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Computer Program for Diffracted Multiple Reflections

by Don C. Riley

The following computer program represents the 1-D and 2-D forward
and inverse algorithms as described in the March 1974 report (p. 83 -
135). Also included is a sample job stream (for IBM 360) that was

used to compute the figures on p. 133-135 of that report.

//CRUNCH EYEC PGM:z=NOAH

/¥

/¥ PRINT DATA SET FOLLOWS

//* FORTRAN LOGICAL UNIT 06
//FTO6F001 DD SYSOUT=A

/¥

//* PRINTER-PLOT DATA SET FOLLOWS
/¥ FORTRAMN LOGICAL UMNIT 66

//FT6EF0DT DD SYSOUT=A,DCB=(BLKSIZE=133,RECFM:UA)

//*

/% PRIMARY TRACE SECUENTIAL CUTPUT DATA SET FOLLOWS
VA FORTRAN LOGICAL UNMIT 0Q

//FTOQF001 DD DPSM=S0Q1.PLOT,VOL=SER=8YS23,UNIT=2214,

// DISP=(VEW,KEEP),DCR= (PFCFH FB,LRECL= ?6 s BLKSIZE = 5720),
// SPACE-= (TRK (18, 1) RLSE)

/7%

/7% PRIMARY TRACE SEQUENTIAL INPUT DATA SET FOLLOWS
/7% FORTRAM LOGICAL UMNIT 11

//FT11F001 DD DUMMY

/¥

//* SCRATCH DATA SET FOLLOWS

/1 FORTRAN LOGICAL UNIT 13

//FT13F001 DD DSN:=&&SCR,DISP=(NEW,PASS),UNIT=SYSDA,
// DCBz(RECFM:=VSB, LRECQ_ZSM BLKQIZE 7104) SPACE= (CYu,( s2))
/¥
/¥ CONTROL CARD DATA SET FOLLOQWS
/7% FORTRAN LOGICAL UNIT 0%
//FTO5F001 DD *
&PHASE JOB=1,NX=70,NT=280,VEL= 5000-,SAMPRT-.OOU DELX=50.0,
LINE=" TEQP’T ySHOT=040,SMAG=1.0,LS=15,PW=10.,
XDIP= ?O.,PLOT +1 KNORM_;,TORH*102M &FND
&MODEL GEOL="CIRP’ COFFF_—O 25 DEPTH—?6.,RELIEF hoo,
CYCTFS 15, NFAULT 0,DIP=0.0,&END
&MODEL GEOL="LAYR™,COEFF=0.05, DFPTP 141.,DIP==1.5,
MFAULT=1, THROU 10.,XFND
&MODEL COEFF= 000 s EEMD
&PHASE JOB:=4, IDFLZ 10,M1S=25,N28=60,N1L=25,M2L=134,&END

&PHASE JOB-= “ sy LU=18, NFST 1 NZAP 2, NTF 20, PZE 52,N3E= F: s NUE=88, &ZEND

J *
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Coonen FOR FACH PHASE 0OF THIS PRCCRAM ONE JOB IS PERFQRMEL,

Coones MULTIPLES PHASES MAY BE EXECUTED IN A SINGLE CCMPUTER PUN,
Coseosn THE VARIGUS J03S ARF AS FOLLOWS @

Coenen

Ceecee JOR=1 MOl BUILCING- A REFLECTICN COEFFICUENT MUDEL IS
Covoes CCNSTRUCTEL ACCORCING TO THFE &MCDEL
Cooess ELEMENT DESCRIPTICN NAMELISTS WHICH
Coocee MUST FOLLCW A PHASE WITH JOB=1,
Censee SEE SUBROULTINE ®EARTH" FCR NODEL
Coovee PARAMETERS.

Cososo JOR=2 -0ONE DIMENSICNAL REFLECTICN SEISMNGRAM SYNTHESIS-
Ceosnee JOB=3 -NNE DIMENSICMAL INVERSION CF REFLECTION SEISMOGRAM-
Coeveve JOB=4 ~TWO DIMINSICNAL REFLECTICN SEISMOGRAM SYNTHESTS-
Coeosse JOB=5 -TwG DIMEMSIONAL INVERSION CF REFLECTION SEISMOGRAM-
Ceoves JOB=6 -EXTERNAL FEFLECTICN SEISMCGRAM INPUT— REACS FROM

Cesone LOCGICAL UNIT (LU) 11 DATA IN TRACEF
Cooosne SEQUENTIAL,y 16 BIT TWO*S COMPLIMENT
Coeesne INTEGER FCRMAT, ASSUMED ARF THFE
Conooe FCLLOWING: NDRMAL IZATICN TC BNORMW,
Caneeo EXFONENTI AL GAIN CF 'DBY CB/SECe
Consne JO8=7 =SAMFE AS JOB=6 EXCEPT EXTEGNAL REFLFCTION COEFFICIFNT
Ceenoo ' SECTION IS READ INTC THF C ARRAY,
Cenoes JOB=8 -NULL PHASE- MODIFY AMNY PARAMETER

Ceonsee ALSC REWINCS UNIT 11

Cooves 1>498>8 —NORMAL PRCOGRAM EXIT-

C.'... <

Cenven NAMELTST PARAMETERS ARE AS FOLLOWSe * INCICATES WHICH NF
Coseee THE PARAMETERS MEEC BE SUPPLIED FCR A PARTICULAR JCB.

Coesen NOTE: PARAMETERS FRONM CNE FHASE REMAIMN IN FORCE FOR SUCCEFPING
Cacone PHASFS UMLESS =XPLICITLY RE-ENTERED,

Coovne THE PARAMETERS FCR JCR=7 ARE THF SAME AS FCR JOB=6e

CQOOOO

C _.__Joe____ :

C/71 2 3 &4 5 ~/TYPE/ NAME / CESCRIPTICN

O e [ommmm - ——————————/
C /* */ 1/ NX /NUMBER OF TRACES IN SECTINN

C /* ¥/ 1 /M7 /MUMBER OF SAMPLES/TRACE

C/7 * % x % /1 /J N1SyMZS /SHCRY PATH MULTIPLE CATE IN SAMPLES

C/7 *x» x % /T / NIL,M2L /LCMG PATH MULTIPLF GATE IN SAMPLFS

c 7 * * [/ R/ SHOT /INITIA. SHOT PARAMETEE, SHOT=L{.W WHERE

c/ / / / L=GECPHONE LCCe CF CFENTER CF SHOT FATTERN
cv / / / w=WILTH OF PATTEFN, SHOT=00 = PLANE WAVE
c/ ¥ %/ R/ SMAG /SHOT MAGNITUCE

C /% =% *x *x/ 1 /[ LS /LEMGTE DF SHCT WAVEFORM IM SAMPLES

c 7/ * * /1 [/ LU /LEMGTH OF SHCT WAVEFCRM INVERSE IM SAMPLE
c 7/ * x /1 / IDELZ /RATIO DOF DELTA Z YO [ELYA T

C /% */ R/ VEL /ERAME VELCCITY FT4/SECs

C /% */ B/ DELX /MIC-PTINT SPACING FT,

C /% */ R/ SAMPRT /SAVMPLING RATE SEC,
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C /% % ¥ & & »/ 1T / NOOM /MORMALIZATICN FACTOP

C /% *® % % % %/ T/ KNDRNV /TYPF CF NCFMALIZATICAN ON CUTFUT

c/ ’ / / JUL=DNCHE ¢ 2=DNMAX AES=NNNPNMM,I=3MOAN ARC=NAL
C /% */ 2 / DR /EXPCNENTIAL CAIN APFLIFD ON QUTPUT R

c/ / / /RENMCVED GN INPUT IN CPB/SEC,

C/7% > x % % x/ 1 / P07 /OEDRESULTS CF PHASFE MET WRITTEN 70 3 ©

c v / / /OTHER BT CE THEY ARE WRITTEM

C /x% */LIT / LINFE /UINE INDENTIFTICATICN 16 CHaR, rP [ FEC

c % * /1 / NEST / NCe TRACES FOR WAVFLET TAVEECH: FCTINMATE
C 7% ¥ P/ PW /SAVELE PCINTS PEE WAVELFNC™H CF SHOT

c/ * * /1 / NY=WN2F, /SCURCE WAVFFCRM ESTIMATOR CATFS

c 7/ / / N3T,HaF /

c v/ * /v / NZAP JLENGTE OF INVERSE SWEEP IN IDELT7'S

c v ® X%/ P/ XDIP /DIP FILTER CLTNFF (DFCGe,) TC 1/2 POprE
r.....

C %3 o # ok ok oo e e ol e o ool e oot oo o b b o ot v Y o ol b o A ook ok ok ook o o ot oK ook ot e e o ok sk s xStk o o ok b o o ¥

c..’..

Ceosen SUBRCUTIMNES CALLEC ¢

Cevsnee

Coeeese 2N FLRWALN WSPNONCE®

Cesosee FNRWARD PONPAGATNE "o ANZY

(‘..... “wCC AN WCCANY
Ceeoee 2D INVERSE WELCCODY

Ceneee INVEESE PROPAGATNR HEWFEPTH

Coeesoe wCWEE PAN WCLFEP M NGWFEpPoN
Ceseee TMVERSFE CSTIMATOR “"IAFN

Ceeoee SHINT WAVE GFN, nYLSHOTN

Cooovee 1IN ALGORITHM UANCAHIDY

Cessee SMIRCF-FREF PRNP, "FAST )"

Ceonee SOURCE RSTIMATNAR "SQUASHE"

Casooe GIALURBR ALCNFITHM venpLen

Ceeeee MODEL BUTLDER WEART po

Cesees [/0 PACKAGE "RWAVF xn

Cosoon "WAVE TN wOETEX"
Cevseon PRAINTER PLOT REANVRAL

Ceaven
C ook v o o e o ool ek A ok Aol kv e e fedie ok gk X ok e o e ok o ot o ol ofe deakoole o o ok de ok vk ol e e ok ok X % o o ol X d i ok b R ok o b

Cesvee LAST #ODIFTCATION ¢ B AUGULST 1674 CON Ce FILFY
C %% e s ook ol ok A e e oot ook o ek o e ok 3 ak e e o oo o o ool ok ok K o e et e R SRR R R R e ok R

(.....

