The program PDVPDS computes the probability of detection compared to
the optimum probability of detection results of Figures 7.23a and 7.23b,
and the program PEVPES computes the probability of error versus the
optimum probability of error characteristics, Figure 7.24.

Finally, the programs WOA and WOB compute the pdf, evaluated at zero,
for Class A and Class B noise, Figures'7.25 and 7.26.

In some of the programs SYSTEMC and IRAY are used. This is to
suppress an exponent underflow error message for the particular computer
used (CYBER 170/750) and are not, in general, required.
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24
40

60
64

70
80

PRNGRAM NORMB(INPUT,OUTPUT)

THIS PROGRAM CNMPUTES THE NORMALIZATION FACTOR OMEGA
FOR THE TRUNCATED CLASS 8 MNDEL SO THAT THE ENVELOPE RMS
VALUE IS FQUAL TO 1. SATURATION(TRUNCATION)IS ASSUMED
TO RF AT RODR(ON DRIGINAL NORMALIZED TO GAUSS POWER
SCALE)NR AT P=1,E=-6, WHICHEVER OCCURS FIRST.

NOTE. THIS PRDGRAM NORMALIZES TO THE ENVELOPE RMS. THE REAL
NOTISE POWER TS NNE HALF THE ENVELOPE POWER. FOR COMPUTATIONS
WHICH USF THE INSTANTANEQUS AMPLITUDE PDF, THE PROPER
NNRMALTZATION IS OBTAINED RY USING 2.*%0MEGA, OMEGA BEING
THE NNRMALTIZATINN PARAMETER NBTAINED HERE.

NTMENSTION TRAY(A)s AALPHA(9) s AAA(G)

NATA TRAY/=15=13=150,-1,-1/

DATA AALPHAIOoZDOo4’0.6’008Dan’loZ’lo"’loﬁ!lnB’
NATA AAA/Q0.001504019041904521.0s2.0/

PRINT 6

FORMAT(1H1)

DN AN I=1,9

ALPHA=AALPHA(T)

DO 70 J=1+6

AA=AAA(J)

SS=0.

PEZ2=1.

nO AD K=1,25

E=10.%%((=22.+K*4,)/20.)

PE1=DE2

SS1=0. ¢ FN=l, & SS2=0.

F2=10,%%( (~20.+K*4,)/20.)

NO 40 N=1,25

FN=FN%N

CALL CONHYP(1.=N*ALPHA/?2.92.9E2%E25S»IOVFLW)
T=(((=-AA)*%N) /FN)*GAMMA (1 ., +N*ALPHA/2,)*S
TF(INVFLW.NE.1) GO TO 24

§$S2=SS2+T7

GN TN 40

SS1=SS1+T

CONTINUE

Fp=0,

TF(E2%E2,LT.575.) FP=EXP(—-E2%E2)

PF2=FP=F2%E2% (FP*xSS51+S582)

SS=SS+E*F*(PE1-PE2)

TF{PF2,LE.1.E=6) GO TO 64

CONTINUE

RMSS=SS+PE2%E?2

RMS=SART(RMSS)

PMSDBR=20,*ALNGLO(RMS)

OMEGA=]1,/RMSS

ODRINT 7s ALPHA, AA, RMSDB, OMEGA

CONTINUE

CONTINUE

FORMAT(5X»3(1PEQ.2s2X)»2X»1PE12.5)

END
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SUBRDUTINE CONHYP(A,B,sX,S,TOVFLW)
CoeessCOMPUTES 1F1(A,By,X) FOR REAL ApBsX
CesaseelF X GREATER THAN 741, AN OVERFLOW WILL OCCUR. SEE
Ceesess COMMENTS BELOW,
S=1., $ Y=1.
IOVFLW=0
KUNDEF=0
IF(A.GT.0.)GO TO 101
Ke=A
ENA==K=-1
VA=A-ENA
IF(VA.EQs1..0R.VAL,EQ.0,.,)GO TO 110
101 IF(B.GT.0.)GO T 130
J==R
ENRB==J=1
VB=B-ENB
IF(VRUEOI].IlnR.VBIFQ.0l)120'13O
110 KUMDEF=1
GN TN 101
120 IF(KUNDEFL.EQ.1)PRINT1000,4,8
IF(KUNDEF.NEL.1)PRINT1001,8
RETURN
130 IF(KUNDEF.EQ.1)GO T0O 10
5 IF(X.GE.100.) GO TO 60
6 IF(X.6F.,10.) GO TO 10
NN=109
G0 TO 15
10 NN=300
15 TIF(KUNDEF.EQ.1) NN==A+1
DN 20 N=1,NN
D=N*( (R+N=1.0)%%2,)
Y=({A+N=1,0)*(Y/D)
Y=Y%(R4+4N=1.0)
YeY%xX
IF(S.EQ.(S+Y))GD TO 50
S=S+Y
20 CONTINUE
50 RETURN
CeoaesAPPROXTIMATES 1F1(A,ByX) FOR REAL A,B,X BY USING THE
Ceosss ASYMPTOTIC EXPANSION, SEE PAGF 1073, INTRODUCTICN
CeosoeTN STATISTICAL COMMUNICATIONS THEDRY, MIDDLETON.,
CoseeelF YuGE«HbT75. AN OVERFLOW WILL DCCUR FROM EXP,.
CoseesTO AVONID THIS, THE VARIABLE IOVFLW IS SET TO 1 AND
CessesTHF FUNCTINN VALUE IS CALCULATED WITHOUT THE EXP(X) FACTOR,
CeeeeeSO THAT THE VALUE RETURNED IS S/EXP(X)
60 NN=20
NO 100 N=1,NN
Y=Y*(R=A+N=1,)%(N=-A)
Y=Y/ (N*xX)
IF(S.EQ.(S+Y))GO TO 150
S=S+Y
100 CONTINUE
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150 S=S*(GAMMA(B)/GAMMA(A))*(X**(A=B))
IF(XaLT+675.)G0 TO 19C
IOVFLW=1 '
GO TN 200

