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A IIETHOD FOR DESIGNWING FIL!M TRANSFLCR FUNCTIONS FOR
USE IN AN IMAGE PROCESSING LABORATORY

BY

JOSCPH S. DUVAL

INTRODUCTION

The U.S. Geological Survey (USGS) image processing laboratory
in Denver, Colorado wuses several film writing machines which
transform digital data to a vphotograrhic film format. The
transformation process 1is nonlinear and freguently oroduces images
that are subjectively Jjudged to be unacceptable. In order to
provide the user with the means to improve the images, the film
writing machines include the <capability to utilize user-defined
transfer functions. This paver oresents an analytical method for
designing such transfer functions and contains anpendices with
listings of computer programs that can be used to define the transfer
functions.

FIL!IT CHARACTLERISTICS

Before we can define a transfer function to modify the normal
operation of the film writing machines, we must first define the
unmodified characteristics of the images. This requires some
understanding of photogravhic film wproverties and the chemical
processing of film.

Photogravhic film normally consists of a film base with one or
more emulsion 1layers made of silver halide crystals susvended in
gelatin. Black and white film emulsions are sensitive to most of the
visible 1light spectrum whereas color films normally have three
emulsions with sensitivity to selected nrarts of the soectrum.
Exposure toO an avoroporiate light source produces a latent image of
the 1light source in the emulsions and develovment chemicals are used
to make the latent images visible. See Jacobson and others (1978)
for details on the development vrocess.

The effects of the film exposure and develooment can be
guantified by measuring film density as a functin of exnosure. fhe
film density is defined as the 1logarithm of the ratio of light
incident on the film to light transmitted through the film. Curves
of film density versus the logarithm of the exmosure are called DlogE
curves and are freguently used to define the charactesristics of a
film. The minimum achievable film density of a film is detemined by
the transmission vproperties of the film base. The minimum density
actually acnieved is a function of the exnosure and the “evelooment



process. for black and wnite films the mwaximum filmn Adensity
increases as the developing time increases and the minimum density
also increases to a lesser extent. For color reversal films the
maximum film density decreases as the develoning time increases and
the minimum density also decreases to a lesser extent. Usually the
chemical orocess must be modified to achieve desired results for
minimum and maximum film densities with reasonable develonment times.

The USGS senver film writing machines transform digital data
(0-255 range) to 1light 1intensity that 1s oproportional to the
exponential of the negative of the data value. The data values are,
therefore, vroportional to the logarithm ¢f the filw exposure and a
curve of data values [denoted as density numbers (Dil"s)] versus film
density 1is &2 <characteristic curve for the image making orocess.
Figure 1 presents a characteristic curve for black and white film. A
similar curve for color film is measured using an imagde vroduced by
overlaying identical red, green, and blue data sets. If the film
writing machine 1is <color balanced relative to the film tyoe and
chemical process used, the resulting image consists of neutral (grey)
tones. 'he measurement of density is made using a film Adensitometer
equipped with a wvisual filter. According to Jacobson and others
(1978), the wvisual filter 1is cdesianed tco aoproximwate the svectral
response of the human eye. [Figure 2 nresents & characteristic curve
for color film.

TRANSFER FUJACTIOW DESIOCN

Given the characteristic <curve for an imace making nrocess,
transfer functions can be designed usina a two-ster nrocess. The
first steo is to cbtain an analytical eguation which revroduces the
characteristic curve. Because the characteristic curves are smooth
and slowly varying as a function of the density number, & rolyncmial
function expressed as vowers of the density number can accurately
revroduce the curve. A least-sauares fitting technicue 1is a
convenient way to calculate the onolvnomial ecuation and the comnuter
program PWRFI1T which is listed in Apvendix I pmerforms the necessarv
calculations. Using PWRFIT, the ecuation for the curve in Figure 1
is

2 3 4 5
(1) £(X)=.19-6,406E-3*X+5,3E-4*%X -5,61E-6*X +2.33E-8%X -3,388-11*X

and the equation for the curve in Figure 2 is

2 3 4 5
(1) £(X)=.15+6.0E-3*X-1,88u-4*X +3,50-A*X -1,73E-8*X +2.63L-11*X

[y
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I'he second step in the definition of a transfer function is to use
the analytical -eguation of the characteristic curve to calculate a
curve of density numbers that will oroduce a desired curve of film
densities. TCCALC, which 1is 1listed 1in Appendix II, is & comnuter
prodaram designed to calculate transfer functions that n»nroduce
linearly varving film densities between specified minimum ard maximum

values corresponding to svecified starting and ending density
numbers. Figure 3 vpresents & series of transfer functions {(denoted
as film factors) designed for color film using ecquation (2). Film

factor 1 is intended to produce a linsar variation of film density in
the range 9.2-2.0, film factor 2 in the range 9.2-1.7, film facter 3
in the range 0.2-1.4, film factor 4 in the range 9.2-1.1, &nd film
factor 5 in the range 0.2-0.8. Figure 4 nresents characteristic
curves nroduced using the film factecrs.

The use of transfer functions that nroduce a linear
relationshin hetween the density numbers and the actual film density
is an arbitrary <choice based upon a personal prejudice that data
transformations should be 1linear. Experience in the U338 ODenver
image ©processing laboratory is that these transfer functions oroduce
images that are judged to bhe better than images made with no transfer
function. wonlinear transfer functions might be even better because
the response of the human eye to changes in film density as measured
by a film densitometer is nonlinear (Jacobson and others, 1978).
The determination of an approoriate nonlinear function is, however,
beyond the scope of this paver.