CeeneNOTE 2 TN O THIS PONCEAM L ISTING SCME APRAYS RCOTH FPASSED AND

Canoes HELD TN COMMECN BKE CINMENSICAEDR AS A____e TEESE
Coveone CIMEMSINVMS ARFE TN RE EXPLICITLY DFCLARED AT COMPILF
Coovee TIMEe FNR FXAMPLE, WHFEN AN ARRAY [S CIMEMSTIONEN AR
Cooven EMX AND THE MAXIMULM FCR NX WILL BRF 1CC , THFN DN
Cevesne SHOULT REPLACE ENX EVERYWFERE IT (CCUKRS,

CQ...'

Coeosven THE DIMENSTONS Tr AE INSERTEC AT CNMPILE TIME ARFE
Casses INXY=RMX p INTT =6NT 3 INZY=ENZ L 'L S'=ALS 4 LU =61 L 4OV Y=fME
Cooesne WHERT ME=7%(N4FE-N3E+ 1)+l U AND MZ=14NT/TODFELY
C'....

C #ok ok o o oo ok ok o s ook koo Yoot o ook e b ool okt ook o ok o ok o ok ool o o ok ok o ¥ o o ol el K sl ol o ook o ok ol o o o o O o
Coneos CORESTIZE= LxNX%HA2XNTH+NT745) 4+ PCM 62,000 (PYTES)

C 3 o ob Shoole ki ok e e ok aleole o ool e o o e ok o ook o ol e o ook ol o ofe o ol ok o o ok o ok o ok ol R ok o o o Y o o o R Aok ok
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Convoe 1I/€ DOATA SETS
Consen FORTRAN UNTT LSE RECORD LEN RECCRD FORMAT
Coeenens
Ceoovee & PRINT 133 UA
Coonas &6 PRINTER PLCY 133 LA
Censoe Q SECe CUTPUT 2ENT U OR F
Caveos 11 SEQCe INPLTY 2ENT ty OR F
Consoe 13 SCRATCH 4% (ENX+1) VSB

(C e sk e b ok s e ok sie s ook o e 3 ofole e sk o kol ok ol e e s sde 3k o ol ik ol adeoke ofe sk ol ke ofe e ok sie kol i ok e X ok o e e o e ok ok e e O e ke
C.. LA N ]

REAL*G S{ELSY yGAINCENT)

INTEGER THWX2(ENT),PLQOT,T

COMPLEX*YE LINE
C.. 2090
Cosoes PRCBLEM DATA CCMMON AREAS FCLLCW

COMMON /GRIDS$Y1/ CLENXHENT)

COMMON /GRID®2/ REENXLENT)

COMMON /GRID$4/ GRICA4(ENX,ENZ)

COMMON /BLOCKY/ VI(ENX),V2{ENX)

CCMMON /BLDCKZ2/ V3{ENX) 3 V4L ENX), VSLENX)

COMMON /GLOBAL/ RHO9iNX9yNT9yNZ 9y SHOTH»SMAG,LSyNZAP
CCD * e
NAMELIST /PHASE/ JOB +JNXyNT,LS,LUyIDELZHVEL,CELXyLINE,

SAMPRT yKNORMDByPLCT9SIGN, PW,ySHOT 4 SMAG,
MN2SoN2LyNIS o NLL WNEST,NZAF, NCRMy XD1P,

‘ MIF G N2ELZN3F NGE
PICKY{TY={Y ¢=2 o *ARR®TAT )R EXP (-ARRXT *T)
DATA LINE/? v/

8) 8 D

C.. L N )
Coooeo BEGIN EXECLTABLE STATENMENTS
C.....
Ceenes TURN CFF ERRUOR MESSAGES FCR FLCAT UNDERFLCWS
CALL FRRSET(208,0,4,-1+1)
C.. L N )
NSET={
NPHASE=0
LARRAY=ENXXENT
Cosoes SET DEFAULT VALUES
JUB=9999
LU=13
IDELZ=25
VEL=5000,
SAMPRT=,00N4
KNQORM=1
CB=CeC
PLOT=]
PWw=8e(C
DELX=50.0
NEST=4
NORM=1024
XD1P=30,0
AKN=341 4169 /L,
RHN=1 cﬂ
A=0e0



SHOT=N, 0
SMAG=1. 0
LS=13
NZ=00
NZAP=1
Cosoee TOP CF PHASE (CCF
100 READ{%,PHASE,END=555,FRR=FE8)
IF{JOBeFCal eOReJOBs FLebeORoJCReECaT) WRITF(6,504) L INE
WRITE(&,9CF)
NPHASE=NPHASE+]
IF(JOBalTeleOReJNBaGTeB) GO TC &S5
IFINXANT o GT ol ARRAY) GO TN 666
IFIMNXaGTe ENX) GO TC 8S7
IF(NSET.NES,C) G2 TO 1C2
NSET=1
ARP=84/PW/PW
MIDDLE=LS/2+1
DO 101 K=1,LS
T=K-MIDDLE
101 SI{K)=RICKY(T)
Coosen BRAMCH TG A PARTICUL AR JOB
182 GO YO (1200,2000,200C,300C,4000,5000,5000,5000), JCB
c...“
1000 VXCALC=Z *DELX/VEL/SANMPRT
CBIN=0D8
CALL EARTHE (CoyNXyNT,SyLSyVXCALCySAMPRT,DB,Pk,yR)
IFICBINeNEs Ca ) DB=DBIN
CALL SETEX (SAMPRT,CR,GAINJNT KNORMyNXyIHW)
IF{PLOToNEeD) CALL WAVEX (R GNXyNT,IHWNyPLOT, NCEM)
NRITE(6 9G0) JOByNXyNTyNZyICELZ9yVEL ¢yDELXySANPRT (NCRM, KNORM,
CRyPLOT yLS yPW oy XCIPyAyRHCyVXCALCy SHDT,SMAG
wRITE(6,§C8) NPHA ST
GO 70 100

C.....

2000 CONTINUE

SIGN=1.%

IF{JCBeFQe3) SIGN=-140

CALL NOAHID(C,RyN1S,NLL4N2S4N2L,S,LU,SIGN,

G NESTyNIE yN2E 4 N3E,N4F)

IF(PLOT ¢NEQO¢ANDs SIGNaGT 00 ) CALL WAVEX (RyNX,NT,1Fh,PLOT ,NORV)
IF(PLOToNFo 0o ANDe SIGNaLTe 00 ) CALL WAVEX (CyNXoNT o1k, PLOT,NCRN)
WRITE(6,900) JOB,NX NTyNZ pICELZ ,VEL \DELX, SAMPRT {NOP M, KNCR,

) DByPLOT sLS 4Py XCIP A, RHC,VXC AL Cy SHOT 4 SHAC
WPITE(5,901) N1S,N2S,N1L,N2L

IF(SIGNGLTeGa) WRITEL64G02) N1E,N2E,N2E,NGENEST,LU,NZAP

WRITE (£,90R) NPHASE

GO TO 1C6

C.....
2000 CONTINUE

NZ=1+NT/ITELZ '