190 S=S*EXP(X)

200 RETURN

1000 FORMAT(//»1X,* CANNOT EVALUATE EXPRESSICN SINCE BOTH*,

1% A AND B ARE NEGATIVE INTEGERS DR ZERDs A=%,F10.,2,% , B=¥%,
2F10.25 /1)

1001 FORMAT(//+1X,* RAD VALUE FOR B GIVES INFINITE RESULT FOR 5%,
1 *, B=%,F10,2,/7/)
END

FUNCTINN GAMMA(X)

RETURNS THE GAMMA FUNCTINN FOR REAL ARGUMENT.
NOTE. THE GAMMA FUNCTION IS NOT DEFINED FOR A NEGATIVE INTEGER OR ZER
INPUT
Y = THE REAL ARGUMENT,
QuUTPUT.,

GAMMA(X) = THE GAMMA FUNCTION OF ARGUMENT X,
75 ENRMAT(A6H GAMMA FUNCTION OF A NEGATIVE INTEGER, OR OF ZERO, IS NO
1T DEFINED.)
5 IF(X) 10s80,15
10 N==X
EN=a=N-1
V=¥=FN
TF(V.F0.1.)80,20
15 N=X
EN=N
V=X=-EN
20 Gﬁ””ﬁ=1.+v*(.422784137+V*(.4119402518+V*(-08157821375+V*
lf.07423790761+V*(--0002109074673+V*{.010973695844V*(-.002466747981
Z*V*(-0015?0758105-V*(-00034423#2046-V*-00006771057117]))l),)))
IF(EN=2,) 37,25,30
25 RETURN
30 N=N-1
DO 25 I=2,N
FI=1
35 GAMMA=GAMMA*(FI+V)
RETURN
37 N=2,-EN
DN 40 I=1,N
FI=2-1
40 GAMMA=GAMMA/(FI+V)
RETURN
BO PRINT 75
CALL EXIT
END
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PROGRAM LNADNA(INPUT,OUTPUT)

THIS PROGRAM COMPUTES THE LOBD NON-LINEARITY FOR CLASS A
NOISE FOR BOTH THE CANONICAL AND QUASICANONICAL MODEL.
THE PARAMETERS AA,GAM,ALPHAO,U(FOR MU),SGAM, AND GO ARE INPUTS.,
THF DFRIVED PARAMETERS,DSQ,ALPHA,AND GAMH ARE COMPUTED.
PC IS THE CANONICAL NON-LINEARITY AND PQC IS THE
QUASTICANDONICAL NON-LINEARITY.

DIMENSION IRAY(A),AA(4),GAM(4)

NATA IRAY/=1,-15-150s-1s-1/

DATA 5A10|35!0|1’0¢01’0-35,

DATA GAM!S.E'ﬁ!OcOOI!SQE-Q’OQII

CALL SYSTEMC(115sIRAY)

FORMAT(1H1)

ALPHAD=0,01

U=0.

SGAM=2,

GO=1.

PI=3,1415926

SRPI=SQRT(PI)

ALPHA=(2.-U)/SGAM
DSO=ALPHA/((2.~ALPHA)*(ALPHAD**((2.—-ALPHA)*SGAM)))
D=SQRT(NSQ)

DO 90 I=1,4

GAMM=GAM(I)

GAMH=GAM(I)*DSQ

A=AA(I)

PRINT 6

PRINT 7, GAMM, GAMH, A

DN 80 J=1,51

IDR==h2 ,+J%*2,

23100**(205’20-)

715Q=7%7

FM’]..

SIGCO=GAMM/ (1.+GAMM)

SIGQO=GAMH/ (1.+4GAMM)
SUMCR=FXP(=2S0/(2.*¥STIGCO))/SQART(2.*%PI*SIGCO)
SUMCTaSUMCB*Z/SIGCO
SUMOR=D*EXP(=ZS0*DSQ/(2.*¥SIGQ0))/SQRT(2.*¥PI*51GQ0O)
SUMQT=SUMQB*DSQ*Z2/SIGQO

DN 70 M=1,15

FMeFEM%M

STGC=(M/A+GAMM) /(1. +GAMM)

STGO=(M/A+GAMH) /(1. +CAMM)
TCR=(A®%M/FM) ¥EXP (=Z2S0/(2.*SIGC))/SORT(2.*¥PI*SIGC)
TCT=TCB*Z/SIGC

Fae((A%GO)**M) /FM

TOR=F*D*EXP (=ZS0*DSQ/(2.*¥SIGQ))/SORT(2.*PI*51IGQ)
TOT=TQB*DSQ*Z/SIGO

FN=1, % SB=0. % ST=0.
Fl'pr(Z-*GAHHA((3.+ALPHA)IZ-!*((H+GAHH*A*DSQ)**fALPHA/Z-)l)



