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X MBE 5 x#oIER4%E | ( Numerical Recipes Example Book ) £ 3} &t
HiWilliam H. Press ~ Brian P. Flannery ~ Saul A. Tenkolsky I William
TEEZ MBEHE ; BHBEHEZ 7| ( Numerical Recipes : The Art of
Scientific Computing ) ( 1985 ° FBMRBHER ) —SHWBEM EBES o
EREAESF  FERAHGERMBBHSEN S EEGHEESE  ChEE
BIBBS PTBA  ETMRER MM Z TR FORTRAN Z 8l B K (
subroutine ) M1 Pascal 2 #F ( procedure )B5H R o B Hik ; plBEE
28| —BHBRE2ZH A (routine ) 3T 200 H - FES » BT HEFEHE
REAZIBECHERARRY  EABHFTREAER ( REH function ) »
MmIEB ZA R X, ( stand-alone program ) °
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Bl —BrHEAEAFEARE - AMth@ s o MRS EMESSTFHE
ZH—REEHFORTRAN REBABERERB OB ERABBRA
SRR B R R EEI AR AR o

FBAREBHEEYE FHESTEEBEMTMEXR 443 1( foreign)
ZEIBX -EHFERT  FALESFAZERECHENRAIIZSBHES
BIEXN EE—CHEERATHRABR LRRARBTEE  LIRKE
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WATEEE P EE o Bl - BEIBA B —HBRERT 5 - BB TEGRE
HKEFIRFIC > i@ BEFMHEGNR » LRZ L ERE -

HREYIEH LB BEREELRSEHIRESERE « ABHHBR T
BiEHE: HBEEZHET) —~ B> ABFESHHFORTRANESEER
ZAERA T LR B Rl B v —EBPHEHEIR R
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c R EEBABMELEMR  HEARZYHBEREDRAZBABIERMN
srEM TREFE] ER ABRHURHEENNTORATR - £ &
HRT » ErEBATES rBTMZRE] ( self-validating )HIF MEMEES » &
SRGHHABEAHREER °