IFINZJGT4&NZ) GI TO ‘8¢9

A=IDELZ/(24#VXCALC)*#2

RHO=CEXP (= AKNAVELX SANPRT /(44 %341415GXCELXXSINIXDIP/57,20€)) )
IF(AeGEeCel€6565) 50 TD 858
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CALL SPOMGELC,RyNISyNIL yN2SyN2LySHICELZyA,R,CGRIDA)
IFIPLNTeNESG) CALL WAVEX (RyNXyNToIHW,PLOT,NORM)
WRITEL(6,°00) JOByNXyNTyNZ JICELZ,VELyCELXy SAMPRT yNCRM,KNQORM,
a DByPLOTsLSyPRyXOIP 4ARHO,WXCALC 4 SHCT, SMAG
WRITE(H5,301) NIS,N2S,N1L,N2L
WRITE(6,908) NPHASE
GC TO 100
Coeonee
4000 CONTINUE
NZ=14+NT/IDELZ
IF{INZ«GTaENZ)Y GO TO 859
A=TDELZ/(24%VXCALC) %x%2
RHO=EXP (~AKOXVELX SAMPRT /{4e*3e14153%CFELXXSIN(XDIP/5T7e206)))
IF({ALCEZD.166666) GO TD 838
fALL FLCDD(ICyRyNL Sy NLL N2SyN2LyLUZICELZ WAy
CyNEST N"oN2~.N3EyN4E)
IF(PLPT NELO) CALL WAVEX (CyNXyNT,IHW,PLOT,yNCRM)
WRITE(A,900) JORyNXyNTyNZyICELZyVEL ¢DELXySANMFERT (NCRN,KNORM,
2 DByPLOT LS yPWyXDIP A 4RHC,VXCALC,ySHOT,SMAG
WRITE(6,5C1) N1IS,N2S,A1LyN2L
WRITE(6,4,202) NIE,N2ELN3E NGEFyNEST,LUWNZAP
WRITE(6,308) NPHASE
GO T3 100
Cronves
S5C0C VXCALC=2e*DELX/VEL/SAMPRT
CALL SETEX({SAMPPT DB yGAIN ¢NT o KNORMyNXyTHW)
IF(JOBaQed) CALL WAVEIN(RWZNXNT,IHWJNORM)
TF(JOBLEQ.T) CALL WAVEIN{CyNXyNT, IHW,NORM)
IF{JDBesEQeB) REWIND 11
WRITE(H,900) JCByNXyNTyNZyICELZyVELSDELXy SAMPRT (NORMyKNORM,
a DByPLOT 4yLSyPhy XDIP A RHC,VXCALCySHOTy SVMAG
WRITE (6,908} NPHASE
GO T0 100
555 WRITE(6,506)
END FILE S
STQP
Coeasne ERROR COMDITIONS
666 WRITE{6,5CT)
STAP
888 WRITE(6,909)
sSTQOP
BA7 WRITE{6,912) NX
STOP
898 WRITE(5,910) A
STOP
896 WRITE(5,911) N7
STOP
900 FORMAT(? EPARAMS  JCBR=T 3 J1 ot JNX=t 3[Ry NT=?,14,?,N2=%,12,
@ Yy IDELZ=y I3,V VEL =Yy FTqCy ' yDELX=",F5, 1y, SAMPRT=?,FL,4,
a ',NORM:"Iso',KNCRNz"IIO"Ce=',Fécly',pLDTz'QIZO'1LS3"
B 129%,)'/1H 10X 'PU=Y JF 340y ' o XDIP= 4 Fh ), A=, F 7,6, ,RHO=1T,
@ FSeB g yVXCALC= Y yFO a2 s ySHOT=yFBa2 9" sSMACT 1, F541414EFENDYY)
901 FORMAT(? EMGATES hlS=',13,',NZS=',13,',N1L='913,',N2L=‘.
2 13,%,6ENDY)

N
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FORMAT(' EEGATES N1E='y13,' N2E=",13,7,N3E=1,12,7v,N4E=",

@ T3,7 yNEST=?41240 )L U="312,"4NZAP=',12,',8ENC?)

904

FORMAT(? x*%BEGIN JOB**%" ,33X,'LINE IDENT= ',2A8,41%,

aVEXXBEGIN JORAKkx1 )

905
906
S07
308
309
910
911
912

Cevnese

C 3ok e e ook ok ek e e ok e sk o s e ol ek e oke sk ok o s o ok o s ol ok oo sk o ok o ok ol s ool o ke ol o o ook ol sk o el sl o e e o 3k e kel e
C %k dokoolokgeoiok ok dok ook dokdk ok S P C N G B okolok deokook ok stk sk ook o ok ok o ok of e ol b ok ok ook o ok e
e e ol e ofe e ofeole o e abe ok ok o e ok o el ek o o ool sk e ok ol ol ool ok o ok ok ok o oo ool ool e o ek st o ok ok e o %ok s sl ok ol ol o ok e ok

C..O..

FCRMAT(1HOy121(1H-))

FORMAT ('O %% XEND JOB*#%¢ , 105X, $XxkkEND JOBX*% 1)
FORMAT('0O--MAIN--MEMCRY REQUEST TCC LARGE--1")
FORMAT(IH ,5G11H-),"' END FHASE *,11,1X,59(1H=)/)
FORMAT(*Q--MAIN-—"RRe ON NAMELIST READ--*)
FORMAT(*0-~MAIN--UNSTABLE SCHEME, ABCRT., A=1,E14,¢€)
FORNMATU'O~=MAIN-—— NZ =',16,' TCO BIG')
FORNMAT('0O-~-MAIN— NX =9,16,' T(0O BIG')

EMD

SUBROUTINE SPONGE{C,R,N1S,NIL,N2S,N2L,SS,IDELZ,

]
Coooo.ooooooooo'ooooooNOAH FURWARD VERSIGN 1005.0005/19/740'0*O000000000

C.‘...

C..'..
C.....

Ceosee
1001
1911

Conssne

C..‘..

CQ....

2021

=3}

AyCCWN,ySIGNMAU)

GRIDS R AND DOWN ARE CVERLAID
REAL%4 CUNXoNT) gRANXgNT) 9 SIGMAUINX yNZI 9DDOWNINXyNTY 4SSH(LSS)
COMMON /BLOCK1/ UPSUM(ENX)
COUMMON /GLOBAL/ RHOWNXGNT ¢NZ ySHCT,SNMAGHLSS
INTEGER X4Z,T

IDZ=IDELZ/?
REWIND 13

DC 1001 X=1,NX

UPSUMIX)=0s 0

DN 1011 T=1,N1S
WRITE(13) UPSUM

GENFRATE INITIAL SHCT PATTERN
CALL VSHOTI(DOWN,SS)

CALL SCANZ(C,DOWN,SIGNAU, IDELZyA)

MlL=N1L

IFIMILosLEaLSS) M L=0

LMIN=N1S+1

LMAX=N2 S+LSS+1

IFI{MILeFQs0) LMAX=MINCINZSH+NZ2L,NT)

DO 3031 T=LMIN,LMAX

CALL SCAN1I(N1S,T, D

CALL SCANO(1,N1S-1,T)

WRITE(L3) UPSUM

DN 3021 X=1,NX

DOWNI Xy TI=DOWN(X, TI+LFSLMI(X)

UPSUM(X)=G,0

TF(MOD(T+IDZ,yIDELZ) o ECeN) CALL FASTIS(DOWN,NX MINCIT+IDZ,NT),
' Asytl,T)

&
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2031 CONTINUE
Coonecon
TF{MIL.5Q0.0) GO TO 3200
LMIN=MINO(LMAX+1,NT)
LMAX=MINO(NZS+N2L 4NT)
DO 3131 T=LMIN,LMAX
MAX=MAXCINZS+1,T-M1L+1)
CALL SCANMIT~LSS,T,T)
CALL SCANCIMAX,T-LSS-1,T
CALL SCANI(NIS ,MAX-1,T)
CALL SCANO({1,N1S-1,T)
WRITE(13) UPSUM
DO 3121 X=1,NX
DOWNE Xy TI=DOWN(X, TI+UPSUM{X)
3121 UPSUMIX)=0,D
IF(MOD(T+IDZyIDEL Z)eECeC) CALL FASTIS(DOWN NX MINCIT+IDZ,NT)Y,
) Ay+l,T)
21321 CONTINUFR
Cacnens
2200 LMIN=MIND(LMAX4+1,NT)
DO 3231 T=LNIN,NT
IF(MILLEQ.D) GO T 320
CALL SCANI(T-LSSy T, T °
CALL SCANO(T-MIL+1,T=-LSS-1,T)
2201 CALL SCANI{T=N2L+1,T=NM1L,T)
CALL SCANGC{NZ2S+41,T-N21,T7)
CALL SCANI(NIS,N2S,T)
CALL SCANO{1,M1S-1,T)
WRITE(13) UPSUM
DO 2221 X=1,NX
DOWNE Xy T)=DCWN (X, TY+UPSUM(X)
2221 UPSUMI(X)=0ea0
IF(MOC(T+IDZ, IDELZ)oEC40) CALL FASTIS(DOWN,NX,MINO(T+IDZ,NT),
a Agy+1,T)
2231 CONTINUF
Coeovee
REWIND 123
DO 4001 T=1,NT
READ(13) ULPSUM
CO 40061 X=1,NX
4001 RIX,T)=UPSUMIX)
Cennos
RETURN
END
Connee
C*****************************************i*************#********ﬁ#*****
ok o o o ok ok kool ok ok 3k o e ool ok Aok otk B o o ol ook ook ok V S H T 2ok skok ok dok o ol ok ok ok el ook i ok i okok ok ok %
C**************************************************#*************#******
Cocoos
SUBROUT INF VSHOT{ DOWN,S)
Coeveeessecvesessnes SHOT PATTEPN se0e00000000c0s0s0000060000ssse
COMMON /GLNBRAL/ RHD4NX,NT yNZ, SHOT,SMAG,LS
REAL¥SG DOWNAINXGNT)Y,S(LS)
INTEGER X,T
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Cenaee
LSHCT=SHNOT
WSHOT=(SHOT-LSHOT )*173,
Ceoosean
L0 1002 T=1,NT
DO 1002 X=14NX
1002 COWN(X,T)=0,0
Coesneneo
LI=MAXD{LSHOT-IFTIXIWSHFOT/2446499G),1)
L2=MINDG(LSHOT+IFIX{WSHOT/2.4,4999),NX)
IF(LSHOTeLECD) LY =1
IF(LSHOTLLELO) L2=NX
Caseso
DO 11382 T=1,LS
STEMPL=S(T)*SMAG
DO 1102 X=L1,L2
1102 DOWNIX, T)=STEMDY
IF(LSHOTLLE,C) RETURN
Consoe
L82=LS/2
DO 1202 T=1,LS
STEMPLI=DOWN{LL,T) /S(LS2+1)
STEMP2=DOWNIL2,TY /S(LE2+1)
DO 1202 K=1,LS2
X=L1-K
IF{XeCEol) NOWMIX,yT)=STEMPIRS(LS2-K+1)
X=L2+K
IF(XeLSaNX) DOWN(X,T)=STFMP2XS{L S2-K+1)
1202 CONTINUFE
Cesane
FRETURN
END
Csovos
C %k 3 3k 3 ook o e e sk s ol e sk ok skl ok e ode % ok sk o sl 3k ok ok o okl o ok ok ok ek ofe o e S ok ke ko i st ol ok ol o o ok ok ko ok ok a e ok
Cowde kel ook e ok ok ke § O A N 7 s oo skl ol oo o ol st o ade ot e ade o ook ol ol ol s o o ok ok ok
 steske o 3 ofooke sk ek ool o o afeoe o ok sk ool ook o e ol e o o sk ol sk o sk e ok sl ok ool o o e sl v o e ok ok s ok o o o ool e e oK ok o o o ok 3 B K
Coeeoe
Censes 2~D FCRWARD LPCCMING WAVE PRCPAGATOR (EXFLICIT)
Coeosen
SUBROUTINE SCANZ (CyTCWNySIGMAULIDFELZ,A)
REAL*4 CINXyNT)¢DOWNIAX JNT) ySIGMAULKX4NZ)
COMMON /BLOCKL1/ UPSUMLENX),y SCLRCE{ENX)
COMMON /BLOCK?2/ TEMPT(ENX) 4 TENPULEMX Y, TEMFS LENX)
COMMON /GLOGBALY/Z RHOZNXyNT M2
INTEGFR X 42,7
thooc
Coessoe ENTRY *SCANZ* CLEARS THE UP-COMING WAVE INTEGRATCR, SFTS SCNMF
Cenoen CONSTANTS AND ESTABLISHFES ANDNRPESSABILITY FMR PASSEC ARFAYSe
Cesves
IDZ=IDELZ/2
NXM1=NX-1
A2=24%A
AH=A/ 2

