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ภาคผนวก ก.

รายละเอียดโปรแกรม NV

รายละเอียดโปรแกรม NV จะมีรายละเอียดเริ่มจากโปรแกรมหลัก และตามด้วย 
โปรแกรมย่อยต่าง  ๆดังนี้

PROGRAM NV
ccCCCCCCCcccccc

c
c
cccc

c

ccc

A FINITE ELEMENT COMPUTER PROGRAM FOR SOLVING NAVIER-STOKES EQUATION FOR TWO-DIMENTIONAL VISCOUS INCOMPRESSIBLE FLOWS?
USE PRECONDITIONED CONJUGATE GRADIENT TO SOLVE LINEAR SYSTEM OF NORMAL EQUATIONS

THE VALUES DECLARED IN THE PARAMETER STATEMENT BELOW SHOULD BB ADJUSTED ACCORDING TO THE SIZE OF THE PROBLEMS AND TYPES OF COMPUTERS:MXPOIV = MAXIMUM NUMBER OF VELOCITY NODES IN THE MODEL MXPOIP = MAXIMUM NUMBER OF PRESSURE NODES IN THE MODEL MXELE = MAXIMUM NUMBER OF ELEMENTS IN THE MODEL ITMAX = MAXIMUM ITERATION SETTING (INTERNAL LOOP)TOL1 = SPECIFIED TOLERANCE (INTERNAL LOOP)
PARAMETERPARAMETERPARAMETERPARAMETER

(MXPOIV=25,MXPOIP=9, MXELE=8, MXFREE=1) (NMAX»1000000, ITMAX=100000)(MXLINK=10)(MXNEQ=2*MXPOIV+MXPOIP)
IMPLICIT REAL*4 (A-H,0-Z)

PARAMETER (TOLl=l.E-06)
TOL1 = SPECIFIED TOLERANCE OF EACH CONJUGATE GRADIENT ITERATION

DIMENSION COORD(MXPOIV,2 ) , TEXT(20)DIMENSION UVEL(MXPOIV), VVEL(MXPOIV), PRES(MXPOIV) DIMENSION B(MXNEQ), BN(MXNEQ)DIMENSION AKELE(15,15,MXELE), RELE(15,MXELE) DIMENSION AAS(MXNEQ)DIMENSION ICOUNT(MXPOIV), IASSEM(MXPOIV,MXLINK) DIMENSION SOL(MXNEQ), DSOL (MXNEQ)DIMENSION p(MXNEQ), R(MXNEQ), Z(MXNEQ) , Q(MXNEQ) DIMENSION SA(NMAX), SB(NMAX), SC(NMAX)DIMENSION IJA(NMAX), IJB(NMAX), IJC(NMAX)DIMENSION INTMAT(MXELE,6), INTMATF(MXFREE, 4) DIMENSION IBCU(MXPOIV), IBCV(MXPOIV), IBCP(MXPOIV) CHARACTER* 2 0 NAME1, NAME2 , NAME3, NAME4, NAME5 CHARACTER* 2 0 NAME6, NAME7, NAME8
10 WRITE(6,20)20 format;/,' PLEASE ENTER THE INPUT FILE NAME:', /) READ(5,'(A) ,ERR=10) NAME1OPEN(UNIT=7, FILE=NAME1, STATUS»1 OLD', ERR=10) OPEN(UNIT=9, FILE»'CHECK.OUT', STATUS»'NEW')

READ TITLE OF COMPUTATION:
READ(7,*) NLINES DO 100 ILINE=1,NLINES READ(7,1) TEXT
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1 FORMAT(20A4) 100 CONTINUE

READ INPUT DATA:c

104
105 
110

120

130
140

CCC

READ (7,1) TEXT WRITE(9,104)FORMAT(' NPOIV NPOIP NELEM NFREE READ(7,*) NPOIV, NPOIP, NELEM, NFREE, WRITE(9,105) NPOIV, NPOIP, NELEM, NFREE, FORMAT(518, F8.2)IF(NPOIV.GT.MXPOIV) WRITE(6,110) NPOIV FORMAT(/,' PLEASE INCREASE THE PARAMETER IF(NPOIV.GT.MXPOIV) STOP IF(NPOIP.GT.MXPOIP) WRITE(6,120) NPOIP format; / , ' PLEASE INCREASE THE PARAMETER IF(NPOIP.GT.MXPOIP) STOP IF(NELEM.GT.MXELE) WRITE(6,130) NELEM FORMAT(/,' PLEASE INCREASE THE PARAMETER IF(NELEM.GT.MXELE) STOP IF(NFREE.GT.MXFREE) WRITE(6,140) NFREE format; / , ' PLEASE INCREASE THE PARAMETER IF(NFREE.GT.MXFREE) STOP

NITER TOL') NITER, TOL NITER, TOL
MXPOIV TO',15)
MXPOIP TO',15)
MXELE TO',15)
MXFREE TO',15)

READ FLUID PROPERTIES:
READ (7,1) TEXT WRITE(9,134)134 FORMAT(' DENSITY VISCOSITY')READ(7,*) DEN, VISWRITE(9,135) DEN, VIS135 FORMAT(2E12.4)

c
c READ NODAL COORDINATES, BOUNDARY CONDITIONS, THEIR VALUES: 
c REQUIREMENT: MAIN NODES MUST BE NUMBERED FIRST
c

DO 150 IP=l̂ NPOIVREAD(7,*) I, IBCU(I), IBCV(I), IBCP(I),* (COORD(I,K), K=1,2), UVEL(I), VVEL(I), PRES(I)IF(I.NE.IP) WRITE(6,155) IP155 FORMAT(/, ' NODE NO.', 15, ' IN DATA FILE IS MISSING')IF(I .NE.IP) STOP 150 CONTINUEC
c READ ELEMENT NODAL CONNECTIONS:
c READ (7,1) TEXT DO 160 IE=1,NELEMREAD ( 7, * ) I, (INTMAT (I, J) , J=l, 6)162 FORMAT(718)IF(I .NE.IE) WRITE(6,165) IE165 format;/, ' ELEMENT NO.', 15, ' IN DATA FILE IS MISSING')IF(I.NE.IE) STOP 160 CONTINUEC
c READ FREE BOUNDARY (FLOW EXIT) INFORMATION:
c READ(7,1) TEXT WRITE(9,168) NFREE168 FORMAT(' OUTFLOW INFORMATION (ELE NO., 3 NODE NO.): [', * 14 ,']')DO 170 IB=1,NFREEREAD( 7, * ) ( INTMATF (IB, J) , J=l,4)170 CONTINUE

WRITE(6,200 NPOIV, NPOIP, NELEM, NFREE, NITER, TOL200 FORMAT(' THE FINITE ELEMENT MODEL CONSISTS OFะ,, /,★ 1 NUMBER OF VELOCITY NODES II M OA /* 1 NUMBER OF PRESSURE NODES II M OA /* 1 NUMBER OF ELEMENTS = ', 16, /* 1 NUMBER OF OUTFLOW BOUNDARY VOMII /* 1 WITH NUMBER OF ITERATIONS REQUIRED = ', 16, /OR SPECIFIED STOPPING TOLERANCE = ', F6 2
DO 400 1=1,NPOIVSOL(I ) = UVEL(I)
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SOL cI+NPOIV) = VVEL(I)400 CONTINUEDO 410 1=1,NPOIPSOL(I+NPOIV+NPOIV) = PRES(I)410 CONTINUE C NEQ = 2*NPOIV + NPOIP C CALL COUNT(INTMAT, ICOUNT, IASSEM, MXPOIV, MXELE, MXLINK)CC ENTER ITERATION LOOP:C DO 500 ITER=1,NITER CC RESET THE SYSTEM EQUATIONSC DO 510 1=1,15 DO 510 J=l,15 DO 510 K=l,MXELEAKELE( I, J, K) = 0.510 CONTINUEDO 520 1=1,15 DO 520 J=l,MXELE RELE ( I, J) = 0.520 CONTINUEDO 521 1=1,NMAX SA(I) =0.SB(I) =0.SC(X) =0.IJA(I)=0.IJB(I)=0.IJC(I)=0.521 CONTINUE C WRITE(6,530) ITER530 FORMAT)/, 3X, ' * PERFORMING COMPUTATION AT ITERATION NUMBER',* 13,C ESTABLISH ELEMENT MATRICES AND ASSEMBLE ELEMENT EQUATIONS 
WRITE(6,540)540 FORMAT(8X, ' ESTABLISHING ELEMENT MATRICES AND',* 1 ASSEMBLING ELEMENT EQS.' )
CALL TRI( MXPOIV, MXELE, MXNEQ,SOL, INTMAT, COORD,* AKELE, RELE,IBCU, IBCV, IBCP, DEN, VIS )
ASSEMBLE THE SYSTEM STIFFNESS MATRIX AND CHANGE TO SPARSE STORAGE FORMAT
FIND STIFFNESS MATRIX

* FIND TRANSPOSE OF STIFFNESS MATRIXijb(1)=neq+2 K-NEQ+1DO 542 IJ=1,MXNEQCALL ASSEMA(INTMAT, AKELE, AAS, 1, MXPOIV, MXNEQ, MXELE, * , ICOUNT, IASSEM, IJ,MXLINK)CC CREAT ROW SPARSE STORAGE OF A TRANSPOSE
c CALL SPRSIN (AAS, NEQ, NMAX, K, บ, SB, IJB)
c 542 CONTINUE
c
c
c

c

c
c
c

ASSEMBLE THE RESIDUALS MATRICES TO FORM SYSTEM RESIDUALS:
WRITE ( 6, 545)545 FORMAT(8X, ' ASSEMBLING THE
CALL ASSEMR( MXPOIV, MXELE, * INTMAT, RELE,
SOLVE A SET OF SIMULTANEOUS

SYSTEM RESIDUALS VECTOR')
MXNEQ,B )
EQUATIONS FOR NODAL INCREMENTS:

WRITE(6,560)
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560 FORMAT(8X, ' SOLVING SET OF SIMULTANEOUS EQS. FOR',* ' NODAL INCREMENTS' )DO 580 1 = 1, NEQBN(I)=0.0 580 CONTINUEDO 600 1=1,NEQ P(I)=0.0 R ( I)=0.0
z ( X) = 0 . 0  Q(I)=0.0 600 CONTINUE

cc CHANGE A*X=B TO AT*A*X=AT*B (NORMAL EQUATIONS)
c
c  FIND A TRANSPOSE * A
c write!*,*) ' FIND A TRANSPOSE * A 'CALL SPRSTM(sb,ijb,sb,ijb,nmax,sc,ijc)

FIND A TRANSPOSE * B
WRITE(*1*) ’ FIND A TRANSPOSE * B 'CALL SPRSAX(sb,ijb,b,bn,neq,nmax)
APPLY CONJUGATE GRADIENT METHOD TO NORMAL EQUATION 
WRITE(6,570) MXNEQ570 FORMAT(8X, ' ( TOTAL OF', 15,' EQUATIONS TO BE SOLVED )')WRITE!*,*) ' APPLYING CONJUGATE GRADIENT METHOD 'CALL PCGNR(NEQ,sc,IJC,BN,NEQ,P,R,Z,Q,DSOL,ITMAX,NMAX,TOL1)
CHECK FOR CONVERGENCE:
UP =0.DOWN = 0.DO 700 1=1,NEQERROR = DSOL(I)UP = UP + ABS(ERROR)VALUE = SOL(I)DOWN = DOWN + ABS(VALUE)700 CONTINUERATIO = UP*100./DOWN WRITE(6,585) RATIO585 FORMAT(6X, 'CURRENT SOLUTION HAS GLOBAL ERROR OF',* F8.2, ' %' )WRITE(9,595) ITER, RATIO595 FORMAT(6X, 'ITERATION NO.', 15, ' HAS GLOBAL ERROR OF',* F8.2, 1 %’ )IF(RATIO.GT.TOL) GO TO 710
SOLUTION CONVERGED WITHIN THE SPECIFIED TOLERANCE 
WRITE(6,605)605 FORMAT!/, 3X, ' *** SOLUTION CONVERGED WITHIN SPECIFIED',* ' TOLERANCE ***’, // )GO TO 800710 CONTINUE
UPDATE NODAL SOLUTIONS:
DO 720 1=1,NEQSOL(I) = SOL(I) + DSOL(I)720 CONTINUE 500 CONTINUE
SOLUTION NOT CONVERGED WITHIN THE SPECIFIED TOLERANCE

c WRITE(6,615)615 FORMAT!/, 3X, ' ??? SOLUTION NOT CONVERGED WITHIN’,* ' SPECIFIED TOLERANCE ???', // )C800 CONTINUE
c
c  PRINT OUT SOLUTIONS OF NODAL VELOCITIES AND PRESSURES:C810 WRITE { 6, 625)625 FORMAT!' PLEASE ENTER FILE NAME FOR VELOCITY & PRESSURE',
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* ' SOLUTIONS:', / )READ(5, '(A)', ERR=810) NAME2OPEN(UNIT=8, FILE=NAME2, STATUS='NEW', ERR=810)WRITE(8,635) NPOIV635 FORMAT(' NODAL VELOCITY AND PRESSURE SOLUTIONS [', 15,']* //, 2X, 'NODE', 6X, U-VELOCITY', 6X, ’V-VELOCITY',* 8X, 'PRESSURE', /cc ROUND-OFF SOLUTION VALUES FOR NEAT OUTPUT:c ROFF = l.E-6 DO 820 IEQ=1,NEQ VALUE = SOL(IEQ)IF(ABS(VALUE).LT.ROFF) SOL(IEQ) = 0.820 CONTINUEc DO 830 IP=1,NPOIPIEQU = IP IEQV = NPOIV + IP IEQP = 2*NPOIV + IPWRITE(8, 645 ) IP, SOL(IEQU), SOL(IEQV), SOL(IEQP)645 FORMAT(16, 3E16.6)830 CONTINUEDO 840 IP=NPOIP+l,NPOIVIEQU = IPIEQV = NPOIV + IPWRITE(8,655) IP, SOL(IEQU), SOL(IEQV)655 FORMAT(16, 2E16.6)840 CONTINUE
CREATE DATA FILE FOR GRAPHIC DISPLAY (FEPLOT):

850 WRITE(6,665)665 format;' PLEASE ENTER FILE NAME FOR U-V-P DISPLAY:', /)READ(5,'(A)', ERR=850) NAME3OPEN(UNIT=10, FILE=NAME3, STATUS='NEW', ERR=850)NVAR = 3WRITE(10,675) NPOIP, NELEM, NVAR 675 FORMAT(' NPOIP NELEM NVAR', /, 318)WRITE(10,685) NPOIP685 FORMAT(' NODAL COORDINATES & U-V-P SOLUTIONS [', 15, ']:')DO 860 1=1,NPOIPIEQU = IIEQV = NPOIV + I IEQP = 2*NPOIV + IWRITEdO, 695) I, (COORD(I,J), J=l,2), SOL(IEQU), SOL(IEQV)* SOL(IEQP)695 FORMAT(18, 5E13.5)860 CONTINUEWRITE(10, 705) NELEM705 FORMAT)' ELEMENT NODAL CONNECTIONS [', 15, ']:')DO 870 IE=1,NELEMWRITEdO, 880) IE, (INTMAT (IE, J) , J=l,3)880 FORMAT(418)870 CONTINUE
900 WRITE(6,910)910 FORMAT!' PLEASE ENTER FILE NAME FOR u-v DISPLAY:', /)READ(5,'(A)', ERR=900) NAME4OPEN(UNIT=11, FILE=NAME4, STATUS='NEW', ERR=900)NVAR = 2NELEM4 = 4 *NELEMWRITE(11,920) NPOIV, NELEM4, NVAR 920 FORMAT)' NPOIV NELEM NVAR', /, 318)WRITEdl, 930) NPOIV930 FORMAT(' NODAL COORDINATES & U-v SOLUTIONS [', 15, ']:')DO 940 1=1,NPOIVIEQU = IIEQV = NPOIV + IWRITEdl, 950) I, (COORD ( I, J) , J=l,2), SOL(IEQU), SOL(IEQV) 950 FORMAT(18, 4E13.5)940 CONTINUEWRITEdl, 960) NELEM4960 FORMAT(' ELEMENT NODAL CONNECTIONS [', 15, ']:')ICE = 1DO 970 IE=1,NELEMII = INTMAT(IE,1)



980970cc
10001005

1015
1025
1035
1045

10551060
1065

1075

10851080

10951090

1105

1115
1125
1135
1145

JJ = INTMAT(IE,2) KK = INTMAT(IE,3) LL = INTMAT(IE,4) MM = INTMAT(IE,5) NN = INTMAT(IE,6)WRITE(11,980) ICE = ICE + 1 ICE, II, NN, MM
WRITE(11,980) ICE = ICE + 1 ICE, JJ, LL, NN
WRITE(11,980) ICE = ICE + 1 ICE, KK, MM, LL
WRITE(11,980)
FORMAT(418) CONTINUE

ICE, LL, MM, NN

CREATE VELOCITY DATA FOR NASTRAN:
WRITE(6,1005)FORMAT(1 PLEASE ENTER FILE NAME VELOCITY DATA FOR NASTRAN READ(5,' (A) ', ERR = 1000) NAME4OPEN(UNIT = 12,FILE=NAME4, STATUS»'NEW',ERR=1000) WRITEU2,1015)FORMAT('1MSC/NASTRAN PAGE')WRITE(12,1025)FORMAT CO')WRITE(12,1035)FORMAT(' DI SPLACEMENT' )WRITE(12,1045)FORMAT!' POINT ID. TYPE’)DO 1060 1=1,  MXPOIVIEQU = IIEQV = MXPOIV+IWRITE(12,1055) I, SOL(IEQU), SOL(IEQV)FORMAT(112,4X,'G',2(l x , E12.6),10X,'0.0')CONTINUE WRITE(12,1065)FORMAT Cl')
CREATE DATA FOR NASTRAN GRAPHIC FOR INPUT
WRITE (6, 1075)FORMAT (' PLEASE ENTER FILE NAME INPUT DATA FOR NASTRAN:'READ (5,'(A)', ERR = 1070) NAME5OPEN (UNIT»13,FILE=NAME5,STATUS='NEW',ERR=107 0)DO 1080 1 = 1 ,  NPOIV Z1 = 0.0 IZ = 0WRITE(13,1085) I, IZ, (COORD (I, J) , J=1,2) , zl, IZ WRITE(6,1085) I, IZ, (COORD (I, J) , j=l, 2) , zl, IZ FORMAT('GRID', 9X,14,7X,II,2X,F7.4,lx,F7.4,6X,F2.0,7X,I1) CONTINUEDO 1090 1=1,  NELEM IO = 1WRITE (13,1095) I, IO,INTMAT(I,1),INTMAT(I,3),INTMAT(I,2) * INTMAT(I,5),INTMAT(I,4),INTMAT(I,6)WRITE (6, 1095) I, IO, ( INTMAT ( I, J) , J=l,6)FORMAT('CTRIA6', 7X, 14, 7X, II, 618)CONTINUE
CREATE DATA NASTRAN GRAPHIC FOR OUTPUT:
WRITE (6,1105)FORMAT(' PLEASE ENTER FILE NAME OUTPUT DATA FOR NASTRAN:’ READ(5,'(A)', ERR = 1100) NAME6OPEN(UNIT = 14,FILE=NAME6, STATUS»’NEW',ERR=1100)WRITE(14,1115)FORMAT ( ' 1MSC/NASTRAN PAGE ' )WRITE(14,1125)FORMAT(’O')WRITE(14,1135)FORMAT(' DI SPLACEMENT' )WRITE(14,1145)FORMAT(' POINT ID. TYPE')DO 1110 1=1,  NPOIPIEQU = IIEQV = NPOIV+I



IEQP = 2*NP0IV+IWRITE(14,1155) I, SOL(IEQU), SOL(IEQV), SOL(IEQP)1155 FORMAT(112,4X, 'G', IX, E12โร, lx,E12.5,10X, '0.0', lx, E12.5,9X, '0.0'*,9X,’0.0')1110 CONTINUEWRITE(14,1175)1175 FORMAT('1')cc CREATE DATA FOR VELOCITY REMESH [SPACE.FOR] :c1130 WRITE (6,1185)1185 FORMAT(' PLEASE ENTER FILE NAME FOR VELOCITY REMESHING FOR SPACE:' 1 , /)READ(5,1(A)', ERR = 1130) NAME7OPEN(UNIT = 15,FILE=NAME7, STATUS='NEW',ERR=1130)DO 1140 I = 1,NPOIVSOL(I) = SQRT(SOL(I)*SOL(I)+SOL(I+NPOIV)*SOL(I+NPOIV))1140 CONTINUEWRITE(15,1195) NPOIP 1195 FORMAT(14)DO 1150 I = 1,NPOIP WRITE(15,2005) I, SOL(I)2005 FORMAT(14,2X,E12.5)1150 CONTINUE CC CREATE DATA FOR PRESSURE REMESH [SPACE.FOR] ะc1160 WRITE (6,2010)2010 FORMAT!' PLEASE ENTER FILE NAME FOR PRESSURE REMESHING FOR SPACE:' 1 1 /)READ(5,'(A)', ERR = 1160) NAME8OPEN(UNIT = 15,FILE=NAME8, STATUS='NEW',ERR=1160)WRITE(15,2015) NPOIP 2015 FORMAT(14)J=0DO 1180 I = 2*NPOIV+l, 2*NPOIV+NPOIP J=J+1WRITE(15,2025) J, SOL(I)2025 FORMAT(14,2X,E12.5)1180 CONTINUE STOP END CC--------------------------------------------------------------------------------------c SUBROUTINE COUNT(INTMAT, ICOUNT, IASSEM, MXPOIV, MXELE, MXLINK) IMPLICIT REAL*4 (A-H,0-Z)DIMENSION INTMAT(MXELE, 6) , ICOUNT(MXPOIV), IASSEM(MXPOIV,MXLINK) DO 10 1=1,MXPOIV ICOUNT(I) = 0 10 CONTINUEDO 100 1 = 1, MXELE DO 200 J=l,6N = INTMAT (I, J)ICOUNT(N) = ICOUNT(N) + 1 IC = ICOUNT(N)IF(IC.GT.MXLINK) WRITE(*,125) IC 125 FORMAT!/,' PLEASE INCREASE THE PARAMETER MXLINK TO',15)IF(IC.GT.MXLINK) STOP IASSEM(N,IC) = I 200 CONTINUE 100 CONTINUE RETURN ENDcc----------------------------------------------------------------------------------------------------C SUBROUTINE APPLYBC( MXPOIV, MXELE, AKELE, RELE,* INTMAT, IBCU, IBCV, IBCP, IE )
c APPLY BOUNDARY CONDITIONS BEFORE SOLVING FOR NODAL INCREMENTSc WITH CONDITION CODES OF:c 0 = FREE TO CHANGE (INCREMENTS COMPUTED)C 1 = FIXED AS SPECIFIED (INCREMENTS FIXED AS ZERO)

DIMENSION AKELEU5, 15, MXELE) , RELE ( 15 , MXELE)DIMENSION INTMAT(MXELE,6)



DIMENSION IBCU(MXPOIV), IBCV(MXPOIV), IBCP(MXPOIV)cc APPLY BOUNDARY CONDITIONS FOR NODAL U-VELOCITIES:c DO 100 IEQ=1,6IEQU = INTMAT(IE, IEQ)IF(IBCU(IEQU).EQ.O) GO TO 100c DO 110 IR=1,15IF(IR.EQ.IEQ) GO TO 110 AKELE ( IR, IEQ, IE) = 0.110 CONTINUEc DO 120 IC=1,15AKELE(IEQ,IC,IE) = 0.120 CONTINUEAKELE(IEQ,IEQ,IE) = 1.RELEdEQ, IE) = 0 .c 100 CONTINUEcc APPLY BOUNDARY CONDITIONS FOR NODAL V-VELOCITIES:C DO 200 IEQ=1,6IEQV = INTMAT(IE, IEQ)IF(IBCV(IEQV).EQ.O) GO TO 200 C DO 210 IR=1,15IF(IR.EQ.IEQ+6) GO TO 210 AKELE(IR,IEQ+6,IE) = 0.210 CONTINUEc DO 220 IC=1,15AKELE(IEQ+6,IC,IE) = 0.220 CONTINUEAKELE(IEQ+6,IEQ+6,IE) = 1.RELE(IEQ+6,IE) = 0.c 200 CONTINUEcc APPLY BOUNDARY CONDITIONS FOR NODAL PRESSURES:C DO 300 IEQ=1,3IEQP = INTMAT(IE, IEQ)IF(IBCP(IEQP).EQ.O) GO TO 300c DO 310 IR=1,15IF(IR.EQ.IEQ+12) GO TO 310 AKELE(IR,IEQ+12,IE) = 0.310 CONTINUEc DO 320 IC=1,15AKELE(IEQ+12,IC, IE) = 0.320 CONTINUEAKELEdEQ+12, IEQ+12, IE) = 1.RELE(IEQ+12,IE) = 0.c 300 CONTINUE C RETURNENDcC-------------------------------------------------------------------------------------c SUBROUTINE ASSEMA(INTMAT, A, B, ITYPE, MXPOIV, MXNEQ, MXELE,* ICOUNT, IASSEM, N, MXLINK)IMPLICIT REALM (A-H,0-Z)DIMENSION A(15,15,MXELE), B(MXNEQ)DIMENSION INTMAT(MXELE,6), ICOUNT(MXPOIV), IASSEM(MXPOIV,MXLINK)cc RESET STIFFNESS MATRICESC DO 10 1=1,MXNEQ B(I) = 0.10 CONTINUE
IF (N.LE.MXPOIV) THEN
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ccc
ccc

c

c

c

NI = N NN = 0 ELSEIF ((N.GT.MXPOIV).AND.(N.LE.2*MXPOIV)) THEN NI = N - MXPOIV NN = 1 ELSENI = N - 2*MXPOIV NN = 2 ENDIF ENDIFIC = ICOUNT(Nl)
ASSEMBLE STIFFNESS MATRICES
IF (ITYPE.EQ.O) THEN
ITYPE = 0; COMPOTE [A]

DO 100 IE=1,ICIA = IASSEM(N1, IE)DO 30 1 = 1, 6II = INTMAT(IA,I)IF (II.EQ.N1) THEN
DO 40 J=l,6JJ = INTMAT(IA,J)K = J + 6KK = MXPOIV + JJB ( JJ) = B ( JJ) + A(I + 6*NN, J, IA)B (KK) = B (KK) + A (I + 6*NN, K, IA) 40 CONTINUE
DO 50 J=l,3JJ = INTMAT(IA,J)K = J + 12 KK = 2*MXPOIV + JJ B (KK) = B (KK) + A(I + 6*NN,K,IA) 50 CONTINUE

ENDIF30 CONTINUE100 CONTINUE C ELSEcc ITYPE = 1; COMPUTE TRANSPOSE OF [A]c DO 200 IE=1,ICIA = IASSEM(Nl,IE)DO 130 1=1,6II = INTMAT(IA,I)IF (II.EQ.N1) THENc DO 140 J=l,6JJ = INTMAT(IA,J)K = J + 6 KK = MXPOIV + JJ B ( JJ) = B ( JJ) + A( J, I + 6*NN, IA) B(KK) = B(KK) + A(K,I+6*NN,IA) 140 CONTINUEc DO 150 J=l,3JJ = INTMAT(IA,J)K = J + 12 KK = 2*MXPOIV + JJ B (KK) = B (KK) + A (K, I+6*NN, IA) 150 CONTINUEc ENDIF130 CONTINUE200 CONTINUEC ENDIFc RETURNEND
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SUBROUTINE ASSEMR( MXPOIV, MXELE, MXNEQ,* INTMAT, RELE, B )
ASSEMBLE ELEMENT EQUATIONS INTO SYSTEM EQUATIONS
IMPLICIT REAL*4 (A-H,0-Z)DIMENSION RELE(15,MXELE), B(MXNEQ) DIMENSION INTMAT(MXELE,6)
RESET SYSTEM LOAD VECTOR
DO 100 1=1,MXNEQ B(I) = 0.100 CONTINUE
ASSEMBLING SYSTEM LOAD VECTOR
CONTRIBUTION OF VALUES ASSOCIATED WITH บ & V VELOCITIES: 
DO 500 IE=1,MXELE

DO 200 1=1,6II = INTMAT(IE,I)K = 1 + 6KK = MXPOIV + IIB ( II ) = B(II) + RELE(I, IEB ( KK) = B(KK) + RELE(K,IECONTINUE
CONTRIBUTION OF VALUES ASSOCIATED WITH PRESSURE:

DO 300 1=1,3II = INTMAT(IE,I)K =1 + 12KK = 2 *MXPOIV + IIB (KK) = B (KK) + RELE (K, IE)300 CONTINUE
500 CONTINUE

RETURNEND
C SUBROUTINE SPRSIN (AAS, N, NMAX, K, บ, SB, IJB)IMPLICIT REAL*4 (A-H,0-Z)DIMENSION AAS(N), SB(NMAX), IJB(NMAX)
k* CHANGE A(NP,NP) -> SB(NMAX) : NONZERO ELEMENTS,IJB(NMAX) : INDEX
k SB (บ) =AAS (บ)DO 10 J=1,NIF(ABS(AAS(J)) .GE.IE-16) THEN IF(J.NE.บ) THEN K=K+1IF(K.GT.NMAX) PAUSE 'NMAX TOO SMALL IN SPRSIN'SB (K) =AAS ( J)IJB(K)=J ENDIF ENDIF10 CONTINUEIJB(IJ+l)=K+1 RETURN ENDcc --------------------------------------------------------------------------------------------c SUBROUTINE SPRSTM(SA,IJA,SB,IJB,NMAX,sc,IJC)IMPLICIT REAL*4 (A-H,0-Z)DIMENSION SA(NMAX), SB(NMAX), sc(NMAX)DIMENSION IJA(NMAX), IJB(NMAX),IJC(NMAX)C SA,IJA FOR A TRANSPOSEc SB,IJB FOR A



144

c sc,IJC FOR A TRANSPOSE * A c K=0IF(IJA(1).NE.IJB(l)) PAUSE 'SPRSTM SIZES DO NOT MATCH'K=I JA ( 1 )IJC(1)=KDO 14 1=111JA(1)-2 DO 13 J—1, IJB(1)-2 IF(I.EQ.J)THEN SUM=SA(I)*SB(J)
E SUM-0. DO ENDIF MB=IJB(J)DO 11 MA=I JA ( I ) , I JA ( 1 + 1 ) -1 IJMA=IJA(MA)IF(IJMA.EQ.J)THENSUM=SUM+SA(MA)*SB(J)ELSE2 IF(MB.LT.IJB(J+l))THENIJMB=IJB(MB)IF(IJMB.EQ.I)THENSUM=SUM+SA{I)*SB(MB)MB=MB+1 GOTO 2ELSE IF(IJMB.LT.IJMA)THEN MB=MB+1 GOTO 2ELSE IF(IJMB.EQ.IJMA)THEN SUM=SÜM+SA(MA)*SB(MB)MB=MB+1 GOTO 2 ENDIF ENDIF ENDIF11 CONTINUEDO 12 MBB=MB, I JB ( J+1 ) -1 IFdJB(MBB) .EQ.I) THEN SUM=SUM+SA(I)*SB(MBB)ENDIF12 CONTINUEIF(I.EQ.J)THEN SC(I)=SUMELSE IF(ABS(SUM).GT.IE-16)THENIF(K.GT.NMAX)PAUSE 'SPRSTM: NMAX TO SMALL'SC(K)=SUM IJC (K)=J K=K+1 ENDIF13 CONTINUE IJC(1+1)=K14 CONTINUE WRITE (*,*) KWRITE(9,*) K return END Cc ---------------------------------------------------------------------------C SUBROUTINE SPRSAX(SB,1JB,X,B,N,NMAX)IMPLICIT REAL*4 (A-H,0-Z)DIMENSION b(ท), sb(nmax), X(ท), ijb(nmax)IF(IJB(1).NE.N+2) PAUSE 'MISMATCHED VECTOR AND MATRIX IN APRSAX’ DO 11 1=1,NB(I)=SB(I)*X(I)DO 12 K=IJB(I),IJB(I+1)-1 B(I)=B (I) +SB(K) *x( IJB (K) )12 CONTINUE 11 CONTINUE RETURN ENDcc ---------------------------------------------------------------------------c SUBROUTINE PCGNR(N,SA,IJA,BN,MXNEQ,P,R,Z,Q,X,ITMAX,NMAX,TOL1) IMPLICIT REAL*4 (A-H,0-Z)DIMENSION SA(NMAX), IJA(NMAX), BN(MXNEQ)
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DIMENSION P(MXNEQ), R(MXNEQ), Q(MXNEQ), X(MXNEQ), Z(MXNEQ)
ITER1 = 0 DO 140 1=1,N X(I )=0.0 140 CONTINUECALL ATIMES(SA,IJA,X,R,N,NMAX)DO 150 J=1,N R(J)=BN(J)-R(J)150 CONTINUE500 IF(ITER1.LE.ITMAX) THEN ITER1= ITER1+1 CALL ASOLVE (N,R,Z,SA,NMAX)BKNUM=0.0 DO 160 J=l,N BKNUM=BKNUM+Z(J)*R ( J)160 CONTINUEIF(ITERl.EQ.l) THEN DO 170 J=l,N P(J)=Z(J)170 CONTINUE ELSEBK-BKNUM/BKDEN DO 180 J=l,N P(J)=Z(J)+BK*P(J)180 CONTINUE ENDIFCALL ATIMES(SA,IJA,P,Q,N,NMAX)BKDEN=BKNUM AKDEN=0.0 DO 190 J=1,N AKDEN=AKDEN+P(J)*Q(J)190 CONTINUEAK=BKNUM/AKDEN DO 200 J=1,N X ( J) =x (J) +AK*P (J)R(J)=R(J)-AK*Q(J)200 CONTINUE BNRM=SNRM(N,BN)ERR1=SNRM(N,R)/BNRM WRITE(*,201) ITER1, ERR1201 FORMAT(' ITER= ',15,' ERR= ', F15.10)IF(ERRl.GT.TOLl) GOTO 500ENDIFRETURNENDcc ------------------------------------------------------------------------------------C SUBROUTINE ATIMES(SA,IJA,X,B,N,NMAX)IMPLICIT REAL*4 (A-H,0-Z)DIMENSION B(N), X(N), SA(NMAX), IJA(NMAX)IF(IJA(1).NE.N+2) PAUSE 'MISMATCHED VECTOR AND MATRIX IN ATIMES' DO 10 1=1,N B(I)=0.010 CONTINUEDO 11 1=1,N B(I)=SA(I)*x(I)DO 12 K=IJA(I), IJA(I+1)-1 B ( I ) =B ( I ) +SA (K) *X(IJA(K) )12 CONTINUE11 CONTINUE RETURN ENDCC ---------------------------------------------------------------------C SUBROUTINE ASOLVE(N,B,X,SA,NMAX)IMPLICIT REAL*4 (A-H,0-Z)DIMENSION B(N), X(N), SA(NMAX)DO 10 1=1,N X(I)=B(I)/SA(I)10 CONTINUE RETURN END
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c

ccc

cccc

ccc

ccc
ccc
ccc

c

FUNCTION SNRM(N,SX) IMPLICIT REALM (A-H,0-Z) DIMENSION SX(N)SNRM=0.0 DO 10 1=1,N SNRM=SNRM+SX(I)*SX(I)10 CONTINUESNRM=SQRT(SNRM)RETURNEND

SUBROUTINE TRI( MXPOIV, MXELE, MXNEQ, SOL,* INTMAT, COORD, AKELE, RELE,* IBCU, IBCV, IBCP,* DEN, VIS )
ESTABLISH ALL ELEMENT MATRICES AND ASSEMBLE THEM TO FORM UP SYSTEM EQUATIONS
IMPLICIT REAL*4 (A-H,0-Z)DIMENSION COORD(MXPOIV,2)DIMENSION SOL(MXNEQ)DIMENSION A ( 6, 6) 1 B(6,3), C(6,3), G(3,3), F(6,6,3) DIMENSION UELE(6), VELE(6), PELE(3)DIMENSION SXX (6,6), SXY(6,6), SYX(6,6), SYY(6,6) DIMENSION HX (3,6), HY(3,6), HXT(6,3), HYT(6,3) DIMENSION ABGXUG (6,6), AGBXUG(6,6), AGBYVG(6,6) DIMENSION ABGYVG(6,6), ABGXVG(6,6), ABGYUG(6,6) DIMENSION GXX (6,6) , GYY(6,6), ALX(6,6), ALY(6,6) DIMENSION AKELE( 1 5 , 1 5 , MXELE), RELE(15,MXELE) DIMENSION FX(6) , FY(6), FP(3)DIMENSION IBCU(MXPOIV), IBCV(MXPOIV) , IBCP(MXPOIV) DIMENSION INTMAT(MXELE,6)
SET UP [A] MATRIX BASED ON TENSOR NOTATIONS:
DO 10 1=1,DO 10 J=l,A (X,■ J) =10 CONTINUEA ( 1,1 ) = 1A ( 2,2 ) = 1A ( 3,3 ) = 1A ( 4,4 ) = 4A ( 5,5 ) = 4A(6, 6) = 4A ( 1,5 ) = -1A ( 1,6) = -1A(2,4) = -1A (2, 6) = -1A ( 3,4 ) = -1A ( 3,5 ) = -1
COMPUTE KINEMATIC VISCOSITY:
ANEW = VIS/DEN
LOOP OVER THE NUMBER OF ELEMENTS:
DO 500 IE=1,MXELE
FIND ELEMENT LOCAL COORDINATES:
II = INTMAT(IE,1) JJ = INTMAT(IE,2) KK = INTMAT(IE,3) LL = INTMAT(IE,4) MM = INTMAT(IE,5) NN = INTMAT(IE,6)
XG1 = COORD(II,1) XG2 = COORD(JJ,1) XG3 = COORD(KK,1) YG1 = COORD(II,2)
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YG2 = COORD(JJ,2)YG3 = COORD (KK, ว.)■AREA= 0.5*(XG2*(YG3-YG1) + XG1*(YG2-YG3) + XG3*(YG1-YG2)) IF(AREA.LEO.) WRITE(6,15) IE 15 FORMAT(/,' ! ! ! ERROR ! ! ! ELEMENT NO.', 15,* ' HAS NEGATIVE OR ZERO AREA /,* ' ---  CHECK F.E. MODEL FOR NODAL COORDINATES',* ' AND ELEMENT NODAL CONNECTIONS ---1 )IF(AREA.LE.0.) STOPC
A R F 1 A ?  =  ?  *  A  R  R  AB1 = (YG2 - YG3J/AREA2 B2 = (YG3 - YG1)/AREA2 B3 = (YG1 - YG2J/AREA2 Cl = (XG3 - XG2J/AREA2 C2 = (XG1 - XG31/AREA2 C3 = (XG2 - XGD/AREA2c SET UP [B] AND [C] MATRICES BASED ON TENSOR NOTATIONS:
DO 30 1==1, 6DO 30 J==1,3B ( I, J) = 0.C(I, J) = 0.CONTINUEB Cl, 1) = 2. *B1B(2,2) = 2 . *B2B ( 3,3 ) = 2 . *B3B(4,2) = B3B(4,3) = B2B (5, 1) = B3B ( 5,3 ) = B1B ( 6,1) = B2B ( 6, 2) = B1C(l,l) = 2. *C1C(2,2) = 2 . *C2C ( 3,3 ) = 2 . *C3c ( 4,2 ) = C3c ( 4,3 ) = C2C(5,l) = C3c(5,3) = Clc ( 6,1 ) = C2c ( 6,2 ) = Cl
SET UP [G] MATRIX:
FAC = AREA/12.FAC 2 = 2., *FACG(l, 1) = FAC 2G(2,2) = FAC 2G(3,3) = FAC 2G(1,2) = FACG(1,3) = FACG (2, 1 ) = FACG ( 2,3 ) = FACG ( 3, 1 ) = FACG ( 3,2 ) = FAC
SET UP [F] MATRIX
FACTOR 2.*AREA/5F4 FACTOR*4.F6 FACTOR* 6.F12 = FACTOR*12.F24 = FACTOR*24.F120 = FACTOR*120.
F ( 1, 1, 1) = F120F(l,2, 1) = F12F(l,3, 1) = F12F(l, 4, 1) = F6F(l,5, 1) = F24F(l,6, 1) = F24F ( 2,2, 1) = F2 4F(2,3, 1) = F4F(2,4, 1) = F6F ( 2,5, 1) = F4
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VELE(2) VELE(3) VELE(4) VELE(5) VELE(6) PELE(1) PELE(2) PELE(3)

= SOL(JJ+MXPOIV)= SOL(KK+MXPOIV)= SOL(LL+MXPOIV)= SOL(MM+MXPOIV)= SOL(NN+MXPOIV)= SOL(II+MXPOIV+MXPOIV) = SOL(JJ+MXPOIV+MXPOIV) = SOL(KK+MXPOIV+MXPOIV)
COMPUTE [SXX], [SXY], [SYX], [SYY] MATRICES:

110

100

DO 100 DO 100 IA=1,6 IB=1,6cxx - 0. CYY = 0. exY = 0.CYX = 0.DO110 1=1,6DO110 J=l, 3DO110 K—1, 3DO110 L=1,6CXX = CXX + A ( IA, I )*B(I, J)*A(IB,L)CYY = CYY + A(IA,I)*c (I, J)*A(IB,L)CXY = CXY + A(IA,I)*c (I, J) *A ( IB, L)CYX = CYX + A ( IA, I )*B(I, J)*A(IB,L)CONTINUESXX(IA,IB) SXY(IA,IB) SYX(IA,IB) SYY(IA,IB) CONTINUE

2.*ANEW*CXX + ANEW*CYYANEW*CXYANEW*CYXANEW*CXX + 2.*ANEW*CYY

*B (L, K) *G( J, K) *C(L,K) *G (J, K) *B(L,K) *G(J,K) *C (L, K) *G (J, K)

COMPUTE [HX] AND [HY] MATRICES:(SAME AS MATRICES ON THE LOWER LEFT OF LINEAR EQS.)
DO 150 IA=1,3 DO 150 IB-1,6

I  j .DO 160 J—1,3ex = ex + A (IB, I ) *B (I, J) *G (J, IA)CY = CY + A (IB, I) *c (I, J) *G(J, IA)160 CONTINUEHX(IA,IB) = ex HY(IA,IB) = CY 150 CONTINUE cc THEN THE CORRESPONDING TWO MATRICES ON THE UPPER RIGHT ARE:c DO 170 IA=1,3 DO 170 IB-1, 6HXT(IB,IA) = -HX(IA,IB)HYT(IB,IA) = -HY(IA,IB)170 CONTINUEcc COMPUTE ALL MATRICES ASSOCIATED WITH THE INERTIA TERMS:c (SEE DERIVATION IN NOTE FOR BETTER UNDERSTANDING)
DO 200 IA=1,6DO 200 IB-1, 6CABGXUG - 0. CAGBXUG - 0. CAGBYVG - 0. CABGYVG = 0. CABGXVG = 0. CABGYUG = 0. 

D O  2 1 0  1 = 1 , 6
D O  2 1 0  J - l , 6  
D O  2 1 0  K - l , 6  
D O  2 1 0  L —1 , 6  
D O  2 1 0  M—1 , 3CABGXUG = CABGXUG* + A ( IA, I ) *A ( IB, J) *A (K, L) *B (L, M) *F ( I, J, M) *UELE ( K)CAGBXUG = CAGBXUG* + A(IA,I)*A(K,J)*A(IB,L)*B(L,M)*F(I, J,M)*UELE(K)CAGBYVG = CAGBYVG
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* + A(IA,I)*A(K, J)*A(IB,L)*C(L,M)*F(I,J,M)*VELE(K)CABGYVG = CABGYVG* + A(IA,I)*A(IB, J)*A(K,L)*C(L,M)*F(I,J,M)*VELE(K)CABGXVG = CABGXVG* + A(IA, I) *A(IB, J) *A(K, L) *B (L,M) *F(I, J,M) *VELE(K)CABGYOG = CABGYUG* + A(IA,I) *A(IB, J) *A(K, L) *C(L,M) *F(I, J,M) *UELE(K)210 CONTINUEABGXUG(IA,IB) = CABGXUG AGBXUGdA, IB) = CAGBXUG AGBYVG(IA,IB) = CAGBYVG ABGYVG(IA,IB) = CABGYVG ABGXVG(IA,IB) = CABGXVG ABGYUG(IA,IB) = CABGYUG 200 CONTINUE
DO 220 1=1,6DO 220 J=l, 6GXX (I, J) = ABGXUG (I, J) + AGBXUG(I,J) + AGBYVG (I, J) + SXX(I,J) GYY d , J) = ABGYVG (I, J) + AGBYVG (I, J) + AGBXUG(I,J) + SYY(I,J)+ SYX(I, J)+ SXY(I,J)ALX(I,J) = ABGXVG(I,J) ALY (I, J) = ABGYUG (I, J)220 CONTINUE
THEN THE MATRIX (15X15) ON LHS OF THE ELEMENT EQS. IS:
DO 240 1=1,6DO 250 J=l, 6AKELEd ,J , IE) = GXX ( I, J ) AKELE d + 6, J+6, IE) = GYY(l’j) AKELEd ,J+6,IE) = ALY(I,J) AKELE (1 + 6, J , IE) = ALX(I,J) 250 CONTINUEDO 260 J-1,3AKELEd , J+12, IE) = HXT(I,J) AKELE d + 6, J+12 , IE) = HYT(I,J) 260 CONTINUE 240 CONTINUEDO 270 1=1,3DO 270 J=l,6AKELE ( 1 + 12, J , IE) =HX(I,J) AKELE (1 + 12, J+6, IE) = HY(I,J)270 CONTINUE
BEGIN COMPUTING THE RESIDUALS ON RHS OF ELEMENT EQS.:

300 1 =1,6TERM1 = 0.TERM2 = 0.TERM3 = 0.TERM4 = 0.TERM5 = 0.DO 310 J=l, 6

310
320

TERM1 = TERM1 +TERM2 = TERM2 +TERM4 = TERM4 +TERM5 = TERM5 +CONTINUEDO 320 J=1,3TERM3 = TERM3 +CONTINUE FX(I) = TERM1 300 CONTINUE

SXXd, J)*UELE(J)

(1/DEN)*HXT(I,J)*PELE(J)
+ TERM2 + TEEM3 + TERM4 + TERM5

350 1=1, 6TERM1 = 0.TERM2 = 0.TERM3 = 0.TERM4 = 0.TERM5 = 0.DO 3 60 J=l, 6TERM1 = TERM1 TERM2 = TERM2 TERM4 = TERM4
+ ABGXVG(I,J)*UELE(J) + ABGYVG(I,J)*VELE(J) + SYX(I,J)*UELE(J)

360 TERM5 = TERM5 + SYY(I,J)*VELE(J) CONTINUE



O O
 

O O
DO 370 J=l,3TERM3 = TERM3 + (1/DEN)*HYT(I,J)*PELE(J)370 CONTINUEFY(I) = TERM1 + TERM2 + TERM3 + TERM4 + TERM5 350 CONTINUE

DO 400 1=1,3TERM1 = 0.TERM2 = 0.DO 410 J=l,6TERM1 = TERM1 + HX(I,J)*UELE(J)TERM2 = TERM2 + HY( I, J)*VELE(J)410 CONTINUEFP(I) = TERM1 + TEKM2 400 CONTINUE
THUS THE RESIDUAL VECTOR ON RHS OF ELEMENT EQS. IS

”  E j j u i s  ะ :S ! ï i420 CONTINUEDO 430 1=1,3RELE(1+12,IE) = -FP(I)430 CONTINUE
APPLY BOUNDARY CONDITIONS FOR ELEMENT MATRICES:C CALL APPLYBC( MXPOIV, MXELE, AKELE, RELE,* INTMAT, IBCU, IBCV, IBCP, IE )c 500 CONTINUEc RETURNEND
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I m p e r i a l  C o l l e g e  *
P r i n c e  C o n s o r t  R o a d  *
L o n d o n  ร พ 7  2 B Y  *
( 0 7 1 )  5 8 9 5 1 1 1  E x t .  4 0 4 1  *

T h i s  p r o g r a m  g e n e r a t e s  a  s u r f a c e  t r i a n g u l a t i o n  g i v e n  *
t h e  d e f i n i t i o n  o f  t h e  s u r f a c e  i n  t e r m s  o f  e d g e s  a n d  *
f a c e s  r e p r e s e n t e d  b y  m e a n s  o f  c o m p o s i t e  c u r v e s  a n d  *
s u r f a c e s  w i t h  c u r v a t u r e  c o n t i n u i t y .  *

ไ*:
N o t e :  t h e  n o r m a l  t o  t h e  s u p p o r t  s u r f a c e  i s  d e f i n e d  b y  *  
น  X  V .  t h i s  n o r m a l  s h o u l d  a g r e e  w i t h  t h e  o r i e n t a t i o n  *
d e f i n e d  b y  t h e  b o u n d a r y  s e g m e n t s  o f  t h e  s u r f a c e  t o  b e  *  
g e n e r a t e d .  *

ไ*:
n u m b e r i n g  o f  t h e  s u p p o r t  p o i n t s  o f  t h e  s u r f a c e s  *ไ*:

1 4 7 10

2 | ~ 5 1 - 8 1 - " i l l
31 61 91 12 1

+ - ____ ___ J__ -----+

V
น  n p u = 3  ,  n p v = 4

i n p u t / o u t p u t  f i l e s

T h e  c o n v e n t i o n  f o r  n a m i n g  t h e  i n p u t  a n d  o u t p u t  f i l e s  
i s  a s  f o l l o w s .  A  r u n  i s  a s s i g n e d  a  p r o b l e m  n a m e ,  s a y  
T E S T ,  a n d  a  v e r s i o n ,  f o r  i n s t a n c e  2 ;  t h e n  t h e  n a m e s  
a s s i g n e d  t o  t h e  i n p u t  a n d  o u p u t  f i l e s  a r e :  *ไ*,
i n p l  .....................  g e o m e t r i c a l  d e f i n i t i o n  o f  t h e  s u r f a c e  *

T h i s  f i l e  d o e s  n o  c h a n g e  d u r i n g  t h e  *
r e m e s h i n g  p r o c e d u r e  *
*  f i l e  n a m e  >  T E S T . d a t  *

i n p 2  ...................... p r e v i o u s  t r i a n g u l a t i o n  o f  t h e  s u r f a c e
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c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *
c *

c

c

*  f i l e  n a m e  >  T E S T . t r i l
i - n p 3  ...................... l o c a l  l e n g t h  c o o r d i n a t e s  o f  t h e  p o i n t s  o n

t h e  e d g e s  o f  t h e  p r e v i o u s  t r i a n g u l a t i o n
*  f i l e  n a m e  >  T E S T . e d g l

i n p 4  ...................... l o c a l  c o o r d i n a t e s  i n  t h e  p a r a m e t e r  p l a n e
o f  t h e  p o i n t s  o n  t h e  f a c e s  o f  t h e  p r e v i o u s  
t r i a n g u l a t i o n
*  f i l e  n a m e  >  T E S T . f a c l

i n p 5  ...................... n o d a l  v a l u e s  o n  t h e  p r e v i o u s  m e s h  o f  t h e
s p a c i n g s  f o r  t h e  n e w  t r i a n g u l a t i o n
*  f i l e  n a m e  >  T E S T . r e f 1

N o t e  ะ i n p 2  t o  i n p 5  a r e  r e q u i r e d  o n l y  w h e n  r e m e s h i n g .  
T h e  f i l e s  i n p 2  t o  i n p 3  h a v e  b e e n  p r o d u c e d  b y  
t h e  p r o g r a m  i n  a  p r e v i o u s  r u n .  T h e  f i l e  i n p 5  
c o u l d  b e  o b t a i n e d  f r o m  t h e  e s t i m a t i o n  o f  t h e  
e r r o r s  a f t e r  a n a l y s i s  o r  d e f i n e d  b y  t h e  u s e r .  
T h i s  s e c o n d  o p t i o n  w o u l d  a l l o w  t h e  u s e r ,  a f t e r  
g e n e r a t i n g  a n  i n i t i a l  c o a r s e  m e s h ,  t o  d e f i n e  a  
n e w  d i s t r i b u t i o n  o f  s p a c i n g s  w h i c h  w i l l  e n h a n c e  
t h e  r e s o l u t i o n  i n  c h o s e n  a r e a s  o f  t h e  s u r f a c e .

i o u l  ...................... c u r r e n t  t r i a n g u l a t i o n  o f  t h e  s u r f a c e
*  f i l e  n a m e  >  T E S T . t r i 2

i o u 2  ...................... l o c a l  l e n g t h  c o o r d i n a t e s  o f  t h e  p o i n t s  o n
t h e  e d g e s  o f  t h e  c u r r e n t  t r i a n g u l a t i o n
*  f i l e  n a m e  >  T E S T . e d g 2

i o u 3  ...................... l o c a l  c o o r d i n a t e s  i n  t h e  p a r a m e t e r  p l a n e
o f  t h e  p o i n t s  o n  t h e  f a c e s  o f  t h e  c u r r e n t
t r i a n g u l a t i o n
*  f i l e  n a m e  >  T E S T . f a c 2

N o t e :  a l l  t h e s e  f i l e s  a r e  p r o d u c e d  b y  t h e  p r o g r a m .

p a r a m e t e r ( m x n i p = 4 0 0 0 , m x n s p = 1 0 0 0 0 , m x n s f = 2 0 0 , m x n b s = l 0 0 0 )  
p a r a m e t e r ( m x n n p = 4 0 0 0 , r a x p b g = 4 0 0 0 , m x e b g = 1 2 0 0 0 , m x n i s = 6 0 0 )  
p a r a m e t e r ( m x p s t = 4 0 0 0 , m x e s t = 1 2 0 0 0 )  
p a r a m e t e r ( m x p s f = 6 0 0 0 , m x e s f = 2 0 0 0 0 )

d i m e n s i o n  l p i p ( m x n i s ) , l p s p ( m x n s f ) , l p b s ( m x n s f ) , l p n p ( m x n n p )  
d i m e n s i o n  k p n p ( m x n s f ) , k p n e ( m x n s f ) , l k e l ( m x n s f )  
d i m e n s i o n  l k i p ( m x n i s ) , i g i p ( m x n i p ) , a l i p ( m x n i p )  
d i m e n s i o n  l k n p ( m x n s f ) , i g n p ( m x n n p ) , c l n p ( 2 , m x n n p )  
d i m e n s i o n  n s p l ( m x n s f ) , n s p 2 ( m x n s f ) , i s b s ( m x n b s )  
d i m e n s i o n  n w e d ( m x n n p ) , n w f a ( m x n n p )
d i m e n s i o n  c p i p ( 3 , m x n i p ) , c p s p ( 3 , m x n s p )  ,  s p n p ( m x n n p )  
d i m e n s i o n  c o s f ( 3 , m x p s f ) , 1 m s f ( 3 , m x e s f ) ,  c o n p ( 3 , m x n n p ) 
d i m e n s i o n  c o b g ( 3 , m x p b g ) , l m b g ( 3 , m x e b g ) , s p b g ( m x p b g )  
d i m e n s i o n  c o s t ( 3 , m x p s t ) , 1 m s t ( 4 , m x e s t )  
d i m e n s i o n  n i b ( m x n i s ) 
c o m m o n  / s p a /  s p a c , s p m i n

c h a r a c t e r  f i l n a m * 1 2 , c v * 4 , p v * 4  
c
c  * * *  a s s i g n  i n p u t  a n d  o u t p u t  c h a n n e l s

i n p l  =  2 1  
i n p 2  =  2 2  
i n p 3  =  2 3  
i n p 4  =  2 4  
i n p 5  =  2 5  
i o u l  = 4 1  
i o u 2  =  4 2  
i o u 3  =  4 3  
i o u 4  =  8
i o u 5  =  9
i o u 6  =  9 0  
i o u 8  =  9 1  
i o u 9  =  9 2  
i o u l 0 =  94 

c  i o u l l =  95
c
c  * * *  m e s h  g e n e r a t i o n  o p t i o n s :
c  0  ...................... i n i t i a l  m e s h  ( c o n s t a n t  s i z e )
c  e l s e  . . .  r e m e s h i n g



w r i t e ( * , 1 0 )  
w r i t e ( * , 2 0 )  
r e a d ( * , * )  i r e m

o p e n s  i n p u t / o u p u t  f i l e s

w r i t e ( * , ' ( / / a , $ ) ' )  '  E n t e r  p r o b l e m  n a m e  : ' 
r e a d ( * , ' ( a ) ' )  f i l n a m *
w r i t e ( * , 1 ( a , $ ) 1 ) '  E n t e r  c u r r e n t  v e r s i o n  n u m b e r :  ' 
r e a d ! * , ' ( a ) ' )  c v  
1  =  n a m l e n ( f i l n a m )  
i f  ( 1  . e q .  0 )  g o  t o  4 0
o p e n ( i n p l , f i l e = f i l n a m ( 1 : 1 ) / / ' . d a t ' , s t a t u s = ' o l d ' , e r r = 4 0 ) 
o p e n ( i o u l ,  f i l e = f i l n a m ( 1 : 1 ) / / ' . t 1 / / c v  ,  s t a t u s = 1 u n k n o w n 1 1 e r r = 4 0 )  
o p e n ( i o u 2 ,  f i l e = f i l n a m ( 1 : 1 ) / / ' . e 1 / / c v  , s t a t u s = ' u n k n o w n ' , e r r = 4 0 )  
o p e n ( i o u 3 ,  f i l e = f i l n a m ( l : 1 ) / / ' . c ' / / c v  , s t a t u s = ' u n k n o w n ' , e r r = 4 0 )  
o p e n ( i o u 4 ,  f i l e = f i l n a m ( 1 : 1 ) / / ' . ท ' / / c v  , s t a t u s = ' u n k n o w n ' , e r r = 4 0 )  
o p e n ( i o u 5 ,  f i l e = f i l n a m ( 1 : 1 ) / / ' . 1 ' / / c v  , s t a t u s = ' u n k n o w n ' , e r r = 4 0 )  
o p e n ( i o u 6 ,  f i l e = f i l n a m ( 1 : 1 ) / / ' . d i m '  , s t a t u s = ' u n k n o w n ' , e r r = 4 0 )  
o p e n ( i o u 8 ,  f i l e = f i l n a m ( l : 1 ) / / ' . f ' / / c v  , s t a t u s = ' u n k n o w n ' , e r r = 4 0 )  
o p e n ( i o u 9 ,  f i l e = f i l n a m ( 1 : 1 ) / / ' . d ' / / c v  ,  s t a t u s = ' u n k n o w n ' , e r r = 4 0 )  
o p e n ( i o u l O , f i l e = f i l n a m ( 1 : 1 ) / / ' . i ' / / c v  , s t a t u s = ' u n k n o w n ' , e r r = 4 0 )  
r e w i n d ( i n p l )

r e a d s  s p a c i n g  f o r  t h e  f i r s t  m e s h  o r  i n f o r m a t i o n  f o r  r e m e s h i n g

s p m i n  =  - 1 .