J3EGANNN ALISNIA LNdNI
00¢ 06¢ 00¢ oSt 001 0s 0
I 1 | ]

. - . o . ——- — e @ e —— ——— ——

S ¥0LOVd ¥ 40LOVd ¢ ¥0OLOVd ¢ d0LOV4 I ¥010Vd
ARIE] ARIE] Wild Wlid Wl

*HAYND YIIWAN
ALISNAd IN4dLAO NV OL VLVA LOdANI DNIddVH A9 SSIOO0Ud DNINVI
IDVAI HOTOD "IVRYON HHI AJAIAON HOIHM SNOIIONNA YHASNVHL °€ HUNDIA

0¢

1024

09

08

001

0c1

ovi

091l

J3GANN ALISN3d LNdLNO

3A



JIGNNN ALISN3A
00¢ 06¢ 002 oGt 001 0s 0
| ) T | T T 00

G'¢

* - - - - - @ 0 = it b 0 ot o e e———— —— a————

G ¥O1OV4 ¥ 4010V ¢ ¥0LOVd ¢ d010V4 I ¥OLOV4
A RIE! ARIE] ARIE] Wld Wid

‘€ JYNOIA A0
SYOLOVA WIId FJHL ONISA dIONdOodd SHOVAI NO AIUNSVAN YIININ
ALISNIA SASYIA ALISNAd WIId TVASIA 40 SHAYAD DILSIYALOVHVHD °*¥ HUADIA

ALISN3A W4 IVNSIA

28



REFERENCES

Jacobson, R.E., Ray, OG.F., Attridge, 5.G., and Axford, nN.R., 1978,
The manual of photoaraphy: London, Focal Press, 623 b,



APPENDIX I

The wprogram PWRFIT which 1is listed below is a routine that
uses an ordinary least-scuares fitting technicue to calculate a
nolynomial power seriec ecquation for an arbitrary Aate set. The
nrogran ig writter in stendard FORTRAN. Inrut/outnut statements are
site devendent.

Chkkhkhkhhhhh Ak khkhkhkkkkhkk DURFI] *kkkkkdhkkhhhkhkhhkkkk Ak kk kk %k %
Dk ok k

Cx**x THIS PROGRAM CALCULATES A POWELR SCRIES FIT TO A SET OF

Ch**x DATA ASSUIIWAG 'THL FORN:

Chxx
Cx*x F(X) = A0 + A1*X + A2*X**2 + ... + AN*X**y
CHhkx

Cx*x INPUT DATA REQUIRED ARZ:

Ok ko

Cx*%x NPTS = TUE NJMIBER OF CATA POINTS 10 3E U3ED Id THE
Ch** CALCULATION

Ok kK

Cx** NT = THE RUMBER OF TLORIS IN THE POWDR SCRIES
Ch**

Cr** TLBL = AN 80 CHARACIER LABLL

Ch*x

C*** YOU CAN USL A5 !IANY AS 100 DATA POINTS WITH AS "AWY AS

Cx** 20 TERHM5 IN TIE SERIES.

Chx*

SRR R R

Fal
N~

COMMOd XS(100) ,YS(1900) ,943(100),ILBL(40)
DOUBLE PRECISION H(20,20),B(20),50LN(20)
DIMENSION X(100) ,Y(100) ,49(100)
DIMENSION ERR(lOO),LC(lOO) ,COF (100,20)
OUTPUT 7 ‘THIS PROCRA!' CALCULATLS A LLCAST SQUARES FIT
OUTPUT 70 A POWER SERIES IN X. YOU ARE RESTRICTED TO’
OUTPUT ‘MAXIIIUMS OF 100 DATA POINTS AND 20 TERMS IN THE’
OUTPUT °“POWER SERIES’
ouTpUT 'NEVERLESS MORE THAN 10 TEEMS ARE N0OT RECOMMENDED
OUTPUT BLCAUSE OF PROBLEMS WITH ACCURACY’

100 OUTPUT 7 "HOW MANY DATA POINTS TO BE ENTERCD 2?2~
INPUT NPTS
ouTpuT * 7, 7, HOW MANY TERMS IN THE POWER SERIES ?
IAPUT WT
ourepuT © °,” 7, ENTER A ONE LINE LABEL.
READ(5,1) ILSBL

