 
C 
C Now ove r w r i t e - i f PROPOR i s greater than 0.0; 
C 

I F (PROPOR .GT. O.OODO) THEN 
C 

DO 51 X = 0, NINT(DFL0AT(LEN1 - 1)*PR0P0R) 
C 

DO 50 Y = 0, NINT(DFL0AT(WID1 - 1)*PR0P0R) 
FRAME(X,Y,1) = IMAGE(IMCNT,X,Y) 

50 CONTINUE 
C 

51 CONTINUE 
C 

END I F 
52 CONTINUE 

C 
ELSE 

C 
C C a l l a r r a y ; 
C 

I F (BOLFLG .EQ. 0) THEN , 
CALL ARRAY(0, GLOFLG, STIFLG)' 

END I F 
I F (BOLFLG .EQ. 1) THEN 

CALL HOPMOD(0, GLOFLG, STIFLG, LENl, WIDl, PROPOR) 
END I F 
I F (BOLFLG .EQ. 2) THEN 

CALL PROP(0, GLOFLG, STIFLG, CORECT, NUMIM, TRACNT, DWGTS, 
& DSTIM, DWGTSl,.DSTIMl, STOFLG) 

END I F 
END I F 

C 
C Check Answer; Two p o t e n t i a l cases for F a l s e Random Recognition; 
C I s : Image present but Answer wrong; 
C I s : Image not present but Answer not zero ( i f n u l l response 
C s e l e c t e d ) 
C 
C 

LEVEL = DEPTH + 1 
I F (RESULT .EQ. 1) THEN 

C 
C Compute number of occurrences of c o r r e c t answer for image; 
C 
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CALL COMP(ANSWER, LEVEL, ICHECK, IMCNT) 
I F (ICHECK .EQ. 1) THEN 
CORRES = CORRES + 1 

ELSE 
RANRES = RANRES + 1 

END I F 
ELSE 

CALL COMP(ZERO, LEVEL, CHECK, 1) 
I F ((CHECK .EQ. 0) .AND. (NULFLG .EQ. 0 ) ) RANRES = RANRES + 1 

C 
C Compute number of occurrences of zero answer 
C 

CALL COMP(ZERO, LEVEL, ICHECK, 1) 
I F (ICHECK .EQ. 1) ZERRES = ZERRES + 1 

END I F 
C 
C Continue major loop; 
C 

53 CONTINUE 
C 

WRITE ( 6 , * ) ' I n c o r r e c t Output % ', DFLOAT(RANRES) * 100.ODO / 
& DFLOAT(EXERC) 
WRITE (6,*)'Number of Images presented % ', DFLOAT(IMARES) * 100. 
& ODO / DFLOAT(EXERC) 
WRITE (6,*)'Number of c o r r e c t answers % ', DFLOAT(CORRES) * 100. 
& ODO / DFLOAT(EXERC) 
WRITE (6,*)'Number of zero answers % ', DFLOAT(ZERRES) * 100.ODO 
& / DFLOAT(EXERC) 

C 
C I f CSHFLG=1, p l o t CASH; 
C 

I F (CSHFLG .EQ. 1) CALL CAPT(CSHPLT) 
C 
C I f N0IFLG=1, e x e r c i s e with noisy image; 
C 

I F (NOIFLG .EQ. 1) THEN 
C 
C E x e r c i s e a r r a y ; - now with noisy Image; 
C 

WRITE ( 6 , * ) ' E x e r c i s i n g a r r a y with'noisy image...' 
C 
C Do Noise Standard Deviation loop; 
C 

DO 62 NOICNT = 0, 10000 
I F (MOD(NOICNT,1000) -EQ. 0) WRITE (6,74) NOICNT 
GAURES = 0 
STADEV = DFLOAT(NOICNT) / 10000.ODO 

C 
C Begin loop; 
C 

C 

C 

DO 61 GAUCNT = 1, EXERC 

DO 55 X = 0, LENl - 1 

DO 54 Y = 0, WIDl - 1 
C 
C Generate noisy image - c l i p i f CLGFLG^l; 
C Use s e l e c t e d n o ise image; 
C 

PN = G05CAF(PN). 
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I F (CLGFLG .EQ. 1) THEN 
RANDNO = DNINT(G05DDF(IMAGE(NOINUM,X,Y),STADEV)) 

ELSE 
RANDNO = G05DDF(IMAGE(NOINUM,X,y),STADEV) 

END I F 
I F (RANDNO .GT. l.ODO) RANDNO =̂  1. ODO 
I F (RANDNO .LT. O.ODO) RANDNO = O.ODO 
FRAME(X,Y,1) = RANDNO 

54 CONTINUE 
C 

55 CONTINUE 
C 
C Option - Do Hopfield S t y l e model; 
C 

I F (HOPFLG .EQ. 1) THEN 
LEVEL = DEPTH + 1 

C 
DO 60 HOPCNT = 1, EXERC 

C 
C C a l l a r r a y ; 
C 

I F (BOLFLG .EQ. 0) THEN 
CALL ARRAY(0, GLOFLG, STIFLG) 

END I F 
I F (BOLFLG .EQ. 1) THEN 

CALL HOPMOD(0, GLOFLG, STIFLG, LENl, WIDl, PROPOR) 
END I F 
I F (BOLFLG .EQ. 2) THEN 

CALL PROP(0, GLOFLG, STIFLG, CORECT, NUMIM, TRACNT, 
& DWGTS, DSTIM, DWGTSl, DSTIMl, STOFLG) 

END I F 
C 
C Feed back everything; 
C 

DO 57 X = 0, LENGTH - 1 
C 

DO 56 Y = 0, WIDTH - 1 
FRAME(X,Y,1) = FRAME(X,y,LEVEL) 

56 CONTINUE 
C 

57 CONTINUE 
C 
C 
C Now ov e r w r i t e with the clamped part - i f PROPOR i s greater than 
C O.ODO 
C 

I F (PROPOR .GT. O.OODO) THEN 
C 

DO 59 X = 0, NINT(DFL0AT(LEN1 - 1)*PR0P0R) 
C 

DO 58 Y = 0, NINT(DFL0AT(WID1 - 1)*PR0P0R) 
FRAME(X,Y,1) = IMAGE(IMCNT,X,Y) 

58 CONTINUE 
C 

59 CONTINUE 
C 

END I F 
60 CONTINUE 

C 
ELSE 

C 
C C a l l a r r a y ; 
C 
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I F (BOLFLG .EQ. 0) THEN 
CALL ARRAY(0, GLOFLG, STIFLG) 

END I F 
I F (BOLFLG .EQ. 1) THEN 

CALL HOPMOD(0, GLOFLG, STIFLG, LENl, WIDl, PROPOR) 
END I F 
I F (BOLFLG .EQ. 2) THEN 

CALL PROP(0, GLOFLG, STIFLG, CORECT, NUMIM, TRACNT, 
& DWGTS, DSTIM, DWGTSl, DSTIMl, STOFLG) 

END I F 
END I F 

C 
C Compute number of occurrences of c o r r e c t answer 
C 

LEVEL = DEPTH + 1 
CALL COMP(ANSWER, LEVEL, ICHECK, NOINUM) 
I F (ICHECK .EQ. 1) GAURES = GAURES + 1 

C 
C Continue major loop; 
C 

61 CONTINUE 
C 
C Write out to a r r a y ; 
C 

PLNOI(NOICNT) = DFLOAT(GAURES) * lOO-GDO / DFLOAT(EXERC) 
62 CONTINUE 

C 
C P l o t ; 
C 

CALL NPLOT(PLNOI, BOLFLG) 
END I F 

C 
C Option - P l o t weights for s e l e c t e d element; 
C 

I F (WGTFLG .EQ. 1) THEN 
WRITE ( 6 , * ) ' P l o t t i n g element weights...' 
CALL ELPLOT(VALUES, STIVAL, LENGTH, WIDTH, MAXCNT, XELEM, YELEM, 

& ZELEM, BOLFLG) 
END I F : 

C 
C Option - e x e r c i s e a r r a y with a corrupted image and connect i t s 
C output to i t s input - p l o t a f t e r EXERC i t e r a t i o n s ; 
C 

I F (CONFLG .EQ. 1) THEN 
C 

DO 72 IMCNT = 1, NUMIM 
WRITE (6,*)'Copying corrupted p i c t u r e ' , IMCNT, 'into F r a m e — ' 

C 
C Copy BADPIC i n t o FRAME; 
C 

DO 64 X = 0, LENl - 1 
C 

DO 63 Y = 0, WIDl - 1 
FRAME(X,Y,1) = BADPIC(IMCNT,X,Y) 

63 CONTINUE 
C 

64 CONTINUE 
C 
C Zero r e s t of FRAME; 
C 
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DO 66 X = LENl, LENGTH - 1 
C 

DO 65 Y = WIDl, WIDTH - 1 
FRAME(X,Y,1) = O.ODO 

65 CONTINUE 
C 

66 CONTINUE 
C 

WRITE ( 6 , * ) ' C a l l i n g a r r a y . . . ' 
C 
C Now c a l l a r r a y ; 
C 

DO 69 FDBCNT = 1, EXERC 
I F (MOD(FDBCNT,MULTl) .EQ. 0) WRITE (6,74) FDBCNT 
I F (BOLFLG .EQ. 0) THEN 

CALL ARRAY(0, GLOFLG, STIFLG) 
END I F 
I F (BOLFLG .EQ. 1) THEN 

CALL H0PMOD(0, GLOFLG, STIFLG, LENl, WIDl, PROPOR) 
END I F 
I F (BOLFLG .EQ. 2) THEN 

CALL PROP(0, GLOFLG, STIFLG, CORECT, NUMIM, TRACNT, DWGTS, 
& DSTIM, DWGTSl, DSTIMl, STOFLG) 

END I F 
C 
C T r a n s f e r output to input; 
C 

DO 68 X = 0, LENGTH - 1 
C 

DO 67 Y = 0, WIDTH - 1 
FRAME(X,Y,1) = FRAME(X,Y,DEPTH + 1) 

67 CONTINUE 
C 

68 CONTINUE 
C 

69 CONTINUE 
C 
C Option - p l o t r e s u l t ; 
C 

I F (FINFLG .EQ. 1) THEN •• 
WRITE ( 6 , * ) ' P l o t t i n g corrupted p i c t u r e ' , IMCNT, '...' 
CALL PICT(BADPIC, LENl, WIDl, TITLES, IMCNT) 

C 
C Copy FRAME i n t o BADPIC; 
C 

DO 71 X = 0, LENl - 1 
C 

DO 70 Y = 0, WIDl - 1 
BADPIC(IMCNT,X,Y) = FRAME(X,Y,l) 

70 CONTINUE 
C 

71 CONTINUE 
C 

WRITE ( 6 , * ) ' P l o t t i n g r e s u l t a n t picture...-' 
CALL PICT(BADPIC, LENl, WIDl, TITLE4, IMCNT) 

END I F 
72 CONTINUE 

C 
END I F 
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CALL GREND 
STOP 

7 3 FORMAT (A) 
74 FORMAT (' ' , 18) 

END 
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F O R T R A N ? ? subroutine A R P . Q U E S T 

configuration input-question subroutine 

89 



c ************************************************ 
C * A s s o c i a t i v e Reward-Punish Element (ARP) * 
C * Image Recognition Input question subroutine; * 
C * * 
c * 
C * - M u l t i p l e image v e r s i o n ; * 
C * - The r o u t i n e reads i n the input parameters * 
C * and image from a f i l e c a l l e d NAMEl; * 
C * - The r o u t i n e reads i n general parameters * 
C * from a f i l e c a l l e d PARAM; * 
C * - The program a l s o reads i n the d e s i r e d * 
C * output answer image from the f i l e , NAMEl; * 
C * - Also reads a corrupted image example; * 
C * - ARP.PREP should be used to prepare a * 
C * s u i t a b l e input f i l e ; * 
C * - L i s t e d d e f a u l t s a r e : * 
C * 1- Global I n d i r e c t ARP * 
C * 2. Global D i r e c t Gradient ARP * 
C * 3. L o c a l ARP ( s i n g l e l e v e l only) * 
C * 4. D e t e r m i n i s t i c Backpropagation * 
C * 5. Hopfield Network ( s i n g l e l e v e l only) * 
C * 6. S t o c h a s t i c Backpropagation * 
C * - Program uses DOUBLE PRECISION v a r i a b l e s ; * 
C * Author: Rich a r d Leaver * 
C * Created:16th June 1987 * 
C * Update : 5th January 1988 * 
C * Frozen :20th J u l y 1988 * 
(2 ************************************************ 

SUBROUTINE QUEST(IMAGE, ANSWER, BADPIC, MAXCNT, REWl, PUNl, 
& PROPOR, CONFD, ITER, BAT, ISHIFT) 

C 
C Define e v e r y t h i n g as i m p l i c i t REAL*8 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C Image to be recognised; 
C 

REAL*8 IMAGE(10,0:4,0:4) 
C 
C Required output; 
C 

REAL*8 ANSWER(10,0:4,0:4) 
C ' 
C Corrupted p i c t u r e ; 
C 

REAL*8 BADPIC(10,0:4,0:4) 
C 
C Define Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,Z+1) 
C 
C F i n a l Frame N+1 i s the output; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C 
C Define Weights f o r X x Y ARP elements with Z Frames; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
C 
C Define Stimulus f o r X x Y ARP elements with Z Frames; 
C 

REAL*8 STIM(0:4,0:4,4) 
C 
C Save SUMS for X x Y ARP elements, Z Frames ; 
C 
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REAL*8 3UMS(0:4,0:4,4) 
C 
C Real *8 v a r i a b l e s ; 
C 

REAL*8 REWl, PUNl, LAMBDA, RHO, TEMP, PN, PROPOR, CONFD 
C 
C I n t e g e r s ; 
C 

INTEGER MAXCNT, XELEM, YELEM, ZELEM, NUMIM, NOINUM 
INTEGER LENGTH, WIDTH, DEPTH, DUMDEP 
INTEGER LENl, WIDl 
INTEGER RESFLG, CLIFLG, CLEFLG, GLOFLG, NEUFLG, DIRFLG, WGTFLG 
INTEGER TRAFLG, CLGFLG, NOIFLG, DUMFLG, TRYFLG, NULFLG 
INTEGER FINFLG, CONFLG, MULFLG, CSHFLG, ENEFLG, SYMFLG, HOPFLG 
INTEGER GRAFLG, STIFLG, INPFLG, PICFLG, BOLFLG, LINFLG, BRKFLG, 
& STOFLG 
INTEGER EXERC, GOMAX, ITER, BAT 

C 
C I n t e g e r a r r a y to hold Rewards for each element - f i n a l frame only; 
C 

INTEGER REWARD(0:4,0:4) 
C 
C A l t e r n a t i v e f o r Global Rewards; 
C 

INTEGER GLOREW 
C 
C C h a r a c t e r s ; 
C 

CHARACTER*10 ANS, NAMEl, DUMMY 
CHARACTER*70 TITLE 
CHARACTER*30 T I T L E l 
CHARACTER*30 TITLE2 
CHARACTER*30 TITLE3 
CHARACTER*30 TITLE4 

C 
C TITLE = T i t l e of job; 
C T I T L E l = T i t l e of ARP input image p l o t ; 
C TITLE2 = T i t l e of ARP output answer image p l o t ; 
C TITLE3 = T i t l e of ARP corrupted image p l o t ; 
C TITLE4 = T i t l e of ARP uncorrupted image?; 
C NAMEl = Input image; ' 
C 
C Define Common Block One; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& REWARD, GLOREW 

C 
C Define Common Block Two; 
C 

COMMON /TWO/ RHO, TEMP, LAMBDA, PN 
C 
C Define Common Block Four; 
C 

COMMON /FOUR/ XELEM, YELEM, ZELEM, RESFLG, CLIFLG, CLEFLG, GLOFLG, 
Sc NEUFLG, DIRFLG, WGTFLG, TRAFLG, CLGFLG, NOIFLG, DUMFLG, 
& TRYFLG, NULFLG, FINFLG, CONFLG, MULFLG, CSHFLG, ENEFLG, 
& SYMFLG, HOPFLG, GRAFLG, STIFLG, INPFLG, PICFLG, BOLFLG, 
& LINFLG, BRKFLG, STOFLG, NUMIM, NOINUM, EXERC, GOMAX, LENl, 
& WIDl, TITLE, T I T L E l , TITLE2, TITLE3, TITLE4, NAMEl, DUMMY 

C 
C I n i t i a l i s e F l a g s ; 
C 
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BRKFLG = 0 
RESFLG - 0 
LINFLG = 0 
PICFLG = 0 
CLIFLG = 0 
CLEFLG -- 0 
CLGFLG = 0 
DIRFLG 0 
GLOFLG -----0 
NEUFLG = 0 
WGTFLG = 0 
NOIFLG = 0 
TRYFLG = 0 
DUMFLG = 0 
TRAFLG 0 
NULFLG = 0 
FINFLG = 0 
CONFLG = 0 
MULFLG 0 
CSHFLG - 0 
ENEFL0 = 0 
SYMFLG - 0 
HOPFLG = 0 
GRAFLG = 0 
STIFLG = 0 
INPFLG = 0 
BOLFLG = 0 
STOFLG = 0 

C 
C Define input and output t i t l e s ; 
C 

T I T L E l = 'INPUT IMAGE' 
TITLE2 = 'REQUIRED ANSWER' 
TITLE3 = 'CORRUPTED IMAGE' 
TI T L E 4 = 'CORRECTED IMAGE' 

C 
C Define d e f a u l t noise image number; 
C 

NOINUM = 1 
C 
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
c 
C Read i n s t r u c t i o n s and input image from f i l e ; 
C 
C Format i s ; 
C T I T L E 
C LENl, Image length 
C WIDl, Image width 
C DUMDEP, allows f o r the old s t y l e data f i l e s ; 
C NUMIM, 
C DUMMY 
C IMAGE DATA repeated for m u l t i p l e images; 
C ANSWER DATA 
C BAD DATA 
C 

WRITE ( 6 , * ) ' I n p u t f i l e name...' 
READ (5,58) NAMEl 

C 
C Open NAMEl 
C 
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OPEN ll,FILE=NAMEl) 
READ (1,58) TITLE 
READ ( 1 , * ) LENl 
READ ( 1 , * ) WIDl 
READ ( 1 , * ) DUMDEP 
READ ( 1 , * ) NUMIM 
I F (NUMIM .GT. 1) MULFLG = 1 

C 
C Read DUMMY; 
C 

READ (1,58) DUMMY 
C 
C Read Image data;-
C 

C 

C 

C 

C 
C 

C 
C 

WRITE ( 6 , * )'Defining Image...' 

DO 1 IMCNT = 1, NUMIM 

READ ( 1 , * ) ((IMAGE(IMCNT,I,J),J=0,WID1 - 1),1=0,LENl - 1) 

1 CONTI-NUE 
C 
C Read Answer data; 
C 

C 

C 

C 

WRITE ( 6 , * ) ' D e f i n i n g Answer...' 

DO 2 IMCNT = 1, NUMIM 

READ ( 1 , * ) ((ANSWER(IMCNT,I,J),J=0,WID1 - 1),1=0,LENl - 1) 

2 CONTINUE 
C 
C Read Corrupted image data; 
C 

WRITE ( 6 , * ) ' D e f i n i n g Corrupted Image. 

DO 3 IMCNT = 1, NUMIM 
READ ( 1 , * ) ((BADPIC(IMCNT,I,J):,J=0,WID1 - 1),1=0,LENl - 1) 

3 CONTINUE 

WRITE ( 6 , * ) ' C l o s i n g file..£l..' 
C 
C Close 1; 
C 

REWIND 1 
CLOSE ( 1 ) 

C 
C Open Parameter f i l e ; 
C 

OPEN (3,FILE='PARAM') 
READ ( 3 , * ) LAMBDA 
READ ( 3 , * ) LENGTH 
READ ( 3 , * ) WIDTH 
READ ( 3 , * ) DEPTH 
READ ( 3,*) RHO 
READ ( 3 , * ) TEMP 
READ , ( 3 , * ) REWl 
READ ( 3 , * ) PUNl 
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READ ( 3 , * ) MAXCNT 
READ (3 , *) EXERC 
READ ( 3 , * ) GOMAX 
READ ( 3 , *) PROPOR 
READ ( 3 , * ) CONFD 
READ ( 3 , * ) ITER 
READ ( 3 , * ) BAT 
READ ( 3 , * ) ISHIFT 

C 
C Close (3) 
C 

WRITE ( 6 , * ) ' C l o s i n g file..£3..' 
CLOSE (3) 

C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

c 
WRITE (6,*)'Do you want to run on D e f a u l t s ? . . . ' 

4 READ (5,58) ANS 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. 'n')) THEN 
GO TO 6 

END I F 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. 'y')) THEN 
WRITE (6,*)'Which s e t of d e f a u l t s ? . . . ' 

5 READ ( 5 , * ) IDEF 
I F ( ( I D E F .LT. 1) .OR. (IDEF .GT. 6 ) ) GO TO 5 
GO TO 56 

END I F 
GO TO 4 

6 WRITE (6,*)'Do you want to p l o t the Neural Net connections?...' 
7 READ (5,58) ANS 

I F ((ANS .EQ. 'N') .OR. (ANS .EQ. 'n')) THEN 
NEUFLG = 0 
GO TO 11 

END I F 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. 'y')) THEN 

NEUFLG = 1 
8 WRITE (6,*)'Do you want a Block plot or Line P l o t ? . . . ' 
9 READ (5,58) ANS 

I F ((ANS -EQ. 'B') .OR. (ANS .EQ.-̂  'b')) THEN 
LINFLG = 0 
GO TO 10 

END I F 
I F ((ANS .EQ. 'L') .OR. (ANS -EQ. '1')) THEN 

LINFLG = 1 
GO TO 10 

END I F 
GO TO 9 

10 GO TO 11 
END I F 
GO TO 7 

C 
C Do you want to p l o t the Weights of the ARP elements? 
C 

11 WRITE (6,*)'Do you want to p l o t any ARP weights?...' 
12 READ (5,58) ANS 

I F ((ANS .EQ. 'N') .OR. (ANS .EQ. 'n')) THEN 
WGTFLG = 0 
GO TO 13 

END I F 
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I F (UNS .EQ. 'Y') .OR. (ANS .EQ. 'y ' ) ) THEN 
WGTFLG = 1 

C 
C Which element to be p l o t t e d ; 
C 

WRITE (6,*)'Which element would you l i k e to p l o t ? . . . ' 
WRITE ( 6 , * ) ' . . . p l e a s e enter X,Y,Z c o o r d i n a t e s ? . . . ' 
READ ( 5 , * ) XELEM, YELEM, ZELEM 
GO TO 13 

END I F 
GO TO 12 . 

13 WRITE (6,*)'Do you want Global or L o c a l REWARD for the run?...' 
14 READ (5,58) ANS 

I F ((ANS .EQ. 'G') .OR. (ANS .EQ. 'g')) THEN 
GLOFLG = 1 
WRITE (6,*)'Do you want D i r e c t or I n d i r e c t REWARD f o r the run?.. 

£=. ' 
15 READ (5,58) ANS 

I F ((ANS .EQ. 'D') .OR. (ANS .EQ. 'd')) THEN 
DIRFLG = 1 
GO TO 16 

END I F 
I F ((ANS .EQ. ' I ' ) -OR. (ANS .EQ. ' i ' ) ) THEN 

DIRFLG = 0 
GO TO 16 

END I F 
GO TO 15 

END I F 
I F ((ANS .EQ. 'L') .OR. (ANS -EQ. '1')) THEN 

GLOFLG = 0 
GO -TO 16 

END I F 
GO TO 14 

16 WRITE (6,*)'Do you want Clipped or Undipped t r a i n i n g n o i s e ? . . . ' 
17 READ (5,58) ANS 

I F ((ANS .EQ. 'C') .OR. (ANS .EQ. ' c ' ) ) THEN 
CLIFLG = 1 
GO TO 18 

END I F 
I F ((ANS -EQ. 'U') .OR. (ANS .EQ. 'u')) THEN 

CLIFLG = 0 
GO TO 18 

END I F 
GO TO 17 

18 WRITE (6,*)'Do you want Clipped or Undipped e x e r c i s i n g n oise?...' 
19 READ (5,58) ANS 

I F ((ANS .EQ. 'O .OR. (ANS .EQ. ' c ' ) ) THEN 
CLEFLG = 1 
GO TO 20 • 

END I F 
I F ((ANS .EQ. 'U') .OR. (ANS -EQ. 'u')) THEN 

CLEFLG = 0 
GO TO 20 

END I F 
GO TO 19 

20 WRITE (6,*)'Do you want Clipped or Undipped Gaussian n o i s e ? . . . ' 
21 READ (5,58) ANS 

I F ((ANS .EQ. 'C') .OR. (ANS .EQ. ' c ' ) ) THEN 
CLGFLG = 1 
GO TO 22 
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END I F 
I F ((ANS .EQ. 'U') -OR. (ANS .EQ. 'U')) THEN 

CLGFLG = 0 
GO TO 22 

END I F 
GO TO 21 

C 
C Do you want to examine the noisy input image response?... 
C 

22 WRITE (6,*)'Do you want to p l o t the noisy image response?...' 
23 READ (5,58) ANS 

I F ((ANS .EQ. 'N') .OR. (ANS .EQ. 'n')) THEN 
NOIFLG = 0 
GO TO 24 

END I F 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 

NOIFLG = 1 
C 
C Input noise image number; 
C 

WRITE ( 6 , * ) ' P l e a s e input noise image number...' 
READ ( 5 , * ) NOINUM 
GO TO 24 

END I F 
GO TO 23 

24 CONTINUE 
C 
C Check to see i f weights recorded i n weight f i l e before; 
C 

WRITE (6,*)'Does f i l e ', DUMMY, 'contain previous weights for t h i 
&s problem?...' 

25 READ (5,58) ANS 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 
DUMFLG = 1 
WRITE (6,*)'Do you j u s t want to e x e r c i s e the program?...' 