i f ( i r e m . e q . 0 )  t h e n  
w r i t e ( * , 3 0 )  
r e a d ( * , * )  s p a c  
s p m i n  =  s p a c  

e l s e
w r i t e ( * , ' ( a , $ ) ' )  '  E n t e r  p r e v i o u s  v e r s i o n  n u m b e r :  ' 
r e a d { * 1 ' ( a ) ' )  p v  
i f ( p v . e q . c v  ) t h e n

w r i t e ( * , ' ( a , $ ) ' )  ' . . . a n d  s o  e v e r y t h i n g  w i l  g o  l o s t  ! ? '  
g o t o  4 0

o p e n ( i n p 2 , f i l e = f i l n a m ( 1 : 1 ) / / ' . t ' / / p v ,  s t a t u s = ' o l d ' ,  e r r = 4 0 )  
o p e n ( i n p 3 , f i l e = f i l n a m (  1 : 1 ) / / ' . e ' / / p v , s t a t u s = ' o l d ' , e r r = 4 0 )  
o p e n ( i n p 4 , f i l e = f i l n a m ( l : 1 ) / / ' . c ' / / p v , s t a t u s = ' o l d ' , e r r = 4 0 )  
o p e n ( i n p 5 , f i l e = f i l n a m ( l : 1 ) / / ' . r ' / / p v , s t a t u s = ' o l d ' , e r r = 4 0 )  
r e w i n d ( i n p 2 ) 
r e w i n d ( i n p 3 ) 
r e w i n d ( i n p 4 ) 
r e w i n d ( i n p 5 )  

e n d i f

r e a d s  t h e  g e o m e t r i c a l  d e f i n i t i o n  o f  t h e  s u r f a c e

c a l l  i n p u t ( i n p l , n i s , n s f , l p i p , c p i p ,
*  l p s p , n s p l , n s p 2 , c p s p , l p b s , i s b s , n i b )

m a k e  d i m e n s i o n  f i l e  o f  p r o b l e m

c a l l  s i z e ( i o u 6 , n s f , c p s p )

i f  r e m e s h i n g  r e a d s  t h e  i n f o r m a t i o n  o f  t h e  p r e v i o u s  m e s h  

i f ( i r e m . n e . 0 )  t h e n
c a l l  i n p b g ( i n p 2 , n p b g , n e b g , c o b g , l m b g , l k e l )  
c a l l  i n p s g ( i n p 3 , n i s  , l k i p , i g i p , a l i p )  
c a l l  i n p s f ( i n p 4 , n s f  , l k n p , i g n p , c l n p )  
c a l l  i n p s p ( i n p 5 , n p b g , s p b g )  

e n d i f

g e n e r a t e s  p o i n t s  o n  t h e  e d g e s  o f  t h e  s u r f a c e

c a l l  g e n i s ( i r e m , n i s  , l p i p , c p i p , l p n p , s p n p , c o n p ,  
l k i p , i g i p , a l i p , s p b g )

g e n e r a t e s  p o i n t s  o n  t h e  f a c e s  o f  t h e  s u r f a c e

c a l l  g e n s f ( i r e m , n s f  , l p b s , i s b s , n s p l , n s p 2 , l p n p , c o n p ,  
l p s p , c p s p , k p n e , k p n p , c o s f , l m s f , n p b g , l m b g ,
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• s p b g , l k e l , i g n p , c l n p ,  n w e d ,  l k n p )
c
c  * * *  p r o d u c e s  t h e  g l o b a l  n u m b e r i n g
c

c a l l  g l n u m ( n i s  , n s f  , n p s t , n e s t , l p n p , c o n p , k p n p , k p n e ,  
c o s f , 1 m s f , l p b s , i s b s , l p s p , c p s p , n s p l ,  n s p 2 ,

.  c o s t , l m s t , n w e d , n w f a )
c
c  * * *  o u t p u t s  t h e  n e c e s s a r y  i n f o r m a t i o n  f o r  a n a l y s i s  a n d  r e m e s h i n g
c

c a l l  o u t b g ( i o u l , n p s t , n e s t , c o s t , l m s t )  
c a l l  o u t s g ( i o u 2 , n i s  , l p n p , s p n p , n w e d )  
c a l l  o u t s f ( i o u 3 , n s f  , k p n p , c o s f , n w f a )  
c a l l  d a t a g r a p h i c ( i o u 8 , i o u 9 , n p s t , n e s t , c o s t , l m s t )

1 0  f o r m a t ( 1 0 ( / ) ,
• ■ *■ '*•★ *'*★ *★ ★ ★ *■ ★ ★ ■ *::*•★ **★ ■ *■ *•*:*■ *■ '**★ ■ ***•**★ '*★ •*■  I !

. 1 *** B U I L T  * * * ' '1 /',
' * * *  s u r f a c e  t r i a n g u l a t o r  * * * ' 1 / ,
' * * *  f o r  b u i l t - u p  s t r u c t u r e s  * * * ' , / ,

2 0  f o r m a t ! / , '  * * *  m e s h  g e n e r a t i o n  * * * ' 1/ ,
' 0 . -  i n i t i a l  m e s h  ' , / ,
' 1 . -  r e m e s h i n g  ' , / / ,
' O p t i o n  ?  : ' , ร )

3 0  f o r m a t ! / , '  * * *  i n i t i a l  m e s h  * * * ' 1 / ,
' e l e m e n t  s i z e  ? :  ' , $ )

4 0  s t o p  
e n d

c * ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
c *  [ i n p u t ]  r e a d s  t h e  g e o m e t r i c a l  d e f i n i t i o n  o f  t h e  s u r f a c e
c * ---------------------- ------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------

s u b r o u t i n e  i n p u t ü n p  , n i s  , n s f , l p i p , c p i p , l p s p , n s p l , n s p 2 ,
. c p s p , l p b s , i s b s , n i b )

c
d i m e n s i o n  l p i p ( * ) , l p s p ( * ) , l p b s ( * )  
d i m e n s i o n  n s p l ( * ) , n s p 2 ( *  )  , i s b s ( * )  
d i m e n s i o n  c p i p ( 3 , * ) , c p s p ( 3 , * )  
d i m e n s i o n  n i b ! * )  
c h a r a c t e r * 8 0  t e x t

w r i t e ( * , 1 0 )  
c
c  * * *  r e a d s  t h e  n u m b e r  o f  e d g e s  a n d  f a c e s  
c

r e a d ( i n p , ' ( a ) ' )  t e x t  
r e a d l i n p , * )  n i s , n s f

c
c  * * *  f o r  e a c h  e d g e  r e a d  t h e  g l o b a l  c o o r d i n a t e s  o f  t h e  p o i n t s  
c  i n  b o t h  f a c e s  ( t h e  p o i n t s  i n  t h e  s e g m e n t  a r e  o r d e r e d ) .
c
c  j s  : n u m b e r  o f  t h e  e d g e .
c  l p i p  ะ p o i n t e r  o f  t h e  p o s i t i o n  o f  t h e  e d g e  p o i n t s  i n  c p i p .
c  c p i p  : 3 D  c o o r d i n a t e s  o f  t h e  p o i n t s  i n  t h e  e d g e ,
c

r e a d ( i n p , ' ( a ) ' )  t e x t  
k p  =  0
d o  2 0 0  i s = l , n i s  
l p i p ( i s )  =  k p + 1  
r e a d l i n p , * )  ] ร ,  n i p , n i b ( i s ) 
d o  1 0 0  i n = l , n i p  
k p  =  k p + 1
r e a d f i n p , * )  ( c p i p ( i l , k p ) , i l = l , 3 )

1 0 0  c o n t i n u e  
2 0 0  c o n t i n u e

l p i p ( n i s + l )  =  k p + 1
c
c  * * *  f o r  e a c h  s u r f a c e  r e a d s  t h e  c o o r d i n a t e s  o f  t h e  s u p p o r t  p o i n t s ,  
c
c  j s  : n u m b e r  o f  t h e  f a c e
c  l p s p  ะ p o i n t e r  o f  t h e  p o s i t i o n  o f  t h e  s u p p o r t  p o i n t s  i n  c p s p .
c  n s p l , n s p 2  : n u m b e r  o f  p o i n t s  i n  t h e  น  a n d  V  d i r e c t i o n ,  r e s p e c t i v e l y .
c  c p s p  :  3 D  c o o r d i n a t e s  o f  t h e  s u p p o r t  p o i n t s ,
c

r e a d ( i n p , 1 ( a ) 1 ) t e x t  
k p  =  0
d o  4 0 0  i s = l , n s f
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r e a d ( i n p , * )  j s , n s p l ( j ร ) , n s p 2 ( j s ) 
n n  =  n s p l ( j ร ) * n s p 2 ( j ร )  
l p s p ( i s )  =  k p + 1  
d o  3 0 0  i n = l , n n  
k p  =  k p + 1
r e a d ( i n p , * )  ( c p s p ( i l , k p ) , i l = l , 3 )

3 0 0  c o n t i n u e  
4 0 0  c o n t i n u e

l p s p ( n s f + l )  =  k p + 1  
c
c  * * *  r e a d s  i n  t h e  r i g h t  o r d e r  t h e  n u m b e r  o f  t h e  e d g e s  t h a t  d e f i n e  
c  t h e  b o u n d a r y  o f  t h e  f a c e  t o  m e s h  ( a  m i n u s  s i g n  i n  t h e  n u m b e r
c  o f  t h e  e d g e  i n d i c a t e s  t h a t  t h e  c o r r e c t  o r i e n t a t i o n  f o r  t h i s  e d g e  
c  i s  t h e  o p p o s i t e  t o  i t s  d e f i n i n g  o r i e n t a t i o n ) . 
c
c  n n  : n u m b e r  o f  e d g e s  d e f i n i n g  t h e  b o u n d a r y  o f  t h e  f a c e ,
c  l p b s  :  p o i n t e r  o f  t h e  p o s i t i o n  o f  t h e  e d g e s  i n  i s b s .
c  i s b s  : n u m b e r  o f  t h e  e d g e s  b o u n d i n g  t h e  f a c e  t o  b e  t r i a n g u l a t e d ,
c

r e a d ( i n p , 1 ( a ) ' )  t e x t  
k p l  =  1
d o  5 0 0  i s = l , n s f  
l p b s ( i s )  =  k p l  
r e a d t i n p , * )  ] s , n n  
k p 2  =  k p l + n n - 1
r e a d ( i n p , * )  ( i s b s ( i k ) , i k = k p l , k p 2 )  
k p l  =  k p 2 + l  

5 0 0  c o n t i n u e
l p b s ( n s f + l )  =  k p l

c
c l o s e ( i n p )

c  . . .
1 0  f o r m a t f / , '  f a c e t  >  r e a d i n g  s u r f a c e  d e f i n i t i o n  d a t a ' )  

c
r e t u r n
e n d

c * -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- *
c *  [ i n p b g ]  r e a d s  t h e  t r i a n g u l a t i o n  o f  t h e  p r e v i o u s  m e s h  *
c * ------------------ -- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------- *

s u b r o u t i n e  i n p b g ( i n p , n p b g , n e b g , c o b g , l m b g , l k e l )  
d i m e n s i o n  c o b g ( 3 , * ) , l m b g ( 3 , * ) , l k e l ( * )  

c
c  * * *  n o t a t i o n
c  n p b g  .....................  n u m b e r  o f  n o d e s  i n  t h e  p r e v i o u s  t r i a n g u l a t i o n
c  n e b g  .....................  n u m b e r  o f  e l e m e n t s  i n  t h e  p r e v i o u s  t r i a n g u l a t i o n
c  c o b g  .................. 3 D  c o o r d i n a t e s  o f  t h e  n o d e s  ( s t o r e d  b u t  n o t  u s e d )
c  l m b g  .................. c o n n e c t i v i t y  a r r a y
c  l k e l  .....................  p o i n t e r  o f  e l e m e n t s  i n  l m b g  i n  e a c h  f a c e

w r i t e  ( * , 1 0 )  
c

r e a d t i n p , * )  n p b g , n e b g  
c

d o  1 0 0  i p = l , n p b g
r e a d ( i n p , * )  j p , ( c o b g ( i n , j p ) , i n = l , 3 )

1 0 0  c o n t i n u e

i s f O  =  1  
l k e l ( 1 )  =  1  

c
d o  2 0 0  i e = l , n e b g
r e a d ( i n p , * )  j e ,  ( l m b g ( i n , j e )  ,  i n = l ,  3 )  ,  i s f  
i f ( i s f . n e . i s f O )  t h e n  

i s f O  =  i s f  
l k e l ( i s f )  =  i e  

e n d i f
2 0 0  c o n t i n u e  

c
l k e l ( i s f + l )  =  n e b g + 1  

c
c l o s e ( i n p )

c  . . .
1 0  f o r m a t t / , '  f a c e t  >  r e a d i n g  p r e v i o u s  t r i a n g u l a t i o n ' )  

c
r e t u r n
e n d

c * -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- *
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c *
c *
c *

c

c
c  * * *
c
c
c
c
c
c
c
c

100200
c

c “

c *
c *
c *
c *

c

c  * * *
c
c
c
c
c
c
c
c

100200
c

c "

c *
c *
c *

c

s u b r o u t i n e
d i m e n s i o n

i n p s g ( i n p , n i s , l k i p , i g i p , a l i p )  
l k i p ( * ) , i g i p ( * ) , a l i p ( * )

w r i t e ( * , 1 0 )

t h e  i n f o r m a t i o n  a b o u t  t h e  l e n g t h  a n d  g l o b a l  n u m b e r  o f  t h e  
p o i n t s  g e n e r a t e d  i n  t h e  p r e v i o u s  m e s h  a l o n g  t h e  e d g e s  o f  
t h e  s u r f a c e  i s  s t o r e d  i n  t h e  v e c t o r s :

i g i p  : g l o b a l  n u m b e r  o f  t h e  p o i n t s  g e n e r a t e d  a l o n g  t h e  e d g e  i s
( n u m b e r  i n  t h e  s u r f a c e  d e f i n i t i o n )  i n  t h e  p r e v i o u s  m e s h  

a l i p  ะ l o c a l  l e n g t h  c o o r d i n a t e  o f  t h e s e  p o i n t s  
l k i p  ะ p o i n t e r  f o r  t h e  v e c t o r s  i g i p ,  a l i p

k p  =  0
d o  2 0 0  i s = l , n i s  
l k i p ( i s )  =  k p + 1  
r e a d ( i n p , * )  n n  
d o  1 0 0  i p = l , n n  
k p  =  k p + 1
r e a d ( i n p , * )  i g i p ( k p ) , a l i p ( k p )
c o n t i n u e
c o n t i n u e
l k i p ( n i s + l )  =  k p + 1  

c l o s e ( i n p )

f o r m a t ( / , '  f a c e t  >  r e a d i n g  p r e v i o u s  e d g e  d a t a ' )

r e t u r n
e n d

[ i n p s f ]  r e a d s  t h e  l o c a l  c o o r d i n a t e s  o f  t h e  p o i n t s  g e n e r a t e d  i n  
t h e  b o u n d a r y  f a c e s  o f  t h e  p r e v i o u s  m e s h

s u b r o u t i n e  i n p s f ( i n p , n s f , I k n p , i g n p , c l n p )  
d i m e n s i o n  l k n p ( * ) , i g n p ( * ) , c l n p ( 2 , * )

w r i t e ( * , 1 0 )

t h e  i n f o r m a t i o n  a b o u t  t h e  l o c a l  c o o r d i n a t e s  i n  t h e  p a r a m e t e r  
p l a n e  a n d  g l o b a l  n u m b e r  o f  t h e  p o i n t s  g e n e r a t e d  i n  t h e  p r e v i o u s  
m e s h  o n  t h e  f a c e s  o f  t h e  s u r f a c e  i s  s t o r e d  i n  t h e  v e c t o r s :

i g n p  ะ g l o b a l  n u m b e r  o f  t h e  p o i n t s  g e n e r a t e d  a l o n g  t h e  e d g e  i s  
( n u m b e r  i n  t h e  s u r f a c e  d e f i n i t i o n )  i n  t h e  p r e v i o u s  m e s h  

c l n p  ะ l o c a l  c o o r d i n a t e s  o f  t h e s e  p o i n t s  
l k n p  ะ p o i n t e r  f o r  t h e  v e c t o r s  i g n p ,  c l n p

k p  =  0
d o  2 0 0  i s = l , n s f  
l k n p ( i s )  =  k p + 1  
r e a d ( i n p , * )  n n  
d o  1 0 0  i p = l , n n  
k p  =  k p + 1
r e a d ( i n p , * )  i g n p ( k p ) , ( c l n p ( i n , k p ) , i n = l , 2 )
c o n t i n u e
c o n t i n u e
l k n p ( n s f + l )  =  k p + 1  

c l o s e ( i n p )

f o r m a t ! / , ' f a c e t  >  r e a d i n g  p r e v i o u s  f a c e  d a t a ' )

r e t u r n
e n d

[ i n p s p ]  r e a d s  t h e  s p a c i n g s  i n  t h e  p o i n t s  o f  t h e  p r e v i o u s  m e s h

s u b r o u t i n e  i n p s p ( i n p , n p b g , s p b g )  
d i m e n s i o n  s p b g t * )  
c o m m o n  / s p a /  s p a c , s p m i n

ไ*'

ไ*:
★
★
ไ*'

ไ*โ
ไ*:
ไ*:

w rite (*,10)
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C
C
C
C

t h e  a r r a y  s p b g  c o n t a i n s  t h e  s p a c i n g s  f o r  t h e  n e w  m e s h  
t o  b e  g e n e r a t e d  a s  n o d a l  v a l u e s  o f  t h e  p r e v i o u s  m e s h

r e a d f i n p , * )  n p  
i f ( n p . n e . n p b g )  t h e n  

w r i t e  ( * , 2 0 )  
s t o p  

e n d i f
d o  1 0 0  i p = l , n p b g  
r e a d  ( i n p ,  *  ) j p , s p b g ( j p )  
s p m i n  =  m i n ( s p m i n , s p b g ( j p ) ) 

1 0 0  c o n t i n u e
c

c l o s e ( i n p )
c  . . .

1 0  f o r m a t ( / , '  f a c e t  >  r e a d i n g  n e w  s p a c i n g s  d a t a ' )  
2 0  f o r m a t ( / , '  e r r - f a c e t  >  s u b r o u t i n e  i n p s p ' , / ,

1 i n c o m p a t i b l e  s p a c i n g  f i l e ' )
c

r e t u r n
e n d

c *
c *
c *

c

[ n a m l e n ]  c o u n t s  t h e  n u m b e r  o f  c h a r a c t e r s  i n  f i l n a m  

i n t e g e r  f u n c t i o n  n a m l e n ( f i l n a m )  

c h a r a c t e r * 1 2  f i l n a m

*
*

c
n a m l e n  =  0
d o  1 0  i  =  1 2 , 1 , - 1

i f  ( f i l n a m ( i : i )  . e q .  ' ' )  g o  t o  1 0
n a m l e n  =  i  
g o  t o  2 0  

1 0  c o n t i n u e
2 0  r e t u r n

e n d
c * --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------*
c *  [ s p l i t ]  g e n e r a t e s  p o i n t s  o n  a  f e r g u s o n  s p l i n e  d e f i n e d  *
c *  b y  n p s  p o i n t s  a c c o r d i n g  t o  t h e  s p a c i n g  s p i  i n  t h e  *
c *  p o i n t s  o f  t h e  p r e v i o u s  d i s c r e t i z a t i o n  o f  t h e  e d g e
c * ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- *

s u b r o u t i n e  s p l i t ( i r e m , n p s , n p i , n p n , x s p , t s p , x i p , s i p , x n p , s n p )  
c

p a r a m e t e r  ( n a u x = 2 0 0 0 )
d i m e n s i o n  x s p ( 3 , * ) , t s p ( 3 , * ) , x n p ( 3 , * ) , x i p ( * ) , s i p ( * ) , s n p (*) 
d i m e n s i o n  a l ( n a u x ) , x n e ( n a u x ) , x l ( n a u x ) , c o e f ( 5 , n a u x )  
d i m e n s i o n  r l  ( 6) , r 2  (6)  , r  ( 6) 
common / s p a /  s p a c , s p m i n  

c
c  * * *  n o t a t i o n :
c  n p s  .....................  n u m b e r  o f  p o i n t s  d e f i n i n g  t h e  s p l i n e  c u r v e
c  n p i  ..................  n u m b e r  o f  p o i n t s  i n  t h e  p r e v i o u s  d i s c r e t i z a t i o n
c  o f  t h e  e d g e  ( s a m p l i n g  p o i n t s ) ,  u n u s e d  i f  i n i t i a l  m e s h ,
c  n p n  ..................  n u m b e r  o f  n e w l y  g e n e r a t e d  p o i n t s
c  x s p  ..................  3 D  c o o r d i n a t e s  o f  t h e  p o i n t s  d e f i n i n g  t h e  s p l i n e
c  t s p  ..................  t a n g e n t s  v e c t o r s  f o r  t h e  s p l i n e
c  x i p  .................. l e n g t h  c o o r d i n a t e s  o f  t h e  s a m p l i n g  p o i n t s
c  s i p  ..................  e l e m e n t  s i z e  a t  t h e  s a m p l i n g  p o i n t s
c  x n p  .................. 3 D  c o o r d i n a t e s  o f  t h e  n e w l y  g e n e r a t e d  p o i n t s
c

n d i m  =  3  
e p s  =  l . e - 0 5

c
i f ( n p s . g t . n a u x )  t h e n

w r i t e ( * , 1 0 )  n p s  
s t o p  

e n d i f  
c
c  * * *  i n t e r p o l a t e s  s p l i n e s  f o r  t h e  s u p p o r t  p o i n t s ,  
c

d o  3 0 0  i d = l , n d i m  
d o  1 0 0  i p = l , n p s  
x l ( i p )  =  x s p ( i d , i p )

1 0 0  c o n t i n u e
c a l l  s p l i n e ( 2 , n p s , x l , x n e ,  a l )  
d o  2 0 0  i p = l , n p s
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t s p ( i d , i p )  =  x n e ( i p )
2 0 0  c o n t i n u e  
3 0 0  c o n t i n u e  

c
c  * * *  c a l c u l a t e s  t h e  l e n g t h  o f  e a c h  s e g m e n t ,  

u l  = 0 . 0
น 2  = 1 . 0
s s p  =  0 . 0  
r u m i n  =  l . e + 3 0  
n s  =  n p s - 1  

c
d o  5 0 0  i s = l , n s  
d o  4 0 0  i d = l , n d i m  
i d l  =  i d + n d i m  
r l ( i d  ) =  x s p ( i d , i s )  
r l ( i d l )  =  t s p ( i d , i s )  
i s l  =  i s + 1
r 2  ( i d  ) =  x s p ( i d , i s l )  
r 2 ( i d l )  =  t s p ( i d , i s l )

4 0 0  c o n t i n u e
c a l l  c o e f f ( n d i m ,  r l , r 2 , a l , a 2 , a 3 , a 4 , a 5 , r u m )
c o e f ( l , i s )  =  a l
c o e f ( 2 , i s )  =  a 2
c o e f ( 3 , i s )  =  a 3
c o e f ( 4 , i s )  =  a 4
c o e f ( 5 , i s )  =  a 5
r u m i n  =  m i n ( r u m i n , r u m )
c a l l  l e n g t ( 0 , a l , a 2 , a 3 , a 4 , a 5 , u l , น 2 , ร , e p s ) 
a l ( i s )  =  ร  
s s p  =  s s p + s  

5 0 0  c o n t i n u e
c
c  * * *  c a l c u l a t e s  t h e  n u m b e r  o f  e l e m e n t s  a n d  t h e  r e s u l t i n g  s p a c i n g s .  
c

i f ( i r e m . e q . 0 )  t h e n  
a n e  =  s s p / s p a c  
n e l  =  m a x ( i n t ( a n e + o . 5 ) , 2 )  
s d t  =  s s p / r e a l ( n e l )  
n p n  =  n e l + 1  
i f ( n p n . g t . n a u x )  t h e n  

w r i t e ( * , 1 0 )  n p n  
s t o p  

e n d i f
d o  5 5 0  i p = l , n p n  
a p  =  i p - 1  
s n p ( i p )  =  a p * s d t  

5 5 0  c o n t i n u e

e l x n e ( l , _ =  0 . 0  
a n e  =  0 . 0  
d o  6 0 0  i s = l , n p i - l  
d l  =  s i p ( i s )  
d 2  =  s i p ( i s + l )  
x r  =  x i p  ( i s  +  1 ) - x i p ( i s )  
a v  =  ( d 2 - d l ) / x r  
i f ( a v . l e . e p s ) t h e n  

a n e l  =  2 . * x r / ( d l + d 2 )

a n e l  =  l o g ( d 2 / d l ) / a v  
e n d i f
a n e  =  a n e + a n e l  
x n e ( i s + 1 )  =  a n e  

6 0 0  c o n t i n u e
n e l  =  m a x ( i n t ( a n e + o . 5 ) , 2 )  
s c l  =  a n e / r e a l ( n e l ) 
n p n  =  n e l + 1  
i f ( n p n . g t . n a u x )  t h e n  

w r i t e ( * , 1 0 )  n p n  
s t o p  

e n d i f  
i k  =  0  xl = 0.0 
i k  =  i k + 1  
s n p ( i k )  =  0 . 0
ท ท —— a 1 (า V \  ̂Cbl

T o  l o o  i s l T T T i - i
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a n l  =  x n e  i i s )  
a n 2  =  x n e ( i s + 1 )  
x r  =  x i p ( i s + 1 ) - x i p ( i s )  
x 2  =  x l + x r  
i f ( a n . g t . a n 2 ) g o t o  8 0 0  
d l  =  s i p ( i s )  
d 2  =  s i p ( i s + l )  
a v  =  ( d 2 - d l ) / x r  

7 0 0  c o n t i n u e
a n e  =  a n - a n l  
i f ( a v . l e . 1 . e - 0 5 ) t h e n  

x i n  =  a n e * 0 . 5 * ( d l + d 2 )  
e l s e

x i n  =  d l * ( e x p ( a v * a n e ) - 1 . ) / a v  
e n d i f  
i k  =  i k + 1  
s n p ( i k )  =  x l + x i n  
a n  =  r e a l ( i k ) * s c l  
i f ( a n . l e . a n 2 ) g o t o  7 0 0  

8 0 0  c o n t i n u e  
x l  =  x 2

9 0 0  c o n t i n u e
s n p ( n p n )  =  s s p  

e n d i f  
c
c  * * *  p l a c e s  t h e  p o i n t s .

s i  =  s n p ( i k + 1 ) - s n p ( i k )

d o  1 0 0 0  i d  =  l , n d i m  
x n p ( i d , n p )  =  x s p ( i d , l )

1 0 0 0  c o n t i n u e

d o  1 4 0 0  i s = l , n s  ul = 0.0 
u O  =  i s - 1  
a l  =  c o e f ( 1 , i s ) 
a 2  =  c o e f ( 2 , i s )  
a 3  =  c o e f ( 3 , i s )  
a 4  =  c o e f ( 4 , i s )  
a 5  =  c o e f ( 5 , i s )  
d o  1 1 0 0  i d = l , n d i m  
i d l  =  i d + n d i m  
r l ( i d  ) =  x s p ( i d , i s )  
r l ( i d l )  =  t s p ( i d , i s )  
i s l  =  i s + 1
r 2 ( i d  ) =  x s p ( i d , i s l )  
r 2 ( i d l )  =  t s p ( i d , i s l )

1 1 0 0  c o n t i n u e
s i s  =  a l ( i s )

1 2 0 0  c o n t i n u e  
c

i f ( s i . g t . s i s ) t h e n

sx u i r

c a l l  m a r k p ( a l , a 2 , a 3 , a 4 , a 5 , r u m i n , u l , น 2 , s i ) 
c a l l  f  g c u r v  ( 0 ,  n d i m ,  r l ,  r ‘2 ,  น 2 ,  r  )

ร  û r l a - i , ท, 1»
x n p ( i d , n p )  =  r ( i d )

1 3 0 0  c o n t i n u e
i f ( n p . e q . n p n - 1 ) g o  t o  1 4 5 0  
i k  =  i k + 1
s i  =  s l + s n p ( i k + 1 ) - s n p ( i k )  
i f ( s i . g t . e p s ) g o t o  1 2 0 0  

e n d i f
1 4 0 0  c o n t i n u e  
1 4 5 0  c o n t i n u e

d o  1 5 0 0  i d = l , n d i m  
x n p ( i d , n p n )  =  x s p ( i d , n p s )

1 5 0 0  c o n t i n u e  
c  . . .