1 FORIIAT (40A2)
IF (NPTS.EQ.0) 50TO 1000

200 CALL PWRDVR(H,B,S0Luq,X,Y,9,ERR,EC,COF,NPTS,NT ,NREP)
IF(NREP.EQ.0) GOTO 1000
IF(NREP.LQ.2) GOTO 200

’,

’,



GOTO 100
1000 oOUTPUT °~ °, 7, PROGRAl!l FINISHED’
STOP
END
C*********************** PYRDVR khkkhkkkhkkkhkkhkkhkhkhkkhkhkkhkhkkhkhkhkhkhkkkkkkx
C***
C**% THIS SUBROUTINE IS THE DRIVER ROUTINE USED 9WITH PARFIT.
c***
C*** PRIIIARY FUNCTION IS I/0.
C***
Dk deok dekodkokok kok ok ok ok ok ok ok ok ok ok kok kok ok ok okk ok ok ok ok kok d d ok ok ok ok ok ok ok ok ok ok ok oKkok kok ok okok kok ok ok okk kok okok ok
C
SUBROUTINE PYRDVR(H,3,30LW,X,Y,W,ERR,EC,COF ,NPTS,NT ,NREP)
CoOMMon X5(100) ,YS(100) ,795(100) ,IL3L(40)
DOUBLE PRECI3ZION H(HNT,JdT),3(NT),SOLN(NT)
DIMENSION X(WPTS) ,Y(NPTS) ,W (WPTS)
DIMENSION CRR(NPI'S) ,EC(NPTS) ,COF(NPTS,NT)
IF (NREP.NE.2) GOTO 100
DO 90 I=1,NPTS3
X(I)=XS (I)
Y(I)=Y3(I)
90 W(I)=Ws (I)
COTO 200
100 oureutr ° 7,7 7, d0%W YOU APRE ASKLD TO ENTLR THE X-VALUE,
QUTPUT °“Y-VALUL, AND THE WEIGHT OR ERROR ASSOCIATCD WITHY Y.
DO 110 I=1,WPTS
oUTPUT “ 7, ENTER VALUES OF X,Y, AND WT FOR DATA POINT # °,I
INPUT X(I),Y(I),9(I)
XS(I)=X(I)
YS(I)=Y(I)
110 WS(I)=W(I)
200 WRITE(6,1) ILBL
1 FURIAT(/////,40A2)
ouTPUT * 7, 'VALUES EWNTERED FOR X,Y, AND WI ARE:’
O 210 I=1,NPTS
210 QUTPUT I,X(I),¥Y(I),7(I)
220 QUTPUT “ 7, "WOULD YOU LIXE TO MAKD AdY CHAUCES ?2°
PEAD(5,2) IA43
FORMAT (A1)
IF(IANS.NE. Y ".AND.IANS.NE.
IF (IANS.EQ. W) 3970 300
230 ouTPUT 7 7, TWHICY DATA POINT WECD3 TO 3E CHANGDD 2
INPUT IW
IP(IW.GL.1.AUD.IW.LE.JPPS) GOTO 240
oUTPUr “BAD NUIBEK —-- TRY AGAIN'
coro 230
240 QUTPUT “WHAT NEEDS TO BE FIXED - X,Y,Jr, OR ALL 2?2 (X/Y/u/d)°
READ(5,2) IANS
IF (IANS.EQ. "X ".OR.IANS.EQ.'A") COTO 250
IF(IANS.DD.7Y") COTO 260
IF(IANS.ED. W) COTO 270
QUTPJT “BAD ANSWER -- TRY AGAIN’

3]

’,

N7y TO TO 220

I



GOTO 240
250 WRITE(6,3) 1IW
3 FORIAT (“NEW VALUE FOR X(7,13,7) ?27)
INPUT X(IW)
XS(IW)=X(IW)
IF(IANS.HE. A7) CGOTO 271
260 WRITE(6,4) IV
4 FOPRMAT ( "NEW VALUL FOR Y(7,I3,7) 27)
14PUT Y (IY)
YS(IW)=Y(IH)
IF(IANS.NE. A7) 30TO 271
270 WRITE(6,5) I¥
5 FORMAT ("NCW VALUE FOR WT(',I3,7) ?27)
INPJUT W(IW)
WS (IW)=W(IW)
271 QUTPUT °~ 7, "AOULD YOU LIKE TO MAKE ANY OTHLCR CHANGES 2?27
READ(5,2) IAnNS
IF(IANS.EQ. Y") GOTO 230
IF (IANS.EQ. 8 7) GOTO 200
QUTPUT ~ 7, ANSWER YES OR O !} (Y/N)°
GOTO 271
C***
CC*** CALCULATE THL COEFFICIENTS OF THE POWER SERILS
C***
300 DO 310 I=1,WPTS
COF(I1,1)=1.
XPWR=1.
DO 310 J=2,NT
COF (1,J)=XPWR*X(I)
310 XPVR=XPWR*X (I)
C***
C*** CALCULATE THE !ATRIX H (SQUARE MATRIX OF COEFFICIENTS)
C***
DO 320 I=1,NT
DO 320 J=1,dT
H(I,J)=0.
DO 320 K=1,NPTS
320 H(I,J)=H(I,J)+COF (K,I)*COF(K,J)/W(K)**2
C***
C**x* CALCULATE THE MATRIX B (VECTOR MATRIX OF KNOWNS)
Nk %k
DO 330 I=1,d4T
B(I)=0.
DO 330 J=1,NPTS
330 B(I)=B(I)+Y(J)*COF(J,I)/W(J)**2
C***
Cx** SOLVE THE EQUATION
C***
DO 335 I=1,nT
335 SOLN (I)=B(I)
CALL MATINV (ii,n~T ,SOLN,NT,1,DET)
X QUTPUT ~ DETERMINANT = ~,DET



340

341

342

344

%
350

400

410

420

450

Okkkkk
Chxx
Ck*xx
Ch** "’
Crx*x
Chk*
Ckkk A
Chxx
Chk%
Ck**x B

IF (ABS(DET) .GT.1E=-30) GOTO 340

QuTPUT * 7, 7, 'SYSTEM HAS NO SOLUTIOA
COTO 350

CAISQ=0.

DO 342 I=1,dPTS

EC(I)=0.

LY 341 J=1,NT

CC(I)=EC(I)+COF (I,J)*3S0L(J)
ERR(I)=Y(I)-EC(I)
CHISQ=CHISQ+ERR(I) **2

WRITE (6,1) ILBL

QUTPUT ~ 7, "MICRC ARC THE COEFFICIEATS OF TIE POWLR SERIES
DO 343 I=1,lT

WRITE (6,6) I,SOLN(I)

FORNAT ( "COEFFICICYT # 7,12, = 7,1PE12.5)

oUTPUT °~ °, "HCRE ARE VALUES CALCULATECL AND LRRORS:”

DO 344 I=1,dPTS3
WRITLD(6,7) I,¥Y(1),I ,EC(
FORLIAT (" Y( ,12,") = 7,1

’

’,

’,

I),I,ERR(I)
PE12.5, " YCALC(',I12,") = 7,
1pP£12.5,7 ERROR(,12,7) = 7,1PE12.5)
ouTPUT “ 7, DD YOU WANT TO RUN THE PROCRAI AGAIn 2 (Y/d4)°
READ(5,2) IANS
IF(IANS.ED. Y)Y CGOTO 400
IF(IANS.EQ. W) COTY 450
OUTPUT “GAD ANSWER —-- TRY ACAINT
GOTO 350
ouTPUT 7, DO YOU WAWT TO I'ODIFY T!HE PREVIOUS DATA OR’
OUTPUJUT “ENTER NEW DATA 2?2 (P/N) 7
RCAD(5,2) IAMS
IF(IANS.ED.PT) SO0 410
IF (IAW3.0D. 7)Y 3070 420
SUTPUT ~ BAL ANSWER —-- TRY AGAINS
GOTO 400
QUTPUT ~ 7,  NUMBER OF TERMS IN THE SERIES 2?2~
INPUT NT
NREP=2
RETURN
NREP=1
RETURA
NREP=0
RETURN
END
AkhkkhkkAhkhkikhkhkkhkhkhkhkihkhk ki k% TIATINV khkkhkhhkhkhkkhkkhkkkhkkhkkhkkhkhkkikhkhkhkdhh ik kk*k

