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C3-3 409

7890 NEXT I
7900 C(N8,l)=C(NB,l)/H(I4)
7910 FOR TO N8
7920 r=<N8+1-K
7930 11=14-1<
7940 V=C(I,l)/H(Il)
7950 14=11
7960 FOR J=I+l TO N8
7970 11=11+1
7980 V=V-H(Il>.C<J,l)
7990 NEXT J
8000 C(I.l)=V
8010 NEXT K
8020 RETURN
8030 END

10 REM - SINGULAR VALUE DECOHPOSITION -/C3-3/'SVD'
20 OPTION BASE 1 : REM - FORTRAN-TYPE SUBSCRIPTS
30 CLS : KEY OFF : LS=O : REM - INIT PRINT FLAG
40 PRINT "*********** SINGULAR VALUE DECOMPOSITION *************"
50 PR1NT "NOTES:"
60 PRINT "I. USE ONLY UPPER CASE LETTERS"
70 PRINT "2. MERGE MATRIX DATA STATEMENTS"
80 PRINT INTO RESERVED LINE RANGE 400-620 (OPTIONAL)"
90 PRINT "3. IF 'BREAK' OCCURS. RESTART WITH 'GOTO 999 -<RTN>'"
100 DEFDBl A-H,Q-R,T-Z
110 DEFINT I-N
120 REM - DIMENSIONED FOR MAXIMUM OF 6x6 SYSTEM
130 DIM A(6,6) ,Ul6,6) ,V(6,6) ,S(6,6) ,W(6) ,R(6)
390 REM *it** LINES 400-620 RESERVED FOR MERGING PROBLEM DATA ****
400 REM - THE BYPASS CASE IS SHOWN HERE AS FOLLOWS
410 N$ = "NONE" : REM - A NAME: FOR PROBLEM MERGE FILE MUST BE HERE
420 DATA 0,0 : REM - MATRIX A *ROWS,*COLS - HAVE AT LEAST ONE PAIR
630 REM ***************.****************.*•••**
640 REM - READ MATRIX A
650 PRINT = PRINT "WORKING WITH DATA SET; "jN$
660 READ 19,J9 ; REM - DIM OF A
670 IF 19=0 THEN GOTO 1160 : REM - MATRIX A NOT LOADED THIS WAY
680 PRINT" A("jI9;","jJ9;")"
690 FOR 1=1 TO 19
700 FOR J=l TO J9
710 READ A(I ,J)
72.0 NEXT J
730 NEXT I
740 GOTO 1160 : REM - TO MENU AND SELECTION
990 REM - RE-ENTRY FOR INVALID COMMAND NUMBERS CONTINUING
999 CLS
1000 PRINT "*******it**. COMMAND MENU ***********"
1010 PRINT "0. DISPLAY A MATRIX IN FIxED FORMAT"
1020 PRINT "1. MATRIX TO/Fr<OM DISK"
1030 PRINT "2. SINGULAR VALUE DECOMPOSITlON OF MATRIX A"

,1040 PRINT "3. PRINT A MATRIX IN FIXED FORMAT"
1050 PRINT "4. EXIT"
1060 PRINT"***********.************************
1070 REM - SOLICIT INPUT COMMAND NUMBER AND CHECK VALIDITY
lOBO PRINT"INPUl COMMAND NUMBER:";:INPUT S$
1090 K=LEN(S$) ; IF K=O THEN GOTO 999 : REM - AVOID <CR>
1100 K=ASC <SS)
1110 IF K<48 OR K>52 THEN 60TO 999 : REM - 1ST CHAR MUST BE
1120 K=VAL<S$l
1130 IF k=O THEN K=5 : REM - GOSUB CAN"T USE 0
1140 IF K>5 THEN GOTD 999 : REM - CAN'T EXCEED MENU #'5
1150 ON K GOSUB 3970,1220,3530,4730,3570
1160 PRINT "PRESS {RETURN> KEY TO CONTINUE -- READY".
1170 INPUT 84$
I1BO IF 54$<>"" THEN BEEP: REM - <RETURN> BEFORE NEXT CMO NUMBER



1190 GoTo 999
1200 REM••••*•••*•••••••••••••**.*•••****••_**_
1210 REM - PERFORM SVD ON MATRIX A
1220 13:0 : K9:I9 : L9:J9 : M9:J9 : Nq~Jq : M6:J9 N8 =J9
1230 pRINT" SVD WORKING - PLEASE WAIT"
1240 FOR 1=1 TO 19
1250 FOR J=1 TO J9
1260 U(lsJ)=A(I,J)
1270 NEXT J
1280 NEXT 1
1290 REM - BEGIN HOUSEHOLDER TRANSFORMATION TO BIDIAGONAL FORM
13006=0; 81=0 :.Al~O

1310 FOR 1=1 TO J9
1320 L=I+l
1330 R(I)~SI*G

1340 G=O = 5=0 : 51=0
1350 IF 1>19 THEN GoTO 1620
13bO FOR K=1 TO 19
1370 Sl=S1+ABS(UCK s I»
1380 NEXT K
1390 IF 81=0 THEN GOTO 1620
1400 FOR K=I TO 19
1410 U(K s I)=U(K,I)/SI
1420 S=S+U(K,I)*U(K,I)
1430 NEXT K
1440 F==U(I,I)
1450 G=-SGN<F)*SQR(S)
1460 H=:F*6-S
1470 un s Il""F-G
1480 IF I=J9 THEN GOTO 1590
1490 FOR JcL TO J9
1500 8=0
1510 FOR K=I TO 19
1520 8=S+UtK,I).U(K,J)
1530 NEXT K
1540 F::-5/H
1550 FOR K=I TO 19
1560 U<K,J)=UtK,J)+F*UtK,I)
1570 N£XT K
1580 N£XT J
1590 FOR K::-I TO 19
1600 U(K,I)=51*UtK,I)
1610 NEXT K
1620 W(I)=Sl*G
1630 G~O : 5=0 ; 51=0
1640 IF 'I~I9l OR tl=J9) THEN GoTO 1930
1650 FOR K=L TO Jq
1660 SI=Sl+ABStU(I,K»
1670 NEXT K
1680 IF 51=0 THEN GOTO 1930
1690 FOR K=L TO J9
1700 U(I,K)=UtI,Kl/51
1710 5=5+U(I,K)*U(I,K)
1720 NEXT K
1730 F=U(I,U
1740 G=-5GNtF)*SQR(S)
1750 H=F*G-S
1760 U(I,U=F-G
1770 FOR K=L TO J9
1780 R(K):U(IsK)/H
1790 NEXT K
1800 IF 1=19 THEN GOTO 1900
1810 FOR J=L TO 19
1820 5=0
1830 FOR K=~ TO J9
1840 5=S+UCJ,K)*Utl,K)
1850 NEXT K
1860 FOR K=L TO J9



,
1870 U(J,K)=U(J,K)+S*R(K)
IBBO NEXT K
1890 NEXT J
1900 FOR K~L TO J9
1910 U(I,K)=Sl*U(I,K)
1920 NEXT K
1930 T=ABS(W<I»)+ABS(R(I)'
1940 IF T>Al THEN Al=T
1950 NEXT I
1960 REM - PRODUCT OF RIGHT-HAND TRANSFORMATIONS
1970 FOR 12=1 TO J9
19BO I=J9+1-12
1990 IF ]=J9 THEN GOiD 2160
2000 IF 6=0 THEN GOTO 2130
2010 FOR J=L TO J9
2020 V(J.I)=(U(I,J)/U(I.L»/G
2030 NEXT J
2040 FOR J=L TO J9
2050 5=0
2060 FOR K=L TO J9
2070 S=S+UCI,K)*VIK,J)
2080 NEXT K
2090 FOR K=L TO J9
2100 V(K.J)=V(K,J)+S*V(K.!)
2110 NEXT K
2120 NEXT J
2130 FOR J=L TO J9
2140 V(I,J)=Q V(J,I)~O

2150 NEXT J
2160 V(I,I):::1
2170 G==R(l)
2180 L=l
2190 NEXT 12
2200 REM - PRODUCT OF LEFT-HAND TRANSFORMATIONS
2210 Ml=J9
2220 IF 19<J9 THEN Mi=!9
2230 FOR 12==1 TO Hi
2240 1=Ml+1-I2
2250 L=I+1
2260 a=W(I)
2270 IF I=J9 THEN GOTO 2310
2280 FOR J=L TO J9
2290 U(I,J)'=O
2300 NEXT J
2310 IF G=O THEN Gora 2470
2320 IF I=Ml THEN GOTO 2430
2330 FOR J=L TO J9
2340 S=O
2350 FOR K=L TO 19
2360 S=S+UCK,I)*UCK,J)
2370 NEXT K
2380 F=(S/U(I,I»)/B
2390 FOR K~1 TO 19
2400 U(K,J>=U(K,J>+F*U(K,I)
2410 NEXT K
2420 NEXT J
2430 FOR J=1 TO 19
2440 UCJ,I)=UCJ,I)/G
2450 NEXT J
2460 GOTO 2500
2470 FOR J=1 TO 19
2480 U(J,lJ=O
2490 NEXT J
2500 U(1,1)=U(1,1)+1
2510 NEXT 12
2520 REH - DIAGONALIZE THE BIDIAGONAL FORM
2530 FOR K2=1 TO J9
2540 K1=J9-K2
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2550 K=Kl+1
2560 14=0
2~70 REM - SPLITTING TEST
2580 FOR L2=1 TO K
2590 Ll::::K-L2
2600 L==Ll+l
2610 IF AB5(RCL)+Al)=Al THEN GOTO 2830
2620 REM - NOTE THAT R(l)=Q ALWAYS
2630 IF (ABS<W(Ll»+Al)=Al THEN GOTO 2650
2640 NEXT L2
2650 C=O : 5:::1
2660 FOR l=L TO K
2670 F=5*R(I)
2680 R <I ) =C*R (I )

2690 IF CABS(F)+Al)=Al THEN 60To 2830
2700 G=W(Il
2710 H=SGR(F*F+G*G)
2720 W(I)=H
2730 C=G/H
2740 S=-F/H
2750 FOR J=l TO 19
2760 y==U (J ,Ll)
2770 Z=U(J,I)
2780 U(J,Ll}=Y*C+Z*S
2790 U(J,I)=-Y*S+Z*C
2800 NEXT J
2810 NEXT I
2820 REM - CONVERGENCE TEST
2830 Z=W(Kl
2840 IF <L=K) THEN GOTO 3360
2850 REM - SHIFT FROM THE BOTTOM DIAGONAL 2x2 SUBMATRIX
2860 IF 14=30 THEN GOTO 3500 : REM - 30 ITERATION LIMIT
2870 14=14+1
2880 X=W(U
2890 Y=W (Kl)
2900 G=R(KU
2910 H=R(K)
2920 F=«V-Z)*(V+Z)+(G-H)*(G+H»/(2*H*V)
2930 G=SQR(F*F~1)

2940 F=«X-Z)*(X~Z)+H*(Y/<F+SBN(F)*ABS(G»-H»/X

2950 REM - NEXT QR TRANSFORMATION
2960 C=l : 8=1
2970 FOR Il=L TO Kl
2980 1=11 +1
2990 So::R(I)
::5000 V=W (1)
3010 H=S*B
3020 G""C*G
3030 Z=SQR(F4F+H*H)
3040 R (It) ""z
3050 C=F/Z
3060 S"'HtZ
3070 F=X*C+G4S
3080 G=-X*S+G*C
3090 H=V*S
3100 Y=Y*C
3110 FOR J=l TO J9
3120 X""V (J ,I 1)

3130 Z=V(J,Ii
3140 V<J,Il>=X*C+Z*S
3150 V(J,I)",,-X*S+Z*C
3160 NEXT J
3170 Z""SQR(F*F+H*H)
3180 W(I U ""Z
3190 IF Z=O THEN GOTO 3220
3200 C=F/Z
3210 S=H/Z
3220 F=C*G+S*Y
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3230 X=-S*G+C*Y
3240 FOR J=l TO 19
3250 Y=U(J,Ill
3260 Z=U(J,Il
3270 UCJ,11)=Y*C+Z*S
3280 UCJ,I)=-Y*S+Z+C
3290 NEXT J
3300 NEXT 11
3310 RCU=O
3320 R(K)=F
3330 W(K)=X
3340 GOTO 2580
3350 REM - CONVERGENCE OBTAINED
3360 IF 1>=0 THEN GOTO 3410
3370 W00 =-Z
3380 FOR J=l TO J9
5390 V(J.K)=-VCJ,K)
3400 NEXT J
3410 NEXT K2
3420 FOR 1=1 TO J9 REM - SIGNA'S FROM VECTOR TO MATRIX
3430 FOR J=l TO J9
34405(I,J)=O
3450 IF l=J THEN S(I,J)=W(I)
3460 NEXT J
3470' NEXT I
3480 PRINT "END OF SINGULAR VALUE DECOMPOSITION"
3490 RETURN
3500 PRINT" SINGULAR VALUE DECOMPOSITION FAILED AFTER 30 ITERATIONS!"
3510 RETURN
3520 REM*******_**_****_******_********_******
3530 REM - PRINT ARRAY IN FIXED FORMAT
3540 IF lB=O THEN LB=l : BOTD 3570
3550 REM.*********************••******_•••*****
3560 REM - DI5PLAV ARRAY IN FIXED FORMAT
3570 56$"==" ftfUtftft••••••• "
3580 PRINT "SEE A, U. V. OR S"; : INPUT 5$
3590 IF S$="A" OR S$="U" OR S$="V" OR 8$="5" THEN GOTO 3620
3600 GOTO 3580
3610 REM ** ENTRY POINT IF PRESET PARAMETERS
3620 IF S$<>"A" THEN GOTO 3640
3630 M5=I9 : M6=J9 ; GOTO 3700
3640 IF 5$<>"U" THEN GOTO 3660
3650 M5=K9 : M6=L9 : GOTO 3700
3660 IF S$<>"V" THEN GOTO 3680
3670 M5=H9 : M6=N9 : GOTO 3700
3680 IF S$<>"S" THEN GOTO 3700
3690 M5=HB ; M6=N8
.3700 PRINT "MATRIX ";5$;"(";1'15;",";1'16;") -
3710 IF L8>O THEN LPRINT "MATRIX ";5$;" (";M5;".";M6;") -"
3720 FOR 1=1 TO M5
3730 J=M6 : IF J=l THEN GOTO 3840
3740 FOR J=1 TO M6-1
3750 IF S.:f="A" THEN PRINT USING Sb.:fj A( I .J) j
3760 IF 5$="A" AND L8>O THEN LPRINT USING S6$; A<I.J);
3770 IF 5$="U" THEN PRINT USING 56$; U <I ,J);
3780 IF S$"""U" AND L8>0 THEN lPRINT USING 86$: U(I ,J);
3790 IF 5$="V" THEN PRINT USING 56$; V<I.J);
3800 IF S$="V" AND LB>O THEN lPRINT USING 86$.; V<I ,J).;
3810 IF 5$="5" THEN PRINT USING 56$; S( I .J);
3820 IF 5$:"5" AND L8>O THEN lPRINT USING 56$; 5(I.J); \
3830 NEXT J
3840 IF 5$="A" THEN PRINT USING 56$; AII.Jl
3850 IF S$="A" AND L8>O THEN lPRINT USING 66$; A<I,J)
3860 IF 5$:"U" THEN PRINT USING 56$; U<I.J)
3870 IF S$="U" AND L8>O THEN LPRINT USING 86$; U(I,J)
3880 IF S$="V" THEN PRINT USING 56$; V( I ,J)
3890 IF S$="V" AND L8>O THEN lPRINT USING 86$; V(! ,J)
3900 IF 5$="5" THEN PRINT USING 56$; 5 (I .J)
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INPUT 55$

GOTO 4720

",

LINE INPUT 53$

INPUT 54:f

";S8$(N7)

";S8S(N7)

#1,A(I,J)
#l.U<I.J)
#l,V(l,J)
tH,S(I,J)

4210
4270
4230
4270
4250'
4270
4270

GOTo
GOTo
GOTo
GOTo
GOTO
GOTO
GOTO

WRITE
WRITE
WRITE
WRITE

IF 5$-"""5" AND L6>O THEN LPRINT USING 56$; S<I,J)
NEXT I
IF LB~l THEN L8=O ; REM - TURN OFF LOCAL PRINT FLAG
RETURN
REM*.**********************.********.****·
REM - MATRIX TO/FROM DISK
PRINT"SEE DIRECTORY (YIN)"; : INPUT 54$
IF 541'< >" Y" THEN 60TO 4050
F'RINT"FILENAl1E. SPECIFIER (LIKE it_* OR <RETURN»

IF 5SS="" THEN 55$="•• *"
FILES 55$
PRIN! "SEE DIRECTORY AGAIN (YIN)";
IF 54$< )"Y" THEN GOTO 4050
GOTO 3990
PRINT "MATRIX 1NVOLVED 15 A, U, V, DR S"; : INPUT S$
IF S$='''A'' DR S$=:"U" DR S$="V" DR 6$="S" THEN GOTa 4080
GoTO 4050
PRINT "RECALL OR SAVE MATRIX ";S$;" (RIS)"; : INPUT SU
IF S1$="R" OR 51$=:"5" THEN GOTO 4110
GOTO 4080
PRINT "FILE NAME IS", : INPUT 52$
PRINT" !! I WARNING - DO NOT <CNTRL><BREAK> DURING THIS STEP ! ~!"
IF Sl$="R" THEN GOTO 4410
REM - SAVE MATRIX TO DISK FILE
PRINT "COMMENT LABEl- FOR FILE 15 «96 CHAR): 'OJ
REM ** ENTRY POINT IF PRESET PARAMETERS
OPEN 52$ FOR OUTPUT AS ~l

WR ITE "tH, 83$
IF 5:$<>"A" THEN
M5=19 : M6""J9 :
IF S$< )"U" THEN
M5=K9 : 1"16=L9 :
IF 5$<>"V" THEN
M5=M9 : M6='N9 :
IF 5$<)"S" THEN
1"15=M8 ~ M6='N6
WRITE #1,M5,M6
FOR 1=1 TO M5
FOR J=l TO 116
IF S$="A" THEN
IF S$="U" THEN
IF S$="V" THEN
IF 6$="5" THEN
NEXT J
NEXT I
N7=N7+1 : S8$(N7)="SAVED MATRIX "+5:$+" IN FILE "+52$
PRINT" ";5e$~N7)

IF L8>O THEN LPRINT
CLOSE #1 : RETURN
REM - RECALL MATRIX FROM DISK FILE
OPEN 52$ FOR INPUT AS #1
INPUT #1,53$
PRINT "READY TO READ FILE ";52$;" INTO MATRIX ".5$;" TITLED: ".
PRINT ";53$
PRINT "PRESS <RETURN) K.EY IF OK, ELSE "ABORT" <RETURN)";
INPUT 54$
IF 54$="" THEN GOTO 4520
PRINT "ABORT RECALL; MATRIX ";5$;" NOT CHANGED"
REM ** ENTRY POINT IF PRESET PARAMETERS
OPEN 52$ FOR INPUT AS #1
INPUT #1,53$
N7""N7+1 : 5B$(NY)="READ FILE "+52:(+" INTO MATRIX "+5$
PRINT" ";58$(N7l
IF L8>0 THEN LPRINT
INF'UT #1,M5,M6
FOR 1=1 TO r15
FOR J=l TO M6
IF S$="A" THEN INPUT #l,A(I.J)