BTHRE2ER  ASUHEMHFTRE BEHE] —SPHEIERM
HE o EHFEBASHIEERXTREEAATNETERARARN - £8FMH
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B BHARATGEHRTOOFALEREREH - hBME XX ETELA
KA EE AR RE KGR EHEE  RERMEtRE A 6
EEERHEMBREH BRMFEREERBREYN S S 6 A BADLUKER
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Date Time (EST) Phase
1 9 1982 3 PN full moon
1 16 1982 7 PM last quarter
1 24 1982 11 PM nev moon
2 1 1982 10 AM first quarter
2 8 1982 2 AM full moon
2 15 1982 3 PM last quarter
2 23 1982 4 PN nevw moon
3 21982 6 PN first quarter
3 9 1982 3 PN full moon
3 17 1982 12 AM last quarter
3 25 1982 5 AN new moon
4 1 1982 O AM first quarter
4 8 1982 b AM full moon
4 16 1982 7 AN last quarter
4 23 1982 4 PM new moon
4 30 1982 7 AM first quarter
5 7 1982 8 PM full moon
5 16 1982 0 AM last quarter
6 23 1982 0 AM new moon
5 29 1982 3 PM first quarter
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PROGRAM DiR1
(2 Driver for routine FLMOON
PARAMETER (TZONE~E . 0)
CHARACTER PHASE(4)+15,TIMSTR(2)+3
DATA PHASE/'new moon’,'first quarter’,
* *full moon’, ’'last quarter’/
DATA TIMSTR/® AM’,*® PN'/
VRITE(*,*) ‘Date of the next few phases of the moon’
WRITE(#+,*) 'Enter today’’'s date (e.g. 1,31,1982)'
TIMZON=-TZONE/24.0
READ(*,s) IN,ID,IY
c Approximate number of full moons since January 1900
N=12.37+(IY-1900+(IN-0.5)/12.0)
NPH=2
J1=JULDAY(IM, ID, IY)
CALL FLNOON(N,NPH,J2,FRAC)
N=N+(J1-J2)/28.0
WRITE(s,*(/1X,T6,A,T19,A,T32,A) ") 'Date’,’Time(EST)', 'Phase’
PO 11 I=1,20
CALL FLMOON(N,NPH,J2,FRAC)
IFRAC=NINT(24.*(FRAC+TINZON))
IF (IFRAC.LT.O) THEN
J2=J2-1
IFRAC=IFRAC+24
ENDIF
IF (IFRAC.GE.12) THEN
J2=J2+1
IFRAC=IFRAC-12
ELSE
IFRAC=IFRAC+12
ENDIF
IF (IFRAC.GT.12) THEN
IFRAC=IFRAC-12
ISTR=2
ELSE
ISTR=1
ENDIF
CALL CALDAT(J2,IM,ID,IY)
WRITE(s,’*(1X,213,15,T20,12,A,56X,A) ") IN,ID,IY,
. IFRAC, TIMSTR(ISTR) ,PRASE (NPH+1)
IF (NPH.EQ.3) THEN
NPH=0
N=N+1
ELSE
NPH=NPH+1
ENDIF
1 CONTINUE
END
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BIBAFLMOONMHEARGEBES ; FRELR  MHEE o
BZRBERCREGRBBROGMIEH Y (Julian day ) RESE o @5
DIRIHEHRH AR E—~EEFEHABES c AFCHERE
HNRERYBIHEREGER c EHIIHEEEFRAE B — Ry MR
ReomER > EHBRP  RFFZTZONE ( time zero » BE; » £55.0
DIRR AR BRI E TR 5 /N o N R e 72 BR AR B A B 5
» AIEGE A &R TZONE B8 CALDAT HAMMY I EREBExEAM
ARMEENMERER o AR RO B 0 NES A4S » TEIELF6R
ROBESEHY  KEEAMTES LK -

1 IF PEHIRS ARG —— JULDAY B » ATHSE: B 1 (calendar date )
WEDMEAYN - AMASTHEMMEIRRECHFEBEE FHEKE
MeBTRML—8%  RMELAZHYDATES DAT RE b 4R it — s 25

PROGRAN DiR2
c Driver for JULDAY
CHARACTER TXT#40,NAME(12)+15
DATA NAME/®January’,’February’,’Narch’,’April’, *Nay’,’June’,
* *July’, "August’, *September’, 'October’, 'November®,
* *December’/
OPEN(5 ,FILE="DATES.DAT' ,BTATUS="0LD")
READ(5,"(A) ') TXT
READ(B,*) N
WRITE(»,*(/1X,A,T12,A,T17,A,T23,A,T37,4/)") *Month’, *Day’,’Year®,
* ‘Julian Day’, ‘Event’
DO 11 I=1,N
READ(S, * (12,13,15,A)") IN,ID,IY,TXT
WRITE(+,* (1X,A10,13,16,3X,X7,5X,A)*) NAME(IN),ID,IY,
* JULDAY(INM, ID,IY),TXT
11 CONTINUE
CLOSE(5)
WRITE(#+,*(/1X,A/)*) 'Month,Day,Year (e.g. 1,13,1905)’
DO 12 I=1,20
WRITE(#*,*) °MN,DD,YYYY’
READ(*,#) IN,ID,IY
IF(IM.LT.0) STOP
WRITE(s, ' (1X,A12,18/)') *Julian Day: *,JULDAY(IN,ID,IY)
12 CONTINUE
END
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25 ( checkpoints ) e D1R2 B MFIHABE L H4AHFE A LGt L HE
BER o

FTeEHE | B F—HEEXEBADLUK  ER—HEESGAMNBRERE
HCERMERZAEEESOBR  c ABERAMWABADL UKE B RER
£ FTAREBRMNME  LERBSRELHHBOAIGRRTURES BT
REMBITHEE °