20
21

31
32

33
34
60

70

80
90

DO 60 N=1sM

FN=FN*N

FMN=1,

KK=M=N

IF(KK.EQ.0) GO TO 21

DN 20 K=1,KK

FMN=FMN*K

CONTINUE

CMN=FM/ (FN®FMN)
F2ouGAMMA((1.+N*ALPHA)/2.) *¥F1**N
ARG=7SQ*NSQ/(2.%SI1GQ)

CALL CONHYP(=0,5%N*ALPHA,0.5, ARG»BS, IOVFLW)
IF(INVFLW.EQ.1) GO TO 31
Sm((=1.)%%N)%XCMN¥EXP(—ARG)*F2%BS

GO TO 32

S=( (=1, )%%N)XCMN*F2%*RBS

SR=58+S

CALL CONHYP(=0.5%N*ALPHA»1.59ARGy TS, IOVFLW)
TF(INVFLW.EQ.1) GO TO 33
SS=((=1e)*EN)*XCMN®(1,+N*ALPHA)*EXP(—ARG)*F2*TS
GN TO 34
SSm((=1e)%%kN)KCMN®(1.,+NXALPHA)*F2%TS
ST=ST+SS

CONTINUE

H=D/SQRT(2.*%PI*PI*SIGQ)
HT=H*7%DSQ/SIGQ

SA=F*H*SB

ST=F*HT*ST

SUMCB=SUMCRB+TCA

SUMCT=SUMCT+TCT

SUMOR=SUMQB+TOQOB+SB
SUMQT=SUMQT+TQT+ST

CONTINUE

PC=SUMCT/SUMCB

PQC=SUMQT/SUMQB

PRINT 8, ZDBs, PC, PQC

CONTINUE

CONTINUE

FORMAT(2X»3(1PE12.552X)s/)

END
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14
20

34
40

60
70
80

PROGRAM LNBDNB(INPUT,DUTPUT)

THIS PROGRAM COMPUTES THE LOBD NON-LINEARITY FOR
CLASS B NODISE. THE INPUT PARAMETERS ARE ALPHA,AA, AND OMEGA,
THE NON-LINEARITY VALUES ARE GIVEN BY Z1Z.
DIMENSION TRAY(6)s AALPHA(3)»AAA(3),00MEGAL(9)
DATA IRAY/=15=15=150s=1s-1/

DATA AAA/042314052.0/

DATA NOMEGA/2 .00B7E-454.0202E-552.0115E-559.9889E~-4,
11.9995E-4,5,1.0000E=4,5.156A5E-3»1.0357E=-355.1816E=-4/
CALL SYSTEMC(115sIRAY)

DN 80 I=1,3

ALPHA=AALPHA(I)

DO 70 J=1,3

AA=AAA(J)

OMFGA=2 ¥ ODMEGA(3*(I=1)+J)

TO NORMALIZE TO RPEAL NDISE RQMS.

PRINT &

PRINT 7, ALPHA, AA, OMEGA

N0 60 K=1,25

IDB==K5,+K%x5,

7=10.%*%(ZNDR/20.)

IN=7%7 /OMEGA

SUM=0, % FN=1, § SUM1=0,

DO 20 N=1,26

FN=FN¥%N

CALL CONHYP(=N¥ALPHA/2451«5sZNsS»IOVFLW)
T=(((=AA)*¥%N) /FN)*GAMMA( S5+N*ALPHA/2,)%S*(1.+N*ALPHA)
IF(INVFLW.NE.1) GO TO 14

SUM1=SUMI+T

GD TN 20

SUM=SUM+T

CONTINUE

FP=0,

IF(ZN.LTab6754) FP=EXP(=ZIN)

TOP=FPx (SUM+1 ,7724539) +5UM1

SUMMa0, ¢ FM=1, $ SUMM1=0.

NO 40 M=1,26

FM=FM%M

CALL CANHYDP(—=M*ALPHA/2.50.52INsS,I0OVFLW)
TT=(((=-AA)%%M) /FM)%XGAMMA( . 5+MXALPHA/2.)*S
IF(IOVFLW.NE.1) GO TO 34

SUMMLI=SUMM1 +TT

GN TN 40

SUMM=SUMMETT

CONTINUE

FPP=0,

IF(IN,LT.675.,) FPP=EXP(=ZN)
BOT=FPPX(SUMM+1,7724539)+SUMM]
77=2.%(2/0MEGA)*TOP/ROT

PRINT 8, ZDB, 27

CONTINUE

CONTINUE

CONTINUE

FORMAT(1K]1)

FORMAT(2X»2(F&44152X)»1PEL12.5,/)
FORMAT(5XsF54151PE12.5)

END
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30

35
40

PROGRAM PC1(INPUT,DUTPUT)

TN COMPUTE THE GENERAL PERFORMANCE CURVES,
FIGURES 743 AND 7,4, EQUATION 7.13.
DIMENSION ALPHA(9)

NATA ALPHA/I.E‘l’l-E‘?’l-E-3lloE-4)lnE'5’10E-6’10E‘Bl
11,FE=10s1.E-12/

PRINT 6

FORMAT(1H1)

N0 20 I=1,25

STANR==22 .42, %1
STIG=12.**(SIGDR/20.)