26 • READ (5,58) ANS 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 

TRYFLG = 1 
GO TO 27 , 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. 'n')) THEN 

TRYFLG = 0 
GO TO 27 

END I F 
GO TO 26 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. 'n')) THEN 
DUMFLG = 0 
GO TO 27 

END I F 
GO TO 25 

27 CONTINUE 
C 
C 

I F (NUMIM .LT. 2) THEN 
WRITE (6,*)'Do you want to use random i n p u t s ? . . . ' 

28 READ (5,58) ANS 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 

MULFLG = 0 
WRITE (6,*)'Do you want to use a n u l l response method?...' 
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29 READ (5,58) ANS 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 
NULFLG = 1 
GO TO 30 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 
NULFLG = 0 
GO TO 30 

END I F 
GO TO 29 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 
MULFLG = 1 
GO TO 30 

END I F 
GO TO 28 

C 
30 CONTINUE 

ELSE 
MULFLG = 1 

END I F 
C 

WRITE (6,*)'Do you want t o p l o t t h e f i n a l answer?...' 
31 READ (5,58) ANS 

I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 
FINFLG = 1 
GO TO 32 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 

FINFLG = 0 
GO TO 32 

END I F 
GO TO 31 

C 
32 CONTINUE 

WRITE (6,*)'Do you want t o p l o t t h e Cash v a l u e s ? . . . ' 
33 READ (5,58) ANS 

I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 
CSHFLG = 1 
GO TO 34 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 
CSHFLG = 0 
GO TO 34 

END I F 
GO TO 33 

C 
34 CONTINUE 

WRITE (6,*)'Do you want t o use t h e f i n a l feedback s e t t i n g ? . . . ' 
35 READ (5,58) ANS 

I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 
CONFLG = 1 
GO TO 35 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 
CONFLG = 0 
GO TO 36 

END I F 
GO TO 35 

97 



36 CONTINUE 
WRITE (6,*)'Do you want t o use t h e E r r o r f u n c t i o n ? . . . ' 

37 READ (5,58) ANS 
I F ((ANS -EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN. 
ENEFLG = 1 
GO TO 38 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 
ENEFLG = 0 
GO TO 38 

END I F 
GO TO 37 

36 CONTINUE 
WRITE (6,*)'Do you want t o impose symmetry on t h e w e i g h t s ? . . . ' 

39 READ (5,58) ANS 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 
SYMFLG = 1 
GO TO 40 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 
SYMFLG = 0 
GO TO 40 

END I F 
GO TO 39 

40 CONTINUE 
WRITE (6,*)'Do you want t o do a H o p f i e l d s t y l e t e s t ? . . . ' 

41 READ (5,58) ANS 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 
HOPFLG = 1 
GO TO 42 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 
HOPFLG = 0 
GO TO 42 

END I F 
GO TO 41 

42 CONTINUE I 
WRITE (6,*)'Do you want use a G r a d i e n t method?...' 

43 READ (5,58) ANS 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 
GRAFLG = 1 
GO TO 44 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS -EQ. ' n ' ) ) THEN 
GRAFLG = 0 
GO TO 44 

END I F 
GO TO 43 

44 CONTINUE 
WRITE (6,*)'Do you want t o use a s t i m u l u s ? . . . ' 

45 READ (5,58) ANS 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 

STIFLG = 1 
GO TO 46 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 
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STIFLG = 0 
GO TO 46 

END I F 
GO TO 45 

C 
46 CONTINUE 

WRITE (6,*)'Do you want t o z e r o W i i ?...' 
47 READ (5,58) ANS 

I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 
INPFLG = 1 
GO TO 48 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 

INPFLG = 0 
GO TO 48 

END I F 
GO TO 47 

C 
48 CONTINUE 

WRITE (6,*)'Do you want t o p l o t t h e i n p u t / o u t p u t t r a i n i n g p i c t u r e s 
&?...' 

49 READ (5,58) ANS 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 

PICFLG = 1 
GO TO 50 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 

PICFLG = 0 
GO TO 50 

END I F 
GO TO 49 

50 CONTINUE 
WRITE (6,*)'Do you want t o use a H o p f i e l d , A r p or Back model?...' 

51 READ (5,58) ANS 
I F ((ANS .EQ. 'B') .OR. (ANS .EQ. 'b')) THEN 
BOLFLG = 2 
GO TO 52 

END I F 
IF ((ANS .EQ. 'H') .OR. (ANS .EQ. ',h')) THEN 
BOLFLG = 1 
GO TO 52 

END I F 
IF ((ANS .EQ. 'A') .OR. (ANS .EQ. ' a ' ) ) THEN 
BOLFLG = 0 
GO TO 52 

END I F 
GO TO 51 

52 CONTINUE 
WRITE (6,*)'Do you want t o randomise t h e w e i g h t m a t r i x ? . . . ' 

53 READ (5,58) ANS 
I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 
BRKFLG = 1 
GO TO 54 

END I F 
IF ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 
BRKFLG = 0 
GO TO 54 

END I F 
GO TO 53 

54 CONTINUE 
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WRITE (6,*)'Do you want t o use a s t o c h a s t i c method?... 
55 READ ( 5 , 5 8 ) ANS 

I F ((ANS .EQ. 'Y') .OR. (ANS .EQ. ' y ' ) ) THEN 
STOFLG = 1 
GO TO 57 

END I F 
I F ((ANS .EQ. 'N') .OR. (ANS .EQ. ' n ' ) ) THEN 
STOFLG = 0 
GO TO 57 

END I F 
GO TO 55 

C 
C Set a l l FLAGS t o d e f a u l t s ; ( 1 ) 
C 

56 I F (IDEF .EQ. 1) THEN 
BRKFLG = 1 
RESFLG = 0 
LINFLG = 0 
PICFLG = 0 
CLIFLG = 1 
CLEFLG = 1 
CLGFLG = 1 
DIRFLG = 0 
GLOFLG = 1 
NEUFLG = 0 
WGTFLG = 0 
NOIFLG = 0 
TRYFLG = 0 
DUMFLG = 0 
TRAFLG = 0 
NULFLG = 0 
FINFLG = 0 
CONFLG =: 0 
MULFLG = 1 
CSHFLG = 0 • 
ENEFLG = 1 
SYMFLG = 0 
HOPFLG = 0 
GRAFLG = 0 . 
STIFLG = 1 ' 
INPFLG = 0 
BOLFLG = 0 
STOFLG = 0 

END I F 
C 
C Set a l l FLAGS t o d e f a u l t s ; ( 1 ) 
C 

I F (IDEF .EQ. 2) THEN 
BRKFLG = 1 
LINFLG = 0 
RESFLG = 0 
PICFLG = 0 
CLIFLG = 1 
CLEFLG = 1 
CLGFLG = 1 
DIRFLG = 1 
GLOFLG = 1 
NEUFLG = 0 
WGTFLG = 0 
NOIFLG = 0 
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TRYFLG = 0 
DUMFLG = 0 
TRAFLG = 0 
NULFLG = 0 
FINFLG = 0 
CONFLG = 0 
MULFLG = 1 
CSHFLG = 0 
ENEFLG = 1 
SYMFLG = 0 
HOPFLG = 0 
GRAFLG = 1 
STIFLG = 1 
INPFLG = 0 
BOLFLG = 0 
STOFLG = 0 

END I F 
I F (IDEF .EQ. 3) THEN 
BRKFLG = 1 
RESFLG = 0 
LINFLG = 0 
PICFLG = 0 
CLIFLG = 1 
CLEFLG = 1 
CLGFLG ^ 1 
DIRFLG = 0 
GLOFLG = 0 
NEUFLG = 0 
WGTFLG = 0 
NOIFLG = 0 
TRYFLG = 0 
DUMFLG = 0 
TRAFLG = 0 
NULFLG = 0 
FINFLG = 0 
CONFLG = 0 
MULFLG = 1 
CSHFLG = 0 
ENEFLG = 1 
SYMFLG = 0 
HOPFLG = 0 • 
GRAFLG = 0 
STIFLG = 1 
INPFLG = 0 
BOLFLG = 0 
STOFLG = 0 

END I F 
I F (IDEF .EQ. 4) THEN 
BRKFLG = 1 
RESFLG = 0 
LINFLG = 0 
PICFLG = 0 
CLIFLG = 1 
CLEFLG = 1 
CLGFLG = 1 
DIRFLG = 0 
GLOFLG = 0 
NEUFLG = 0 
WGTFLG = 0 
NOIFLG 0 
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TRYFLG 
DUMFLG 
TRAFLG 
NULFLG 
FINFLG 
CONFLG 
MULFLG 
CSHFLG 
ENEFLG 
SYMFLG 
HOPFLG 
GRAFLG 
STIFLG 
INPFLG 
BOLFLG 
STOFLG 

END I F 
I F (IDEF 
BRKFLG 
RESFLG 
LINFLG 
PICFLG 
CLIFLG 
CLEFLG 
CLGFLG 
DIRFLG 
GLOFLG 
NEUFLG 
WGTFLG 
NOIFLG 
TRYFLG 
DUMFLG 
TRAFLG 
NULFLG 
FINFLG 
'cONFLG 
MULFLG 
CSHFLG 
ENEFLG 
SYMFLG 
HOPFLG 
GRAFLG 
STIFLG 
INPFLG 
BOLFLG 
STOFLG 

END I F 
I F (IDEF 
BRKFLG 
RESFLG 
LINFLG 
PICFLG 
CLIFLG 
CLEFLG 
CLGFLG 
DIRFLG 
GLOFLG 
NEUFLG 
WGTFLG 
NOIFLG 

= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 1 
= 0 
= 1 
= 0 
= 0 
= 0 
= 1 
= 0 
= 2 
= 0 

.EQ. 
= 1 
= 0 
= 0 
= 0 
= 1 
= 1 
= 1 
= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 1 
= 0 
= 1 
= 1 
= 0 
= 0 
= 1 
= 1 
= 1 
= 0 

.EQ. 
= 1 
= 0 
= 0 
= 0 
= 1 
= 1 
= 1 
= 0 
= 0 
= 0 
= 0 
= 0 

5) THEN 

6) THEN 
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TRYFLG = 0 
DUMFLG = 0 
TRAFLG = 0 
NULFLG = 0 
FINFLG = 0 
CONFLG = 0 
MULFLG = 1 
CSHFLG = 0 
ENEFLG = 1 
SYMFLG = 0 
HOPFLG = 0 
GRAFLG = 0 
STIFLG = 1 
INPFLG = 0 
BOLFLG = 2 
STOFLG = 1 

END I F 
57 RETURN 
58 FORMAT (A) 

. END 
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F O R T R A N 7 7 subroutine A R P . C O N F I G 

- configuration output subroutine 
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c ************************************************ 
C * A s s o c i a t i v e Reward-Punish Element (ARP) * 
C * Image R e c o g n i t i o n C o n f i g u r a t i o n s u b r o u t i n e ; * 
C 
C * * 
C * - M u l t i p l e image v e r s i o n ; * 
C * - The r o u t i n e w r i t e s o u t t h e s i m u l a t i o n * 
C * program p a r a m e t e r s ; * 
C * - Program uses DOUBLE PRECISION v a r i a b l e s ; * 
C * A u t h o r : R i c h a r d Leaver * 
C * C r e a t e d : 1 9 t h J u l y 1987 * 
C * Update :17th November 1987 * 
C * Frozen :20th J u l y 1988 * 
Q ************************************************ 

SUBROUTINE CONFIG(IMAGE, ANSWER, BADPIC, MAXCNT, REWl, PUNl, 
& PROPOR, CONFD, ITER, BAT, ISHIFT) 

C 
C D e f i n e e v e r y t h i n g as i m p l i c i t REAL*8 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C Image t o be r e c o g n i s e d ; 
C 

REAL*8 IMAGE(10,0:4,0:4) 
C 
C R e q u i r e d o u t p u t ; 
C 

REAL*8 ANSWER(10,0:4,0:4) 
C 
C C o r r u p t e d p i c t u r e ; 
C 

REAL*8 BADPIC(10,0:4,0:4) 
C 
C D e f i n e Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,Z+1) 
C 
C F i n a l Frame N+1 i s t h e o u t p u t ; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C • 
C D e f i n e Weights f o r X x Y ARP elements w i t h Z Frames; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
C 
C D e f i n e S t i m u l u s f o r X x Y ARP elements w i t h Z Frames; 
C 

REAL*8 STIM(0:4,0:4,4) 
C 
C Save SUMS f o r X x Y ARP elements, Z Frames ; 
C 

REAL*8 SUMS(0:4,0:4,4) 
C 
C Real *8 v a r i a b l e s ; 
C 

REAL*8 REWl, PUNl, LAMBDA, RHO, TEMP, PN, PROPOR, CONFD 
C 
C I n t e g e r s ; 
C 

INTEGER MAXCNT, XELEM, YELEM, ZELEM, NUMIM, NOINUM 
INTEGER LENGTH, WIDTH, DEPTH 
INTEGER LENl, WIDl 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

INTEGER RESFLG, CLIFLG, CLEFLG, GLOFLG, NEUFLG, DIRFLG, WGTFLG 
INTEGER TRAFLG, CLGFLG, NOIFLG, DUMFLG, TRYFLG, NULFLG 
INTEGER FINFLG, CONFLG, MULFLG, CSHFLG, ENEFLG, SYMFLG, HOPFLG 
INTEGER GRAFLG, STIFLG, INPFLG, PICFLG, BOLFLG, LINFLG, BRKFLG, 

& STOFLG 
INTEGER EXERC, GOMAX, ITER, BAT 

I n t e g e r a r r a y t o h o l d Rewards f o r each element - f i n a l frame o n l y ; 

INTEGER REWARD(0:4,0:4) 

A l t e r n a t i v e f o r G l o b a l Rewards; 

INTEGER GLOREW 

C h a r a c t e r s ; 

CHARACTER*10 ANS, NAMEl, DUMMY 
CHARACTER*70 TITLE 
CHARACTER*30 T I T L E l 
CHARACTER*30 TITLE2 
CHARACTER*30 TITLE3 
CHARACTER*30 TITLE4 

TITLE = T i t l e o f j o b ; 
T I T L E l = T i t l e o f ARP i n p u t image p l o t ; • 
TITLE2 = T i t l e o f ARP o u t p u t answer image p l o t ; 
TITLE3 = T i t l e o f ARP c o r r u p t e d image p l o t ; 
TITLE4 = T i t l e o f ARP u n c o r r u p t e d image?; 
NAMEl = I n p u t image; • 

D e f i n e Common B l o c k One; 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& REWARD, GLOREW 

D e f i n e Common Bl o c k Two; 

COMMON /TWO/ RHO, TEMP, LAMBDA, PN 

D e f i n e Common Block Four; 

COMMON 
& 
& 
& 
Sc 
& 

/FOUR/ XELEM, YELEM, ZELEM, RESFLG, CLIFLG, CLEFLG, GLOFLG, 
NEUFLG, DIRFLG, WGTFLG, TRAFLG, CLGFLG, NOIFLG, DUMFLG, 
TRYFLG, NULFLG, FINFLG, CONFLG, MULFLG, CSHFLG, ENEFLG, 
SYMFLG, HOPFLG, GRAFLG, STIFLG, INPFLG, PICFLG, BOLFLG, 
LINFLG, BRKFLG, STOFLG, NUMIM, NOINUM, EXERC, GOMAX, LENl, 
WIDl, TITLE, T I T L E l , TITLE2, TITLE3, TITLE4, NAMEl, DUMMY 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 

6,* 
6,* 
6,* 
6,* 
6,* 
6,* 
6,* 
6,* 
6,* 
6,* 
6,* 
6,* 

' I n p u t t i t l e = 
' F i l e t i t l e = ' 
'Array Length = 
'Array W i d t h = 
'Array Depth = 
'Image Length = 
'Image Width = 
'Number o f images = 
'Dummy v a r i a b l e = 
'Rho = ', RHO 
• Temp = ', TEMP 
• Lambda = ', LAMBDA 

NAMEl 
TITLE 
, LENGTH 
WIDTH 
DEPTH 
, LENl 
WIDl 

NUMIM 
DUMMY 
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WRITE (6,*)'Reward p r o b a b i l i t y = ', REWl 
WRITE ( 6 , * ) ' P u n i s h p r o b a b i l i t y = ', PUNl 
WRITE (6,*)'Number o f t e a c h i n g t r i a l s = ', MAXCNT 
WRITE (6,*)'Number o f p o s t l e a r n i n g t r i a l s = ', EXERC 
WRITE (6,*)'Maximum bound on number o f a t t e m p t s = ', GOMAX 
WRITE ( 6 , * ) ' P r o p o r t i o n clamped i n H o p f i e l d case = ', PROPOR 
WRITE ( 6 , * ) ' L e n g t h p r o p o r t i o n clamped = 0 , ' , NINT(DFL0AT(LEN1 - 1) 
& *PROPOR) 
WRITE ( 6 , * ) ' W i d t h p r o p o r t i o n clamped = 0,', NINT(DFL0AT(WID1 - 1 ) * 
& PROPOR) 
WRITE ( 6 , * ) ' C o n f i d e n c e l e v e l (%) = ', CONFD 
WRITE (6,*)'No o f program l o o p s = ', ITER 
WRITE (6,*)'Degree o f B a t c h i n g = ', BAT 
WRITE ( 6 , * ) ' S h i f t R e g i s t e r Length = ', ISHIFT 

C 
C W r i t e Image d a t a ; -
C 

C 

c 

c 

c 

WRITE ( 6 , * ) ' D e f i n i n g Image ' 

DO 1 IMCNT = 1 , NUMIM 

WRITE ( 6 , * ) ((IMAGE(IMCNT,I,J),J=0,WIDTH - 1 ) , 1=0,LENGTH - 1) 

1 CONTINUE 

WRITE ( 6 , * ) ' D e f i n i n g Answer...' 
C 
C Read Answer d a t a ; 
C 

C 

C 

DO 2 IMCNT = 1 , NUMIM 

WRITE ( 6 , * ) ((ANSWER(IMCNT,I,J),J=0,WIDTH - 1),1=0,LENGTH - 1) 

2 CONTINUE 
C 
C Read C o r r u p t e d image d a t a ; 
C 

WRITE ( 6 , * ) ' D e f i n i n g C o r r u p t e d Image...' 
C 
C 

DO 3 IMCNT = 1 , NUMIM 
WRITE ( 6 , * ) ((BADPIC(IMCNT,I,J),J=0,WIDTH - 1 ) , 1=0,LENGTH - 1) 

3 CONTINUE 

I F (NEUFLG .EQ. 1) THEN 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
I F (LINFLG .EQ. 1) THEN 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
I F (PICFLG .EQ. 1) THEN 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
I F (WGTFLG .EQ. l ) THEN 

' P l o t t i n g n e u r a l n e t c o n n e c t i o n s ENABLED' 

' P l o t t i n g n e u r a l n e t c o n n e c t i o n s DISABLED' 

Q. 1) THEN 
' L i n k P l o t ENABLED' 

' Bl o c k P l o t ENABLED' 

1) THEN 

P l o t t i n g i n p u t / o u t p u t p i c t u r e s ENABLED' 

' P l o t t i n g i n p u t / o u t p u t p i c t u r e s DISABLED' 
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WRITE ( 6 , * 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
IF (GLOFLG .EQ. 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
I F (DIRFLG .EQ, 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
I F (CLIFLG .EQ. 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
IF (CLEFLG .EQ. 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
I F (CLGFLG .EQ. 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
I F (NOIFLG .EQ. 
WRITE ( 6 , * 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
I F (DUMFLG .EQ. 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
IF (TRYFLG .EQ. 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
IF (MULFLG .EQ. 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
IF (NULFLG .EQ. 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

END I F 
IF (FINFLG .EQ. 
WRITE ( 6 , * 

ELSE 
WRITE ( 6 , * 

P l o t t i n g w e i g h t s ENABLED' 

Weights a r e ', XELEM, YELEM, ZELEM 

P l o t t i n g w e i g h t s DISABLED' 

1) THEN 
G l o b a l Reward scheme ENABLED' 
L o c a l Reward scheme ENABLED' 

1) THEN 
D i r e c t Reward ENABLED' 

I n d i r e c t Reward ENABLED' 

1) THEN 

C l i p p e d T r a i n i n g Noise ENABLED' 

C l i p p e d T r a i n i n g Noise DISABLED' 

1) THEN 

C l i p p e d E x e r c i s i n g Noise ENABLED' 

C l i p p e d E x e r c i s i n g Noise DISABLED' 

1) THEN 

C l i p p e d Gaussian Noise ENABLED' 

C l i p p e d Gaussian Noise DISABLED' 

1) THEN 
P l o t t i n g Noisy Image ENABLED' 
Image number ', NOINUM 
P l o t t i n g Noisy Image DISABLED' 
1) THEN 

Using w e i g h t s i n f i l e ' , DUMMY 
S e t t i n g a l l i n i t i a l w e i g h t s t o z e r o ' 

1) THEN 
I n i t i a l l e a r n i n g DISABLED' 

Normal T r a i n i n g ' 

0) THEN 

Use o f Random I n p u t s ENABLED' 

Use o f Random I n p u t s DISABLED' 

1) THEN 
Use o f N u l l Output ENABLED' 

Use o f N u l l Output DISABLED' 

1) THEN 

P l o t t i n g F i n a l Answer ENABLED' 

P l o t t i n g F i n a l Answer DISABLED' 
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END I F 
I F (CSHFLG .EQ. 1) THEN 
WRITE ( 6 , * ) ' P l o t t i n g Cash Values ENABLED' 

ELSE 
WRITE ( 6 , * ) ' P l o t t i n g Cash Values DISABLED' 

END I F 
I F (CONFLG .EQ. 1) THEN 
WRITE ( 6 , * ) ' F i n a l Feedback ENABLED' 

ELSE 
WRITE ( 6 , * ) ' F i n a l Feedback DISABLED' 

END I F 
I F (ENEFLG .EQ. 1) THEN 
WRITE ( 6 , * ) ' Use o f Ba c k p r o p a g a t i o n E r r o r F u n c t i o n ENABLED' 
WRITE ( 6 , * ) ' Use o f Checksum E r r o r F u n c t i o n DISABLED' 

ELSE 
WRITE ( 6 , * ) ' Use o f Ba c k p r o p a g a t i o n E r r o r F u n c t i o n DISABLED' 
WRITE ( 6 , * ) ' Use o f Checksum E r r o r F u n c t i o n ENABLED' 

END I F 
IF (SYMFLG -EQ. 1) THEN 
WRITE ( 6 , * ) ' Symmetric Weights ENABLED' 

ELSE 
WRITE ( 6 , * ) ' Asymmetric Weights ENABLED' 

END I F 
IF (HOPFLG .EQ. 1) THEN 
WRITE ( 6 , * ) ' H o p f i e l d Connection ENABLED' 

ELSE 
WRITE ( 6 , * ) ' Normal Connection ENABLED' 

END I F 
I F (GRAFLG .EQ. 1) THEN 
WRITE ( 6 , * ) ' D i f f e r e n t i a l E r r o r ENABLED' 

ELSE 
WRITE ( 6 , * ) ' Normal E r r o r ENABLED' 

END I F 
IF (STIFLG .EQ. 1) THEN 
WRITE ( 6 , * ) ' S t i m u l u s v a l u e = 1.0' 

ELSE 
WRITE ( 6 , * ) ' S t i m u l u s = 0 . 0 ' 

END I F 
IF (INPFLG .EQ. 1) THEN 
WRITE ( 6 , * ) ' Z e r o i n g W i i ' 

ELSE 
WRITE ( 6 , * ) ' Normal W i i ' 

END I F 
IF (BOLFLG .EQ. 2) THEN 
WRITE ( 6 , * ) ' Back P r o p a g a t i o n Model ENABLED' 

END I F 
IF (BOLFLG .EQ. 1) THEN . . 
WRITE ( 6 , * ) ' H o p f i e l d Model ENABLED' 

END I F 
IF (BOLFLG .EQ. 0) THEN 
WRITE ( 6 , * ) ' ARP Model ENABLED' 

END I F 
IF (BRKFLG .EQ. 1) THEN 
WRITE ( 6 , * ) ' Randomising Weights ENABLED' 

ELSE 
WRITE ( 6 , * ) ' Non Randomised Weights ENABLED' 

END I F 
I F (STOFLG .EQ. 1) THEN 
WRITE ( 6 , * ) ' S t o c h a s t i c model ENABLED' 

ELSE 
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WRITE ( 6 , * ) ' D e t e r m i n i s t i c model ENABLED' 
END I F 
RETURN 
END 
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F O R T R A N 7 7 subroutine ARP.^^OMP 

- compares two images and outputs a global correct/incorrect flag 
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C * A s s o c i a t i v e Reward-Punish Element (ARP) * 
C * S u b r o u t i n e t o compare two images; * 
C * * 
C * - P r i m a r i l y f o r use by ARP.MAIN programs; * 
C * - M u l t i p l e image v e r s i o n ; * 
C * - R o u t i n e uses a Checksum method r a t h e r * 
C * t h a n P o i n t x P o i n t e x a m i n a t i o n f o r speed; * 
C * - Adds one t o t h e v a l u e i n t h e a r r a y t o * 
C * a l l o w f o r z e r o images; * 
C * - Common b l o c k e n t r y f o r a r r a y * 
C * - CHECK = 1 f o r IDENTICAL * 
C * - CHECK = 0 f o r NOT IDENTICAL * 
C * FRAME(0:L-1,0:W-1,Z+1) and a s s o c i a t e d * 
C * v a r i a b l e s ; * 
C * * 
C * A u t h o r : R i c h a r d Leaver * 
C * C r e a t e d : 2nd June 1987 * 
C * Update : 1 s t October 1987 * 
C * Frozen :20th J u l y 1988 * 
C ************************************************ 

SUBROUTINE COMP(IMAGE, LEVEL, CHECK, IMCNT) 
C 
C D e f i n e e v e r y t h i n g as i m p l i c i t REAL*8 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C B r i n g i n COMMON b l o c k ; 
C 
C 
C D e f i n e Common Block One; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& REWARD, GLOREW 

C 
C D e f i n e Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,Z+1) 
C 
C F i n a l Frame N+l i s t h e o u t p u t ; 
C 

REAL*8 FRAME(0:4,0:4,5) ' 
C 
C D e f i n e t h e v a r i a b l e s i n t h e COMMON b l o c k ; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
REAL*8 STIM(0:4,0:4,4) 
REAL*8 SUMS(0:4,0:4,4) 
INTEGER LENGTH, WIDTH, DEPTH, LEVEL, CHECK, GLOREW 