3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
42:;;0
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
4480
4490
4500
4510
4520
4530
4540
4550
4560
4570
4580
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~'..
4590 IF S$="U" THEN INPUT .1,U<I,J)
4600 IF S.$="V· THEN INPUT 4t,VCI,J)
4610 IF 5$="5" THEN INPUT #l,S<I,J)
4620 NEXT J
4630 NEXT I
4640 IF S$<>"A" THEN GOTO 46bO
4b50 199<:; , J9~ , GOTO 4720
4bbO IF S$<>"U" THEN GOTD 46BO
4670 K9=t15 , L9=t16 , GOTD 4720
4bOO IF S$<>"V" THEN BOTD 4700
4690 119=/'15 , N9=t16 , GOTD 4720
4700 IF 5$<>"5" THEN GOTO 4720
4710 /"IB=I'l5 , NfFI'Ib
4720 CLOSE #1 , RETURN
4730 KEY ON , PRINT "END OF RUN" END

Cf4 415

1129 REf'f - EXAI1PLE5 3.2.12 & 3.3.4; NR ITERS -fC3-1I"LAGRANBE'
1130 PRINT "13. LAGRANBE EXAI'IPLE USING NEWTON ITERATIONS"
1270 ON K GOSUB 1330, 1410, 1470,2470,4SBO.3B70,2B9013040,3220,~O,

5360,5820,6960,4150,4160,4070,4110,6030,6050,6370
6950 R8'I - INPUT STARTING Xl,X2,X3 VECTOR
6960 PRINT"INPUT STARTING Xl,X2,X3:" : INPUT Xl,X2.X3
6970 L'7=O : REM - INIT tlER# & PUT -F VECTOR INTO C
bWO IF XDO THEN SQTO 7QOO
6990 PRINT .. Xl<=0 I SO LOG (X 1) IMPOSSIBLE" : RETURN
7000 t19:::3 :: N9=1 : L7=L7+1 : REf'! - SET DII'!"S AND INCR ITER#
7010 C(1,1}~-(-X2+X3*(-4+2.Xl+1/Xl»

7020 C(Z,l)=-(-Xl+X3)
7030 C(3,1)=-(2-Xl*(4-Xl)+LOG(Xl)+X2J
7040 REJ1 - PUT JACOBIAN INTO 9
7050 K9=3 : L 9=3
7060 B(I~I)=X3*{2-1/(Xl*Xl» ~ B(I,2)=-1 B(I,3)=-4+2*Xl+I/Xl
7070 B(2~1)=-1 : B(2,2>=0 : B(2,3)=1
7080 8(3,1)=B(I,3) : 8(3,2>=1 : B<3,3)=O
7090 GOSU8 3290 : REM - INVERT JACOBIAN
7100 GOSUB 3090 : REM - A=D*C TO CALC DX
7110 REM - UPDATE X VECTOR BY DX COMPONENTS
7120 Xl=Xl+A<1,1> : X2=X2+IH2, t} : X3=X3+A(3~ 1)

7130 PRINT
7140 PRINT "AFTER ITER'ATION .";L7;" TRANSPOSED X VECTOR IS:"
7150 PRINT USING" .##### ;Xl;X2;X3
7160 PRINT-CONTINUE <YIN)" : INPUT 54$
7170 IF S4$="N" THEN RETURN
7180 BOTO 6980 : REM - NEXT ITERATION
7190 END

list of Variable Names Used in Program C4-t: NEWTON

Cl Fl 15 L1 56$
C2 FNACS() 11 M TO
C3 G() J Ml T1
C4 Gl J5 N V
D5 G2 K PI X()
D6 HO Kl Q Z
E() I K2 5$ Z5
E1 II K5 S4$
F 14 L 55$



416 Program Luting>

10 REM - NEWTON OPTIMIZER - PROGRAMIC4-1 \ 'NEWTON'
20 OPTION BASE 1 = REM - NO SUBSCRIPT 0
30 C:LS ; KEY OFF
40 PRINT "********. NEWTON OPTIMIZER **.*******.*."
50 PRINT "NOTES:"
bO PRINT "1. USE ONLV UPPER CASE LETTERS"
70 PRINT "2. IF 'BREAK' OCCURS, RESTART WITH 'SOTO 999'"
80 PRINT "3. USER MUST PROVIDE SUBROUTINE 5000 FOR FUNCTION EVALUATION"
90 PRINT AND SUBROUTINE 7000 FOR GRADIENT EVALUATION"
100 PRINT "4. ENTER DEFAULT ANSWERS TO QUESTIONS BY <RETURN>."
130 REM USE OF MAJOR VARIABLES AS FOLLOWS -
140 REM E() SEARCH STEP VECTOR
150 REM F FUNCTION VALUE RETURNED BY USER SUBROUTINE 5000
IbO REM a(> GRADIENT VECTOR RETURNED BY USER SUBROUTINE 7000
170 REM HC) VECTOR CONTAINING SYMMETRIC HESSIAN - SEE (4.1.14)
leo REf'! I,J WORKING Rrn«t-, COL•• RESPECTIVELY
190 REM K COMMAND # & LOOP INDEX
200 REM L7 ITERATION •
210 REM N NUMBER OF VARIABLES IN VECTOR X(J
220 REH X() VECTOR OF VARIABLES RELATED TO PARTICULAR PROBLEM
230 REM IN USER-SUPPLIED SUBROUTINES 5000 AND 7000.
240 PEFDBL A-H.Q-R.T-Z : REM - NOTE THAT P IS SNGL PRECISION
2'50 DEFINT I-N
260 DEFSTR S
270 56$=" #####•• ##ft##."
280 OEF FNAC5<XI=1.570796-ATN(X/SQRCI-X*X» : REM - ARC cos
290 Ml=50 : £1=.0001 : 06=.0001 : 17=1 : REM - SET DEFAULT PARAMETERS
300 REM - FOLLOWING DIMENSIONS ARE FOR N(=30. THE HESSIAN VECTOR
310 REM H() MUST BE DIMENSIONED N*<N+l)/Z.
320 DIM XC30J,G(30).HC465J,T<30).EI30)
330 REM - HESSIAN H(.' STORED AS AS VECTOR; SEE EQUATION (4.1.14)
340 GOTO 1150 : REM - TO MENU & SELECTION
350 REM - RE-ENTRV FOA INVALID COMMAND NUMBERS & CONTINUING
999 CLS : K2=0 : REM - INIT FUNCTION EVALUATION COUNTER
1000 PRINT "******...*••*- COMMAND MENU ••*.*.*••*"'."
1010 PRINT "I. ENTER STARTING VARIABLES CAT LEAST ONCE)"
1020 PRINT "2. REVISE CONTROL PARAMETERS' 10PTIONAL) ,
1030 PRINT "3. START OPTIMIZATION"
1040 PRINT "4. EXIT (RESUME WITH 'GOTO 999')"
1050 REM
1060 PRINT .. * *.* *.*..*.*•••* * * •••
1070 PRINT"INPUT COMMAND NUMBER:";:INPUT S$
10eo K=LEN(S$l : IF K=O THEN GOTO 999 ; REM - AVOID <CR>
1090 K=ASCIS$'
1100 IF K<4B OR K>57 THEN GOTO 999 : REM - 1ST CHAR MUST BE 0-9
1110 K=VAL (S$'
1120 IF K=O THEN K= 15 : REM - ALTERNATIVE DISPLAY NUMBERS
1130 IF K>20 THEN GOTO 999 : REM - CAN'T EXCEED MENU #'S
1140 ON K GOSUB 1210,1300,1450.1420
1150 PRINT "PRESS <RETURN> KEY TO CONTINUE -- READY".
1160 INPUT S4$
1170 IF S4$()-"" THEN BEEP : REM - <RETURN> BEFORE NEXT eMD NUMBER
1180 GOTO 999
1190 REM••••**.*"**.*••"*••*.***•••*••••**•••"*
1200 REM - ENTER VARIABLES
1210 PRINT"NUMBER OF VARIABLES = "; : INPUT N
1220 PRINT "ENTER STARTING VARIABLES X(I);"
1230 FOR 1=1 TO N
1240 PRINT" XC";I;")=";: INPUT XII)
1250 NEXT 1
1260 PRINT "TRUST REGION RADIUS ="; INPUT Tl
1270 IF T1=0 THEN Tl=1000000! ; REM DEFAULl TO UNBOUNDED NEWTON
1280 RETURN
1290 REM •••*••*•••*.**.*•••*.*-.*••*••*••
1300 REM - REVISE CONTROL PARAMETERS
1310 PRINT "MAXIMUM *I OF ITERATIONS (DEFAULT=50): "; : INPUT 54$
1320 111=50 : IF S4$<>"~ THEN Ml=VAL<54$)
1330 PRINT "STOPPING CRITERION <DEFAULT=.OOOt>: "; INPUT S4$
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1340
1350
1360
1370
13BO
1390
1400
1410
1420
1430
1440
1450
1455
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
ITJO
1740
1750
1760
1770
1780
1790
'BOO
1810
1820
1830
1835
1840
1850
1860
1870
18BO
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990

El==.OOOt : IF 54$<>"" THEN El=VAL(S"\$)
PRINT "ENTER FINITE DIFF FACTOR CDEFAULT=.OOO1J="; : lNPUT 54$
06=.0001 : IF 54$( >" .. THEN D6=VAL (54$)

PRINT "PRINT EVERY Itn ITERATION fDEFAUL T=1): "; : INPUT 54$
17=1 : IF 54$<)"" THEN I7=VAL(S4$)
RETURN
REM .*••••••*•••••••••••••••*•••**••*••
REM - NORMAL STOP
kEY ON = PRINT "END OF RUN" : END
REM **•••**************.***••••*••*****.
REM - MAIN OPTIMIZATION ALGORITHM - SEE CHAPTER FOUR
GasUB 5000 = REM - GET INITIAL FUNCTION VALUE
K2=K2+1 : REM - INCREMENT FNCN EVAL COUNT
L7=O = REM - INITIAL ITERATION COUNT
REM - RE-ENTRY POINT FOR NEW ITERATION
L7=L7+1 : M=Q : REM - INCREMENT ITER • ~ INIT CUTBACK COUNT
F1=F : REM -SAVE FOR DOWNHILL COMPARISON
GOSUB 7000 = REM - CALC GRADIENT
IF«L7-1) MOD 17):0 THEN SOSUB 2320 : REM - RPT F, X, AND G
BOSUB 2410 REM - CALC HESSIAN IN VECTOR Hi.) &Y DIFF'G G
BOSUB 2710 REM - FACTOR H=lDLT IN SITU IN H(.)
FOR 1=1 TO N : E(I)=-G(I) = NEXT I : REM - NEG GRADIENT
GOSUB 2100 REM - CALC Q DENOM FOR CAUCHY POINT
REM - CALC LENGTH OF GRADIENT
81=0 : FOR I~1 TO N : G1=G1+G(I).G(I) : NEXT 1 : G1=SQR(G1l
IF 61<>0 THEN GOTo 1600
PRINT .,*...... GRADIENT IS ZERO *****" : GOTO 2050
C4~G1 : REM - SAVE GRADIENT LENGTH FOR ANGLE CALC
G2~G1*G1*Gl/Q : REM - LENGTH OF CAUCHY STEP
S4$="CAUCHY"
55$=" (BOUNDED)"
IF G2>T1 THEN GOTO 1700 : REM - CP IS OUTSIDE TRUST RADIUS
eOSUB 2990 = REM - CALC NEWTON STEP IN E()
S4$:"NEWTON"
Gl~O : FOR 1=1 TO N : Gl=Gl+E{I>.E(!) : NEXT Z : Gl=SQR{Gl)
IF 61<T1 THEN 55s=" (UNBOUNDED)"
IF 61<T1 THEN GOTO 1710 : REM - NEWTON STEP INSIDE TRUST RADIUS
FOR 1=1 TO N : E(I)=E(I)*T1/61 : NEXT I : REM - STEP lENBTH=RADIUS
PRINT ..* ***..* ..**** ** ****** ":54$+55$
IF S4$="CAUCHY" THEN GOTO 1820
REM - CALC NEWTON-TO-GRADIENT DEGREES
C2=0 : C3=O
FOR I~l TO N : C2=C2+GCIJ*E(I) = C3=C3+ECI)*EtI) NEXT I
Pl~-C2/C4/SQRCC3) : IF Pl<l THEN GOTO 1780
Pl=O : GOTO 1790 ; REM - AVOID /0 IN ACS
Pl=57.29578*FNACStPl)
PRINT" NEWTON-TO-GRADIENT DEGREES=";
PRINT USING" ••••";Pl

REM - TAKE STEP WITH INCREMENT IN Et.)
FOR 1~1 TO N : XtI)=X{I)+E(I) ; NEXT I
SOSUB 5000 : REM - CALC F(X+dX)
K2=K2+1 = REM - INCREMENT FNCN EVAL COUNT
IF F<Fl THEN GOTO 1900
REM - GET BACK TO LAST TURNING POINT & CUTBACK dX
FOR 1=1 TO N : X(I)=X(l)-E(1) : EtI)=E(I)/4 : NEXT 1
PRINT .*••*. CUT BACK STEP SIZE BY FACTOR OF 4 "*###"
M=M+1 : IF M<11 THEN GOTO la20
PRINT "STEP SIZE TOO 5I'1ALL - TERMINATED" : GOTO 2070
IF S4$="CAUCHY" THEN GOTo 1960 : REM - BYPASS QUAD FACTOR REPORT
REM - CALC QUADRATIC BEHAVIOR FACTOR R
Bosue 2100 ~ REM - CALC QUAD DELTA F USING NEWTON STEP
IF Q<.OOOOOI THEN GOTO 1960 : REM - PROBABLY RESET HESSIAN
Pl=(F1-F)/(Q/2) : REM - SEE CHAPTER FOUR
PRINT" QUADRATIC E1EHAVIOR FACTOR R=";Pl
IF L7<M1 THEN GOTD 2010

PRINT "STOPPED AT GIVEN LIMIT OF";M1;" ITERATIONS; RESULTS ARE:"
L7=L7+1 : GOTO 2060



2000 REr1 - TEST CONVERGENCE OF BOTH F AND £ACH l( ( 1)
2010 IF ABS(FI-F)/el+ABSeFl»)El THEN SOTO 1480
2020 FOR 1=1 TO N
2030 IF ABS(EeI»/el+ABS(X(I»)>El THEN SOTO 1480
2040 NEXT I
2050 L7==L7+1 : PRINT "CONVERGED; SOLUTION IS:"
2060 GOSUB 7000 : REt1 - BET GRADIENT AT Sm..UTION POINT
2070 60SUB 2320 : REM - REPORT CONDITIONS AT STOPPING POINT
ZOn'): PRINT "TOTAL NlJI'1BER OF FI..JNCTION EVALUATIONS =-;K2
:zoao RETURN : REM -- RETURN TO MENU
2090 REM ••••••••••* ...
2100 REM - CALC QUAD FORM Q FOR E USING LDLT I!'. H(.)

2110 REM - CALC Tel)
2120 FOR 1=1 TO N TCl)=O ~ KEXT I ~ K=O ~ REM - INIT
2130 FOR J=1 TO N : REM - COLUMN LOOP
2140 FOR 1=1 TO N : REM - WORK DOWN COLUKN J OF MTRIX L <3.1.12)
2151') IF I<J THl::N GOTO 2200
21!oO K;«+1
2170 Cl="H(K)
2180 IF I=J THEN Cl=1
2190 TeJ)=TeJ)+Cl*EeI)
Z200 NEXT I
2210 NEXT J
2220 REM - 5Ut1 ox T"'2 TERHS FOR g
2230 K=O : Q=Q : REM - INlT
2240 FOR J=1 TO N
2250 FOR 1=1 TO N
2260 I F 1< J THEN GOTo 2290
2270 K=K+l
22BO IF I=J THEN IpQ++HK).TII).T(I)
2290 MEXT 1
2300 NEXT ,]
2310 RETURN
2320 R8M ......
2330 REf1 - PRINT FlJNCTION. VARIABLES. AND GRADIENT
2340 PRINT "AT START OF ITERATION NlA'IBER";L7
2350 Pl-=F : PRINT FUNCTION VALUE =",Pl
2360 PRINT" I XII) S(I,"
2370 FOR 1=1 TO N
2380 PRINT I; PRINT USING S6$;Xel) ,G(I)
2390 NEXT I
2400 RETURN
2410 REt1 - ..
2420 REI"I - OBTAIN HESSIAN IN He.) BY DIFFERB«:ING GRADIENT
2430 FOR 1=1 TO N : EII)=6eI) : NEXT I : REM - SAVE -NOMINAL GRADIENT
2440 KeO : REM - INDEX FQRH(KI
2450 FOR J=1 TO N : REM -COLUMNS OF HESSIAN
2460 05=D6*ABS(XCJ» : REM - INCREMENT FOR X(J) USING PARAMETER 06
2470 IF 05<.000001, THEN D5=.000001 : REM - MINIMUM PERTURBATION
2480 X{J)=xeJ)+D5 : REM - PERTURB xeJ)
2490 GOsue 7000 : REM - GET ALL G<I) FOR PERTURBED X(J)
2500 FOR 1=1 TO N : REM -ROWS OF 3th HESSIAN COLUMN
2510 Te!>=(GeI)-E(I»/D5 : REM - DELj(DELiF) APPROXI~ATE DERIVATIVE
2520 IF l<J THEN GOTO 2550 : REM - ABOVE HESSIAN MAIN DIAGONAL
2530 K=K+l : HeK)=T<I) : REM - STORE UNAVERAGED VALUE IN H VECTOR
2540 GOTO 2640 ': REM - NExT I
2550 Kl=O : REM - COMPUTE SVMMETR1C E~EMENT INDEX
2560 FOR L=1 TO I
2570 FOR M=l TO N
2580 IF M(L THEN GOTO 2610
2590 Kl=Kl+1
2600 IF M=J AND L=I THEN GOTa 2630
2610 NEXT M
2620 NEXT L
2630 HCK1)=(HeKl)+T(I»/2 : REM - AVERAGE SYMMETRIC ELEMENTS
2640 NEXT I
2650 X(J)=X(J)-DS : REM - RESTORE TO NOMINAL
2660 NEXT J

L _
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2670 FOR 1=1 TO N : 6(1)=£(1) : NEXT I : REM - RESTORE NOMlNAL
2600 RETURN
2690 REM * .
2700 REM - LDLT FACTORIZATION OF MATRIX IN SITU IN VECTOR H
2710 K5=1
2720 FOR 1=2 TO N
2730 IF H(KS»O THEN GOTO 2760
2740 PRiNT .. HESSIAN MADE P.O."
2?C~ H(K5l=.OOOOOl REM - FORCE POSITIVE DEFINITENESS
276Q Z=H(K5l
2770 K5==KS+1
2780 Il'=t<5
2790 FOR J=I TO N
2800 Z~(K5)

2910 H(k5)=H(K5)/Z
2B2O JS"=f(5
2B3O 15=I1
2840 FOR K=I TO J
2850 J5=.J5+N+ l-K
2860 H(JS)=H(J5)-H(IS)*Z5
2870 15:15+1
2BBO NEXT K
21190 K5=1<5+1
2900 NEXT J
2910 NEXT I
2"7.ZO IF H{K:n<==o THEN GOTO ~40

2930 RETURN
2'l40 PRINT .. HESSIAN I1ADE PO_D."
2950 HU(S)=.OOOOOI : REt1 - FORCE POSITIVE DEFINITENESS
?>bO RETURN
2970 REM ..
2990 REIf - SOLUTION E=Inv(H)E FOR NEWTON STEP
2990 FOR 1=2 TO N
3000 14=1
3010 V=:£(l)