PE=N S5*CFRF(SIG/(2.%SART(2,)))
PRINT 7, SIGNDR, PE

CONTINUE
ENRMAT( 10Xy F5,152X%5,1PE12.5)
PRINT 5

N0 60 J=1+9
T1=FERFIN(1.0-2.%ALPHA(J))

DO 40 K=1,25

SIRDR==22,42,%K
916-10.**(SIGDH120.1
T=SIAG/SORT(2.)-T1

IF(T.LE.N.) GO TO 30
PN=1,=0,5*%CERF(T)

6N TN 35

T==T

PN=0,5%¥CERF(T)

PRINT 7, SIGD3, PD

CONTINUE

PRINT 8

CONTINUE

FARMAT(//)

END

PRNGRAM PC3(INPUT,CUTPUT)

TN CNMOUTE THE PRPESULTS GIVEN NN FIG 7.6y EQ. 7414,
DIMENSION PE(13)

DATA PE/DobsNe230,1354F=231.E-235.E=3,14E-3,5.E-431.,E-4%,
15QE-5I1-E"515|E-6110F-5,

PRTINT A

FORMAT(1H1)

DN 10 I=1,13

C=ERFIN(l.=2.%PE(I))

CDR=10,*AL0DG1O(C)

PRINT 7, PE(I)s Cs CDR

CONTINUE

FORMAT(10Y,3(1PF12.552Y%))

END
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PROGRAM PC?2(INPUT,0OUTPUT)

TN COMPUTE THE PRNBABILISTIC CONTROLS ON DETECTION,
FIGURE 7.5, EQUATION T.lé.

DIMENSION ALPHA(9), PDET(16)s P1(9)» P2(16)
NATA ALPHA/14E=151eE=2914E=351eE-451.E=5514.E=b>
1 1-E-B!10E'10!10E“12,

DATA PDET/0402»040450.0690.089041504250:3904450:5»046
10-7’n-B!0¢q’0-95!0o98lOoqq,

PRINT 6

FORMAT(1H1)

DN 10 I=1,9

PL(T)=ERFIN(l.-2.%ALPHA(I))

CONTINUE

nn 29 J=1,16

P2(J)=ERFIN(ARS(2.*PDET(J)=1.))
IF(2.%PDET(J)=14sLEeQs) P2(J)==P2(J)

CNNTINUE

NN 40 K=1,9

PC=P1(K)

DN 30 L=1,15

opR=Q,

P=PC+P2 (L)

IF(P.LE.O.) GO TO 29

PNR=10,.,*ALNG10O(P)

PRINT 7, PCy P2(L)s P, PDS

CONTINUE

PRINT 4

CONTINUF

FORMAT(10Xy4(1PF12.5s2X))

END

FUNCTION CERF(X)

SEE APPRNOXIMATIONS FOR DIGITAL COMPUTERS
BY Co HASTINGS, PRINCETON U. PRESS, 1955,
PAGEF 169, ALSO IN ABRAMOWITZ AND STEGUN,
NnTE’ VALID ONLY FUR XOGE.O'I
E=1.0/(1.040.3275911%X)
S=(((((0.940646070%F)=1.287822453)%E+1.259695130)%E-0.,252128668)*E
1+40.,225836846)*E

XSOQ=X%%2

EXPFX=0.,0

TF(XSQaLT«709.0)EXPFX=EXP(=XSQ)
CFRF=S*EXPFX*1.128379167

RETURN

END

FUNCTION ERFIN(Q)

COMPUTES THE INVERSE ERRDOR FUNCTION, USING
262,23 OF ABRAMDWITZ AND STEGUN,
P=(1.-Q)/2,

T=SORT(ALOG(1l./(P%P)))
X1=2,515517+0.802853*T+0,010328*T*T
X2=1.0+1.432788*%T+0,189269%T*T+0,001308*T*T*T
XP=T=X1/X2

FREIN=XP/(SQRT(2,))

RETURN

END
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40

50

PROGRAM PARA(INPUT,OUTPUT)

THIS PROGRAM CNMPUTES L(2)sL(4)sL(2,2) AND L(6)

FNR VARINUS COMBINATIONS OF CLASS A NOISE

PARAMETERS.

THE CNHERENT PROCESSING GAIN, PER SAMPLEs IS L(2).

THE TNCOHERENT PROCESSING GAIN, PER SAMPLE, IS

IS A FUNCTION OF L(2)sL(4) AND THE SIGNAL PARAMETER QN.
THE RATIND NF THF COHERENT AND INCOHERENT PROCESSING
GATINS TS ALSD CALCULATED ALONG WITH X0 AND YO.