C 
C D e f i n e I n t e g e r Common b l o c k ; 
C 

INTEGER REWARD(0:4,0:4) 
C 
C Image t o be r e c o g n i s e d ; 
C 

REAL*8 IMAGE(10,0:4,0:4) 
C 
C D e f i n e 'zero' v a l u e ; 
C 

ZERO = l.ODO 
C 
C Do Check; 
C 
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DO 3 I = 0, LENGTH - 1 
C 
C Do cnecksum over w i d t h o f a r r a y . . . m u l t i p l y i n g by 
C K=J+1 t o s t o p symmetry problem; 
C 

VSUM = 0 
C 

DO 2 J = 0, WIDTH - 1 
K = J + 1 

C 
C I n c o r p o r a t e c o r r e c t i o n r o u t i n e f o r back p r o p a g a t i o n ; 
C s i n c e e x p o n e n t i a l cannot go t o 1 or 0 ex c e p t w i t h i n f i n i t e l y l a r g e 
C w e i g h t s ; 
C 

I F (FRAME(I,J,LEVEL) .GT. 0.95D0) THEN 
VALX = l.ODO 
GO TO 1 

END I F 
IF (FRAME(I,J,LEVEL) -LT. 0.05D0) THEN 
VALX = O.ODO 
GO TO 1 

END I F 
VALX = FRAME(I,J,LEVEL) 

1 VSUM = VSUM + DABS((VALX + ZERO)*K - (IMAGE(IMCNT,I,J) + ZERO) 
& *K) 
2 CONTINUE 

C 
C I f t h i s i s z e r o t h e n a r r a y rows a r e i d e n t i c a l ; 
C 

I F (DABS(VSUM) -GT. O.OOODO) THEN 
C 
C Not i d e n t i c a l ; 
C 

CHECK = 0 
RETURN 

END I F 
3 CONTINUE 

C 
C I d e n t i c a l ; 
C 

CHECK = 1 
RETURN 
END 
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FORTRAN77 subroutine A R P . C O M P l 

compares two images and outputs local correct/incorrect 

flags for each coordinate 
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Q ************************************************ 
C * A s s o c i a t i v e Reward-Punish Element (ARP) * 
C * S u b r o u t i n e t o ' mark' t h e ARP's answers * 
C * d u r i n g t h e t r a i n i n g p e r i o d and p u t s t h e * 
C * e r r o r v a l u e i n t h e CORECT a r r a y ; * 
C * 
C * - NB; a r r a y used f o r back propag e r r o r s * 
C * so DEPTH l e v e l h o l d s v i s i b l e element * 
C * e r r o r s ; ( d i f f e r e n t i a l e r r o r = y-d) * 
C * - M u l t i p l e image v e r s i o n ; * 
C * - Common b l o c k e n t r y f o r a r r a y * 
C * - C o r e c t = 0.0 f o r r i g h t answer; * 
C * - C o r e c t = +-1.0 f o r wrong answer; * 
C * * 
C * A u t h o r : R i c h a r d Leaver * 
C * C r e a t e d :11th June 1987 * 
C * Update :11th September 1987 * 
C * Frozen :24th J u l y 1988 * 
C ************************************************ 

SUBROUTINE COMPl(IMAGE, LEVEL, CORECT, IMCNT) 
C 
C D e f i n e e v e r y t h i n g as i m p l i c i t REAL*8 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C B r i n g i n COMMON b l o c k ; 
C 
C 
C D e f i n e Common Block One; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& REWARD, GLOREW 

C 
C D e f i n e Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,Z+1) 
C 
C F i n a l Frame N+1 i s t h e o u t p u t ; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C ••• 
C D e f i n e t h e v a r i a b l e s i n the COMMON b l o c k ; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
REAL*8 STIM(0:4,0:4,4) 
REAL*8 SUMS(0:4,0:4,4) 
INTEGER LENGTH, WIDTH, DEPTH, LEVEL, X, Y 

C 
C ' l e f i n e t h e Reward a r r a y ; 
C 

INTEGER REWARD(0:4,0:4), GLOREW 
C 
C D e f i n e t h e 'marks' a r r a y 
C 

REAL*8 CORECT(0:4,0:4,0:4) 
C 
C Image t o be r e c o g n i s e d ; 
C 

REAL*8 IMAGE(10,0:4,0:4) 
C 
C C l e a r CORECT a r r a y ; 
C 
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c 

c 

c 

c 

c 

c 

DO 3 I = 0, DEPTH 

DO 2 J = 0, LENGTH - 1 

DO 1 K = 0, WIDTH - 1 
CORECT(I,J,K) = O.ODO 

1 CONTINUE 

2 CONTINUE 

3 CONTINUE 
C 
C Do Check - T h i s i s d i f f e r e n t i a l e r r o r a t o u t p u t ; 
C 

DO 5 X = 0, LENGTH - 1 
C 

DO 4 y = 0, WIDTH - 1 

CORECT(DEPTH,X,Y) = FRAME(X,Y,LEVEL) - IMAGE(IMCNT,X,Y) 
4 CONTINUE 

5 CONTINUE 

RETURN 
END 
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F O R T R A N ? ? subroutine A R P . B A C K P 

simulates an error backpropagation element 
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c ************************************************ 
C * Back P r o p a g a t i o n Element S i m u l a t i o n * 
C * S u b r o u t i n e . * 
C * * 
C * - T h i s s u b r o u t i n e s i m u l a t e s one element * 
C * w i t h 25 p o s s i b l e i n p u t s ( p l u s s t i m u l u s ) ; * 
C * - The i n p u t s a r e - * 
C * X(0,25) w i t h t h e X(25) i n p u t = ' S t i m u l u s ' : * 
C * - ACTION - T h i s d e f i n e s what t h e s u b r o u t i n e * 
C * does on e n t r y . ; * 
C * - I f ACTION^O t h e n t h e element c a l c u l a t e s * 
C * t h e summation and encodes t h i s u s i n g t h e * 
C * P s i d i s t r i b u t i o n ; * 
C * - The o u t p u t i s Y (Real*8 +1./0.) * 
C * - I f ACTI0N=1 t h e n t h e element c a l c u l a t e s * 
C * t h e b a c k p r o p a g a t i o n e r r o r f u n c t i o n i n much * 
C * t h e same way and o u t p u t s t h i s as Y i n s t e a d * 
C * p l u s t h e w e i g h t update; * 
C * - The w e i g h t s f o r each element, WO e t c * 
C * a r e passed t h r o u g h t o t h e main program * 
C * p l u s t h e updates i n o r d e r t o p r e s e r v e * 
C * t h e i r v a l u e ; * 
C * - Updates o p e r a t e a f t e r t w i c e t h e number * 
C * o f d i f f e r e n t images; * 
C * - E r r o r i s accumulated over 2*NUMIM t r i a l s * 
C * and t h e n w e i g h t s a r e updated; * 
C * - Note t h a t RHO i s used t o d e f i n e t h e r a t e * 
C * o f a c c e l e r a t i o n i n t h i s r o u t i n e ; * 
C * - S t o c h a s t i c B a c k p r o p a g a t i o n i s perfo r m e d * 
C * u s i n g a moving average f o r t h e w e i g h t s . * 
C * Element o u t p u t s a r e p r e m u l t i p l i e d * 
C * i n t e r n a l l y t o b a c k p r o p a g a t i o n mode * 
C * t o y ( l - y ) . * 
C * - Program uses DOUBLE PRECISION v a r i a b l e s ; * 
C * - S u b r o u t i n e s c a l l e d ; * 
C * *NAG * 
C * * 
C * A u t h o r : R i c h a r d Leaver * 
C * C r e a t e d : 5 t h September 1987 * 
C * Update : 21st A p r i l 1988 * 
C * Frozen : 20th J u l y 1988 * 
Q ************************************************ 

SUBROUTINE ELEM(Y, ICX, ICY, Z, SUM, W, XPRIN, WPRIN, DELWGT, 
& DELPRE, TRACNT, NUMIM, NUMEL, YPREV, STOFLG, ACTION) 

C 
C D e f i n e e v e r y t h i n g as i m p l i c i t REAL*8; 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C D e f i n e COMMON b l o c k s ; 
C DUMRl and DUMR2 a r e t h e p r e v i o u s REWARD and GLOREW b l o c k s ; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& DUMRl, DUMR2 
COMMON /TWO/ RHO, TEMP, LAMBDA, PN 
COMMON /THREE/ X 
COMMON /FIVE/ SHIFTl, SHIFT2, SHIFT3, SHIFT4, ISHIFT, IBCNT, BAT 

C 
C D e f i n e a l l v a r i a b l e s as DOUBLE PRECISION; 
C 

REAL*8 W(0:25), I N C ( 0 : 2 5 ) , X(0:25,4) 
REAL*8 XPRIN(0:25,4), WPRIN(0:25), DELWGT(0:25), DELPRE(0:25) 
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REAL*8 PN, TEMP, RHO, G05CAF, VALUE 
REAL*8 THRESH, SUM, LAMBDA, Y, YPREV 

C 
C D e f i n e Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,Z+1) 
C 
C F i n a l Frame N+1 i s t h e o u t p u t ; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C 
C D e f i n e t h e v a r i a b l e s i n t h e COMMON b l o c k ; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
REAL*8 STIM(0:4,0:4,4) 
REAL*8 SUMS(0:4,0:4,4) 
REAL*8 SHIFT1(0:4,0:4,4,0:20) 
REAL*8 SHIFT2(0:4,0:4,4,0:20) 
REAL*8 SHIFT3(0:4,0:4,4,0:20) 
REAL*8 SHIFT4(0:4,0:4,4,0:25) 

C 
C D e f i n e I n t e g e r v a r i a b l e s ; 
C 

INTEGER Z, REWARD, ACTION, NUMEL, BAT, TRACNT, NUMIM 

INTEGER LENGTH, WIDTH, DEPTH, LEVEL, CHECK, DUMR2, STOFLG 
C 
C D e f i n e I n t e g e r Common b l o c k ; 
C 

INTEGER DUMR1(0:4,0:4) 
C 
C C a l c u l a t e Summation; 
C 

SUM = O.ODO 
C 

DO 1 ICOUNT =0,'NUMEL 
SUM = SUM + X(ICOUNT,Z) * W(ICOUNT) 

1 CONTINUE 
C 
C I f ACTION i s 0 th e n do summation and encodin g ; 
C 

I F (ACTION .EQ. 0) THEN 
C 
C Encode t h i s summation w i t h a s p e c i a l d i s t r i b u t i o n ; 
C P s i = ( l + e x p ( - s / t ) ) A - 1 
C 

I F (TEMP .EQ. O.ODO) TEMP = O.OOIDO 
IF (SUM .GT. 20.0D0) THEN 
Y = l.ODO 
GO TO 2 

END I F 
I F (SUM -LT. - 20.0D0) THEN 
Y = O.ODO 
GO TO 2 

END I F 
y = l.ODO / (1.0D0+DEXP(-1.0D0*SUM/TEMP)) 

C 
C I f STOFLG i s 1 th e n s t o c h a s t i c a l l y t h r e s h o l d ; 
C 

2 I F (STOFLG .EQ. 1) THEN 
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PN = G05CAF(PN) 
I F (PN .LT. Y) THEN 
Y = l.ODO 

ELSE 
Y = O.ODO 

END I F 
END I F 

C 
C Re t u r n t o main program; 
C 

ELSE 
C 
C Compute b a c k p r o p a g a t i o n f u n c t i o n ; 
C 

I F (STOFLG .EQ. 1) THEN 
C 
C R e t r i e v e o l d summation f r o m f o r w a r d pass f r o m b e f o r e ; 
C T h i s i s so t h e Y ( l - Y ) may be recomputed d e t e r m i n i s t i c a l l y ; 
C 

SUMOLD = SUMS(ICX,ICY,Z) 
C 
C O v e r w r i t e Yprevious w i t h d e t e r m i n i s t i c v a l u e ; 
C 

I F (SUMOLD .GT. 20.0D0) THEN 
YPREV = l.ODO 
GO TO 3 

END I F 
IF (SUMOLD .LT. - 20.0D0) THEN 
YPREV = O.ODO 
GO TO 3 

END I F 
YPREV = l.ODO / (1.0D0+DEXP(-1.0D0*SUMOLD/TEMP)) 

C 
C Compute Y ( l - Y ) d e t e r m i n i s t i c a l l y and s c a l e up by 4; 
C 

3 YPREVl = YPREV * (1.ODO-YPREV) * 4.0D0 
I F (PN .LT. YPREVl) THEN 
YPREV = l.ODO 

ELSE 
YPREV = O.ODO 

END I F 

C 
C Now encode summation f o r dE/dY; 
C 
C S t o c h a s t i c a l l y t h r e s h o l d - note t h i s i s d u a l p o l a r i t y ; 
C 

PN = G05CAF(PN) 
I F (PN .LT. DABS(SUM)) THEN 
THRESH = l.ODO 
SUM = DSIGN(THRESH,SUM) 

ELSE 
SUM = O.ODO 

END I F 
C 
C AND o p e r a t i o n t o m u l t i p l y dE/dY and YPREV; 
C 

IF ((YPREV .GE. 0.99D0) .AND. (SUM .GE. 0.99D0)) 
& THEN 

VAL = l.ODO 
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GO TO 4 
END I F 
I F ((YPREV .GE. 0.99D0) .AND. (SUM .LE. - 0.99D0)) 

& THEN 
VAL = -l.ODO 
GO TO 4 

END I F 
VAL = O.ODO 

C 
C Y i s now o u t p u t t o n e x t s t a g e s ; 
C 

4 Y = VAL 
C 
C AND o p e r a t i o n t o m u l t i p l y dE/ds and XPRIN; 
C 

DO 6 MCOUNT = 0, NUMEL 
I F ( ( y .GE. 0.99D0) .AND. (XPRIN(MCOUNT,Z) .GE. 0.99D0)) 

Sc THEN 
VAL = l.ODO 
GO TO 5 

END I F 
I F ( ( Y .LE. - 0.99D0) .AND. (XPRIN(MCOUNT,Z) .GE. 0.99D0)) 

& THEN 
VAL = -l.ODO 
GO TO 5 

END I F 
VAL = O.ODO 

5 CONTINUE 
C 
C Accumulate v a l u e s ; 
C Use S h i f t 4 b i n ; 
C 

SHIFT4(ICX,ICY,Z,MCOUNT) = SHIFT4(ICX,ICY,Z,MCOUNT) + VAL 
C 
C 
C Compute w e i g h t update and update w e i g h t s i f e q u a l t o the r e q u i r e d 
C a c c u m u l a t i o n l e n g t h r e p r e s e n t e d by ISHIFT; 
C 

I F (MOD(TRACNT,ISHIFT) .EQ. 0) THEN 
C 
C Average b i n c o n t e n t s - note t h a t BAT does not change TRACNT, 
C t h e r e f o r e need t o amend average t o cope; 
C 

WGTNEW = SHIFT4(ICX,ICY,Z,MCOUNT) / DFLOAT(ISHIFT*BAT) 
C 
C Update w e i g h t s - not e TEMP s c a l i n g f a c t o r as r e q u i r e d by e q u a t i o n ; 
C 

DELWGT(MCOUNT) = DELWGT(MCOUNT)- + WGTNEW / (4.0D0*TEMP) 
C 
C Zero b i n ; 
C 

SHIFT4(ICX,ICY,Z,MCOUNT) = O.ODO 
END I F 

6 CONTINUE 
C 
C Change w e i g h t s i f t w i c e t h e l e n g t h o f t h e s h i f t r e g i s t e r ; 
C 

I F (MOD(TRACNT,2*ISHIFT) .EQ. O) THEN 
C 

DO 7 J = 0, NUMEL 
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VALUE = -DELWGT(J) * LAMBDA + RHO * DELPRE(J) 
WPRIN(J) = WPRIN(J) + VALUE 
DELPRE(J) = VALUE 

C 
C Now ze r o DELWGTS; 
C 

DELWGT(J) = O.ODO 
7 • CONTINUE 

C 

C 
END I F 

C T h i s i s where t h e d e t e r m i n i s t i c e r r o r b a c k p r o p a g a t i o n i s c a r r i e d 
C o u t ; 
C 

C 

ELSE 
Y = SUM * l.ODO / TEMP * YPREV * (1.ODO-YPREV) 

C Compute w e i g h t update and update w e i g h t s i f t w i c e t h e number o f 
C images; 
C 

DO 8 I = 0, NUMEL 
DELWGT(I) = DELWGT(I) + Y * XPRIN(I,Z) 

8 CONTINUE 
C 
C Test number o f images and c y c l e c o u n t ; 
C 

I F (M0D(TRACNT,2*NUMIM) .EQ. 0) THEN 
C 

DO 9 J 0, NUMEL 
VALUE = -DELWGT(J) * LAMBDA + RHO * DELPRE(J) 
WPRIN(J) = WPRIN(J) + VALUE 
DELPRE(J) = VALUE 

C 
C Now ze r o DELWGTS; 
C 

C 

DELWGT(J) = O.ODO 
9 CONTINUE 

END I F 
END I F 

END I F 
RETURN 
END 
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F O R T R A N ? ? subroutine ARP.PROP 

simulates an array of error backpropagation elements 
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c ************************************************ 
C * Back P r o p a g a t i o n A r r a y Connection * 
C * S i m u l a t i o n S u b r o u t i n e . * 
C * - C o n n e c t i o n i s t model. * 
C « - T h i s s u b r o u t i n e s i m u l a t e s a 3D a r r a y o f * 
C * B a c k p r o p a g a t i o n elements w i t h dimensions * 
C * Length x Widt h x Depth. * 
C * - Each element connects t o a l l * 
C « n e i g h b o u r i n g i n p u t s on t h e same l e v e l ; * 
C * - Each element o u t p u t t h e n becomes t h e * 
C * c e n t r e i n p u t t o t h e n e x t plane o f elements * 
C * i n e x a c t l y t h e same way; * 
C * - V a r i a b l e s ; - * 
C * INPUT - i n p u t p i c t u r e (0:L-1,0:W-1) 
C * OUTPUT - o u t p u t p i c t u r e (0:L-1,0:W-1) * 
C * LENGTH - V e r t i c a l l e n g t h ( I n t e g e r ) ; 
C * WIDTH - H o r i z o n t a l l e n g t h ( I n t e g e r ) ; * 
C * DEPTH - A r r a y depth ( I n t e g e r ) ; * 
C * - Program uses DOUBLE PRECISION v a r i a b l e s ; * 
C * - S u b r o u t i n e s c a l l e d ; * 
C * ELEM i n ARP.BACKP (25 i n p u t ) * 
C * *NAG 
C * * 
C * A u t h o r : R i c h a r d Leaver * 
C * C r e a t e d : 5 t h September 1987 * 
C * Update : 6 t h January 1988 * 
C * Frozen : 2 0 t h J u l y 1988 * 
C ************************************************ 

SUBROUTINE PROP(ACTION, GLOFLG, STIFLG, CORECT, NUMIM, TRACNT, 
& DWGTS, DSTIM, DWGTSl, DSTIMl, STOFLG) 

C 
C D e f i n e e v e r y t h i n g as i m p l i c i t REAL*8 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C D e f i n e X,y f r o m 0 t o maximum-1 
C D e f i n e Z f r o m 1 t o maximum; 
C 
C D e f i n e Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,N+1) 
C 
C F i n a l Frame N+1 i s t h e o u t p u t ; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C 
C D e f i n e E r r o r A r r a y ; 
C 

REAL*8 CORECT(0:4,0:4,0:4) 
C 
C D e f i n e X i n p u t s f o r t h e elements w i t h N Frames 
C 

REAL*8 X I N ( 0 : 2 5 , 4 ) , XPRIN(0:25,4) 
C 
C D e f i n e Weights f o r N x N elements w i t h N Frames; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
C 
C D e f i n e D e l t a w e i g h t s ; 
C 

REAL*8 DWGTS(0:4,0:4,4,0:4,0:4) 
C 
C D e f i n e D e l t a w e i g h t s - which saves v a l u e s f o r a c c e l e r a t i o n ; 
C 
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REAL*8 DWGTSK0:4,0:4,4,0:4,0:4) 
REAL*8 DELWGT(0:25) 

C 
C D e f i n e S t i m u l u s f o r N x N elements w i t h N Frames; 
C 

REAL*8 STIM(0:4,0:4,4) 
C 
C D e f i n e D e l t a S t i m u l u s ; 
C 

REAL«8 DSTIM(0:4,0:4,4) 
C 
C D e f i n e D e l t a S t i m u l i - whic h save v a l u e s f o r a c c e l e r a t i o n ; 
C 

REAL*8 DSTIM1(0:4,0:4,4) 
REAL*8 DELPRE(0:25) 

C 
C D e f i n e Weight i n p u t f o r an element; 
C 

REAL*8 WIN(0:25), WPRIN(0:25) 
C 
C Save SUMS f o r N x N el e m e n t s , N Frames ; 
C 

REAL*8 SUMS(0:4,0:4,4) 
C 
C Frame s h i f t r e g i s t e r ; 
C 

REAL*8 SHIFT1(0:4,0:4,4,0:20) 
C 
C Sum s h i f t r e g i s t e r ; 
C 

REAL*8 SHIFT2(0:4,0:4,4,0:20) 
C 
C E r r o r s h i f t r e g i s t e r ; 
C 

REAL*8 SHIFT3(0:4,0:4,4,0:20) 
C 
C E r r o r s h i f t r e g i s t e r ; 
C 

REAL*8 SHIFT4(0:4,0:4,4,0:25) 
C 
C I n t e g e r s ; 
C 

INTEGER LENGTH, WIDTH, DEPTH, ACTION, X, Y, Z, BAT 
INTEGER NUMEL, GLOFLG, STIFLG, BOLFLG, NUMIM, TRACNT, STOFLG 

C 
C D e f i n e Reward a r r a y ; 
C 

INTEGER REWARD(0:4,0:4), GLOREW 
C 
C Real *8 v a r i a b l e s ; 
C 

REAL*8 RHO, TEMP, LAMBDA, PN, SUM, G05CAF, YOUT, YPREV 
C 
C D e f i n e common b l o c k s ; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& REWARD, GLOREW 
COMMON /TWO/ RHO, TEMP, LAMBDA, PN 
COMMON /THREE/ XIN 
COMMON /FIVE/ SHIFTl, SHIFT2, SHIFT3, SHIFT4, ISHIFT, IBCNT, BAT 

C 
C D e f i n e number o f elem e n t s ; 
C 
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NUMEL = LENGTH * WIDTH 
C 
C Connect elements t o t h e Image; 
C 

IF (ACTION .EQ. 0) THEN 
C 

DO 7 Z = 1 , DEPTH 
C 
C A l l a r e connected i r r e s p e c t i v e o f t h e p o s i t i o n i n t h e A r r a y ; 
C 

ITOT - 0 
C 

DO 2 IX = 0, LENGTH - 1 
C 

DO 1 lY = 0, WIDTH - 1 
XIN(ITOT,Z) = FRAME(IX,IY,Z) 
ITOT = ITOT + 1 

1 CONTINUE 
C 

2 CONTINUE 
C 
C Set s t i m u l u s i n p u t ; 
C 

I F (STIFLG .EQ. 1) THEN 
XIN(NUMEL,Z) = l.ODO 

ELSE 
XIN(NUMEL,Z) = O.ODO 

END I F 
C 
C Co n t i n u e 
C 

DO 6 X = 0, LENGTH - 1 
C 

DO 5 y = 0, WIDTH - 1 
C 
C T r a n s f e r W w e i g h t s i n t o i n p u t a r r a y s ; 
C Connect t o t h e Image; 
C 

DO 4 L = 0, LENGTH - 1 
C 

DO 3 M = 0, WIDTH - 1 
IXIN = L * WIDTH + M 
WIN(IXIN) = WEIGHT(X,Y,Z,L,M) 

3 CONTINUE 
C 

4 CONTINUE 
C 
C S t i m u l u s w e i g h t i n p u t ; 
C 

WIN(NUMEL) = STIM(X,Y,Z) 

C 
C Set YPREV t o p r e v e n t i t b e i n g u n d e f i n e d ; 
C 

YPREV = O.ODO 
C 
C Save t h e o u t p u t s ; 
C 

CALL ELEM(YOUT, X, Y, Z, SUM, WIN, XPRIN, WPRIN, DELWGT, 
& DELPRE, TRACNT, NUMIM, NUMEL, YPREV, STOFLG, ACTION) 

C 
C Save r e s u l t s ; 
C 
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FRAME(X,Y,Z + 1) = YOUT 
SUMS(X,y,Z) SUM 

C 
5 CONTINUE 

C 
6 CONTINUE 

C 
7 CONTINUE 

C 
ELSE 

C 
C T h i s i s where t h e back p r o p a g a t i o n w i l l happen as t h i s i s t h e 
C l e a r n i n g phase; 
C 

C 

C 

DO 16 Z = DEPTH, 1 , - 1 

DO 15 X = 0, LENGTH - 1 

DO 14 Y = 0, WIDTH - 1 
C 
C For c o n n e c t i n g e r r o r : -
C I f Z=DEPTH t h e n t h e X i n p u t i s o n l y t h e e r r o r from t h e environment; 
C t h e r e f o r e o n l y one i n p u t and a l l the w e i g h t s a r e 1; 
C Test t o make sur e t h e a r r a y doesn't o v e r l e a r n ; 
C For c o n n e c t i n g o l d i n p u t s - as normal; 
C 

C 

C 

ITOT = 0 

DO 9 IX 0, LENGTH - 1 

DO 8 lY = 0, WIDTH - 1 
I F (Z .EQ. DEPTH) THEN 

XPRIN(ITOT,Z) = FRAME(IX,IY,Z) 
XIN(ITOT,Z) = O.ODO 

ELSE 
XIN(ITOT,Z) = CORECT(Z,IX,IY) 
XPRIN(ITOT,Z) ^ FRAME(IX,IY,Z) 