3020 FOR J=l TO [-1
3030 V=Y-tH 14H£ (J)

3040 14=I4....N-J
3050 NEXT J
3060 En)=\,'
3070 NEXT I
3080 E(N)=E(N)/H(!4)
3090 FOR K=2 TO N
3100 I=N+l--t<
3110 I1=I4-K
3120 V==E(U/H(llJ
3130 14=11
3140 FOR J=I+l TO N
3150 11=11+1
3160 V~V-H(I1)-e(J)

3170 NEXT J
3180 E(I)""V
3190 NEXT f<
3200 RETURN
3210 END

7 REI'l - ROSENBROCKS FUNCTION IN TWO-SPACE -IC4-2\'RQSEN'
5O()0 REM _ ...

5010 REI1 - R05ENBROCK BANANA F1..JNCTION - OBJECTIVE
5020 F""100.CX(2)-X<1)*X<I»A2+<I-XCl"A2
5030 RETURN
7000 REI't .
7010 REI't - ROSENBROO< BANANA FUNCTION - GRAD tENT
7020 G(I)""-400.(X(1).X(2)-X(1)~3l-2.(I-X(lll

7030 G(2l""200*(X(2)-X(1).X(1)l
7040 RETURN



420 Program Luting>

7 REM - WOODS FUNCTION IN FOUR-SPACE -IC4-~1 'WOODS'
5000 REM **************************************
5010 REM - WOOD'S FUNCTION
5020 F~100*(X(2)-X(1)A2)A2+(1-X(1,)A2+90*(X(4)-X(3)A2)A2

+(1-X(3j)A2+10.1*«X(2)-1)A2+(X(4)-1)A2~+19.8*(X(2)-1)+(X(4)-1)

5030 RETURN
7000 REM *******************~*******************
7010 REM - GRADIENT Qr WOOD'S FUNCTION
70206(1):-400*X(1)+<X(Z)-XCl)AZ)-2*<1-XCl)}
7('30 G (2) =200* ex (2) -x (1) ..... 2) +20. 2* ex (2) -1) +19. 8* (X (4) -1)
7040 G(3)=-360*X(3>+(X<4)-X(3I A Z)-2*(1-X(3')
7050 G(4)=180*(X(4)-X(3)~2)+20.2*(X(4)-1)+19.8*(X(2)-1)

7060 RETURN

5 REM - 8512100909. COPYRIGHT T.R.CUTHBERT. 19a5.
7 REM - ADDS TO NEWTON - SIMPLE BOUNDS ON VARIABLES - PRGMIC4-4I 'NBOUNDS

325 DIM L5(30) ,P5<30,2) : REM - THE SET ON/OFF AND LOWER/UPPER ARRAYS
335 N;30 : SOSUB 3210 : REM - UNBOUND ALL POSSIBLE VARIABLES
99q CLS : K2=0 : L6=0 : REM - INIT FNCN COUNT L BINDINB BOUND(S) FLAB
1050 PRINT ~5. SEE L/OR RESET LOWER/UPPER BOUNDS ON VARIABLES"
1140 ON K BOSUB 1210,1300,1450,1420,3320
1635 IF L6<>0 THEN GOTO 1700 I REM - FORCE CAUCHY IF BOUNDS ARE BINDINB
1820 BOSUB 3515 : REM - CHECKISET BINDING BOUNDS IN STEPS IN E()
1825 FOR 1;1 TO N : X(I);X(I)~E(I) : NEXT I
lBaO M;M+l : IF M<ll THEN GOTO 1825 : REM - TRY FEASIBLE CUTBACK STEP
3210 REM•••••••••••••••••••••••••••••••••••••••
3220 REM - INIT FLAGS AND LOWERIUPPER BOUNDS
3225 16;0 : REM - CLEAR THE 'BINDING BOUND<S)' FLAG
3230 JR 1;1 TO N : LS(I)=O
3240 P5(I,I);-10000 : P5(I,Z)=+10QOO
3250 NEXT I
3260 RETURN33QO REM. •• ._.__••••_••_••• •••_.__._.__

3310 REM - SEE OR RESET LOWER/UPPER BOUND ON VARIABLES
3320S4J:="NONE. PRINT "BOUNDS NOW SET ARE:"
3330 PR I NT " I . LOWER UPPER"
3340 FOR 1;1 TO 30
3350 IF L5(I);0 THEN GOTO 3370
336054$="" : PRINT I;" "; PRINT USING S6$;P5n,l)jP'5(I,2)
3370 NEXT I
3380 PRINT S4$;"SET DR RESET ANY BOUNDS (YIN)"; ; INPUT 54$
3390 IF 54$( >"Y" THEN RETURN
3400 REM - RE-ENTRY FOR MORE BOUND SETTING
3""10 PRINT "ENTER 0 TO RETURN TQ MENU .. ELSE ENTER VARIABL.E .. ;";
3420 INPUT I : IF 1=0 THEN RETURN
3430 PRINT "PRESS <RETURN> IF NO BOUND DESIRED"
3440 PR1NT LOWER BOUND ="; ~ INPUT 54$
3450 P5(I,I);-10000 : IF 84$<>"" THEN PS(I.;I);VAL(S4$)
3""55 IF 54$<>'''' THEN L5(O=1
3460 PRINT" UPPER BOUND ="; : INPUT 54$
3470 P5(1,2)=+10000 : IF S"":f<>"" THEN P5<I,2)=VAL(S4$)
3475 IF 54$<>"" THEN L5(IJ=1
3480 GOTO 34103500 REM._. ._••• ••••• ••_*. • ••*.
3510 REM - CHECK BOUNDS AND RESET STEP IN E(l IF BINDING
3515 L6=O : REM - CLEAR THE "BINDING BOUND(S)" FLAG
3520 FOR 1=1 TO N
3530 IF L5tI);O THEN GOTO 3560
3540 IF eXCI)+E<I»)<PS(I,l) THEN L6=1
35""5 IF (X(I)+E(!»)<P5(I,I) THEN E(I)=PS(I.1)-X(I)
3550 IF (X(I)+E(I»>P5(I.2) THEN L6=1
3555 IF (XCI)+ECI»)>PS(I,Z) THEN E(I);PS(I,2)-XCIl
3560 NEXT I
3570 RETURN
3580 END
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List of Variable Names Used in Program C4-S: LEASTP

A() FI 17 L7 S$
C2 F2 J M SO
C3 FNACS() 11 Ml 54$
D() G() J5 M3 S6$
DI GI K M7 V
D2 H() K2 N V5
D5 I K5 N$ XO
E() 11 K7 N5 Z
£1 14 L PI Z5
F 15 Ll R()

10 REM - LEASTP OPTIMIZER - PROBRAt1!C4-5I'LEASTP'
20 OPTION BASE 1 : REM - NO SUBSCRIPT 0
30 CLS : KEY OFF; 1"17=0 ; REM - DEFAULT NUMBER OF SAMPLE DATA
40 PRINT "*****.*** LEASTP OPTIMIZER **....*.....****.... : PRINT
50 PRINT "NOTES;"
60 PRINT "1. USE ONLY UPPER CASE LETTERS"
70 PRINT "2. IF "BREAK' OCCURS, RESTART WITH 'GOTO 999'"
80 PRINT "3. USER MUST PROVIDE SUBROUTINE 5000 FOR RESIDUALS,"
90 PRINT SUBROUTINE 7000 FOR THE JACOBIAN MATRIX, AND"
95 PRINT SAMPLE DATA IN LINES 400-600 IF REQUIRED"
100 PRINT "4. ENTER DEFAULT ANSWERS TO QUESTIONS BY <RETURN>."
110 PRINT
130 REM - USE OF MAJOR VARIABLES AS FOLLOWS -
140 REM At,> JACOBIAN MATRIX. A(K,J) IS DERIV OF Kth RESIDUAL
142 REM WITH RESPECT TO Jth VARIABLE. IS DIM MxN.
144 REM D() VECTOR FOR LM DIAGONAL SCALING MATRIX.
146 REM 01 DETERMINANT OF LDLT FACTORIZATION.
148 REM E() SEARCH STEP VECTOR.
150 REM F HALF THE SUM OF Pth POWER RESIDUALS.
152 REM Fl SAVED VALUE OF F FOR DOWNHILL COMPARISON.
154 REM FNACS INVERSE COSINE FUNCTION
156 REM G() GRADIENT OF F.
158 REM 61 LENGTH OF GRADIENT.
160 REM H() VECTOR STORAGE OF APPROXIMATE HESSIAN MATRIX.
162 REM K2 COUNT OF NUMBER OF F EVALUATrONS.
164 REM K7 EXPONENT P - POWER TO WHiCH RESIDUALS RAISED.
166 REM L7 ITERATION COUNTER.
168 REM M NUMBER OF DATA SAMPLES.
170 REM 1'13 NUMBER OF DATA SAl'tPLES READ IN I="RDI1 DATA STATEMENTS.
172 REM N NUMBNER OF VARIABLES.
174 REM Rf) RESIDUALS, DIM M.
176 REM S<,) SAMPLES 5<1,1) IS INDEPENDENT lit 5<1,2) IS DEPENDENT.
178 REM V LEVENBERG-MARQUARDT flM) PARAMETER.
180 REM X() VARIABLES VECTOR, DIM N.
240 OEFOBL A-H.Q-Z : REM - NOTE THAT P IS SNGl PRECISION
250 OEFINT I-N
270 56$=" # ..
280 DEF FNACSfX)=1.570796-ATN(X/SQR(1-X*Xl) : REM - ARC CDS
290 1"11=50 : El=.OOOl : 17=1 : Ll=O : 1"13=0 : V=.OOl# ; REM - INIT PARAM5
300 REM - ~OLLOWING DIMENSIONS ARE FOR N<=20. THE HESSIAN VECTOR
310 REM H() MUST BE DIMENSIONED N*(N+l)/2. # SAMPLES 1"1<=40.
320 DIM X(20),G(20),HC210) ,E(20),A(40,20),S(40,2) ,0(20) ,R(40l
330 REM - HESSIAN H(.) STORED AS AS VECTOR; SEE EQUATION (4.1.14)
340 READ N$ ; PRINT "WORKING WITH DATA SET ";N$ : PRINT
350 READ M7 : REM - 1"17 SHOULD EQUAL 1"1 SET BY USER IN SUBROUTINE 5000
360 FOR K=l TO 1"17 : READ S(K,l) ; NEXT K



370 FOR K=l TO M7 : READ S{K,2) : NEXT K
375 BOTO 1160 ~ REM - TO MENU t. SELECTION
380 REM - SAMPLE DATA WILL BE EKPLOYED BY USER IN SUBROUT lNE 5000
390 REM - ENTER FOUR DATA STATEMENTS FOR SAMPLE PAIRS AS FOLLOWS
400 DATA "Dl.II'1t'tY" :. RE/'t - THE NAI1E OF THE DATA SET
410 DATA 5 : REM - THE NUt'lBER OF SAMPLE PAIRS <=40
420 DATA 1. 2 • 3 , 4 • 5 REM - THE INDEPENDENT DATA VALUES
430 DATA 1.1,2.2,3.3,4.4,5.5 : REM - THE DEPENDENT DATA VALUES
990 REM - RE-ENTRY FOR INVALID COI'1I"IAND NUMBERS l!< CONTINl,.IING
999 CLS : K2=O :. REI't - INIT FlINCTICIN EVALUATION COUNTER
1000 PRINT ".............. CIJI'1I'IAND I'1ENU ................
1010 PRINT "1. ENTER STARTING VARIABL£S (AT LEAST ONCE)"
1020 PRINT "2. REVISE CONTROL PARAl'lETER$ (OPTIONAU"
1030 PRINT "3. START OPTIrtIZATIDN-
1040 PRINT "4. EXIT (RESl..II1E WITH 'BOTO 999') "
10'50 PRINT "5. SPARE"
1060 PRINT "0. DISPLAY DATA PAIRS"
1070 PRINT......_**.............,...........,••~.~.H.H.~.~......*............
1080 PRINT" INPUT COI'U'IAND NlII'IBER:"; : INPUT S$
1090 K=LEN<$$) :. IF K=O THEN SOTa ~ :. REf1 - AVOID <CR>
1100 K=ASC (5$)

1110 IF K<48 OR K>57 THEN 6OTO CJ<I9 : REI'1 - 1ST CHAR MUST BE 0--9
1120 K=VAL <5$)
1130 IF K=O THEN K=" 15 : REJ'I - At.TERNATIVE DISPLAY Nt..JKBERS
1140 IF K>20 THEN 6OTO 999 :. ~ - CAN'T EXCEED I'lENU O'S
11:50 ON K 60SLJB 1220,1290,1420,l::S90, 999,3000
1160 PRINT "PRESS <RETURN> KEY TO CONTINUE - READY";
1170 INPUT 54$
1180 IF 54$()·..• THEN BEEP :. REM - (RETURN> BEFORE NEXT om NUt'lBER
1190 GOTO 999
1200 RE,.,..... _ ~ ...
1210 REM - ENTER VARIABLES
1220 PRINT"NUtmER OF VARIABLES = "; , INPUT N
1230 PRINT "ENTER STARTING VARIABLES X (J):"

1240 FOR 1=1 TO N
1250 PRINT" X<";I;"'=";: INPUT XCI)
l2bO NEXT I
1270 RETURN
1280 REM * *•••~.
1290 REM - REVISE CONTROL PARAMETERS
1300 PRINT "MAXIMUM # OF ITERATIONS tDEFAULT=50): "; : INPUT 54$
1310 Ml=50 : IF 54$<>"" THEN 111=VALCS4$)
1320 PRINT "STOPPING CRITERION CDEFAULT=~OOOl):"; : INPUT 54$
1330 E1=.OOOl : IF S4$<)~" THEN El=VAL(S4$)
1340 PRINT "PRINT EVERY Ith ITERATION (DEFAULT=I):"; : INPUT 54$
1350 17=1 : IF 54$()"- THEN 17=VAL(S4$)
1360 RETURN
1370 REM *••*•••*••**••*••* ..
1380 REM - NORMAL STOP
1390 KEY ON , PRINT "END OF RUN" -: END
1400 REM *.** .
1410 REM - MAIN OPTIMIZATION ALGORITHM - SEE CHAPTER FOUR
1420 IF N>O THEN GOTO 1450
1430 PRINT "--- NUI'1BER OF VARIABLES N NOT SET; USE COt1l1AND #1
1440 RETURN
1450 PRINT "EXPONENT P <2,4,6,8, OR 10) - • : INPUT K7
1400 FOR 1=1 TO M : REM - NULL A(I,J) JACOBIAN MATRIX
1470 FOR J=1 TO N
1480 A(I,J)=O
1490 NEXT J
1500 NEXT 1
1510 GOSUB 5000 : REM - FIRST CALC OF RESIDUALS
1520 PRINT "USER SET NUMBER OF sAt1PLES '" =" ;t1;" IN SUBROUTINE 5000"
15"30 PRINT IS THIS CONSISTENT WITH THIS PROBLEM (YIN)";
1540 INPUT S4$ : IF S4$=-N" THEN RETURN
1550 K2=K2+1 :. REI1 - INCRE F E\lAL COUNT
1560 IF Lt=O THEN SOTO 1S80 : REI1 - NO FAILURE IN RESIDUALS SUBROUTINE
1570 PRINT "SUBROUTINE 5000 UNABLE TO CDPtPUTE.. : RETURN
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1580 F=O : REM - CALC FIRST Sl.JI1 pth RESIDUALS
1590 FOR K=t TO ,., : F"=F+R (Kj ....K7 : NEXT K: F"=F/0
1600 SOSUB 7000 : REJ1 - CALC FIRST JACOBIAN
1bl0 GOSUB 2bOO : REJ't - CALC/STORE IIIIlRNAl. MATRIX IN H{)
Ib20 REI"! PUT NDRI'tALlZED SCALING FACTl:mS INTO D ()
1630 L=O D2=<>0
1640 FOR J=l TO N
1650 FOR 1=1 TO N
1660 IF 1<.1 THEN GOTO 1690
1670 L=L+l
1680 IF I=J THEN D(JJ='HCLJ
1690 NEXT I
1700 IF D<J)(=O THEN D(J)=1
1710 D2=D2+D(J)*D<JJ
1720 NEXT J
1730 D2=SQR (02)
1740 FOR .1=1 TO N ; D(JJ=D(J)/D2 : NEXT J : REM - NORf'tALIZE
1750 BDSUB 2750 : REJ't - CALC GRADIENT G () AND LENGTH 61
1760 REM - COMPARE GRADIENT TO FINITE DIFFERENCES
1770 PRINT "GRADIENT VIA SUB7000 VIA DIFFERENCES"
1780 FOR .11=1 TO N
1790 D5=.OOOl_*ABS(X(JIJJ : IF D5<.000001# THEN D5=.000001.
1800 X(J1J:l:'X(JU+DS : GDSUB 5000 : REf'{ - PERTURBED RESIDUALS
lal0 F2=O : FOR 1=1 TO '" : F2=F2+R<I)AK7 : NEXT I : F2=F2/K7
1820 PRINT USING" ###••#.0-#######";G(Jl).<F2-F)/D5
1830 X(Jl)=X(Jl)-D5
1840 NEXT J1
1850 PRINT "PRESS <RETURN> KEY TO CONTINUE - REA.DY"; INPUT 54$
1860 L7=0 : REM - INIT ITERATION COUNT
1670 REM * ** .
la80 REM - RE-ENTRY POINT FOR NtW ITERATION
1890 L7=L7+1 : Fl==F : REM - INCRE ITER COUNT 8,. SAVE LAST F VALUE
1900 IF M3==0 THEN V~V/I0 : REM - LAST STEP WAS A GOOD ONE SO REDUCE V
1910 IF V<lD-20 THEN V~lD-20 : REM - V~O NOT ALLOWED
1920 IF M3<>O THEN V=10*V : REM - LAST STEP REQ<D CUTBACK. SO INCREASE V
1930 M3=0 : REM - CLEAR CUTBACK COUNTER
1940 IF L7=1 THEN GOTO 1980 : REM - ELSE CALC GRADIENT
1950 BOSUS 7000 REM GET JACOBeAN
1960 GDSUB 2750 REM - CALC GRADIENT
1970 GOSUB 2600 REM - CALC/STORE NORMAL MATRIX INTO H()
1980 IF (L7-1) MOD 17)=0 THEN GOSUB 2500 : REM - RPT F.X. ~ G
1990 sosue 2870 REM - ADD LM PARAM TO H()
2000 GOSUB 3110 : REM - FACTOR (H+~Dl=LDLT IN SITU IN Ht)
2010 IF N5=O THEN 6OTO 2060 : REM - FACTORIZATION OK
2020 V=lOO"'V ; REM - INCREASE LM PARAI1 V
2030 GDSUB 2600 : REM - CALC/ST~E NORMAL MATRIX INTO H(,
2040 GOTO 1990 : REM - REVISE NORMAL MATRIX AND RE-FACTOR
2050 REM - SET RIGHTHAND SIDE ~ -G()
2060 FOR I~1 TO N : E(I):l:'-G(I) : NEXT I
2070 Gosue 3390 : REM - CALC STEP d~ IN E()
2QBO REM - CALC STEP-TO-GRADIENT DEGREES
2090 C2=O : C3""O
2100 FOR 1=1 TO N : C2=C2+S(l)*E(n = C3=C3+Ecn*'£(l) NEXT 1
2110 Pl=-c2/Gl/SQRCC3) : IF P1<1 THEN GOTO 2130
2120 P1=O : BOTO 2140 : REM - AVOID /0 IN ACS
2130 Pl=57.~S(P1)
2140 PRINT STEP-TD-GRADIENT DEGREES=";
2150 PRINT USING ,. ".#O#O-;Pl ,
2160 REI't - TAKE STEP WITH INCREl'IENT IN E (J
2170 FOR I~l TO N : X(!)=XCI)+E(!) : NEXT I
21ao GOSUB 5000 : REt1 - CALC RESIDUALS
2190 K2=t<2+1 : F=:> : REM - INCRE F EVAL CmJNT " CALC 5UJ'I, P"th RESIDUALS
2200 FOR K=1 TO 1'1 : F=F+fHKJ ....K7 : NEXT K : F=F/K7
2210 IF F<Fl THEN GQTC 2270
2220 REf'( - SET BACK TO LAST TURNING POINT" CUTBACK dx
2230 FOR !=1 TO N : X(I)=X(I)-ECIJ : E<I'=£(1)/4 : NEXT I
2240 PRINT" ....... CUT BACK STEP SIZE BY FACTOR OF 4 ######"
2250 1'13=M3+1 : IF ,.,3(11 THEN GOTO 2170 : REM - TRY CUTBACK STEP
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2260 PRINT "STEP SIZE TOO SMALL - TERMINATED" :: GaTO 2390
2270 IF L7<Ml THEN GOTO 2320 :: REM - NDT AT MAX ITERATIONS
2280 PRINT "~!!!! ~ ! ! ! ! ! ~ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !"
2290 PRINT "STOPPED AT GIVEN UNIT Of";Mlj" ITERATIONS; RESULTS ARE:"
2300 L7~L7+1 :: GOTO 2370
2310 REM - TEST CQNVERGENCE OF BOTH F AND EACH X(!)
2320 IF ABS<FI-F)/(l+ABS(FI»>El THEN 60TO,1890
2330 FOR 1=1 TO N
2340 IF ABS(E(I»/(1+A6S<X(!»»El THEN GOTO 189Q
2350 NEXT I
2360 L7=L7+l : PRINT "CONVERGED: SOLUTION IS:"
2370 Bosue 7000 REM - GET JAC08IAN
2380 Gosue 2750 : REM - GET GRADIANT
2390 sosue 2500 : REM - REPORT FfX, ~ G AT STOPPING POINT
2400 PRINT "PRESS <RETURN> KEY TO CONTINUE -- READY"; : INPUT 54$
2410 K::Q :: PRINT "RESIDUALS ARE;"
2420 FOR 1=1 TO M ; PR1NT I,R(I) : REM - PRINT RESIDUALS
2430 IF 1<21 DR K~1 THEN GOTO 2460
2440 PRINT "PRESS <RETURN> KEY TO CONTINUE -- READY"; : INPUT 54$
2450 K=l : REM - DON"T PAUSE FOR 2ND HALF OF DISPLAY
2460 NEXT I
2470 PRINT "TOTAL NUMBER OF FUNCTION EVALUATIONS =";1<2
2480 PRINT "EXPONENT P """;K7
2490 RETURN
2500 REM *******************.***••••* •••••••
2510 REM - PRINT FUNCTION, VARIABLES, AND GRADIENT
2520 PRINT "AT START OF ITERATION NUMBER"; L7
2530 PI==F : PRINT FUNCTION VALUE """;Pl
2540 PRINT " I X(I) G (I) "
2550 FOR 1""1 TO N
2560 PRINT I; PRINT USING S6$;X(IJ ,G(I)
2570 NEXT I
2580 RETURN
2590 REM **************************************
2600 REM - CALC/STORE NORMAL MATRIX IN H{)
2610 FOR l=! TO N.(N+1)/2 : H(I)=O : NEXT I
2620 FOR K=l TO M
2630 L==O
2640 FaR J=l TO N
2650 FOR 1==1 TO N
2660 IF l{J THEN BOTO 2690
2670 L=L+l
2680 H(L)=H(L)+A(K,I).A(K,J)*R(K)A(K7-Z)
2690 NEXT I
2700 NEXT J
2710 NEXT K
2720 FOR L=l TO N~(N~lJ/2 1 H(L)=(K7-1)*H(L) : NEXT L
2730 RETURN
2740 REM*******.***.*•••****.****.*********.*.*
27~0 REM - CALC GRADIENT AND ITS LENGTH
2760 61=0
2770 FOR 1=1 TO N
2780 6(1)=0
2790 FOR K=l TO M
2800 G(I)=G(I)+A(K.I)*R(K)~(K7-1)