HIS SUBROUTINE SOLVES THE "MATRIX EQUATION A X = 3 WHERE
A° IS A SQUARE !MATRIYX OF COEFFICIENTS AND ‘B” IS A
ATRIX OF CONSTAWNT VCCIORS.

ON INPUT ‘A7 IS A SQOUARE MATRIX OF COEFFICIENTS
ON QUTPUT “A° I3 THS INVORST OF THE ORIGINAL MATRIX

i

’,

B IS THE COWNSTANT VECTOR !MATRIX

]

ON INPUT,



Ch*x ON OUTPUT, ‘B’ IS THE SOLUTION MATRIX

C***

C*** § = NUMBER OF ROWS IN ‘A’

C-k**

Cx** §X = THE MAXI™MU' NUMBER OF ROWS OR COLUMNS DIMENSIONED FOR
Ch** “A° IN THE CALLING PROGRAM

C***

C*** }M = NUMBER OF COLU!MNS IN "B”

Cr** IF M=0, THEN ONLY THE INVERSE OF “A° IS COMPUTED AND NO
Ch*x CONSTANT VECTORS ARE ASSUMED

C***

C*** DET = DETERMINANT OF ‘A~

C***

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

C
SUBROUTINE MATINV(A,N,B,NX,",DET)
DOUBLE PRECISION A(1l),B(1l) ,PIVOT(20),SWAP,T,AMAX
DIMENSION IX1(20) ,IX2(20) ,IPIV(20)

C***
Cx** INITIALIZATION
C***
10 DET=1.
IFLAG=0
DO 20 J=1,N
20 IPIV(J)=0
X OUTPUT ‘N, NX, M ARE: ", N,NX,!
X DO 500 I=1,N
X DO 500 J=1,N
X L=I+(J-1) *NX

X500 WRITE(6,501) I,J,A(L)
X501 FORMAT("” ROW °,I2,° coLums8 “,I2,° CLENENT = “,E12.5)
DO 210 I=1,4

Ck**
C*** SEARCH FOR PIVOT ELCUENT
C***
C***% NOTE THAT COLUMAWISE G5TORAGE IS ASSUMED
C***
AlAX=0.
o 70 J=1,N
IF(IPIV(J)-1) 30,70,30
30 DO 60 K=1,N
IF(IPIV(K)-1) 40,60,250
40 LL=J+ (K-1) *4X
IF (DABS(AIAX)-DABS(A(LL))) 50,60,560
50 IROW=J
ICOL =K
AMAX=A (LL)
60 CONTINUEL
70 CONTINUE
IPIV(ICOL)=IPIV(ICOL)+1
C***

C*** INTODRCHAGE RJUI3 TO PUT LLENCAT O LIAGOJAL



C***
IF (IROW-ICOL) 30,129,830
80 pET=-pLT
DG 90 L=1,4
NROW=IROW+(L-1) *1X
NCOL=ICOL+(L-1) *N¥X
SWAP =A (WROW)
A (NRUW) =A (NCOL)
S0 A (WCOL) =SWAP
IF (1) 120,120,100
100 DO 110 L=1,4
NROW=IROW+ (L-1) *.aX
NCOL=ICOL+(L-1) *uxX
SHAP=B (NROW)
B(NROW) =3 (HCOL)
110 B (NCOL) =5WAP
1290 IX1(I)=IROW
IX2(I)=ICOL
LL=ICOL+4(ICOL-1)*NX
PIVOT (I)=A(LL)
IF (ALOGL) (ABS(DET)) +0LC310(DABS(RPIVOT (1)) ) .LE.3N.) 30TO 121
IFLAG=1
GOV 122
121 DET=DET*PIVOl (I)
122 CONTINUE

Ck k%
Cx** DIVIDE PIVOT ROW BY PIVOT ELEMENT
Ok Kok

A(LL)=1.
DO 130 L=1,%
NCOL=ICUL+(L-1) *NX
130 A (NCOL)=A (NCOL) /PIVOT(I)
IEF(1) 160,160,140
140 DO 150 L=1,
NCOL=ICOL+(L-1) *!1
150 3 (NCOL)=B(NCUL) /PIVOT(I)
Tk k ok
C*** REDUCE NON-PIVOT ROWS
C***
160  JCOH=(ICOL-1)*WX
pO 210 Ll=1,N
IF(L1-ICOL) 170,210,170
170  LL=JCUN+L1
T=A (LL)
A(LL)=0.
DO 180 L=1,N
NL1=L1+4(L-1)*~NX
NCOL=ICOL+ (L-1) *3X
180  A(HL1)=A(NL1)-A(JCOL) *T
IF(:1) 210,210,190
190 DO 200 L=1,1
NL1=L1+(L-1)*NX

10



HJCOL=ICOL+(L-1)*NX
200 8 (NL1) =8 (4L1) -3 (4COL) *T
210 CONTINUE
Ok xk

C***
C**%*x [TNTERCHANGE COLUIINS
C***
DO 240 I=1,4d
L=N+1-1
IF(IX1(L)-IX2(L)) 220,240,220
220 JROW=IX1(L)
JCOL=IX2(L)
0O 230 X=1,4d
NROW=K+ (JROW-1) *NX
NCOL =K+ (JCOL-1) *NX
SWAP=A (NROW)
A (WROW) =A (NCOL)
230 A (WCOL) =3VIAP
240 CONTINUE