END I F 
ITOT = ITOT + 1 

C 
C R e w r i t e t h i s so i t s ok f o r f i n a l l e v e l case; 
C 

I F (Z .EQ. DEPTH) THEN 
IF (DABS(CORECT(Z,X,Y)) .LT. O.OIDO) THEN 

XIN(0,Z) = O.ODO 
ELSE 

XIN(0,Z) = .CORECT(Z,X,Y) 
END I F 

END I F 
8 CONTINUE 

C 
9 CONTINUE 

C 
C Set s t i m u l i i n p u t s as a p p r o p r i a t e ; 
C 

I F (STIFLG .EQ. 1) THEN 
XPRIN(NUMEL,Z) = l.ODO 

ELSE 
XPRIN(NUMEL,Z) = O.ODO 

END I F 
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XIN(NUMEL,Z) = O.ODO 
C 
C T r a n s f e r lower l e v e l W w e i g h t s i n t o i n p u t a r r a y s and 
C connect t o t h e e r r o r ; 
C T r a n s f e r upper l e v e l W w e i g h t s i n t o i n p u t a r r a y s and 
C co n n e c t t o t h e i n p u t s ; 
C 

DO 11 L = 0, LENGTH - 1 
C 

DO 10 M = 0, WIDTH - 1 
IXIN = L * WIDTH + M 
I F (Z .EQ. DEPTH) THEN 

WIN(IXIN) = l.ODO 
WPRIN(IXIN) = WEIGHT(X,Y,Z,L,M) 
DELWGT(IXIN) = DWGTS(X,Y,Z,L,M) 
DELPRE(IXIN) = DWGTS1(X,Y,Z,L,M) 

ELSE 
WIN(IXIN) = WEIGHT(L,M,Z + 1,X,Y) 
WPRIN(IXIN) = WEIGHT(X,Y,Z,L,M) 
DELWGT(IXIN) = DWGTS(X,Y,Z,L,M) 
DELPRE(IXIN) = DWGTS1(X,Y,Z,L,M) 

END I F 
10 CONTINUE 

C 
11 CONTINUE 

C 
C Set s t i m u l i i n p u t s as a p p r o p r i a t e ; 
C 

WIN(NUMEL) = O.ODO 
WPRIN(NUMEL) = STIM(X,Y,Z) 

C 
C I n p u t s t i m u l u s u p d a t e s ; 
C 

DELWGT(NUMEL) = DSTIM(X,Y,Z) 
DELPRE(NUMEL) = DSTIM1(X,Y,Z) 

C 
C I n p u t Y p r e v i o u s ; 
C 

YPREV = FRAME(X,Y,Z + 1) 
C 
C C a l l e lement; 
C 

CALL ELEM(YOUT, X, Y, Z, SUM, WIN, XPRIN, WPRIN, DELWGT, 
& DELPRE, TRACNT, NUMIM, NUMEL, YPREV, STOFLG, ACTION) 

C 
C Save o u t p u t e r r o r ; 
C 

CORECT(Z - 1,X,Y) = YOUT 
C 
C Save w e i g h t o u t p u t s ; 
C 

DO 13 L = 0, LENGTH - 1 
C 

DO 12 M = 0, WIDTH - 1 
IXIN = L * WIDTH + M 
WEIGHT(X,Y,Z,L,M) = WPRIN(IXIN) 
DWGTS(X,Y,Z,L,M) = DELWGT(IXIN) 
DWGTS1(X,Y,Z,L,M) = DELPRE(IXIN) 

12 CONTINUE 
C 
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c 
c 
c 

13 CONTINUE 

Save stimulus weights; 

STIM(X,Y,Z) = WPRIN(NUMEL) 
DSTIM(X,Y,Z) = DELWGT(NUMEL) 
DSTIM1(X,Y,Z) = DELPRE(NUMEL) 

14 CONTINUE 

15 CONTINUE 
C 
C 
C 
C 
C 
C. 
C 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 

Useful debugging r o u t i n e s ; 

WRITE (99,*)'Z=', Z - 1 

DO 22 I = 0, LENGTH - 1 
WRITE (99,26) (STIM( I , J,Z), J=0',WIDTH - 1) 
WRITE (99,26) (CORECT(Z - 1,1,J),J=0,WIDTH - 1) 
WRITE (99,26) (CORECT(Z,I, J),J=0,WIDTH - 1) 
WRITE (99,26) (WEIGHT(0,0,Z,I,J),J=0,WIDTH - 1) 
WRITE (99,26) (DWGTS(0,0,Z,I,J),J=0,WIDTH - 1) 
WRITE (99,26) (FRAME(I,J,Z + 1),J=0,WIDTH - 1) 

22 CONTINUE 

16 CONTINUE 

END IF 
RETURN 
26 FORMAT ( 
END 

5(E10.4,2X)) 
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(2 ************************************************ 
C * Associative Reward-Punish Element (ARP) * 
C * Simulation Subroutine. * 
C * * 
C * - This subroutine simulates one ARP element * 
C * w i t h 25 possible i n p u t s ; (+ stimulus) * 
C * - The inputs are - * 
C * X(0,25) w i t h the X(25) input = 'Stimulus': * 
C * NB This i n p u t i s d i f f e r e n t from previous * 
C * ARP subroutines i n t h a t i t i s v i a a * 
C * COMMON block. The plane Z i s inp u t instead;* 
C * - LAMBDA (Real*8) - Learning Rate ; * 
C * - ACTION - This defines what the subroutine * 
C * does on e n t r y . ; * 
C * - I f ACTION=0 then the element c a l c u l a t e s * 
C * the summation, and encodes t h i s using the * 
C * Psi d i s t r i b u t i o n ; * 
C * - Note t h a t f o r values of ( ) greater than * 
C * +-10, the E d i s t r i b u t i o n converges t o * 
C * +- 1; * 
C * - I f ACTION^l then the element c a l c u l a t e s * 
C * weights according t o the reward i n p u t ; * 
C * - The output i s - Y (Real*8 +1./0.) * 
C * - The weights f o r each element, WO etc * 
C * are passed through t o the main program * 
C * i n order t o preserve t h e i r values; * 
C * - The NAG r o u t i n e G05CAF i s used t o provide * 
C * uniform random numbers between 0 and 1. * 
C * - The NAG r o u t i n e G05CCF must be c a l l e d i n * 
C * the Main program t o ensure non-repeatable * 
C * sequences. * 
C * - A non uniform d i s t r i b u t i o n i s generated * 
C * by using the Inversion method. * 
C * - COMMON blocks included f o r ease of * 
C * adaption t o other methods; * 
C * - Program uses. DOUBLE PRECISION v a r i a b l e s ; * 
C * - Subroutines c a l l e d ; * 
C * *NAG * 
C * * 
C * Author: Richard Leaver * 
C * Created: 17th January 1987 * 
C * Update : 30th March 1988 * 
C * Frozen : 20th July 1988 * 
C ************************************************ 

SUBROUTINE ARP(Y, Z, SUM, REWARD, W, NUMEL, ACTION) 
C 
C Define everything as i m p l i c i t REAL*8; 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C Define COMMON blocks; 
C DUMRl and DUMR2 are the previous REWARD and GLOREW blocks; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& DUMRl, DUMR2. 
COMMON /TWO/ RHO, TEMP, LAMBDA, PN 
COMMON /THREE/ X 

C 
C Define a l l v a r i a b l e s as DOUBLE PRECISION; 
C 

REAL*8 W(0:25), INC(0:25), X(0:25,4) 
REAL*8 PN, TEMP, RHO, G05CAF, VALUE 
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REAL*8 THRESH, SUM, E, LAMBDA, Y 
C 
C Define Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,Z+1) 
C 
C F i n a l Frame N+1 i s the output; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C 
C Define the v a r i a b l e s i n the COMMON block; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
REAL*8 STIM(0:4,0:4,4) 
REAL*8 SUMS(0:4,0:4,4) 

C 
C Define Integer v a r i a b l e s ; 
C 

INTEGER Z, REWARD, ACTION, NUMEL 
INTEGER LENGTH, WIDTH, DEPTH, LEVEL, CHECK, DUMR2 

C 
C Define Integer Common block; 
C 

INTEGER DUMR1(0:4,0:4) 
C 
C 
C I f ACTION i s 0 then do summation and encoding; 
C 

IF (ACTION -EQ. 0) THEN 
C 
C Calculate Summation; 
C 

SUM = O.ODO 
C 

DO 1 ICOUNT = 0, NUMEL 
SUM = SUM + X(ICOUNT,Z) * W(ICOUNT) 

1 CONTINUE 
C 
C Encode t h i s summation with a special d i s t r i b u t i o n ; 
C P s i = ( l + e x p ( - s / t ) ) A - 1 
C 
C This i s implemented using a equiprobable random number u; 
C using the Inver s i o n Method; 
C s = - t . l n [ l / u - l ] 
C 

PN ^ G05CAF(PN) 
THRESH -l.GDO * TEMP * DLOG( 1. ODO/PN - l.ODO) 
IF (SUM -GT. (-1.0DG*THRESH)) THEN 
Y = l.ODO 

ELSE 
Y = O.ODO 

END IF 
ELSE 

C 
C I f ACTION i s 1 then c a l c u l a t e the weight update; 
C 
C 
C Calculate D i s t r i b u t i o n Function E; 
C Note t h a t f o r values of the ( ) f u n c t i o n greater than 
C +-10, the E f u n c t i o n converges t o +-1 
C 
C Provide p r o t e c t i o n f o r low temp; 
C 
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IF (TEMP .Eg. O.ODO) TEMP = O.OOIDO 
VALUE = SUM / TEMP 
IF (VALUE .GT. lO.ODO) THEN 
E = l.ODO 

ELSE 
IF (VALUE .LT. (-1.0D0*10.ODO)) THEN 
E = -l.ODO 

ELSE 
E = (DEXP(VALUE) - l.ODO) / (DEXP(VALUE) + l.ODO) 

END IF 
END IF 

c C) 
C Amend weights - change i n weight = INC1,INC2 ; 
C 
C Precalculate -1*RH0, -1*RH0*LAMBDA, EPLUl and EMINl 
C 

EPLUl = E + l.ODO 
EMINl = E - l.ODO 
RHOM = -l.ODO * RHO 
RHOL = -l.ODO * RHO * LAMBDA 

C 
C Update weights; 
C 

DO 2 ICOUNT = 0, NUMEL 
IF (REWARD .EQ. 1) THEN 

IF (NINT(Y) .EQ. 1) THEN 
INC(ICOUNT) = RHOM * EMINl * X(ICOUNT,Z) . 

ELSE 
INC(ICOUNT) = RHOM * EPLUl * X(ICOUNT,Z) 

END IF 
ELSE 

IF (NINT(Y) .EQ. 1) THEN 
INC(ICOUNT) = RHOL * EPLUl * X(ICOUNT,Z) 

ELSE 
INC(ICOUNT) = RHOL * EMINl * X(ICOUNT,Z) 

END IF 
END IF 
W(ICOUNT) = W(ICOUNT) + INC(ICOUNT) 

2 CONTINUE 
C 
C End ACTION IF ; 
C 

END IF 
RETURN 
END 
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C * A s s o c i a t i v e Reward-Punish Element (ARP) * 
C * Simulation Subroutine. * 
C * - Connectionist model. * 
C * - This subroutine simulates a 3D array of * 
C * ARP elements with dimensions * 
C * Length x Width x Depth. * 
C * - Each ARP element connects t o a l l * 
C * neighbouring inputs on the same l e v e l ; * 
C * - Each ARP element output then becomes the * 
C * centre i n p u t t o the next plane of ARPs * 
C * i n e x a c t l y the same way; * 
C * - Var i a b l e s ; - * 
C * INPUT - input p i c t u r e (0:L-1,0:W-1) 
C * OUTPUT - output p i c t u r e (0:L-1,0:W-1) * 
C * LENGTH - V e r t i c a l l e n g t h ( I n t e g e r ) ; * 
C * WIDTH - Horizontal l e n g t h ( I n t e g e r ) ; * 
C * DEPTH - Array depth ( I n t e g e r ) ; * 
C * - Program uses DOUBLE PRECISION v a r i a b l e s ; * 
C * - Subroutines c a l l e d ; * 
C * ARP i n ARP.NEURON (25 i n p u t ) * 
C * *NAG * 
C 
C * Author: Richard Leaver * 
C * Created: 4th May 1987 * 
C * Update :25th September 1987 * 
C * Frozen :20th July 1988 * 
Q ************************************************ 

SUBROUTINE ARRAY(ACTION, GLOFLG, STIFLG) 
C 
C Define everything as i m p l i c i t REAL*8 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C Define X,Y from 0 t o maximum-1 
C Define Z from 1 t o maximum; 
C 
C Define Frame - Max X x Y x Z ; 
C 
C • FRAME(0:X-1,0:Y-1,N+1) 
C 
C F i n a l Frame N+1 i s the output; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C 
C Define Xinputs f o r the ARP elements with N Frames 
C 

REAL*8 XIN(0:25,4) 
C 
C Define Weights f o r N x N ARP elements w i t h N Frames; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
C 

C Define Stimulus f o r N x N ARP elements w i t h N Frames; 

REAL*8 STIM(0:4,0:4,4) 
C 
C Define Weight input f o r an ARP element; 
C 

REAL*8 WIN(0:25) 
C 
C Save SUMS f o r N x N ARP elements, N Frames ; 
C 
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REAL*8 SUMS(0:4,0:4,4) 
C 
C In t e g e r s ; 
C 

INTEGER LENGTH, WIDTH, DEPTH, ACTION, X, Y, Z 
INTEGER NUMEL, GLOFLG, STIFLG 

C 
C Define Reward array; i 
C 

INTEGER REWARD(0:4,0:4), GLOREW 
C 
C Real *8 v a r i a b l e s ; 
C 

REAL*8 RHO, TEMP, LAMBDA, PN, SUM, G05CAF, YOUT 
C 
C Define common blocks; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
Sc REWARD, GLOREW 
COMMON /TWO/ RHO, TEMP, LAMBDA, PN 
COMMON /THREE/ XIN 

C 
C Define number of elements; 
C 

NUMEL = LENGTH * WIDTH 
C 
C Connect ARPs t o the Image; 
C 

DO 9 Z = 1, DEPTH 
C 
C A l l ARPs are connected i r r e s p e c t i v e of the p o s i t i o n i n the Array; 
C 

ITOT = 0 
C 

C 
DO 2 IX = 0, LENGTH - 1 

DO 1 lY = 0, WIDTH - 1 
XIN(ITOT,Z) = FRAME(IX,IY,Z) 
ITOT = ITOT + 1 

1 CONTINUE 

2 CONTINUE 
C 
C Set stimulus i n p u t ; 
C 

IF (STIFLG .EQ. 1) THEN 
XIN(NUMEL,Z) = l.ODO 

ELSE 
XIN(NUMEL,Z) =.O.ODO 

END IF 
C 
C Continue 
C 

DO 8 X = 0, LENGTH - 1 
C 

DO 7 Y = 0, WIDTH - 1 
C 
C Transfer W weights i n t o ARP inpu t arrays; 
C Connect ARPs t o the Image; 
C 
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DO 4 L = 0, LENGTH - 1 
C 

DO 3 M = 0, WIDTH - 1 
IXIN = L * WIDTH + M 
WIN(IXIN) = WEIGHT{X,y,Z,L,M) 

3 CONTINUE 
C 

4 CONTINUE 
C 
C Stimulus weight i n p u t ; 
C 

WIN(NUMEL) = STIM(X,Y,Z) 
C 
C Transfer YOUT,SUM t o array i f ACTI0N=1; otherwise SAVE them 
C afterwards; 
C 

IF (ACTION .EQ. 1) THEN 
YOUT = FRAME(X,Y,Z + 1) 
SUM = SUMS(X,Y,Z) 

C 
C ( I f GL0FLG=1 then use Global Reward) 
C 

IF (GLOFLG .EQ. 1) THEN 
IVAL = GLOREW 

ELSE 
IVAL = REWARD(X,y) 

END IF 
END IF 
CALL ARP(YOUT, Z, SUM, IVAL, WIN, NUMEL, ACTION) 

C 
C Save r e s u l t s i f ACTION=0; 
C 

IF (ACTION .EQ. 0) THEN 
FRAME(X,Y,Z + 1) = YOUT 
SUMS(X,Y,Z) = SUM 

ELSE 
C 
C Save new ARP weights; 
C 

DO 6 L = 0, LENGTH - 1 
C 

DO 5 M = 0, WIDTH - 1 
IXIN = L * WIDTH + M 
WEIGHT(X,Y,Z,L,M) = WIN(IXIN) 

5 CONTINUE 
C 

6 CONTINUE 
C 
C Stimulus weight output; 
C 

STIM(X,Y,Z) = WIN(NUMEL) 

C 

C 

C 

END IF 

7 CONTINUE 

8 CONTINUE 

9 CONTINUE 

RETURN 
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Q X X * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C * Ho p f i e l d Model Simulation Subroutine; * 
C * * 
C * - This subroutine simulates one HOP element * 
C * w i t h 25 possible i n p u t s ; (+ stimulus) * 
C * - The inputs are - * 
C * X(0,25) w i t h the X(25) input = 'Stimulus': * 
C * - ACTION - This defines what the subroutine * 
C * does on e n t r y . ; * 
C * - I f ACTION=0 then the element c a l c u l a t e s * 
C * the summation, and encodes t h i s using a * 
C * bin a r y element, w i t h zero threshold; * 
C * - I f ACTI0N=1 then the element c a l c u l a t e s * 
C * weights according t o the i n v exor r u l e ; * 
C * - The output i s - * 
C * y (Real*8 +1./0.) * 
C * - The weights f o r each element, WO etc * 
C * are passed through t o the main program * 
C * i n order t o preserve t h e i r values; * 
C * - The stimulus i s doubly updated because of * 
C * - COMMON blocks included f o r ease of * 
C * adaption t o other methods; * 
C * - Program uses DOUBLE PRECISION v a r i a b l e s ; * 
C * - Subroutines c a l l e d ; * 
C * *NAG * 
C * * 
C * Author: Richard Leaver * 
C * Created: 17th January 1987 * 
C * Update :5th October 1987 * 
C * Frozen :20th July 1988 * 
Q ************************************************ 

SUBROUTINE HOP(Y, Z, SUM, REWARD, W, NUMEL, XX, YY, ACTION) 
C 
C Define everything as i m p l i c i t REAL*8; 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C Define COMMON blocks; 
C DUMRl and DUMR2 are the previous REWARD and GLOREW blocks; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
Sc DUMRl, DUMR2 
COMMON /TWO/ RHO, TEMP, LAMBDA, PN 
COMMON /THREE/ X 

C 
C Define a l l v a r i a b l e s as DOUBLE PRECISION; 
c 

REAL*8 W(0:25), INC(0:25), X(0:25,4) 
REAL*8 PN, TEMP, RHO, G05CAF, VALUE 
REAL*8 THRESH, SUM, E, LAMBDA, Y 

C 
C Define Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,Z+1) 
C 
C F i n a l Frame N+1 i s the output; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C 
C Define the v a r i a b l e s i n the COMMON block; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
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REAL*8 STIM(0:4,0:4,4) 
REAL*8 SUMS(0:4,0:4,4) 

C 
C Define Integer v a r i a b l e s ; 
C 

INTEGER Z, REWARD, ACTION, NUMEL, XX, YY 
INTEGER LENGTH, WIDTH, DEPTH, LEVEL, CHECK, DUMR2 

C 
C Define Integer Common block; 
C 

INTEGER DUMRl(0:4,0:4) 
C 
C 
C I f ACTION i s 0 then do summation and encoding; 
C 

IF (ACTION .EQ. 0) THEN 
C 
C Calculate Summation; 
C 

SUM = O.ODO 
C 

DO 1 ICOUNT = 0, NUMEL 
SUM = SUM + X(ICOUNT,Z) * W(ICOUNT) 

1 CONTINUE 
C 
C Encode t h i s summation w i t h a binary t h r e s h o l d technique; 

IF (SUM .GT. O.ODO) THEN 
Y = l.ODO 

ELSE 
Y = O.ODO 

END IF 
ELSE 

C 
C I f ACTION i s 1 then c a l c u l a t e the weight update; 
C NB. INV EXOR Rule i s c a l c u l a t e d using a safety method; 
C Amend weights - change i n weight = INC1,INC2 ; 
C 

DO 2 ICOUNT = 0, NUMEL 
IF (DABS(FRAME(XX,YY,Z) - X(ICOUNT,Z)) .LT. O.OIDO) 

& THEN 
C 
C Double up f o r the stimulus; 
C 

IF (ICOUNT .EQ. NUMEL) THEN 
INC(ICOUNT) = 2.0D0 

ELSE 
INC(ICOUNT) = l.ODO 

END IF 
ELSE 

IF (ICOUNT .EQ. NUMEL) THEN 
INC(ICOUNT) = -2.0D0 

ELSE 
INC(ICOUNT) = -l.ODO 

END IF 
END IF 
W(ICOUNT) = W(ICOUNT) + INC(ICOUNT) 

2 CONTINUE 
C 
C End ACTION IF ; 
C 
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END IF 
RETURN 
END 
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c ************************************************ 
C * H o p f i e l d Model Simulation Subroutine * 
C * - Model has random updating; * 
C * - Connectionist model. * 
C * - I f ACTION - 1 then update and do weights; * 
C * - Clamp over a l l i n t h i s case; * 
C * - I f ACTION = 0 then j u s t update; 
C * - Clamp over PROPOR i n t h i s case; * 
C * - This subroutine simulates a 3D array of « 
C * H o p f i e l d elements w i t h dimensions » 
C * Length x Width,Depth = 1 f o r Hopfield net * 
C * - Each element connects t o a l l * 
C * neighbouring i n p u t s on the same l e v e l ; * 
C * - Each element output then becomes the * 
C * centre i n p u t t o the next plane of elements * 
C * i n e x a c t l y the same way; * 
C * - Note operation of t h i s model requires t h a t * 
C * the HOPFLG i s switched o f f ; « 
C * - The f l a g s s w i t c h i n g on symmetry and * 
C * zeroing w i i are redundant i n t h i s mode; * 
C * - Variables; - * 
C * INPUT - i n p u t p i c t u r e (0:L-1,0:W-1) 
C * OUTPUT - output p i c t u r e (0:L-1,0:W-1) 
C * LENGTH - V e r t i c a l l e n g t h ( I n t e g e r ) ; 
C * WIDTH - H o r i z o n t a l length ( I n t e g e r ) ; * 
C * DEPTH - Array depth ( I n t e g e r ) ; * 
C * - Program uses DOUBLE PRECISION v a r i a b l e s ; « 
C * - Subroutines c a l l e d ; « 
C * HOP i n ARP.HOP (25 i n p u t ) * 
C * *NAG « 
C * * 
C * Author: Richard Leaver * 
C * Created: 4 t h May 1987 
C * Update :2nd October 1987 * 
C * Frozen :20th July 1988 * 
C ************************************************ 

SUBROUTINE HOPMOD(ACTION, GLOFLG, STIFLG, LENl, WIDl, PROPOR) 
C 
C Define e v e r y t h i n g as i m p l i c i t REAL*8 
C 

IMPLICIT REAL*8(A - H,Q - Z) ' 
C 
C Define X,Y from 0 t o maximum-1 
C Define Z from 1 t o maximum; 
C 
C Define Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,N+1) 
C 
C F i n a l Frame N+1 i s the output; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C 
C Define Xinputs f o r the elements w i t h N Frames 
C 

REAL*8 XIN(0:25,4) 
C 
C Define Weights f o r N x N elements with N Frames; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
C 
C Define Stimulus f o r N x N elements w i t h N Frames; 
C 
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REAL*8 STIM(0:4,0:4,4) 
C 
C Define Weight input f o r an element; 
C 

REAL*8 WIN(0:25) 
C 
C Save SUMS f o r N x N elements, N Frames ; 
C 

REAL*8 SUMS(0:4,0:4,4) 
C 
C I n t e g e r s ; 
C 

INTEGER LENGTH, WIDTH, DEPTH, ACTION, X, Y, Z 
INTEGER NUMEL, GLOFLG, STIFLG, LENl, WIDl 

C 
C Define Reward array; 
C 

INTEGER REWARD(0:4,0:4), GLOREW 
C 
C Real *8 v a r i a b l e s ; 
C 

REAL*8 RHO, TEMP, LAMBDA, PN, SUM, G05CAF, YOUT, PROPOR 
C 
C Define common blocks; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& REWARD, GLOREW 
COMMON /TWO/ RHO, TEMP, LAMBDA, PN 
COMMON /THREE/ XIN 

C 
C Define number of elements; 
C 

NUMEL = LENGTH * WIDTH 
C 
C Connect HOPs t o the Image; (Main r o u t i n e sets DEPTH^l) 
C 

DO 10 Z = 1, DEPTH 
C 
C A l l HOPS are connected i r r e s p e c t i v e of the p o s i t i o n i n the Array; 
C 

ITOT = 0 
C 

DO 2 IX = 0, LENGTH - 1 
C 

DO 1 lY = 0, WIDTH - 1 
XIN(ITOT,Z) = FRAME(IX,IY,Z) 
ITOT = ITOT + 1 

1 CONTINUE 
C 

2 CONTINUE 
C 
C Set stimulus i n p u t ; 
C 

IF (STIFLG .EQ. 1) THEN 
XIN(NUMEL,Z) = l.ODO 

ELSE 
XIN(NUMEL,Z) = O.ODO 

END IF 
C 
C Continue 
C Select X,Y p o s i t i o n randomly; 
C Do t h i s a t l e a s t twice the number of elements t o ensure at lea s t 
C one update; 
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DO 9 IRANNO =1,2* NUMEL 
PN = G05CAF(PN) 
X = NINT(PN*(LENGTH - 1 ) ) 
PN = G05CAF(PN) 
y = NINT(PN*(WIDTH - 1 ) ) 

C 
C Transfer W weights i n t o HOP in p u t arrays; 
C Connect HOPs t o the Image; 
C 

DO 4 L = 0, LENGTH 

DO 3 M = 0, WIDTH - 1 
IXIN = L * WIDTH + M 

C 
C Zero W i i ; 
C 

IF ((X .EQ. L) -AND. (Y .EQ. M)) THEN 
WEIGHT(X,Y,Z,L,M) = 0.ODD 

END IF 
WIN(IXIN) = WEIGHT(X,Y,Z,L,M) 

3 CONTINUE 
C 

4 CONTINUE 
C 
C Stimulus weight i n p u t ; 
C 

WIN(NUMEL) = STIM(X,Y,Z) 
C 
C ( I f GL0FLG=1 then use Global Reward - t h i s i s a r e l i c and not 
C used); 
C 