2810 NEXT K
282061=61+6(1)*6(1)
2830 NEXT I
2840 G1=SQR <G 1)

2850 RETURN
2860 REM**_*.***•••*******.******.******.******
2870 REM - ADD LM PARAM TO NORMAL MATRIX
2880 L=O : PRINT " LM PARAM V=";
2890 PRINT USING "##. # ....." ......... ,,; V
2900 FOR J==l TO N
2910 FOR 1=1 TO N
2920 IF l(J THEN GOTD 2950
2930 L=::L+1
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2940 IF l=J THEN HtL)=H<L)+V*D(J)
2950 NEXT I
2960 NEXT J
2970 RETURN
2980 REM********.************.******.*.*~**.*****
2990 REM -.DISPLAY SAMPLE DATA FROM LINES 400
3000 PR I NT .. I I NDEPENDENT DEPENDENT"
3010 K=O
3020 FOR 1=1 TO M7
3030 PRINT I.; : PRINT USING " 4HH*###.#####~";5'1.1l_;S(J.2)

3040 IF 1<21 OR K~l THEN GOTo 3070
3050 PRINT "PRESS <RETURN> KEY TO CONTINUE -~ READY"; : INPUT 54$
3060 K=l : REM - DON'T PAUSE POR 2ND HALF OF DISPLAY
3070 NEXT I
3080 RETURN
3090 REM ***************.*.****.**********
3100 REM - LDLT FACTORIZATION OF MATRIX IN SITU IN VECTOR H
3110 K5=1 : 1'45=1 : 01=1 : REM - 1'45=1 NOT PO OR DET=Dl<lD~6

3120 FOR 1=2 TO N
3130 IF H<K5}>0 THEN GOTO 3150
3i40 GOTO 3340
3150 Z=H<KS) : Dl=Dl*H(K5)
3160 K5=K5+1
3170 I1=K5
3180 FOR J=I TO N
3190 Z5=H(K5)
3200 H(KS)=HCKS)ll
3210 J5=K5
3220 15:=11'
3230 FDA K=1 TO J
3240 J5""JS+N+ l-K
3250 HCJ5)=H(JS)-H(15)*Z5
3260 15=15+1
3270 NEXT K
3260 KS""K5+1
3290 NEXT J
3300 NEXT I
3310 Dl=Dl*H(K5) : IF D1>.0000000001# THEN N5=0
3320 IF N5=1 THEN BOTO 3340
3330 RETURN
3340 PAINT "HESSIAN NOT PO DR TOO SMALL DETERMINANT ot:"j

3350 PRINT USING .. ##.####""..........."''';01
3360 RETURN
3370 REM ****************************************
3380 REM - SOLUTION E=InvCH)E FOR SEARCH STEP
3390 FOR 1=~ TO N
3400 14=1
3410 V5=E<I)
3420 FOR J=1 TO I-I
3430 V5=V5-H(I4)*EIJ)
3440 I4=I4+N-J
3450 NEXT J
3460 E ( 1) =V5
3470 NEXT 1
3480 E(N)=EtN>!H(14>
3490 FOR K=2 TO N
3500 I=N+l-K
3510 Il-=14-K
3520 V5=E(Il!HCIl)
.3530 14=11
3540 FOR J=I+l TO N
3550 11"'11+1
3560 V5=V5-H(ll)*E(J)
-3570 NEXT J
3580 E (1 ) =V5
3590 NEXT K
3600 RETURN

425
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B REI't - ROSENJ3ROCK IN RESIDUAL FOR1"I (l/2'.F - PR6MtC4-6I'ROSENPTH'
5000~.........._ .......*-.....*........_
5010 REt1 - ROSENBROD::: BANANA FUNCTION RESIDUALS
5020 """'2 ; Rat - THE NlJI'tBER OF SAHPLES - NO DATA REQUIRED IN THIS CASE
5030 Ll==O : REM - NO LOGS OR SQR INVOLVED HERE SO ALWAYS OK
5040 RO)::lO*(X(Z)-X(U*X(l»
5050 R(Z)=l-X(U
5060 RETURN
7000 REM .
7010 REt1 ROSENBROCK BANANA FUNCTION JACOBIAN
7020 A(191)~-20.X{1)

7030 A(Z,U==-l
7040 A<1,2'=10
7050 A(2,2)=O
7060 RETURN
707Q END

8 RErt - I3ENERAl. 6AUSS mJADRATURE COEFF-S YIA LEASTP.!C4-71·GAUSs·
SOOO~••* .

-------- - - - - - - -------

8 RKtI-OSJi: WIm LKASTP OPTIHIZIm. FOR SARGKSON PRDBLIH.JC4-81- 'SABGKSON'
325 DIH Y4(33).Y5(33) : RKH-SAVE~ SUBRSOOO fOB SOBH1000-ErrICIKHCY
4.00 DATA "SABGESQM"
410 DATA 33
420 DATA 0.10.20,30,40,50.60.70.80.90.100
430 DATA 110,120,130,140,150,160.170,180.190,200
440 DATA 210,220.230,240,250.260.270,280.290,300
~5C DATA 310.320
460 DATA .844,.908, .932,.938,.925 •. 908 •. 881 •. 850, .818 •. 784 •. 751
470 DATA .718 •. 685 •. 658, .628 •. 603,.580,.558,.538 •. 522 •. S06,. 490 •• 478
480 DATA. 467, .<157, .448,.438, .431, .424,.420, .414,.411, .406
5000 ~***.*******.**.*******.**.****.*******.
5010 RJ:M,-BESIDOALS roll SARGKSOM IN LOOTSMA 1972: 185. N=5 VARIABLES
5020 K=33 : REM - NDHBJm OF SAHPLE POINTS
5030 FOR 1:::1 TO H
5040 Y4(1)~EXP(-X(<I)*S(I.l})

5050 Y5(I)=KXP(-X(5)*S(I,I»

so.o
5020
5025
5030
5040
5000
5070
5OBO
SOqO
5'00
5.05
5110
5'20
5130
7000
7010
7015
7020
7040
70:50
7060
7070
7075
7080
7085
7090
70qs
7110
7120
7130

REM - RESIDUALS FOR GENERAL GAUSS
rt=N = REJ1 - 5AttE NlA'IBER OF SAt'lPLE5 AS VARI ABLES
Kl=t1'\2 : REH - NI.JI'mER OF PRODUCT TERI"tS
FOR K=l TO t1
RCK>""O
FOR J=l TO Kl
R(K)~(K)+2.X(2·J-[)·X(2·J'h(2.(K~1»

NEXT J
R(K)~(K)-2/(2*K-l)

IF t1=Z* (P1'\21 THEN GOTO 5120
IF K<>l THEN BOTO 5120
R (K>:oR CK) ...X UU
NEXT K
RETURN
RE"* • * •••••••·.* *
REM - JACOBIAN FOR GENERAL GAUSS
Kl=ot1\2
FOR K=l TO M
FOR J=l' TO Kl
ACK,Z*J-l)=2.XC2.J)A(2.(K-l»
A(K,2.J)=2*C2.(K-l»*X(2.J-l).X(2.J)~(2.(K-l)-1)

NEXT J
IF M=Z*CM\2) THEN GOTO 7095 : REM - M 15 EVEN

A(K,I"l)=O
IF K=l THEN ACK,M)=l
GOTO 7110

IF K=l THEN A(K,M)=O
NEXT K
RETURN
END
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5060 R(I):X(1)+X(Z).Y4(I)+X(3)*Y5(I)-S(1.2)
5070 rmrr I
5080 Ll=D : REK - HOTBIRG TO BLDW UP HERE
5090 RETUIIH
7000 ~************.************.***********
7010 RDf-JAOOBIAR roB: SARGES01I PROBLDf-OSES T4() • Y5e) J"BOt S0BR5000
1020 Jnll 1=1 TO H
T030 4(1.1)=1
7040 A(I.2)=Y4(I)
7050 A(I.3)=T5(I)
706D A( r •.4 ):::-I(2)*S( I .1 )*Y4('I)'
7070 A(I.5)=-X(3).sCI.I)*Y!i(I')
7080 REXT I
7090 RI!:TDBB
7100 ERD

4:l7

B REJ'I - USE WITH LEASTP OPTII"IIZER FOR QiEBVSHEV PROBl...Et1IC4-91- 0CHEBY'
400 DATA -QiEBY-
410 DATA 11
420 DATA O•• 1 •• 2~.3,.4,.5,.6,.7,.8,.9.1
430 DATA -1,0,0,0,0,0,0,0,0,0,0
5000~ _*_* .
5010 REM - RESIDUALS FOR CHEBYSHEV APf'ROXIJ'lATION (LEAST Pth). N=3.
5020 1"==11 : REI'I - NUI"IBER OF SAJ1PLE POINTS
5030 FOR 1=1 TO "
5040 Y=SCl,l)
5050 R(I'=-!+Y*Y*CX(l'+V*Y*CX(Z'+Y*Y*X(3J)) - 5(1.2J
SObO NEXT I
5070 Ll==O : REf'( - NOTHING TO BLOW uP HERE
5080 RET1JRN
7000 REft* ** _ .
7010 REl'I - JACOBtAN FOR CHEBYSHEV APPROXII1ATI[)N
7020 FOR 1~1 TO "
7030 V=SCI,l)
7040 ACI,I)=Y"V
7050 A(1,2)=Y.Y~(I,1)

7060 A(I,3)=Y"Y6A(I,Z)
7070 NEXT I
7080 RETURN
7090 END

Us! of Variable Names Used in Program C5-1: QNEWT

B() F GS() 17 Ml T
C2 Fl G6 J M3 TO
C3 F5 H() J5 N V
D2 F6 I K Pl V5
D3 FNACS() n K2 Q W()
D4 GO I2 K5 S$ X()
E() Gl 14 L S4$ 2
El 03 IS L7 S6$ Z2

25

10 REf' - QUASI--NEW1llN OPTI"IZER - PROGRAt'IIC5-11 'QNEWT"
20 IlPTIDH BASE 1 : REI'I - NO SlJ8SCRIPT 0
30 a...s : kEY IFF
-40 PRINT gJ£WT OPTIMIZER PRINT
50 PRINT "NOTES:"
6J:J PRINT "1. USE lJNL.., LIPPER CASE l.ETTEftS ..



428 Program Lis/mJl$

VECTOR

INPUT 54$

REM - ARC COS
INIT PARAMS

THE. HESSIAN

IF 'BREAK' OCCURS, RESTART WITH ·GOTO 999·"
USER MUST PROVIDE SUBROUTINE 5000 FOR FUNCTION VALUE"

AND SUBROUTINE 7000 FOR THE GRADIENT VECTOR."
ENTER DEFAULT ANSWERS TO QUESTIONS BY <RETURN>."

70 PRINT "2.
80 PRINT "3.
90 PRINT.
100 PRINT "4.
110 PRINT
120 REM - USE OF MAJOR VARIABLES AS FOLLOWS -
130 REM BC) VECTOR FOR RANK-l UPDATE OF HESSIAN MATRIX
140 REM 03 DELTA FNCN VALUE USED WITH LINQUAD & LINCUBIC
150 REM D4 DIFFERENCE BETWEEN CURRENT AND TURNING-POINT SLOPES
160 REM Ee) SEARCH DIRECTION VECTOR.
170 REM F OBJECTIVE FUNCTION VALUE USER COMPUTES IN SUB~OOO

180 REM F5 OBJECTIVE FUNCTION VALUE USED INTERNALLY
190 REM FNACS INVERSE COSINE FUNCTION
200 REM Be) GRADIENT OF F USER CONPUTES IN 5UB7000
210 REM 62 SLOPE AT CURRENT X POINT
220 REM 63 SLOPE AT TURNING FOINT
230 REM GSC) GRADIENT OF F USED INTERNALLY
240 REM H() VECTOR STORAGE OF APPROXIMATE HESSIAN MATRIX.
250 REM K2 COUNT OF NUMBER OF F EVALUATlONS.
260 REM L7 ITERATION COUNTER.
270 REM M3 NUMBER OF DATA SAMPLES READ IN FROM DATA STATEMENTS.
2BD REM N NUMBER OF VARIABLES.
290 REM g SCALAR COEFFICIENT IN RANK-1 UPDATE OF HESSIAN
300 REM T LINE SEARCH METRIC <VARIABLE)
310 REM T<) WORKING VECTOR USED IN VARIOUS WAYS
320 REM W() WORKING VECTOR USED IN VARIOUS WAYS
330 REM X<) VARIABLES VECTOR. DIM N.
340 DEFDBL A-H,Q-Z : REM - NOTE THAT P IS SNGL PRECISION
350 DEFINT I-N
360 56$""" :It.ttt:lt":It. :It:lt:lt:lt:lt#ft:lt"
370 DEF FNACS<X):1.570796-ATN<X/SOR<1-X*X»
38(1 Ml==50 : El=.OOOI : 17=1 : V=.OOl# : REM ­
390 REM - FOLLOWING DIMENSIONS ARE FOR N<=20.
400 REM H<) MUST BE DIMENSIONED N*<N+l)/2.
410 DIM X(20),G<20) ,H<ZlO),E<20),G5<20),W<ZO) ,T(ZO),B(ZO)
420 REM - HESSIAN H<.) STORED AS AS VECTORj SEE EQUATION (3.1.14)
430 GOTO 1150 : REM - TO MENU ~ SELECTION
990 REM - RE-ENTRY FOR INVALID COMMAND NUMBERS & CONTINUING
qqq CLS : K2:0 : REM - INIT FUNCTION EVALUATION COUNTER
1000 PRINT "************* COMMAND MENU ************"
1010 PRINT "1~ ENTER STARTING VARIABLES <AT LEAST ONCE)"
1020 PRINT "Z. REVISE CONTROL PARAMETERS <OPTIONAU"
1030 PRINT "3~ START OPTIMIZATION"
1040 PRINT "4. EXIT (RESUME WITH 'GOTO 999')"
1050 PRINT "5. SPARE"
1060 PRINT"*****....*.***************************....
1070 PRINT"INPUT COMMAND NUMBER:.";:INPUT S$
1080 K~LEN<S$) ; IF K=O THEN GOTO 999 : REM - AVOID <CR>
1090 K=ASC(S$I
1100 IF K<48 OR K>S7 THEN GOTO 999 : REM - 1ST CHAR MUST BE 0-9
1110 K=VAL(S$)
1120 IF K=O THEN K= 15 :. REM - ALTERNATIVE DISPLAY NUMBERS
1130 IF K>20 THEN 60TO 999 : REM - CAN·T EXCEED MENU .·S
1140 ON K GOSUB 1210,1280,1410,1380, 999
1150 PRINT "PRESS <RETURN> KEY TO CONTINUE -- READV";
1160 INPUT S4:f
1170 IF S4:S<> .... THEN BEEP: REM - <RETURN> BEFORE NEXT CMD NUMBER
1180 6OTO 999
1190 REM***************************************
1200 REM - ENTER VARIABLES
1210 PRINT"NUHBER OF VARIABLES = "; : INPUT N
1220 PRINT "ENTER STARTING VARIABLES X(I):."
1230 FOR 1=1 TO N
1240 PRINT" X<";I;")""";: INPUT XCI>
1250 NEXT I
1260 RETURN
1270 REM *********************************
1280 REM - REVISE CONTROL PARAMETERS
1290 PRINT "MAXlHUM. OF ITERATIONS <DEFAULT=50):";
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1300 Hl=50 : IF 54$<)"" THEN Ml=VAL (54$)