CAMMNON /0Q0/ A, GAM

DIMENSINN TRAY(6)»AA(10)G(T7)sQN(2)

NDTIMENSTINON PIINC(2),PIDR(2),RATION(2)sRADB(2)»Y0(2)
DIMENSTION ZY1(7)»Z2(7)»Z3(7)s»Z4(7)

DATA AA/1aFE=631eF=2+04120459140524053405%4.055.05,10.7/
DATA G/1eFE=8p1eFE=T9]1+E=6p1leFE=591sE=4)»lesE=-3s1.E-2/

DATA ON/1.»10./

NATA TRAY/=1s-13-150,5-1s-1/

CALL SYSTEMC(115,TIRAY)

PRINT 6

FNRMAT(1H1)

NN RN L=1,10

A=AA(L)

nn 79 Ll=1,7

GAM=G(L1)

StM1=0),%S5UM2=0,%SU¥3=0,5SUM&=0,

nNO 50 I=1,36

ARDR==160es+5.%(1-1)

CNR==150,+5,%]

3=10,%*%(BD3/20,)

C=10.%¥%(CDR/20.)

TF(I.FQ.l) R:O.

NY¥=(C=-B)/6,

NN 40 J=1,7

X=R+(J=1)%DX

CALL FUNI(Xs71(J)sZ3(J))

CALL FUNZ2(XsZ2{J)»Z4(J))

CONTINUE

S1=0,3%DX% {71 (1)+5.%¥71(2)+71(3)+H. %71 (4)+721(5)+5.%71(6)+Z1(7))
S2=0,3%DX¥*(Z72(1)+5.%72(2)+72(3)+6.%72(4)+72(5)+5,%722(6)+22(7))
S3=0,3%DXX(73(1)+5.%73(2)+73(3)+6,.,%¥23(4)+7Z3(5)+5.%73(6)+23(7))
S4=0,3%DX%k(74(1)+5.%¥74(2)+74(3)+6.%74(4)+74(5)+5.%74(6)+74(7))
SUMI=SUM1+S1

SUM2=SUM2+52

SUM3=SUM3+53

SUM4E=SUML+S 4

CONTINUE



60

SUM1=2,%SUM1

SUM1 TS L(2)

SUM2=2 ,%5UM2

SUM2 IS L(4)
SL4DR=10.*%ALOG1O(SUMZ)

SUM3=2, *5UM3

SUM3 IS L(2,2)
SL22DB=10.*ALOGI0O(SUM3)
SUM4=2 . %xSUIM4

SUM4 IS L(6)
SLADR=10.*ALNG1O0(ABS(SUM4))
SL2=SUM1

SL?2DB=10.*%ALOG10O(SL2)
X0=SL2/(SUM3/2.-SL2%SL2)

DN 60 K=1,2

F=2.%SL2%5L2/75UM2
PIINCIK)=(SUM2/B.)*(1.+F*(ON(K)=1,))
PINB{K) =10.*%ALOGI10(PIINC(K))
RATIN(K)=PIINC(K)/SL2
RADR(K)=10.*ALOGLO(RATIN(K))
CANTINUE
YO(1)=SUM2/ARS(SUM&/2,.+46.%SL2%SUM3)
YO(2)=1,/ABS(3,%SUM3/S5L2+2,%5L2)
ORINT 75 Ay, GAM

PRINT 8, SL2s SUM2, SUM3, SUM4
PRINT 9, X0» YO(1)» YO(2)

PRINT 10, PIINC(1)s PTINC(2)s, RATIO(1)» RATID(2)
PRINT 11, SL2DR, PIDB(1l), PIDB(2), RADB(1), RADB(2)

70
8C

10
11
12

PRINT 12, SL4DB, SL22DR, SLADSB
CONTINUE

CONTINUE
FORMAT(2X9»2(1PE10.3,2X))
FORMAT(5X,4(1PE10.3,2Y))
FORMAT(5X»3(1PE10.3,2X))
FORMAT(5X,4(1PE10.3,2X))
FARMAT(5X,5(1PE1043,2X))
FORMAT(5X»3(1PE10.39s2X)s/)

END
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SUBRAOUTINE FUNI1(X»Ys YY)
THIS SUBRDUTINE COMPUTES THE L(2) AND L(2,2) INTEGRANDS
FOR CLASS A NODISE.,
COMMON/QQQ/ Ay GAM
PT=3,141592654

SMI.OI % SM2=0t % FM'IQ

NN 10 MM=1, 24

M=MM-]

TF(M NE.D) FM=FMxM
STGSQ=(M/A+GAM) /(1. +GAM)
T1a( (A%%M) /FM)*EXP (=X*X/(2,%SIGSQ))/((2.%PI*SIGSO)*%0.5)
T2=T1/S1GSQ

SM1=SM1+T1

SM2=SM2+T2

CONTINUE
TEMP=XYkY®SM2%SM2 /SM1
Y=FEXP(=A)XTEMP

Y IS THE L(2) INTEGRAND,
YY=2 J*%EXP(=A)XTEMP¥*TEMP/SM]
YY IS THE L(2,2) INTEGRAND
RETURN

EMD

SURRAOUTINE FUUN2(X,Y»YY)