CD.."
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DC 1012 Z=1,4NZ
DO 1012 X=1,NX

1012 SIGMAU(X,2)=0,0Q
DO 1021 X=1,NX
SOURCE(X)=0,0

1021 UPSIMIX)=Cel
RETURN

Ceoonone
ENTRY SCANY (MIN,MAX,T)
C...'.
Cosooe ENTRY ?'SCAN1' INTSGRATES N yP=—(V/2)%{1 UP-D SCURCE FRQOM
Covnsne Z=*MAX?* TO Z=*MIN? T X X T
Cevneeso UPON ENTRY *SOURCE® CONTAINS THE SCURCE TERM AT Z=1tMAX'+1 AND
Cesavos TUP* THE UP-COMING WAVEFIELD AT Z=tMAX?'+] ,
Ceoosne
DO 2001 X=1,MNX

20391 SOURCE(X)=D,0
MAD=MIN+MAX
DO 2072 1Z=MIN,MAX
7=MAD-17
KZ=1+Z/INELZ
DO 2011 X=1,NX
TEMPS(X)=SQURCE(X)

ZO11 SOURCE(X)I=C{X,ZV*DOWN(X yT=-741)

IF(MOD(Z+INZ, IDELZYaNESC) GC 1O 204C
DO 2021 X=1,NX
TEMPUIXY=UP SUM(X)

2021 TEMPT(X)=AZ%(UPSUMIXI4STGMAU( X, KZ ) )+ 2AHX{SOURCE(X)}+TEMPS(X) )"
DO 2031 X=24NXM}
UPSUMIX)I=UPSUMIX) +0a E*{ SOLFCE(X) +TEMPSIX) )+

a TEMPT(X=1)+TEMFT(X41)=TEMPT(X)-TEMPT(X)

2031 SIGMAUIXyKZ)=RHOXSTIGMAU(X yKZY+UPSUMIXI+TEMPU(X)
UPSUM{1 )=UPSUM(2)

SIGMAU( 1 yKZI=RHEOXSIGNAU(L KZ)+UPSUMIII+TEMPUL(Y)
UPSUMINXI=UPSUM(NX~-1)

SIGMAUINX ¢KZ)=RHOXSTICNAUINX yKZ)+UPSUNMINX) +TEMPU{INX)
GD 10 2472 '

2040 DO 2051 X=1,4NX

2051 UPSUMIX)=UPSUM(X) +0e SX{SOULRCE(X) +TENMPS( X))

2072 CONTINUE
RETURN

Cesnes
ENTRY SCANUG (MIN,MAX,T)
Ceseee ENTRY 'SCANNY TMTEGRATES L UP==(V/2)%D UPF FRCM Z=tMAX?
Coevoas TO Z='MIN? 27 X X
Ceonveen
MAD=MAX +MIN
DO 3042 17=MIN,MAKX
I=MAD-12Z
KZ=1+2/IDELZ
IFIMOD(Z+IDZ, IDELZ)YeNEe Q) GO TO 3042
DO 3021 X=1,NX
TEMPU(XY=UPSUM({X)
2021 TEMPT (X )¥=22%(PSUMIXI+SIGMAU(X,KZ))

Qe
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DO 3031 X=2,MXM1
UPSUM(X)=UPSUM(X}+TEMPT(X—1)*TEMPT(X*l)'TEMPT(X)*TEMPT(X)
3031 SIGMAUCX,KZ)=RHOXSIGNMAU(X ,KZ)+UPSUM{XI+TENMPU(X)

Coeses

UPSUM{LY=LPSUM(2)

SIGMAUL Y, KZ )=RHO®SIGMAU(L1,KZ)+UPSUM( 1)+ TEMPUL( 1)

UPSUMINX) =UPSUMINX-1)

SIGMAU(NX yKZ)Y=RHOXS TGNAtH{NXyKZ) +UPSUM(NX) +TEMPU(NX)
30342 CONTINUE

RETURN
C.....

END
Cocose
C %ok ok Sk sk o ol Ak sk e oo sl ek ok o e ofe ok ok ke ok ook s sk ool sk ol ok ok 3k 8 ool ool ak o o o ook o ok e o ok 3 o v e ok ofe ko e ol sk ok ok
C sk b dkosojok fokoksk fedokofk ek sk ok sk B L (0 O D % ok o ookoleoskoale ok ok i ek o sl ol sk sl ol xe e sk sioke sk ook siale ok ook
C e e o o e i o e ok s o e s o e o ok e ek ok ook o ok o ok o o 3ol ol ol ok o ol ook e sl o ol e ok o skl ookt o e ol ok ok e ok b ok ok ke e ke
Coenone ’

SUBROUT INE FLOGD(CoR NLSyNIL,N2SyN2L JLU,IDELZ,

a AgUP JNESTL,NIEZN2EZN3ELNG E)
(eoven

CO..0.!.....0..........QONCAH !'\VERSE VEPS!ON 700..‘006/23/74.'......0.'

Cenvoe GRIDS UP AND C ARF CVERLAID
Ceosee ALSO BCTH CVERLAIC ONTC CCMMON RLOCK $GRIDY (CAREFUL)
C.....

REALX4 L INX NT)RINXJNTIZUPINX,NT)
COMMON /BLCCKY/ SIGMAL{ENX)
COMMON /GRIDS1/ AACEMF, ELU) yB(AME), YLENT) ,TEMPIENT)
COMMON /RLQOCK2/ U(SLL)
COMMON /GLORAL/ RHOyNXyNT4NZySHOT,SMAG,LS NZAF
INTEGER X747
C.....
LSHOT=SHKCT
NEINIT=MAXO(1,LSHOT)
NESTOP=NEINIT+NEST-1
INZ=(IDELZ/2)-)
NI1SP1=NYS+1
N2SP1=N2S+1
LuMl=LU-1
M=N&LE-NIE +]
M2 =2%M+LUNML
REWIND 13
WRITE(12) R
C.....
Coonee MIGRATE PRIOR TN ESTIMATING SOURCE WAVEFORM INVERSFE
NZE=MINOINSGE+NZAPXICELZ 4NT)
NTZ=NZE-M1S+1
NZE=MIS/IDELZ
DC 4021 7=1,NZE
4021 CALL FASTIS(RUIGNILIS) JNXyNTZyAy-1,7)
C..... )
Coevoe FSTIMATE SOURCE WAVEFCRM INVERSE
CO 2021 X=NEINIT,NESTCP
DO 2020 T=1,NT
202C TEMP(T)=R(X,T)



2021 CALL SQUASH(TEMPyNTyUsLULWNLE JN2F JN2EGNGE, AAZByM2,Y)

C....O

2022
26232
2024

CO....

251

RECAL CRIGINAL DATA
REWIND 13
REAC({13) R
DC 2024 X=1,NX
DN 2023 T=N1S,NT
UPIX,yT)I=R({X,T)
KMAX=MINO(NT=T+1,LU)
SUM=0,0
DO 2022 K=1,KMAX
SUM=SUM+U(K )®R (X, T+K=1)
R{XyT)=SUV
CONTINUE

DO 2041 T=1,N1S
CO 2041 X=1,NX
R{XyTY=0aD

2041 C(X,T)=0e{

2131

C...OI

1011

1622

CQ...’

2121
2021
2032

C.....

C....'