1310 PRINT -"STOPPIN5 CRITERION (DEFAUL T=. 0001):"; = INPUT 54$
1320 El=.OOOI : IF 54$<}"" THEN El=VAL(S4$)
1330 PRINT "PRINT EVERY Ith ITERATION !DEFAULT=l);"; : INPUT 54$
1340 17=1 ; IF 54$<>"" THEN I7=VAL<S4$:)
1350 RETURN
1360 REM *.************.********************
1370 REM - NORMAL STOP
1380 KEY ON : PRINT "END OF RUN" ; END
1390 REM *.****************************.*****
1400 REM - MAIN OPTIMIZATION ALGORITHM - SEE CHAPTER FIVE
1410 IF N>O THEN GOTD 1433
1420 PRINT ,,----- NUMBER OF VARIABLES N NOT SET; USE COMMAND #1
1430 RETURN
1433 REM - INITIAL HESsiAN COULD BE MADE EXACT DR APPROXIMATE
1440 aOSUB 2860 REM - INITIALIZE HESSIAN IN H(.)
1450 Bosue 29ao ; REM - LDLT FACTORIZATION OF HESSIAN
1460 REM - FIND ~ SAVE MIN POSITIVE DIAB ELEMENT IN H
1470 12=N+l : D2=H< 1)
14BO FOR 1=2 TO N
14~O IF H(12»=D2 THEN GOTO 1510
1500 D2=H(IZ) : REM - THE MIN POSITIVE DIAGONAL ELEMENT
1510 12=12+N+I-1
1520 NEXT I
1530 IF 02>0 THEN GOTO 1550
1540 PRINT "STARTING HESSIAN NOT POSITIVE DEFINITE." : RETURN
1550 Gosun 5000 : K2=K2+1 : F5=F : REM - STARTING FUNCTION VALUE
1560 D3=.1.AB5<F) : REM - PREDICT lOr. FNCN REDUCTION ON ITER #1
1570 L7=O : REM INITIALIZE ITERATION COUNTER
1572 G05UB 7000 : REM - CALC GRAOlENT VECTOR
1574 FOR 1=1 TO N : 65(1)=G(I) : NEXT I
15BO L7=L7+1 : REM ~ Rf:-ENTRV POINT FOR lTERATION LOOP
1600 IF «L7-1) MOD 17)=0 THEN GOSUS 2770 : REM - REPORT F, X AND G
1610 FOR 1=1 TO N : E<lj=-G5(rl : NEXT I : REM - RHS OF NEWTON EQUATION
1620 GOSUS 3260 : REM - SOLVE FOR SEARCH DIRECTION VECTOR
1630 GOSUB 2480 1 REM - PRINT STEP-TO-GRADIENT DEGREES
1640 RE"*••*••*..***** **.*** .
1650 REf1 - BEGIN LINE SEARCH USING ONLY CUTBACKS
1660 RE" - CALC SLOPE AT TURNING POINT
1670 63=0
1680 FOR 1=1 TO N
1690 63=G3+G5(1).E<I)
1700 T<I)=65<1) : REM - SAVE GRADIENT AT TURNING POINT
1710 W<I)=X(I) I REM - SAVE TURNING POINT
1720 NEXT I
1730 IF G3(0 THEN GOTO 1750
1740 PRINT "pas SLOPE @ TURNING POINT STARTING ITER #";L7 : 60TO 2700
1750 M3=0 : T=l : REM - INITIAL COUNTER ~ STEP METRIC
1760 ~EM - RE-ENTRY IN LINE SEARCH USING ONLY CUTBACKS
1770 FOR 1=1 TO N : X<l)=W<I)+T*E(I) : NEXT I : REM - STEP
1780 GOSUB 5000 : K2=K2+1 : Fl=F : REM - TRIAL FNCN
1790 IF Fl>=F5 THEN GoTO 1810 : REM - CUT BACK STEP SIZE
1800 F5=Fl : GOTo 2610 : RE" - TEST FOR TERMINATION
1810 M3=1'13+1 : REM - INCREMENT CUTBACK COUNT
1820 IF M3<11 THEN GOTO 1850
1830 FOR 1=1 TO N : X(I)=WCI) : NEXT I : REM SET X AT TURNING POINT
1840 PRINT " STEP SIZE TOO SHALL - TERMINATED" : GOTO 2710
1850 T=T/4
1860 PRINT" tUt#.'. CUT BACK STEP SIZE BY FACTOR OF 4 ##......
1870 GOTO 1770 : REM - TRY REDUCED STEP
2300 REM_•••••••••••••••*••••••••••••••••••••••••**
2310 REM - BEGIN TWO RANK-ONE UPDATES USING BFGS FORMULA
2320 GOSUB 7000 REM - NEW GRADIENT
2330 66=0 1 REM - CALC CURRENT SLOPE
2340 FOR 1=1 TO N : REM - LAST GRADIENT WAS SAVED IN T<I)
2350 W<I)=T(I) : G5(I)=G(I) : 66=66+65(1)*E<I)
2360 NEXT I
2370 D3=F6-F5 REM - NEW DIFFERENCE FOR IN IT STEP CALC
~3BO D4=66-63 REM - CURRENT SLOPE MINUS OLD SLOPE
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2390 IF 04<0 THEN GOTD 1580 : REM - START NEXT ITERATION
2400 FOR 1=1 TO N : BCI)=G5(I)-WCI> : NEXT I ; REM - SRADIANT DIFF
2410 (;1:11 n*D4J REI"I = OCAL.AR I'IlJLTIPLIER IN FIRST RANK-t UPDATE
2420 GOSUB 3520 REM - PERFORf'1 FIRST BFBS RANK-l UPDATE
2430 FOR 1:1 TO N : 8(1J=W(I) : NEXT I : REM - VECTOR FOR 2ND UPDATE
2440 Q=1/63 : RE/"'I - SCALAR MULTIPLIER IN 2ND RANK-l UPDATE
2450 GOSUB 3520 : REM - PERFORtt SECOND BFGS RANK-l UPDATE
2460 GOTO 1580 ; REM - START NEXT ITERATION
2470 REM* ** .
2480 REM - CALC STEP-TD-GRADIENT DEGREES
2490 C2=O : C3=O : 61:o<Q
2500 FOR 1=1 TO N
Z510 C2~2+G(I)*E(I) ; C3=C3+E(I>.E(I) 61=61+6(1)*6(1>
2520 NEXT I
2525 IF (:3==0 OR 83=0 THEN RETURN : REM AVOID DIVISION BY ZERO .
2530 Pl=-C2/SQR<C3*Sl) : IF Pl(l THEN BOTO 2550
2540 Pl=O ; seTa 2500 : REI'1 - AVOID 10 IN ACS
2550 PI=57 ~ 2957B*FNACS (P1 )
2500 PRINT .. 5TEP-TO~GRADIENT DEGREES=";
2570 PRINT USING ;Pl
2580 RETURN
2590~ ........
2600 REI'I - TEST FOR TERl'tINATION
2610 IF L7<PlI THEN GOTD 26bO : REI'I - NOT AT I'fAX ITERATIONS
2b2O PRINT "!!!!!!!!.!!!!!!!!!!!!!!!!!!!!!!!"
2630 PRINT "STOPPED AT· GIVEN LIPIIT OF"; Pll;" ITERATIONS; RESULT5 ARE:"
2640 L7=t..7+1 : GOTO 2710
2650 REPI - TEST CONVEREiENCE OF BOTH F AND EACH X CI)
2660 IF ABSCFI--F)I"U+ABSCFU)>El THEN EiOTO 2320
2670 FOR 1=1 TO N
2680 IF ABSCT.ECI))I"Cl+AB5CXCI))))El THEN BOTO 2320
2690 NEXT I
2700 L7=L7+1 : PRINT "CONVERGED; SOLUTION IS:"
2710 60SUB 5000 FS=F: R8'I - GET FUNCTION VALUE
2720 60SUB 7000 : REI1 - BET GRADIANT
2~ 60SUB 2780 : REI1 - REPORT F,X, &l Ii AT STOPPINB POINT
2740 PRINT "TOTAL Nl.mBER OF FUNCTION EVALUATIONS ="; K2
2750 RETURN
2760 REM ....
2770 REI1 - PRINT FUNCTION, VARIABLES, AND GRADIENT
2700 PRINT "AT START OF ITERATION NI..JI'1BER";L7
2790 Pl=F5 PRINT FUNCTION VALUE =";Pl
2800 PRINT Of I XCI) 6(1)"
2810 FOR 1=1 TO·N
2820 PRINT I; PRINT USING S6S;XCIJ,6CI)
2830 NEXT I
2640 RETURN
2850 REM .
2860 REl'I - STORE UNIT MATRIX IN H ()
2870 L=O
2880 FOR J=1 TO N
2690 FOR 1=1 TO N
2900 IF I <J THEN GOTO 2940
2910 L=L+l
2920 HCU==O
2930 IF I~J THEN HCL)=1
2940 NEXT I
2950 NEXT J
2960 RETURN
2970 REM *** .
2980 REPI - LDLT FACTORIZATION OF MATRIX IN SITU IN VECTOR H
2990K5=1
3000 FOR I =2 TO N
3010 IF HCK5»O THEN GOTO 3040
3020 PRINT .. HESSIAN MADE P. D."
3030 HCK)=.OOOOOI : REM - FORCE POSITVE DEFINITENESS
3040 22=HO:'S)
3050 K5=K5+ 1
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3ObO 11'*=5
3070 FOR J::! TO N
3080 Z5=:HCK5)
3090 HCKS)=H(KS)/Z2
3100 JS==K5
3110 15=:=11
3120 FOR K=l TO J
3130 J5=:=J5+N+t-K
3140 H(JS)=H(JS)-HcIS)*ZS
3150 J5==I5+1
3160 NEXT K
3170 K5=1C5+1
3180 NEXT J
3190 NEXT 1
3200 IF H (,K5> <==0 THEN SOTD 3220
3210 RE1\JRllI
3220 PRINT· HESSIAN I'tADE P.D.·
3230 H(K5)=.OOOOOl = ~. -- FORCE POSITIVE DEFINITENESS
3240 RETURN
~ REM ...
3240 REJ1 -- SOLUTION E=lnv(H)E FOR SEARCH STEP
3270 FOR 1=2 TO N
3280 14=1
3290 vs--e: (I)
3300 FOR J=1 TO I-I
3310 \15--\1'5-+1( 14)*£(J)
3320 I4=I4+N-J
3330 NEXT J
3340 E (I)::V5

3350 fEXT 1
33bO E(N)=ECN)FH(!4)
33'70 FOR 1(.=2 TO N
3380 I~l-K

33~O Il==I4-K
3400 V5=ECI)/HeJl)
3410 14=11
3420 FOR .1"'1+1 TO N
3430 I1=I1+1
3440 V5=V5-H(Il>*E(J)
3450 NEXT J
3460 E(1)=\015
3470 NEXT K
34BO RtTlJRN
3490 RE"..... *** _ .
3500 REI'I - RANK 1 uPDATE OF H WITH QBBT
3510 RErI -- SOLN OF LV=Z FOR V BY FWI) SUDSTITUT ION
3520 T ( 1) =1:1< 1)

3S3O FOR I"" :z TO N
3540 14=1
3'550 Z=B(I)
3560 FOR J=1 TO I-I
3570 Z=I-HCI4)*Te,)
3580 I4=I4....N--J
3590 NEXT J
3600 T (I)::Z
3610 NEXT I
3620 REM - uPDATE £Iii IN H DIAGONAL L FILL E()
3630 14=1
3640 FOR 1=1 TO N
3650 Z=H(I4)+g.T(I)*T(I)
3660 IF Z<=O THEN GQTO 3830 REM - dii NEGATIVE
3670 H<I4)=Z
3680 ECI)=TCIJ*Q/Z
3690 Q=Q-E(I)*E(I)_Z
3700 14=I4+N+l-:-I
3710 NEXT I
3720 REI't - UPDATE L* LLhat
373q 14=1
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3740 FOR 1=1 TO N-l
3750 14=14+1
3760 FOR J=I~l TO N
3770 B(J}~BtJ)-H(14)*T(I}

3780 HCI4)=H(I4)+ECI)*BIJ)
3790 14=14+1
3800 NEXT J
3810 NEXT I
3820 RETURN
3830 PRINT"H("; I; ") IS NEGATIVE - ABORT" : RETURN
3840 REM - END QF QUASI-NEWTON MINIMIZATION MAIN PROGRAM
3850 REM ••**••********************************

STEP=" ;

INTERPOLATE"

••••.•••••*.. ;1
REM - TEST FOR TERMINATION

ACCEPT STEP

STEP I1ETRIC
METRIC DOUBLED
NEXT I : REM -

1660 REM - LINE SEARCH, NO DERIYS & QUAD INTERP -I C5-Z I 'LINGUAD <

1670 REM - CALC SLape AT TURNING POINT
1&80 6:;3"'0
1690 FOR 1=1 TO N
1700 G3=G3+GSCI)*ECIJ
1710 T([)=G5CI) : REM - SAVE GRADIENT ~T TURNING POINT
1720 WCI)=XCIl = REM - SAVE REFERENCE POINT
1730 NEXT I
1740 IF 63<0 THEN GOTO 1760
1750 PRINT "PCS SLOPE @ TURNING POINT STARTING ITER tf";L7 : RETURN
1760 T=-Z*D3/G3 : REM - CALC INITIAL STEP METRIC
1770 IF T>1 THEN T-"1
1780 F6=F5 : T5=0 : 13=0 : REM - SAVE FNCN VALUE & IN IT ACCUM
1790 REM - RE-ENTRY IN LINE SEARCH WITHOUT DERIVATIVES
1800 FOR lEI TO N = X(Il=WCI)+T*E(I) = NEXT I = REM - STEP
1810 GOSUB 5000 ~ K2=K2+1 ; FIDF : REM - TRIAL FNCN AT UNIT METRIC STEP
1820 IF 13>2 THEN 60TO 1840 : REM - ALLOW ONLY 3 CONSECUTIVE INTERPOLATIONS
1830 IF F1)~F5 THEN 60TO 2010
1840 F2=FS
1850 T5=T5+T : REM - ACCUMULATE
1860 REM - RE-RENTRY AFTER STEP
1870 FOR 1=1 TO N = WCI)=X<!l :
1880 F5=F1
1890 IF 13>=1 THEN GOTD 2180 : REM - END LINE SEARCH
1900 FOR 1=1 TO N : XCI)=W(Il+T.ECI) NEXT I ; REM - STEP
1910 PRINT" REPEAT STEP"
1920 BOSUB 5000 : K2=K2+1 : Fl=F : REM - T~IAL FNCN
1930 IF F1>=F5 THEN GOTO 2170 : REM - EXIT EXTRAPOLATION
1940 REM - SET 13=2 IF N£~T EXTRAPOLATION MIGHT BOUND MINIMUM
1950 IF CcFl+F2)=fZ*Fl AND C7*Fl+S*FZ1)<IZ*FS) THEN 13=2
1960 T5=T5+T : REM - ACCUMULATE LINE METRIC
1970 T=2*. ~ REM - DOUBLE STEP SIZE <EXTRAPOLATE}
1980 f"R I NT .. DOUBLE STEP"
1990 GOTO 1870
2000 REM - ENTRY FOR INTERPOLATION AFTER UNIT STEP FAtLED
2010 T=T/2 : REM - CUT STEP SIZE IN HALF
2020 PRINT" HALVE STEP"
2030 FOR 1=1 TO N : XCI)=W{I)+T*ECI) : NEXT I : REM - STEP
2040 BOSUe 5000 : K2=K2+1 : F2=F : REM - FNCN EVALUATION
2050 IF F2 >= F5 THEN GOTO 2100 : REM - TO QUADRATIC INTERPOLATION
2060 T5=T5+T : REM - ACCUMULATE STEP METRIC
2070 F'5=F2
Z080 GOTO 2180 : REM - EXIT LINE SEARCH
2090 REM - CALCULATE QUADRATIC INTERPOLATION WITH LOWER BOUND
2100 Z=.1
2110 IF C(FI+FS»CZ*F2)) THEN Z=I+(F5-Ft)jIF5+FI-2*F2)/2
2120 IF Z<.I THEN Z=.l : REM - LOWER BOUND
;2130 PRINT "
2140 T=Z*T :~REM - INTERPOLATE ON STEP SIZE
2150 13=13+1 : REM - LIMIT TO 1 EXTRAPOLATION & 3 INTERPOLATIONS
2160 GOTO 1800 : REM - END INTERPOLATION
2170 FOR 1=1 1D N : X(I}=WII) : NEXT 1 : REM - MOVE BACK
2180 T=T5 ; REM - FINAL LINE-SEARCH METRIC
2190 PRINT"
220Q PRINT USING
2210 GOTO 2610
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REM - LINEAR EXTRAP aN SLOPE

RETURN

UP

SLaPE FAILED"

: NEXT I
INTERPOLATIONS

FNCN FAILED"

EXTRAPOLATE"

STEP=":;

- IF NOT, EXIT LINE SEARCH

: X(I)=X(I}-T*E(I) : NEXT I : REM - BACK
GOTO 1800 : REM - GET FNCN VALUE & EXIT

INTERPOLATE"
INTERPOLATION

1660 REM - LINE SEARCH USING DERIVS & CUBIC INTERP -lcs-31 'LINCUBIC'
1670 REM - CALC SLOPE AT TURNING POINT
1680 63=0
1690 FOR 1=1 TO N
1700 G3=G3+G5(ll*E(I)
1710 T(I);65<1) = REM - SAVE GRADIENT AT TURNING POINT
1720 W(I)=X(I) ; REM - SAVE TURNING POINT
1730 NEXT I
1740 IF 63{0 THEN GOTO 1760
1750 PRINT "pas SLOPE @ TURNING POINT STARTING ITER *";L7
1760 T=ABS(Z*03/G3) : REM - CALC INITIAL STEP METRIC
1770 IF T>1 THEN T=1
1780 62=63 : REM - SAVE SLOPE
1790 F6=F5 : T5=0 : 13=0 : REM - SAVE FNCN VAL, INrT ACCUN, SET FLAG
1800 REM - RE-ENTRY IN LINE SEARCH WITH DERIVATIVES
IBI0 FOR 1=1 TO N : xeJ)=XC!)+T*E(!) : NEXT I : REM - STEP
1820 aOsUB 5000 K2=K2+1: Fl=F ; REM - TRIAL FNCN
1830 BOSUB 7000 REM - GET GRADIENT
1840 66=0 : REM - GET SLOPE
1850 FOR 1=1 TO N : B6=G6+G<I}*E(I) 65<1}=G<I)
1860 IF 13>2 THEN GOTO 2130 : REM - ALLoW ONLY 3
1870 IF Fl>=F5 THEN PRINT"
1880 IF Fl>=F5 THEN GOTO 2010
1890 IF ABS(G6/G3}(=.9 THEN GOTO 2140
1900 IF G6>0 THEN PRINT"
1910 IF G6>0 THEN GOTO 2010
1920 PRINT "
1930 T5=T5+T
1940 Z=10
1950 IF (6Z(G6) THEN 1=66/(82-66)
1960 IF Z>10 THEN Z=10
1970 T=1*T
1980 F5=Fl
1990 62=66 : REM - UPDATE REFERENCE SLOPE
2000 GOTO 1800
2010 FOR 1=1 TO N
2020 IF 13>2 THEN
2030 PRINT "
2040 1=3*(F5-F1)/T+G6+G2 : REM - CUBIC
2050 Q=1*1-62*66
2060 IF Q)O THEN GOTO 2080 : REM
2070 13=3 : GOTO 1800
2080 Z3=SQR(Q)
2090 Z=1-(G6+Z3-Z) 1 (2*13+G6-G2l
2100 T=Z*T
2110 [3=13+1 : REM - COUNT INTERPOLATIONS
2120 GOTo 1800
2130 FOR 1=1 TO N : X(!)=W(I) : NEXT I : REM - SET X TO TURNING POINT
2140 T=T5+T
2150 F5=Fl
2160 PRINT U