1 0  f o r m a t ( / , '  e r r - f a c e t  >  s u b r o u t i n e  s p l i t ' , / ,  
' i n c r e a s e  n a u x  t o :  1 , i 7 )return
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e n d
c * ------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ *
c *  [ g e n i s ]  g e n e r a t e s  p o i n t s  i n  t h e  e d g e s  o f  t h e  s u r f a c e  *  
c * ----------- - - ---------------— ไ--------------------------------------------------------------------------------------- -------------------------------------------------- --- -----------------*

s u b r o u t i n e  g e n i s ( i r e m , n i s  , l p i p , c p i p , l p n p , s p n p , c o n p ,  
l k i p , i g i p , a l i p , s p b g )  

c
p a r a m e t e r  ( n a u x = 4 0 0 0 )
d i m e n s i o n  l p i p ( * ) , l p n p ( * )
d i m e n s i o n  s p n p ( *  ) , c o n p ( 3 , * ) 1 c p i p ( 3 , * )
d i m e n s i o n  l k i p ( * )  , i g i p ( * ) , a l i p ( * ) , s p b g ( * )
d i m e n s i o n  x s p ( 3 , n a u x ) , x n p ( 3 , n a u x ) , t s p ( 3 , n a u x )
d i m e n s i o n  x i p ( n a u x ) , s i p ( n a u x ) , s n p ( n a u x )

c  * * *  n o t a t i o n
c  c o n p  .....................  v e c t o r  c o n t a i n i n g  t h e  3 D  c o o r d i n a t e s  o f  t h e  p o i n t s
c  g e n e r a t e d  i n  t h e  e d g e s  o f  t h e  s u r f a c e .
c  s p n p  .....................  v e c t o r  c o n t a i n i n g  t h e  l e n g t h  c o o r d i n a t e  o f  t h e
c  g e n e r a t e d  p o i n t s  ( r e m e s h i n g ) .
c  l p n p  .....................  I s  a  p o i n t e r  f o r  t h e  v e c t o r s  c o n p  a n d  s p n p .

kpO = 0 
l p n p  ( 1) = 1
d o  2 0 0 0  i s = l , n i s  
w r i t e  ( * , 1 0 )  i s  
i s l  =  i s + 1  
n i p l  =  l p i p ( i s )  
n i p 2  =  l p i p ( i s l ) - 1

c nk :  °d o  1 0 0  i p = n i p l , n i p 2
n k  =  n k + 1
x s p ( l , n k )  =  c p i p ( l , i p )  
x s p ( 2 , n k )  =  c p i p ( 2 , i p )  
x s p ( 3 , n k )  =  c p i p ( 3 , i p )

1 0 0  c o n t i n u e
i f  ( n k . g t . n a u x )  t h e n  

w r i t e ( * , 2 0 )  n k  
s t o p  

e n d i f  
c
c  * * *  i f  r e m e s h i n g  f e t c h  t h e  s p a c i n g s  
c

n p i  =  0
i f ( i r e m . n e . 0 )  t h e n  

k p l  =  l k i p ( i s )  
k p 2  =  l k i p ( i s + l ) - l  
d o  2 0 0  i p = k p l , k p 2  
n p i  =  n p i + 1  
x i p ( n p i )  =  a l i p ( i p )  
j p  =  i g i p ( i p )
s i p ( n p i )  =  s p b g ( j p )

2 0 0  c o n t i n u e  
e n d i f
i f ( n p i . g t . n a u x )  t h e n  

w r i t e ( * , 2 0 )  n p i  
s t o p  

e n d i f
c
c  * * *  g e n e r a t e s  p o i n t s  a l o n g  t h e  e d g e  
c

c a l l  s p l i t ( i r e m , n k , n p i , n p n , x s p , t s p , x i p , s i p , x n p , s n p )  
i f ( n p n . g t . n a u x )  t h e n  

w r i t e ( * , 2 0 )  n p n  
s t o p  

e n d i f  
c
c  * * *  s t o r e s  t h e  c o m p u t e d  c o o r d i n a t e s  
c

d o  3 0 0  i p = l , n p n  
k n  =  - k p 0 + i p  
c o n p ( l , k n )  =  x n p ( l , i p )  
c o n p ( 2 , k n )  =  x n p  ( 2 ,  i p )  
c o n p ( 3 , k n )  =  x n p  ( 3 ,  i p )

3 0 0  c o n t i n u e  
c
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c  * * *  
c

1000
c
c  *  * *  
c

2000
c io 20

3 0
c

c *
c *
c *
c *
c
c
c *

c

c

c
c
c
c
c

ไ*โ*'*

c

c  *** 
c

c

c  ***
c

s t o r e s  t h e  l e n g t h  c o o r d i n a t e  o f  t h e  g e n e r a t e d  p o i n t s

d o  1 0 0 0  i p = l , n p n  
k n  =  k p 0 + l p  
s p n p ( k n )  =  s n p ( i p )  
c o n t i n u e

u p d a t e s  t h e  p o i n t e r

w r i t e ( * , 3 0 )  n p n  
k p O  =  k p O + n p n  
l p n p ( i s + l )  -  k p 0 + l

c o n t i n u e

f o r m a t ! / , '  * * *  g e n e r a t i n g  e d g e  n o :  ' , ± 3 )  
f o r m a t ! / , 1 e r r - f a c e t  >  s u b r o u t i n e  g e n i s ' , / ,

1 i n c r e a s e  n a u x  t o :  ' , 1 7 )
f o r m a t ! / , '  g e n e r a t e d  p o i n t s :  ' , i l )

r e t u r n
e n d

[ g e n s f ]  d i s c r e t i z e s  t h e  f a c e s  o f  t h e  s u r f a c e  g i v e n  t h e  e d g e s  
t h a t  f o r m  t h e i r  b o u n d a r y  a n d  t h e  d i s t r i b u t i o n  o f  e l e m e n t  
s i z e s  i n  t h e  p r e v i o u s  m e s h .
n o t e :  i t  i s  a s s u m e d  t h a t  t h e  b o u n d a r y  s e g m e n t s  d e l i m i t i n g  t h e  
s u r f a c e  h a v e  b e e n  i n t r o d u c e d  i n  t h e  r i g h t  o r d e r  o f  c o n t i g u i t y

s u b r o u t i n e  g e n s f ( i r e m , n s f  , l p b s , i s b s , n s p l , n s p 2 , l p n p , c o n p ,  
l p s p , c p s p , k p n e , k p n p , c o s f , l m s f ,  n p b g , l m b g ,  
s p b g , l k e l , i g n p , c l n p , l n e w , l k n p )

p a r a m e t e r  ( m x p l = 5 0 0 0 , m x e l = 1 0 0 0 0 , m x s l = 1 6 0 0 0 )

d i m e n s i o n  l p b s ( * ) , i s b s (*) , n s p l ( * ) , n s p 2 (*) 
d i m e n s i o n  l p n p ( * ) , c o n p ( 3 , * ) , l p s p ( * ) , c p s p ( 3 , * )  
d i m e n s i o n  c o s f ( 2 , * ) , l m s f ( 3 , * ) , k p n p ( * ) , k p n e (*) , l k n p (*) 
d i m e n s i o n  i g n p ( * ) , c l n p ( 2 , * ) , l n e w ( * ) , l k e l ( * ) , l m b g ( 3 , * )  1 
d i m e n s i o n  r l ( 1 2 , m x p l ) , c o l ( 2 , m x p l ) , 1 m l ( 3 , m x e l )  
d i m e n s i o n  c b g ( 2 , m x p l ) 1 l b g ( 3 , m x e l ) , d b g ( m x p l )  
d i m e n s i o n  i p f r ( m x s l ) 1 i q f r ( m x s l ) , c o g ( 3 , m x s l )  
common / s p a /  s p a c , s p m i n

s p b g ( * )

l o g i c a l  s t o r e
t o l e r a n c e  f o r  d e t e r m i n i n g  common p o i n t s  i n  t e r m s  o f  t h e  
d i s t a n c e  i n  3D when  f o r m i n g  t h e  i n i t i a l  g e n e r a t i o n  f r o n t .
e p s  = l . e - 0 5

1 1, , :  f
k p n e (1) = 1
l o o p  o v e r  t h e  f a c e s
d o  1000  i s = l , n s f  
w r i t e ! * , 10) i s  
i s l  = i s + 1  
n p u  = n s p l ( i s )  
n p v  = n s p 2 ( i s )  
n l  = l p s p ( i s )
ท2 = l p s p ( i s l ) - l
n k s l  = l p b s ( i s )  
n k s 2  = l p b s ( i s l ) - 1
i f ( n p u * n p v . g t . m x p l ) t h e n  

w r i t e ( * , 2 0 )  ' m x p l ' , n p u * n p v  
s t o p  

e n d i f
i n t e r p o l a t e s  t h e  c o m p o s i t e  s p l i n e  s u r f a c e  f o r  t h e  f a c e  
kp = 0
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d o  100 i p  = n l , ท2 
kp = kp+1
r l ( l , k p )  = c p s p ( l , i p )  
r l ( 2 , k p )  = c p s p ( 2 , i p )  
r l ( 3 , kp)  = c p s p ( 3 , i p )

100 c o n t i n u e
c a l l  s f g e o ( n p u , n p v , r l )  

c
c  *** f o r m s  a  b a c k g r o u n d  m e s h  i n  t h e  p a r a m e t e r  p l a n e  
c

i f ( i r e m . e q . 0 )  t h e n
n p g = 4
n e g = 2
a n u — n p u [ - 1
a n v = n p v - 1
c b g ( 1 , 1 ) =  0 .
c b g ( 2 , 1 ) =  0 .
c b g ( 1 , 2 ) =  a n u
c b g ( 2 , 2 ) =  0 .
c b g ( 1 , 3 ) =  a n u
c b g ( 2 , 3 ) =  a n v
c b g ( 1 , 4 ) =  0 .
c b g ( 2 , 4 ) =  a n v
d b g ( 1 ) = s p a c
d b g ( 2 ) = s p a c
d b g ( 3 ) = s p a c
d b g ( 4 ) = s p a c
l b g ( 1 , 1 ) =  1
l b g ( 2 , 1 ) =  2
l b g ( 3 , 1 ) =  3
l b g ( 1 , 2 ) =  1
l b g ( 2 , 2 ) =  3
l b g ( 3 , 2 ) =  4

e l s e
d o  2 0 0  i p = l , n p b g  
l n e w ( i p )  =  0  

2 0 0  c o n t i n u e
i p l  =  l k n p ( i s )  
i p 2  =  l k n p ( i s + l ) - l

d o  3 0 0  i p = i p l , i p 2  
n p g  =  n p g + 1
c b g ( 1 , n p g )  =  c l n p ( l , i p )  
c b g ( 2 , n p g )  =  c l n p ( 2 , i p )  
j p  =  i g n p ( i p )
l n e w ( j p )  =  n p g  
d b g  ( n p g )  =  s p b g ( j p )

3 0 0  c o n t i n u e
i e l  =  l k e l ( i s )  
i e 2  =  l k e l ( i s + 1 ) - 1

d o  4 0 0  i e = i e l , i e 2  
n e g  =  n e g + 1
1 1  =  l r a b g ( l , i e )
1 2  =  l m b g ( 2 , i e )
1 3  =  l m b g ( 3 , i e )  
l b g ( l , n e g )  =  l n e w ( i l )  
l b g ( 2 , n e g )  =  l n e w ( i 2 )  
l b g ( 3 , n e g )  =  l n e w ( i 3 )

4 0 0  c o n t i n u e  
e n d i f  

c
c  * * *  s t o r e s  t h e  b o u n d a r y  p o i n t s

n p l  =  0  
n e l  =  0  
s t o r e  =  . t r u e ,  

c
d o  6 0 0  i k s = n k s l , n k s 2  
k s l  =  i s b s ( i k s )  
k s  =  a b s ( k s l )  

c
c  * * *  c h e c k s  o r i e n t a t i o n  o f  t h e  s e g m e n t

i f ( k s l . g t . O )  t h e n  
n p l  =  l p n p ( k s )  
n p 2  =  l p n p ( k s + l ) - l
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j k  =  1
e l s e

n p l  =  l p n p ( k s + l ) - l  
n p 2  =  l p n p ( k s )  
j k  =  - 1  

e n d i f
c
c  * * *  s t o r e s  v a l u e  o f  f i r s t  p o i n t  f o r  c h e c k i n g  
c

i f ( s t o r e )  t h e n  
i k p t  =  n p l + 1  
x k p t  =  c o n p ( 1 , n p l )  
y k p t  =  c o n p ( 2 , n p l )  
z k p t  =  c o n p ( 3 , n p l )  
s t o r e  =  . f a l s e ,  

e n d i f

s t o r e s  c o o r d i n a t e s  a n d  f o r m s  t h e  f r o n t

d o  5 0 0  i p = ท p i , n p 2 - j k , j k
n p l
c o g ( 1 , n p l )  
c o g ( 2 , n p l )  
c o g ( 3 , n p l )  
i p f r ( n p l )  
i q f r ( n p l )  

5 0 0  c o n t i n u e

n p l + 1  
c o n p ( 1 , i p )  
c o n p ( 2 , i p )  
c o n p ( 3 , i p )  
n p l  
n p l + 1

i f ( n p l . g t . m x s l )  t h e n  
w r i t e ( * , 2 0 )  ' m x s l ' , n p l  
s t o p  

e n d i f
c
c  * * *  c h e c k s  a g a i n s t  t h e  f i r s t  p o i n t ,  
c

x d s t  = c o n p ( 1 , n p 2 ) - x k p t  
y d s t  = c o n p ( 2 , n p 2 ) - y k p t  
z d s t  = c o n p ( 3 , n p 2 ) - z k p t  
d i s t  = s q r t ( x d s t * * 2 + y d s t * * 2 + z d s t * * 2 )  
i f ( d i s t . I t . e p s ) t h e n  

i q f r ( n p l )  = i k p t  
s t o r e  = . t r u e ,  

e n d i f
6 0 0  c o n t i n u e

c
c  * * *  c o m p u t e s  t h e  l o c a l  c o o r d i n a t e s  
c

c a l l  l o c u v ( n p l , c o g , c o l , n p u , n p v , r l )
c
c  * * *  g e n e r a t e s  t h e  m e s h  i n  t h e  p a r a m e t e r  p l a n e  
c

c a l l  m s h 2 d ( r l , n p u , n p v , n e g , c b g , l b g , d b g , i p f r , i q f r ,  
n p l , n e l , c o l , l m l )  

i f ( n p l . g t . m x p l )  t h e n  
w r i t e ( * , 2 0 )  ' m x p l ' , n p l  
s t o p  

e n d i f
i f ( n e l . g t . m x e l )  t h e n  

w r i t e ! * , 2 0 )  ' m x e l ' , n e l  
s t o p  

e n d i f
c
c  * * *  s t o r e s  t h e  l o c a l  c o o r d i n a t e s  a n d  t h e  e l e m e n t  
c  c o n n e c t i v i t i e s  i n  g l o b a l  v e c t o r s

d o  7 0 0  i p = l , n p l  
n p  =  n p + 1
c o s f ( l , n p )  =  c o l ( l , i p )  
c o s f ( 2 , n p )  =  c o l ( 2 , i p )

7 0 0  c o n t i n u e

d o  8 0 0  i e l = l , n e l  
n e  =  n e + 1
l m s f ( l , n e )  = l m l ( 1 , i e l ) +np0 
l m s f ( 2 , n e )  = l m l ( 2 , i e l ) + n p 0  
l m s f ( 3 , n e )  = l m l ( 3 , i e l ) + n p 0  

800 c o n t i n u e
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c

1000
io20

c

c *
c *
c *

c

c

c

c

c

c

n p O  =  n p
k p n p ( i s l )  =  n p + 1  
k p n e ( i s l )  =  n e + 1

c o n t i n u e

f o r m a t ( / ,  ' 
f o r m a t  น , '

* * *  g e n e r a t i n g  f a c e  n o :  1 ,  i 7 )  
e r r - f a c e t  >  s u b r o u t i n e  g e n s f ' , / ,  

i n c r e a s e  ' , a , '  t o :  '  , i 7 )

r e t u r n
e n d

[ m e s h 2 d ]  g e n e r a t e s  t h e  m e s h  i n  t h e  p a r a m e t e r  p l a n e  *  
_____________   _ __________  _  _ _________________ _  _    _ _________ ___________________________*

s u b r o u t i n e  m s h 2 d ( r , ท น , n v , n e g , c b g , l b g ,  d b g ,
i p f r , i q f r , n o d e , n e l e m , c o o r ,  i e l )

p a r a m e t e r
p a r a m e t e r

d i m e n s i o n

d i m e n s i o n

d i m e n s i o n

d i m e n s i o n

d i m e n s i o n
d i m e n s i o n
d i m e n s i o n
d i m e n s i o n
d i m e n s i o n

( m x p  =  8 0 0 0 ,  m x e  =  1 6 0 0 0 )  
C m x s  =  2 * m x e )

c b g  ( 2 , * )  ,  l b g  (3 ,  *) , d b g ( * )
i p f r ( * ) , i q f r ( * )

c o o r ( 2 , * ) , i e l ( 3 , * )

. ; .  p r e v i o u s  m e s h .

. . .  f r o n t  v e c t o r s .

. . .  g e n e r a t e d  m e s h  

. . .  s u r f a c e s .r (12,*)
h e l p  v e c t o r s .

c o o r O ( 2 , m x p }
l c o o r ( m x p ) , I c o i d ( m x p )  , l w h e r ( m x p )  
l c o r e ( m x p ) , i c o n e ( 3 * m x e ) , l p o s i ( m x p )  
n r e g i ( m x p ) , s t r e c ( 4 , m x p ) , i s i d e ( 4 , m x s )  
l h o w m ( m x p )

c
c  * * *  i n i t i a l i z e ,  
c

c a l l  r f i l i v ( l c o o r , m x p , 0 )  
c a l l  r f i l i v ( l c o r e , m x p , 0 )  
c a l l  r f i l i v ( i c o n e , 3 * m x e , 0 )  
c a l l  r f i l i v ( l w h e r , m x p , 0 )  
c a l l  r f i l i v ( l h o w m , m x p , 0 )  
c a l l  r f i l i v ( l p o s i , m x p , 0 )  
c a l l  r f i l i v ( I c o i d , m x p , 0 )  

c
n o n f = n o d e  
n o n r = n o d e  
d o  1 0 0  i n = l , n o d e  
n r e g i ( i n ) = i p f r ( i n )

1 0 0  c o n t i n u e
c
c
c

c
c
c

c
c
c

c
c
c

* * *

ไ*โ-*’ *

* * *

* * *

t r i a n g u l a t e  r e g i o n s

c a l l  t r i a n ( r , ท น , n v , n o n f , i p f r , i q f r , n r e g i , i e l , n o n r ,  
c o o r , n e l e m , n o d e , n e g , l b g , c b g , d b g )

f i n d  o u t  b o u n d a r y  p o i n t s

c a l l  b o u n d ( n o d e , n e l e m , l c o o r ,  i e l )

f i l l  i n  i s i d e

c a l l  s i d e s ( n e l e m , n o d e , n s i d e , i e l , i s i d e , l w h e r , l h o w m , i c o n e )  

f i n d  o u t  r e a l  a n d  i d e a l  n u m b e r  o f  c o n n e c t i v i t i e s  

c a l l  c o n r e ( n o d e , n e l e m , i e l , l c o r e )
c a l l  c o n i d ( n o d e , n s i d e , i s i d e , l c o o r , I c o i d , c o o r , s t r e c ,  

r , ท น , n v , n e g , l b g , c b g , d b g )
c
c  * * *  c o s m e t i c s  s e q u e n c e ,  
c

c a l l  e a t t r ( n o d e , n e l e m , n s i d e , i e l , i s i d e , l c o o r , l p o s i ,  
l w h e r , l h o w m , l c o r e , I c o i d , i c o n e , c o o r ) 

d o  1 1 1  i i = l , 3
c a l l  s w a p d ( n s i d e , i s i d e , i e l ,



n s m o o  =  2
c a l l  s m o o t ( 2 , 3 , n e l e m , n o d e , n s m o o , l c o o r , I c o r e , i e l , c o o r ,  c o o r O )  

1 1 1  c o n t i n u e
c a l l  a r e a c h ( n o d e , n e l e m , i e l , c o o r )  

c
r e t u r n
e n d

I c o r e , l c o i d , c o o r , ทน,n v , r )

c *-------------------------------------------------------------------------------------------------------------- *
c *  [ t r i a n g ]  g e n e r a t e s  p o i n t s  a n d  t r i a n g u l a t e s  t h e  r e g i o n  *  
c * --------------------------------- ---— --- ------------------------------------------------------------------------------------- ----------------------------------------------- ----------------------- *

s u b r o u t i n e  t r i a n ( r , ทน,n v , n o n f , i p f r , i q f r , n r e g i , i e l , n o n r , 
. c o o r , n e l e m ,  n o d e , n e g , l b g , c b g , d b g )

c
p a r a m e t e r  (mxn=2000)
d i m e n s i o n  n r e g i ( * ) , i p f r ( * ) , i q f r (*)
d i m e n s i o n  i e l ( 3 , * ) , c o o r ( 2 , * )
d i m e n s i o n  d v 2 ( 4 ) , r ( 1 2 , * )
d i m e n s i o n  c b g ( 2 , * ) , d b g ( * ) , l b g ( 3 , * )
d i m e n s i o n  n e a r ( m x n ) , n e a r l ( m x n ) , h o w f ( m x n ) , h o w f 1 (mxn)
d i m e n s i o n  n c h e c k ( m x n )

c  * * *  
c

c

t r a n s f o r m a t i o n s  s t r e t c h e d - u n s t r e t c h e d

x t r ( x q , y q , a x , a y , a l p h )  =  
y t r ( x q , y q , a x , a y , a l p h )  =  
x b a ( x q , y q , a x , a y , a l p h )  =  
y b a ( x q , y q , a x , a y , a l p h )  =

a l p h * a x * x q - a y * y q  
a l p h * a y * x q + a x * y q  
( a x * x q + a y * y q ) / a l p h  

- a y * x q + a x * y q

a w  =  1 . 1  
k o u n t  =  0  
f a c  = 1 . 2 5

d o  5 7 0  i k = l , n o d e  
n c h e c k ( i k ) = - 1 0 0  

5 7 0  c o n t i n u e
c
c  * * *  s e t  u p  n c h e c k  v a l u e s  f o r  r e g i o n

c nk=0
d o  5 8 0  i k = l , n o n f  
k l = i p f r  ( i k )  
n c h e c k ( k l ) = 2  

5 8 0  c o n t i n u e
c

d i s w  =  0 . 0
c

160  c o n t i n u e  
n i  = n o n f

161 c o n t i n u e
kn  = i q f r ( n i )  
k n l  = i p f r ( n i )  
x n  = c o o r ( 1 , kn) 
y n  = c o o r ( 2 , k n )  
x n l  = c o o r d ,  k n l )  
y n l  = c o o r ( 2 , k n l )  
xmp = 0 . 5 * ( x n + x n l )  
ymp = 0 . 5 * ( y n + y n l )
c a l l  g e t s p ( x m p , y m p , r , ทน,n v , n e g , c b g , l b g , d b g , d v 2 )
s p a  -  d v 2 ( l )
a l p h  = d v 2 (2)
a n x  = d v 2 (3)
a n y  = d v 2 (4)

170  c o n t i n u e
x n f  = x b a ( x n , y n , a n x , a n y , a l p h )  
y n f  = y b a ( x n , y n , a n x , a n y , a l p h )  
x n l f  = x b a ( x n l , y n l , a n x , a n y , a l p h )  
y n l f  = y b a ( x n l , y n l , a n x , a n y , a l p h )  
x l 2 f  = x n f - x n l f  
y l 2 f  = y n f - y n l f
a l e n l f = s q r t ( x l 2 f * x l 2 f + y l 2 f * y l 2 f ) 
x d l  = x n l - x n
a i l  = s q r t ( x d l * x d l + y d l * y d l ) 
i f ( a l l . l t , a w * d i s w )  g o t o  162 
d i s w l = 0 .0
c a l l  o r d e r ( n i , i p f r , i q f r , c o o r , d i s w , d i s w l )
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g o t o  1 6 1  
1 6 2  c o n t i n u e

t o l e l = 0 . 0 0 0 0 1 * a l e n l f
c
c  * * *  f i n d  o u t  a v e r a g e  s p a c i n g  
c

a v e r  =  s p a  
x l 2 = x n - x n l

a l e n l = s q r t ( x l 2 * x l 2 + y l 2 * y l 2 )
c
c  * * *  c r e a t e  a  n e w  n o d e
c  * * *  . . . .  s a f e t y  f a c t o r

F f ( £ d e " g t ! 2 ! o * a l e n l f )  d s i d e = 2 . 0 * a l e n l f
i f ( d s i d e . l t . 0 . 5 5 * a l e n l f )  d s i d e = 0 . 5 5 * a l e n l f
t w o d 2 = 2 . 0 * d s i d e * d s i d e
x b a r f = 0 . 5 * ( x n f + x n l f )
y b a r f = 0 . 5 * ( y n f + y n l f }
x d i f f = x n f - x n l f
y d i f f = y n f - y n l f
d k a r g = x d i f f * x d i f f t y d i f f * y d i f f
d l 2 = s q r t ( d k a r g )
h k a r g - 0 . 5 * t w o d 2 - 0 . 2 5 * d l 2 * d l 2
h k = s q r t ( h k a r g )
d l 2 = l . / d l 2
x c b f = - h k * y d i f f * d l 2
y c b f =  h k * x d i f f * d l 2
x t e m p f = x b a r f + x c b f
y t e m p f = y b a r f + y c b f
x t e m p = x t r ( x t e m p f , y t e m p f , a n x , a n y , a l p h )  
y t e m p = y t r ( x t e m p f , y t e m p f , a n x , a n y , a l p h )  

c
c  * * *  l o o p  o v e r  p o s s i b l e  n o d e s  -  f i n d  c l o s e s t  n e i g h b o u r s
c

a = y n l - y n
b = x n - x n l
c = ( x n l - x n ) * y n l + ( y n - y n l ) * x n l
r a d i u s = d s i d e
h l = 0 . 8 * r a d i u s
i n u m = 0
d o  1 1 0  k p = l , n o n r  
k e n = n r e g i ( k p )
i f ( k e n . e q . k n . o r . k e n . e q . k n l ) g o  t o  1 1 0  
x k e n = c o o r ( 1 , k e n )  
y k e n = c o o r ( 2 , k e n )
i f ( a * x k e n + b * y k e n + c . l e . 0 . 0 )  g o t o  1 1 0  
x k e n f = x b a ( x k e n ,  y k e n , a n x , a n y , a l p h )  
y k e n f = y b a ( x k e n , y k e n , a n x , a n y , a l p h )  
x d i f f l - x k e n f - x t e m p f  
y d i f f l = y k e n f - y t e m p f
d i s t f = s q r t ( x d i f f l * x d i f f 1 + y d i f f 1 * y d i f f 1 )  
i f ( d i s t f . g t . h i ) g o  t o  1 1 0

c
i n u m = i n u m + l  
h o w f 1 ( i n u m ) = d i s t f  
n e a r l ( i n u m ) = k e n  

1 1 0  c o n t i n u e  
c
c  * * *  d e c i d e  w h i c h  o f  t h e  n o d e s  i s  c h o s e n  
c if(inum.gt.mxn) stop ' triang: increase mxn1 if(inum.eq.0) then inum=l near(1)=0 howf(1)=0.0 else
c  * * *  . . . .  o r d e r  t h e m

d o  5 9 9  i = l , i n u m  
c o m p = l . e + 6  
d o  5 9 8  j = l , i n u m  
i f ( n e a r l ( j ) . e q . 0 )  g o t o  5 9 8  
i f ( h o w f 1 ( j ) . g t . c o m p )  g o t o  5 9 8

i s - j
c o m p = h o w f 1 ( j  i
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5 9 8  c o n t i n u e
n e a r ( i ) = n e a r 1 ( i s ) 
h o w f ( i ) = h o w f 1 ( i s ) 
n e a r l ( i s ) = 0