X ouTPUT ~ 7,  INVERSE MATRIX:
X DO 510 I=1,4
X DU 510 J=1,.
X L=I+(J-1)*aX

X510 WRITE(6,501) I,J,A(L)
250 IF(IFLAG.WE.Q) OQUIPUT “DETCRMINANT DXCEEDS OVCRFLOV LIMITS
250 RETURN

DD

11



APPENDIX II

The »orogram TCCALC which is listed below is & rcutine that
uses a wvolynomial eguation revresenting a film characteristic curve
to calculate a transfer function tc modify the image making »rccess.
A1l of the nredgram and subroutines excent PDREL are written in
standard FORTRAN, and PCEL 1is a svecialized subroutine written in
assembler to punch a delete code on a rnaver tave punch. The outnut
procedures worovide for outputing the transfer function either to a
floopy disk or a paper tame ovunch. These wvprocedures are site
specific.

C************************ TCCALC IR S E S E SRR AR LI ERESETE SR RS RSN LR SRS
Okkk

C*** PRANSFER CHARACTERISTIC CALCULATION PROGRAM

Nk kk

C*** THIS PROCRA!1 IS5 USED TO CALCULATE TRANSFER CHARACTERISTICS
C**% SIVEN THE FOLLOWING DATA:

C***

Cx*x* FD1,DN1,FD2,DN2 - WHERE FD1, DN1 ARE THE FIL!! DENSITY AND DN
C*** NUIIBER FOR THE START OF A LINLCAR FUNCTION THAT GOES TO THRD
C*** YALUE FD2 AT Dn2. THIS LINEAR FUNCTION IS USED TO CALCULATE
C***x THE DESIRED FILM DENSITY AS A FUNCTION OF TilE DENSITY NUMBER
C*** IF DN1 IS NOT EQUAL TO 0 AND/OP DN2 IS NOT EQUAL TO 255,
C*** THE FILM DENSITIES FOR VALUES RELOW DN1 WILL BE SCT TO FDI
C*** AND/OR THLC VALULS ABOVE DN2 WILL BE 3BT TO FD2.

C***

CHx*xk A(I), I[=1,6 - THE COCFFICIENTS A(I) APL TEEL COLFFICIENTS
Ck** LDPERMINGCD 2Y A 3IX TER' POVER SERIES FIT TO TUE CGREY

Cx*x*x  pPIL!" DENSITY VERSUS THE INPUT Dn. THE POWLP SERILS FIT
Cx*x*x  [S DONE USING “PURFIT .

Oxkk

Cx** PETHCD: THE FUNCTION DEFIWED BY THE POVER SERIES IS UOSLDB TO
Chx* CALCULATE THE VALUL OF Lo VHICH £IVES THE DESIRED FILD
Crx* DENSITY. THIS IS5 DOWE USING A SIINPLE POOT FIWDINC

Chkxk PROCRA!" CALLEL “3ISECT .

Ok Kk

Chhkhkhkhkkhhkhkhhkhhhhkhkhhhhhkkhhkhkhhhhhkhkhhkhhhkhhhhhkhkkhhkhkkhhihkkkhkkhkkk

~

|
COMMON A, RB,"AXBI ,TOL,DELTAX, FD(255),LBL(40) ,COLF (G)
DIMENSION ROOT(10) ,F(10) ,ERR(10)
QUTPUT “ 7,  CWTER A OND LINE TITLE.’
REAC(5,1) LS3L
1 FORINAT (40A2)
ouTPUT © 7, " EJ4TER FD1, DN1, FD2, AND DW2.°
INPUT FL1,Ddl,FD2,DN2
C***

C*x** CALCULATE THE PARAMETERS OF THE LINEAR EQUATIOW
Ck %%

A2=(FD1-FD2) /(DN1-DN2)



Al=FD1-A2*Dn1
Du=0
EXPFAC=0.
C***
Cx*x* LXPEFAC CAN BLC USLCD TO CRLATE EXPOSURL FACTORS WHERE THE
Cx*xx MAXI-UIT FILY DEWNSITY IS5 REDUCED AND THE BOTIOM CND OF THE
C*x** i SCALE ARE ALL SET TO THC SANE VALUE.
Ck*x
Cx*x*x RPOR THIS PROCGRA! AS IS THE CXPFAC IS SET TO ZERO.
Skkk
DU 100 I=1,256
FU(I)=A1l+A2*DON-EXPFAC*A3S (FD2-FD1)
IF(FD(I) .LT.AIIINL1(FD1,FD2)) FD(I)=AMNIN]1(FD1,FD2)
IF(FD(I) .GT.AMAXI(FD1,FD2)) FD(I)=AlI'AX1(FD1,fD2)
IF(DN.LT. DJl) FO(I)=FD1
IF(ON.GT.DW2) FD(I)=FD2
100 Di=0DN+1

HAXBI=1
A=0
B=255
DELTAX=0.5
TOL=AMAX1(FD1,FD2) /100.
ouTPUT °~ 7,  CWTER I'HZ 6 COEFFICIENTS OF THE POWDR SERIES.
INPUT COEF
NRCOTS=1
C***
Cx**x CALL BISECL] TO DYJAUICALLY 30T UP THE ARRAYS
C***
X OQUTPUT ~ 7, ‘CALLING BISEC1: A&B AJdD DELTAYX = *,A,B,DELTAX
CALL 3ISEC1(ROOT,F,ERR,ROOTS)
STup
LND
:*************************** BISECI khkhkhkhkhkhkkhkhkhhkhkkkhkhkkhkhkkhkhkkkkhkkkkk
C***
C***% 3I58C1l I5 USLD TO OYIAMIZALLY SCT UP ARRAYS
CH*x% AdD TO PRINT RESULIS
C***