THIS SUBROUTINE COMPUTES THE L(4) AND L(Kh) INTEGRANDS
FOR CLASS A CANONICAL NNDISE.
COMMON/DQQ/A, GAVM

PT=3,141592654

SM1=N., % SM2=0, ¢ SM3=0, ¢ FM=],
NN 10 MM=1,24

M=MM=1

TF(MJNE,0) FM=FMxM
SIGSQO=(M/A+GAM) /(1.+GAM)
TI=((A%¥%M) /FM)*EXP (=X¥X/(2.%SIGSQ))/(SORT(2.%¥PI*SIGSQ))
T2=T1/S1GS0

T3=T2/SIGSQ

SM1=SM1+T1

SM2=5M2+T2

SM3A=SM3+T3

CANTINUE

G=X%X%kSMI-SM2

TEMP=G%G/SM1

Y=FEXP(=A)%XTEMP

Y TS THE L(4) INTEGRAND,
YY=EXP(—=A)XTEMP%G/SM]

YY IS THE L(6) TNTEGRAND,

RFETIIRN

END

2925



OO OO0

40

PROGRAM PARB(INPUT,0OUTPUT)

THIS PROGRAM COMPUTES L(2)sL(4)sL(252)sAND L(6)

FOR VARIOUS COMBINATIONS NF CLASS B NOISE

DARAMETERS, ALPHA, AA,AND NMEGA,

THE CNOHERENT PROCESSING GAINs PER SAMPLE, IS L(2).

THE INCOHERENT PRNCESSING GAIN, PER SAMPLE, IS A

FUNCTION NOF L(2)s L(4) AND THE SIGNAL PARAMETER OQN.

THE RATIN NF THE CNHERENT AND INCOHERENT PROCESSING

GAINS IS ALSO CALCULATED ALONG WITH THE BOUNDS X0 AND YO.
COMMNN/QQQ/ALPHA, AA, OMEGA

DIMFENSTON IRAY(A)s AALPHA(Q),AAA(B)sDNMEGA(54),QN(2)

DIMENSION PITINC(2),PIDRB(2),RATIO(2),RADB(2)»Y0(2)

DIMENSION Z1(7)sZ2(T7)s23(7)»74(7)

DATA AALPHA/D0e250e450e69504B8914051e25104514651.8/

DATA AAA/D,00150401504190.551,052.0/

NDATA NNMEGA/H+551F~456.554E=536.h59E=6314419E-6,7.683E-7,

14 4502E=732405TE=3,24062E=432.067E=55441T7hE=H652.115E-6,
T1.N0R5E=6,8,519F=3,R,58B8FE=4,R.598E=-551.723E-5,B.631F=6,
14 ,333C=651.078E=154.001FE-3»4.016E-4,8,037F-5+4.020E-5»
424.012FE-55T7.396E-193.069E-2514996E-3,3.99BE-4,2.000E~-4%,
51000F=449,335E=1,3,080E=151.026E=252.069E-3,1.036E-3,

654 1R25 =43 0Q,572F=137.70RF=1514121E-1514.438E-255.507E-3,
72.761E-399,h1B8E=199.099E-1»4.697E-151.119E-1,4.993E-2,
B2.133FE=219.635E=1,G.456F=1»7+584E=153.656E=1»2.255E=150,0/

DATA AIN/1es104/

NATA TRAY/=1y=1s=1505-15-1/

CALL SYSTEMC(115,IRAY)

PRINT A

FORMAT(1H1)

DN 80 L=1,9

ALPHA=AALPHA(L)

DO 70 L1=1,5 !
AA=AAA(LY)

NMMEGA=2 JOX¥NNMEGA(L1+6*(L-1))

TO NORMALIZE TOD REAL NDOTISE RMS,
IF(OMFGA.EQ«04) GD TO 70
SUM1=0,%SUM2=0,%SUM3=0,2SUM&L=0,
NN 50 I=1,42

RDR==1H60e+5.*(I~-1)

CDR’-160|4’5 I*I

R=1N,*%x(BDB/20,) ;
C=10.%¥*%(CDR/20,) g
IF(T.EQ.1) R=0, i.
DX=(C=B)/h. :
N0 40 J=1,7

XzRB+(J=1)%DX

CALL FUMIXsZ1(J)»72(J)»73(J)s74(J))

CONTINUE
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50

70
B0

10
11
12

S120.3%DX*(Z1(1)45.%Z1(2)+71(3)46,%71(4)+71(5)+5.%21(6)+21(7))
S2=0.3%kDX*(Z22(1)+5.%Z2(2)1+4722(3)+6.%72(4)+72(5)+5.%72(6)+22(7))
S3=0,3xNX*(Z3(1)45.%73(2)+73(3)+6,%23(4)+73(5)+45.,%73(6)+23(7))
Sa4=0,3%DX*(Z4(1)+45.%74(2)+474(3)+46.%¥74(4)1+474(5)+5.%74(6)+74(7))
SUM1=SUM1+S1

SUM2=SUM2+S52

SUM2=SUM3+S53

SUM4=SUM4+S4

CONTINUE

SUM1 =2 ,%S5UM]

SUMT IS L(?)