5 9 9  c o n t i n u e
c  * * *  . . . .  a d d  t h e  n e w  p o i n t  t o  t h e  l i s t

i n u m = i n u m + l  
n e a r ( i n u m ) = 0  
h o w f ( i n u m ) = 0 . 0  

e n d i f  
c
c  * * *  s e l e c t  --------->  s t a r t  b y  t h e  c l o s e s t
c

d o  6 0 1  i = l , i n u m  
k p = n e a r ( i )  
i f ( k p . e q . O )  t h e n  

x p = x t e m p  
y p = y t e m p  

e l s e
x p = c o o r ( 1 , k p )  
y p = c o o r ( 2 , k p )  

e n d i f  
c
c  * * *  s e e  i f  t h i s  c o n n e c t i o n  i s  p o s s i b l e  
c

c a l l  p o s s i b ( k n l , k n , k p , x n l , y n l , x n , y n , x p , y p ,  n o n f ,  
n o n r , i p f r , i q f  r , n r e g i , c o o r , i y o n )  

c
i f ( i y o n . e q . 0 )  g o t o  6 0 1  
g o t o  6 0 3  

6 0 1  c o n t i n u e  
c
c  * * *  w e  a r e  i n  t r o u b l e  ! ! ! ! !
c  * * *  f i n d  t h e  3 0  e x i s t i n g  n o d e s  t h a t  g i v e  m a x i m u m  a n g l e  
c

i n u m = 0  
a n g l = 0 . 0
d o  2 1 0  k p = l , n o n r  
k e n = n r e g i ( k p )
i f ( k e n . e q . k n . o r . k e n . e q . k n l ) go  t o  210 
x k e n = c o o r ( 1 , k e n )
i f ( a * x k e n + b * y k e n + c . l e . 0 . 0 )  g o t o  2 1 0

c  * * *  s e e  i f  t h i s  c o n n e c t i o n  i s  p o s s i b l e
c

c a l l  p o s s i b ( k n l , k n , k e n , x n l , y n l , x n , y n ,  x k e n ,  y k e n ,  
n o n f , n o n r , i p f r , l q f r , n r e g i , c o o r , i y o n )

i f ( i y o n . e q . 0 )  g o t o  2 1 0
x k e n f = x b a ( x k e n , y k e n , a n x , a n y , a l p h )
y k e n f = y b a ( x k e n , y k e n , a n x , a n y , a l p h )
x d i f f l = x k e n f - x n l f
y d i f f l = y k e n f - y n l f
x d i f f 2 = x k e n f - x n f
y d i f f 2 = y k e n f - y n f
d i s t f l = s q r t ( x d i f f l * x d i f f 1 + y d i f f l * y d i f f 1) 
d i s t f 2 = s q r t ( x d i f f 2 * x d i f f 2 + y d i f f 2 * y d i f f 2) 
c o s a = ( x d i f f l * x d i f f 2 + y d i f f l * y d i f f 2 ) / ( d i s t f l * d i s t f 2 )  
i f ( c o s a . g t . 1 . 0 )  c o s a - 1 . 0  
i f ( c o s a . l t . - 1 . 0 )  c o s a = - 1 . 0  
a n g l = a c o s ( c o s a )  
i f ( a n g l . I t . a n g l )  go t o  210 

c
h o w f ( i n u m + 1 ) = a n g l  
n e a r ( i n u m + 1 ) = k e n  

c
i f ( i n u m . e q . 0 )  g o t o  3 1 1
d o  3 1 0  i = l , i n u m
k = i
a n g i = h o w f ( i )
i f ( a n g i . g t . a n g l )  g o t o  3 1 0  
d o  4 1 0  j - l , i n u m - k  
l = i n u m - ]
n e a r ( l + l ) = n e a r ( 1 )  
h o w f ( 1 + 1 ) = h o w f ( 1 )

4 1 0  c o n t i n u e
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n e a r ( k ) = k e n  
h o w f ( k ) = a n g l  
g o t o  3 1 1

3 1 0  c o n t i n u e
3 1 1  c o n t i n u e

i f ( i n u m . I t . 3 0 )  i n u m = i n u m + l  
i f ( i n u m . e q . 3 0 )  a n g l = h o w f ( 3 0 )

2 1 0  c o n t i n u e  
c
c  * * *  s e l e c t  --------->  s t a r t  b y  t h e  c l o s e s t
c

i f ( i n u m . e q . 0 )  g o t o  7 0 3  
w f a r = l . e + 6  
d o  7 0 1  i = l , i n u m  
k p = n e a r ( i )  
a n g i = h o w f ( i )  
x p = c o o r ( 1 , k p )  
y p = c o o r ( 2 , k p )  

c
c  * * *  c h e c k  n o w  t h e  s i z e  
c

x p f = x b a ( x p , y p , a n x , a n y , a l p h )  
y p f = y b a ( x p , y p , a n x , a n y , a l p h )  
d l = s q r t ( ( x p f - x n l f ) * * 2 + ( y p f - y n l f ) * * 2 )  
d 2 = s q r t ( ( x p f - x n f ) * * 2 + ( y p f - y n f ) * * 2 )  
d i = m a x ( d l ,  d 2 )  
i f ( d i . I t . w f a r ) t h e n  

k p l = k p  
w f a r = d i  

e n d i f
7 0 1  c o n t i n u e  

k p = k p l
x p = c o o r ( 1 , k p )  
y p = c o o r ( 2 , k p )  
g o t o  6 0 3  

7 0 3  c o n t i n u e  
c

p r i n t  * , 1 c a n n o t  f i n d  t h e  c o n n e c t i v i t y '  
c
c  * * *  t r y  a n o t h e r  s i d e  

d i s w l = 1 . 0 1 * a l e n l f
c a l l  o r d e r ( n l , i p f r , i q f r , c o o r , d i s w , d i s w l )  
g o t o  1 6 1  

c
6 0 3  c o n t i n u e  

c
c  * * *  c h e c k  d i f f e r e n c e s  o f  s p a c i n g ,  
c

x m x  =  0 . 5 * ( x m p + x p )  
y m x  =  0 . 5 * ( y m p + y p )  
s p l  =  a v e r * a l p h
c a l l  g e t s p ( x m x , y m x , r , ท น , n v , n e g , c b g , l b g , d b g , d v 2 )  
s p a  -  d v 2 ( 1 )  
a l p h  =  d v 2 ( 2 )  
a n x  =  d v 2 ( 3 )  
a n y  =  d v 2 ( 4 )  
s p 2  =  s p a * a l p h  
i f ( s p l . g t . f a c * s p 2 ) t h e n  

k o u n t  -  k o u n t + 1  
i f ( k o u n t . l e . 2 )  g o t o  1 7 0  

e n d i f  
c
c  * * *  n o t h i n g  w r o n g  w i t h  i t  
c

k o u n t = 0
i n d i c = l
k n e a r = k p
i f ( k n e a r . n e . 0 )  i n d i c = 0

i f ( i n d i e . e q . 0 )  g o  t o  6 2 0  
n o d e = n o d e + l  
c o o r ( 1 , n o d e ) = x p  
c o o r ( 2 , n o d e ) = y p  

c
n o n r = n o n r + l
n u n o = n o n r
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n r e g i ( ท น ท ๐ ) = n o d e  
k n e a r = n o d e  
n c h e c k ( k n e a r ) = - 1 0 0  

6 2 0  c o n t i n u e
c
c  * * *  f o r m  e l e m e n t  
c

n e l e m = n e l e m + l  
i e l ( 1 , n e l e m ) = k n l  
i e l ( 2 , n e l e m ) = k n  
i e l ( 3 , n e l e m ) = k n e a r

c
n k = n k + l
i f ( n k / 2 0 . e q . 1 )  t h e n  

n k = 0
w r i t e ( * , 1 1 )  n e l e m , n o d e , n i  

1 1  f o r m a t ! '  n e l e m  =  ' , i 5 , '  n p o i n  =  ' , i 5 , '  n s f r  =  
e n d i f  

c
c  * * *  u p d a t e  f r o n t  a n d  a c t i v e  n o d e s

n l 2 = n l + l  
i q f r ( n l 2 ) = k n  
i q f r ( n i ) = k n e a r  
i p f r ( n l 2 ) = k n e a r
i f  ( n c h e c k ( k n e a r ) . l t . O )  n c h e c k ( k n e a r ) = 0  
n c h e c k ( k n e a r ) = n c h e c k ( k n e a r  ) + 2  
n o n f = ท 1 2

c
c  * * *  d e l e t e  s i d e s  f r o m  a c t i v e  l i s t

n c h t = 0  
n p a s s = l  
n t o p = k n l  
n b o t = k n e a r  
m a r k e r = 0  
k n o n = n o n f - 2  

3 6 0  d o  3 0 0  k p = l , k n o n  
k t o p = i p f r ( k p )  
k b o t = i q f r ( k p )  
i f ( m a r k e r . g t . 0 )  g o  t o  3 3 0
i f ( ( k t o p . e q . n b o t ) . a n d . ( k b o t . e q . n t o p ) ) g o  t o  3 2 0  
g o  t o  3 0 0  

3 2 0  m a r k e r = l
n o n f = n o n f - 2
n c h e c k ( k t o p ) = n c h e c k ( k t o p )  - 2  
n c h e c k ( k b o t ) = n c h e c k ( k b o t ) - 2  
n c h t = l  
g o  t o  3 0 0  

3 3 0  k p l = k p - l
i p f r ( k p l ) = k t o p  
i q f r ( k p l ) = k b o t  

3 0 0  c o n t i n u e

n p a s s = n p a s s + l  
i f ( n p a s s . g t . 2 )  g o  t o  3 4 0  
i f ( m a r k e r l e q . 0 )  g o  t o  3 5 0  
i p f r ( n o n f ) = k n e a r  
i q f r ( n o n f ) = k n  
m a r k e r = 0  
k n o n = k n o n - l  
g o  t o  4 0 0  

3 5 0  k n o n = k n o n + l  
4 0 0  n t o p = k n e a r  

n b o t = k n  
g o  t o  3 6 0  

3 4 0  c o n t i n u e  
c
c  * * *  r e m o v e  n o d e s  f r o m  a c t i v e  l i s t

i f ( n c h t . e q . 0 )  g o  t o  3 7 0
i r e d = 0
k n o n = n o n r
d o  3 8 0  k p = l , k n o n
k k n = n r e g i ( k p )
ไ̂ /-', Vไ-r n p h û p  V  / W r i  ^
i f ( k c h . n e . O )  g o  t o  3 9 0

\ i 5 )



171

i r e d = i r e d + l  
g o  t o  3 8 0  

3 9 0  k p l = k p - i r e d
n r e g i ( k p l ) = n r e g i ( k p )

3 8 0  c o n t i n u e
n o n r = k n o n - i r e d  

3 7 0  c o n t i n u e
i f ( n o n f . g t . 0 )  g o  t o  1 6 0  

c
r e t u r n
e n d

c
c -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  c o n i d ( n p o i n , n s i d e , i s i d e ,  l c o o r ,  l c o i d ,  c o o r d ,  s t r e c ,  
r , ท น , n v , n e g , l b g , c b g , d b g )

p a r a m e t e r ( p i = 3 . 1 4 1 5 9 2 6 5 3 5 8 9 7 9 3 2 8 4 6 2 )  
c

d i m e n s i o n  i s i d e ( 4 , * ) , l c o o r ( * ) , l c o i d ( * )  
d i m e n s i o n  c o o r d ( 2 , * ) , s t r e c ( 4 , * )
d i m e n s i o n  r ( 1 2 , * ) , c b g ( 2 , * ) 1 l b g ( 3 , * ) , d b g (*) , d 2 (4)

c
x b a ( x q , y q , a x , a y , a l p h ) = ( a x * x q + a y * y q ) / a l p h  
y b a ( x q , y q , a x , a y , a l p h ) = - a y * x q + a x * y q

c
c  * * *  i n t e r p o l a t e  t h e  m e s h  p a r a m e t e r s ,  
c

d o  5 0 0  i = l , n p o i n  
x = c o o r d ( 1 , i )  
y = c o o r d ( 2 ,  i )
c a l l  g e t s p ( x , y , r , ท น , n v , n e g , c b g , l b g , d b g , d 2 )
s t r e c ( 1 ,  i ) = d 2 ( 1 )
s t r e c ( 2 , i ) = d 2 ( 2 )
s t r e c ( 3 , i ) = d 2 ( 3 )
s t r e c ( 4 , i ) = d 2 ( 4 )

5 0 0  c o n t i n u e  
c
c  * * *  f i n d s  o u t  t h e  o p t i m a l  n u m b e r  o f  c o n n e c t i v i t i e s  f o r  e a c h  n o d e ,  
c

d o  1 0 0 0  i p = l , n p o i n  
l c o i d ( i p ) - 6  

1 0 0 0  c o n t i n u e  
c
c  * * *  s e a r c h  f o r  a  s i d e  i n  t h e  b o u n d a r y  t o  s t a r t ,  
c

d o  2 0 0 0  i s = l , n s i d e  
i e  =  i s i d e ( 4 , i s )  
i f ( i e . e q . O )  t h e n  

i b  =  i s i d e ( l , i s )  
i c  =  i s i d e ( 2 , i s )  
g o t o  2 0 0 1  

e n d i f
2 0 0 0  c o n t i n u e
2 0 0 1  c o n t i n u e  

c
i m e m o  =  i c  

4 0 0 0  i a = i b - l c o o r ( i c )  
a l p h = s t r e c ( 2 , i c )  
a n x = s t r e c ( 3 , i c )  
a n y = s t r e c ( 4 , i c )  
x l r = c o o r d ( 1 , i b ) - c o o r d ( 1 , i c )  
y l r = c o o r d ( 2 , i b ) - c o o r d ( 2 , i c )  
x 2 r = c o o r d ( 1 , i a ) - c o o r d ( 1 , i c )  
y 2 r = c o o r d ( 2 , i a ) - c o o r d ( 2 , i c )  
x l = x b a ( x l r , y l r , a n x , a n y , a l p h )  
y l = y b a ( x l r , y l r , a n x , a n y , a l p h )  
x 2 = x b a ( x 2 r , y 2 r , a n x , a n y , a l p h )

ç o ^ a - t x l * x 2 + y l * y 2 ^ / î s q r t ^ x l * x l + y l * y l ) * s q r t < x 2 * x 2 + y 2 * y 2 ) )

พ ร ^ —d i v i = ( 3 . * t h e t a / p i ) + 0 . 5  
l c o i d ( i c ) = d i v i
i f ( l c o i d ( i c ) . I t . 1 )  l c o i d ( i c ) = l
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i b = i c
i c = i a
i f ( i c . n e . i m e m o )  g o t o  4 0 0 0  

c
r e t u r n
e n d

c * ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------*
c *  [ g e t s p ]  g e t s  t h e  m e s h  p a r a m e t e r s  a t  a  p o i n t  i n  t h e  p a r a m e t e r  *
c *  p l a n e  b y  i n t e r p o l a t i n g  f r o m  t h e  p r e v i o u s  t r i a n g u l a t i o n  a n d  *
c *  c o n s i d e r i n g  t h e  u s r f a c e  m a p p i n g  *c*-------------------- 1----------------------- - —--------------------------------------------------- *

s u b r o u t i n e  g e t s p ( น ,  V , r , ท น , n v , n e g , c b g , l b g , d b g ,  d 2 )

d i m e n s i o n  r ( 1 2 , * ) , r l ( 1 2 ) , r 2 ( 1 2 ) , r 3 ( 1 2 ) , r 4 ( 1 2 ) , r 5 ( 9 )  
d i m e n s i o n  c b g ( 2 , * ) , l b g ( 3 , * ) , d b g ( * )  ,  d 2 ( 4 )

c
c  * * *  d e t e r m i n a n t  f u n c t i o n

d e t e r ( p i , q l , p 2 , q 2 , p 3 , q 3 ) = p 2 * q 3 - p 3 * q 2 - p l * q 3 + p 3 * q l + p l * q 2 - p 2 * q l
c
c  * * *  c o m p u t e s  t h e  t a n g e n t  v e c t o r s  t o  t h e  s u r f a c e  a t  ( น , V )
c

i u  =  i n t ( น )  
i v  =  i n t ( v )
i f ( i u . e q . ( n u - 1 ) )  i u  =  i u - 1
i f ( i v . e q . ( n v - 1 ) ) i v  =  i v - 1
u l  =  u - i u
v l  =  v - i v
i p l  =  i u + i v * n u + l
i p 2  =  i p l + 1
i p 3  =  i p l + n u
i p 4  =  i p 3 + l
d o  1 0 0  i d - 1 , 1 2
r l ( i d )  =  r ( i d , i p l )
r 2 ( i d )  =  r ( i d , i p 2 )
r 3  ( i d )  =  r  ( i d ,  i p 3 )
r 4 ( i d )  =  r ( i d , i p 4 )

1 0 0  c o n t i n u e
c a l l  f g s u r f ( 2 , r l , r 2 , r 3 , r 4 , u l , v l , r 5 )  
r p l  -  r 5 ( 1 )  
r p 2  -  r 5 ( 2 )  
r p 3  =  r 5 ( 3 )  
r u l  =  r 5 ( 4 )  
r u 2  =  r 5 ( 5 )  
r u 3  =  r 5 ( 6 )  
r v l  =  r 5 ( 7 )  
r v 2  =  r 5 ( 8 )  
r v 3  =  r 5 ( 9 )  

c
c  * * *  s e a r c h e s  o v e r  t h e  e l e m e n t s  o f  t h e  b a c k g r o u n d  m e s h

a c  =  - l . e + 3 0  
c

d o  2 0 0  i e = l , n e g  
k l  =  l b g (  1 ,  i e )  
k 2  =  l b g ( 2 , i e )  
k 3  =  l b g ( 3 , i e )Kl = cbg(l,kl) yl = cbg(2,kl) x2 = cbg(l,k2) y2 = cbg(2,k2)x3 = cbg(l,k3) y3 = cbg(2,k3) c

c  * * *  p e r f o r m s  t h e  b o x - t e s t  
c

b x l  =  m i n ( x l , x 2 , x 3 ) 
b x 2  =  m i n ( y l , y 2 , y 3 )  
b x 3  =  m a x ( x l , x 2 , x 3 ) 
b x 4  =  m a x ( y l , y 2 , y 3 )  
i f ( b x l . g t . u )  g o t o  2 0 0  
i f ( b x 2 . g t . v )  g o t o  2 0 0  
i f ( b x 3 . 1 t . u )  g o t o  2 0 0  
i f ( b x 4 . 1 t . v )  g o t o  2 0 0  

c
c  * * *  c o m p u t e s  t h e  s h a p e  f u n c t i o n s
c
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a r  =  d e t e r ( x l , y l , x 2 , y 2 , x 3 , y 3 ) 
a r  =  l . / a r
a l  =  d e t e r ( u  , v  , x 2 , y 2 , x 3 , y 3 ) * a r  
a 2  =  d e t e r ( x l , y l , น  , v  1x 3 , y 3 ) * a r  
a 3  =  1 . - a l - a 2  
a m  =  m i n ( a l , a 2 , a 3 )  
i f ( a m . g t . a c )  t h e n  

j l  =  k l  
ๅ  2  =  k 2  
3  3  =  k 3  
a c  =  a m  
b l  =  a l  
๖ 2  =  a 2  
๖ 3  =  a 3  

e n d i f
i f t a c . g e . o . )  g o t o  3 0 0  

c
2 0 0  c o n t i n u e  

c
3 0 0  c o n t i n u e  

c
c  * * *  i n t e r p o l a t e s  t h e  s p a c i n g s

s p c  =  b l * d b g ( j l ) + ๖ 2 * d b g ( j  2 ) + ๖ 3 * d b g ( j  3 )
c
c  * * *  c a l c u l a t e s  f i r s t  f u n d a m e n t a l  f o r m  o f  t h e  s u r f a c e  
c

e  =  r u l * r u l + r u 2 * r u 2 + r u 3 * r u 3  
f  =  r u l * r v l + r u 2 * r v 2 + r u 3 * r v 3  
g  =  r v l * r v l + r v 2 * r v 2 + r v 3 * r v 3  

c
c  * * *  e i g e n v e c t o r s  a n d  e i g e n v a l u e s .

c  f 2  =  f * f
e m g  =  e - g  
a  = 0 . 5 * ( e + g )
๖  =  s q r t ( 0 . 2 5 * e m g * e m g + f 2 )
e i g l  =  a + b  
e i g 2  =  a - b  
e m a x  =  m a x ( e , g )  
e p s i  =  a b s ( e i g l - e m a x )  
i f ( e p s i . I t . 1 . e - 0 3 )  t h e n  

i f ( e . g e . g )  t h e n  
e i g l  =  e  
e i g 2  =  g  
v 2 1  = 0 . 0
v 2 2  = 1 . 0

e l s e
e i g l  =  g  
e i g 2  =  e  
v 2 1  =  1 . 0
v 2 2  = 0 . 0

e n d i f

b f  ะ  l ” / s q r t ( f 2 + e m 2 * e m 2 )  
v 2 1  =  - f * ๖ 2  
v 2 2  =  e m 2 * b 2

e n d i f
c
c  * * *  2 d  m e s h  p a r a m e t e r s
c

s p l  =  s p c / s q r t ( e i g l )
s p 2  =  s p c / s q r t ( e i g 2 )
s t r e c  =  s q r t ( e i g l / e i g 2 )  
d 2  ( 1 )  =  s p l  
d 2 ( 2 )  =  s t r e c  
d 2  ( 3 )  =  v 2 1  
d 2 ( 4 )  =  v 2 2  

c
r e t u r n
e n d

c * --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- *
c *  ( s p l i n e ]  f i n d s  t h e  t a n g e n t s  i n  t h e  p o i n t s  d e f i n i n g  a  f e r g u s o n  *
c *  s p l i n e s ,  i b  i s  a n  i n d i c a t o r  o f  t h e  e n d  c o n s t r a i n t s .  *
c *  *
c *  i b  =  1  ...............................................  s p e c i f i e d  t a n g e n t s :  t ( l ) , t ( n ) .  *
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c *
c *
c *
c *
c * ----------

c

c  * * *  
c

c  * * *  
c

100
c
Q ไ*,'**
c

c0  * * * 
c

200
c  * * *
c

c

c

i b  =  2  ............................................... z e r o  s e c o n d  d e r i v a t i v e s .  *

n o t e :  t h e  n u m b e r  o f  p o i n t s  i s  ท .  t h e  t r i d i a g o n a l  s y s t e m  o f  ท - 2  *
e q u a t i o n s  i s  s o l v e d  b y  g a u s s  e l i m i n a t i o n  ร. b a c k s u b s t i t u t i o n .  *

s u b r o u t i n e  s p l i n e ( i b , ท , r , t , a u x ) 

d i m e n s i o n  a u x  ( *  ) ,  r  ( *  ) ,  t  ( *  )

f i r s t  r o w  i  =  2 .  i b  =  1  - >  [ 4 ,  1 ]  ;  i b  =  2  - >  [  3 . 5 ,  1 ]

i f ( ท . l e . 1 )  t h e n
p a u s e  '  s p l i n e :  ท = 1  w r o n g  n u m b e r  o f  p o i n t s '  

e l s e  i f ( n . e q . 2 )  t h e n  
t ( l )  =  r  ( 2 )  - r  ( 1 )  
t  ( 2 )  =  t ( l )  

e l s e  i f ( n . e q . 3 )  t h e n  
i f ( i b . e q . l )  t h e n

t  ( 2  ) =  0 . 2 5 *  ( 3 . * ( r ( 3 ) - r ( l ) ) - t ( l ) - t ( 3 ) )

t ( l )  =  - 1 . 2 5 * r ( l ) + 1 . 5 0 * r ( 2 ) - 0 . 2 5 * r ( 3 )  
t ( 2 )  =  - 0 . 5 0 * r ( 1 )  + 0 . 5 0 * r ( 3 )
t  ( 3 )  =  0 . 2 5 * r ( l ) - 1 . 5 0 * r ( 2 ) + 1 . 2 5 * r ( 3 )

• f : , .
i f ( i b . e q . l )  t h e n  

b e t  =  4 . 0  
r v  =  r v - t ( 1 )

r v  = _ r v - l . 5 * ( r ( 2 ) - r ( l ) ) 
e n d i f
t ( 2 )  =  r v / b e t

r o w s  o f  t h e  t y p e  [ 1 ,  4 ,  1  ]

d o  1 0 0  j = 3 , ท - 2  
a u x ( j )  -  1 . / b e t  
b e t  -  4 . - a u x ( j )
i f ( b e t . e q . o . ) p a u s e  ’  e r r o r  i n  s p l i n e :  z e r o  p i v o t '  
r v  =  3 . *  ( r  ( j  +  1 ) - r ( j - l )  ) 
t ( j )  =  ( r v - t  ( j - 1 )  ) / b e t  
c o n t i n u e

l a s t  r o w  i  =  n - 1  i b  =  1  - >  [ 1 ,  4 ]  ;  i b  =  2  - >  [ 1 ,  3 . 5  ] .

a u x ( n - l )  =  1 . / b e t  
r v  =  3 . * ( r ( ท ) - r ( ท - 2 ) )  
i f ( i b . e q . l )  t h e n  

b e t  =  4 .  
r v  =  r v - t ( ท )

ร : : .  3 . 5
r v  =  r v - 1 . 5 * ( r ( ท ) - r ( n - 1 ) )  

e n d i f
b e t  =  b e t - a u x ( n - l )
i f  ( b e t . e q . o . ) s t o p  '  e r r o r  i n  s p l i n e :  z e r o  p i v o t '  
t ( n - l ) . =  ( r v - t ( ท - 2 ) ) / b e t

b a c k s u b s t i t u t i o n .

d o  2 0 0  j = ท - 2 , 2 , - 1
t ( j )  “  t  ( j  ) - a u x  ( j  +  1 )  * t  ( j  +  1 )
c o n t i n u e

e n d  v a l u e s  w h e n  i b  =  2 .  

i f ( i b . e q . 2 )  t h e n
t ( l )  =  1 . 5 *  ( r  ( 2  ) - r  ( 1  ) ) - 0 . 5 * t ( 2 )
t ( n )  =  1 . 5 * ( r ( ท ) - r ( n - 1 ) ) - 0 . 5 * t ( n - l )  

e n d i f  
e n d i f

r e t u r n
e n d
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C  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  c o e f f ( n d i m , r l , r 2 , a l , a 2 ,  a 3 ,  a 4 , a 5 ,  r u m i n )  
c
c  * * *  t h i s  s u b .  c o m p u t e s  t h e  c o e f i c i e n t s  o f  t h e  p o l y n o m i a l  I r ' 1 * * 2  
c

d i m e n s i o n  r l ( 2 * n d i m ) , r 2 ( 2 * n d i m )

a l  =  0 . 0  
a 2  =  0 . 0  
a 3  =  0 . 0  
a 4  =  0 . 0  
a 5  =  0 . 0  
a m i  =  0 .  
a m 2  =  0 .

d o  1 0 0 0  i d = l , n d i m  
i d l  =  i d + n d i m  
r l 2  =  r l ( i d ) - r 2 ( i d )

1
a l  =  a l + p p  
a 2  =  a 2 + 2 . * p * t  
a 3  =  a 3 + t * t + 2 . * p * s  
a 4  =  a 4 + 2 . * t * s  
a 5  =  a 5 + s * s  
a m i  =  a m l + p p  
a m 2  =  a m 2 + q q  

1 0 0 0  c o n t i n u e  
c

r u m i n  =  m i n ( a m l , a m 2 )  
r u m i n  =  s q r t ( r u m i n )  

c
r e t u r n
e n d

c
c ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  l e n g t ( i n ,  a l ,  a 2 ,  a 3 ,  a 4 ,  a 5 ,  u l , น 2 , ร , e p s )  
c
c  * * *  t h i s  s u b .  c o m p u t e s  t h e  l e n g t h  o f  a  s e g m e n t  o f  a  c u b i c ,  
c

p a r a m e t e r ( n i t = 2 0 )  
c

e p s l  =  e p s  
o s  =  - l . e + 3 0

f l  =  s q r t ( a l + u l * ( a 2 + u l * ( a 3 + u l * ( a 4 + u l * a 5 ) ) ) )  
f 2  =  s q r t ( a l + u 2 * ( a 2 + u 2 * ( a 3 + u 2 * ( a 4 + u 2 * a 5 ) ) ) )

น 2 1  =  น 2 - u l  
S t  =  0 . 5 * u 2 1 * ( f l + f 2 )  
o s t  =  S t  
k t  =  1
d o  2 0 0  i t = l , n i t  
t n m  =  k t  
d e l  =  น 2 1 / t n m  
X  =  u l + 0 . 5 * d e l  
s u m  =  0 . 0  
d o  1 0 0  j t = l , k t
s u m  =  s u m + s q r t ( a l + x * ( a 2 + x * ( a 3 + x * ( a 4 + x * a 5 ) ) ) )
X  =  x + d e l  

1 0 0  c o n t i n u e
S t  =  0 . 5 * ( s t + u 2 1 * s u m / t n m )