121

DO 21321 X=!,NX
R(Xy1)=100

CALL SWFEPT(C,R,UP,A)

DD 1022 Z=2,M1S
IFIMOD(Z+IDZ,ICELZ) JNELO) GC TO 1022
CALL FASTIS(R NXyNT=7241,4,4+1,-2)

CO 1011 X=1,MNX

SIGMAL(X)=0.0

CALL SWEEPOINIS,NT,2)

CONTINUE

DC 2032 7I=N1SPl,N2SP1
IFIMOD(7+1I0Z,IDELZ) e NELO} GC T3 3021
CALL FASTIS(RyNXyNT-Z+¢1,A,+1,-2)
CALL ZAP{UP R ,C(142-1),Cl1,yZ)4yA,1CELZ,7)
NN 3121 X=1,NX

SIGMAU(X)=0,0

CALL SWEEPY (Z+4Y1,NT,2)

GO TO 3032

CONTINUF

CALL SWEEP2(Z+41,NT,2)

CONTINUE

MlL=NIL
IF{MILsLEs4) MlL=C

LMIN=N2S+2

NTM1=NT-1

CO 5081 7=LMIN,NTM)

IF(MOD(Z+IDZ, IDELZ).NELO) GO TO 5021
CALL FASTIS({R NXyNT=Z41,A,4),-2)

CALL ZAP(UP'R!C(I,Z-I),C(lyz”AleELZ’Z,
L0 5121 X=1,NX

SIGMAU(X)=040

CALL SWEFPOU(Z+N2L 4yNT,7)

PAGE

11
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CALL SWEEPL{(Z+MIL 41, 24N2L~-1,17)
IFtMIL.EGeO) GC TO 5051
CALL SWEEPO(Z+1,Z7+M1L,2) -
GO T0 5351
021 CONTINUFE
CALL SWEEPZ(Z+MIL 4V ,724¢M21~-1,17)
2051 CONTINUE
Coosne
RETURN
END
Coeovos
€ %ol ok o e sie ok o aesfe o o o e e o ol e oo e ofe e ol ok kv sl e e e o o ol e o e ik 3l ok ook ool o e ol ol o ok oo ok sk o o ok Kok ok ok o ol sk ko
(ke ok 3k e 3k e o o o ko e ok o ok ok ol ol ok ok ok S W E T P T okl ke o o ok e ke ok sk ok o skl e oot ok sk akoak ik ok ok
C***##*********************#*************#*********#**#*##*****#*#*#****
Cooooo .
Coonsee 2-D INVERSE UPCCOMING WAVE PROPAGATOR
Coooee
SUBROUT INE SWFEPT (C,R,yUP,A)
REAL*4 CINX NT)IRINXJNT)L,UPINXGNT)
COMMON /BLOCKY/ S IGMAU(ENX) ¢ SCURCE({ ENX)
COMMON /BLDCK2/ FLENX) OLCULENX)
COMMON /GLOBAL/ RHOyNX,NT
INTEGER X 4Z,7
Ceoseae
A2 =24 %A
LH=A/2s
NXM]1=NX-1
RETURN
Coevses
ENTRY SWEEPQ (MIN,MAX,?2)
Cossee MIGRATES FROM T=%NMAX?' TC T='MIN' WITH DIFFRACTIONS+MNY SOURCE
Conoee
IF{MINSGELNT) RETURN
MAXNMIN=MING(MAX,NT)
MAD=MIN#MAXMIN
DO 2041 [T=MINMAXMIN
T=MAD-IT
DO 2011 X=1,4NX
OLDUCX)=UP{X, T)
2011 FUX)=A2%(CLDULXI+SIGNMAL(X))
B0 2021 X=2,NXM1
UPIXy T)=0LDUIX)+F (X=1)+F{X+1)~F(X)=-F(X)
2021 SIGMAU(X)=PEOXSIGMAU(X) +UP( X, T)+0LDULX)
UPL1,T)=UF(2,T)
SIGMAUC DY =F FOXSIGMAUL L) +UPL 1, TY+0OLDUILIY
LPINMNXy TI=UPINX-1,T}
SIGMAUINX)I=RHO%XSIGMAUINX) +UP(NX,y TI+CLDUINX)
2041 CONTINUF
FETURN
Coeneooe
EMTRY SWEFPY (NMIN,MAX,7)
Coeoenve MIGRATES FROM MAX TC MIN WITH DIFFRACTICNS, WITH SQURCES

C..OQ.

IF{MINGGEQNT) RETURN
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MAXMIN=MINO(MAX,NT)
MAD=MIN+MAXMIN
DC 3041 IT=MIN,MAXMIN
T=MAD-17 .
00 32011 X=1,NX
CLOUCX)=UF(X, T)
SOURCE(X)I=CUX s Z)RR( Xy T=Z4+ 1V +C Xy Z-1)2R(X,yT~-2+2)
2011 FUX)=82%(CLBUX)+SIGNAU(X))=AF*SOQURCEIX)
DO 2021 X=2,NXM1
UP(Xy T)=0LDU(X ) =0 S*XSCURCE(X)4F (X+1V4F(X=1)~F(X)=F(X)
2021 SIGMAULX)=RHO*SIGMAU(X)+UP( X, T)+CLDULX)
UP{1, T)=UP(2,T)
SIGMAUCL ) =RHO*SIGNMAL(L1)+UF(1,T)+0LCU()
UP{NXyTI=UP(NX-1,T)
SIGMAUCNX)=RHO*STGMAUINX) 4UP(NX T )+CLOUINX)
341 CONTINUE
RETURN
C....O
ENTRY SWEEP2 (MIM,MAX,Z)
Ceeaoee MIGRATES FRCM MAX TC MIN WITHCUY DIFFRACTIONS, WITH SQURCES
C.....
IFIMINGGESNT) RFETURN
MAXMIN=MINQIMAX,NT)
MAD=MIN+MAXMIN
DO 4011 IT=NMIN,MAXMIN
T=MAD-IT
DC 4021 X=1,NX
4021 UP(XyT)I=UPIXyT)=0o8%(C{Xy ZV%RIXyT=Z41L)+C(Xy2Z=1)%R( X, T=Z42))
4311 CONTINUE

RETURN

END
Cossee
C 3 o ok skl ok ol e e ool ol S ole ok ek ke ok ok ok o o sk ook ok o ol e o sk o ok e e e kol ol e ok Sk ol ok o ok ok st sk vk ok o ok ook e ok
€ e o o ik ok e sk ook e e e ok ofede ek o sk o ke ok ok z A P B v 3k e e o e Ak e ok 3k 3k ofe o ol o o ieode ofe ok ok ook ok ok

C seote ok o ok e deof sl sfe s sbe ofe o sie o ool e ok ok o e ok ol o ol ok o o ook ok o ok o 3k o ok ik ok ik ok ok o Sk vk akk 3k ok sl ol o 3k ol ook ol o ok ol ok ok o ok
Conneoe
Cosnse , INVERSE REFLECTICN COEFFICIENT ESTIMATOR
Loeserc
SUBRCUTINFE ZAP(UP R, CNDLLCyCNEWLJALINELZ,7)
REALXSG UPINXyNT)Ip RINXGNT) yCCLTINX) 4 CNEWINX)
INTEGER X,yZ,7
COMMON /BLOCKY/ SNURCE(ENX),FLENX)
COMMON /BLOCK?2/ EPLUSLENX) EMINUSLENX)ySIGMAULENX)
COMMON /GLOBALY/Z REDGNXyNT 4 NZ4sSHOT,SMAG,LS JNZAP
Coeoee
A2=2e %A
AH=A/2,.
NXM1=NX~-1
MAXMIN=MINO(Z+NZAPXICELZ,NT)
MAD=Z+MAXMIN
Conven
DO 1011 X=1,NX
1011 SIGMAUIX)=0e0
NO 1041 1T=7Z,MAXMIN



1021

1031

1041

Coocoo

2011

2621

2031

2041

Cooooo
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T=MAD-IT

DO 1021 X=1,NX

SOURCE(X) =COLDIX) #RA Xy T=Z+42) +R{X,T=241)
FAX)=A2% (UP (X, TI+STCMAU(X ) )=AF4SCURCE(X)
DO 10231 X=2,NXM1

EPLUS(X)=UP (X yT)-0e5*SOURCEIXI+F{X+1I+F(X=1)=F(X)=-F(X)

SIGMAULX) =RHO®SIGMAU(X) +EPLUSIX)+UP(X,T)
EPLUS{1 )=EPLUS(2)
SIGMAUCYI)=RHCXSIGNMAUCYL)+EPLUSILI+UP(1,T)
EPLUSINX)=FPLUSINX-1)
SIGMAUCNXI=RHOXSTIGMALIMNX) +EPLLSINXI+UPINX,T)

DU 2011 X=1,NX

SIGMAU(X)=CeD

DG 2041 IT=Z,MAXMIN

T=MAD-IT

DO 2021 X=1,NX
SOUPCE(X)=COLDIX) %R( Xy T=742)=F{XT=741)
FIX1=A2%{UP (X TI+STCMAU(X)I-AFXSCURCE(X)
DO 2021 Xx=2 4NXM

EMINUSEX)I=UPIXyT) =D TXSOURCE(X) 4F (X4 L)+F( X=1)~F(X)=-F(X)

SIGMAUCX)=RHOXSIGMAU(X)4ENMINUSIXI+UP (X, T)
EMINUSTLII=EMINUS( 2)

SIGMAUI( Y1) =RHOXSIGMAU (L) +EMINUS(Y)+UP(1,T)
EMINUSINXI=EMINUS (NX=-1)
SIGMAU(NX)=PHO®STIGMAUINX) +EMTINUS(NX)4UP(NX, T)

D2 3011 X=1,NX

3011 CNEW(X)=(EMINUSIX)+FPLUSIX) )/ (RIX 1 V4EMINUSE{X)I=EPLUS(X) )

COO...

C.....