2170 PRINT USING" ####.######";T
2180 GoTO 2610 : REM - TEST FOR TERMINATION

7 REM - FINITE DIFF GRADIENT FOR QNEWT -ICS-41 "QNEWTGRD"
7000 REM *************************************
7010 REM - FINITE DIFFERENCES FOR GRADIENT FOR QNEWT
7020 F9=F : REM - SAVE NOMINAL FUNCTION VALUE
7030 FOR 11=1 TO N : REM - CALC POS ~ERTURBATIONS

7040 OX=AB5<X(II~~/10000

7050 IF DX<.OOOOOI THEN DX = .000001 : REM - IF X NEARLY ZERO
7060 X<II)=X<II)+DX
7070 GOSUB 5000 : K2=K2+1 : REM - GET PERTURBED FUNCTION VALUE

J
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7080 G<II)=(F-F9)/DX : REM - FIRST-QRDER DIFFERENCE
7090 Xtll)=X(ll)-DX : ~ - RESTORE X(II) VALUE
7100 NEXT II
7110 F=PI : REt1 - RESTORE NDJ1INAL FNCN ...,ALUE
7120 RETURN

7 REM - CAJ1ELBACK FNCN, BRANNIN 1972 - PRGr'III:5-5I .CAI'IEL
5000 R£t1 .....
5010 R£T1 - CAtELBACK Fl.JMCTION WITH PARA11ETERS A-E
50Z0 rl~-4:B=+2.1:C=-1/3:D=+4:E=-4

5030 U=X(1)"'X<l) :' xz.=X(Z)*X(Zl
5040 F=Xl.<A+Xl"'(B+Xl*C)}-X(I)*X(Z)+XZ*(O+X2*E)
5050 RETURN
7000 REM .
7010 REf1 - CAJ'lELBACK GRADIENT WITH PARAl'lETERS A-E
7020 G(1)=X(I) ... (2~+Xl.(4.B+Xl.6-e»-X(2}
7030 6(2)=-X(I)+X(2).(2.O+X2.4*E)
7040 RETURN

7 ~ - ADDS TO QNEWT - SII'IPLE BOUNDS ON VARIABLES - PRGr'IIC5-6! "BOXt'lIN"
415 01" L4(20) ,L5(20) ,P5(20,2) : Rat - CONSTRAINT AND BOl.INDS ARRAYS
425 SDSUB 2030 : Ref - l.INBOlWD ALL POSSIBLE YARIABLES
10:10 PRINT -5. SEE loIOR RESET LDWERIUF'PER BIJUNDS ON VAlUABLES­
1140 ON K GOSUB 1210,,1280,1410,1380,,2090
1435 GOSUB~ : REt1 - RESET .. RECORD BINDING VARIABLES
lS7b FOR 1=1 TO N : L5U):;::() : NEXT I : Ret - UNBIND ALL CONSTRAINTS
1602 REt1 - RELEASE NON-f(-T CONSTRAINTS
1604 FOR 1=1 TO N
1606 IF L5(1)*6<I) >0 THEN LS(J)zQ
1608 NEXT 1
1610 FOR 1=1 TO N : REPt - PROJECT GRADIENT INTO FIXED SUBSPACE
161255(I)=G(I).CI-ABSCLS(I»)
1614 E (I) =--65 (I) : REI1 - RIGHTliAND SIDE OF NEWTON LlNEM EQUATIONS
1616 NEXT 1
Ib22 FOR 1=1 TO N : REf't - PROJECT SEARCH DIRECTION INTO SUBSPACE
1624 E(I)=E(I)*(I-ABS(L5<!»)
1626 NEXT I
1775 60SUB ISBO : REM - CHECK/SET ANY ADDITIONAL BOUNDS
1875 REM ..
1880 REJ'I' - CHECK FOR t1IJRE BOUNDS AND RESET STEP SIZE T IF BlNDIN6
1900 FOR 1=1 TO N
1905 IF E (I ) =0 THEN SOTO 1990 : R8'I - TEST ONLV SUBSPACE BOUNDS
l<i'07 L5Cll=O : REI1 - CAMCEl.. BOUNDS, THEN RETEST l'HEt"l
1910 REM - PROCESS LOWER BOUNDS
1920 IF (W(I)+T*E(I»}CPSCI,I)+P2) THEN GDTO 1960
1940 X(I)=PS(1,,11
194::i L5(l)=-1 : REf'l - NOW AN ACTIVE CONSTRAINT
1948 PRINT" ACTIVATED X(";I;") LOWER BOUND"
1950 BOTO 1990 : REM - NO NEED TO PROCESS UPPER BOUNVS
1960 IF (WCI)+T4EtI»(P5(I,2) THEN GOTD 1990
1980 X(I)=P5(1,2)
198::i L5<Il=+l : ~ - NOW AN ACTIVE CONSTRAINT
1900 PRINT ... ACTIVATED X ("; I; .. , LJPPER BOlJND"
1990 NEXT I
2000 RETURN
2010 REt1** _ *....
2020 REM - INIT FLAGS AND LOWERIUPPER BOUNDS
2030 REI1 - CLEAR THE 'BINDING BOUND(S) " &: SET DEFAULT LIMITS
2040 FOR 1=1 TO 20 ; L4(1)=O : L~(I)=O

2050 P5(1,,1)=-10000 : PS(I,2'=+I0000
2060 NEXT I
2070 RETURN
2080 REt1 .......
2090 REM - SEE OR RESET LOWER/UPPER BOUND ON VARI ABLES
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2100 S4$;"NONE. PRINT "BOUNDS NOW SET ARE:"
2110 PRINT " I L.OWER uPPER"
2120 FOR I~l TO 20
2130 IF L4(I)=Q THEN GOTO 2150
2140 S4$;n~ : PRINT Ij" "; PRINT USING Sb$;P5(I.l);P5(I.2)
2150 NEXT 1
2100 PRINT 54$; "SET OR RESET ANY BOUNDS (VI'N) "; : INPUT 54$
2170 IF S4$(>"Y" THEN RETURN
2180 REM - RE-ENTRY FOR I"IOf(E BOUND SETTING
2190 PRINT "ENTER 0 TO RETURN TO MENU. ELSE ENTER VARIABLE. =";
2200 I NPUT I : IF I =0 THEN RETURN
2210 PRINT "PRESS <RETl..IRN> IF NO BIJl.JND DESIRED"
2220 PRINT LONER BOUND =="; : INPUT sq..
2230 P5(I.l)==-l0000 : IF 54$<>"" THEN PSU.l)=VALIS4$)
2240 IF 64$(>"· THEN L4(IJ==1
2250 PRINT" UPPER BOUND .en; : INPUT 54.
2260 PS(I.2)=+10000 : IF 54$<> .... THEN P5(I,2'=:VAL.(S4S)
2270 IF 54$<> .... THEN L4(I'==1
2280 BOTD 219Q
2350 N(!)=TCI) : 65Cll=GCIJ*Ct-ABSCL5(I») : G6=Gb+65(Z1*E<ll
3840 REM * .
3B5O REJ1 - RESET & RECORD BINDING VARIABLES
3BbO FOR 1=1 TO N
3870 REl'f - PROCESS LOWER BOUNDS
3880 IF XC!»P5CI.l) THEN GOlD 3920
3890 X(I1::F5CI,U : L5([)=-1
3900 PRINT "SET XC .. ; I; ") ="; X(1) ;" (L..OWER BOUND)"
3910 60TO 3950 : REM - NO NEED TO PROCESS UPPER BOUNDS
3920 IF X(I)(P5(I,2) THEN GOTO 3950
3930 XCI)=P5CI,2) : L5(1)=+1
3940 PRINT "SET X(";I;")=";X(J);" (UPPER BOUND)"
3950 NEXT I
3960 RETURN
3970 REM - END OF QUASI-NEWTON OPTIMIZER WITH BOXMIN CONSTRAINTS

7 REM - FNCN FOR QNEWT+BOXMIN+QNEWTGRO - PRGRMfC5-B 'PAVI7'
5000 REM - FNCN SUBROUTINE FROM QNEWT - FROM HIMMELBLAU P.416
5010 F=O : A3~1 = REM - INITIALIZE
5020 FOR I9~1 TO 10
5030 Al=LOB(X(I9)-2) = A2=LQG(10-X(I9» A3=A3*X(I9)
5040 F=F+Al*Al+A2*A2
5050 NEXT 19
5060 F=F-A3A (.2)
5070 RETURN
7000 REM ***************************************
7010 REM - GRADIENT FOR PAV17 FUNCTION
7020 FOR 19=1 TO N
7030 G(19)~2*(LOG(X(Iq)-2)/(X(I9)-2)-LOB(10-X(I9»/(lO-X(19»)

-.2*A3A (.2)/X(I9)
7040 NEXT 19
7050 RETURN

7 REM - ADDS TO QNEWT WITH BOXMIN - I1ULTIPL:::ER PENALTIES -IC5-s) 'I'IULTPEN

40 PRINT ·.-"••...-QNF.WT WITH BOX"IN AND I1ULTPEN************"
SO PRINT "3. USER I'fUST PROVIDE SUBRDUTINE 5500 FOR OBJECTIVE FNCN"
90 PR:rn " AND SUBROUTINE 7500 FOR ITS GRADIENT VECTOR."
105 PRINT "S. USER I'fUST SUPPLY SUBROUTINE aooo FOR CONSTRAINT FNCNS"
107 PRINT .. AND SUBROUTINE 9000 FOR CONSTRAINTS GRADIENTS"
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ESTIMATE

CASECONSTR
MIN
OFFSET

EQUALITY
- CHOOSE
RESIDUAL

PENALTY LOOP COUNT
oADJUST SCHEME
THEN GOTO 4310

417 DIM C(30),A(ZO,30),U(30).U9(30) ,5(30) : REM - MAX OF 30 CONSTRAINTS
1030 PRINT "3. STARr BOUNDED OPTIMIZATION"
1052 PRINT "6. START CONSTRAINED oPTIMIZATION"
1140 ON K SOSUS 1210, 1280. 1410, 1380, 2090, 4000
1573 IF L8=! THEN SOSUS 4900 : REM - CHECK USER'S GRADIENT BY DIFF'S4000 REM__* ._._.__*_._. *_
4010 REM - START MULTIPLIER PENALTY FUNCTION METHOD
4020 PR INT "************.**************•••*'Ir.******".********••"
4040 11=0 • REM - INIT TOTAL NUMBER OF CONSTRAINTS TO CHECK USER
4045 C6=lE+20 : K7=O : REM - CONSTR CONVERGENCE CONSTANTS
4050 FOR 1=1 TO 30
4055 UCI)=O : REM INIT CONSTRAINT RESIDUAL OFFSET
4057 5(1)=1 : REM - FOR CALes AT LINE 4092
4060 FOR J=l TO N
4070 AeJ.Il=O : REM - IN!T CONSTRAINT JACOBIAN
4080 NEXT J
4090 NEXT I
4092 GOSUB 4700 REM - SET INlTIAL CONSTR RESIDUAL WEIGHTS
4095 L8~1 : REM - INIT PENALTY LOOP COUNT
4100 BOSUe 1400 ; REM - MIN F(X) FROM COLD START
4110 REM - RE-ENTRY FOR OUTER PENALTY LOOP
4120 PR I NT "************-'1-**-11-*********************************"'."
4122 BEEP
4125 GOSU6 4800 : REM - FINO MAX PNLTY MODULUS & EST I LAGR MULTIPLIERS
4130 PRINT "AFTER "; La; " PENALTY MINIMI ZATIONS,"
4140 PRINT THE MAX CONSTRAINT MODULUS #";1(8;" "'''iPS
4150 PRINT "CONTINUE PENALTY MINIMIZATIONS (YIN)"; : INPUT 64$
4160 IF S4$~"N" THEN RETURN
4170 L8=L8+1 : REM - INCREMENT
4180 REM - POWELL'S PARAMETtRS
4190 C7~C6 : C6=P8 ; IF C6>~C7

4200 IF K7=1 THEN GOTO 4460
4210 FOR 1=1 TO M ; REM - ADJUST ALL OFFSETS
4220 U9<I)=U(II : REM - SAVE OFFSETS
4230 C8=C(I)
4240 IF I<=Kl THEN GOTO 4260 : REM ­
4250 IF U{l)<C<l) THEN C8=Utl) : REM
4260 U(I)=U(I)-CB : REM - NEW CONSTR
4270 NEXT I
4280 K7=1 : REM - JUST RESET ALL OFFSETS
4290 Gosun 1460 : REM - MIN FCX> START'S WITH CURRENT HESSIAN
4300 GOTO 4120 : REM - CLOSE OUTER PENALTY LOOP
4310 ReM ~ DIVERGING CAS£
4320 C6=C7 : REM -USE PRIOR MAX ec) NORM
4330 IF k7=O THEN GOTO 4350
4340 FOR 1=1 TO M : UCI)=U9(1) : NEXT I REM - USE PRIOR OFFSETS
4350 REH - SELECTIVELY INCREASE WEIGHTS ON CONSTR RESIDUALS
4360 FOR 1=1 TO M
4370 C9=C (I>
4380 IF I<=Kl THEN GOTO 4410 : REM - EQUALITY GGNSTR
4390 IF C9<0 THEN GOTO 4410 : REM - BIND'S INEQUALITY CONSTR
4400 SOTO 4430 : REM - UNBINDING INEQUALITY CONSTRAINT
4410 IF AB8cC9>«C7/4> THEN GOTO 4430 : REM - WEIGHT IS OK
4420 5(1)=8(1)*10 : U(I)=UCI)/10 : REM - FORCE CONVERGENCE
4430 NEXT I
4440 K7=0 : GOTo 4290 : REM - TO START OF PENALTY LOOP
4450 REM - TEST FOR MIN CONVERGENCE RATE
4460 IF C6>(C7/4) THEN GOTO 4350 : REM - FORCE GREATER CONVERGENCE RATE
4470 60TO 4210 : REM - IS OK - ADJUST ALL OFFSETS
4700 REM••••*****.***•••**••••* ••__•
4705 REM - INIT PENALTY WEIGHTS SCI
4710 Bosue 5000: REM - CALC F(X> WITH 5(1)=1
4715 REM - C8=SUM C(I)~2 FROM SUBSOOO
4720 REM - F9= UNCONSTR'D OBJECTIVE FNCN VALUE
4725 REM - UCI)=O NOW
4730 REM CHANGE WEIGHTS ON BINDING CONSTRAINTS - LEAVE REST =1
4735 K9=0
4740 FOR I= K1+1 TO M : REM - TEST FOR ~ BINDING INEQUALITIES
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4745 IF C(I){O THEN K9=K9+1
4750 NEXT I
4755 IF {Kl+K9}=O THEN RETURN REM - NONE BINDING SO S{'~l

4757 C8=2*ABS<F9)/(Kl+K9) : REM - AVERAGE ALLOWED EACH C(11 A 2 TERM
4760 FOR 1=1 TO M
4770 IF I<=Kl THEN GOTD 4785 : REM - 15 AN EQUALITY CONSTRAINT
4775 IF CCI1>O THEN GOTO 4790 : REM - UNBINO"G INEQUALITY CONSTR
4785 5(I)=CB/(Cll,*CC!)+.OOl#) : IF 5(1»1000 THEN 5(1)=1000
4790 NEXT I
4795 RETURN
4800 REM*********************************
48\0 REM - FIND MAX CONSTR RESID MAGNITUDE P8=ABSCC(KB»
4820 P8=Q ; KB=O : REM - INIT
4825 PRINT "ESTIMATED LAGRANGE MULTIPLIERS ­
4830 FOR 1=1 TO M
4840 C9=C ( I )
4850 I~ 1<==Kl THEN GOTD 4870 REM - IS EQUALITY CONSTRAINT
4860 IF C9>O THEN C9=O
4870 C9=ABS (C9)
4880 IF C9<=PB THEN GOTD 4887
4B85 PB=C9 : KB=I : REM - NEW MAX MODULUS
48B7 PRINT" CONSTRAINT #"; I;":";
48BB PRINT USING "#####.#tUUt#";U(I)*S(l}
4890 NEXT 1
4895 RETURN
4900 REM••*••••••••••••••••••*••••••••••**••••*
4910 REM - COMPARE USER"S GRADIENT WITH FINITE DIFFERENCES
4920 PRINT "GRADIENT VIA SUD9000 VIA DIFFERENCES"
4930 FOR Jl=1 TO N
4940 D5=.OOOU·*AElS(X(Jl» : IF D5<.000001# THEN D5=.OOOOOU
4950 X (Jl) ==X (J 1) +D5 BOSUE! 50(i(1 ; REt"j - PERTURBED FUNCTION
4960 PRINT USING" #####tL###..#tHt#";G(J1}.(F-FS)/D5
4970 X(Jll==X(JU-D5 REM - RESTORE ND:lINAL X(Jll
4980 NEXT Jl
4982 F = F5 : REM - RESTORE NOMINAL FNCN
4985 PRINT "PRESS <RETURN> VE'I' TO CONTINUE -- READY".: INPUT 54$
4990 RETURN
5000 REM*********.*******************
5010 REM - STND MULTIPLIER PENALTY FUNCT[ON
5020 CB=O : REM - IN IT SUM OF PENALTIES
5030 GOsue 8000 : REM - CALC CONSTRAINTS C()
5040 IF M>O THEN GOTD 5050
5045 PRINT "WARNING USER FAILED TO ASSIGN M 8< Kl VALUES IN SUBBOOO~"

5050 FOR 19~1 TO H
5060 C9=C(I9)-U<I9> REM - OFFSET CONSTRAINT RESIDUAL
5070 IF I9<=K1 THEN GOTO 5100 : REM - IS EQUALITY CONSTRAINT
5080 IF C9<0 THEN GOTO 5100 : REM - PENALIZE
5090 BOTO 5110
5100 CB=C8+SlI9>*C9.C9 : REM - ACCUMULATE PENALTIES
5110 NEXT 1.9
5120 Bosue 5500 REM - CALC UNCONSTR'D OBJECTIVE FNCN
5125 ~9=F : REM - SAVE OBJECTIVE VALUE TO INIT S<) IN SUB4700
5130 F=F+C8/2
5140 RETURN
7000 REM*******.******.**************.*
7010 REM - STND MULT PENALTY GRADIENT
7020 GOSUB 7500: REM - CALC UNCONSTR'D F GRADIENT
7030 GOSUB 9000 ; REM - CALC CONSTRAINTS GRADIENTS
7040 FOR J9=1 TO N REM - VARIABLES LOOP
7050 69=0
7060 FOR 19=1 TO M REM - CONSTRAINTS LOOP
7062 C9=C<I9)-U<19) : REM - OFFSET caNSTR RESIDUAL
7064 IF I9<=K1 THEN GOTO 7070 : REM - IS EQUALITY CONSTR
7066 IF C9<O THEN GOTO 7070 : REM - IS BIND"G INEQUALITY CONSTR
7068 GOTO 7080
7070 G9=G9+S(I9)*C9*A<J9.I9)
7080 NEXT 19
7090 G(J9)-==GeJ9)+G9
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709S NEXT J9
7100 RETURN