3 .
i f ( i n . e q . O )  e p s l  =  e p s * a b s ( o s )  
i f ( a b s ( S - O S ) . l e . e p s l )  g o t o  3 0 0  
o s  =  ร  
o s t  =  S t  

2 0 0  c o n t i n u e
s t o p  ' l e n g t :  n u m b e r  o f  i t e r a t i o n s  e x c e e d e d '

3 0 0  r e t u r n
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c
c
c

c
c
c
c

s u b r o u t i n e  m a r k p ( a l , a 2 , a 3 / a 4 , a 5 / r u m i n , u l , น 2 ,  s i )

* * *  t h i s  s u b .  c a l c u l a t e s  t h e  p o s i t i o n  น 2  o f  a  p o i n t  o n  a  f . s .  s u c h  t h a t  
t h e  l e n g t h  o f  t h e  c u b i c  s e g m e n t  u l , น 2  i s  s i .

p a r a m e t e r ( n i t = 2 0 )
c

e p s l  =  l . e - 0 3
e p s 2  =  r u m i n * e p s l * l . e - 0 2

I If f  =  s q r t ( a l + u 2 * ( a 2 + u 2 * ( a 3 + u 2 * ( a 4 + u 2 * a 5 ) ) ) )
น 2  =  น 2 + s s / f f
i f ( a b s (น2 - u x ) . l e . e p s l )  g o t o  200 
c a l l  l e n g t ( 1 , a l , a 2 , a 3 ,  a 4 , a 5 , u x , น2 , v i , e p s 2 ) 
s s  = s s - v i  
ux  = น2 

100 c o n t i n u e
s t o p  1 m a r k p :  n u m b e r  o f  i t e r a t i o n s  e x c e e d e d '  

2 0 0  r e t u r n  
e n d

c
c  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  s f g e o ( n p g , n g s , r )  
c
c  * * *  g i v e n  t h e  c o o r d i n a t e s  o f  t h e  g e n e r a t e d  p o i n t s  o n  t h e  s u r f a c e ,  
c  c a l c u l a t e s  t h e  p a r a m e t e r s  d e f i n i n g  t h e  f e r g u s o n  s p l i n e s ,
c

p a r a m e t e r ( n a u x = 4 0 0 0  , n d i m = 3 )  
c

d i m e n s i o n  r ( 1 2 , l )
d i m e n s i o n  v l ( n a u x ) , v 2 ( n a u x ) , v 3 ( n a u x )  

c
i f ( n p g . g t . n a u x . o r . n g s . g t . n a u x )  p a u s e  1 s f g e o :  i n c r e a s e  n a u x 1 

c
c  * * *  i n t e r p o l a t e s  r u  i n  t h e  น  d i r e c t i o n .

d o  4 0 0  i d = l , n d i m  
i d l  =  i d + n d i m  
d o  3 0 0  i g = l , n g s  
n O  =  ( i g - l ) * n p g  
d o  1 0 0  i p = l , n p g  
i k  =  i p + n O  
v l ( i p )  =  r ( i d , i k )

1 0 0  c o n t i n u e
c a l l  s p l i n e ( 2 , n p g , v l , v 2 , v 3 ) 
d o  2 0 0  i p = l , n p g  
i k  =  i p + n O  
r ( i d l , l k )  =  v 2 ( i p )

2 0 0  c o n t i n u e  
3 0 0  c o n t i n u e  
4 0 0  c o n t i n u e  

c
c  * * *  i n t e r p o l a t e s  r v  i n  t h e  V  d i r e c t i o n ,  
c

d o  8 0 0  i d = l , n d i m  
i d 2  =  i d + 2 * n d i m  
d o  7 0 0  i p = l , n p g  
d o  5 0 0  i g = l , n g s  
i k  =  i p + ( i g - 1 ) * n p g  
v l ( i g )  =  r ( i d , i k )

5 0 0  c o n t i n u e
c a l l  s p l i n e ( 2 , n g s , v l , v 2 , v 3 ) 
d o  6 0 0  i g = l , n g s  
i k  =  i p + ( i g - 1 ) * n p g  
r ( i d 2 , i k )  =  v 2 ( i g )

6 0 0  c o n t i n u e  
7 0 0  c o n t i n u e  
8 0 0  c o n t i n u e

c
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c  * * *  i n t e r p o l a t e s  r u v .  
c

d o  2 0 0 0  i d = l , n d i m  
i d l  =  i d  + n d i m  
i d 2  =  i d l + n d i m  
i d 3  =  i d 2 + n d i m

c  * * *  ! i n t e r p o l a t e s  i n  t h e  V  d i r e c t i o n ,
d o  9 0 0  i g = l , n g s  
i k  =  ( i g - l ) * n p g + l  
v l  ( i g )  =  r  ( i d l ,  i k )

9 0 0  c o n t i n u e
c a l l  s p l i n e ( 2 , n g s , v l , v 2 , v 3 )  
d o  1 0 0 0  i g = l , n g s  
i k  =  ( i g - l ) * n p g + l  
r ( i d 3 , i k )  =  v 2 ( i g )

1 0 0 0  c o n t i n u e
d o  1 1 0 0  i g = l , n g s  
i k  =  i g * n p g  
v l ( i g )  =  r ( i d l , i k )

1 1 0 0  c o n t i n u e
c a l l  s p l i n e ( 2 , n g s , v l , v 2 , v 3 )  
d o  1 2 0 0  i g = l , n g s  
i k  =  i g * n p g  
r ( i d 3 , l k )  -  v 2 ( i g )

1 2 0 0  c o n t i n u e
c  * * *  ! i n t e r p o l a t e s  i n  t h e  น  d i r e c t i o n ,

d o  1 5 0 0  i g = l , n g s  
n O  =  ( i g - l ) * n p g  
d o  1 3 0 0  i p = l , n p g  
i k  =  n O + i p  
v l ( i p )  =  r ( i d 2 , i k )

1 3 0 0  c o n t i n u e
v 2 (1)  = r ( i d 3 , n 0 + l )
v 2 ( n p g ) =  r ( i d 3 , n 0 + n p g )  
c a l l  s p l i n e ( 1 , n p g , v l , v 2 , v 3 )  
d o  1 400  ip=2. ,  n p g - 1  
i k  = n O+ ip  
r ( i d 3 , i k )  = v 2 ( i p )

1 4 0 0  c o n t i n u e  
1 5 0 0  c o n t i n u e  
2 0 0 0  c o n t i n u e  

c
r e t u r n
e n d

c
c ---------------------------------------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  f g s u r f ( i d e r , r l , r 2 , r 3 , r 4 , น , V , r )

c ***
c
c
c
c
c
c
c
c
c

c

e x p r e s s i o n  o f  a  f e r g u s o n  s u r f a c e  p a t c h  a n d  i t s  d e r i v a t i v e s ,  
i n  t h e  v e c t o r  r  a r e  s t o r e d  t h e  v a l u e s :  r ,  r u ,  r v ,  r u v ,  r u u ,

(0,1)
I 3II 1

(0,0)

(1,1) 
4  I 

2 I 
(1,0)

A V

+-----> น

p a r a m e t e r ( n d i m = 3  , n d 4 = 4 * n d i m ,  n d6 = 6 * n d i m )  
d i m e n s i o n  r l ( n d 4 ) , r 2 ( n d 4 ) 1 r 3 ( n d 4 ) , r 4 ( n d 4 ) , r ( n d 6 )
d o  1 0 0 0  i d = l , n d i m

i d l = i d  + n d i m
i a 2 = i d l + n d i m
i d 3 = i d 2 + n d i m
i d 4 = i d 3 + n d i m
i d 5 = i d 4 + n d i m

q l l = ท  ( i d )
q l 2 = r 3  ( i d )
q l 3 = r l ( i d 2 )
q l 4 = r 3 ( i d 2 )
q 2 1 = r 2 ( i d )

r w
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c

c

c

c
c
c
c

c

c
c
c

q22  = r 4 ( i d )  
q23  = r 2 ( i d 2 ) 
q24  = r 4 ( i d 2 )  
q31  = r l ( i d l )  
q32  = r 3 ( i d l )  
q33  = r l ( i d 3 ) 
q34  = r 3 ( i d 3 )  
q 41  = r 2 ( i d l ) 
q42  = r 4 ( i d l ) 
q 4 3 = r 2  ( i d 3 )  
q44 = r 4 ( i d 3 )

s i  = - 3 . * q l l + 3 . * q l 2 - 2 . * q l 3 - q l 4  
s 2  = - 3 . * q 2 1 + 3 . * q 2 2 - 2 . * q 2 3 - q 2 4  
S3 = - 3 . * q 3 1 + 3 . * q 3 2 - 2 . * q 3 3 - q 3 4  
s 4  = - 3 . * q 4 1 + 3 . * q 4 2 - 2 . * q 4 3 - q 4 4  
t l  = 2 . * q l l - 2 . * q l 2 + q l 3 + q l 4  
t 2  = 2 . * q 2 1 ~ 2 . * q 2 2 + q 2 3 + q 2 4  
t 3  = 2 . * q 3 1 - 2 . * q 3 2 + q 3 3 + q 3 4  
t 4  = 2 . * q 4 1 - 2 . * q 4 2 + q 4 3 + q 4 4
a l l  = q l l  
a l 2  = q l 3  
a l 3  = s i  
a l 4  = t l  
a 2 1  = q31 
a 2 2  = q33  
a 2 3  = S3 
a2 4  = t 3
a 3 1  = - 3 . * q l l + 3 . * q 2 1 - 2 . * q 3 1 - q 4 1  
a 3 2  = - 3 . * q l 3 + 3 . * q 2 3 - 2 . * q 3 3 - q 4 3  
a 3 3  = - 3 . * s l  + 3 . * s 2  - 2 . * s 3  - s 4  
a3 4  = - 3 . * t l  + 3 . * t 2  - 2 . * t 3  - t 4  
a 4 1 = 2 . * q l l - 2 . * q 2 1 + q 3 1 + q 4 1  
a 4 2  = 2 . * q l 3 - 2 . * q 2 3 + q 3 3 + q 4 3  
a 4 3  = 2 . * s l  - 2 . * s2  + s 3  +s4 
a 4 4 = 2 . * t l  - 2 . * t 2  + t 3  + t 4
s i o  = a l l + v * ( a l 2 + v * ( a l 3 + v * a l 4  ) ) 
s 2 0  = a 2 1 + v * ( a 2 2 + v * ( a 2 3 + v * a 2 4 )  ) 
s 3 0  = a 3 1 + v * ( a 3 2 + v * ( a 3 3 + v * a 3 4 ) ) 
s 4 0  = a 4 1 + v * ( a 4 2 + v * ( a 4 3 + v * a 4 4 ) )
r ( i d )  = s i o + u * ( S 2 0 + U * ( s 3 0 + u * s 4 0 ) )
i f ( i d e r . e q . O )  g o t o  1000
r ( i d l )  = S 2 0 + U * ( 2 . * ร 3 0 + น * 3 . * s 4 0 )
s i  = a l 2 + v * ( 2 . * a l 3 + v * 3 . * a l 4 )
ร 2 = a 2 2 + v * ( 2 . * a 2 3 + v * 3 . * a 2 4 )
S3 = a 3 2 + v * ( 2 . * a 3 3 + v * 3 . * a 3 4 )
ร 4 = a 4 2 + v * ( 2 . * a 4 3 + v * 3 . * a 4 4 )
r ( i d 2 )  = s l + u * ( ร 2 + น * ( s 3 + u * s 4 )) 
r ( i d 3 )  = s 2 + u * ( 2 . * s 3 + u * 3 . * s 4 )
i f ( i d e r . e q . 1) g o t o  1000
r ( i d 4 )  = 2 . * s 3 0 + u * 6 . * s 4 0
s i  = 2 . * a l 3 + v * 6 . * a l 4  
s 2  = 2 . * a 2 3 + v * 6 . * a 2 4  
s 3  = 2 . * a 3 3 + v * 6 . * a 3 4  
s4  = 2 . * a 4 3 + v * 6 . * a 4 4
r ( i d 5 )  = s l + u * ( ร 2 + น * ( s 3 + u * s 4 ))  

c
1000  c o n t i n u e

r e t u r n
e n d

c
c
c
c

s u b r o u t i n e  f g c u r v ( i d e r , n d i m , r l , r 2 , น , r )
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c  *** e x p r e s s i o n  o f  a  f e r g u s o n  c u r v e  s e g m e n t ,  
c

d i m e n s i o n  r l ( 3 * n d i m ) , r 2 ( 3 * n d i m ) , r ( 3 * n d i m )  
c

d o  1 00 0  i d = l , n d i m
c

i d l  = i d + n d i m  
i d 2  = i d l + n d i m  
r l 2  = r 2 ( i d ) - r l ( i d )

ร ี :  ท ุ๊! s L . . . , , * » - * , * , ,
a4 = - 2 . * r l 2 +  r l ( i d l ) + r 2 ( i d l )  
r ( i d )  = a l + u * ( a 2 + u * ( a 3 + u * a 4 ) ) 
i f ( i d e r . e q . 0) g o t o  1000 
r ( i d l )  = a 2 + u * ( 2 . * a 3 + 3 . * u * a 4 ) 
i f ( i d e r . e q . 1 )  g o t o  1000  
r ( i d 2 )  = 2 . * a 3 + 6 . * u * a 4  

c
1 00 0  c o n t i n u e  

c
r e t u r n
e n d

c * ----------------------------------------------------------------------------------------------------------------------------------------- *
c*  [ l o c u v ]  c a l c u l a t e s  t h e  c o o r d i n a t e s  น , V i n  t h e  p a r a m e t e r  p l a n e  *
c*  o f  a  p o i n t  o n  a  F e r g u s o n  s u r f a c e  g i v e n  b y  i t s  3D c o o r d i n a t e s  *
Q * ------------------- ---------------------------------------------------------------------------------- --------------------------------------------------- ★

s u b r o u t i n e  l o c u v ( n p , x p , x l , ทน,n v ,  r )
c

p a r a m e t e r  ( n d 4 = 1 2 , n i t = 1 5 0 )
d i m e n s i o n  r ( n d 4 , * ) , r l ( n d 4 ) , r 2 ( n d 4 ) , r 3 ( n d 4 ) , r 4 ( n d 4 ) , r 5 ( n d 4 ) 
d i m e n s i o n  x p ( 3 , * ) , x l ( 2 , * )
common / s p a /  s p a c , s p m i n
e p s l  = l . e - 1 0
e p s 2  = l . e - 0 5
e p s 3  = 1 . e - 1 5
a n u  = n u - 1
a n v  = n v - 1
s c 0 . 2
d o  3 0 0 0  i p = l , n p  
X = x p ( l , i p )  
y = x p ( 2 , i p )  
z = x p ( 3 , i p )  

c
c  *** i n i t i a l  g u e s s : ( น , v)  o f  t h e  c l o s e s t  s u p p o r t  p o i n t

dmn = l . e + 2 7  
d o  22 i p l = l , ทน*ทV 
xm = r ( 1 , i p l ) - X  
ym = r ( 2 ,  i p l ) - y  
zm = r ( 3 , i p l ) - z  
d t  = s qr t (xm*xm+ym*ym+zm*zm)  
i f ( d t . I t . dmn) t h e n  

dmn = d t  
i p k  = i p l  

e n d i f
22 c o n t i n u e

i v  = ( i p k - l ) / n u + l  
i u  = i p k - ( i v - 1 ) *ทน 
u n  = i u - 1  
v n  = i v - 1  

c
c  *** i t e r a t i o n  f o r  f i n d i n g  t h e  l o c a l  c o o r d i n a t e s

d o  1 00 0  i t = l , n i t  
i u  = i n t ( u n )  
i v  = i n t ( v n )
i f ( i u . e q . ( n u - 1 ))  i u  = i u - 1
i f ( i v . e q . ( n v - 1 ) ) i v  = i v - 1
u l  = u n - i u
v l  = v n - i v
i p l  = i u + i v * n u + l
i p 2  = i p l + 1
i p 3  = i p l + n u
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i p 4  = i p 3 + l  
do  100 i d = l , n d 4  
r l ( i d )  = r ( i d , i p l )  
r 2 ( i d )  = r ( i d , i p 2 )  
r 3 ( i d )  = r ( i d , i p 3 ) 
r 4 ( i d )  = r ( i d , i p 4 )

100 c o n t i n u e
c a l l  f g s u r f ( I , r l , r 2 , r 3 , r 4 , u l , v l , r 5 )  
r x n  = r 5  ( 1 ) 
r y n  = r 5  (2) 
r z n  = r 5 (3) 
r u x  = r 5 (4) 
r u y  = r 5  (5) 
r u z  = r 5 ( 6 )  
r v x  = r  5 ( 7 ) 
r v y  = r 5 (8) 
r v z  = r 5 ( 9 )  

c
c  *** d i s t a n c e  b e t w e e n  c u r r e n t  p o i n t  a n d  t a r g e t  p o i n t
c

d r x  = x - r x n  
d r y  = y - r y n  
d r z  = z - r z n
drm = s q r t ( d r x * d r x + d r y * d r y + d r z * d r z )

c
c  *** e n d  o f  i t e r a t i o n  c h e c k  i n  g l o b a l  c o o r d i n a t e s

i f ( d r m . I t . 0 . 0 0 0 1 * s p m i n )  g o t o  2000 
c
c  *** c a l c u l a t e s  t h e  p r o j e c t e d  v e c t o r  i n  t h e  t a n g e n t  p l a n e  
c  a n d  t h e  d i r e c t i o n  o f  a d v a n c e  i n  t h e  p a r a m e t e r  p l a n e
c

e = r u x * r u x + r u y * r u y + r u z * r u z  
g = r v x * r v x + r v y * r v y + r v z * r v z  
i f ( e . l e . e p s 2 ) t h e n  

d u n  = 0 .
d v n  = ( d r x * r v x + d r y * r v y + d r z * r v z ) / g  

e l s e  i f ( g . l e . e p s 2 ) t h e n
d u n  = ( d r x * r u x + d r y * r u y + d r z * r u z ) / e  
d v n  = 0 .

e l s e  i f ( e . g t . e p s 2 . a n d . g . g t . e p s 2 )  t h e n  
d u n  = ( d r x * r u x + d r y * r u y + d r z * r u z ) / e  
d v n  = ( d r x * r v x + d r y * r v y + d r z * r v z ) / g

e l w r i t e ( * , 3 0 )
s t o p

e n d i f
c
c  *** e n d  o f  i t e r a t i o n  c h e c k  i n  l o c a l  c o o r d i n a t e s  
c

t o l  = s q r t ( d u n * d u n + d v n * d v n )  
i f ( t o l . I t . e p s 2 ) g o t o  2 0 0 0  

c
c  *** new p o s i t i o n
c

u n  = u n + s c * d u n  
v n  = v n + s c * d v n  
u n  = m a x ( u n , 0 . 0 )  
v n  = m a x ( v n , 0 . 0 )  
u n  = m i n ( u n , a n u )  
v n  = m i n ( v n , a n v )

1 000  c o n t i n u e
w r i t e ( * , 2 0 )

2 00 0  c o n t i n u e
i f ( d r m . g t . 0 . 0 1 * s p m i n )  w r i t e ) * , 10) d r m , i p  
x l ( 1 , i p )  = un  
x l ( 2 , i p )  = vn  

3 00 0  c o n t i n u e  
c . . .

10 f o r m a t ( '  f a c e t - w a r  > d i s t a n c e  = ' , £ 8 . 5 ,  1 f o r  p o i n t  ' , i 5) 
20 f o r m a t ( / / , '  f a c e t - w a r  > s u b r o u t i n e  l o c u v ' , / ,

1 n u m b e r  o f  i t e r a t i o n s  e x c e e d e d ' )
30 f o r m a t ) / / , ' f a c e t - e r r  > s u b r o u t i n e  l o c u v ' , / ,

' n u l l  t a n g e n t  v e c t o r s ' )
c

r e t u r n
e n d
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c
c -----
c

c *** 

c

c

c

c
c
c

c  *** 
c  * * *  
c

c

c  *** 
c

c  *** 
c

1000
c  *** 
c

c  * * *  
c

c

c

s u b r o u t i n e  i n t e r ( i i n , x l , y l , x 2 , y 2 , x 3 , y 3 , X ,  y) 
d e t e r m i n a n t  f u n c t i o n
d e t e r ( p i , q l , p 2 , q 2 , p 3 , q 3 ) = p 2 * q 3 - p 3 * q 2 - p l * q 3 + p 3 * q l + p l * q 2 - p 2 * q l

a r e a 2 = d e t e r ( x l , y l , x 2 , y 2 ,  x 3 ,  y3) 
i f ( a r e a 2 . I t . 1 . e - 1 2 )  r e t u r n

a l “ d e t e r ^ x 1C? y ^ / x 2 / y 2 , x 3 , y 3 )  * a r e a 2  
a 2 = d e t e r  ( x l ,  y l , X , y  , x 3 ,  y3)  * a r e a 2 .  
a 3 = l . - a l - a 2
w c o m p = m i n ( a l , a 2 ,  a3  ) 
i f ( w c o m p . I t . - 0 . 0 0 1 )  i i n = 0
r e t u r n
e n d

s u b r o u t i n e  p o s s i b ( k n l , k n , k p , x n l , y n l , x n , y n , x p , y p , n o n f , 
n o n r , i p f r , i q f r , n r e g i , c o o r , i y o n )

t h i s  s u b r o u t i n e  f i n d s  o u t  w h e t h e r  c o n n e c t i o n  w h i t h  p o i n t  kp  
i s  p o s s i b l e  i y o n = l  o r  n o t  i y o n = 0
d i m e n s i o n  n r e g i ( 1 ) 1 i p f r ( 1 ) , i q f r ( 1 ) 1 c o o r ( 2 , 1 )

i y o n = l
l o o p  o v e r  t h e  f r o n t  n o d e s
d o  1 000  i t = l , n o n r  
k j = n r e g i  ( i t )
i f ( k j . e q . k n l . o r . k j . e q . k n . o r . k j . e q . k p )  g o t o  1000 
x t = c o o r ( 1 , k j ) 
y t = c o o r ( 2 , k ] )
c h e c k  i f  t h e  p o i n t  i s  i n t e r i o r
c a l l  i n t e r ( i i n , x n l , y n l , x n , y n , x p , y p , x t , y t )
i f ( i i n . e q . O )  g o t o  1000
i y o n = 0
r e t u r n
c o n t i n u e
e q u a t i o n  o f  t h e  m i d - b a s e  ะ kp l i n e
x m b = 0 . 5 * ( x n l + x n )  
y m b = 0 . 5 * ( y n l + y n )  
a s = y m b - y p  
b s = x p - x m b
c s = ( x m b - x p ) * y m b + ( y p - y m b ) * x m b
l o o p  o v e r  t h e  f r o n t  s i d e s  : c h e c k  f o r  i n t e r s e c t i o n

d o  2 0 0 0  i r = l , n o n f  
k n t l = i p f r ( i r )  
i f ( k n t l . e q . 0) g o t o  2 000  
k n t = i q f r ( i r )
i f {k n t l . e q . k n l . a n d . k n t . e q . kn) g o t o  2000 
i f ( k n t 1 . e q . k p . o r . k n t . e q . kp) g o t o  2000

x n t l = c o o r ( 1 , k n t l ) 
y n t l = c o o r ( 2 , k n t l )  
x n t = c o o r ( 1 , k n t )  
y n t = c o o r ( 2 , k n t )
a t = y n t l - y n t
b t = x n t - x n t l
c t =  ( x n t l - x n t  ) * y n t l  + . ( y n t - y n t l  ) * x n t l



182

ร l = a t * x m b + b t * y m b + c t  
ร 2 = a t * x p + b t * y p + c t  
ร 3 = a s * x n t l + b s * y n t l + c s  
ร 4 = a s * x n t + b s * y n t + c s  

c
s i g l = s l * s 2
s i g 2 = s 3 * s 4
i f ( s i g l . g t . 0 . 0 . o r . s i g 2 . g t . 0 . 0 )  g o t o  2000  
i y o n = 0  
r e t u r n  

c
2 00 0  c o n t i n u e  

c
r e t u r n
e n d

c
c ----------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  s m o o t ( n d i m n , n n o d e , n e l e m , n p o i n ,  n sm oo ,
* l c o o r , l c o r e , i n t m a t , c o o r d , c o o r O )

c
d i m e n s i o n  c o o r d ( 2 , * ) , c o o r O ( 2 , * )  
d i m e n s i o n  r d i v n ( 3 0 ) , X ( 6 , 2 )  
d i m e n s i o n  l c o o r  ( * ) ,  l c o r e  0* ) 
d i m e n s i o n  i n t m a t ( 3 , * ) , n o d e (6)
n d i v n = 3 0

c
d o  500 i d i v n = l , n d i v n  
r d i v n ( i d i v n ) = 1 . / r e a l ( i d i v n )

500  c o n t i n u e  
c
c  *** s m o o t h  o u t  t h e  g r i d  i n  nsmo o s t e p s  
c

i f ( n s m o o . e q . 0 )  g o t o  100 01  
c

d o  1 00 00  i s m o o = l , n s m o o  
c
c *** s e t  c o o r 0 = 0  
c

d o  1200  i p = l , n p o i n  
d o  1 201  i d = l , 2  
c o o r O ( i d , i p ) = 0 . 0  

1201  c o n t i n u e  
1 200  c o n t i n u e  
c
c  * * *  l o o p  o v e r  t h e  e l e m e n t s  
c

d o  2 00 0  i e l e m = l , n e l e m  
d o  2 10 0  i c = l , n n o d e  
i n = i n t m a t ( i c , i e l e m )  
d o  2 101  i d = l , n d i m n  
x (  i c , i d ) = c o o r d ( i d , i n )
X ( n n o d e + i c , i d ) = c o o r d ( i d ,  i n )

2 101  c o n t i n u e
n o d e ( i c ) = i n  

2 10 0  c o n t i n u e
d o  2 20 0  i c = l , n n o d e  
i n = n o d e ( i c )
i f ( l c o o r ( i n ) . n e . 0)  g o t o  2 199  
d o  2 30 0  j c = l , n n o d e - l  
d o  2 301  i d = l , n d i m n
c o o r O ( i d , i n ) = c o o r 0 ( i d , i n ) + x ( i c + j c , i d )

2 301  c o n t i n u e  
2 30 0  c o n t i n u e
2 19 9  c o n t i n u e
2 20 0  c o n t i n u e  

c
2 000  c o n t i n u e  

c
d o  3 000  i c o o r = l , n p o i n  
i f ( l c o o r ( i c o o r ) . n e . 0 )  g o t o  3000  
i s = 2 * l c o r e ( i c o o r ) 
c n = r d i v n ( i s )
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d o  3 10 0  i d = l . n d i m n
c o o r d ( i d , i c o o r ) = c n * c o o r 0 ( i d , i c o o r )

3100  c o n t i n u e  
3 000  c o n t i n u e  

c
10000  c o n t i n u e
10001  c o n t i n u e  
c

r e t u r n
e n d

c
c ----------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  o r d e r ( n l , i p f r , i q f r , c o o r , d i s w ,  d i s w l ) 
c

d i m e n s i o n  i p f r ( 1 ) , i q f r ( 1 ) , c o o r ( 2 , 1 )
c

d i s w = l . e +6
d o  1 00 0  i l = l , n l  
k n = i q f r ( i l )  
k n l = i p f r ( i l )  
x n = c o o r ( 1 , kn)  
y n = c o o r ( 2 , kn)  
x n l = c o o r ( 1 , k n l )  
y n l = c o o r ( 2 , k n l )  
x l 2  = x n l - x n
d i s = s q r t ( X l 2 * x l 2 + y l 2 * y l 2 )
i f ( d i s . I t . d i s w l )  g o t o  1000
i f ( d i s . g t . d i s w )  g o t o  1 000
i w h = i l
d i s w = d i s
i q = k n
i p = k n l

1000  c o n t i n u e  
c
c  *** s w a p  v a l u e s  
c

i p f r ( i w h ) = i p f r  ( n l )  
i q f r ( i w h ) = i q f r ( n l )  
i p f r ( n l ) = i p  
i q f r ( n l ) = i q  

c
r e t u r n
e n d

c

s u b r o u t i n e  b o u n d ( n p o i n , n e l e m , I c o o r , i n t m a t )
d i m e n s i o n  I c o o r ( n p o i n ) , i n t m a t ( 3 , n e l e m )
t h i s  s u b r o u t i n e  f i n d s  o u t  t h e  b o u n d a r y  p o i n t s  