H-EBRETANBHECALDATER » EERNBHBOBIE - AET
WS R R H BB R AR E - A - BUBWFAIJULDAYH RBF
RemrBAERADIRAFREN 0 HEMKAT JULDAYMCALDAT #
RUBECMRESERERR  ER > EREARFEMGED » ARAFE
RS EEHBREAE A EREROEE ( RMCHER KL E FAEFM
HBEBT ) °

PROGRAM DiR4

c Driver for routine CALDAT
CHARACTER NAME(12)*10
c Check whether CALDAT properly undoes the operation of JULDAY

DATA NAME/’January’,‘February’,’March’,’April’, 'May’,
*June’, 'July’, *August’, ’'September’, 'October’,
* *November’, ‘December’/
OPEN(5,FILE="DATES.DAT’,STATUS='0LD")
READ(E,*)
READ(5,*) N
WRITE(*,’(/1X,A,T40,A) ") 'Original Date:’,’Reconstructed Date:’
WRITE(*,* (1X,A,T12,A,T17,A,T25,A,T40,A,T60,A,T65,A/) ")
- *Month’, ‘Day’,'Yeaz', 'Julian Day’, ‘Nonth', ’'Day’,’'Year’
DO 11 I=1.N
READ(S,*(12,13,15)°) IM,ID,IY
IYCOPY=IY

J=JULDAY (IM,ID,IYCOPY)
CALL CALDAT(J,IMM,IDD,IYY)
WRITE(»,’(1X,A,13,16,4X,19,6X,A,13,16) ") NAME(IN),ID,
* IY,J, NAME(IMM),IDD,IYY
11 CONTINUE
END
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List of dates for testing routines in Chapter 1
entries

16
12
01
10
10
o1
04
04
05
o7
05
o7
04
06
07
06
05

31
o1
14
15
17
14
18
o7
20
23
22
03
06
26
05
23

-1

i
1682
1682
1706
1865
1906
1915
1923
1934
1934
1936
1937
1956
1976
1968

End of millennium

One day later

Day before Gregorian calendar
Gregorian calendar adopted
Benjamin Franklin borm
Abraham Lincoln shot

San Francisco earthquake
Sinking of the Lusitania
Pancho Villa assassinated
Bonnie and Clyde eliminated
John Dillinger shot

Bruno Hauptman electrocuted
Hindenburg disaster
Sinking of the Andrea Doria
Teton dam collapse

Julian Day 2440000
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TYE AL BoERETRBERRSFEXGMRLBERBES G IE
RN o BENMEEH# - 3 EE ( Gauss-Jordon elimination ) (GAUSS
JER) » RENMBLU ST MR & ERA S (LU decomposition with
forward and backward substitution ) ( LUDCMP F1LUBKSB %% ) o 85
TR ( singular ) REARTRZ2EAE  REHEERFHKARASTRME
SR ( SVDCMP RISVBKSB B3R ) o 357 3 fh— ek 2 T KA 48 0 7
; M=% A ( tridiagonal ) ~ N85 ( Vandermonde ) RIFG¥E 7 I (
Toeplitz ) A 4 7 18I X, TRIDAG - VANDER fITOEPLZ AKEH ©
WERMB BV BIERFRHEATERZ HHHER ( sparse matrices ) Al H1
SPARSE #AKEH °

* Kk x *

GAUSS] #WXAFIHELEE ( full pivoting) Z & - BRI EERR
B—HBREFEANE RA—HIREEEFEEAD2RIUGEHBE
° B AR EEA R A FE KAy MATRX1. DAT #5A o B4 GAUSST & &R
3% JEkHAg % B ( inverse matrix ) o RBEMEB L HRIEMHHERE HAH
BREABEMEM (unit matrix ) - REFHFEEHERRLUBEQEE
R RMELBZRERENY TG5F4% 1 ( right-hand side ) [ B L& ©