IF (GLOFLG -EQ. 1) THEN 
IVAL = GLOREW 

ELSE 
IVAL = REWARD(X,Y) 

END IF 
C 
C C a l l H o p f i e l d subroutine; 
C CALL HOP(YOUT, Z, SUM, IVAL, WIN, NUMEL, X, Y, 0] 
C 
C Save r e s u l t s i f ACTION i s 0 ( i e . not t r a i n i n g ) ; 
C Only save r e s u l t s i f outside clamping range; 
C 

IF (ACTION .EQ. 0) THEN 
IF (PROPOR .GT. O.OODO) THEN 

IF ((X .GT. (NINT(DFL0AT(LEN1 - l)*PROPOR))) .AND. (Y .GT. 
Sc (NINT(DFL0AT(WID1 - 1) *PR0P0R) ) ) ) THEN 

FRAME(X,Y,Z) = YOUT 
END IF 

ELSE 
FRAME(X,Y,Z) = YOUT 

END IF 
END IF 

C 
C Duplicate the f i r s t l e v e l as the second so t h a t the 
C standard program checks can take place; 
C 

DO 6 I = 0 , LENGTH - 1 
C 

DO 5 J = 0, WIDTH - 1 
FRAME(I,J,Z + 1) = FRAME(I,J,Z) 
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c 

c 

5 CONTINUE 

6 CONTINUE 

IF (ACTION -EQ. 1) THEN 
CALL HOP(YOUT, Z, SUM, IVAL, WIN, NUMEL, X, Y, 1) 

C 
C Save new HOP weights; 
C 

DO 8 L = 0, LENGTH - 1 
C 

DO 7 M = 0, WIDTH - 1 
IXIN = L * WIDTH + M 
WEIGHT(X,Y,Z,L,M) = WIN(IXIN) 

C 
C Include Symmetry; 
C 

WEIGHT(L,M,Z,X,Y) = WIN(IXIN) 
7 CONTINUE 

C 
8 CONTINUE 

C 
C Stimulus weight output; 
C 
C 

STIM(X,Y,Z) = WIN(NUMEL) 

END IF 
9 CONTINUE 

C 
C 

10 CONTINUE 
C 

RETURN 
END 
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F O R T R A N ? ? subroutine A R R E R R O R 

computes the error function between two images 
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(2 ************************************************ 
C * Assoc i a t i v e Reward-Punish Element (ARP) * 
C * Subroutine t o compute absolute e r r o r * 
C * between two images; * 
C 
C * - Computes e r r o r f u n c t i o n as used i n Back * 
C * Propagation; * 
C * - Two values returned...one i s absolute * 
C * e r r o r , the other i s the amended e r r o r * 
C * assuming Back Prop i s corrected; * 
C * - M u l t i p l e image ve r s i o n ; * 
C * - Common block entry f o r array * 
C * FRAME(0:L-1,0:W-1,Z+1) and associated * 
C * v a r i a b l e s ; * 
C * * 
C * Author: Richard Leaver * 
C * Created: 2nd June 1987 * 
C * Update :19th October 1987 * 
C * Frozen :20th July 1988 * 
Q ************************************************ 

SUBROUTINE ERR(IMAGE, ERRVAL, ALTER, IMCNT) 
C 
C Define everything as i m p l i c i t REAL*8 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C Bring i n COMMON block; 
C 
C 
C Define Common Block One; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& REWARD, GLOREW 

C 
C Define Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,Z+1) 
C 
C F i n a l Frame N+1 i s the output; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C 
C Define the v a r i a b l e s i n the COMMON block; 
C 

REAL*8 WEIGHT{0:4,0:4,4,0:4,0:4) 
REAL*8 STIM(0:4,0:4,4) 
REAL*8 SUMS(0:4,0:4,4) 
INTEGER LENGTH, WIDTH, DEPTH, GLOREW 

C 
C Define Integer Common block; 
C 

INTEGER REWARD(0:4,0:4) 
C 
C Image t o be recognised; 
C 

REAL*8 IMAGE(10,0:4,0:4) 
C 
C Do Check; 
C 

ERRVAL = O.ODO 
ALTER = O.ODO 
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DO 2 I = 0, LENGTH - 1 
C 

DO 1 J = 0, WIDTH - 1 
ERRVAL = ERRVAL + (FRAME(I,J,DEPTH + 1) - IMAGE(IMCNT,I,J)) ** 

& 2 
XVAL = (FRAME(I,J,DEPTH + 1) - IMAGE(IMCNT,I,J)) ** 2 

C 
C Correct f o r the Backpropagation; 
C . 

IF (XVAL .LT. 0.0025D0) XVAL = O.ODO 
ALTER = ALTER + XVAL 

1 CONTINUE 
C 

C 
2 CONTINUE 

ERRVAL = ERRVAL * 0.5D0 
ALTER = ALTER * 0.5D0 
RETURN 
END 
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F O R T R A N 7 7 subroutine A R P . M A T C H 

computes the error/checksum function between two images 
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C * Associative Reward-Punish Element (ARP) 
C « Subroutine t o provide an Error Measure f o r * 
C * the ARP output and a reference Image inpuc; « 
C 
C *- I f ENEFLG=1 then the standard Backprop * 
C * e r r o r f u n c t i o n i s computed and CHSUM * 
C * computed from the r e c i p r o c a l ; * 
C * Otherwise, the Checksum d i f f e r e n c e i s * 
C * used; * 
C Variable CHSUM returned i s the p r o b a b i l i t y * 
C * t h a t the image matches; * 
C 
C * - M u l t i p l e image version; * 
C * - Common block entry f o r array * 
C * FRAME(0:L-1,0:W-1,Z+1) and associated * 
C * v a r i a b l e s ; * 
C * * 
C * Author: Richard Leaver * 
C * Created: 2nd June 1987 * 
C * Update :29th October 1987 * 
C * Frozen :20th July 1988 * 

SUBROUTINE MATCH(IMAGE, LEVEL, CHSUM, IMCNT, ENEFLG) 
C 
C Define everything as i m p l i c i t REAL*8 
c 

IMPLICIT REAL*8(A - H,0 - Z) 
C 
C Bring i n COMMON block; 
C 
C Define Common Block One; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
S REWARD, GLOREW 

C 
C Define Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,Z+1) 
C 
C F i n a l Frame N+1 i s the output; 
c 

REAL*8 FRAME(0:4,0:4,5) 
C 
C Define the variables i n the COMMON block; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
REAL*8 STIM(0:4,0:4,4) 
REAL*8 SUMS(0:4,0:4,4) 
INTEGER REWARD(0:4,0:4) 
INTEGER LENGTH, WIDTH, DEPTH, LEVEL, GLOREW, ENEFLG 

C 
C Image t o be referenced; 
C 

REAL*8 IMAGE(10,0:4,0:4) 
CHSUM = O.ODO 
KOUNT = 0 

C 
C Compute Backpropagation e r r o r f u n c t i o n ; 
C 

IF (ENEFLG .EQ. 1) THEN 
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c 

c 

c 

c 

c 

DO 2 I = 0, LENGTH - 1 

DO 1 J = 0, WIDTH - 1 

CHSUM = CHSUM + (FRAME(I,J,LEVEL) - IMAGE(IMCNT,I,J)) ** 2 

1 CONTINUE 

2 CONTINUE 

CHSUM = CHSUM * 0.5D0 
ELSE 

C 
C Do Checksum over width of a r r a y . . . m u l t i p l y i n g by 
C K=K+1 t o stop symmetry problem; 
C 
C 

DO 4 I = 0, LENGTH - 1 
C 

DO 3 J = 0, WIDTH - 1 
KOUNT = KOUNT + 1 
CHSUM = CHSUM + DABS(KOUNT*(FRAME(I,J,LEVEL) + l.ODO) -

& KOUNT*(IMAGE(IMCNT,I,J) + l.ODO)) 
3 CONTINUE 

C 
4 CONTINUE 

C 
END IF 

C 
C Compute p r o b a b i l i t y 
C 

IF (CHSUM .GT. O.ODO) THEN 
C 
C M u l t i p l y denominator by 2.5 t o avoid problems w i t h 1/1 case; 
C 

CHSUM = l.ODO / (CHSUM*2.5D0) 
ELSE 
CHSUM = l.ODO 

END IF 
RETURN 
END 
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- imposes symmetry on weight matrix 
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c ************************************************ 
C * As s o c i a t i v e Reward-Punish Element (ARP) * 
C * Symmetry Imposition Subroutine; * 
C * * 
C * - Routine imposes symmetry on Weight matrix; * 
C * - i e . Wij=Wji; * 
C * - Routine uses DOUBLE PRECISION v a r i a b l e s ; * 
C * * 
C * Author: Richard Leaver * 
C * Created :17th May 1987 * 
C * Update :29th September 1987 * 
C * Frozen :20th July 1988 * 
C ************************************************ 

SUBROUTINE SYMM(INPFLG) 
C 
C Define e v e r y t h i n g as i m p l i c i t REAL*8 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C Define X,Y from 0 t o maximum-1; 
C Define Z from 1 t o maximum; 
C 
C Define Frame - Max X x Y x Z ; 
C 
C FRAME(0:X-1,0:Y-1,Z+1) 
C 
C F i n a l Frame N+1 i s the output; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C 
C Define Weights f o r X x Y ARP elements w i t h Z Frames; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
C 
C Define Stimulus f o r X x Y ARP elements w i t h Z Frames; 
C 

REAL*8 STIM(0:4,0:4,4) 
C 
C Save SUMS f o r X x Y ARP elements, Z Frames ; 
C 

REAL*8 SUMS(0:4,0:4,4) 
C 
C I n t e g e r s ; 
C 

INTEGER X, Y, X I , Y l , Z 
INTEGER LENGTH, WIDTH, DEPTH 

C 
C Integer array t o hold Rewards f o r each element - f i n a l frame only; 
C 

INTEGER REWARD(0:4,0:4) 
C 
C A l t e r n a t i v e f o r Global Rewards; 
C 

INTEGER GLOREW, INPFLG 
C 
C Define Common Block One; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& REWARD, GLOREW 

C 
C Impose symmetry; F i r s t s e l e c t element; 
C 
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C 

c 

c 

c 

c 

c 

c 

DO 5 Z = 1, DEPTH 

DO 4 X = 0, LENGTH - 1 

DO 3 Y = 0, WIDTH - 1 
C 
C Now s e l e c t second element; 
C 

DO 2 XI = 0, LENGTH - 1 
C 

DO 1 Yl = 0, WIDTH - 1 
IF ((X .EQ. XI) .AND. (Y .EQ. Y l ) ) THEN 

C 
C This i s only f o r Hopfield Model - Feedback ; 
C 

IF (INPFLG .EQ. 1) THEN 
WEIGHT(X,Y,Z,X1,Y1) = O.ODO 

ELSE 
CONTINUE 

END IF 
ELSE 
WEIGHT(X,Y,Z,X1,Y1) = WEIGHT(X1,Yl,Z,X,Y) 

END IF 
1 CONTINUE 

2 CONTINUE 

3 CONTINUE 

4 CONTINUE 

5 CONTINUE 

RETURN 
END 
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F O R T R A N 7 7 subroutine A R P . L I N K 

plots connection weights between elements using links 
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Q ************************************************ 
C * Ass o c i a t i v e Reward-Punish Element (ARP) * 
C * Subroutine t o p l o t connection weights * 
C * between ARP elements; * 
C * * 
C * - Plo t s blue c i r c l e representing ARP * 
C * elements; * 
C * - Plo t s l i n e of v a r i a b l e thickness * 
C * re p r e s e n t i n g the connection weights; * 
C * - Local Reward ver s i o n ; * 
C * - RED = +ve weight * 
C * - BLACK = -ve weight * 
C * * 
C * - Subroutine uses *GHOST80 * 
C * * 
C * Author: Richard Leaver * 
C * Created: 6 t h June 1987 * 
C * Update :12th May 1988 * 
C * Frozen :20th July 1988 * 
C ************************************************ 

SUBROUTINE LINK(ICOUNT, BOLFLG) 
C 
C Define I m p l i c i t v a r i a b l e types; 
C 

IMPLICIT REAL*4(A - H,Q - Z) 
C 
C Define v a r i a b l e s used i n the Common block; 
C N.B. Have t o c a l l FRAME sonething d i f f e r e n t here; 
C 

REAL*8 XFRAME(0:4,0:4,5) 
REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
REAL*8 STIM(0:4,0:4,4) 
REAL*8 SUMS(0:4,0:4,4) 
INTEGER LENGTH, WIDTH, DEPTH, ICOUNT, BOLFLG 

C 
C Define Integer Reward a r r a y ; 
C 

INTEGER REWARD(0:4,0:4), GLOREW 
C 
C Define t i t l e s ; 
C 

CHARACTER*70 TITLE 
CHARACTER*30 TITLEl, TITLE2, TITLE3, TITLE4, TITLES 

C 
C Define WGTMAX as a sp e c i a l case REAL*8 
C 

REAL*8 WGTMAX 
C 
C Define INC as the thickness increment; 
C , _ 

REAL*4 INC 
C 
C Define PI 
C 

REAL*4 PI 
C 
C Import Common block; 
C 

COMMON /ONE/ XFRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& REWARD, GLOREW 
PI = 3.14159 
INC = 0.0005 

C 
C Define t i t l e s ; 
C 
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IF (BOLFLG .EQ. 0) THEN 
TITLE = 'ARP INTERCONNECTION WEIGHTS' 

END IF 
IF (BOLFLG .EQ. 1) THEN 

TITLE = 'HOPFIELD INTERCONNECTION WEIGHTS' 
END IF 
IF (BOLFLG .EQ. 2) THEN 

TITLE = 'BACKPROPAGATION INTERCONNECTION WEIGHTS' 
END IF 
TITLEl = 'LENGTH= ' 
TITLE2 = 'WIDTH= ' 
TITLE3 = 'LEVELS ' 
TITLE4 = 'MAX ABS WEIGHT^ ' 
TITLE5 = 'TRIAL NUMBER =' 

C 
C Define max l i n e thickness and c i r c l e radius; 
C 

STREN =5.0 
CIRC = 0.25 

C 
C Define ARC r a t i o ; 
C 

RATIO = 1 . 5 
C 
C Begin p l o t s ; 
C 

DO 16 K = 1, DEPTH 
C 
C Reset p l o t parameters; 
C 

CALL BLUPEN 
C 
C Compute maximum absolute weight on t h i s l e v e l ; 
C 

C 

C 

C 

C 

WGTMAX = O.ODO 

DO 4 I = 0 , LENGTH - 1 

DO 3 J = 0, WIDTH - 1 

DO 2 L = 0, LENGTH - 1 

DO 1 M = 0, WIDTH - 1 
WGTMAX = DMAX1(DABS(WEIGHT(I,J,K,L,M)),WGTMAX) 
WGTMAX = DMAX1(DABS(STIM(I,J,K)),WGTMAX) 

1 CONTINUE 
C 

2 CONTINUE 
C 

3 CONTINUE 
C 

4 CONTINUE 
C 
C Define n o r m a l i s a t i o n f a c t o r ; 
C 

FACTOR = STREN / WGTMAX 
C 
C Begin p l o t r o u t i n e 
C 

CALL PAPER(l) 
C 
C Define use of radians; 
C 
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CALL RADIAN 
C 
C Set up p l o t t i n g space f o r laser p r i n t e r ; 
C 0 < X < l ; 0 < Y < 0 . 8 a r the maximum allowed values; 
C Set up f o r one p l o t ; 
C 

CALL PSPACE(0.1, 0.8, 0.1, 0.8) 
C 
C Define mapping space onto PSPACE 
C This i s f o r the t i t l e s ; 
C 

CALL MAP(0.0, 1.0, 0.0, 1.0) 
C 
C Define character s i z e ; 
C 

CALL CTRMAG(7) 
C 
C Put t i t l e s on the p l o t ; 
C 

CALL PLOTCS(0.1, 0.9, TITLE) 
CALL PLOTCS(0.1, 0.1, TITLEl) 
CALL PLOTNI(0.2, 0.1, LENGTH) 
CALL PLOTCS(0.4, 0.1, TITLE2) 
CALL PLOTNI(0.5, 0.1, WIDTH) 
CALL PLOTCS(0.7, 0.1, TITLE3) 
CALL PLOTNI(0.8, 0.1, K) 
CALL PLOTCS(0.1, 0.04, TITLE4) 
CALL PLOTNE(0.3, 0.04, WGTMAX, 2) 
CALL PLOTCS(0.1, 0.85, TITLE5) 
CALL PLOTNI(0.3, 0.85, ICOUNT) 

C 
C Draw a border round the area; 
C 

CALL BORDER 
C 
C Compute array size f o r p l o t ; 
C 

XMIN = -4.0 
XMAX = FLOAT(WIDTH) + 3.0 
YMIN = -4.0 
YMAX = FLOAT(LENGTH) +3.0 

C 
C Redefine PSPACE f o r the p l o t ; 
C 

CALL PSPACE(0.15, 0.75, 0.15, 0.75) 
C 
C Map new l i m i t s o n t o . t h i s ; 
C 

CALL MAP(XMIN, XMAX, YMIN, YMAX) 
C 
C Draw blue c i r c l e s a t each ARP p o s i t i o n ; 
C and a v e r t i c a l l i n e representing the stimulus weight; 
C 

DO 6 I = 0, LENGTH - 1 
C 

DO 5 J = 0, WIDTH - 1 
X = FLOAT(J) 
Y = FLOAT(I) 
CALL POSITN(X, Y) 
CALL BLUPEN 
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CALL CIRCLE{CIRC) 
5 CONTINUE 

C 
6 CONTINUE 

C 
C P l o t stimulus, l i n e ; 
C Set t h i c k n e s s and co l o u r ; 
C 
C 

DO 9 I = 0, LENGTH - 1 
C 

DO 8 J = 0, WIDTH - 1 

IFACT = NINT(FACTOR*DABS(STIM(I,J,K))) 
I F (STIM(I,J,K) .LT. O.ODO) THEN 

CALL BLKPEN 
ELSE 

CALL REDPEN 
END I F 

C 
C Draw v e r t i c a l l i n e r e p r e s e n t i n g the stimulus weight; 
C 

X = FLOAT(J) 
Y = FLOAT(I) 

C 
DO 7 ITER = 0, IFACT 

X = X + INC 
Y = Y + INC 
CALL POSITN(X, Y) 
CALL JOIN(X, Y + 0.5) 

7 CONTINUE 
C 

8 CONTINUE 
C 

9 CONTINUE 
C 
C Now draw weights; 
C 
C Compute c e n t r e of a r c between c u r r e n t and projected p o s i t i o n ; 
C 

C 

C 

C 

DO 15 I = 0 , LENGTH - 1 

DO 14 J = 0, WIDTH - 1 

DO 13 M = 0, LENGTH - 1 

DO 12 N = 0, WIDTH - 1 
C 
C Set t h i c k n e s s and colour; 
C 

IFACT = NINT(FACTOR*DABS(WEIGHT(I,J,K,M,N)) 
I F (WEIGHTd ,J,K,M,N) .LT. O.ODO) THEN 

CALL BLKPEN 
ELSE 

CALL REDPEN 
END I F 
I F ( ( I .EQ. M) .AND. ( J .EQ. N)) THEN 

C 
C Source and d e s t i n a t i o n coordinates are the same; 
C 
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KNOW = FLOAT(J) 
YNOW = FLOAT(I) 

C 
DO 10 ITER = 0, IFACT 
KNOW = XNOW + INC 
YNOW YNOW + INC 

C 
C Draw a h o r i z o n t a l l i n e down r e p r e s e n t i n g weight attached 
C t o inpu t ; 
C 

CALL POSITN(XNOW, YNOW) 
CALL JOIN({XNOW - 0.5), YNOW) 

10 CONTINUE 
C 

ELSE 
C 
C Connect an ARC between the two coordinates; 
C Compute ARC cen t r e f i r s t ; 
C 

XNOW = FLOAT(J) 
YNOW = FLOAT(I) 
XTHEN = FLOAT(N) 
YTHEN = FLOAT(M) 

C 
DO 11 ITER = 0, IFACT 

XTHEN = XTHEN + INC 
YTHEN ^ YTHEN + INC 
XNOW = XNOW + INC 
YNOW = YNOW + INC 
XCENT = (XTHEN - XNOW) / 2.0 + XNOW 
YCENT = (YTHEN - YNOW) / 2.0 + YNOW 

C 
C P l o t ARC 
C 

CALL POSITN(XCENT, YCENT) 
CALL ARCELL(XNOW, YNOW, P I , RATIO) 

11 CONTINUE 

END I F 
12 CONTINUE 

C 

C 
13 CONTINUE 

C 
14 CONTINUE 

C 
15 CONTINUE 

C 
C C l o s e p i c t u r e on t h i s l e v e l ; 
C 

CALL FRAME 
16 CONTINUE 

C 
RETURN 
END 
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plots connection weights between elements using blocks 
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c ************************************************ 
C * A s s o c i a t i v e Reward-Punish Element (ARP) * 
C * Subroutine to p l o t connection weights * 
C * between ARP elements; * 
C * * 
C * - P l o t s L X W weights with stimulus; * 
C * * 
C * - Draws a block r e p r e s e n t i n g an ARP element * 
C * - H o r i z o n t a l shading a c r o s s block, i s * 
C * red f o r p o s i t i v e weights and black for * 
C * negative weights; * 
C * 
C * - Subroutine uses *GHOST80 * 
C * 
C * Author: R i c h a r d Leaver * 
C * Created:11th August 1987 * 
C * Update :1st October 1987 * 
C * Frozen :20th J u l y 1988 * 
c ************************************************ 

SUBROUTINE LINE(ICOUNT, BOLFLG) 
C 
C Define I m p l i c i t v a r i a b l e types; 
C 

IMPLICIT REAL*4(A - H,Q - Z) 
C 
C Define v a r i a b l e s used i n the Common block; 
C N.B. Have to c a l l FRAME sonething d i f f e r e n t here; 
C 

REAL*8 XFRAME(0:4,0:4,5) 
REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
REAL*8 STIM(0:4,0:4,4) 
REAL*8 SUMS(0:4,0:4,4) 
INTEGER LENGTH, WIDTH, DEPTH, ICOUNT, BOLFLG 

C 
C Define Integer Reward a r r a y ; 
C 

INTEGER REWARD(0:4,0:4), GLOREW 
C 
C • Define t i t l e s ; 
C 

CHARACTER*70 TITLE 
CHARACTER*30 T I T L E l , TITLE2, TITLE3 

C 
C Define WGTMAX as a s p e c i a l case REAL*8 
C 

REAL*8 WGTMAX 
C 
C Define P o l a r i t y a r r a y ; 
C 

INTEGER POL(0:25) 
C 
C Define Xminus a r r a y s : 
C 

REAL*4 XMINUS(0:25) 
REAL*4 XMINU1(0:25) 

C 
C Define Xplus a r r a y s : 
C 

REAL*4 XPLUS(0:25) 
REAL*4 XPLUS1(0:25) 

C 
C Define Yminus a r r a y s : 
C 
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REAL*4 YMINUS(0:25) 
REAL*4 YMINU1{0:25) 

C 
C Define Yplus a r r a y s : 
C 

REAL*4 YPLUS(0:25) 
REAL*4 YPLUS1(0:25) 

C 
C Define INC as the v e r t i c a l l i n e step; 
C 

REAL*4 INC 
C 
C Define MAXSPC as the Maximum permitted weight space; 
C 

REAL*4 MAXSPC 
C 
C Define LSTEP and WSTEP as the increments across the block; 
C 

REAL*4 LSTEP, WSTEP 
C 
C Define PI 
C 

REAL*4 PI 
C 
C Import Common block; 
C 

COMMON /ONE/ XFRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& REWARD, GLOREW 

C 
C Define v a r i a b l e s ; 
C 

I F (LENGTH -GT. 1) THEN 
LSTEP = 90.0 / FLOAT(LENGTH - l ) 

ELSE 
LSTEP =100.0 

END I F 
I F (WIDTH .GT. 1) THEN 
WSTEP = 90.0 / FLOAT(WIDTH - 1) 

ELSE 
WSTEP = 100.0 

END I F 
PI = 3.14159 
INC =2.0 
IFLAG = 0 

C 
C Set F l a g here for blank space or not; 
C 

IBLANK = 1 
C 
C Define t i t l e s ; 
C 

I F (BOLFLG .EQ. 0) THEN 
TI T L E = 'ARP INTERCONNECTION WEIGHTS' 

END I F 
I F (BOLFLG .EQ. 1) THEN 

TIT L E = 'HOPFIELD INTERCONNECTION WEIGHTS' 
END I F 
I F (BOLFLG .EQ. 2) THEN 

TIT L E = 'BACKPROPAGATION INTERCONNECTION WEIGHTS' 
END I F 
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T I T L E l = 'LEVEL= ' 
TITLE2 = 'MAX ABS WEIGHT= ' 
TITLE3 = 'TRIAL NUMBER =' 

C 
C Define MAXSPC; 
C 

MAXSPC = 8 . 5 
C 
C Begin p l o t s ; 
C 

DO 15 K = 1, DEPTH 
C 
C Reset p l o t parameters; 
C 

CALL BLUPEN 
C 
C Compute maximum abs o l u t e weight on t h i s l e v e l ; 
C 

C 

C 

C 

C 

WGTMAX = O.ODO 

DO 4 I = 0, LENGTH - 1 

DO 3 J = 0, WIDTH - 1 

DO 2 L = 0, LENGTH - 1 

DO 1 M = 0, WIDTH - 1 
WGTMAX = DMAX1(DABS(WEIGHT(I,J,K,L,M)),WGTMAX) 
WGTMAX = DMAX1(DABS(STIM(I,J,K)),WGTMAX) 

1 CONTINUE 
C 

2 CONTINUE 
C 

3 CONTINUE 
C 

4 CONTINUE 
C 
C Define n o r m a l i s a t i o n f a c t o r ; 
C 

FACTOR = MAXSPC / WGTMAX 
C 
C Begin p l o t r o u t i n e 
C 

CALL PAPER(l) 
C 
C Define use of r a d i a n s ; 
C 

CALL RADIAN 
C 
C Set up p l o t t i n g space f o r l a s e r p r i n t e r ; 
C 0 < X < 1 ; 0 < Y < 0 . 8 ' are the maximum allowed values; 
C Set up f o r one p l o t ; 
C 