C****************************************************************
SUBROULINS BISLC1(ROOT,F,0RR, NROOTS)
CUMTION AA,B3,7IAX3I,TOL DELTAX,FD(ZSG),LBL(40),COEF(E)
DIMENSION ROOT(NROOTS),F(NROOTS),ERR(NRODTS),IODN(256),INDN(ZSG)
C***
C***x ALL PARANCTERS {AVE BLCJ LSTABLISHED. CALL BISECT.
C***
DO 100 J=1,2556
JFLAG=0
90 C=FD(J)
A=AA
IF(J.GT.1.AND.ROOT (1) .LT.9.9E29) A=AINT (ROOT (1)) -2
IF(A.LT.0.) A=0.
B=BB
X OUTPUT

’

, ‘BISEC1 CALLINC 3ISCCT: AASBB APRE,AA,33

13



4

X OUTPUT ° A&B ARE: ",A,3
CALL BISECT(A,Z,!IAX3I,TOL,0LLTAX,RO0T, F,CRR,JROOTS, ,COEF)
IF(ROOT(1).LM.9.9E£29) GOTO 95
JFLAG=JFLAG+1
IF (JFLAG.EQ.1) COTU 20

’ 4

QUTPUT T, 700 ROOT FUR T = 7,J, 7 AWD FS(J) = 7,80(T)
CUTEUT “RGOT(L) = 7,R000(1), " F(l) = 7, F(1)

4 UULrPUT * CouF = ,CouF,” C = 7,C,7 Asl = 7 ,A,8
Cors 100

C***

Chr**x [F COMPILED ¥WiTH XOJd, PRINL OUI TAL [ROOT, FUNCTION VALUE,
C*** ANLC ERRUR.

Ok ko

S**x NOTE THAT 9,.99999£29 I3 SUTORED AS WwHE PCOT IF JOWE IS5 FOUWD.
Ok k&

95 CONTINUL

X gurputT 7, ROOT FUNCIION VALUL ACCOURACY
A LU 99 I=1,WRU0OIS

£ WRITL (5,98) EROOY(I),F(I),ERR(I)

X98 FORMAT (3K ,F7.2,4%,F7.2,10%,F7.2)
X99 CONTINUL
10D (J ) =AINT (RUOT (1))
100 INUN(J)=I-1
FR1ITE(6,1) LBL
1 FORNAT (/////,1%,4042)
outeUr ° 7, TOULPUT DN SEQUENCE:’
11=1
12=15
DO 110 1=1,256,15
13=11-1
WRITL (6,2) I3,(I0Dd(J),Jd=I1,I2)
2 FORNAT (2X,13,3%X,15(1%X,13))
I1=I1+15
12=12+15
110 IF(I2.G0.256) I2=256
VRITE (6,3)
3 FORLAT (/////////)
ouTPUT © 7, 7PC TO DISK/PAPLR TAPL ? (L/T)°
READ(5,4) 10T
4 FORMAT (A1)
IF(IDT.EQ. D) GOTO 200
QUTPJT ° 7, "READY PUNCH, TYPL <KRETURH>’
INPUT IANS
SOTO 201
200 QUTPUT ~ 7, A3SIGN UNIT 7 TO DIRECT TC FILE’
QUTPUT ~ 7, 'ASSICd UNIT 3 TO IWVERSE TC FILE, THEN CONTIJUE’
PAUSE
201 CONTINUE
IF(IDT.EQ. T ") CALL PUACH(IOLN)
IF(IUT.EQ. D) CALL DYRITE (I00H,7)
11=256
D0 210 1=1,256

14



INDA(I1)=TIO0DN(I)
210 Il=I1-1

IF(IVUT.ED. T7) CALL PUNCH (INDN)
IF(IDT.CZ. D7) CALL DWRITD(INDHN,B)
RETURN
ENp
C************************** BIS:‘:? kkkhkhkhkhkkkkhkkkhkkhkhkkkkkhkhkhkkkikkhkkkkk
:***
C*x*x* ROOTFINDLR ~ S3ISECTION METIOD
C***
C****************************************************************
—
SUBROUTINE BISECT(A,3, IAXBI,TOL,DELTAX,RO0T,F,ERR,NRDODS ,CF,COEF)
DIMENSION ROOT (1) ,F (1) ,ERR(1) ,COLF (1)
REAL LEFT
INTCGER C
50 I3AL=1 )
X oUTPUT “,"ENTRY InIO 3ISDCY: ASB&DLLTAYX ARS 7,7\ ,3,DCLIAX
IF(A.GE.8.0R.IAX3I.LE.N.OR.TOL.LE.O) I3AD=0
IF (LELTAX.LL.0.OR.ROOTSLLELD) I8AD=0
I (I3AD.NL.O) COro 100
,:***
S***% USLK IMAY CORRLCE BAL DATA AWD COJTIJUE
C***
QUTPUT 7 7, TBAD UCATA I~ SUBROUTISL 3IsSBCr”
odreur A = ,A," B = 7,5, MAXBL = 7,"AX%3I
oUTPUD * MOL = 7,00L, " COLTAX = 7,DLLTAX,  wWROOTS = 7,ARO0T3
ourepurT 7 7, CANLR A LBV 30T OF VALUZST
IWPUT A,B,HAXBI ,TOL,DELTAX, dROOTS
GOTO 50
C***
Cx*x*x 30CIN SUBPROGRAM
C***

CHxx% [NITIALIZLD LOCAL VARIABLES AnD SET ALL ROOTS TO 9.099909£29
kok %k
100 d4=0
NOROOT =l ROOTS
DU 200 I=1,NRO0TS
ROOT(I)=9.99999£29
F (I)=ROOT(I)
200  ERR(I)=F(I)