SUM2=22,%5UM2

SUNZ2 IS LA

SL4NR=10,.*%4L0OG1IO(SUM2)

SUM3=2,%SUM3

SUM3 IS L(2,2)

SL?22DR=10.*%AL0OG1O(SUM3)

SIM4=2, %SlM4

SUM& IS L(6)

SLADR=10,*ALNG10(ABS(SUM4))

SL?=S1)M]

SL2DB=10.*%ALNG10O(SL2)

X0=SL2/(SUM3/2,-SL2*5L2)

N0 AD K=1,2

F=2,%SL2%SL2/SUM2
PTINC(K)=(SUM2/84) % (1 +F*(QN(K)=-1.))
PINR(K)=104%ALOGIO(PIINC(K))

RATIN(KYI=PTINC(K) /SL2

PANR(K)=10.*ALNG1IO(RATID(K))

CONTINUF

YO(1)=SUM2/ABRS(SUML /2 (+6,%5L2%SUM3)
YO(2)=1./ARS(3.%¥SUM3/SL2+2.%5L2)

PRINT 7, ALPHA, AA, DOMEGA

PRINT B, SL2s SUM2, SUM3, SUM4

PRINT 9, X0, YO(1)s YO(2)

PRINT 10, PIINC(1), PIINC(2)s RATID(1l)s RATIO(2)
PPINT 11s SL2DB, PIDB(1)s PIDR(2), RADB(1)s» RADB(2)
PRINT 12, SL4DB, SL22DR, SLAKDB

CONTINUE

CONTINUE

FORMAT (2X»3(1PE10.3,3X))

FORMAT(5X,4(1PE10.3,2X))

FORMAT(5¥,3(1PE10.3,2X))

FNRMAT(S5Xs4(1PE1D.3,2X))

FORMAT(5X,5(1PE10.3,2X))

FORMAT(5Xs3(1PE104352X) /)

END
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SUBRAOUTINE FUN(XsYsYYsYYYsYYYY)

THIS SUBROUTINE COMPUTES THFE L(2)(Y)sTHE L(&)(YY),
THE L(252)(YYY)»AND THE L(6)(YYYY) INTEGRANDS FODR
CLASS B NOISE.

COMMON/QQQ/ ALPHA» AA,OMEGA

PI=3.141592654%

IN=X%X/OMEGA

FM=1,

SUM1aSUM2=SUM3=(,

SUM&4=SUM5=SUMA=0,

DD 20 M=1,26

FMaFM&M

CALL CONHYP(=M*ALPHA/2.50.59ZNsS»IOVFLW)
CALL CONHYP(=M®ALPHA/2451455ZNySS,I0OVLLW)
CALL CONHYP(=M%ALPHA/2,324.53ZNy»SSS»INVFLW)
Te(((—AA)%%xM) /FM)XGAMMA(D.,5+M*XALPHA/2,)
T1=T%S

T2=T* (1 +M*XALPHA)*SS
T3=T*(1.+M*ALPHA) * (1, +M*ALPHA/3,)%*SSS
TF(IOVFLW.NEL.1) GO TO 15

SUM4&=SUM4+T1

SUM5=SUM5+T?2

SUMA=SUMA+T3

GO TO 20

SUM1=SUM1+T1

SUM2=SUM2+T?2

- SUM3=SUM3+T3

20 CONTINUE

FP=0,

TF(ZN«LTeAT5.) FP=EXP(=ZN)

PT=FPx( SUML+SOQORT(PI))+SUM4

P1T=FP* (SUM2+SQRT(PI))+SUM5
P11T=FP%(SUM3I+SORT(PI))+SUMS
P=PT/(PI*SQRT(OMEGA))
Pl==2,%X%P] T/ (PI*OMEGA%X%],5)

P1l1=4 % X*X*¥P11T/(PI*0OMEGA%*%2 ,5)=2 ., %P1T/(PI*¥OMEGA%%*1.,.5)
P IS PNF OF X

P1 IS PDF PRIME

P11 TS PDF PRIME PRIME (2ND DERIVITIVE)
Y=P1%P] /P

YY:D]_]_#P],]_ID

YYY=(2 ,%P1l%%4,)/(P*x%2,)
YYYY=(P11**3,)/(PxP)

RETURN

END

c
o
C

OO0
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OO0

30

35
40

50
60

PRNGRAM PDVPDS(INPUT,OUTPUT)

PRNGRAM COMPUTES THE CANONICAL PERFORMANCE RESULTS,EQUATION
5.50, PROBABILITY OF DETECTION VERSUS OPTIMUM PROBABILITY
NF NDETECTION, AS FUNCTINN NF DEGRADATION FACTOR PHID,»
FOR A GIVEN FALSE ALARM PROBILITYs ALPHAF,

NIMENSTION ALPHA(2), PHI(7)s, PDSS(18)

DATA ALPHA/1.0E-3,1.0E=K/

DATA DHI’1.!00590-1’0005}0.01!0.005’0-001,

DATA PDSS/1.0E=635.0E=65s140E=595.0E=-551.0E-455.0E~%4,0.001>»
10.005l0u01J0.05!nl)aS!cb!l?!-alt9'oQ5’-98/

PRINT 6

FNRMAT(1HL)

NN AD I=1,2

ALPHAF=ALPHA(T)

DN 50 J=1,7

PUIN=PHI(J)

PRINT 7s ALPHAF, PHID

DN 40 K=1,18

PDS=PNSS(K)

T1=FRFIN(1.-2.*¥ALPHAF)

T2=FRFIN(ABS(2.%PDS-1.))