CALL PSPACE(0.1, 0.8, 0.1, 0.8) 
C 
C Define mapping space onto PSPACE 
C T h i s i s for the t i t l e s ; 
C 

CALL MAP(0.0, 100.0, 0.0, 100.0) 
C 
C Define c h a r a c t e r s i z e ; 
C 
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CALL CTRMAG(7) 
C 
C Put t i t l e s on the p l o t ; 
C 

CALL PLOTCS(50., 95., T I T L E ) 
CALL PLOTCS(70., 4., T I T L E l ) 
CALL PLOTNI(80., 4. , K) 
CALL PLOTCSdO., 4., TITLE2) 
CALL PL0TNE(30., 4., WGTMAX, 2) 
CALL PL0TCS(50., 90., TITLE3) 
CALL PLOTNI(70., 90., ICOUNT) 

C 
C Draw a border round the a r e a ; 
C 

CALL BORDER 
C 
C Compute a r r a y s i z e for p l o t ; 
C 

XMIN = -11.0 
XMAX = 100.0 
YMIN = -10.0 
YMAX = 120.0 

C 
C P l o t each square r e p r e s e n t i n g an element; 
C I n i t i a l i s e ; 
C 

C 

C 

C 

YYN = 0.2 

DO 14 IX = 0, LENGTH - 1 

XXN =0.2 

DO 13 lY = 0, WIDTH - 1 
C 
C Max PSPACE a v a i l a b l e i s PSPACE(0.20, 0.70, 0.20, 0.70] 
C Divi d e a s ; 

I F ((LENGTH + WIDTH) .LT. 6) THEN 
XDIV = 0.6 / FLOAT(LENGTH + WIDTH) 
YDIV = 0.6 / FLOAT(LENGTH + WIDTH) 

ELSE 
XDIV = 1.0 / FLOAT(LENGTH + WIDTH) 
YDIV = 1.0 / FLOAT(LENGTH + WIDTH) 

END I F 
C 
C Compute pspace coords; 
C 

XXX = XXN + XDIV 
YYY = YYN + YDIV 

C 
C Redefine PSPACE f o r the p l o t ; 
C 

CALL PSPACE(XXN, XXX, YYN, YYY) 
C 
C Map new l i m i t s onto t h i s ; 
C 

CALL MAP(XMIN, XMAX, YMIN, YMAX) 
C 
C Draw Element o u t l i n e ; 
C 

CALL POSITN(-11.0, -10.0) 
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CALL JOIN{-11.0, 120.0) 
CALL JOIN(10.0, 120.0) 
CALL JOIN(10.0, 100.0) 
CALL JOIN(100.0, 100.0) 
CALL JOINdOO.O, -10.0) 
CALL JOIN(-11.0, -10.0) 

C 
C Define Number of Elements; 
C 

NUMEL = LENGTH * WIDTH 
C 
C Compute l i m i t s f o r the stimulus weight; 
C 

XCOORD =0.0 
YCOORD = 110.0 
XMINUS(NUMEL) = XCOORD - FACTOR * ABS(STIM(IX,lY,K)) 
XPLUS(NUMEL) = XCOORD + FACTOR * ABS(STIM(IX,lY,K)) 
YMINUS(NUMEL) = YCOORD - FACTOR * ABS(STIM( I X , I Y , K ) ) 
yPLUS(NUMEL) = YCOORD + FACTOR * ABS(STIM(IX,IY,K)) 
XMINUl(NUHEL) = XCOORD - FACTOR * WGTMAX 
XPLUSKNUMEL) = XCOORD + FACTOR * WGTMAX 
YMINU1(NUMEL) = YCOORD - FACTOR * WGTMAX 
YPLUSKNUMEL) = YCOORD + FACTOR * WGTMAX 

C 
C To Blank or not to Blank; 
C 

I F (IBLANK .NE. 1) THEN 
XMINUKNUMEL) = XMINUS(NUMEL) 
XPLUSKNUMEL) = XPLUS(NUMEL) 
YMINUl(NUMEL) = YMINUS(NUMEL) 
YPLUSKNUMEL) = YPLUS(NUMEL) 

END I F 
C 
C Compute p o l a r i t y ; - Use P o l f l g here; 
C 

I F (STIM(IX,IY,K) .GE. 0.0) THEN 
POL(NUMEL) = 1 

ELSE 
POL(NUMEL) = 0 

END I F 
C 
C Compute l i m i t s f o r weights given t h a t IX,lY i s t h i s element 
C and I I X , I I Y are the d e s t i n a t i o n elements; 
C 

I I X = 0 
KCOUNT = 0 

C 
DO 6 I = 0, 90, LSTEP 

I I Y = 0 
C 

DO 5 J = 0, 90, WSTEP 
XCOORD = FLOAT(J) 
YCOORD = FLOAT(I) 
XMINUS(KCOUNT) = XCOORD - FACTOR * ABS(WEIGHT(IX,lY ,K, 

& I I X , I I Y ) ) 
XPLUS(KCOUNT) = XCOORD + FACTOR * ABS(WEIGHT(IX,IY ,K, 

& I I X , I I Y ) ) 
YMINUS(KCOUNT) = YCOORD - FACTOR * ABS(WEIGHT(IX, lY ,K, 

& I I X , I I Y ) ) 
YPLUS(KCOUNT) = YCOORD + FACTOR * ABS(WEIGHT( IX, IY ,K, 
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& I I X , I I Y ) ) 
XMINUl(KCOUNT) = XCOORD - FACTOR * WGTMAX 
XPLUSl(KCOUNT) = XCOORD + FACTOR * WGTMAX 
YMINUl(KCOUNT) = YCOORD - FACTOR * WGTMAX 
YPLUSl(KCOUNT) = YCOORD + FACTOR * WGTMAX 

C 
C To Blank or not to Blank; 
C 

I F (IBLANK .NE. 1) THEN 
XMINUl(KCOUNT) = XMINUS(KCOUNT) 
XPLUSl(KCOUNT) = XPLUS(KCOUNT) 
YMINUl(KCOUNT) = YMINUS(KCOUNT) 
YPLUSKKCOUNT) = YPLUS(KCOUNT) 

END I F 
C 
C Compute p o l a r i t y ; 
C 

I F (WEIGHT(IX,IY,K,IIX,IIY) .GE. O.ODO) THEN 
POL(KCOUNT) = 1 

ELSE 
POL(KCOUNT) = 0 

END I F 
I I Y = I I Y + 1 
KCOUNT = KCOUNT + 1 

5 CONTINUE 
I I X = I I X + 1 

CONTINUE 

C 

C 

C 
C Draw H o r i z o n t a l L i n e s ; 
C 

C 

C 

CALL POSITN(XMIN, YMIN) 

ID = -1 

DO 12 MCOUNT = 1, 2 
ID = -1 * ID 

C 
DO 11 Y = YMIN, YMAX, INC 

CALL POSITN(XMIN, Y) 
C 

DO 10 X = XMIN, XMAX 
C 
C Examine X and Y boundary f i l e s ; 
C 

I F ( I D .EQ. 1) THEN 
C 
C Draw l i n e s l e a v i n g space f o r squares; 
C 

I P I F L G = 0 

& 

DO 7 LL = 0, NUMEL 
I F ((X -GT. XMINUl(LL)) .AND. (X .LT. XPLUSKLL] 

.AND. (Y .GT. YMINUKLL)) .AND. (Y .LT. 
g, Y P L U S l ( L L ) ) ) THEN 

IFLAG = 1 
I F (IFLAG .NE. IPIFLG) THEN 

IPIFLG = IFLAG 
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GO TO 9 
END I F 

ELSE 
IFLAG = 0 
I F (IFLAG .NE. I P I F L G ) THEN 

IPI F L G = IFLAG 
GO TO 9 

END I F 
END I F 

7 CONTINUE 
C 

ELSE 
C 
C C a l l p o l a r i t y pens & p l o t i n squares 
C 

DO 8 LL = 0, NUMEL 
I F (POL(LL) .EQ. 1) THEN 

CALL REDPEN 
ELSE 

CALL BLKPEN 
END I F 
IP2FLG = 1 

C 
I F ((X .GT. XMINUS(LL)) .AND. (X .LT. XPLUS(LL)) 

& .AND. (Y .GT. YMINUS(LL)) .AND. (Y .LT. 
& YPLUS(LL))) THEN 

IFLAG = 0 
I F (IFLAG .NE. IP2FLG) THEN 

IP2FLG = IFLAG 
GO TO 9 

END I F 
ELSE 

IFLAG = 1 
I F (IFLAG .NE. IP2FLG) THEN 
• •IP2FLG = IFLAG 
GO TO 9 

END I F 
END I F 

8 CONTINUE 

C 
C P l o t ; 
C 

END I F 

I F (IFLAG .EQ. 0) THEN 
C 
C Put boundaries i n ; 
C 

I F ((X -GT. 10.0) .AND. (Y .GT. 100.0)) 
& THEN 

CALL POSITN(X, Y) 
ELSE 

CALL JOIN(X, Y) 
END I F 

ELSE 
CALL POSITN(X, Y) 

END I F 
CALL BLUPEN 

10 CONTINUE 
C 
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11 CONTINUE 
C 

12 CONTINUE 
C 
C Update x coords; 
C 

I F ((LENGTH + WIDTH) .LT. 5) THEN 
XXN = XXX +0.05 

ELSE 
XXN = XXX + 0.005 

END I F 
13 CONTINUE 

C 
C Update y coords; 
C 

I F ((LENGTH + WIDTH) .LT. 5) THEN 
YYN = YYY + 0.05 

ELSE 
YYN = YYY + 0.005 

END I F 
14 CONTINUE 

C 
C C l o s e p i c t u r e on t h i s l e v e l ; 
C 

CALL FRAME 
15 CONTINUE 

C 
RETURN 
END 
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c ************************************************ 
C * A s s o c i a t i v e Reward-Punish Element (ARP) * 
C * Subroutine to p l o t ARP images; * 
C * * 
C * - P l o t s i n t e g e r i n ARP image a r r a y s ; * 
C * - M u l t i p l e image v e r s i o n ; * 
C * * 
C * Author: R i c h a r d Leaver * 
C * Cre a t e d : 8th June 1987 * 
C * Update :11th September 1987 * 
C * Frozen :20th J u l y 1988 * 
Q ************************************************ 

SUBROUTINE PICT(IMAGE, LENGTH, WIDTH, TITLE4, IMCNT) 
C 
C Define I m p l i c i t v a r i a b l e types; 
C 

IMPLICIT REAL*4(A - H,Q - Z) 
C 
C Define Image a r r a y ; 
C 

REAL*8 IMAGE(10,0:4,0:4) 
INTEGER LENGTH, WIDTH 

C 
C Define t i t l e s ; 
C 

CHARACTER*70 TI T L E 
CHARACTER*30 T I T L E l , TITLE2, TITLE3, TITLE4 

C 
C Define t i t l e s ; 
C 

TITLE = 'ARP ARRAY INPUT/OUTPUT' 
T I T L E l = 'LENGTH= ' 
TITLE2 = 'WIDTH= ' 
TITLE3 = 'IMAGE= ' 

C 
C Set p l o t parameters; 
C 

CALL BLUPEN 
C 
C Begin p l o t r o u t i n e 
C 

CALL PAPER(l) 
C 
C Set up p l o t t i n g space for l a s e r p r i n t e r ; 
C 0 < X < l ; 0 < Y < 0 . 8 a r the maximum allowed values; 
C Set up f o r one p l o t ; 
C 

CALL PSPACE(0.1, 0.8, 0.1, 0.8) 
C 
C Define mapping space onto PSPACE 
C T h i s i s f o r the t i t l e s ; 
C 

CALL MAP(0.0, 1.0, 0.0, l.O) 
C 
C Define c h a r a c t e r s i z e ; 
C 

CALL CTRMAG(7) 
C 
C Put t i t l e s on the p l o t ; 
C 

CALL PLOTCS(0.1, 0.9, TITLE) 
CALL PLOTCS(0.1, 0.1, T I T L E l ) 
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CALL PLOTNI(0.2, 0.1, LENGTH) 
CALL PLOTCS(0.4, 0.1, TITLE2) 
CALL PLOTNKO.S, 0.1, WIDTH) 
CALL PLOTCS(0.4, 0.05, TITLE3) 
CALL PLOTNI(0.5, 0.05, IMCNT - 1) 
CALL PLOTCS(0.1, 0.85, TITLE4) 

C 
C Draw a border round the area ; 
C 

CALL BLKPEN 
CALL BORDER 

C 
C Compute a r r a y s i z e f o r p l o t ; 
C 

XMIN = -1.0 
XMAX = FLOAT(WIDTH) +1.0 
YMIN = -1.0 
YMAX = FLOAT(LENGTH) +1.0 

C 
C Redefine PSPACE f o r the p l o t ; 
C 

CALL PSPACE(0.15, 0.75, 0.15, 0.75) 
C 
C Map new l i m i t s onto t h i s ; 
C 

CALL MAP(XMIN, XMAX, YMIN, YMAX) 
C 
C Draw blue c h a r a c t e r a t each ARP p o s i t i o n ; 
C and a v e r t i c a l l i n e r e p r e s e n t i n g the stimulus weight; 
C 
C I n c r e a s e c h a r a c t e r s i z e & c a l l a red pen; 
C 

CALL CTRMAG(20j 
CALL REDPEN 

C 

C 
DO 2 I = 0, LENGTH 

DO 1 J = 0, WIDTH - 1 
X = FLOAT(J) 
Y = FLOAT(I) 
CALL POSITN(X, Y) 
VAL = IMAGE(IMCNT,I,J) 

C 
C P l o t r e a l number with Idp. 
C 

CALL PLOTNF(X, Y, VAL, 1) 
1 CONTINUE 

C 
2 CONTINUE 

C 
C Close p i c t u r e on t h i s l e v e l ; 
C 

CALL FRAME 
RETURN 
END 
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Q ************************************************ 
C * S p e c i a l Purpose GHOST p l o t t i n g subroutine; * 
C * * 
C * - Routine generates p l o t s of ARP s i m u l a t i o n s . * 
C * - P l o t i s f o r s e l e c t e d ARP element (X,Y,Z) 
C * and draws the element performance i n terms * 
C * of %Performance a g a i n s t Standard D e v i a t i o n ; * 
C * - max N allow e d for = 10000 * 
C * - Routine uses *GH0ST80 * 
C * * 
C * Author: R i c h a r d Leaver * 
C * Created:2nd A p r i l 1986 * 
C * Update : 1 s t October 1987 
C * Frozen :20th J u l y 1988 * 
C ************************************************ 
C 

SUBROUTINE NPLOT(PLNOI, BOLFLG) 
C 
C Define I m p l i c i t v a r i a b l e type; 
C 

IMPLICIT REAL*4(A - H,Q - Z) 
C 
C Define a r r a y ; 
C 

REAL*4 PLNOK 0:10000) 
C 
C Define i n t e g e r s ; 
C 

INTEGER BOLFLG 
C 
C Define C h a r a c t e r v a r i a b l e s ; 
C 

CHARACTER*70 TI T L E , T I T L E l , TITLE2 
C 
C Enter t i t l e s ; 
C 

I F (BOLFLG .EQ. 0) THEN 
TITLE = • ARP SIMULATION - ELEMENT NOISE PERFORMANCE' 

END I F 
I F (BOLFLG .EQ. 1) THEN 

TITLE = ' HOPFIELD SIMULATION - ELEMENT NOISE PERFORMANCE' 
END I F 
I F (BOLFLG .EQ. 2) THEN 

TITLE = ' BACKPROPAGATION SIMULATION - ELEMENT NOISE PERFORMANCE 
&' 
END I F 
T I T L E l = 'STANDARD DEVIATION' 
TITLE2 = '% RECOGNITION ' 

C 
XMIN = 0.0 
XMAX =1.0 
YMIN = 0.0 
YMAX = 100.0 

C 
C S t a r t p l o t t i n g r o u t i n e ; 
C 

CALL PAPER(l) 
C 
C Define use of degrees; 
C 

CALL DEGREE 
C 
C Set up p l o t t i n g space for l a s e r p r i n t e r ; 
C 0 < X < 1 ; 0 < Y < 0.8 are the maximum allowed values ; 
C Set up fo r one p l o t ; 
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CALL PSPACE(0.1, 0.8, 0.1, 0.8) 
C 
C Define mapping space onto PSPACE 
C Th i s i s f o r the t i t l e s ; 
C 

CALL MAP(0.0, 1.0, 0.0, 1.0) 
C 
C Define c h a r a c t e r s i z e ; 
C 

CALL CTRMAG(7) 
C 
C Use Blue Pen; 
C 

CALL BLUPEN 
C 
C Put t i t l e s on the p l o t ; 
C 

CALL PLOTCS(0.1, 0.97, TITLE) 
CALL PLOTCS(0.4, 0.01, T I T L E l ) 
CALL CTRORI(90.0) 
CALL PLOTCS(0.02, 0.50, TITLE2) 
CALL CTRORI(O.O) 

C 
C Draw a border around the PSPACE defined area ; 
C 

CALL BORDER 
C 
C Redefine PSPACE f o r the p l o t ; 
C 

CALL PSPACE(0.15, 0.75, 0.15, 0.75) 
C 
C Define maximum and minimum values f o r X and Y ; 
C 

CALL MAP(XMIN, XMAX, YMIN, YMAX) 
C 
C Draw axes i n b l a c k ; 
C 

CALL BLKPEN 
CALL AXORIG(XMIN, YMIN) 
CALL AXORIG(XMIN, YMIN) 
CALL BORDER 
CALL SCALES 
CALL BORDER 

C 
C P l o t weights; 
C 

C 

C 

CALL REDPEN 

CALL POSITN(0., 0.) 

DO 1 I = 0, 10000 
X = FLOAT(I) / 10000.0 
Y = PLNOI(I) 
CALL JOIN(X, Y) 

1 CONTINUE 
C 
C Stop p i c t u r e on t h i s l e v e l ; 
C 

CALL FRAME 
RETURN 
END 
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Q ************************************************ 
C * S p e c i a l Purpose GHOST p l o t t i n g subroutine; * 
C * 
C * - Routine generates p l o t s of ARP s i m u l a t i o n s . * 
C * - P l o t i s f o r s e l e c t e d ARP element (X,Y,Z) * 
C * and draws the element weights on a s e l f * 
C * s c a l e d graph; * 
C * - max N allowed f o r = 10000 * 
C * - Routine uses *GH0ST80 * 
C * * 
C * Author: Rich a r d Leaver * 
C * Created:2nd A p r i l 1986 
C * Update :26th October 1987 * 
C « Frozen :20th J u l y 1988 * 
Q ************************************************ 
c 

SUBROUTINE ELPLOT(VALUES, STIVAL, LENGTH, WIDTH, MAXCNT, XELEM, 
& YELEM, ZELEM, BOLFLG) 

C 
C Define I m p l i c i t v a r i a b l e type; 
C 

IMPLICIT REAL*4(A - H,Q - Z) 
C 
C Define a r r a y s ; 
C 

REAL*4 VALUES(0:4,0:4,10000) 
REAL*4 STIVAL(10000) 

C 
C Define Real*8 f a c t o r ; 
C 

REAL*8 FACT 
C 
C Define Integer v a l u e s ; 
C 

INTEGER XELEM, YELEM, ZELEM, MAXCNT, LENGTH, WIDTH, BOLFLG 
C 
C Define Character v a r i a b l e s ; 

' C 
CHARACTER*70 T I T L E , T I T L E l , TITLE2, TITLE3 
CHARACTER*5 TITLE4, TITLE5, TITLE6 

C 
C E n t e r t i t l e s ; 
C 

I F (BOLFLG .EQ. 0) THEN 
TI T L E = ' ARP SIMULATION - ELEMENT ADAPTIVE WEIGHTS' 

END I F 
I F (BOLFLG -EQ. 1) THEN 

TIT L E = ' HOPFIELD SIMULATION - ELEMENT ADAPTIVE WEIGHTS' 
END I F 
I F (BOLFLG -EQ. 2) THEN 

TI T L E = ' BACKPROPAGATION SIMULATION - ELEMENT ADAPTIVE WEIGHTS' 
END I F 
T I T L E l = 'NO OF TRIALS' 
TITLE2 = 'ADAPTIVE WEIGHT VALUES ' 
TITLE3 = 'ELEMENT COORDINATES' 
TITLE4 = 'X = ' 
TITLES = 'Y = ' 
TITLE6 = 'Z = • 

C 
C I n i t i a l i s e X and Y coordinates to s u i t a b l e values 
C S e l f s c a l e ; 
C 
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C 

C 

C 

C 

c 

c 

c 

WGTMAX = l.OE-8 

DO 3 L = 0, LENGTH - 1 

DO 2 M ̂  0, WIDTH - 1 

DO 1 J = 1, MAXCNT 
WGTMAX = AMAXKABS(VALUES(L,M,J)),WGTMAX) 
WGTMAX = AMAX1(ABS(STIVAL(J)),WGTMAX) 

1 CONTINUE 

2 CONTINUE 

3 CONTINUE 
C 
C S c a l e up WGTMAX to be a 'nice' p l o t v a l u e ; 
C 
C 

DO 5 I = -7, 7 
FACT = lO.ODO ** I 

C 
DO 4 J = 0, 9 

FACTOR = FACT + DFLOAT(J) * FACT 
I F (FACTOR/WGTMAX .GE. 1.0) GO TO 6 

4 CONTINUE 

5 CONTINUE 

6 XMIN = 0 . 0 
XMAX = FLOAT(MAXCNT) 
YMIN = -1 * FACTOR 
YMAX = FACTOR 

C 
C S t a r t p l o t t i n g r o u t i n e ; 
C 

CALL PAPER(l) 
C 
C Define use of degrees; 
C 

CALL DEGREE 
C 
C Set up p l o t t i n g space f o r l a s e r p r i n t e r ; 
C 0 < X < 1 ; 0 < Y < 0 . 8 are the maximum allowed values ; 
C Set up f o r one p l o t ; 
C 

CALL PSPACE(0.1, 0.8, 0.1, 0.8) 
C 
C Define mapping space onto PSPACE 
C T h i s i s f o r the t i t l e s ; 
C 

CALL MAP(0.0, 1.0, 0.0, 1.0) 
C 
C Define c h a r a c t e r s i z e ; 
C 

CALL CTRMAG(7) 
C 
C Use Blue Pen; 
C 

CALL BLUPEN 
C 
C Put t i t l e s on the p l o t ; 
C 
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CALL PLOTCS(0.1, 0.97, TITLE) 
CALL .PLOTCS(0.4, 0.020, T I T L E l ) 
CALL CTRORI(90.0) 
CALL PLOTCS(0.02, 0.50, TITLE2) 
CALL CTRORI(O.O) 
CALL PLOTCS(0.1, 0.020, TITLE3) 
CALL PLOTCS(0.1, 0.01, TITLE4) 
CALL PLOTNKO.B, 0.01, XELEM) 
CALL PLOTCS(0.4, 0.01, TITLES) 
CALL PLOTNI(0.6, 0.01, YELEM) 
CALL PLOTCS(0..7, 0.01, TITLE6) 
CALL PLOTNI(0.9, 0.01, ZELEM) 

C 
C Draw a border around the PSPACE defined a r e a ; 
C 

CALL BORDER 
C 
C Redefine PSPACE for the pl o t ; 
C 

CALL PSPACE(0.15, 0.75, 0.15, 0.75) 
C 
C Define maximum and minimum values for X and Y ; 
C 

CALL MAP(XMIN, XMAX, YMIN, YMAX) 
C 
C Draw axes i n black; 
C 

CALL BLKPEN 
CALL AXORIG(XMIN, YMIN) 
CALL SCALES 
CALL BORDER 

C 
C P l o t weights; 
C 

CALL REDPEN 
C 

DO 9 L = 0, LENGTH - 1 
C 

DO 8 M = 0, WIDTH - 1 
CALL POSITN(0., 0.) 

C 
DO 7 J = 1, MAXCNT 

C 
C P l o t weights - Red fo r +ve and Black for -ve ; 
C 

C 

C 

C 

I F (VALUES(L,M,J) .LT. 0.0) THEN 
CALL BLKPEN 

ELSE 
CALL REDPEN 

END I F 
CALL J01N(FL0AT(J), VALUES(L,M,J)) 

CONTINUE 

8 CONTINUE 

9 CONTINUE 
C 
C P l o t s t imulus weight i n green; 

CALL GRNPEN 
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CALL POSITN(0. , 0. ) 
C 

DO 10 J = 1, MAXCNT 
CALL JOIN(FLOAT(J), S T I V A L ( J ) ) 

10 CONTINUE 
C 
C Stop p i c t u r e on t h i s l e v e l ; 
C 

CALL FRAME 
RETURN 
END 
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F O R T R A N 7 7 subroutine A R P . C A P T 
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c ************************************************ 
C * S p e c i a l Purpose GHOST p l o t t i n g subroutine; * 
C * 
C * - Routine generates p l o t s of ARP si m u l a t i o n * 
C * CASH reward v a l u e s ; * 
C * - max N allowed f o r = 100000 * 
C * - Routine uses *GHOST80 * 
C * 
C * Author: Rich a r d Leaver * 
C * Created:2nd A p r i l 1986 * 
C * Update :20th October 1987 * 
C * Frozen :20th J u l y 1988 * 
Q ************************************************ 
c 

SUBROUTINE CAPT(CSHPLT) 
C 
C Define I m p l i c i t v a r i a b l e type; 
C 

IMPLICIT REAL*4(A - H,Q - Z) 
C 
C Define a r r a y ; 
C 

REAL*4 CSHPLT(10000) 
C 
C Define C h a r a c t e r v a r i a b l e s ; 
C 

CHARACTER*70 T I T L E , T I T L E l , TITLE2 
C 
C Enter t i t l e s ; 
C 

TITLE = ' ARP SIMULATION - ARRAY REWARD VALUES' 
T I T L E l = 'NO OF TRIALS' 
TITLE2 = 'REWARD VALUES' 

C 
XMIN = 0 . 0 
XMAX = 10000.0 
YMIN = 0.0 
YMAX = 1 . 0 

C 
C s t a r t p l o t t i n g r o u t i n e ; 
C 

CALL PAPER(l) 
C 
C Define use of degrees; 
C 

CALL DEGREE 
C 
C Set up p l o t t i n g space f o r l a s e r p r i n t e r ; 
C 0 < X < 1 ; 0 < Y < 0 . 8 are the maximum allowed values ; 
C Set up f o r one p l o t ; 
C 

CALL PSPACE(0.1, 0.8, 0.1, 0.8) 
C 
C Define mapping space onto PSPACE 
C T h i s i s f o r the t i t l e s ; 
C 

CALL MAP(0.0, 1.0, 0.0,.1.0) 
C 
C Define c h a r a c t e r s i z e ; 
C 

CALL CTRMAG(7) 
C 
C Use Blue Pen; 
C 
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CALL BLUPEN 
C 
C Put t i t l e s on the p l o t ; 
C 

CALL PL0TCS(0.1, 0.97, TITLE) 
CALL PLOTCS(0.4, 0.1, T I T L E l ) 
CALL CTRORI(90.0) 
CALL PLOTCS(0.02, 0.50, TITLE2) 
CALL CTRORI(O.O) 

C 
C Draw a border around the PSPACE defined a r e a ; 
C 

CALL BORDER 
C 
C Redefine PSPACE f o r the p l o t ; 
C 

CALL PSPACE(0.15, 0.75, 0.15, 0.75) 
C 
C Define maximum and minimum va l u e s f o r X and Y ; 
C 

CALL MAP(XMIN, XMAX, YMIN, YMAX) 
C 
C Draw axes i n b l a c k ; 
C 

CALL BLKPEN 
CALL AXORIG(XMIN, YMIN) 
CALL SCALES 
CALL BORDER 

C 
C P l o t weights; 
C 

C 

C 

CALL REDPEN 

CALL POSITN(0., 0.) 