Chk*
Cx**x pPynCIrIonwAL VALUE OF LEFT BOUND
Ok Kk

210 X=A

Dk okok

C*** [g¢ PESIRED WNUMBER OF ROOTS HAVE BELW FOUWND, RETURN

Ok k%

IF (N.GE.OROOL) RLTURN

Ok kK
C*** SCZARCH FOR wiW ROOT
Ch**

15



W=+l
Y=FJF (X,CF)
250 FFP=Y

Cx**
Cx**x ADVANCE TO WEXI SSARCH IWNTERVAL
Ch*x*
A=A+DLLTAXK
O* %%
C***x If GREATER THAN UPPER BOUWLC , RETURW
Ckx*
IF(A.GT.3) RETURN
X=A
Y=FuFf (X,CF)
PROL=FF*Y
Ck**

C*x*xx TF PRODUCT I5 POBITIVE, SUARCH NEXT IWTERVAL
C***x TF PRUDUCI IS NEGATIVE, LOOX FOR ROOT.
Crxx

IF (PROD.GT.Q) GOTO 250

IF(PROD.LT.O) GOTO 300

IF(FF.nE.0.) GOTU 250

C***

C*** [CXACT ROOT HAS BEEN FOUND

Ok *k
XK=A-DDOLIAX
Y=FF

260 RCOT (w) =X
F(w)=Y
A=A+ULLTAX
51ZB8=1.c-12
BRR(N)=51216

(koK

Sx*xx SEAERCH NEXY [NTLRVAL rfOR REMAIWISC ROOTIS
C***
Guro 210
C**'k
Cx** LU0 HAS 3LEN 3RACKEIED. CUliPUTE DIDRPOINT AND ITS
Cxx*x pydCITURAL vALULD.

Cx*%
300 LEF{=A-UELTAX
RIGiiT'=A
CHh*xx
Cxx* “C’7 IS HUU2LR OF ITERATIUNS.
Cx**%
C=0

310 K= (LEFI+RIGHT) /2.
Y=FdF (X,CF)
C=C+1
X OULPUT
C***
Sx*kx CHLCK FOR IAKIIUI WULBER OF LATERATIONS
Skkk AN PRILY NE3SAGE IF EXCLEDEL

’

“, AT 300: X,Y,CF,C ARD



C***
LF(C.OT.HAXBL) GulU 340

C***
Cxxx CHECK WHLTHDR CRROR TOLERANCE [S SATISFICD.
C***
IF (AsS(Y) LT POL ) GOTO 339
C***

Cr** [ PRULUCT [s pPOSITIVE LOUK ON RIGHT INTERVAL
Dk kK

PROD=FR*Y

IF(PRUD.LL.O.) Gulv 320

LLFT =X
Goi'v 310
C***
C*x*x*x CHECK [§f ROOI dAS 3pbBEN FOUWND
:***
320 IF(PROD.ELD.OL)Y GOUTO 2330
Ck**
C*** SELARCH ON LEFY INTERVAL
C*** .
RICHT=X
Guro 310
:***
C*** ROOT HAS BLEW FoUND
C***

330 ROOT () =X
F(n)=Y
SIZD=RIGHT-LLFT
ERR(N)=SIZE
GUTU 210
C***
C*** IIAX # OF ITERATIOWNS EXCEELED, PRIAT WARNING INESSAGE.
C*x* pRINT APPROXI!ATE ROOT AND ACCURACY
C***
340 QUTPUT ~ 7, "IAX # SISECTIONS RCACHED Ol ROOT 4 7,d
OUTPJT” X BETWERW ,LLCFT,” AND 7 ,RIGHT
QUTPJIT ~ #(x) = 7,Y
514E=RIGHT-LEFT
OULPUT ~ ACCURACZY 10 7,8IzL
OUTPUT “AVERAGE VALUD STORSD A3 APPROXITIATION
ROOT (&) =(LEFT+RIGIT) /2.
F(A) =Y
ERR (W) =8I20

Ch**
CHxx* SCOARCH wODXD INTURVAL FOR REMAINIIS ROUTS
Ok k&
GOTU 210
[
OKKKKKRKRKKARRKKARIRKRRK PP KAARARR KA AR R AR AR KA AR AR ARk khkk kk k kkh k%
Tk ok ok

SH*xE PYHNCIIun SU3PROGRAN TO CALCULATE DESIRCu FILY DCUSITICS
Chkk
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Chkk
Ck %%
Okxx
Ok Kk

S=FaF (%,
PHL FUECELon

T
, JHERD

ROFERCONCL VALUL,

, , -
X Is

THE Gy
I5 Ty 8¢ EVALJATED AWD

VALUL AT 1lICH
‘27 IS 1D

Jkkhkkkhkkkhkkhkkhkkhhkhkhhhkhkhkhkkhhkhkhkkhkhhhhkhhhhkhkkhkhkhkhkkhkhkkhkhkkhkhkhhkhkkkkhkkkkkhkk*k

IS
Y

Ok kk
A

Lk k*k
Chxx

100

Chhhkkhhkhhhhkhkhhkkhkhkkkhkx pPAC

Ok Kk
Dkok ok
<

Ok **x
Ok k*
Jkkk
~

Tk ok ke
Ok kk

~

C

(@

.