IF(2.%PDS=1eelLED.) T2==T2

T2=SART(PHID)*(T2+T1)

T=T3-T1

IF(T.LE.0.) GO TN 30

PN=1.0-04,5%CERF(T)

GN TN 35

T=-T

PN=0.5*CEPF(T)

PRINT By PDSs PD

CONTINUE

PRINT 9

CONTINUE

CONTINUE

FORMAT(5Xs2(1PE10.3,3X),/)

FNRMAT(8X»2(1PE10.3,3X))

FORMAT(//)

END
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60

O D®ND

PROGRAM PEVPES(INPUT,OUTPUT)

PROGRAM COMPUTES THE CANONICAL PERFORMANCE RESULTS EQUATION
H«51sy PROBABILITY OF BINARY BIT ERROR VERSUS OPTIMUM
PRORABILITY NF ERRORy AS A FUNCTION NF DEGRADATION FACTOR PHID.
DIMENSION PHI(10),PESS(17)

DATA PHI/1403 299483 e79e69059 04323502201/

DATA PESS/1leE=692+E=6354E=631eE=552¢E=5554E=5514E-4,2.E-4%)
154F=45 4001500250055 4015.025a05541re2/

PRINT 6

FORMAT(1H1)

DD A0 I=1,10

PHID=PHI(I)

PRTINT 7, PHID

NN 40 J=1,17

PES=PESS(J)

PE=0.5%¥CERF(PHID*ERFIN(1.=-2.%PES))

PRINT By PESs PE

CONTINUE

PRINT 9

CNONTINUE

FORMAT(5X»s1PE1043»/)

FORMAT(BXs2(1PE1043,3X))

FORMAT(//)
END
PROGRAM WOA(INPUT,OUTPUT)
PROGRAM COMPUTES THE PDF EVALUATED AT ZERD
FOR CLASS A NODOISE.
DIMENSIDON AA(10)sGI(T)
UATA AAIIQE-Q!IOE“2!001)005'110’2-’3-’4-!50!10./
NATA G/leE=Bysl1eE=TsleE=591eE=591sE-491.E-391.E-2/
PT=3,141592654
PRINT 6

FORMATI(1H1)
DO RN J=1,10

A=AA(J)

PRINT 7, A

DO 70 K=1,7

GAM=G(K)

SUM=0, $ FN=1.

NO 60 NN=1,30

N=NN-1

IF(NJNELO) FN=FN%N

T=((A%%XN) /FN)*SORT((1.+GAM) /(N/A+GAM))
SUM=SIIM+T

CONTINUE

WOsEXP(=A)%*SUM/SQRT(2.%P1I)

ARE=4 ., *WO*W0

ARENDR=10.*ALDOGLO(ARE)

PRINT 8y GAMy WOsARE,AREDS

CONTINUE

PRINT 9

CONTINUE

FAORMAT(5X»1PE10.3,/)
FORMAT(8X»4(1PE10.3,3X))

FORMAT(//)

END
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60
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PRNGRAM WOR(INPUT,OUTPUT)

PRNGRAM COMPUTES THE PDF EVALUATED AT ZERD

FNR CLASS B NOISE.

NIMENSTION AALPHA(9),AAA(K),DOMEGA(54)

PI=3.141592654

DATA AALPHA/04250.44504650485140514291e4s14651.8/

OATA AAA,O-OOl’O-01!0.1’0.5!1-0)2l0,

NDATA ODMEGA!&.551E-4’6.56#E-5;6.659E-6;1.4195—6,7.bﬁ3E—7’
14.502E—7;2.057E-3pZ.ObZF-hy2.067E—5’4.176E-b’2.115E-b’
Il.OHﬁE-b:B.SlQE-B:8.5BRE—4p8.598E-5:1.723E~5;8.631E—6:
34.333E-6;1.078E—1;4.001E-3y#.Ole-G:B.O37E-5;4.020E—5:
4?.ﬁl?E—ﬁ;?.BQbE—l;3-0605—2;1.096E-3;3.098E—4;2.0005—4;
51.000:-4,9.335E—1,3.080E-1-1.026E-2;2.0bQE-B-l.OBbE-B’
65.1828—6;0.572E-1’7.?OBE-1;1.121E—1p1-4385-2;5.50?E-3,
7?.761E-3;Q.blﬁF-lyQ.OQQE—lp4.bQ?E-l;l.llQE—l;4-993E-2;
P?.l??F-Z;Q.b%%E-l:Q.ﬁSbE—l;T.584E-1p3.b5bE—1;2.255E—1;0.0/

PRINT 6

FORMAT(1H1)

NN B8O J=1,5

AA=AAA(J)

ORINT 7, AA

nn 70 K=1,9

ALPHA=AALPHA(K)

NMFEGA=2 JO*O0OMEGA(A*X(K=1)+J)

TN NNRMALIZE TN REAL NODOISE RMS,

SUM=n, % FN=1,

NN 60 NN=1,130

N=NN=1

IF(NJNE,0) FN=FN¥N

T=(((=AA)*%N) /FN)*GAMMA(N*¥ALPHA/2.+0.5)

SUM=SIIM+T

CONTINUE

WO=SUM/ (PT*SQRT(OMEGA))

ARE=4 ,XWO*WO

ARENB=10,*ALNG10(ARE)

PRINT By ALPHA,OMEGAsWOsAREsAREDB

CANTINUE

PRINT 9

CONTTINUE

FORMAT(5Xs 1PE10.3,/)

FNRMAT(8Xs5(1PEL10.3,3X))

FENRMATI(//)

END
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