7 REM - HIMMELBLAU P360 OBJ~CONSTR F~GRADS -lcs-91 'HIM36Q'
5500 REM *••
5510 REJ't - HIMl'IELBLAU P.360 OBJECTIVE FUNCTION.
SS20 F=4*X(1)-X(2)*X(2)-12
5530 RETURN
7500 REM*-.*****-*._-"•••***"'******
7510 REM - HIHMELBLAU P.360 GRADIENT OF OBJECTIVE FNCN
7520 G(I)=4 : G(2)~-2*X(Z)

753Q RETURN
BOOO REM******.***"'**.**"'***.-"**
BOlO REM HIMMELBLAU P.360 CONSTRAINT FUNCTIONS e()
BOZO REM K=# OF EQUALITY CONSTR'S (K(=N)
8030 REM M=TOTAL # OF ALL CONSTRAINTS
8040 REM - DEFINE EQUAL1TY CONSTR'S FIRST
8000 K=l M=2: REl1 - USER MUST SET THESE TWO VALUES HERE
8070 C{11=25-X(1)*X(1)-X(Z)*X(Z)
B080 C(Z)=10*X(1)-X(1)*X(1)+10*X(Z)-X(Z)*X(Z)-34
8090 RETURN
9000 REM*************************.****
9010 REM HIMMELBLAU P.360 CONSTRAINTS GRADIENTS (JACOBIAN)
9020 REM - COL J OF A<J.I) IS GRADIENT VECTDR OF C(I)
9025 REM - MAIN PGRM HAS SET ALL AC.)=O
9030 A(1.1)=-2*X(1)
9040 A(2.1)=-2*XiZ)
9050 ACl.Z)=10-Z*X<1)
9060 A(Z.2)=10-Z*X(2l
9070 RETURN

5 REf'l 8510071334. COPYRIGHT T.R. CUTHBERT 1985.
7 REl1 ROSEN SUZlD<I. LOOTst1A BOOK. ~. LOOT3S6 .
5500 REI1 -* *
5510 REM ROSEN-SUZUKI OBJECTIVE FUNCTION
5520 X1=X(1)*X(1) : X2=X(Z)*X(Z) : X3=X(3).X(3) : X4=X(4).X(4)
5530 F=Xl+X2+2*X3+X4-5*X(1)-S*X(2)-21*X(3)+7*X(41
5540 RETURN
7500 REM* ******** ***
7~10 REM ROSEN-SUZUKI OBJECTIVE FUNCTION GRADIENT
7520 6(1)=2*X(1)-5
7530 G(2)=2*X(2)-5
7540 G(3)=4*X(3)-21
7550 6(4)=2*XC4)+7
7560 RETURN
8000 REM******************.***********
BOlO REM ROSEN-SUZUKI CONSTRAINT FUNCTIONS
B015 1"'1==3 : Kl=O
B017 Xl=X(l)*X(ll : XZ=X(Z)*X(Z) : X3=X(3)*X(3) X4=X(4)*X(4)
8020 C(1)=-XI-X2-X3-X4-X(1)+X(2)-X(3)+X(4)+B
8030 C(2)=-Xl-2*XZ-X3-2*X4+X(1)+X(4)+10
8040 C(3)=-Z*XI-X2-X3-2*X(1)+X(2)+X(4)+5
8050 RETURN
9000 REM***••***"*,,*************_***
9010 REM ROSEN-SUZUKI CONSTRAINTS GRADIENTS (JACOBIAN)
9030 A(l,l)=-2*X(1)-1:A(2.1)=-2*X(2)+1:A(3.1)=-Z*X(3)-1:A(4.1)=-2*X(4)+1
9040 A(1.2)=-2*XCl)+1:A(Z.2)=-4*XC2):A(3.2)=-2*X(3):A(4,Z)=-4*X(4)+1
9050 A(l,3)=-4*XCl)-2:A<2.3)=-2*X(Z)+1:A{3.3)=-2*X(3):A(4.3)=1
9060 RETURN
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Basic Variable Names Used in Program C6-1. TWEAKNET

A() D5 J2 M R5 VI
A4 D6 J5 M$() R6 V2
AS D9 J9 M() S$ V3
B() E() K MI S() V9()
B4 E1 KI M2 SIO V
B5 F K2 M3 S2$ V5
CO F1 K3 N S3$ W
C2 G() K4 N$ S4 WO
C3 Gl K5 N$() S4$ X{)
C4 G9 K6 NI S5 X4
C5 H K7 N2 S5$ X5
C6 HO K8 N30 S6$ Z
C7 I K9 N5 S7$ ZO
C8 11 L PI S8$ Z5
C9 12 L1 PSO T
DO 14 lA() P8 TI
Dl 15 LSO Q n
02 17 L60 Q() T3
03 19 L7 R() T4
D4 J L8 R4 U{)

7 REI"I - BAUSS-NEWTDN WITH BNDD \lARS AND CNSTRS -I P6I"I Cb'-11 'TWEAKNET'
10 REP'I - LADDER NETWORK OPTIMIZER BASE PR08iRAPI 'TWEAI<NET'
20 OPTION BASE 1 : REM - NO stlBSCRIPT 0
30 CLS : KEY OFF ; tt=O : REM - DEFAULT Nl.II'IBER OF 5AI'IPLE DATA
40 PRINT ............ NE11CCIRK OPTIf'UZER ..................... : PRINT
50 PRINT "NOTES:"
60 PRINT .. t _ USE ONLY UPPER CASE lETTERS-
70 PRINT "2. IF 'BREAK' DCCURS .. RESTART WITH ·BOTO ~ ...
eo PRINT "3. USER r1U5T PROVIDE SAP'IPLE DATA AND UNITS CFREQ .. "
53 PRINT L.C) AND TDPOUlBV DATA IN LINES 400-889."
85 PRINT OR RECALL THAT FROM DISK FILE USINS om 10."
90 PRINT AT LEAST CI1D 1 I'IUST BE USED TO SET VARIABLES."
100 PRINT "4. ENTER DEFAULT ANSWERS TO IAJE5TIONS BY <RETURN>."
110 PRINT
130 REJ"I - USE OF MAJOR VARIABLES AS FOLLDlrrIS -
140 REM A(,) JACOBIAN l'tATRIX. AO:',J) IS DERIV OF Kth RESIDUAL..
142 R£t1 WITH RESPECT TO Jth VARIABLE. IS DIM t1~N.

144 REJ"I D () VECTOR FOR LI1 DIAGONAL SCALING t1ATRIX.
140 REM Dl DETERt1INANT OF LDLT FACTORIZATION.
148 RD1 E ( ) SEARCH STEP VECTOR.
150 REM F HALF THE St.JI"'I OF pth POWER RESIDUALS.
152 REI'f Fl SAVED VALUE OF F FOR DOWNHILL COf'IPARISON.
1~ REM FNACS INVERSE COSINE FUNCTION
156 REM 60 GRADIENT OF F.
158 RE1'I Sl LENEiTH. OF GRADIENT.
160 REM HO VECTOR STORAGE OF APPRDXIJ1ATE HESSIAN I'7ATRIX.
162 RE1'I K2 COUNT OF NLmBER OF F EVALUATIONS.
1M REM K7 EX'PONENT P - POWER TO WHICH RESIDUALS RAISED.
160 REI'l L7 ITERATION COUNTER.
'1Q8 REI'1 t"I NUMBER OF DATA SAI'1PLES.
170 REl'1 M3 NlJI'mER OF DATA SAMPLES READ IN FROM DATA STATEMENTS.
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IN SHUNT, OR DUAL

REM NULL BRANCH
REM RESISTOR
REM INDUCTOR
REM cAPACITOR

REM - SERIES LC

172 REM N NUMBNER OF VARIABLES.
174 REM R() RESIDUALS. DIM M.
176 REM se,) SAMPLES 8(1,1> 15 INDEPENDENT & 50,2) IS DEPENDENT.
178 REM V LEVENBERG-MARQUARDT (LM) PARAMETER.
180 REM Xl) VARIABLES VECTOR, DIH N.
240 DEFDBL A-H,Q-R,T-Z : REM - NOTE THAT P IS SNGL PRECISION
250 DEFINT I-N
27055$=" ####.##t..t" : 56$=" *#####.###tUUt##" : 57$=" ##.#8ftAA-""'A"
280 OEF FNACS(Xl=1.57Q796-ATN(X/SQR(1-X*X) : REM - ARC COS
290 Ml=50 : £1=.0001 : 17=1 : K7=2 : M3=O ; V~.OOl# : REM - INIT PARANS
300 REM - FOLLOWING DIMENSIONS ARE FOR N<=20. THE HESSIAN VECTOR
310 REM H<} MUST BE DIMENSIONED N*(N+l)/2. .. SAMPLES M<=40.
320 DIM X(20),G(20),H(210),E(ZO),AC40,20),SC40,2),OC20>,R(40)
323 DIN L4(ZO>,L5CZO>,PS(ZO.2),W(ZO) : REM - CONSTR~ aND. & SAVE ARRAYS
325 DIM C(40) ,L6(40),U(40).U9(40).Sl(40) : REM - MAX OF 40 CONSTRAINTS
327 DIM M(3S).M$(3S).Q(35) ,N$(3S) : REM - MAX 20 NON-NULL BRANCHES
328 DIM N3t20,2).Z(40.2).B(40.20) : REM - STORAGE PER TELLEGEN DE~IVS

330 REM - HESSIAN H(.) STORED AS AS VECTOR; SEE EQUATION (4.1.14)
335 GOSUB 3800 : REM - UNBOUND ALL POSSIBLE VARIABLES
337 FOR I~1 TO 35 : M(I)=9 : NEXT I : REM - TOPOLOGY 'END' TYPE
340 READ N$ : PRINT "WORKING WITH DATA SET ";N$ : PRINT
350 READ M : R£M - M IS NUMBER OF SAMPLES
355 IF M=O THEN GOTO 1160 : REM - NO sAMPLES ~ TOPOLOGY FROM DATA STMNTS
360 FOR K=1 TO M : REAO StK.l) : NEXT K
365 FOR K:l TO M : READ s<K.2) : NEXT K
370 READ Ul .. U2,U3 = RErt-FREQ.,L"C UNITS
371 READ R6,R4,X4,K9 : REM - R SOURCE, R LOAD. X LOAD, • TOPOL LINES
372 FOR 1=1 TO K9 I REM - READ TOPOLOGY LINES
373 READ J,"$(I),Q(I),N$(I)
374 IF I"t$(I)="N" THEN M(I)::O
375 IF M$(l)="R" THEN tHl)=l
376 IF t1$(I)="L" THEN M(I)",,2
377 IF M$(l)="C" THEN M(I)=3
378 IF M$(I)="LC" THEN 1'1(1)=4
379 NEXT I
380 GOTO 1160 : REM - TO MENU " SELECTION
3BS REI'I - sAMPLE DATA WILL BE EMPLOYED IN SUBROUTINE 5000 ~ OTHERS
390 REM - ENTER DATA STATEMENTS IN LINES 400-8BB FOR SAMPLE PAIRS
395 REM - AND FREQ.L,C UNITS ~ TOPOLOGY
400 DATA "DUMMY"
4io UHIA 0 = REM - M=O. PROVIDE THESE LAST TWO LINES IF NO DATA FOLLOWS
990 REM - RE-ENTRY FOR INVALID COMMAND NUMBERS ~ CONTINUING
999 CLs = K2=O ~ REM - INIT FUNCTION EVALUATION COUNTER
1000 PRINT ""'''''''*'''''''''*''''''''''''''' COI'1r'1AND MENU "
1010 PRINT "1. ENTER STARTING VARIABLES (AT LEAST ONCE)"
1020 PRINT "2. REVISE CONTROL PARAMETERS (OPTIONAL)"
1030 PRINT "3. START OPTIMIZATION"
1040 PRINT "4. EXIT (RESUME WITH ·GOTO 999')"
1050 PRINT "5. SEE &;/OR RESET LOWER/UPPER BOUNDS ON VARIABLES"
1060 PRINT "6. DISPLAV DATA PAIRS"
1062 PRINT "7. SEE &/OR RESET CONSTRAINT ·SAMPLE NUMBER (51"
1064 PRINT "8. SEE FREQUENCY, L, & C UNITS & NETWORK TOPOLOGY"
1066 PRINT "9. SEE NETWORK RESPONSES FOR ALL SAMPLES"
1068 PRINT "10. RECALL SAMPLE. UNITS. & TOPOLOGY DATA FROM DISK"
1070 PRINT" * * ...
1080 PRINT" INPUT COMMAND NUMBER:"; :INPUT S$
1090 K=LEN(S$) : IF K=O THEN GOTO 999 : REM - AVOID <CR}
1100 K=ASC (5$)

'1110 IF K<48 OR K>S7 THEN GOTo 999 : REM - 1ST CHAR MUST BE 0-9
1120 K=VAL (8$)
1130 IF K=O THEN K= 15 : REM - ALTERNATIVE DISPLAY NUMBERS
1140 IF K>20 THEN GQTo 999 : REM - CAN·r EXCEED MENU _'5
1150 ON K GQSUB 1220,1290.4200.1390.3860.3000.4830.5310,2442,9800
1160 PRINT "PRESS <RETURN> KEY TO CONTINUE -- READY";
1170 INPUT S4$
1180 IF 54$<>"" THEN BEEP: REM - <RETURN> BEFORE NEXT CMD NUMBER
1190 GOTO 999
1200 REM*****"'************."**.****"".*********
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1210 REM - ENTER VARIABLES
1220 PRINT"NUHBER OF VARIABLES::: "; : INPUT N
1230 PRINT "ENTER STARTING VARIABLES XCI):"
1240 FOR I~l TO N
1250 PRINT" X(";I;")~";: INPUT XCI)
1260 NEXT I
1270 RETURN
1280 REM *********************************
1290 REM - REVISE CONTROL PARAMETERS
1292 PRINT "EXPONENT P (2,4,6,8, OR 10) ="; : INPUT 54$
1294 K7=2 : IF 54$< >"" THEN K7:::VAL (54$)
1300 PRINT "MAXIMUM' OF ITERATIONS CDEFAUL1=50):"; z INPUT 84$
1310 Ml=50 : IF 54$(>"" THEN Ml=VALCS4$)
1320 PRINT "STOPPING CRITERION <DEFAULT=.OOO1):"; : INPUT 54$"
1330 £1:::.0001 : IF 54$<>.... THEN El=VALCS4$)
1340 PRINT "PRINT EVERY Ith ITERATION (DEFAULT:::!);-; : INPUT 54$
1350 17=1 : IF 54$<>·..• THEN 17=\lAL~S4$)

1360 RETURN
1370 REM ******************************.*•••
1380 REM - NORMAL STOP
1390 KEY ON : PRINT "END OF RUN" : END
1400 REM ••••••••*•••••••••••••••••••••••••••
1410 REM - MAIN LEAST? OPTIMIZATION ALGORITHM - SEE CHAPTERS 4 & 5
1420 IF N>O THEN 60Ta 1445
1430 PRINT ,,----- NUM8ER OF VARIABLES N NOT SETI USE COMMAND *1 -----"
1440 RETURN
1445 K6=0 : REM - DEFAULT TO FINITE DIFFERENCES
1450 PRINT "DIFFERENCING OR EXACT LOSSLESS ELEHENT PARTIALS (O/E> ";
1452 INPUT 54$ : IF 84$="E" THEN K6=1
1455 GOSUB 4080 REM - RESET &: RECORD BINDING VARIABLES
1460 FOR 1=1 TO M : REH - NULL A(I.J> JACOBIAN MATRIX
1470 FOR J=1 TO'N
14BO AO,J>==Q
1490 NEXT J
1500 NEXT I
1510 BOSUB 5000 : REM - FIRST CALC OF RES1DUALS
1550 K2=K2+1 : REM - INCRE F EVAL COUNT
15BO F=O : REM - CALC FIRST SUM Pth RESIDUALS
1590 FOR K=1 TO M : F=F+R(K>~K7 : NEXT K : F=F/K7
1600 SOSUB 7000 : REM - CALC FIRST JACOBIAN
1610 GDSUB 2600 : REM - CALC/STORE NORMAL MATRIX IN H()
1620 REM - PUT NORMALIZED SCALING FACTORS INTO D()
1630 L=O 02"'='0
1640 FOR J=1 TO N
1650 FOR 1=1 TO N
1660 IF I{J THEN GOTO 1690
1670 L=L+l
1680 IF I=J THEN D(J)=H(L)
1690 NEXT I
1700 IF D(J){=O THEN D(J)=l
1710 D2=D2+DeJ}.D(J)
1720 NEXT J
1730 D2=-SGlR(D2)
1740 FOR J~l TO N : DfJ)=DCJ)/D2 ; NEXT J : REM - NORMALIZE
1750 GOSUB 2750 ; REM - CALC GRADIENT G() AND LENGTH Gl
1760 IF 61<>0 THEN GOTO 1860
1770 PRINT "GRADIENT IS ZERO~ CONVERGED, ":RETURN:REM - MAYBE FEASIBLE XO
1860 L7~0 : V = ,01# : REM - IN IT ITERATION COUNT ~ LM PARAM
1665 FOR 1-1 TO N ; L5(I)=O : NtXT I : REM - UNBIND ALL CONSTRAINTS
1870 REM****_*•••****.*****************_.****••
1880 REM - RE-ENTRY POINT FOR NEW ITERATION
1890 L7=L7+1 : F1=F ; REM - INCRE ITER COUNT ~ SAVE LAST F VALUE
1900 IF M3=0 THEN V=V/1Q : REM ~ LAST STEP WAS A GOOD ONE 50 REDUCE V
1910 IF V<1D-20 THEN V=1D-?O : REM - V~O NOT ALLOWED
1920 IF M3<>O THEN V=10*V ; REM - LAST STEP REGl'D CUTBACK, 50 INCREASE V
1930 M3=0 ; REM - CLEAR CUTBACf( COUNTER
1940 IF L1=1 THEN BOTO 1980 : REM - ELSE CALC GRADIEN,T
1950 GOSUB 7000 : REM - GET JACOBIAN

----------------------



1960 GIlSUB 2750 I ~ - CALC BRADIENT
1~70 GDSUB 2bOO I Rat - CAL.C/STDRE NIlRt'tAL rtATRIX INTO HO
1980 IF CCL7-1) ram 17)=0 THEN 605UB 2500 :. REPI - RPT J==".X, I.: B
1981 REt'I - RELEASE NON--K-T CONSTRAINTS
1982 FOR 1=1 TO N :. IF LSCIU6C1J)O TI£N L5CI)=O :. NEXT I
1983 FOR 1-1 TO N :. REI'I - PROJECT GRADIENT INTO FIXED SUBSPACE
1~ GCIl=G<ll*Cl-A8S<L5<lll)
1986 NEXT' I
1990 GOSUB 2870 :. REI'I - ADD U1 PARN1 TO H ()
2000 SIJSUB 3110 :. REtf - FACTOR CH+vDJ::::L.DL.T IN SITU IN HO
2010 IF N5=O THEN BOTO 2060 :. REI'I - FACTORIZATION (]I(