RETURN
END

€ %k e o sk ok e 3k 3 e e e g sk ool ke e e ok 3 ok ok akok ook o o oo ok e o ok ool ko o ik o 3 o o e o ok o sl e o S sl ok ok ot ok
C 2ok dpdekkdoldok ootk ofedok okl ok ke B A S T 1 8§ ko ook sk o ok o stk ok e ol sk ok ok skok ok o ok ook ok
€ o ok s oo o e ook oteole ok e oo as ok ke ool ok ok ook s ook sl ol s ok sk ok ok o ol 3 el ke e s ol ol e o ol e o ok ok oK ok ok o ol ook o o

C.'..O

1010

SUBROUTINE FASTIS{WAVENX,NT,A,MODE,2)
REAL®4 WAVE(NX,NT)

INTEGER X,7,2

COMMON /BLOCK?2/ STIGMA(ENX) ¢ TENPULENX ), TEMPT (ENX)
COMMON /GLORAL/ RHOD

CONST=2,4%A

DC 181D X=1,NX

SIGMA(X )=C,

NX1=NX-1

DO 1050 JT=1,NT

T=J7

IFIMODEaFCe=1) T=aNT+1-4T7

DO 1020 X=1,NX

TEMPUIX) =WAVE(X,T)
TEMPT(X)=CONSTH{TEMPU(X)+SIGMA( X))

DO 10320 X=2,NX1

WAVELX, T)=TEMPUIX I+ TEMPT( XY J4TEMPT{X41)-TFEMPT(X)-TEMPT( X))
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1C3C SIGMA(X)=RHOXSIGMA(X)+WAVE(X, T)+TEMFL(X)
WAVE(1,T)=WAVE(2,T)
SIGMA(L)=RHOXSIGMA(II+WAVE(L, ) +TEMPL{L)
WAVE(NX,y TI=WAVE(NX-1,T)
SIGMA(NX)=RHD*SIGMA{INXY +WAVE(NX, T+ TEMPU(NX)
1050 CONTINUE
RETURN
END
C..0.0
(€ el 3 o e ot s otk ofeoie ook ooge ek e o ok ok 3 ook ook ol sk ke ok ol ook ek ook ook i ook i sk st e ok kool kol ok o o Sk ok ok
Cadodopdoolok sk fok ko dop ok ok dokdokkde N G A H 1 D skokokorooiokokokokok 3 kot s sk ok otk s ok ok k
(C e ok et ok ek ool o s s Mo ok ool ok o ol skt ok ook o ook sk ok ok ok s o okl e o sl e o ok st o ke e ook oK o kool Sk ok

c...l.

Coosoe 1-0C FORWARD ANLC INVERSE ALGORITHM
Coenves (2-D GRID IS NOT RFQUIRED)
SUBROUTINE NOAHID{(C,RGyNIS,NILJN2S,N2L,SsL Y,

a SICGNyNEST4N1IEJN2E 4y N3E,N&F)
C.'O..

REAL*4 CUNXyMT)RINXH4NT),S(LS)
INTEGER X,7
c.....
COMMON /GRIDS$S1/ AAENMEZELU)Y yB(EME) JY(ENT) ,TEMELENT)
COMMNN /8L0OCK2/ U(LELY)
COMMON /GLOBAL/ RHOZNXyNT ¢NZ 9 SHCT9SMAG,LS
Cooooe
IFLSIGN) 20961,1001,100
C..O..
Canvee R <- 0 0=T<=N1¢S ARRIVAL FRFE REGICN
1001 DO 1012 T=1,N1S
00 1012 X=1,MX
1012 RUX,T)=040
C.....

CO...'

LMIN=N1S+1

LMAX=N2S+NI1L

DO 1022 T=LMIN,LMAX

KMAX=MINO(T-1,N2S)

DO 1022 X=1,NX

SUM=C (X, T)

DO 1021 K=N1S,KMAX
1021 SUM=SUM+C(X K )I*R({ X, T-K+1)
1022 REX,T)=SU¥

Conves

Cenoss T-N1L

Coesne R{T) <~ C{T) + SUM CHK) *x R{T-K+1) N2S<T<=NZ2S+N2L
Cevnoans K=N1S§

Coesoe SHCRT PATH MULTIPLE RECICM

LMIN=LMAX+1
LMAX=MIND(N2S+NPL yNT)
DO 1042 T=LMIN,LMAX
KMAX=T-N1L

DC 1042 X=1,NX
SUM=CI(X,T)

DO 1031 K=N1S,KMAX
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1031 SUM=SUM+CIX K )RR X, T~K+1)
1042 RIX, T)=SUM
Cences
Ceoswns N2S N2L
Coonee RITY <= CH(T) + SUM C(KIFR(T-K+1) + SUM R{K)*C(T-K+1)
Coenncese K=N1€S K=N1L
Cosene FOR N2S+N2L < 7 SHOPRT AND LCNG PATH

LMIN=MIND(LMAX+1,NT)
DO 1072 T=LMINGNT
DD 10672 X=1,NX
SUM=C{(X,T)
DO 18851 K=N1S,N2S
1081 SUM=SUM+C{X,K)*R{ X, T=-K¢+1)
DO 1061 K=N1L,N2L
1061 SUM=SUM+RIXyK)*C{ X, T-K+1)
1072 RUX,T)=SUM
C.O...
DO 10092 IT=14NT
T=NT-1T+1
KMAX=MINO(LS,T)
DO 1082 X=14NX
SUM=0,0
DO 1681 K=1,KMAX
1081 SUM=SUM4S{K)I®R{ Xy T=K+1)
1082 R{X,T)=SUp

Cevaoe
RETURN
Cooons
Ceosoe TRVERSE ALGORITHM FOLLOWS

C.....

2001 M=N4E-NZE+)
LUMI=L)~1
M2=2%N+LUNML
NEINIT=MAXQ(1,IFIX(SHCT))
NESTOP=NEINIT+NEST=]
DD 2111 X=NFINIT,MNESTCOP
DO 2011 T=1,NT

2011 TEMP(T)=R(X,T)

2111 CALL SQUASH({TEMPyNT  UyLUJNIEJN2E,N2E,N&4F, AA,B,M2,Y)
DO 2132 X=1,NX
DO 20322 T=M1S,NT
C(XyT)=Q(X9T)
KMAX=MINO(NT-T+1,LW)
SUM=0,0
DO 2021 K=1,KMAX

2021 SUM=SUM4UI(KIXR{X,y T+K~-1)

2032 RIX,T)I=SUV

2132 CONTINUE

C....‘
DO 2062 T=1,N1S
DO 2042 X=1,MX
R{XyT)=0,0

2052 C{XyT)=0sC

C....'
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LMIN=N1S+1

LMAX=N2S+NIL

DO 2082 T=LMIN,LMAX

KMAX=MINO(T-1,N2S)

DO 2082 X=1,NX

SUM=0,

DO 2051 K=N1S,KMAX
2051 SUM=SUM-CU{X,K)*P (X, T-K+1)
2052 C(XsT)=CUX,T)+SUM

Ceneos

LMIN=LMAX 41

LMAX=MINO{NT,N2S+N2L)

DO 2C72 T=LMIN,LMAX

KMAX=T-N1L
DD 2072 X=1,NX
SUM=0,

DO 2061 K=N1S,KMA X
2061 SUM=SUM-C{X,K)*R{ X, T=-K+1)
2072 CUXyTYI=CUXyT)+SUM
C.....
LMIN=MIND (LMAX+1,NT)
DO 21C1 T=LMINGNT
N0 2101 X=1,NX
SUM=0.
DD 2081 K=N1S,N2S
2081 SUM=SUM=C{XsK)%XR{ X, T=K+1)
M0 2691 K=N1L,N2L
2031 SUM=SUM-RX 4yK)XC{ X,y T-K+1)
2101 CUXyT)=C(X, T)+SUM
C.oo.o
RETURN
Cooo.o
END
C.'...

Coevne

C ot ok o o sk ofe kol et e st oo ot e ofeofeale e e e eofeote ok e e o ook ol ol oo o oo ook o o 3 o o ok e ok ok o o sk el e ok o o o ok ok ok ok
C 3ok ookt ook folodo ool el ook ks § QU A S H sk ool ook ol ok e e s ook ik e otk o ook sk ik ok ok
C 0 ok o e sl e ol e e ale ki oo 3ok Sk ofe o ok ek 3 ok ook stk ool b o9 3 okl ol ok ok sl ook otk ek sk ok ok ok ok ok ok ok o ok e o o ek ok

CC'.'.

Ceoeosns TNVERSF SOURCE WAVEFCRM ESTIMATOR
Cresoee

SUBROUTINE SOUASH {(RZLRyULUJNLyN2,N2,N4, A, RyM2,Y)
Covooo
Coennee N& N2 2
Consvoe MIN SUM ( RIT) - U%x SUM R{T=K+1) R(K) )
Cosves u T=N2 K=N1

Coosen
Coooes M2=2x(N&E-N3E+1)+4LL-1 = NOe EQUATICNS
Coooes N=LU = LENCGTH OF FILTFR U
Coaoaes
PEALXG F (LRI ULLUY»AIN2,LL) 4BIM2),Y(1)
INTEGER T,FLAG/D/
Coennoe

IF(FLAGNEL0) GO TO 1001
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DO 1040 T=1,M2
BIT)I=0,0
DC 1040 K=1,LU

1040 A(T,4K)=0,0
FLAG=1

10C)1 CONTINUE

C.. LK N ]
T1=N1-1
CO 4001 7=1,11
4001 RIT)I=0,
I1=N2+1
12=N3-1
DN 4002 T=11,1?