I c o o r ( i p o i n ) . e q .0  - - >  i n t e r i o r  
I c o o r ( i p o i n ) . n e .0  — > b o u n d a r y

d o  1 00 0  i p = l , n p o i n  
I c o o r ( i p ) - 0  
c o n t i n u e
l o o p  o v e r  t h e  e l e m e n t s
d o  2 0 0 0  i e = l , n e l e m  
d o  2 0 0 1  i n = l , 3  
i n l = i n + l
i f { i n i . g t . 3 )  i n l = i n l - 3  
i n 2 = i n + 2
i f ( i n 2 . g t . 3 )  i n 2 = i n 2 - 3  
i p = i n t m a t ( i n , i e )
I c o o r ( i p ) = l c o o r ( i p ) t i n t m a t ( i n 2 , i e ) - i n t m a t ( i n i ,  i e )
c o n t i n u e
c o n t i n u e
r e t u r n
e n d

c
c
c
Q * * *
C
c
c

1000
c  *** 
c

20012000
c

c



184

C --------------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  c o n r e ( n p o i n , n e l e m , i n t m a t , l c o r e )  
c

d i m e n s i o n  i n t m a t ( 3 , n e l e m ) , l c o r e ( n p o i n )  
c

d o  1 0 0 0  i p = l , n p o i n  
l c o r e ( i p ) =0 

1 00 0  c o n t i n u e  
c

d o  2 0 0 0  i e = l , n e l e m  
d o  2 0 0 1  i n = l , 3 
i p = i n t m a t ( i n ,  i e )  
l c o r e ( i p ) = l c o r e ( i p ) +1 

2 0 0 1  c o n t i n u e  
2 0 0 0  c o n t i n u e  

c
r e t u r n
e n d

c
c  --------------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  s i d e s ( n e l e m , n p o i n , i l o c a , i n t m a t , i s i d e , l w h e r ,  lhowm,  
* i c o n e )

c
d i m e n s i o n  i n t m a t ( 3 , 1 )  , i s i d e ( 4 , 1 )  
d i m e n s i o n  l w h e r ( 1 ) , l howm!  1 ) , i c o n e (1) 

c
c  ***  f i l l  i n  lhowm ะ n r .  o f  e l e m e n t s  p e r  n o d e  
c

d o  1 4 9 0  i p = l , n p o i n  
l h o w m ( i p ) =0 

1 490  c o n t i n u e
d o  1 50 0  i e = l , n e l e m  
do  1 5 0 0  i n = l , 3  
i p = i n t m a t ( i n , i e )  
l h o w m ( i p ) = l h o w m ( i p ) +1 

1 500  c o n t i n u e  
c
c  *** f i l l  i n  l w h e r  : l o c a t i o n  o f  e a c h  n o d e  i n s i d e  i c o n e

l w h e r ( 1 ) = 0
d o  1 6 0 0  i p = 2 , n p o i n
l w h e r ( i p ) - l w h e r ( i p - 1 ) + l h o w m ( i p - l )

1 60 0  c o n t i n u e  
c
c  *** f i l l  i n  i c o n e  : e l e m e n t s  i n  e a c h  n o d e  
c

d o  1 6 9 0  i p = l , n p o i n  
lh owm ( i p )  =0 

1 69 0  c o n t i n u e
d o  1 7 0 0  i e = l , n e l e m  
d o  1 7 0 1  i n = l , 3  
i p = i n t m a t ( i n ,  i e ) 
l h o w m ( i p ) = l h o w m ( i p ) +1 
j l o c a = l w h e r ( i p ) + l h o w m ( i p )  
i c o n e ( j l o c a ) = i e  

1701  c o n t i n u e  
1700-  c o n t i n u e  

c
c  *** l o o p  o v e r  t h e  n o d e s  
c

i l o c a = 0
c

do  3 00 0  i p = l , n p o i n  
i l o c l = i l o c a  
i e l e = l h o w m ( i p )  
i f ( i e l e . e q . 0 )  g o t o  3000  

c
c  *** i n i t i a l i z e  i s i d e  -------> i m p o r t a n t  f o r  b o u n d a r y  s i d e s

d o  3 0 0 1  i s = l , i e l e + 2  
i s i d e ( 3 , i s + i l o c l ) =0 
i s i d e ( 4 , i s + i l o c l )=0 

3 001  c o n t i n u e  
c

i w h e r = l w h e r ( i p )
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c
c  *** l o o p  o v e r  e l e m e n t s  s u r r o u n d i n g  t h e  p o i n t  i p

d o  3 09 0  i e l = l , i e l e  
i e = i c o n e ( i w h e r + i e l )

c
c  * * *  f i n d  o u t  p o s i t i o n  o f  i p  i n  t h e  c o n n e c t i v i t y  m a t r i x

d o  3 091  i n = l , 3  
i n l = i n
i p t = i n t m a t ( i n , i e )  
i f ( i p t . e q . i p )  g o t o  3 092

3 091  c o n t i n u e
3 092  c o n t i n u e

d o  3 10 0  j = l , 2 
i n 2 = i n l + j
i f ( i n 2 . g t . 3 )  i n 2 = i n 2 - 3  
i p 2 = i n t m a t ( i n 2 , i e )
i f ( i p 2 . I t . i p l ) g o t o  3100  

c
c  *** c h e c k  t h e  s i d e  ---------> new o r  o l d
c

i f ( i l o c a . e q . i l o c l )  g o t o  7304  
d o  5 6 0 0  i s - i l o c l + 1 , i l o c a
i f ( i s i d e ( 2 , i s ) . e q . i p 2 ) g o t o  7303  

5 60 0  c o n t i n u e  
7 304  c o n t i n u e  

c
c  *** n ew  s i d e  
c

i l o c a = i l o c a + l  
i s i d e ( 1 , i l o c a ) = i p l  
i s i d e ( 2 , i l o c a ) = i p 2  
i s i d e ( 2 + j , i l o c a ) - i e  
g o t o  3012  

c
c  *** o l d  s i d e
c

7 303  c o n t i n u e
i s i d e ( 2 + j , j l o c a ) = i e  

3 012  c o n t i n u e  
c

3 100  c o n t i n u e
3 09 0  c o n t i n u e

d o  8 00 0  i s = i l o c l + l , i l o c a  
i f ( i s i d e ( 3 , i s ) . n e . 0)  g o t o  8000  
i s i d e ( 3 , i s ) = i s i d e ( 4 , i s )  
i s i d e ( 4 , i s )=0  
i s i d e (1 ,  i s ) = i s i d e ( 2 , i s ) 
i s i d e ( 2 , i s ) = i p l  

8 000  c o n t i n u e  
c

3 000  c o n t i n u e  
c

r e t u r n
e n d

c
c --------------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  s w a p d ( n s i d e , i s i d e , i n t m a t ,  I c o r e ,
* I c o i d , c o o r d , ทน,n v , r )

c
d i m e n s i o n  i s i d e ( 4 , * ) , i n t m a t ( 3 , * )  
d i m e n s i o n  I c o r e ( * ) , I c o i d ( * ) , c o o r d ( 2 , * )  
d i m e n s i o n  r ( 1 2 , * )  

c
c  *** t h i s  s u b r o u t i n e  s w a p s  t h e  d i a g o n a l s  t o  o b t a i n  a mo re  
c *** e v e n  d i s t r i b u t i o n  o f  e l e m e n t s  p e r  n o d e

d e t e r ( p i , q l , p 2 , q 2 , p 3 , q 3 ) = p 2 * q 3 - p 3 * q 2 - p l * q 3 + p 3 * q l + p l * q 2 - p 2 * q l  
c



d o  2 0 0 0  i s = l , n s i d e  
i l = i s i d e ( 1 , i s )  
i 2 = i s i d e ( 2 , i s )  
i e l = i s i d e ( 3 , i s )  
i e 2 = i s i d e ( 4 , i s )  

c
c  *** c h e c k  f o r  b o u n d a r y  s i d e s  
c

i f ( i e 2 . e q . O )  g o t o  2000  
c
c  *** d e t e r m i n e  i 3  & i 4  
c

d o  5 0 0 0  i n = l , 3  
i n l = i n + l
i f ( i n i . g t . 3) i n l = i n l - 3  
i n 2 = i n + 2
i f ( i n 2 . g t . 3 )  i n 2 = i n 2 - 3  
i p l l = i n t m a t ( i n ,  i e l )  
i p l 2 = i n t m a t ( i n i ,  i e l )  
i p l 3 = i n t m a t ( i n 2 ,  i e l )
i f ( i p 1 1 . e q . i l . a n d . i p l 2 . e q . i 2 ) i 3 = i p l 3  
i p 2 1 - i n t m a t ( i n , i e 2 ) 
i p 2 2 = i n t m a t ( i n i , i e 2 ) 
i p 2 3 = i n t m a t ( i n 2 , i e 2 )
i f ( i p 2 1 . e q . i 2 . a n d . i p 2 2 . e q . i l )  i 4 = i p 2 3  

5 0 0 0  c o n t i n u e  
c
c  ***  f i n d  ' d e f i c i t '  o r  ' s u p e r h a v i t ' o f  c o n n e c t i v i t i e s  
c

i h l = a b s ( l c o r e ( i l ) - l c o i d ( i l ))  
i h 2 = a b s ( l c o r e ( i 2 ) - l c o i d ( i 2 ) ) 
i h 3 = a b s ( l c o r e ( i  3 ) - l c o i d ( i 3 ) ) 
i h 4 = a b s ( l c o r e  <i 4 ) - l c o i d ( ±4 ) )  
i h f l = a b s ( l c o r e ( i l ) - 1 - l c o i d ( i l ) ) 
i h f 2 = a b s ( l c o r e ( i 2 ) - 1 - l c o i d ( i 2 ))  
i h f 3 = a b s ( l c o r e ( ± 3 ) + 1 - l c o i d (X 3 ) )  
i h f 4 = a b s ( l c o r e ( X 4 ) + 1 - l c o i d (X 4 ) )  

c
c  *** c h e c k  i f  i t  i s  w o r t h  t o  swap

i a c t u = i h l + i h 2 + i h 3 + i h 4  
i f u t u = i h f l + i h f 2 + i h f 3 + i h f 4 
i f ( i a c t u . g t . i f u t u )  i s w a p = l  
i a m = m a x ( i h l , i h 2 , i h 3 , i h 4 )  
i f m = m a x ( i h f l , i h f 2 , i h f 3 , i h f 4 )
i f ( i a c t u . e q . i f u t u . a n d . i a m . g t . ( i f m + 1 ))  i s w a p = l  
i f ( i s w a p . e q . 0 )  g o t o  2 000  

c
c  *** c h e c k  a r e a  
c

u l = c o o r d ( 1 , i l )  
v l = c o o r d ( 2 , i l )
น3 = c o o r d ( l , x 3 ) 
v 3 = c o o r d ( 2 , X  3) 
u 4 = c o o r d ( 1 , i 4 )
i f ( d e t e r ( u l , v l , น4 , v 4 , น3 , v 3 ) . l e . 0 . 0 )  g o t o  2000  
น2 = c o o r d ( 1 , i 2 ) 
v 2 = c o o r d ( 2 , i 2 )
i f ( d e t e r (น3 , v 3 , น4 , v 4 , น2 , v 2 ) . l e . 0 . 0 )  g o t o  2 000  

c
c  *** c u r v e d  s u r f a c e s :  a n  a d d i t i o n a l  c h e c k i n g  
c

c a l l  g e t p t ( u l , v l , ทน,n v , r , x l , y l , z l )  
c a l l  g e t p t (น2 ,  v 2 , ทน, n v ,  r , x 2 , y 2 , z2 ) 
c a l l  g e t p t ( u 3 , v 3 , ทน,n v , r , x 3 , y 3 , z 3 ) 
c a l l  g e t p t (น4 , v 4 , ทน,n v , r , x 4 1 y 4 , z 4 ) 
a l l  = น2 - u l  
a l 2  = น3-น4 
a 2 1  = v 2 - v l  
a 2 2  = v 3 - v 4  
b l  = u 3 - u l

1 00 0  i c h a n = 0

d t  = 1 ? 0 / ( a l l * a 2 2 - a l 2 * a 2 1 )
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i f ( a b s ( d t ) . I t . l . e - 0 6 )  p r i n t  * 1 ' e r r o r :  w r o n g  d t 1 
f l  = d t * ( a 2 2 * b l - a l 2 * b 2 ) 
f 2  = d t * ( - a 2 1 * b l + a l l * b 2 )
i f ( f 1 . I t . 0 . 0 . o r . f 1 . g t . 1 . 0 )  p r i n t  * 1 ' e r r o r :  w r o n g  f 1 '  
i f ( f 2 . I t . 0 . 0 . o r . f 2 . g t . 1 . 0 )  p r i n t  * , '  e r r o r :  w r o n g  f 2 ' 
น = u l + f l * a l l  
V = v l + f l * a 2 1
c a l l  g e t p t ( น , V , ทน,n v , r , x p , y p , z p )
X l 2  = x l + f l * ( x 2 - x l )  
y l 2  = y l + f l * ( y 2 - y l ): HU-r-;-;d 34  = ( x 3 4 - x p ) * * 2 + ( y 3 4 - y p ) * * 2 + ( z 3 4 - z p ) * * 2  
i f ( d 3 4 . g t . d l 2 ) g o t o  2 00 0  

c
c  *** s wa p
c

i c h a n = i c h a n + l  
i n t m a t ( 1 , i e l ) = i l  
i n t m a t ( 2 , i e l ) = i 4  
i n t m a t ( 3 ,  i e l ) = i 3  
i n t m a t ( 1 ,  i e 2 ) = i 3  
i n t m a t (2 ,  i e 2 ) = i 4  
i n t m a t ( 3 , i e 2 ) = i 2  
l c o r e ( i l ) = l c o r e ( i l ) - 1  
l c o r e ( ± 2 ) = l c o r e ( ± 2 ) - 1  
l c o r e ( i 3 ) = l c o r e ( ± 3 ) +1 
l c o r e (X 4 ) = l c o r e ( ± 4 )+ 1

c
c  *** d e t e c t  t h e  s i d e s  i l - i 4  a n d  i 3 - i 2  
c

i s t l = 0
i s t 2 = 0
d o  4 000  i s t = l , n s i d e  
i l t = i s i d e ( 1 , i s t )  
i 2 t = i s i d e ( 2 , i s t )
i f ( ( i l t . e q . i l . a n d . i 2 t . e q . i 4 ) . o r . ( i l t . e q . i 4 . a n d . i 2 t . e q . i l ) )

* i s t l = i s t
i f ( ( i l t . e q . i 3 . a n d . i 2 t . e q . i 2 )  . o r .  ( i l t . e q . i 2 . a n d . i 2 t . e q . i 3 ) )

* i s t 2 = i s t
4000

4001

i f ( i s t l . n e . 0 . a n d . i s t 2 . n e . 0 )  g o t o  
c o n t i n u e
p r i n t  * , 1 e r r o r  i n  s w a p d i  ' 
s t o p
c o n t i n u e
i f ( i s i d e ( 3 , i s t l ) . e q . i e 2 )  i s i d e ( 3 ,  
i f ( i s i d e ( 4 , i s t l ) . e q . i e 2 )  i s i d e ( 4 ,  
i f ( i s i d e ( 3 , i s t 2 ) . e q . i e l )  i s i d e ( 3 ,  
i f ( i s i d e ( 4 , i s t 2 ) . e q . i e l )  i s i d e ( 4 ,

4001

i s t l ) = i e l  
i s t l ) = i e l  
i s t 2 ) = i e 2  
i s t 2 ) = i e 2

c
c *** u p d a t e  i s i d e  
c

i s i d e ( 1 , i s ) = i 4  
i s i d e ( 2 , i s ) = i 3

2 000  c o n t i n u e
c

p r i n t  1 0 0 2 , i c h a n
1002 f o r m a t ( i 6 , '  s i d e s  h a v e  b e e n  s w a p p e d ' )

i f ( i c h a n . g e . 1 )  g o t o  1000  
c

r e t u r n
e n d

c
c ----------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  g e t p t ( u , v , n u , n v , r , x , y , z )
c

d i m e n s i o n  r  ( n d 4 , 1 )  , r l ( n d 4 )  , r 2 ( n d 4 )  , r 3 ( n d 4 )  , r 4 ( n d 4 )  , r 5 ( n d 4 )  
c

i u  = i n t (น) 
i v  = i n t ( v )
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i f ( i u . e q . ( ท น - ! ) )  i u  = i u - 1
i f ( i v . e q . ( n v - 1 ) )  i v  = i v - 1ul = U-1U
v l  = v - i v
i p l  = i u + i v * n u + l
i p 2  = i p l + 1
i p 3  = i p l + n u
i p 4  = i p 3 + l
d o  100 I d = l , n d 4
r l ( i d )  = r ( i d , i p l )
r 2 ( i d )  = r ( i d , i p 2 )
r 3 ( i d )  = r ( i d , i p 3 )
r 4 ( i d )  = r ( i d , i p 4 )

100 c o n t i n u e
c a l l  f g s u r f ( l , r l , r 2 , r 3 , r 4 , u l , v l , r 5 )X = r 5 (1) 
y = r 5 < 2 )  
z = r 5 (3) 
r e t u r n  
e n d  

c
c --------------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  e a t t r ( n p o i n , n e l e m , n s i d e , i n t m a t , i s i d e ,  l c o o r , l p o s i ,  
* I w h e r , l h o w m , l c o r e ,  l c o i d ,  i c o n e ,  c o o r d )

c
p a r a m e t e r ( m x p o i = 4 0 0 0 0 )
d i m e n s i o n  i n t m a t ( 3 , 1 ) , i s i d e ( 4 , 1 )  , l c o o r (1) 
d i m e n s i o n  l p o s i ( 1 ) , I w h e r ( 1 ) , l h o w m (1) 
d i m e n s i o n  l c o r e ( 1 ) , l c o i d ( 1 ) , i c o n e (1) 
d i m e n s i o n  c o o r d ( 2 , 1 ) , l e a t ( m x p o i )  

c
c  *** t h i s  s u b r o u t i n e  r e m o v e s  t h e  p o i n t s  w h e r e  o n l y  t h r e e  
c  *** e l e m e n t s  c o i n c i d e  
c

i f ( m x p o i . l e . n p o i n )  s t o p  1 i n c r e a s e  d i m e n s i o n s  i n  e a t  3 s  ' 
d o  1988  i = l , n p o i n  

1 988  l e a t ( i )  =0 
c

n t r e s = 0
k p o i n = 0

c
c  *** l o o p  o v e r  n u m b e r  o f  n o d e s
c

d o  1 000  i p = l , n p o i n  
k p o i n = k p o i n + l  
l p o s i ( i p ) = k p o i n

c
c  * * *  i f  i t ' s  a l r e a d y  b e e n  e a t e n  l e a v e  i t

i f ( l e a t ( i p ) . n e . 0 )  g o t o  1 000
c
c *** i f  b o u n d a r y  p o i n t  l e a v e  i t

i f ( l c o o r ( i p ) . n e . 0 )  g o t o  1000
c
c *** c h e c k  n u m b e r  o f  e l e m e n t s

i f ( l c o r e ( i p ) . n e . 3)  g o t o  1000
c
c *** a  p o i n t  w i t h  o n l y  t h r e e  e l e m e n t s
c

n t r e s = n t r e s + l  
k p o i n = k p o i n - l  
l p o s i ( i p ) =0

c
c * * *  g e t  t h e  e l e m e n t s  f r o m  i c o n e
c

i l o c a = l w h e r ( i p )  
i e l = i c o n e ( i l o c a + l )  
i e 2 = i c o n e ( i l o c a + 2 )  
i e 3 = i c o n e ( i l o c a + 3 )

c
c *** g e t  new c o n n e c t i v i t y  p o i n t  f o r  i e l  f r o m  i e 2  
c

i p l = i n t m a t ( 1 , i e l ) 
i p 2 = i n t m a t ( 2 ,  i e l )



i p 3 = i n t m a t (3 ,  i e l )  
c

do  1 002  i n = l , 3  
i p t = i n t r a a t ( i n ,  i e 2 )
i f ( i p t . n e . i p l . a n d . i p t . n e . i p 2 . a n d . i p t . n e . i p 3 ) i n o = i p t

1002  c o n t i n u e  
c
c  *** r e p l a c e  c o n n e c t i v i t y  

do  1 003  i n = l , 3
i f ( i n t m a t ( i n , i e l ) . e q . i p )  i n t m a t ( i n ,  i e l ) = i n o  
l c o r e ( i n t m a t ( i n , i e l ) ) = l c o r e ( i n t m a t ( i n , i e l ) ) - 1  
l e a t ( i n t m a t ( i n , i e l ) ) = 1

1 003  c o n t i n u e
d o  1 00 4  i n = l , 3  
i n t m a t ( i n , i e 2 ) = 0  
i n t m a t ( i n , i e 3 ) =0

1004  c o n t i n u e  
c

1 00 0  c o n t i n u e  
c
c  *** t r a n s f e r  
c

do  2 0 0 0  i p = l , n p o i n

ร ฺร ร ่& พ ฺ 2000
l c o o r ( i l ) = l c o o r ( i p )  
l c o r e ( i l ) = l c o r e ( i p )
I c o i d ( i l ) = l c o i d ( i p )
do  2 0 0 1  i d = l , 2
c o o r d ( i d , i l ) = c o o r d ( i d , i p )

2 0 0 1  c o n t i n u e  
2 00 0  c o n t i n u e  

c
j  e=0
d o  3 0 0 0  i e = l , n e l e m
i f ( i n t m a t ( 1 , i e ) . e q . 0) g o t o  3000
d o l o o î  i n - 1 , 3 
i o l d = i n t m a t ( i n ,  i e )  
i n e w = l p o s i ( i o l d )  
i n t m a t ( i n , j e ) = i n e w  

3 001  c o n t i n u e  
3 0 0 0  c o n t i n u e  

c
c  *** g e t  n p o i n  a n d  n e l e m
c

n p o i n = n p o i n - n t r e s
n e l e m = n e l e m - 2 * n t r e s

c
c  *** o u t p u t  n r .  o f  e a t e n  p o i n t s
c

p r i n t  * , 1 *** n r .  o f  3 ” s  r e m o v e d  = ' , n t r e s  
c
c  *** f i l l  i n  i s i d e  
c

c a l l  s i d e s ( n e l e m , n p o i n , n s i d e , i n t m a t , i s i d e , l w h e r ,  lhowm,  i c o n e )  
c

r e t u r n
e n d

c
c --------------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  a r e a c h ( n p o i n , n e l e m , i n t m a t ,  c o o r d )  
c

d i m e n s i o n  c o o r d ( 2 , n p o i n ) , i n t m a t (3 ,  n e l e m )
c
c  *** d e t e r m i n a n t  f u n c t i o n

d e t e r ( p i , q l , p 2 , q 2 , p 3 , q 3 ) = p 2 * q 3 - p 3 * q 2 - p l * q 3 + p 3 * q l + p l * q 2 - p 2 * q l

i r ï t e ^ ,  8 88)  n e l e m  
888 f o r m a t ( i l 2 )

d o  1 00 0  i e = l , n e l e m  
i l = i n t m a t ( 1 ,  i e )
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i 2 = i n t m a t ( 2 , i e )  
i 3 = i n t m a t ( 3 , i e )  
w r i t e ( 9 , 9 9 9 )  l e ,  i l ,  i 2 ,  i 3  

999  f o r m a t ( 4 i 8)
x l = c o o r d ( 1 , i l ) 
x 2 = c o o r d ( 1 , i 2 )  
x 3 = c o o r d ( 1 , ± 3 )  
y l = c o o r d ( 2 , i l )  
y 2 = c o o r d ( 2 , i 2 )  
y 3 = c o o r d ( 2 , i 3 )

i f ( d e t e r ( x l , y l , x 2 , y 2 , x 3 , y 3 ) . g t . 0 . 0 )  g o t o  1000
p r i n t  1 0 0 2 , i e , i l , x l , y l , i 2 , x 2 , y 2 , i 3 , x 3 , y 3  

1 00 2  f o r m a t ( '  a r e a  e r r o r  i n  e l e m e n t  ' , i 5 , / .* ' n o d e 1 = ' / 15 / x l  = ' , f i o . 5 , ' y l  = ' , f 1 0 . 5 ,  / ,★ ' n o d e 2 = ' , i 5 ,  • X tsj II , f i o . 5 , ' y2 = ' , f 1 0 . 5 ,  / ,
3 ' n o d e 3 = ' / 15 ; x3 = ' , f 1 0 . 5 , ' y 3 = ' , f  1 0 . 5 ,  /  )

c
i s u c c = l

c
1 00 0  c o n t i n u e  

c
i f ( i s u c c . e q . 0) p r i n t  * 1 ' t h e  c h e c k i n g  h a s  b e e n  s u c c e s f u l  ! ! ! ! '  

c
c  * * *  o u t p u t  n u m b e r  o f  n o d e s  a n d  e l e m e n t s
c

p r i n t  2 2 8 , n p o i n , n e l e m
228  f o r m a t ( '  t o t a l  n u m b e r  o f  g e n e r a t e d  p o i n t s  ะ , , i 5 , /

* 1 t o t a l  n u m b e r  o f  g e n e r a t e d  e l e m e n t s  ะ ' , i 5 )
c

r e t u r n
e n d

c
c
c
c
c

1000

s u b r o u t i n e  r f i l i v ( i a , ท , i v a l )
d i m e n s i o n  i a (ท)
d o  1 000  i = l , ท 
i a ( i ) = i v a l  
c o n t i n u e

c
r e t u r n
e n d

c * ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
c*  [ g ln u m ]  g e n e r a t e s  t h e  g l o b a l  m e s h  f r o m  i n d i v i d u a l  m e s h  i n f o r m a t i o n
c * ----------------------------------------------- -------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

s u b r o u t i n e  g l n u m ( n i s  1n s f  , n p  , n e  , l p n p , c o n p , k p n p , k p n e ,  
c o s f , 1 m s f , l p b s , i s b s ,  l p s p ,  c p s p ,  n s p l , n s p 2 ,  
c o s t , l m s t , n w e d , n w f a )

c
p a r a m e t e r  ( n a u x = 2 0 0 0 0 )
d i m e n s i o n  l p n p ( * ) , c o n p ( 3 , * ) , l p b s ( * ) , i s b s (*) 
d i m e n s i o n  k p n p ( * ) , k p n e ( * ) , c o s f ( 2 , * ) , 1 m s f ( 3 , * )  
d i m e n s i o n  c o s t ( 3 , * ) , l m s t ( 4 , * ) , n w e d ( * ) , n w f a (*) 
d i m e n s i o n  l p s p ( * ) , c p s p ( 3 , * ) , n s p l ( * ) , n s p 2 (*) 
d i m e n s i o n  r l ( 1 2 , n a u x ) , r l ( 1 2 ) , r 2 ( 1 2 ) , r 3 ( 1 2 ) , r 4 ( 1 2 ) , r 5 ( 1 2 )  
d i m e n s i o n  k p i p ( n a u x )  

c
c  * * *  e p s  i s  t h e  t o l e r a n c e  f o r  i d e n t i f y i n g  t h e  c o r n e r  p o i n t s ,  
c  t h e  c h e c k  i s  p e r f o r m e d  i n  t e r m s  o f  t h e  3D c o o r d i n a t e s  o f
c  t h e  e d g e s  d e f i n e d  b y  u s e r ,  t h e r e f o r e  i t  d e p e n d s  o n  t h e
c  a c c u r a c y  o f  t h e  g i v e n  d e f i n i t i o n  o f  t h e  e d g e s .
c

e p s  = l . e - 0 5  
c
c  * * *  f i r s t  we d e a l  w i t h  t h e  v e c t o r  c o n t a i n i n g  t h e  p o i n t s  
c  g e n e r a t e d  o n  t h e  e d g e s  o f  t h e  s u r f a c e ,  t h e  new n u m b e r i n g
c  I S  s t o r e d  i n  t h e  v e c t o r  n we d .
c

n p g e  = k p n p ( n i s + 1 ) - 1  
d o  100 i p - 1 , n p g e  
n w e d ( i p )  = 0 

100 c o n t i n u e
c

★
★
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c  *** i d e n t i f i e s  t h e  c o r n e r  p o i n t s  b y  l o o p i n g  o v e r  t h e  e d g e s ,  
c  s t a r t s  t h e  n u m b e r i n g  a n d  s t o r e s  t h e  3D c o o r d i n a t e s  
c

n p  = 0
d o  300 i s = l , n i s  
i p l  = l p n p ( i s )  
i p 2  = l p n p ( i s + l ) - l  
x p l  = c o n p ( l , i p l )  
y p l  = c o n p ( 2 , i p l )  
z p l  = c o n p ( 3 , i p l )  
x p2  = c o n p ( l , i p 2 )  
yp2  = c o n p ( 2 , i p 2 )  
zp 2  = c o n p ( 3 , i p 2 )  

c
c  *** c h e c k s  i f  t h e  e n d  p o i n t s  h a v e  b e e n  i n c l u d e d  i n  t h e  l i s t  
c

i n w l  = 1 
i n w 2  = 1
i f ( n p . n e . O )  t h e n  

d o  200  i p = l , n p  
x d t l  = x p l - c o s t ( 1 , i p )  
y d t l  = y p l - c o s t ( 2 , i p )  
z d t l  = z p l - c o s t ( 3 , i p )
d s t l  = s q r t ( x d t l * x d t l + y d t l * y d t l + z d t l * z d t 1) 
i f ( d s t l . I t . e p s )  t h e n  

i n w l  = 0 
n w e d ( i p l )  = i p  

e n d i f
x d t 2  = x p 2 - c o s t ( 1 , i p )  
y d t 2  = y p 2 - c o s t ( 2 , i p )  
z d t 2  = z p 2 - c o s t ( 3 , i p )
d s t 2  = s q r t ( X d t 2 * x d t 2 + y d t 2 * y d t 2 + z d t 2 * z d t 2 )  
i f ( d s t 2 . I t . e p s )  t h e n  

inw2 = 0 
n w e d ( i p 2 )  = i p  

e n d i f
2 00  c o n t i n u e  

e n d i f
i f ( i n w l . e q . 1 )  t h e n  

n p  = np+1 
c o s t ( l , n p )  = x p l  
c o s t ( 2 , n p )  = y p l  
c o s t ( 3 , n p )  = z p l  
n w e d ( i p l )  = np 

e n d i f
i f ( i n w 2 . e q . 1) t h e n  

n p  = np+1 
c o s t ( l , n p )  = xp2 
c o s t ( 2 , n p )  = yp2 
c o s t ( 3 , n p )  = zp2 
n w e d ( i p 2 )  = np  

e n d i f
300 c o n t i n u e  

c
c  *** n u m b e r s  t h e  r e s t  o f  t h e  p o i n t s  on  t h e  e d g e s

d o  500 i s = l , n i s  
i p l  = l p n p ( i s ) + l  
i p 2  = l p n p ( i s + l ) - 2  
d o  400 i p - i p l , i p 2  
n p  = np+1
c o s t ( l , n p )  = c o n p ( l , i p )
c o s t ( 2 , n p )  = c o n p ( 2 , i p )
c o s t ( 3 , n p )  = c o n p ( 3 , i p )
n w e d ( i p )  = np  