LUDCMPHE A Z ~E B A E AR R D2R 1# 4 B X85 R R EHE o
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PROGRAM D2R1

c Driver program for subroutine GAUSSJ

4 Reads Matrices from file MATRIX.DAT and feeds them to GAUSSJ
PARAMETER (NP=20)

DIMENSION A(NP,NP),B(NP,NP), AI(NP,NP),X(NP, NP)
DIMENSION U(NP,NP),T(NP,NP)
CHARACTER DUMMY#3 - . :
OPEN(5,FILE="MATRX4 .DAT’ ,STATUS="OLD")
10 READ(S, *(A) ') DUMMY
IF (DUMMY.EQ.’'END') GOTO 99
READ(5,*)
READ(5,%) N,M
READ(S, *)
READ(E,*) ((A(K,L), L=1,N), K=1,N)
READ(S, *) _
READ(6,+) ((B(K,L), K=1,N), L=1,M)
c Save Matrices for later testing of results
DO 13 L=1,N :
DO 11 K=1,N
AX(K,L)=A(K,L)
11 CONTINUE

DO 12 K=1 ,M
X(L,K)=B(L,K)
12 CONTINUE
13 CONTINUE
c Invert Matrix
CALL GAUSSJ(AI,N,NP,X,M,NP)
WRITE(*,*) 'Inverse of Matrix A : °
DO 14 K=1 N
WRITE(*,’ (1H, (6F12.6))*) (AI(X,L), L=1,N)
14 CONTINUE

c Test Resulis
c Check Inverse
WRITE(*,+) °*A times A-inverse (compare with unit matrix)’
DO 17 K=1 N
DO 16 L=1,N
U(K,L)=0.0
DO 15 J=1,N
U(K,L)=U(K,L)+A(K,J)=AI(J,L)
15 CONTINUE
i6 CONTINUE
WRITE(*, ' (1H, (6F12.6)) ") (U(K,L), L=1,N)
17 CONTINUE
c Check Vector Solutions

WRITE(*,*) ’'Check the following vectors for equality:’
WRITE(+, ' (T12,A8,T23,A12)°) ’'Original’,’Matrix*Sol’’n’
DO 21 L=1,M
WRITE(#, ' (1X,A,I2,A)’) 'Vector °',L,":’
DO 19 K=1,N
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19
21

99

Fo¥ RUERBFEX 9

T(K,L)=0.0
DO 18 J=1 N
T(K,L)=T(X,L)+A(K, J)*X(J,L)
CONTINUE
WRITE(*,’(8X,2F12.6)") B(K,L),T(K,L)
CONTINUE
CONTINUE
WRITE(*,#%) "skkrssdrsrskssdkdhbbbhbdbdhrtbhbks’
WRITE(*,*) °'Press RETURN for next problem:’
READ(*,*)
GOTO 10
CLOSE(5)
END

LUDCMP # AR 2 # % ( performance ) MIRBAFHER : Ho@EABZ LT
4 ( lower and upper matrices ) HEMBERME X FELE » #HEM
RHMS% o INDX (#7588 LUDCMP & R 2 B H B » £ ERMLARER
SEBGRFEM T BEFREA ML KBELUDCMPEXAERNERR
JEfE iy LUBKSB % X — M ©

10

PROGRAM D2R2

Driver for routine LUDCMP
PARAMETER(NP=20)