4082 RIT)=0.
11=Né4+l
00 4003 7T=11,LR

4002 RUT)I=0,.

c.. LR N ]
LIMIT=N&4+ LU=
DO 1020 T=N3,LIMIT
SUM=0,0
P 1010 K=N1,N2

1010 SUM=SUM+R(T-K+1)*xK{K)

1020 Y{(T-N3+1)=SUM

Coovee
M=N&4-N3+1
DO 2020 T=1i4M
BIT+M)=R(T+N3-1)
DO 2010 K=1,LU

2010 A{(T+M,K)=Y(T+K-1)

2020 CCONTINUE

C.. LR X J

Coeveon APPEND SMOQOTHIMG MATRIX CF (1 =-1) ON DTACONAL

Coeeeose TO LOW PASS THE ESTIMATOR
MZ =2%M
0O 32010 T=1,M
ABB=ARS(Y{(T))

3010 IF{ABBeCToB IGB) RIGR=ARSB
DIF=BIGR/25.
LuMI=L)-1
DO 3022 T=1,L!1M]
B{T+MZ)=0.0 .
DO 3020 K=1,LY

202C A T+MZ,K)=0,0

Coessee
A(T+MZ, T)=DIF
2022 A{T+M7,T+1)==-DIF
Coesnse
CALL GOLUB (A, UyB yM2,LU,Y)
Coovane
RETURN
END

C.O...
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C 3ok ook ool o e otk sk oot steole e sl ook o ook ok o8k oK o kK kot oo ok oK o o R oK Kok oo ok ok okl ok b R ok ok e
ok st ool dofokok ok dolokk ok okk G 0 L ) B okt ok ol oo s ool otk o o ok ol
T oo oo s s ook ol sk ok el s sl skl sk st ot ot s ot ol ook sl s ok ook ok ok o o ok R koK o 3 ok ok ok ok ok

C.O...

SUBRUOLTINE GOLUB {AsXsBeNMyNyU)

Coveve
CesoaesA{My,N) ; B(M) GIVEN WITH MDN SCLVES FOR X{N) SUCH THAT
Cecose ll B - AX " = MINIMUM

CoesoeoeMETHODR OF GoGOLUB, “UMEPISCHE MATHEMATIK 7,20¢-21¢ (1665)
Coensoe
IMPLICIT REAL%*P (D)
REAL®SG A{M,N) 4 X{IN}B(M}Y,U(M)
Cevoos
Ceeoon PERFORM N (CRTHOGONAL TR ANSFORMATIONS TO A{e9s) TO
Ceeves UPPFR TRIAMGULARIZE THE MATRIX
Covnoee
C...'.
Cesees
DO 3010 K=1,N
Coecoe
DSUM=CL 000
DO 101D T=K .M
DAJ=A(1,K)
1010 DSUM=CSUM4DAJ*%2
IF(DSUMeGTo 14 0D-10) CGC TC 1015
WRITEL(5,9C0) DSUM,K
900 FORMAT('GSINGULARITY IN GCLUR DSUM=®,015,6,5X,14)
GO TO 3010
1015 CONTINUE
DATI=A{K,K)
PSIGMA=CSIGN(DSQRTIDSUM),DAT)
CBI=DSQRT(1.0D0+DATI/LCSIGMA)
DFACT=1e0C0/(DSIGMAXCRI)
U{K)}=D081T
FACT=DFACT
KPLUS=K+1
DO 1020 I=KPLUS,M
1020 U(I)Y=FACT=A(I,K)
Cevneose
Coooee I - UU' IS A SYMMETRIC, ORTFOGONAL MATRIX WHICH WHEN APPLIEC
Coceso TC Alsye) WILL ANNIFILATE THE ELEMENTS BELCW THF pPIVNT
Coeenes DIACONAL K

C...'.

LO 2020 J=K,N

Coosee
Cesses APPLY THE QOFTHOGONAL TRANSFCRMATICN
Cesose

FACT=0,.0

DO 2010 I=K.M
2010 FACT=FACT4U(I)*A(T1,4)
C.O...
DR 2020 I=K4M
2020 AT ,J0)=A(T1,J)~-FACTxU(T)
203C CONTINUF
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C..."

FACT=0s0
DO 2040 I=K,M
2040 FACT=FACT+U{I)*B{])
C.O...
DO 2050 I=K,.M
2050 B(D)I=B()-FACT*U( 1)
c'....
301C CONTINMUE
C.....
Ceeeee BACK SUBSTITUTE TC RECURSIVELY YIELD X(e)
C"...
X{N)=BINY/A{N,N)
LIM=N-1
Coo.oo
DO 4023 I=1,LIM
IROW=N-1
StM=0,0
C.....
DO 4010 J=1,7
4010 SUM=SUM+X(IN=J+1)*A(IRCW N-J+1)
Coocoo
4020 X{IROW)=(BRUIROWI-SUNM)/A(IRCW, IRONW)
C.....
RETURN
END

(eevee

C B e efe feole e o e et ok e e sl ol kool dfe e e o ol ol o e s ol ol ook ok sl sk sk koo o ok ook el ok okt ke ook o e ke ol ko o ok o ok v
C Aok ok dokokokok ook ko ek ok ok ko skokk F A R T H e e e Aok e e ok ok ook ke dk ok ok ok 3k o sle 3k e i ok e oo o e ok ok
C o s oo ol sl sleote o sk 3ol Fofe oo ol o s e e s ok ok o ol o ok o ok 3k o ko sk ol ok ol e ek oo sl e ok 3k ol ok ok ik o o ok sk ok o e o Mok ok ok ok

Coo-o.

a

SUBROUT INE FARTHIC,NXyNTy) SOLRCE, L SyVXCALC ySANFRT,

DRy FFW,DISP)

CovnvesnescsncnnveesenesMUNEL BUILDFRee0000000000006020000000000c000n000ssse

COl"l

Cosoes ENTRY POINT ARGUMENTS:

Cevoes CINXyNT) = MODEL GRIC

Consone SOURCE(LS) = SOLRCE WAVEFORWM

Coeesen VXCALC = VERTICAL EXAGGFRATION IN THE CALCULATION
Convea SAMPRT = SAMPLINGC RATE 1IN SFCUNCSe

Ceceeoe 068 = MINIMUM EXxP, GAIN REQUIRED IN DB/SECe. (RETURNED)

C.O..O

Coeooee NAMELIST CARD PARANETERS = CNE NAMELIST STRING/STRUCTURE ELEMENT
Covosoe " GFCL= 'SINFY FCR SINUSCICAL INTERFACE

Consveo 'DCME? FCR CENTERED CCME OF WICTK 'FOCUSY GRID PCINTS
Cooses YLAYR? FCR FLAT LAYER

Ceooee *DISH! FCR CENTERD CISK 0OF WIDTE '*FCCUS?

Cenvee 1CIRP! FOR CHIRP

Covseos tMONO! FCR MONCCLINE WITH FLEXURE *FOCUS!

Coeeosne gLon? FCR BLCB CF WIDTK 'FOCUS* AT X='NLOC!

Coosneo THOLEY FCR SPECIAL STRUCTURE #1 WITE BOTTOM

Covseo *CEPTHY AND PRELIEF 'RELIEF!

Censes COEFF = REFLECTICN CCEFFICIENT OF INTERFACE

Ceosne DIP = DIP OF INTERFACE IN DEGREES
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Coonee DEPTH = DEPTH IN GRIC PCINTS TO RH SINF CR TCP OF SYRUCTLRE
Coocso NFAULT= 0 NO FAULTS
Coonse 1 CONE CCWATHROWN FAULT WITH THRCW *THROW®
Coeves 2 DCWANTHRCWN GRABEN WITH THROW 'THRCW?!
C’...O

Coonee THE INPUT FILE IS READ UNTIL | CCEFF | > 1,
C0.0.Q
REAL*4 CIMX4MT)4DISPINXyNT)ySCURCE(LS)
CINTEGER GEOLy XyKTYPE(8)
NAMEL IST /MOCEL/COEFF,DIP,DEPTHyRELIEF,GECL yCYCLES,FOCUS,NFAULT,
3 THRCWNLOC
RICKY{T)=(1e—2e*ARRXTA*T)REXP (-ARRXT%7)
FAULTIX)=THROWSMO D ( ( (X1 I%(NFAULT+11)/NX),2)
DATA KYYPE/'SINE® y 'DCME Yy *LAYR y*DISKY,*CIRP? ,*MCNOY,*BLORY,

3 HOLEY/
ARR=8¢/PPW/PPw
PO 1022 JT=14NT ¢

DO 1022 X=1,NX
PISPIXsdTI=CeC

1022 CUXydTI=0L.D
MIDDLE=NX/2+1
FLSz=(LS-11/2,.
DE=200,
NSTP=0

1031 DIP=0.0
FOCUS=0 .0
CYCLES=1,{
NFAULT=]
RELIEF=0,0
NLOC=NX/2
CFACT=1,0
THRPH='1.'?3
PEAL(5,MODELyEND=99C S ,ERR =8R8 A)
IF(ABS{CCEFF)CTL1.0) GC TC 9999
DO 1041 K=1,8
IF(GECL.NELKTYPE(K)) €O TC 1041
KPICK=K
GO TO 1051

1041 CONTINUE
WEITE(%,9C1) CECL
STOP

1081 SLOPE=TANIDIP®0,01745)%xyXCALC
IF{KPICK4NE28) GO TO 1101
XH1=2Gq XNX/53,
AHYI=DEPTH-REL TFF
BH1=(DEPTHX%2 —AH]L *%2 )} /XF] %%2
AHY1=AHY %%
XH2=12.%NX/ 53,
AH2=DEPTH=04 4L 3%RELIFF
BH2=( DEPTH¥ %2 AH2 #%2 ) /X R2 %% 2
AH2=AH2%%2
IXH1=334%NX/513, te 43G6¢
IXHZ'-:QBQ*NX/SB"".A-QQG