DO 1 I = 1, 10000 
X = FLOATd ) 
Y = CSHPLT(I) 
CALL JOIN(X, Y) 

1 CONTINUE 
C 
C Stop p i c t u r e on t h i s l e v e l ; 
C 

CALL FRAME 
RETURN 
END 
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C * * * * x x * * * * * * * * * * * * * * * * * * * * * « * * * * * * * * * * * * « * * * * * * « 

C * A s s o c i a t i v e Reward-Punish Element (ARP) * 
C * Data i n i t i a l i s a t i o n subroutine; * 
C * * 
C * - T h i s r o u t i n e i n i t i a l i s e s the BLOCK data * 
C * fo r the ARP.NET type program; * 
C * - Routine uses DOUBLE PRECISION v a r i a b l e s ; * 
C * * 
C * Author: R i c h a r d Leaver * 
C * Created :20th May 1987 * 
C * Update : 6th January 1988 * 
C * Frozen :20th J u l y 1988 * 
C ************************************************ 

BLOCK DATA INIT 
C 
C Define e v e r y t h i n g as i m p l i c i t REAL*8 
C 

IMPLICIT REAL*8(A - H,Q - Z) 
C 
C Define Common Blocks and i n i t i a l i s e using a BLOCK data statement; 
C 
C Define Frame - Max X x Y x Z 
C 
C FRAME(0:X-1,0:Y-1,N+1) 
C 
C F i n a l Frame N+1 i s the output; 
C 

REAL*8 FRAME(0:4,0:4,5) 
C 
C Define X inputs the ARP elements with Z Frames 
C 

REAL*8 XIN(0:25,4) 
C 
C Define Weights f o r X x Y ARP elements with Z Frames; 
C 

REAL*8 WEIGHT(0:4,0:4,4,0:4,0:4) 
C 
C Define Stimulus f o r X x Y ARP elements with Z Frames; 
C 

REAL*8 STIM(0:4,0:4,4) 
C 
C Save SUMS fo r X x Y ARP elements, Z Frames ; 
C 

REAL*8 SUMS(0:4,0:4,4) 
C 
C Define Frame s h i f t r e g i s t e r ; 
C 

REAL*8 SHIFT1(0:4,0:4,4,0:20) 
C 
C Define E r r o r s h i f t r e g i s t e r ; 
C 

REAL*8 SHIFT2(0:4,0:4,4,0:20) 
C 
C Define Sum s h i f t r e g i s t e r ; 
C 

REAL*8 SHIFT3(0:4,0:4,4,0:20) 
C 
C Define Weights s h i f t r e g i s t e r ; 
C 

REAL*8 SHIFT4(0:4,0:4,4,0:25) 
C 
C Define Reward block; 
C 
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INTEGER REWARD(0:4,0:4), GLOREW 
C 
C I n t e g e r s ; 
C 

INTEGER LENGTH, WIDTH, DEPTH, BAT 
C 
C Real *8 v a r i a b l e s ; 
C 

REAL*8 RHO, TEMP, LAMBDA, PN 
C 
C Define Common block One; 
C 

COMMON /ONE/ FRAME, WEIGHT, SUMS, STIM, LENGTH, WIDTH, DEPTH, 
& REWARD, GLOREW 

C 
C Define Common Block Two; 
C 

COMMON /TWO/ RHO, TEMP, LAMBDA, PN 
C 
C Define Common Block Three; 
C 

COMMON /THREE/ XIN 
C 
C Define Common Block F i v e ; 
C 

COMMON /F I V E / S H I F T l , SHIFT2, SHIFT3, SHIFT4, ISHIFT, IBCNT, BAT 
C 
C I n i t i a l i s e Frame; 
C 

DATA FRAME /125*0.0D0/ 
C 
C I n i t i a l i s e Xinput; 
C 

DATA XIN /104*0.0D0/ 
C 
C I n i t i a l i s e Weight; 
C 

DATA WEIGHT /2500*0.0D0/ 
C 
C I n i t i a l i s e Stimulus; 
C 

DATA STIM /100*0.0D0/ 
C 
C I n i t i a l i s e Sums; 
C 

DATA SUMS /100*0.0D0/ 
C 
C I n i t i a l i s e Reward block; 
C 

DATA REWARD /25*0/ 
C 
C I n i t i a l i s e Frame s h i f t r e g i s t e r ; 
C 

DATA SHIFTl /2100*0.0D0/ 
C 
C I n i t i a l i s e sum s h i f t r e g i s t e r ; 
C 

DATA SHIFT2 /2100*0.0D0/ 
C 
C I n i t i a l i s e e r r o r s h i f t r e g i s t e r ; 
C 

188 



DATA SHIFT3 /2100*1.0D0/ 
C 
C I n i t i a l i s e weights s h i f t r e g i s t e r ; 
C 

DATA SHIFT4 /2500*0.0D0/ 
C 
C Return; 
C 

END 
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F O R T R A N ? ? program A R P . l E L 

- one AR_P element simulation 
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c «****««*««*«***«*«*«««**««**««*««««««**««*««*««« 
C * A s s o c i a t i v e Reward-Punish Element (ARP) * 
C * S i m u l a t i o n L i n k i n g Program. * 
C * « 
C * * 
C * - T h i s program s i m u l a t e s one ARP element * 
C * and outputs the performance average * 
C * Mk over n sequences of up to 10000 * 
C « t r i a l s ; * 
C « - Three cases f o r Lambda are taken - * 
C * 0.01,0-05,0.25 * 
C * - The NAG r o u t i n e G05CBF(1) i n i t i a l i s e s the * 
C * random number generator to « 
C * r e p e a t a b l e sequences. * 
C * - Subroutines c a l l e d ; * 
C * ARP i n ARP-SUB * 
C * PSI i n ARP.FUNC » 
C * *NAG « 
C * * 
C « * 
C * Author: Richard Leaver * 
C * C r e a t e d : 17th January 1987 * 
C « Update : 19th March 1987 * 
C * Frozen : 23rd March 1987 * 
C J************************************************ 

PROGRAM ONE 
C 
C Define averaging a r r a y f o r Reward l i n e ; 
C ( f o r t h r e e cases of Lambda) 
C 

IMPLICIT REAL*8(A - H,0 - Z) 
REAL*8 SAVE{10000,3), WGTl(10000,3), WGT2(10000,3) 

C 
C Define Lambda a r r a y ; 
C 

REAL*8 LAM(3) 
C 
C Define a l l v a r i a b l e s as DOUBLE PRECISION; 
C 
C Define R e a l v a r i a b l e s element 1; 
C 

REAL*8 PN, CASH, RHO, TEMP, MK, LAMBDA, PSI 
REAL*8 W l ( l O ) , X I ( 1 0 ) , G05CAF 
REAL*8 PK1(2) 

C 
C Define I n t e g e r v a r i a b l e s element 1; 
C 

INTEGER Y l , TRIAL, REWARD, YINTl 
C 
C I n i t i a l i s e Random Number Generator (repeatable sequences); 
C 

CALL G05CBF(1) 
PN = l.ODO 

C 
C Set max time; 
C 

MAXTIM = 10000 
C 
C I n i t i a l i s e SAVE & Weight a r r a y s ; 
C 

DO 2 I = 1, MAXTIM 
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DO 1 J = 1, 3 
SAVE(I,J) = O.ODO 
WGT1(I,J) = O.ODO 
WGT2(I,J) = O.ODO 

1 CONTINUE 
C 

2 CONTINUE 
C 
C Put values i n Lambda array; 
C 

LAM(l) = O.OIDO 
LAM(2) = 0.05D0 
LAM(3) = 0.25D0 

C 
C Set i n i t i a l parameters Element 1; 
C 
C X l l i s set t o be a constant i n p u t of 1; 
C X12 i s set randomly; 
C 

X l ( l ) = l.ODO 
C 

DO 3 K = 3, 10 
X1(K) = O.ODO 

3 CONTINUE 
C 
C Read v a r i a b l e s ; 
C 

WRITE (6,*)'Please enter values f o r Rho,Temp and Maxcnt' 
READ (5,*) RHO, TEMP, MAXCNT 

C 
C Do Lambda loop 
C 

DO 7 LCOUNT = 1, 3 
LAMBDA = LAM(LCOUNT) 

C 
C Do Averaging loop; 
C 

DO 6 ICOUNT = 1, MAXCNT 
IF (M0D(IC0UNT,5) .EQ. 0) WRITE (6,*) ICOUNT 

C 
C Set i n i t i a l weights Element 1 t o zero; 
C 

DO 4 K = 1, 10 
W1(K) = O.ODO 

4 CONTINUE 
C 
C Begin loop; 
C 

DO 5 TRIAL = 1, MAXTIM 
C 
C Generate Random X12 ( e i t h e r 0 or 1 with p r o b a b i l i t y 0.5); 
C 

PN = G05CAF(PN) 
IF (PN .LT. (0.5D0)) THEN 

Xl(2 ) = l.ODO 
ELSE 

Xl(2 ) - O.ODO 
END IF 

C 
C C a l l ARP element 1; 
C 
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CALL ARP(X1, Y l , YINTl, SUMl, REWARD, Wl, RHO, TEMP, LAMBDA, 
& PN, 0) 

C 
C Calculate CASH REWARD; 
C 

IF ( ( y i .EQ. 1) .AND. (Xl ( 2 ) .EQ. O.ODO)) CASH = O.IDO 
IF ( ( Y l .EQ. 0) .AND. (Xl ( 2 ) .EQ. O.ODO)) CASH = 0.9D0 
IF ( ( Y l .EQ. 1) .AND. (Xl ( 2 ) .EQ. l.ODO)) CASH = 0.9D0 
IF ( ( Y l .EQ. 0) .AND. (Xl ( 2 ) .EQ. l.ODO)) CASH = O.IDO 

C 
C Now encode the REWARD Line (PN between 0 & 1 ) ; 
C 

PN = G05CAF(PN) 
IF (PN .LT. CASH) THEN 
REWARD = 1 

ELSE 
REWARD = -1 

END IF 
C 
C C a l l ARP element 1; 
C 

CALL ARP(XI, Y l , YINTl, SUMl, REWARD, Wl, RHO, TEMP, LAMBDA, 
& PN, 1) 

C 
C Calculate performance; 
C Define vectors as f o l l o w s ; 
C 
C 1 = 1,0 
C 2 = 1,1 
C 
C Calculate Pkill - P r o b a b i l i t y t h a t Yl i s '1' due t o X(1,0) ; 
C 

P K l ( l ) = PSI(W1(1),O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,0. 
& ODO,O.ODO,O.ODO,TEMP) 

C 
C Calculate P)cl2 - P r o b a b i l i t y t h a t Yl i s '1' due t o X ( l , l ) ; 
C 

PK1(2) = PSKWld) ,W1(2) ,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,0. 
& ODO,O.ODO,O.ODO,TEMP) 

C 
C Calculate Mk ; 
C 

MK = 0.50D0 * (0.1D0*PK1(1) + (0.9D0*(1.ODO-PKl(1)))) + 0. 
& 50D0 * (0.9D0*PK1(2) + (0.IDO*(1.ODO-PKl(2)))) 

C 
C Debug Mk check o p t i o n ; 
C 
C WRITE(1,*)MK 
C 
C Put Average i n SAVE array; 
C 

SAVE(TRIAL,LCOUNT) = MK + SAVE(TRIAL,LCOUNT) 
C 
C Put weights i n WGT arrays; 
C 

WGT1(TRIAL,LC0UNT) = W l ( l ) + WGT1(TRIAL,LCOUNT) 
WGT2(TRIAL,LCOUNT) = Wl(2) + WGT2(TRIAL,LCOUNT) 

C 
C End T r i a l loop; 
C 
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5 CONTINUE 
C 
C End MAXCNT loop; 
C 

6 CONTINUE 
C 
C End Lambda loop; 
C 

7 CONTINUE 
C 
C Write out Mk f o r a l l cases; 
C 

DO 8 JCOUNT = 1, MAXTIM 
WRITE (2,*) JCOUNT, SAVE(JCOUNT,1) / DFLOAT(MAXCNT), 

& SAVE(JCOUNT,2) / DFLOAT(MAXCNT), SAVE(JCOUNT,3) / DFLOAT( 
& MAXCNT) 
8 CONTINUE 

C 
C Write out Weight 1 averages f o r a l l cases; 
C 

DO 9 JCOUNT = 1, MAXTIM 
WRITE (3,*) JCOUNT, WGT1(JCOUNT,1) / DFLOAT(MAXCNT), 

Sc WGT1( JCOUNT,2) / DFLOAT(MAXCNT), WGTl(JCOUNT, 3 ) / DFLOAT( 
Sc MAXCNT) 
9 CONTINUE 

C 
C Write out Weight 2 averages f o r a l l cases; 
C 

DO 10 JCOUNT = 1, MAXTIM 
WRITE (4,*) JCOUNT, WGT2(JCOUNT,1) / DFLOAT(MAXCNT), 

& WGT2(JCOUNT,2) / DFLOAT(MAXCNT), WGT2(JCOUNT,3) / DFLOAT( 
& MAXCNT) 

10 CONTINUE 
C 

STOP 
END 
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Q ************************************************ 
C * Associative Reward-Punish Element (ARP) * 
C * Simulation Subroutine. * 
C * * 
C * - This subroutine simulates one ARP element * 
C * w i t h 10 possible X i n p u t s ; * 
C * - The inputs are - * 
C * X(l,10) and REWARD ; * 
C * - LAMBDA (Real*8) - Learning Rate ; * 
C * - ACTION - This defines what the subroutine * 
C * does on e n t r y . ; * 
C * - I f ACTION=0 then the element c a l c u l a t e s * 
C * the summation, and encodes t h i s using the * 
C * Psi d i s t r i b u t i o n ; * 
C * - I f ACTI0N=1 then the element c a l c u l a t e s * 
C * weights according t o the reward i n p u t ; * 
C * - The output i s - * 
C * Y ( i n t e g e r +1/0) - This i s expressed * 
C * i n t e r n a l l y f o r the element as (+1/-1) * 
C * i n order t o allow weight updates; * 
C * - The weights f o r each element, Wl etc * 
C * are passed through t o the main program * 
C * i n order t o preserve t h e i r values; * 
C * - The NAG r o u t i n e G05CAF i s used t o provide * 
C * uniform random numbers between 0 and 1. * 
C * - The NAG r o u t i n e G05CCF must be c a l l e d i n * 
C * the Main program t o ensure non-repeatable * 
C * sequences. * 
C * - A non uniform d i s t r i b u t i o n i s generated * 
C * by using the Inve r s i o n method. * 
C * - Program uses DOUBLE PRECISION v a r i a b l e s ; * 
C * - Subroutines c a l l e d ; * 
C * *NAG * 
C * * 
C * Author: Richard Leaver * 
C * Created: 17th January 1987 * 
C * Update : 19th March 1987 * 
C * Frozen : 23rd March 1987 * 
Q ************************************************ 

SUBROUTINE ARP(X, Y, YINT, SUM, REWARD, W, RHO, TEMP, LAMBDA, PN, 
Sc ACTION) 

C 
C Define a l l v a r i a b l e s as DOUBLE PRECISION; 
C 

REAL*8 W(10), INC(IO), X(10) 
REAL*8 PN, TEMP, RHO, G05CAF 
REAL*8 THRESH, SUM, E, LAMBDA 

C 
C Define Integer variables;-
C 

INTEGER Y, YINT, REWARD, ACTION 
C 
C I f ACTION i s 0 then do summation and encoding; 
C 

IF (ACTION .EQ. 0) THEN 
C 
C Calculate Summation; 
C 

SUM = O.ODO 
C 

DO 1 ICOUNT = 1, 10 
SUM = SUM + X(ICOUNT) * W(ICOUNT) 
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1 CONTINUE 
C 
C Encode t h i s summation w i t h a sp e c i a l d i s t r i b u t i o n ; 
C P s i = ( l + e x p ( - s / t ) ) A - 1 
C 
C This i s implemented using a equiprobable random number u; 
C using the Inversion Method; 
C s = - t . l n [ l / u - l ] 
C 

PN = G05CAF(PN) 
THRESH = -l.ODO * TEMP * DLOG(1.ODO/PN - l.ODO) 
IF (SUM .GT. (-1.0D0*THRESH)) THEN 
Y = 1 
YINT = 1 

ELSE 
Y = 0 
YINT = -1 

END IF 
ELSE 

C 
C I f ACTION i s 1 then c a l c u l a t e the weight update; 
C 
C 
C Calculate D i s t r i b u t i o n Function E; 
C 

E = (DEXP(SUM/TEMP) - l.ODO) / (DEXP(SUM/TEMP) + l.ODO) 
C 
C Amend weights - change i n weight = INC1,INC2 ; 
C 

DO 2 ICOUNT = 1, 10 
IF (REWARD .EQ. 1.) THEN 

INC(ICOUNT) = RHO * (REWARD*DFLOAT(YINT) - E) * X(ICOUNT) 
ELSE 

INC(ICOUNT) = LAMBDA * RHO * (REWARD*DFLOAT(YINT) - E) * X( 
& ICOUNT) 

END IF 
W(ICOUNT) = W(ICOUNT) + INC(ICOUNT) 

2 CONTINUE 
C 
C End ACTION IF ; 
C 

END IF 
RETURN 
END 
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c ************************************************ 
C * Associative Reward-Punish Element (ARP) * 
C * Simulation Function Routine; * 
C * * 
C * - This f u n c t i o n computes the Psi p r o b a b i l i t y * 
C * t h a t an element w i l l f i r e w i t h 10 possible * 
C * Weight inputs and one Temperature i n p u t ; * 
C * - The inputs are - * 
C * WT(1,10) and TEMP ( a l l Real*8) * 
C * - Unused WT inputs must be set t o O.ODO ; * 
C * - Program uses DOUBLE PRECISION v a r i a b l e s ; * 
C 
C * Author: Richard Leaver * 
C * Created: 6th March 1987 * 
C * Update : 19th March 1987 * 
C * Frozen : 23rd March 1987 * 
C ************************************************ 

DOUBLE PRECISION FUNCTION PSI(WTl,WT2,WT3,WT4,WT5,WT5,WT7,WTB,WT9, 
& WT10,TEMP) 

C 
C Define a l l Real*8 v a r i a b l e s ; 
C 

REAL*8 WTl, WT2, WTB, WT4, WT5, WT6, WT7, WT8, WT9, WTIO, TEMP 

C 
C Compute f u n c t i o n ; 
C 

IF ((WTl + WT2 + WTB + WT4 + WT5 + WT6 + WT7 + WT8 + WT9 + WTIO)/ 
& TEMP .GT. 10.ODO) THEN 

PSI = l.ODO 
ELSE 

IF ((WTl + WT2 + WTB + WT4 + WT5 + WT6 + WT7 + WT8 + WT9 + WTIO) 
& /TEMP .LT. - 10.ODO) THEN 

PSI = O.ODO 
ELSE 

PSI = l.ODO / (1.0D0+DEXP(-(WT1 + WT2 + WTB + WT4 + WT5 + WT6 
& + WT7 + WT8 + WT9 + WTIO)/TEMP)) 

END IF 
END IF 

C 
C Return t o c a l l i n g program; 
C 

RETURN 
END 

200 



F O R T R A N 7 7 program A R P . 2 E L 
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c ************************************************ 
C * Associative Reward-Punish Element (ARP) * 
C * Simulation L i n k i n g Program. * 
C « * 
C * * 
C * - This program simulates two ARP elements * 
C * connected as i n the second example of the * 
C * Learning by s t a t i s t i c a l cooperation paper « 
C * and outputs the performance average * 
C * Mk over n sequences of up t o 10000 * 
C * t r i a l s ; * 
C * - Both element weights are also output; * 
C * - Three cases f o r Lambda are taken - * 
C * 0.01,0.05,0.25 * 
C * - The NAG r o u t i n e G05CCF i n i t i a l i s e s the * 
C * random number generator t o non * 
C * repeatable sequences. * 
C * - Subroutines c a l l e d ; * 
C * ARP i n ARP.SUB 
C « PSI i n ARP.FUNC 
C * *NAG * 
C * * 
C 
C * Author: Richard Leaver * 
C * Created: 17th January 1987 * 
C * Update : 17th June 1987 * 
C * Frozen : 6th June 1987 * 
C ************************************************ 

PROGRAM TWO 
C 
C Define averaging array f o r Reward l i n e ; 
C ( f o r three cases of Lambda) 
C 

IMPLICIT REAL*8(A - H,0 - Z) 
REAL*8 SAVE(10000,3) , WGTl(10000,3), WGT2(10000,3) 
REAL*8 WGT3(10000,3), WGT4(10000,3) 

C 
C Define Lambda arr a y ; 
C 

REAL*8 LAM(3) 
C 
C Define a l l v a r i a b l e s as DOUBLE PRECISION; 
C 
C Define Real v a r i a b l e s element 1; 
C 

REAL*8 PN, CASH, RHO, TEMP, MK, LAMBDA, PSI 
REAL*8 Wl(lO), X I ( 1 0 ) , G05CAF 
REAL*8 PK1(2) 

C 
C Define Real v a r i a b l e s element 2; 
C 

REAL*8 W2(10), X2(10) 
REAL*8 PK2(2) 

C 
C Define Integer variables element 1; 
C 

INTEGER Y l , TRIAL, REWARD, YINTl 
C 
C Define Integer variables element 2; 
C 

INTEGER Y2, YINT2 
C 
C I n i t i a l i s e Random Number Generator (non-repeatable sequences); 
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CALL G05CCF 
PN = l.ODO 

C 
C Set max time; 
C 

MAXTIM = 10000 
C 
C I n i t i a l i s e SAVE & Weight arrays; 
C 

DO 2 I = 1, MAXTIM 
C 

DO 1 J = 1, B 
SflVE(I,J) = O.ODO 
WGT1(I,J) = O.ODO 
WGT2(I,J) = O.ODO 
WGTB(I,J) = O.ODO 
WGT4(I,J) = O.ODO 

1 CONTINUE 
C 

2 CONTINUE 
C 
C Put values i n Lambda array; 
C 

LAM(l) = O.OIDO 
LAM(2) = 0.05D0 
LAM(B) = O.25D0 

C 
C Set i n i t i a l parameters Element 1 & 2; 
C 
C X l l and X21 are set t o have a constant input of 1; 
C X12 i s set randomly; 
C X22 i s Y l ; 
C 

X l ( l ) - l.ODO 
X2( l ) = l.ODO 

C 
DO 3 K = 3, 10 

X1(K) = O.ODO 
X2(K) = O.ODO 

3 CONTINUE 
C 
C Read v a r i a b l e s ; 
C 

WRITE (6,*)'Please enter values f o r Rho,Temp and Maxcnt' 
READ (5,*) RHO, TEMP, MAXCNT 

C 
C Do Lambda loop 
C 

DO 7 LCOUNT = 1, 3 
LAMBDA = LAM(LCOUNT) 

C 
C Do Averaging loop; 
C 

DO 6 ICOUNT = 1, MAXCNT 
C 
C Set i n i t i a l weights Element 1 & 2 t o zero; 
C 

DO 4 K = 1, 10 
W1(K) = O.ODO 
W2(K) = O.ODO 
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4 CONTINUE 
C 
C Begin loop; 
C 

DO 5 TRIAL = 1, MAXTIM 
C 
C Generate Random X12 ( e i t h e r 0 or 1 wi t h p r o b a b i l i t y 0.5); 
C 

PN = G05CAF(PN) 
IF (PN .LT. (0.5D0)) THEN 

Xl ( 2 ) = l.ODO 
ELSE 

Xl ( 2 ) = O.ODO 
END IF 

C 
C C a l l ARP element 1; 
C 

CALL ARP(X1, Y l , YINTl, SUMl, REWARD, Wl, RHO, TEMP, LAMBDA, 
& PN, 0) 

C 
C Connect elements; 
C 

X2(2) - DFLOAT(Yl) 
C 
C C a l l ARP element 2; 
C 

CALL ARP(X2, Y2, YINT2, SUM2, REWARD, W2, RHO, TEMP, LAMBDA, 
& PN, 0) 

C 
C Calculate CASH REWARD; 
C 

IF ((Y2 .EQ. 1) .AND. (X l ( 2 ) .EQ. l.ODO)) CASH = 0.9D0 
IF ((Y2 .EQ. 0) -AND. ( X l ( 2 ) .EQ. l.ODO)) CASH = O-IDO 
IF ((Y2 .EQ. 1) -AND. (X l ( 2 ) .EQ. O.ODO)) CASH = O.IDO 
IF ((Y2 .EQ. 0) .AND. (X l ( 2 ) .EQ. O.ODO)) CASH = 0.9DO 