DIMENSION A(NP,NP),XL(NP,NP) ,XU(NP,NP)
DIMENSION INDX(NP),JINDX(NP),X(NP,NP)
CHARACTER TXT»*3

OPEN (5,FILE='NATRX1.DAT®,STATUS='0LD")
READ(5, =)
READ(E, *)
READ(6,+) N,M
READ(5, %)
READ(5,#) ((A(K,L), L=1,N), K=1,N)
READ(6, *)
READ(E,*) ((X(K,L), K=1,N), L=1,M)
Print out A-matrix for comparison with product of lower
and upper decomposition matrices.
WRITE(*,*) °Original matrix:’
DO 11 K=1,¥
WRITE(*,’(1X,6F12.6)') (A(X,L), L=1,N)
CONTINUE
Perform the decomposition
CALL LUDCMP(A,N,NP,INDX,D)
Compose separately the lower and upper matrices
DO 13 K=1,N
DO 12 L=i N
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IF (L.GT.K) THEN
XU(K,L)=A(K,L)
XL(K,L)=0.0
ELSE IF (L.LT.K) THEN
XU(K,L)=0.0
XL(K,L)=A(X,L)
ELSE
XU(K,L)=A(K,L)
XL(K,L)=1.0
ENDIF
12 CONTINUE
13 CONTINUE
c Compute product of lower and upper matrices for
c comparison with original matrix.
DO 16 K=1,N
JNDX(K) =K
DO 15 L=1,N
X(K,L)=0.0
DO 14 J=1,N
X(K,L)Y=X(K,L)+XL(K,J)=XuU(J,L)
14 CONTINUE
15 CONTINUE
16 CONTINUE
WRITE(*,*) 'Product of lower and upper matrices (unscrambled):’
DO 17 K=1,N
DUN=JNDX (INDX (X))
JNDX(INDX(K))=JNDX(K)
JNDX (K) =DUM
17 CONTINUE
DO 19 K=1,N
DO 18 J=1i,N
IF (JNDX(J).EQ.K) THEN
WRITE(*,’ (1X,6F12.6)*) (X(J,L), L=1,N)
ENDIF
18 CONTINUE
19 CONTINUE
WRITE(*,*) 'Lower matrix of the decompositiom:’
DO 21 K=1,N

WRITE(s, ' (1X,6F12.6)") (XL(K,L), L=1,N)
21 CONTINUE
WRITE(*,*) 'Upper matrix of the decomposition:’
DO 22 K=1,N
WRITE(+, ' (1X,6F12.6)°) (XU(K,L), L=1,N)
22 CONTINUE
WRITE(#,%) "sdskerksssbstbnsshbbbrbbbhhbebhsssn’
WRITE(s,*) ’'Press RETURN for next problem:’
READ(*,»)
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READ(S, * (A3) *) TXT

IF (TXT.NE.'END’) GOTO 10
CLOSE(5)

END

#£ LUBKSB % R 2 #i #5382 X ( example driver ) # A} LUDCMP FI
LUBKSB # X LIMEHFENRMATRX1. DAT #imEt s 8XME (2%
GAUSS ) HEXFTHHF ) EHRENEBERARCHRBUEMDGE K&
BRENMEMEPZ AT SAEHASE - R » RS HEBH A BRLUDCMP
%% (AEMRLUBK SBHRMMLARN LUDCMPER » EREBE
MEEEEAEEERR ILUBKSBE AKEZEEERT S » FTLIER
ARERER - BRHR

PROGRAM D2R3
C Driver for routine LUBKSB
PARAMETER (NP=20)
DIMENSION A(NP,NP),B(NP,NP),INDX(NP)
DIMENSION C(NP,NP) ,X(NP)
CHARACTER TXT*3
OPEN(5,FILE="MATRX1.DAT’ ,STATUS="0OLD")
READ(5,#)
10 READ(5,*)
READ(5,*) N,N
READ(5,*)
READ(S,#) ((A(K,L), L=1,N), K=1,N)
READ(5,*)
READ(5,#) ((B(K,L), K=1,N), L=1,N)
c Save matrix A for later testing
DO 12 L=1,N
DO 11 K=1,N
C(K,L)=A(K,L)
11 CONTINUE
12 CONTINUE
c Do LU decomposition
CALL LUDCMP(C,N,NP,INDX,P)
c Solve equations for each right-hand vector
DO 16 K=1,M
DO 13 L=1,N
X(L)=B(L,K)
i3 CONTINUE
CALL LUBKSB(C,N,NP,INDX,X)
c Test results with original matrix
WRITE(*,*) °'Right-hand side vector:’
WRITE(*, ' (1X,6F12.6) ') (B(L.K), L=1,N)