(@]

@]

STU

(@}

FUNCTION FdF (X,C
cood A, 3,

coLr
Fup==C
XP¥iR=1.
pu 100 I=1,
Fuf=ruar+208
XPWR=XPWR* ;
RETURA
IS

THLIS SUBRUUILTHE

J=2

REAWGL

USAGE:
ARRAY Ady

)
F

(1)

—

CALL pPACKA(I
"_\l ’

IS

PACHS Iw
55 TN SINGSLL

JAX3I,TOL,DX,

* XPWR

30F, )
THY

SUBROUTLINE PACTK(ISUF W)
INTEGER I3ufr (l) ,PADR,JPADR

ASSLIBLER
WORD ADDR
LuA I2JF

SUTA UPAUR
BYYTE AUDR
LLA 1

S'1'A PADR

FURTRAN

vl 1 I=1,w

ASSENBLER

LUAD WORD

LDOX UPAUR
LvA @0

DATA 128
STX UPADR
RE BYTE

LDX PADR
S3M

oA @0

INCR WORD ADDR

ARE 'ful COUrPLCIonTrs OF

M

~NUUBLR OF

ED(250)

yLEL(

LN WUKRLS

Rl
S

JHERE I 3UF

18

JQUTIBERS

40) ,Co

I)l,

15

LEF (5)

Tl CQUATIOU

VALGES I

THC [wPdT

Ty BE PACKEDU

K *kkkkhkkhkhkhkhhkhhhkkhhhkhhkkhhkhkhhkhkkhk

rdp

Ady oyredr

TRKIKKKKKRKRKKRAKRKNR AR R AR kR XKk Ak Khkhkhkhkkhkhkhkhkkkhkkkhhkhkhkhkhkhkhkhkhkhkkhkhkhkhkikkk



Swil

INCR 3YTE COUWNTER
DATA :128
STX PADR
FORTRAN

2

= (2

CONTINUE
RETURN
END
C********************** DWRITE kkkkkkhkhkkkkhkkhkkhkkhkkhkkkkhkkkkkhkkkkkkhkkkk
Chkx
C*** DISK WRITING SUBROUTINE Tu WRITE TRANSFER CHARACTERISTICZS
C*x**x JUT TO DISK
Chkk
Ohkkkkhkhkhkhhhhhhhkhhkhhhhhkkhhhkkhhhhhkhhhkhhkhhhhhhrhhhhhkkhhhhhhkkhkkkhk
C

SUBROUTINE DWRITE(ISUF,N)

INTEGER IBUF (250)

CALL PACK(IBUF,256)

WRITE (N) ISUF

RETURN

END
C*********************** PUNCH khkhkkhkhkkhkkhhkkkhkhkhkkkkhkkhkkkhkhkkkkhkkkikkkkkk
C***
C**x* PHIIS PRUGRAM IS A SUBRUUTINE FOR PUNCIING PAPER TAPES
C***
C*x**x UUSAGE: CALL PUNCH(IBUF) - WHERE IBUF IS5 AN INTEGER ARRAY OF
Ch** 256 WUIBLERS IN THE RANGE 0-255.

Chkkkhhkhhhkhhhkhhkhrhhkkhhkkkkkhhhhkhhkrkhhhhhhhhkhhkhkhkhhhkhkkkhhkkhhhkhkkk

SUBROUTINWE PUWNCH (34t)

INTEGER BJF (256) ,LLLDTE ,NULL5(50)

DATA WULLS/50*:0000/ ,0ELELS/:FFFF/
eeee s PUNCH BUFFLR [0 TAPE

[@N S

WRITE (4,96) JULLG
96 FORIAL (50A2,41)
CALL PuULL

c
e (BUF (L) JLI.1) o =30
LE (BUb (1) .31.0) o = ALOGLC(FLOAL (BJF (1)) +.1)
Jl =1
Lo 2 I=2,256
IF (But (1) L1y 1 =0
I (B8Uc (L) .GT.0) 1 = ALIOSI0(FLOAT (BdE (1)) +.1)
IF(1.82.18) OJiu 2
J2 = I-1
CALL wRLLn(JL,d2,4,39F)
v = i
Jl =1
2 Cuwi iy

P



CALL WRLTR(J1,255,4,8U¢1)
WRITE(4,929) wULLS

RETURN
LoD
Chkkkkkkhkhkhkkhkhkkkhkkkhkhkkkhkkkhkk L]}k *kkkhkhhkhkhkhkhkhkkhkhkkhhkkhhkhkkkkkxk
Cxk*%
C*x¥**  LSUSRUUTIwL CALLLu Y PJJCH TO wo TUL ACIUAL PUNCHNINC
Tk kK

C***********************x******************************************

C
SUBROUTINL WRITR(J1,J2,4,3UF)
INTECER BUF (259)

C
e (Jl.ow.l) GO 3
1P (0. EQ.0) JRITL (4,90) (3Uf(J),Jd=31,J2)
IF(n.L0g.1) wRITE(4,S1) (BuUur(J),I=J1,J2)
IF (4. 00.2) wRITLC(4,92) (BUF(J),J=J1,J2)
Gor0 4

3 LEP (W.BL.0) WRLITE(4,93) (3Ur(J),I=J1,Jd2)
IF(W.0u.l) WRITL(4,94) (8Ur(J),JI=J1,J2)
Ik (Nob,o2) WRLEC(4,95) (3Uf(J),T=31,d2)

4 RETURN

C  FURLIATS

C

53 FURLAL (3612)

30 FORDAT (11, (3612))

91 FOURIAT (L2, (2413))

94 FURL:AT (241 3)

92 FURLAT (L3, (18L4))

S5 FURNHAT (131 4)

[

Lp

c*********************** PDEL khkkhkkkkkkhkhkkhkhkhkhkhkhkkkkhkkkhkhkkkkkkkkkk%k
C***
Cx*x* PLEL IS A SUBRUUTING VHICH SENDS A DELETE CHARACTER TO
Cx** THIL PAPLEL TAPE PUWCH
Cx k%
C**************************************************************
TI'PL PDEL

NADY PLLL
PPDEVA EQU :FC

PPINT EQU :130
PDEL ENT

LDA DELADR

LLA 1

SAI 1

S1TA PPINTH+2

LALL 1

STA PPINT+1

LDA EOBADR

20



STA PPINT+5
pli

LDA =:210

OTA PPUEVA+1

S IN

WATY

COBAUR DATA S+1
o8 Ll

RTw PLLL
DELADR DATA S$+1
DEL UATA FFOD
LpPulL

LD
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