1101 CONTINUF
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NETR=NSTR+}

DBEST==20e*ALOGIO (ABRS{COEFFY) /{DEPTHRSAMPRT)

DB=AMINI (CB3,DREST) .
WRITE(69502) NSTRYyGFCLyCOEFF CIP,DEFTH RELTIEFNFAULT,THROW,

@ FOCUS,CYCLES,DBEST
DC 1081 X=1,NX
BURIAL=(LS/2)+CEPTH4+FAULT(X)+SLOPE®R[X-1)

) GO TO (2001+2002,200242004420C54200642007,2008) ,kPICK
2001 YD=RELIFF*05%{14=CNS{{X-1)*CYCLES*64,283/(NX-1)))+EBURIAL
GO T0O 2400
2002 YD=AMINL{((X-MIDDLE)#%2 %4 *¥REL TEF/FOCUS/FOCUS,RELIFF)I+BURT AL
GO 19 22440
2002 YD=BURIAL
GO TO 2000
2004 YO=AMAXI(RELIEF=((X=MINCLE)**2)%x&4*RELIEF/FOCUS/FOCUS y0)+BURTAL
CoO T2 2000
2005 YD=RELIEF*45%{1lo=COS{{la4+2e%{(X=1g)/ (NX=1) )%

@ He283I*CYCLESH(X-1ea)/(NX-1)))}+BURIAL

GC TO 2224

20CE€ YD=RELIFF* (54021 83V SATAN({ X-NX/21%24/7FQCUSI Y +BURTAL
GO 70O 2000

2007 CONTINUE
IF{IABSIX-NLOC)GTLIFIX(FGCLS)) GO TO 1081
YD=BURT AL
CFACT=CUS{1le570796%{ X~=NLDC) /{FOCUS+.5))
GO TO 2¢7D

2008 CONTINUE
TF{XeLEe IXH1) YD=(LS/2)+SQRT{AHI+BHIM(X-1)%%2)
IF{XeEQaIXH1I+1) SLOPE={SOQRT(AF2+BH2 *¥(NX-TXH2)*%x2)

a -CEPTH) /FLOAT({ IXH2~ IXHY)
IF{XeGTeIXHLaANDe Xo LTI XH2) YO=(LS/2¥4DEPTH4SLOPFEA(X—TIXH1)
IFIUXeGEeIXH2) YD=(LS/2)+SQRT{IAHZ24BH2 2(NX~X) %%2)

2080 ISTART=YD-FLS2
TENDC=YD+FLS244¢
TFUISTART.LTeleMRLIFNDLCT LATY GO TO 1081
CIST=¥YD-FLS2-~1START
CUXyISTART)=CUXyISTART)+CCEFFH{1~DISTI®CFACT
CUXyISTART4+Y)=CUX yISTARTHL)+CCEFFADISTRCFACT
DO 1041 JT=ISTART,IENC
T=YD=-4T7T

1061 DISPUXyJT)=DISPIXyJTI+CCEFF¥RICKY(T)

1081 CCONTINUE
GO TC 1021

8888 WRITE(6£,903)
STOP

€9G6S IFINSTR.EC.D) GO TO 1491
WRITE(6,905) NSTR
RE TURM

109]1 WRITE{6,S06)
STOP

901 FORNMAT(*D==IRVALID STRUCTULPF TYPE:',A4)

902 FORMAT( Y EMODEL 1,1242XyA% 4" COEFF=',Ffa2,! DIP=1,FEe?,

g ' DEPTH='",FhK,1y' FELIEF=v,FE,1,¢ NFAULT=',11,' THROW=',F5,1,

d ' FOCUS='"3F5414? CYCLES="yFhel ! DR=?,FleQy' ,6END")Y
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BEREEY

Q03 FORMAT({'3~--NANELIST REAC ERRCFR')
908% FORMAT(* EMODEL -*,12,%- STRUCTURE ELEMENT(S) INSERTED - G(')
90& FNRMAT(' && NN STRUCTURE ELEMENTS FCUNMD--ABORT?)
END
Coeonsee -
ok sl o ok ook e o e e e s e e sl o Sl ol el ke oaloie ek ofe ok afe ol o e e ol ok ok 3t ok ok o ol skl ok sk ool sde o 3k ol 3 o ok ok ol oo ok ok o o ok ok kK
C sk o oo ook deok e e ol ek ke ookl koo ok kk WA VO E Xk 3 koo ok ol afeole ok e ol ol ok e e ok afe ok ok ok ke o ok o ok ok o oKk
C %03k e 3k e 3 o i 4 e 3k e e vk Aok ¥ o e ok o o o 3k o ok ol kol afe ik e ol o ke e o afe o sk o ok ofe o sk ek o ajcole sk ok e dde e ol oo ofe o o o ook ok ke
Ceeose
SUBROUT INE WAVEX(AZNX,NT, ICUTPLLT,NCRM)
C.ooyog.qoooooooooooooooo 1/0 PACKACGE qoeo0nrs0encescncessnseessssessescsne
REAL*4 A(NX NT)YyGAINM(NT)
INTEGER*2 ICUTINT) ,FLLT*4
PEAK=0e(C
FNCRM=NORM
Cennsoe
GO TO (5C,1CC,30C),KNCRM
5C¢ PEAK=1.0
GO TN SGG
100 D 200 J=1,NX
DO 200 K=1,NT
X=ARS(ALJKIVERGAIN(K)
IF{XeGT«PFAK) PEAK=YX
200 CONTINUE
GC 70 592
300 DO 400 J=1,4NX
oD 400 K=1'NT
40C PEAK=PEAK+ABS(A{J KV )IXGAINIK)
PEAK=PEAK/({NX%NT)
500 IF(PEAKeLToleE~1D) PEAK=1,0
Coeesoe
SCALE=FNCPEM/PEAK
DO 700 J=1,MX
0D 600 K=1,MT
IDUTEK) =SCALEXGATNIK ) XA (J,4K)
60C CONTINUE
IF(PLOTWNELDY WRITF(S,1000) ICUT
1000 FORMAT(12(2%8A2))
70C CONTINUE
Conseo
WRITE(£,902) NXyNT,NORM
902 FORMAT(' &0UTPUT ¢ ,1342F XeI4,¢ FRAME WRITTEN WITH NGRM OF *,15)
TF{PLOTeEQa=1) CALL CLTINX,NT,A,PEAK) »
CQ....
RETURM
Carsnee
EMTREY WAVEINUAGNX ¢NT, IOUT 4y NCRW)
FNORM=NCORWN
SCALE=1./FNORM
DC 701 J=1,NX
READ(11,1000) TOUT
DD €0] K=1,MNT
601 A(JyKI=ICUTIK)*SCALE/GATN(K)
781 CONTINUF
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WRITE(6,901) NXyNT,NCRM
901 FORMAT(' G&INPUT *',13,2H XsI14,* FEANME READ WITH NORM OF ', 15)
IF(PLOToEQe~1) CALL QUTINX,NT,A,FNORM)
RFETURN
Coeveone
Coesves
ENTPY SFTEX(SAMPRT,DEGAINJNT KNCRM,AX,10UT)
SCALE=0,1155245%08%S AMPRT
DC 800 K=1,NT
8008 GAIN(K)=EXP{K*SCALFE)
RETURN
END
Concos
€ 3 e ok s ot e ale sl ok 3k ok de e ook ok e ke e ot ol oole sk oo ok S ok ok o ik o o ook e o ke o s o ool ok o o ok e o el ok o ok o ol o ok ok ok
C ook ok dodesiedkokokk dodeodkok ook ook ok ok o koo e 0 U T ke ol oot of o o ol ok sl o e 9k e s ol o o ek ok e o ok ik ik o ok ok e o ok
C*************************%*****************#****##****##*********#*****
Ceenvee . . !
SUBROUTINE CUTINX,NZyPyFNCRM)
Cevosvoscscscssscsscsssscse PRINTER FLOCT 03000060 000000000000areRSRIBCRSS
REAL*4 PIANX,NZ)
DIMENSION ICHAR{21)},LINE(120)
DATA ICHAR/ *HHHH' 4 *GGGG*y *FFFFY,'EFEE, 'DDDODY ,*CCCC?, ' RPRY,

1 OVAAAAY,? y! ’y.1111'9'2222'9'3333".4444"'5553'1“,”‘
2 YEEELY VTTTTY 4V BREFY,1GCGGTY 10000 Y 4 %%k / -
VR=1,/.6

WRITE(66,S00) VR

NXDONE=0

1C11 NL=MIND(12D,NX-NXDONE)
DO 1021 ID=1,NZ
D 1021 IL=7,NL
IVAL=10e +{P{TL#NXDONE,ICI*12e)/FNCRV
1021 LINECIL)=ICHAR(MINO(21,MAX0(1,IVAL)))
1031 WRITE(66,G01) ID,(LINECTILY,IL=1,N0LD
WRITE(K6,902)
NXDONE=NXDONE+120
IF(NXCONESLTNX) GN T2 1011
RETURN
9C0 FORMAT(' VERTICAL EXAGGERATICN OF PRINTER PLCT IS',F5,2,' % THE V
QERTICAL EXAGGERATION IN THE CALCULATION?')
901 FORMAT(I4,120A1)
902 FORMAT{'11t)
FND
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