400 c o n t i n u e  
500 c o n t i n u e  

c
c  *** now we d e a l  w i t h  t h e  v e c t o r  c o n t a i n i n g  t h e  p o i n t s  
c  g e n e r a t e d  o n  t h e  f a c e s  o f  t h e  s u r f a c e ,  t h e  new n u i i b e r i n g
c i s  s t o r e d  i n  t h e  v e c t o r  n wed .
c

n p g f  = k p n e ( n s f + 1 ) - 1  
d o  600 i p = l , n p g f  
n w f a ( i p )  = 0 

600 c o n t i n u e
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c  *** f i n d s  t h e  g l o b a l  n u m b e r ,  t h i s  i s  b a s e d  ๐ท t h e  p r o c e d u r e  
c u s e d  t o  f o r m  t h e  i n i t i a l  f r o n t  f o r  t h e  f a c e s ,
c  t h e  e d g e s  a r e  o r d e r e d  a n d  t h e  f a c e s  a r e  c l o s e d ,  t h u s
c  t h e  e n d  p o i n t s  o f  t h e  e d g e  a r e  n o t  t a k e n  i n t o  a c c o u n t
c n o t a t i o n :
c  k p i p  . . . .  i s  a  p o i n t e r  o f  t h e  i n t e r i o r  p o i n t s  o n  a f a c e

d o  900 i s = l , n s f  
k s l  = l p b s ( i s )  
k s 2  = l p b s ( i s + l ) - l  
j p k  = k p n p ( i s ) - l  
d o  800  i k = k s l , k s 2  
k e d  = i s b s ( i k )  
k a b  = a b s ( ke d)  
i f ( k e d . g t . O )  t h e n  

i p l  = l p n p ( k a b )  
i p 2  = l p n p ( k a b + 1 ) - 1  
i k n  = 1 

S 1 S G
i p l  = l p n p ( k a b + 1 ) - 1  
i p 2  = l p n p ( k a b )  
i k n  = - 1  

e n d i f
d o  700  i p = i p l , i p 2 - i k n ,  i k n  
j p k  = j p k + 1  
n w f a ( j p k )  = n w e d ( i p )

700  c o n t i n u e  
800 c o n t i n u e

k p i p ( i s )  = j p k + 1  
900 c o n t i n u e  

c
c  *** f i n a l l y  n u m b e r s  t h e  i n t e r i o r  p o i n t s  o n  t h e  f a c e s  
c  a n d  c o m p u t e s  t h e i r  3D c o o r d i n a t e s .

d o  1 300  i s = l , n s f  
n p u  = n s p l ( i s )  
n p v  = n s p 2 ( i s )  
n l  = l p s p ( i s )
ท2 = l p s p ( i s + l ) - l
i p l  = k p i p ( i s )
i p 2  = k p n p ( i s + l )
i f ( i p l . e q . i p 2 ) g o t o  1300
kp = 0
do  1000  i p = ท ! , ท 2 
kp  = kp+1
r l ( 1 , kp)  = c p s p ( 1 , i p )  
r l ( 2 , kp)  = c p s p ( 2 , i p )  
r l ( 3 , kp) = c p s p ( 3 , i p )

1000  c o n t i n u e
c a l l  s f g e o ( n p u , n p v , r l )  
do  1200  i p = i p l , i p 2 - l  
น = c o s f ( 1 , i p )
V = c o s f ( 2 , i p )  
i u  = i n t (น) 
i v  = i n t ( v )
i f ( i u . e q . ( n p u - 1 ) )  i u  = i u - 1
i f ( i v . e q . ( n p v - 1 ))  i v  = i v - 1
u l  = u - i u
v l  = v - i v
i p l  = i u + i v * n p u + l
i p 2  = i p l + 1
i p 3  = i p l + n p u
i p 4  = i p 3 + l
d o  1100  i d  = 1 , 1 2
r l ( i d )  = r l ( i d , i p l )
r 2 ( i d )  = r l ( i d , i p 2 )
r 3 ( i d )  = r l ( i d , i p 3 )
r 4 ( i d )  = r l ( i d , i p 4 )

1100  c o n t i n u e
c a l l  f g s u r f ( 0 , r l , r 2 , r 3 , r 4 , u l , v l , r 5 )
n p  = np+1
n w f a ( i p )  = np
c o s t ( 1 , np)  = r 5 (1)
c o s t  ( 2 , np)  = r 5 (2)
c o s t ( 3 , np)  = r  5 (3 )

1200  c o n t i n u e  
1300 c o n t i n u e
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c
c  *** 
c 
c 
c

1 400
1500

g e t s  t h e  c o n n e c t i v i t y  a r r a y  f o r  t h e  s u r f a c e  t r i a n g u l a t i o n ,  
t h e  l o c a l  n u m b e r  o f  t h e  p o i n t s  w h i c h  a p p e a r s  i n  t h e  a r r a y  
l m s f  r a n g e s  f o r m  1 t o  t h e  n u m b e r  o f  p o i n t s  i n  t h e  f a c e .
n e  = k p n e ( n s f + 1 ) - 1
d o  1 500  i s = l , n s f  
i e l  = k p n e ( i s )  
i e 2  = k p n e ( i s + 1 ) - 1  
d o  1 400  i e = i e l , i e 2  
i p l  = l m s f ( l , i e )  
i p 2  = l m s f ( 2 , i e )  
i p 3  = l m s f ( 3 , i e )  
l m s t ( l , i e )  = n w f a ( i p l )
l m s t ( 2 , i e )  
l m s t ( 3 , i e )  
l m s t ( 4 , i e )  
c o n t i n u e  
c o n t i n u e

n w f a ( i p 2 )  
n w f a ( i p 3 )  
i s

r e t u r n
e n d

[ o u t b g ]  w r i t e s  t h e  new t r i a n g u l a t i o n
s u b r o u t i n e  o u t b g ( i o u , n p , n e , c o s t , l m s t ) 
d i m e n s i o n  c o s t ( 3 , * ) , l m s t (4 , *)

100

200 

c ' i0

w r i t e ( * , 1 0 )
w r i t e d o u , * )  n p , n e  
d o  100 i p = l , n p
w r i t e d o u , * )  i p ,  ( c o s t  ( i n ,  i p )  , i n = l ,  3)
c o n t i n u e
d o  200  i e = l , n e
w r i t e ( i o u , *) i e ,  ( l m s t ( i n , i e ) , i n = l ,  4) 
c o n t i n u e
f o r m a t ( / , '  f a c e t  > w r i t i n g  s u r f a c e  t r i a n g u l a t i o n ' )
r e t u r n
e n d
[ o u t s g ]  w r i t e s  t h e  e d g e  i n f o r m a t i o n  on  t h e  new m es h
s u b r o u t i n e  o u t s g ( i o u , n i s , l p n p , s p n p ,  nwed) 
d i m e n s i o n  l p n p ( * ) , s p n p ( * ) , n w e d (*)
w r i t e ( * , 1 0 )

100200

do  200 i s = l , n i s
i p l  = l p n p ( i s )
i p 2  = l p n p ( i s + l ) - l
n p  = i p 2 - i p l + l
w r i t e ( i o u , * )  np
d o  100 i p = i p l , i p 2
w r i t e d o u , * )  nwed  ( i p )  , s p n p  ( i p )
c o n t i n u e
c o n t i n u e

10 f o r m a t ! / , ' f a c e t  > w r i t i n g  e d g e  i n f o r m a t i o n ' )
r e t u r n
e n d
[ o u t s f ]  w r i t e s  t h e  f a c e  i n f o r m a t i o n  on  t h e  new m es h
s u b r o u t i n e  o u t s f ( i o u , n s f , k p n p , c o s f , n wf a)  
d i m e n s i o n  k p n p ( * ) , c o s f ( 2 , * ) , n w f a ( * )
w r i t e ( * , 1 0 )
d o  200 i s = l , n s f  
i p l  = k p n p ( i s )  
i p 2  = k p n p ( i s + 1 ) - 1  
n p  = i p 2 - i p l + l
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w r i t e ( i o u , *) np  
w r i t e ( 8 , 8 8 8 )  np

888 f o r m a t ( i l 2 )  
n o d l o c  = 1
d o  100 i p = i p l , i p 2
w r i t e ( i o u , * )  n w f a ( i p ) ,  ( c o s f ( i n , i p ) , i n = l , 2)
w r i t e ( 8 , 8 8 9 )  n o d l o c ,  n w f a ( i p ) ,  ( c o s f ( i n , i p ) , i n = l , 2)

889  f o r m a t ( 2 i 8 , 2 e 3 0 . 1 4 )  
n o d l o c  = n o d l o c  + 1

100 c o n t i n u e  
200  c o n t i n u e  

c . . .
10 f o r m a t ! / , 1 f a c e t  > w r i t i n g  f a c e  i n f o r m a t i o n ' )  

c
r e t u r n
e n d

c
c ------------------------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  s i z e ( i o u , n s f , c p s p )
c  *** t h i s  make  < f i l n a m > . d i m  t o  c r e a t e  < f i l n a m > . r e _  i n  SPACE PROGRAM 
c

d i m e n s i o n  c p s p ( 3 , * )
c  k = l  

1 = 4
d o  100 i s f  = l , n s f  
w r i t e ( i o u , *) i s f  
d l  = a b s ( c p s p ( 1 , 1 ) - c p s p ( 1 , k ) ) 
d2 = a b s ( c p s p ( 2 , 1 ) - c p s p ( 2 , k ) ) 
w r i t e ( i o u , * )  d l , d 2  
k = k+4 
1 = 1+4 

100 c o n t i n u e  
c l o s e ( i o u )  
r e t u r n  
e n d  

c
c -----------------------------------------------------------------------------------------------------------------------------------------
c

s u b r o u t i n e  d a t a g r a p h i c ( i o u l , i o u 2 , n p , n e , c o s t , 1 m s t )
c  *** t h i s  make  d a t a f i l e  t o  d r a w  g r a p h i c  i n  FEPLOT PROGRAM a n d  NASTRAN
c

d i m e n s i o n  c o s t ( 3 , * ) , l m s t ( 4 , * )

c  „ c  = 0 
n d  = 1 
n v a r  = 1 
w r i t e ( i o u l , 10)

10 f o r m a t ( 1 n p o i n  n e l e m  n v a r  ' )
w r i t e ( i o u l , *) n p , n e , n v a r  
w r i t e ( i o u l , 20)

20 f o r m a t ( '  n u m b e r  o f  n o d e  ' )  
d o  100 i n  = l , n p
w r i t e ( i o u l , 30)  i n , ( c o s t ( i , i n ) , i = l , 3)

30 f o r m a t ( l x ,  1 3 , 3 x , 3 ( f 1 0 . 6 ,  3 x ) )
w r i t e ( i o u 2 , 35)  i n , n c , ( c o s t ( i , i n ) , i = l , 3 ) , n c  

35 f o r m a t ( ' GRID' , 7 x , i 5 , 7 x , i l , 3 ( f 8 . 5 ) , 7 x , i l )
100 c o n t i n u e

w r i t e ( i o u l , 40)
40 f o r m a t ( '  n u m b e r  o f  e l e m e n t  ' )  

d o  200  i e  = l , n e
w r i t e ( i o u l , *) i e , ( l m s t ( i , i e ) , i = l , 3) 
w r i t e ( i o u 2 , 45)  i e , n d , ( l m s t ( i , i e ) , i = l , 3 )

45 f o r m a t ( ' C T R I A 3 ' , 5 x , i 5 , 7 x , i l , 3 ( 3 x , i 5 ) )
200  c o n t i n u e

c l o s e ( i o u l ) 
c l o s e ( i o u 2 ) 
r e t u r n  
e n d

c
c
c
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ภาคผนวก ค

รายละเอียดโปรแกรม SPACE

รายละเอียดโปรแกรม SPACE จะมีรายละเอียดเริ่มจากโปรแกรมหลัก และตาม 
ด้วยโปรแกรมย่อยต่าง  ๆ ดังนี

c  PROGRAM SPACE
c
C A PROGRAM TO COMPOTE NODAL SPACINGS FOR CONSTRUCTING NEW ADAPTIVE
c  MESH FOR 3 -D BUILT-UP STRUCTURES.
c

PARAMETER (MXPOI=10000)
PARAMETER (MXNOD= 5 0 0 0 ,  MXELE= 500 0)
MXPOI I S  THE MAX. NO. OF NODES ALLOWED FOR THE ENTIRE MODEL
MXNOD & MXELE ARE MAX NO. OF NODES & ELEMENTS ALLOWED ON A FACE
IMPLICIT DOUBLE PRECISION ( A - H, 0 -Z )
DIMENSION VG(MXPOI) ,  VL(MXNOD), DELTA(MXPOI) 
DIMENSION X(MXNOD), Y (MXNOD)
DIMENSION EIGEN(MXNOD), ONE(MXNOD), EIGBL(MXPOI) 
DIMENSION DDX(MXNOD), DDY(MXNOD)
DIMENSION DDXX(MXNOD), DDYY(MXNOD), DDXY(MXNOD)
INTEGER INTMAT(MXELE,3 ) ,  NGBL(MXNOD) 
CHARACTER FILNAM*12,CV*4
OPEN INPUT/OUTPUT FILES
W R IT E ! * , * )  
W R I T E ! * , * )  ' 
W R I T E ! * , * )  ' 
w r i t e ! * , * )  1
WRITE!* ,  ' ( / ,  A, $ ) * )

CHECK INPUT FILES FOR 1 .  ? . N _ '
2 .  ? . L ~ '
3 .  ? . DIM1
4 .  ? . v _ '  

ENTER PROBLEM NAME ะ T
READ ( * ,  ' (A) 1 ) FILNAM
WRITE( * , ’ ( A , $ ) ' )  ' ENTER CURRENT VERSION NUMBER ะ 1
R E A D ! * , ' ( A ) ' )  c v  
L = NAMLEN(FILNAM)
I F  (L .EQ.O)  GO TO 333
OPEN(UNIT= 8,  FILE= FILNAM(1 : L ) / / 1 . N ' / / c v ,  STATUS=1 OLD 1 , ERR= 333)  
OPEN!uNIT= 9,  FILE= FILNAM(1 : L ) / / 1 . L ' / / c v ,  STATUS=1 OLD' , ERR= 333)  
OPEN!uNIT=10 ,  FILE= FILNAM!1 : L ) / / ' . DIM' ,  STATUS=1 OLD1, ERR= 333;
OPEN!uNIT=12 ,  FILE= FILNAM!1 : L ) / / '  V ' / / C V ,  STATUS=1 OLD' , ERR= 333)  
OPEN!uNIT=13 ,  FILE= FILNAM!1 : L ) / / ' . R ' / / C V ,  STATUS=1 NEW' , ERR= 333)
DO 5 1 = 1 , MXPOI
DELTA(I)  = 0 .  
E IG B L ( I )  = 0 .

5 CONTINUE
READ NODAL VON MISES STRESSES FOR THE ENTIRE MODEL:
READ( 1 2 , * )  NPOIG 
DO 10 1 = 1 , NPOIG
READ( 1 2 , * )  N, VG( I )
I F ( I . N E . N )  WRITE i 6 , 1 5 )

15 FORMAT!'  ** CHECK VON MISES STRESS DATA ** NODES NOT IN ORDER') 
10 CONTINUE

LOOP OVER THE NUMBER OF FACES:
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READ( 1 0 , * )  NFACES 
DO 1 00 0  NF=1,NFACES

READ ACTUAL FACE DIMENSIONS:
(CURRENTLY RESTRICTED TO RECTANGULAR SHAPE, CAN GENERALIZE LATER) 
R E A D d O , * )  AA, BB

READ LOCAL & GLOBAL NODE NUMBERS AND THEIR LOCAL X-Y COORDINATES 
IN THE PARAMETER PLANE ( 0 .  TO 1 . )  AND CONVERT TO THE ACTUAL 
X-Y COORDINATES:
DO 80 1 = 1 , MXNOD
NGBL(I)  = - 9 9 9  
X ( I )  = 0 .
Y ( I ) = 0 .
V L ( I ) =  0 .

80 CONTINUE
READ( 8 , * )  NPOIN
IF(NPOIN.GT.MXNOD) W R I T E ( 6 , 1 0 3 )  NPOIN 

103 FORMAT( '  INCREASE MXNOD T O ' ,  15)
IF(NPOIN.GT.MXNOD) STOP
DO 100 1 = 1 , NPOIN
READ( 8 , * )  N, N G B L( I ) ,  XX, YY
I F ( I . N E . N )  WRITE( 6 , 1 0 5 )  NF

105 FORMAT( ’ ** ERROR ** CHECK LOCAL NODE NO. ON FACE' ,  15)
y m  =  Y Y *  a f l
ร!!! ะ ร ™

100  CONTINUE
READ LOCAL ELEMENT NODAL CONNECTIVITIES:
DO 110 1 = 1 , MXELE
DO 110 J = l , 3 
INTMAT( I , J )  = - 8 8 8  

110  CONTINUE
READ( 9 , * )  NELEM
IF(NELEM.GT.MXELE) W R I T E ( 6 , 1 2 3 )  NELEM 

123 FORMAT( '  INCREASE MXELE T O ' ,  15)
IF(NELEM.GT.MXELE) STOP 
DO 120 IE=1,NELEM
READ( 9 , * )  N, ( I N T M A T ( I E , J ) , J = l , 3 )
I F ( I E . N E . N )  WRITE( 6 , 1 2 5 )  NF

125  FORMAT( '  ** ERROR ** CHECK LOCAL ELEMENT NO. ON FACE' ,  15)
120  CONTINUE

OBTAIN LOCAL NODAL VON MISES STRESSES FOR THIS FACE:
DO 130 1 = 1 , NPOIN
N = NGBL(I)
V L( I ) = VG(N)

130  CONTINUE
COMPUTE EIGENVALUES FOR ALL THE NODES ON THIS FACE:
CALL EGVALUE(MXNOD, MXELE, NPOIN, NELEM, X, Y, INTMAT,

& VL, ONE, DDX, DDY, DDXX, DDYY, DDXY, EIGEN)
OBTAIN NODAL EIGENVALUES FOR THE GLOBAL MODEL:
DO 140 1 = 1 , NPOIN
N = NGBL(I)
EINEW = EI GE N( I )
I F ( EINEW. GT. E IG B L ( N ) ) EIGBL(N) = EINEW 

140 CONTINUE
1 00 0  CONTINUE

THEN COMPUTE THE PROPER NODAL SPACINGS FOR THE ENTIRE MODEL:

WRITE ( 6,  150)
150 FORMAT!'  PLEASE INPUT THE MINIMUM & MAXIMUM SPACINGS' ,  / )

READ( 5 , * )  HMIN, HMAX
FIND THE MAXIMUM EIGENVALUE OF THE ENTIRE MODEL:



no
 

o 
n

o
o

n
 

o
n

 
on
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EGMAX = 0 .
DO 200  1 = 1 , NPOIG
I F ( E I G B L d )  .GT.EGMAX) EGMAX = E I GB L( I )

2 00  CONTINUE
c
c POSSI BI LI TY OF ZERO EIGENVALUE:c

TOL = l . E - 1 4  
DO 2 50  1 = 1 , NPOIG
I F ( E I G B L d )  .LT.TOL) E I G BL ( I )  = T O L  

2 50  CONTINUE 
c

WRITE( 1 3 , 3 0 5 )  NPOIG 
WRITE( 6 , 3 0 5 )  NPOIG 

305  FORMAT(1 12)
DO 300  1 = 1 , NPOIG
H2 = HMIN*HMIN*EGMAX/EIGBL(I)
DELTA(I)  = SQRT(H2)
I F (DE LT A(I ) . GT. HMAX) DELTA(I ) = HMAX 
WRITE ( 1 3 , 3 1 0 )  I ,  DELTAd)
WRITE ( 6 , 3 1 0 )  I ,  DE LT Ad)

3 10  FORMAT( 1 8 ,  E 2 0 . 8 )
300  CONTINUE 

C
GO TO 344

333 WRITE( * , * ) '  *** FILE NAME NOT EXIST *** '
344 STOP 

END
Cc ---------------------------------------------------------------------------------------------------------------------------
C

SUBROUTINE EGVALUE(MXNOD, MXELE, NPOIN, NELEM, X, Y, INTMAT,
* VL, ONE, DDX, DDY, DDXX, DDYY, DDXY, EIGEN)

COMPUTE NODAL EIGENVALUES FOR EACH FACE
IMPLICIT DOUBLE PRECISION ( A- H , 0 - Z )  
DIMENSION X(MXNOD), Y (MXNOD) 
DIMENSION VL(MXNOD), EIGEN(MXNOD) 
DIMENSION ONE(MXNOD), DDX(MXNOD), 
DIMENSION DDXX(MXNOD), DDYY(MXNOD)

DDY(MXNOD)
, DDXY(MXNOD)

INTEGER INTMAT(MXELE, 3)
DO 10 1 = 1 , NPOIN
E I G E N( I )  = 0 .
ONE( I ) = 0 .
DDX( I ) = 0 .
DDY(I)  = 0 .
DDXX( I ) = 0 .
DDYY(I) = 0 .
DDXY( I ) = 0 .

10 CONTINUE
LOOP OVER NO. OF ELEMENTS ON THIS FACE:
DO 1 000  IE=1,NELEM
I I  = I NT MA T( IE ,1)
J J  = INT MAT (I E , 2)
KK = INTMAT(IE,  3)
B1 = Y ( J J )  -  Y (KK)
B2 = Y (KK) -  Y ( I I )
B3 = Y ( I I ) -  Y (J J )
Cl  = X (KK) -  X ( J J )
C2 = X ( I I )  -  X (KK)
C3 = X ( J J )  -  X ( I I )
AREA = 0 . 5 * ( B 2 * X ( J J )  + B 1 * X ( I I )  + B3*X(KK))
COMPUTE THE FIRST DERIVATIVES FOR THIS ELEMENT:
VI = V L ( I I )
V2 = V L ( J J )
DVDX = (B1*V1 + B2*V2 + B3*V3) / ( 2 . *AREA)



DVDY = (C1*V1 + C2*V2 + C 3* V 3) / ( 2 . ’ AREA)
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ccc

100
1000ccc
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ccc
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C
C
C

400

CONTRIBUTIONS TO NODAL QUANTITIES:
DO 100 J = l , 3 
IN = I NT MA T( IE , J )
DDX(IN) = DDX(IN) + DVDX
DDY(IN) = DDY(IN) + DVDY
ONE(IN) = ONE(IN) + 1.
CONTINUE
CONTINUE

OBTAIN AVERAGE NODAL FIRST DERIVATIVES:
DO 2 00  1 = 1 , NPOIN
I F (ONE( I ) . EQ. 0 . )  WRITE( 6 , 2 1 0 )  I
FORMAT( '  NO FIRST DRIVATIVE CONTRIBUTION FOR LOCAL NODE' ,  
I F ( O N E ( I ) . E Q . 0 . )  ONE( I ) = 1 .
DDX(I)  = DDX( I ) / ON E( I )
DDY(I)  = D D Y ( I ) / O N E ( I )
CONTINUE

LOOP OVER NO. OF ELEMENTS ON THIS FACE AGAIN TO COMPUTE 
THE SECOND DERIVATIVES:
DO 2 0 0 0  I E = 1 , NELEM
I I  = INTMAT(IE,  1)
J J  = INTMAT(IE,  2)
KK = I NT MA T( IE ,3)
B1 = Y ( J J )  -  Y (KK)
B2 = Y (KK) -  Y ( I I )
B3 = Y ( I I )  -  Y ( J J )
Cl  = X (KK) -  X ( J J )
C2 = X ( I I )  -  X £ KK)
C3 = X ( J J )  -  X ( I I )
AREA = 0 . 5 * ( B 2 * X ( J J )  + B 1 * X ( I I )  + B3*X(KK))
COMPUTE SECOND DERIVATIVES WRT. X 4 Y:

y  i l B2*P2 + B 3 * P 3 ) / ( 2 . *AREA) 
C2*P2 + C 3 * P 3 ) / ( 2 . *AREA)

Q1 = DDY(I I )
Q2 = DDY(JJ)
Q3 = DD Y (KK)
DVDYX = (B1*Q1 + B2*Q2 
DVDYY = (C1*Q1 + C2*Q2

+ B 3 * Q 3 ) / ( 2 . * A R E A )  
+ C 3 * Q 3 ) / ( 2 . *AREA)

CONTRIBUTIONS TO NODAL QUANTITIES ะ
DO 300  J = l , 3 
IN = I NT MAT(IE , J )
DDXX(IN) =. DDXX(IN) + DVDXX
DDYY(IN) = DDYY(IN) + DVDYY
DDXY(IN) = DDXY(IN) + 0 . 5 * (DVDXY + DVDYX)
CONTINUE
CONTINUE
OBTAIN AVERAGE NODAL SECOND DERIVATIVES:
DO 400 1 = 1 , NPOIN
DDXX(I) = DDXX( I ) / ON E( I )
DDYY(I) = DDYY( I ) /ONE( I )
DDXY(I) = DDXY ( I ) / ON E( I )
CONTINUE
OBTAIN THE TWO PRINCIPLE EIGENVALUES:

15)

DO 500  1 = 1 , NPOIN
SXX = DDXX ( I  )
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SYY = DDYY(I)
SXY = DDXY(I)
AVG = (SXX+SYY)/ 2 .
DIF  = (SXX-SYY)/ 2 .
TERM2 = DI F* DI F  + SXY*SXY 
TERM2 = SQRT(TERM2)
EG1 = AVG + TERM2
EG2 = AVG -  TERM2
EG1 = ABS(EGl)
EG2 = ABS(EG2)
E I G E N( I )  = EG1
I F ( EG 2. GT. EG1) EI GE N( I )  = EG2 

500  CONTINUEc RETURN
END

c*------------------------------------------------------------------------------------------------------ *
c* [NAMLEN] COUNTS THE NUMBER OF CHARACTERS IN FILNAM *c*----- ----------1----------------------------------------- ------------------------------------------- *

INTEGER FUNCTION NAMLEN( FILNAM)c
CHARACTER*12 FILNAMc
NAMLEN = 0 
DO 10 I  = 1 2 , 1 , - 1  
I F  ( FILNAM( 1 : 1 ) . EQ. '  ' )  GO TO 10
NAMLEN = I  
GO TO 20 

10 CONTINUE 
20 RETURN 

END



ประวัตผู‘วิจัย

นายสุพัฒนพงศ์ สิกขาบัณฑิต เกิดเมื่อวันที่ 6 เดือนกุมภาพันธ์ พุทธศักราช 2516 ท่ี 
จังหวัดกรุงเทพมหานคร สำเร็จการศึกษาปริญญาวิศวกรรมศาสตรบัณฑิต สาขาวิศวกรรมเครื่องกล 
ภาควิชาวิศวกรรมเครื่องกล คณะวิศวกรรมศาสตร์ จากสถาบันเทคโนโลยีพระจอมเกล้าพระนคร 
เหนือ เมื่อปีการศึกษา 2537 เข้าศึกษาต่อในหลักสูตรวิศวกรรมศาสตรมหาบัณฑิต ภาควิชา 
วิศวกรรมเครื่องกล คณะวิศวกรรมศาสตร์ จุฬาลงกรณ์มหาวิทยาลัย เมื่อปีการศึกษา 2539 ปีจจุบัน 
เป็นวิศวกร ระดับ 5 แผนกวิทยาการ กองพัฒนาพลังงานทดแทน สำนักงานวิจัยและพัฒนา การไฟ 
ฟ้าฝ่ายผลิตแห่งประเทศไทย
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