C 
C Now encode the REWARD Line (PN between 0 & 1 ) ; 
C 

PN = G05CAF(PN) 
IF (PN .LT. CASH) THEN 
REWARD = 1 

ELSE 
REWARD = -1 

END IF 
C 
C C a l l ARP element 1; 
C 

CALL ARP(XI, Y l , YINTl, SUMl, REWARD, Wl, RHO, TEMP, LAMBDA, 
& PN, 1) 

C 
C C a l l ARP element 2; 
C 

CALL ARP(X2, y2, YINT2, SUM2, REWARD, W2, RHO, TEMP, LAMBDA, 
& PN, 1) 

C 
C Calculate performance; 
C Define vectors as f o l l o w s ; 
C 
C 1 = 1,0 
C 2 = 1,1 
C 
C Calculate P k l l - P r o b a b i l i t y t h a t Yl i s ' 1 ' due to X(1,0) ; 
C 
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P K l ( l ) = PSKWld),O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,0. 
& ODO, O.ODO,O.ODO,TEMP) 

C C Calculate Pkl2 - P r o b a b i l i t y t h a t Yl i s '1 ' due t o X ( l , l ) ; 
C 

PK1(2) = PSI(W1(1),W1(2),O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,0. 
& ODO,O.ODO,O.ODO,TEMP) 

C 
C Calculate Pk21 - P r o b a b i l i t y t h a t Y2 i s '1 ' due t o X(1,0) ; 
C 

PK2(1) = P K l ( l ) * PSI(W2(1),W2(2),O.ODO,O.ODO,O.ODO,0.000,0. 
& ODO,O.ODO,O.ODO,O.ODO,TEMP) + (1.ODQ-PKl(1)) * PSI(W2(1),0. 
& ODO,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,TEMP) 

C 
C Calculate Pk22 - P r o b a b i l i t y t h a t Y2 i s '1 ' due t o X ( l , l ) ; 
C 

PK2(2) = PK1(2) * PSI(W2{1),W2(2),O.ODO,O.ODO,O.ODO,O.ODO,0. 
& ODO,O.ODO,O.ODO,O.ODO,TEMP) + (1.ODO-PKl(2)) * PSI(W2(1),0. 
& ODO,0.ODO,0.ODO,0.ODO,0.ODO,0.ODO,0.ODO,0.ODO,0.ODO,TEMP) 

C 
C Calculate Mk ; 
C 

MK = 0.50D0 * (0.1D0*PK2(1) + (0.9*(1.0D0-PK2(1)))) + 0. 
& 50D0 * (0.9D0*PK2(2) + (0.1*(1.0D0-PK2(2)))) 

C 
C Debug Mk check o p t i o n ; 
C 
C WRITE(1,*)MK 
C 
C Put Average i n SAVE array; 
C 

SAVE(TRIAL,LCOUNT) = MK + SAVE(TRIAL,LCOUNT) C 
C Put weights i n WGT arrays; 
C 

WGTl(TRIAL,LCOUNT) = W l ( l ) + WGTl(TRIAL,LCOUNT) 
WGT2(TRIAL,LCOUNT) = Wl(2) + WGT2(TRIAL,LCOUNT) 
WGT3(TRIAL,LCOUNT) = W2(l) + WGT3(TRIAL,LCOUNT) 
WGT4(TRIAL,LCOUNT) = W2(2) + WGT4(TRIAL,LCOUNT) 

C 
C End T r i a l loop; 
C 

5 CONTINUE 
C 
C End MAXCNT loop; 
C 

6 CONTINUE 
C 
C End Lambda loop; 
C 

7 CONTINUE 
C 
C Write out Mk f o r a l l cases; 
C 

DO 8 JCOUNT = 1, MAXTIM 
WRITE (2,*) JCOUNT, SAVE(JCOUNT,!) / DFLOAT(MAXCNT), 

& SAVE(JCOUNT,2) / DFLOAT(MAXCNT), SAVE(JCOUNT,3) / DFLOAT( 
& MAXCNT) 
8 CONTINUE 

C 
C Write out Weight 1 averages for a l l cases; 
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DO 9 JCOUNT = 1, MAXTIM 
WRITE (3,*) JCOUNT, WGTl(JCOUNT,1) / DFLOAT(MAXCNT), 

& WGTl(JCOUNT,2) / DFLOAT(MAXCNT), WGT1(JCOUNT,3) / DFLOAT( 
& MAXCNT) 
9 CONTINUE 

C 
C Write out Weight 2 averages f o r a l l cases; 
C 

DO 10 JCOUNT = 1, MAXTIM 
WRITE (4,*) JCOUNT, WGT2(JCOUNT,1) / DFLOAT(MAXCNT), 

& WGT2(JCOUNT,2) / DFLOAT(MAXCNT), WGT2(JCOUNT,B) / DFLOAT( 
Sc MAXCNT) 

10 CONTINUE 
C 
C Write out Weight 3 averages f o r a l l cases; 
C 

DO 11 JCOUNT = 1, MAXTIM 
WRITE (13,*) JCOUNT, WGT3(JCOUNT,1) / DFLOAT(MAXCNT), 

& WGT3(JCOUNT,2) / DFLOAT(MAXCNT), WGT3(JCOUNT,3) / DFLOAT( 
& MAXCNT)• 

11 CONTINUE 
C 
C Write out Weight 4 averages f o r a l l cases; 
C 

DO 12 JCOUNT = 1, MAXTIM 
WRITE (14,*) JCOUNT, WGT4(JCOUNT,1) / DFLOAT(HAXCNT), 

& WGT4(JCOUNT,2) / DFLOAT(MAXCNT), WGT4(JCOUNT,3) / DFLOAT( 
& MAXCNT) 

12 CONTINUE 
C 

STOP 
END 
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c ************************************************ 
C * Associative Reward-Punish Element (ARP) * 
C * Simulation L i n k i n g Program. * 
C * * 
C * * 
C * - This program simulates two ARP elements * 
C * connected i n p a r a l l e l and outputs the * 
C * performance average f o r the EXCLUSIVE OR, * 
C * Mk over n sequences of up t o 10000 * 
C * t r i a l s ; * 
C * - Three cases f o r Lambda can be selected; * 
C * 0.08,0.10,0.25 * 
C * - The NAG ro u t i n e G05CCF i n i t i a l i s e s the * 
C * random number generator t o non * 
C * repeatable sequences. * 
C * - This case i s f o r the t h i r d example i n the * 
C * Learning by s t a t i s t i c a l cooperation paper. * 
C * - Subroutines c a l l e d ; * 
C * ARP i n ARP.SUB « 
C * PSI i n ARP.FUNC 
C * *NAG * 
C * * 
c 
C * Author: Richard Leaver * 
C * Created: 17th January 1987 * 
C * Update : 6th May 1987 * 
C * Frozen : 7th A p r i l 1988 * 
C ************************************************ 

PROGRAM EXOR 
C 
C Define averaging arrays f o r Mk and Weights; 
C ( f o r three cases of Lambda) 
C 

IMPLICIT REAL*8(A - H,0 - Z) 
REAL*8 SAVE(10000,3) 
REAL*8 WGTlK10000,3), WGT12(10000,3), WGT13(10000,3) 
REAL*8 WGT21(10000,3), WGT22(10000,3), WGT23(10000,3) 
REAL*8 WGT24(10000,3) 

C 
C Define Lambda array; 
C 

REAL*8 LAM(3) 
C 
C Define a l l variables as DOUBLE PRECISION; 
C 
C Define Real variables element 1; 
C 

REAL*8 PN, CASH, RHO, TEMP, MK, LAMBDA, PSI 
REAL*8 Wl(lO), X I ( 1 0 ) , G05CAF 
REAL*8 PK1(4) 

C 
C Define Real variables element 2; 
C 

REAL*8 W2(10), X2(10) 
REAL*8 PK2(4) 

C 
C Define Integer variables element 1; 
C INTEGER Y l , TRIAL, REWARD, YINTl 
C 
C Define Integer variables element 2; 
C 
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INTEGER y2, YINT2 
C C I n i t i a l i s e Random Number Generator (non-repeatable sequences); 
C 

CALL G05CCF 
PN = l.ODO 

C 
C Set max time; 
C 

MAXTIM = 10000 
C 
C I n i t i a l i s e SAVE and Weight arrays; 
C 

DO 2 I = 1, MAXTIM 
C 

DO 1 J = 1, 3 
SAVE{I,J) = = 0.1 ODO 
WGT11(I,J) = 0 .ODO 
WGT12(I,J) = 0 .ODO 
WGT13(I,J) = 0 .ODO 
WGT21(I,J) = 0 .ODO 
WGT22(I,J) = 0 .ODO 
WGT23(I,J) = 0 .ODO 
WGT24(I,J) = 0 .ODO 

1 CONTINUE 
C 

2 CONTINUE 
C 
C Put values i n Lambda array; 
C 

LAM(l) = 0.08DO 
LAM(2) = O.IODO 
LAM(3) ̂  0.25D0 

C 
C Set i n i t i a l parameters Element 1; 
C 
C X l l and X12 are set randomly; 
C X13 i s set t o be a constant input of 1; 
C 

Xl ( 3 ) = l.ODO 
C 

DO 3 K = 4, 10 
X1(K) ^ O.ODG 

3 CONTINUE 
C 
C Set i n i t i a l parameters Element 2; 
C 
C X21 i s the same as X l l ; 
C X22 i s set from the element 1 output Y l ; 
C X23 i s the same as X12; 
C X24 i s set t o be a constant i n p u t of 1; 
C 

X2(4) = l.ODO 
DO 4 K = 5, 10 

X2(K) = O.ODO 
4 CONTINUE 

C 
C Read v a r i a b l e s ; 
C 
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WRITE (6,*)'Please enter values f o r Rho,Temp and Maxcnt' 
READ (5,*) RHO, TEMP, MAXCNT 

C C Do Lambda loop ( s e l e c t Lambda) 
C 

DO 9 LCOUNT = 1, 1 
LAMBDA = LAM{LCOUNT) 

C 
C Do Averaging loop; 
C 

DO 8 ICOUNT = 1, MAXCNT 
C 
C Set i n i t i a l weights Element 1 t o zero; 
C 

DO 5 K = 1, 10 
W1(K) = O.ODO 

5 CONTINUE 
C 
C Set i n i t i a l weights Element 2 t o zero; 
C 

DO 6 K = 1, 10 
W2(K) = O.ODO 

6 CONTINUE 
C 
C Begin loop; 
C 

DO 7 TRIAL = 1, MAXTIM 
C 
C Generate Random X l l ( e i t h e r 0 or 1 wit h p r o b a b i l i t y 0.5); 
C 

PN = G05CAF(PN) 
IF (PN .LT. (0.5D0)) THEN 

X l ( l ) = l.ODO 
ELSE 

X l ( l ) = O.ODO 
END IF 

C 
C Generate Random X12 ( e i t h e r 0 or 1 wit h p r o b a b i l i t y 0.5); 
C 

PN = G05CAF(PN) 
IF (PN .LT. (0.5D0)) THEN 

X l ( 2 ) = l.ODO 
ELSE 

X l ( 2 ) = O.ODO 
END IF 

C 
C C a l l ARP element 1; 
C 

CALL ARP(XI, Y l , YINTl, SUMl, REWARD, Wl, RHO, TEMP, LAMBDA, 
& PN, 0) 

C 
C Connect the two elements; 
C 

X2 ( l ) = X l ( l ) 
X2(2) = DFLOAT(Yl) 
X2(3) - X l ( 2 ) 

C 
C C a l l ARP element 2; 
C 

CALL ARP(X2, Y2, YINT2, SUM2, REWARD, W2, RHO, TEMP, LAMBDA, 210 



PN, 0) 
c 
c Calculate CASH REWARD; 
c IF ( X l ( l ) • EQ. l.ODO) THEN 

IF ({Y2 -EQ. 1) .AND. (X l { 2 ) .EQ. l.ODO)) CASH - O.IDO 
IF ((Y2 .EQ. 0) .AND. (Xl ( 2 ) .EQ. l.ODO)) CASH = 0.9D0 
IF {{Y2 .EQ. 1) .AND. (X l ( 2 ) .EQ. O.ODO)) CASH = 0.9D0 
IF ((Y2 .EQ. 0) .AND. (Xl ( 2 ) .EQ. O.ODO)) CASH — O.IDO 

ELSE 
IF ((Y2 -EQ. 1) -AND. (X l ( 2 ) .EQ. l.ODO)) CASH - 0.9D0 
IF ((Y2 -EQ. 0) .AND. (Xl { 2 ) .EQ. l.ODO)) CASH = O.IDO 
IF {{Y2 .EQ. 1) .AND. (Xl ( 2 ) .EQ. O.ODO)) CASH = O.IDO 
IF ((Y2 .EQ. 0) .AND. (X l ( 2 ) .EQ. O.ODO)) CASH = 0.9D0 

END IF 
C 
C Now encode the REWARD Line (PN between 0 & 1 ) ; 
C 

PN = G05CAF(PN) 
IF (PN .LT. CASH) THEN 
REWARD = 1 

ELSE 
REWARD = -1 

END IF 
C 
C C a l l ARP element 1; 
C 

CALL ARP(X1, Y l , YINTl, SUMl, REWARD, Wl, RHO, TEMP, LAMBDA, 
& PN, 1) 

C 
C C a l l ARP element 2; 
C 

CALL ARP(X2, Y2, YINT2, SUM2, REWARD, W2, RHO, TEMP, LAMBDA, 
Sc PN, 1) 

C 
C Calculate performance; 
C Define vectors as f o l l o w s ; 
C 
C 1 = 0,0 
C 2 = 0,1 
C 3 = 1,0 
C 4 = 1,1 
C 
C Calculate P k l l - P r o b a b i l i t y t h a t X22 i s ' 1 ' due t o X(0,0) ; 
C 

P K l ( l ) = PSI(W1(3),O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,0. 
& ODO,O.ODO,O.ODO,TEMP) 

C 
C Calculate Pkl2 - P r o b a b i l i t y t h a t X22 i s '1' due t o X(0,1) ; 

PK1(2) = PSI(W1(2),W1(3),O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,0. 
& ODO,O.ODO, O.ODO, TEMP) 

C 
C Calculate Pkl3 - P r o b a b i l i t y t h a t X22 i s '1' due t o X(1,0) ; 

PK1(3) = PSI(W1(1),W1(3),O.ODO,O.ODO,O.ODO,0.000,0.ODO,0. 
& ODO,O.ODO,O.ODO,TEMP) 

C 

C 
C Calculate Pk:14 - P r o b a b i l i t y that X22 i s '1' due to X ( l , l ) ; 
C 
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C 
C 
C 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

PK1(4) = PSKWld) ,W1(2) ,W1(3) ,O.ODO,O.ODO,O.ODO,O.ODO,0. 
& ODO,O.ODO,O.ODO,TEMP) 

Calculate Pk21 - P r o b a b i l i t y t h a t Y2 i s ' l - due t o X(0,0) ; 

PK2(1) = P K l ( l ) * PSI(W2(2),W2(4),O.ODO,O.ODO,O.ODO,O.ODO,0. 
& ODO,O.ODO,O.ODO,O.ODO,TEMP) + (1.ODO-PKl(1)) * PSI(W2(4),0. 
& ODO,0.ODO,0.ODO,0.ODO,0.ODO,0.ODO,0.ODO,0.ODO,0.ODO,TEMP) 

ca l c u l a t e Pk22 - P r o b a b i l i t y t h a t Y2 i s ' l ' due to X(0,1) ; 

PK2(2) = PK1(2) * PSI(W2(2),W2(3),W2(4),0.000,0.ODO,0.ODO,0. 
& ODO,O.ODO,O.ODO,O.ODO,TEMP) + (1.ODO-PKl(2)) * PSI(W2(3),W2( 
& 4),0.ODO,0.ODO,0.ODO,0.ODO,0.ODO,0.ODO,0.ODO,0.ODO,TEMP) 

Calculate Pk;23 - P r o b a b i l i t y t h a t Y2 i s '1* due t o X(1,0) ; 

PK2(3) = PK1(3) * PSI(W2(1),W2(2),W2(4),O.ODO,O.ODO,O.ODO,0. 
& ODO,0.0D0,-0.ODO,O.ODO,TEMP) + ( 1 . ODO-PKl ( 3 )) * PSI (W2 ( 1 ) , W2 ( 
& 4),O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,TEMP) 

ca l c u l a t e Pk24 - P r o b a b i l i t y t h a t Y2 i s '1 ' due to X ( l , l ) ; 

PK2(4) = PK1(4) * PSI(W2(1),W2(2),W2(3),W2(4),O.ODO,O.ODO,0. 
& ODO,O.ODO,O.ODO,O.ODO,TEMP) + (1.ODO-PKl(4)) * PSI(W2(1),W2( 
& 3),W2(4),0.000,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,O.ODO,TEMP) 

Calculate Mk ; 

MK = 0.25DO * (0.1D0*PK2(1) + (0.9*(1.0D0-PK2(1)))) + 0. 
& 25D0 * (0.9D0*PK2(2) + (0.1*(1.0D0-PK2(2)))) + 0.25D0 * (0. 
& 9D0*PK2(3) + (0.1*(1.0D0-PK2(3)))) + 0.25D0 * (0.1D0*PK2(4) 
& + (0.9*(1.0D0-PK2(4)))) 

Put Mk i n SAVE ar r a y ; 

SAVE(TRIAL,LCOUNT) = MK + SAVE(TRIAL,LCOUNT) 

Put Weights i n WGT arrays; 

WGTlKTRIAL,LCOUNT) = W l ( l 
WGT12(TRIAL,LCOUNT) = Wl(2 
WGT13(TRIAL,LCOUNT) = Wl(3 
WGT21(TRIAL,LCOUNT) = W2(l 
WGT22(TRIAL,LCOUNT) = W2(2 
WGT23(TRIAL,LCOUNT) = W2(3 
WGT24(TRIAL,LCOUNT) = W2(4 

End T r i a l loop; 

7 CONTINUE 

End MAXCNT loop; 

8 CONTINUE 

End Lambda loop; 

9 CONTINUE 

Write out Mk f o r a l l cases; 

+ WGTlK TRIAL,LCOUNT) 
+ WGT12(TRIAL,LCOUNT) 
+ WGT13(TRIAL,LCOUNT) 
+ WGT21(TRIAL,LCOUNT) 
+ WGT22(TRIAL,LCOUNT) 
+ WGT23(TRIAL,LCOUNT) 
+ WGT24(TRIAL,LCOUNT) 
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DO 10 JCOUNT = 1, MAXTIM 
WRITE (2,*) JCOUNT, SAVE(JCOUNT,1) / DFLOAT(MAXCNT), 

& SAVE(JCOUNT,2) / DFLOAT(MAXCNT), SAVE(JCOUNT,3) / DFLOAT( 
& MAXCNT) 

10 CONTINUE 
C 
C Write out Weight 11 averages f o r a l l cases; 
C 

DO 11 JCOUNT = 1, MAXTIM 
WRITE (3,*) JCOUNT, WGTll(JCOUNT,1) / DFLOAT(MAXCNT), -100., 

& -100. 
11 CONTINUE 

C 
C Write out Weight 12 averages f o r a l l cases; 
C 

DO 12 JCOUNT = 1, MAXTIM 
WRITE (4,*) JCOUNT, WGT12(JCOUNT,!) / DFLOAT(MAXCNT), -100., 

Sc -100. 
12 CONTINUE 

C 
C Write out Weight 13 averages f o r a l l cases; 
C 

DO 13 JCOUNT = 1, MAXTIM 
WRITE (7,*) JCOUNT, WGT13(JCOUNT,1) / DFLOAT(MAXCNT), -100., 

& -100. 
13 CONTINUE 

C 
C Write out Weight 21 averages f o r a l l cases; 
C 

DO 14 JCOUNT = 1, MAXTIM 
WRITE (8,*) JCOUNT, WGT21(JCOUNT,1) / DFLOAT(MAXCNT), -100., 

& -100. 
14 CONTINUE 

C 
C Write out Weight 22 averages f o r a l l cases; 
C 

DO 15 JCOUNT = 1, MAXTIM 
WRITE (10,*) JCOUNT, WGT22(JCOUNT,1) / DFLOAT(MAXCNT), -100., 

& -100. 
15 CONTINUE 

C 
C Write out Weight 23 averages f o r a l l cases; 
C 

DO 16 JCOUNT = 1, MAXTIM 
WRITE (11,*) JCOUNT, WGT23(JCOUNT,1) / DFLOAT(MAXCNT), -100., 

& -100. 
16 CONTINUE 

C 
C Write out Weight 24 averages f o r a l l cases; 
C 

DO 17 JCOUNT = 1, MAXTIM 
WRITE (12,*) JCOUNT, WGT24(JCOUNT,!) / DFLOAT(MAXCNT), -100., 

& -100. 
17 CONTINUE 

C 
C Write out a dummy channel f o r p l o t convenience; 
C 

DO 18 JCOUNT = 1, MAXTIM 
WRITE (90,*) JCOUNT, -100.ODO, -100.ODO, -100.ODO 

18 CONTINUE 

C 
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STOP 
END 
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c ************************************************ 
C * Associative Reward-Punish Element (ARP) * 
C * Asymptote C a l c u l a t i o n program; * 
C * * 
C * - This program c a l c u l a t e s the t h e o r e t i c a l * 
C * ARP Mk and Weight asymptotes. * 
C * - The program requests the appropriate * 
C * input data. * 
C * - Note t h a t (1,1) i s the f i r s t p a t t e r n « 
C « and t h a t (1,0) i s the second p a t t e r n « 
C « - Program uses DOUBLE PRECISION v a r i a b l e s . * 
C * - Program uses f i l e o f form ASYM.DATA * 
C * * 
C * Author: Richard Leaver * 
C * Created: 20th March 1987 
C * Update : 20th March 1987 * 
C * Frozen : 23rd March 1987 * 

PROGRAM ASYMP 
IMPLICIT REAL*8(A - H,0 - Z) 

C 
C Define Real v a r i a b l e s (Double Precision) ; 
C 

REAL*8 REWl, REW2, LAMBDA, TEMP 
REAL*8 PKl, PK2 
REAL*8 PUNl, PUN2 
REAL*8 PKIA, PK2A 
REAL*8 PKIB, PK2B 
REAL*8 WGTl, WGT2 
REAL*8 MK 
REAL*8 THETAl, THETA2 

C 
C Quadratic v a r i a b l e s ; 
C 

REAL*8 A l , B l , CI 
REAL*8 A2, B2, C2 

C 
C Read i n v a r i a b l e s ; 
C 

READ (1,*) REWl, PUNl, REW2, PUN2, LAMBDA, TEMP 
C 
C Compute A l ; 
C 

Al = (REWl - PUNl) * (l.ODO-LAMBDA) 
C 
C Compute B l ; 
C 

Bl = 2.ODO * LAMBDA * (l.ODO-PUNl) + (PUNl - REWl) 
C 
C Compute CI; 
C 

CI = LAMBDA * (PUNl - l.ODO) 
C 
C Solve quadratic i n PKl; 
C 

PKIA - (-B1 + DSQRT(B1**2 - (4.ODO*A1*C1))) / (2.0D0*A1) 
PKIB = (-B1 - DSQRT(B1**2 - (4.0D0*A1*C1))) / (2.0D0*A1) 
WRITE (6,*) PKIA, PKIB 

C 
C I f e i t h e r of these i s outside l i m i t s , p r i n t i t & take the 
C one i n s i d e the l i m i t s (0<P<1) as PKl; 

IF ((PKIA .LT. O.ODO) .OR. (PKIA .GT. l.ODO)') THEN 
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CONTINUE 
ELSE 

PKl = PKIA 
END IF 
IF ((PKIB .LT. O.ODO) .OR. (PKIB .GT. l.ODO)) THEN 
CONTINUE 

ELSE 
PKl = PKIB 

END IF 
C 
C 
C Compute A2; 
C 

A2 = (REW2 - PUN2) * (1.ODO-LAMBDA) 
C 
C Compute B2; 
C 

B2 = 2.ODO * LAMBDA * (1.0D0-PUN2) + (PUN2 - REW2) 
C 
C Compute C2; 
C 

C2 = LAMBDA * (PUN2 - l.ODO) 
C 
C Solve quadratic i n PK2; 
C 

PK2A = (-B2 + DSQRT(B2**2 - (4.ODO*A2*C2))) / (2.0D0*A2) 
PK2B = (-B2 - DSQRT(B2**2 - (4.0D0*A2*C2))) / (2.0D0*A2) 
WRITE (6,*) PK2A, PK2B 

C 
C I f e i t h e r of these i s outside l i m i t s , p r i n t i t & take the 
C one in s i d e the l i m i t s (0<P<1) as PK2; 

IF ((PK2A .LT. O.ODO) .OR. (PK2A .GT. l.ODO)) THEN 
CONTINUE 

ELSE 
PK2 = PK2A 

END IF 
IF ((PK2B .LT. O.ODO) .OR. (PK2B .GT. l.ODO)) THEN 
CONTINUE 

ELSE 
PK2 = PK2B 

END IF 
C 
C Compute Mk; 
C 

MK = 0.5D0 * PK! * REW! + 0.5D0 * (l.ODO-PKl) * PUN! + 0.5D0 * 
&PK2 * REW2 + 0.5D0 * (1.0D0-PK2) * PUN2 
WRITE (6,*)'MK=', MK 

C 
C Compute Thetal; 
C 

THETAl = TEMP * DLOG(1.0D0/(-!.ODO*(PKl - l.ODO)) - l.ODO) 
C 
C Compute Theta2; 
C 

THETA2 = TEMP * DLOG(!.0D0/(-1.ODO*(PK2 - l.ODO)) - l.ODO) 
C 
C Compute Weight! - ( f u n c t i o n of PK2 only since X2 = (1,0) ); 
C 

WGTl = THETA2 
WRITE (6,*)•WGT1=', WGTl 

C 
C Compute Weight2 - (f u n c t i o n of PKl & PK2 since XI = (1,1) ); 
C 

218 



WGT2 = THETAl - WGTl 
WRITE (6,*)'WGT2=', WGT2 
STOP 
END 
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- Input data file for asymptote computation program 
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.9, 

.1, 

. 1 , 

.9, 

.25, 

.5 
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