2020 V=100*Y :. REJ1 - INCREASE U1 PARAI'I Y
2030 60SUB 2600 :. Ret - CA1....CISTORE NIlRPIAL. PlATRIX INTO HO
2040 6DTO 1990 :. REI1. - REVISE NtJRl"IAL I1ATRIX AND RE-FACTOR
2050 ReI - SET RIBHTHAND SIDE = -G CJ
2ObO FOR 1=1 TO N :. E(I)=-GCIl :. NEXT I
2070 60SUB 33'90 :. R8'I - CALC STEP dx IN E ()
2072 FOR 1=1 TO N :. REl"I - PROJECT SEARCH DlRECTl1lN INTO SUBSPACE
2074 ECI)=ECI)*CI-ABSCLSCIJJJ
2076 NEXT I
2000 RE!'I - CALC STEP-TQ-GRADIENT DEGREES
2090 C2==O :. [;3::=0
2100 FOR 1=1 TO N :. C2=C2+G<I)4£<I) :. C3=C3--t-ECUiI£U) NEXT I
2105 IF 61=0 OR 0<=0 THEN 60TQ 2160 :. REl'I - CAN"T CALC ANGLE
2110 Pl=-CZJS1/SGRcC3) :. IF Pl<l THEN SDTO 2130
2120 Pl:(;J :. SOTO 2140 :. REJ'f - AVOID 10 IN ACS
2130 Pl=57. 29S7B-.FNACScPl)
2140 PRINT STEP-TO-GRADIENT DEGREE..S=''';
2150 PRINT USING .. H.M.... ;P1
2160 REI"I. - TAKE STEP WITH INCR81ENT IN EO
2165 FOR 1=1 TO N : WCI)=XCI) :. NEXT I :. Rat - SAVE BASE POINT
2170 FOR 1=1 TO N :. XCI)=WCIJ+E<IJ :. NEXT I
217:5 GOSUB 3620 REM - CHECK/SET ANY ADDITIONAL BOUNDS
2180 60SUB 5000 REPt - CALC RESIDUALS
2190 K2=K2+1 : F=O : REM - INCRE F EVAL COUNT '" CALC SUM Pth RESIDUALS
2200 FOR K=1 TO M :. F=F+R(K)~K7 :. NEXT K :. F=F/K7
2210 IF F<Fl THEN GOTO 2270
2220 REM - GET BACK TO LAST TURNING POINT I. CUTBACK dx
2230 FOR 1=1 TO til :. X(l)=W(1) :. E(l>=E(l)/4 ~ NEXT. I
2240 PRINT" ....... CUT BACK STEP SIZE: BY FACTOR OF 4 M#"'''
22'50 113=t'O+1 :. IF 1"t3<11 THEN SOTO 2170 :. REI"l - TRY CUTBACK STEP
2260 PRINT "STEP SIZE TOO SI'IALL - TERl'tINATED" :. GeTO 23'70
2270 IF L7<Ml THEN GOTa 2320 :. REM _. NOT AT MAX ITERATIONS
2280 PRINT '"!! ~ ~!!!!!!!!! ~!! ~!!!! ~~!~ !-!!"!! ~ ...
Z2"iO PRINT '"STOPPED AT GIVEN LIMIT OFN;Ml; '" ITERATIONS; RESULTS ARE:"
2300 L7=L7+1 :. GOTO 2370
2310 REI'I - TEST CONVERGENCE OF BOTH F AND EACH X (I )
2320 IF ABS<FI-F>/Cl+ABSCF1»)>El THEN SOTO 1890
2330 FOR 1=1 TO N
2340 IF ABSCE(I»/{I+ABS(x<I»)>El THEN BOTO 1890
2350 NEXT I
2360 L7=L7+1 :. PRINT "CONVERGED; SOLUTION IS:"
2370 GOSU8 7000 REM - GET JACOBIAN
23BO GIJSUB 2750 :. REI'I - GET GRADIANT
:z3q() GOSUB 2SOO :. ~ - REPORT F,X, • G AT STOPPING POINT
2410 PRINT ooTOT.u.. N1Jt'IBER IlF FUNCTION EVALUATIONS' =.;1<2
2420 PRINT "EXPONENT P =";K7
2430 RE1lJRN.
2440 REn~'H'H'H'~'~''''.'.'.'H'H'~.'''•••••••••••••• II •• I.
2442 RErI - DISPLAY dB AND Zin OVER A FREQ RANEE
2444 IF N=O THEN GQTO 2494 : REf'l. - PlUST HAVE YARIABl.ES SET
2446 Kto;:Q : Kb=O :: REM - ~ING AND SUBBOOO FUtGS
2448 PRINT "START FREmJENCY =00; :. INPUT Tl
2450 PRINT "STOP FREmJENCy =00; :. INPUT T2
2452 PRINT ooNlJl1BER OF FREQS, MX 40 C+LIN. -LOB> =oo; : INPUT LJ
2453 IF L1<O AND Tl==Q 1lfEN Tl=.OOl :. RBi - DUE TO LOB CASE
2454 T3==Tl : 06=1 : IF ABS(L1>=l THEN GOTO 2468
2456 IF ABS<LU>40 THEN Ll=S6NCLJ)*'4Q
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2458 Db=ABS<Ll)-l : X5=T2-Tl
2460 IF Ll<O THEN X5=LDGlT2/TU
2402 Xs.:XS/D6
24M IF Ll<O THEN X5=EXP(X5)
2466 D6=X5
2468 PRINT ... FREQt..JENCY RESPONSE dB Rin 0HJ1S
2470 FOR 12=1 TO ABS(LU
2472 T4--SU2.U : S<IZ.1>=T3 REtt - SAVE SAI'1PLE DATA BASE
2474 60SUB 8000 : REM - GET dB & lin
2476 PRINT I2;:PRINT USINB S6.;S(I2~!),C(I2),A4,A5

2478 IF 12:<21 OR I2=ABSlLl) OR Kl=l THEN GOTC 2484
2480 PRINT "PRESS <RETURN> KEY TO CONTINUE -- READY" i INPUT 54$
2482 Kl=l : R£" - DON'T PAUSE FOR 2ND HALF OF DIsPLAY
2484 S(I2,1)=T4 : R8M - RESTORE SAMPLE DATA BASE
2486 If: Ll >0 THEN T3=T3+Dh : REM - INCREl"IENT FREIAJEN(:Y
2488 IF Ll<O THEN T3=T3*D6
2490 NEXT 12
2492 RETURN
2494 PfUNT MUST ASSIGN VALUES TO VARIABLES FIRST ..
2496 RETURN
2500 REM .* ~•••***.
2510 REI1 - PRINT FlD'ICTION., VARIABLES, AND GRADIENT
2520 PRINT "AT START OF ITERATION NlJI'18ER";L7
2530 Pl=F : PRINT FUNCTION VALUE =";F'l
2540 PRINT .. I XlI) (HI)"
2550 FOR 1=1 TO N
2560 PRINT Ii PRINT USINB SbS;X(I),BiI)
2570 NEXT I
25BO RETURN
2590 REM .~ ***•••
2600 REM - CALC/STORE NORMAL ~ATRrx rN H()
2610 FOR 1=1 TO N*<N+l)/2 ; H<I)=O ; NEXT I
2620 FOR K=l TO H
2630 L=O
2640 FOR J=l TO N
2650 FOR 1=1 TO N
2660 IF I<J THEN GOTD 2690
2670 L=L...1
2680 H(L)=H<L)+A<K.I).A(K.J)*R(K)~{K7-2)

2690 NEXT I
2700 NEXT .:J
2710 NEXT K
2720 FOR L=1 TO N*CN+t)/2 = HCL'=CK7-1htHU r NEXT L
2T3I:J RETURN
'Z140 REtt- * **
2750 REJ't - CALC GRADIENT AND ITS LENGTH
2700 810;;()
2770 FOR I~l TO N
2780 6(1)==Q

2790 FOR K==l TO 1'1
2BOO 8(1)=G(I)+A<K,I)*R(K)""(K7-1)
2810 NEXT K
2920 61==61+6(1)*6(1)
2830 NEXT 1
2840 G 1 '=SQR CB 11
2850 RETURN
2860 REM * _.* * ••••
2S70 REM - ADD LM PARAH TO NORMAL MATRIX
2S80 L==O : PRINT .. LH PARAH \1=:";
2890 PRINT USING ·O...........""... ,,;V
2900 FOR J=l TO N
2910 FOR 1=1 TO N
2920 IF I<J THEN.GOTO 2950
2930 L=L+l
2940 IF I=J THEN H<L)~H(L)+V.D(J)

2950 NEXT I
2960 NEXT J
2970 RETlJRN

443



444 Program Lis/inK'

2980 REM*••_*._*****.****.****.*****.**********.*
2990 REM - DISPLAY SAMPLE DATA FROM LINES 400
3000 PRI NT " I I NDEPENDENT DEPENDENT"
3010 K=O
3020 FOR 1=1 TO M
3030 PRINT I; ; PRINT USING" 1t-...4*....4.#"#*#",,"iS{I.1>;Sn,2)
3040 IF 1<21 OR K=l THEN GaTD 3070
3050 PRINT "PRESS <RETURN> KEY TO CONTINUE -- READY"; : INPUT 54$
3060 K=l : REM - DON"T PAUSE FOR 2ND HALF OF DISPLAY
3070 NEXT I
3080 RETURN
3090 REM *********************************
3100 REM - LDLT FACTORIZATION OF MATRIX IN SITU IN VECTOR H
3110 K5=1 : N5=1 : Dl~l : REM - N5=1 NOT PO OR DET=Dl<lD-6
3120 FOR 1=2 TO N
3130 IF H(K5»O THEN GOTO 3150
3140 GOTO 3340
3150 Z=H(K5) : Dl=Dl*H(K5)
3160 K5=K5+ 1
3170 11=K5
3180 FOR J=I TO I'll
3190 Z5=H(KS)
3200 H(K51=H(KS)/Z
3210 J5=K5
3220 15=11
3230 FOR K=I TO J
324(1 J5=JS+N+ 1-1(
3250 HCJ5)=HCJ5)-HCI5)*Z5
32bO 15=15+1
3270 NEXT K
3280 1<5=1<5+1
~290 NEXT J
3300 NEXT I
3310 Dt=Dt*HCkS) ; IF Dl>.OOOOOOOOOI# THEN N5=0
3320 IF N5=1 THEN 60TO 3340
3330 RETURN
3340 PRINT "HESSIAN NOT PD OR TOO SMALL DETERMINANT =";
3350 PRINT USING ..##.####"'................. ;01
3360 RETURN
3370 REM ****************************************
3380 REM - SOLUTION E=lnv(H)E FOR SEARCH STEP
3390 FOR 1~2 TO N
3400 14=1
3410 VS"'E(1)
3420 FOR J~1 TO 1-1
3430 V5=V5-H(I4}*E(J)
3440 14==14+N-J
3450 NEXT J
3460 E CJ ) =V5
3470 NEXT I
3480 E(N)=E(N)/HCI4)
3490 FOR K=2 TO N
3500 I=N+I-K
3510 11=I4-K
3520 V5=E (I) /H (11)
3530 14=11
3540 FOR J=I+l TO N
3550 11=11+1
3560 V5=V5-H<ll)*£<J)
3570 NEXT J
3580 E ( I> =V5
3590 NEXT K
3600 RETURN
3610 REM****************************************
3620 REM - CHECK FOR MORE BOUNDS AND RESET VARIABLE IF BINDING
3630 FOR 1=1 TO N
3640 IF E<I)=O THEN GOTO 3760 : R£M - TEST ONLY SUBSPACE BOUNDS
3650 LS(IJ=O : REM - CANCEL BOUNDS, THEN RETEST THEM
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PRINT USING S6$;PS<I,1)jP5(I,Z)'" .

3660 REM - PROCESS LOWER 80UNDS
3670 IF XIIl>P5CI.Il THEN GOTO 3720
3680 X(I)~P5{I.l)

3690 LS<!)=-l : REM - NOW AN ACTIVE CONSTRAINT
3700 PRINT" ACTIVATED X(";I;") LOWER BOUND"
3710 GOTO 3760 : REM - NO NEED TO PROCESS UPPER BOUNDS
3720 IF X<I)<P5<I.2) THEN GQTQ 3760
3730 X{I)~P5(I,2}

3740 L5(I)=+t : REM - NOW AN ACTIVE CONSTRAINT
3750 PRINT" ACTIVATED XC";l;") UPPER BOUND"
3760 NEXT I
.3770 RETURN
3780 REM********************••••***••*.********
3790 REM - INIT FLAGS AND LOWER/UPPER BOUNDS
3800 REM - CLEAR THE 'BINDING BOUNDeS)' & SET DEFAULT LIMITS
3810 FOR 1=1 TO 20 ; L4CI1=O : LSCI)=Q
3820 PSCI,l)=-l0000 : PS(I,2)=+10000
3830 NEXT I
3840 RETURN
3850 REM.*.*.*••**.****.****•••*.*.*.*.**.***••*
3860 REM - SEE OR RESET LOWER/UPPER BOUND ON VARIABLES
3870 S4$=="NONE. PRINT "BOUNDS NOW SET ARE:"
3880 PRINT " I LOWER UPPER"
3890 FOR 1==1 TO 20
3900 IF L4tl)=O THEN GOTD 3920
391054$="" : PRINT I;"
3920 NEXT I
3930 PRINT 54.; "5ET OR RESET ANY BOUNDS (YIN)"; : INPUT 54$
3940 1F 54$<)" Y It THEN RETURN
3950 REM - RE-ENTRY FOR MORE BOUND SETTING
3960 PRINT "ENTER 0 TO RETURN TO MENU, ELSE ENTER VARIABLE 4 >::";
3970 INPUT I : IF 1=0 THEN RETURN
3980 PRINT "PRESS <RETURN> IF NO BOUND DESIRED"
3990 PRINT LOWER BOUND ="; : INPUT 84$
4000 P5 (1,1) =-10000 : IF 84$<)"" THEN P5 (I,ll ""VAL (54$)
4010 IF 54$<>"u THEN L4(I)=1
4020 PRINT" UPPER BOUND ="; ; INPUT 84$
4030 PS(I,2l=+10000 : IF 64$<>"" THEN P5(1,Z)=VAL<54$)
4040 IF 54$< >"" THEN L4 (I) =1
4050 60TO 3960
4070 REM***••*************************~*******
4080 REM - RESET & RECORD BINQING VARIABLES
4090 FOR 1=1 TO N
4100 REM - PROCESS LOWER BOUNDS
4110 IF X(Il>PS(I,l) THEN GOTO 41S0
4120 X<I)=PS(I,ll : L5<I)=-1
4130 PRINT "SET X(";I;")""";XO);" (LOWER BOUND)"
4140 60TO 4180 : REM - NO NEED TO PROCESS UPPER BOUNDS
4150 IF X(I)<P5(I,2) THEN GOTO 4180
4160 X(I)=P5(I.2l : L5(I)="'1
4170 PRINT "SET X(";I;")==";XO);" (uPPER BOUND)"
4180 NEXT I
4190 RETURN
4200 REM*****.*.************--***••***--**
4210 REM - START MULTIPLIER PENALTY FUNCTION METHOD
4220 PRINT ''.************-It****.-ltff-******************.***********''
4230 C6=1E+ZO : K3=1 : REM _ CONSTR CONVERGENCE CONSTANT ~ FLAG
4240 FOR l~l TO 40
4250 U(I)~O ; REM - IN IT CONSTRAINT RESIDUAL OFFSET
4260 SI(I)~l : REM - INIT PENALTY MULTIPLIERS
4262 IF L6<I)<>O THEN K3=O : REM - CHECKING FOR ANY CONSTRAINTS
4264 NEXT I
4266 IF K3~1 THEN GOTO 1400 : REM - IS UNCONSTRAINED PROBLEM
4270 LB=1 : REM - INIT PENALTY LOOP COUNT
4280 GQSUB 1400 : REM - MIN F<X,S.U) BY LEAST?
4290 REM - RE-ENTRY FOR OUTER PENALTY LOOP
4-300 PRINT ,,*****************.***************.********...******.......
4310 BEEP



ALL OFFSETS
- MIN Fex.s,U) BY LEAST?
OUTER PEI'4ALTY LOOP

REM - NOT A CONSTRAINED SAMPLE
THEN C9=-C9 : REM - UNBIASED CONSTR'S
REM - IS EQUALITY CONSTRAINT

NOT Po CONSTRAINED RESIDUAL

- EQlJAl..ITY CONSTR CASE
- CHOOSE rlIN
RESIDUAL OFFSET ESTIMATE

REM

4320 GOSue 4690 : REM - FIND MAX PENALTY MODULUS
4330 PRINT "AFTER ";La;" PENALTY I'IINIMIZATIONS,"
4340 PRINT" THE MAX CONSTRAINT I'IIJDl..Il.US ."; KS;" ="; PS
4350 PRINT "CONTINUE PENALTY MINIMIZATIONS (YIN) "; : INPUT 54$.
4360 IF S4p"N" THEN RETURN : REM - GO TO CIlJ1J'IAND PIENU
4370 LB=LB+-1 : RErI - INCREJ1ENT PENALTY LOOP COUNT
4380 REt1 - POWELL' 5 PARAHETERS AOJUST SCHEttE::
4390 C7=C6 : C6==PS : IF C6>=C7 THEN GOTO 4510
4400 IF 1(3:=.1 THEN SOTO 4670
4410 FOR 1=1 TO M : REJ1 - AD.JUST ALL CONSTRAINT OFFSETS
4415 IF L6CI>=O THEN BOTO 4470 : REJ1 - UNCONSTRAINED SAt1PLE
4420 U9 (I ) =U <I) : REJ'I - SAVE OFFSETS
4430 C8=e« I )
4440 IF L6(I)=2 THEN GOTO 4460 ~ R8I'1
4450 IF U(I)<C<I) THEN CB=UCI) : REM
4460 U ( I );lJ ( I ) -ea : REM - NEW CONSTR
4470 NEXT I
4480 K3=1 : REM - JUST RESET
4490 Kb:O : Gosue 1455 : REM
4500 GOTO 4300 : REI'I - CLOSE
4510 REM - DIVERGING CASE
4520 C6~7 = REJ1 - USE PRIOR MAX C () NORM
4530 IF 1(3=0 THEN 6010 4550
4540 FOR 1=1 TO M : UCJ)=U9CI) : NEXT I REM - USE PRIOR OFFSETS
4550 REM - SELECTIVELY INCREASE WEIGHTS ON CDNSTR RESIDUALS
45bO FOR 1=1 TO M
457'0 IF Lb (l) =0 THEN GOTO 4640
4580 C9=C ( I )
4590 IF Lh(I)=2 THEN GOTO 4620 REM EQUALITY CON5TR
4600 IF C9<O THEN GOTO 4620 = REM - BIND'a INEQUALiTY CDNSl'R
4610 GOTO 4640 : REM - UNBINDING, INEQUALITY CONSTRAINT
4620 IF ABS(C9)(CC7/4) THEN GOTO 4640 : REM - WEIGHT IS OK
4630 51(1)=51C1)*3 : U(I)=U(I)/3 = REM - FORCE CONVERGENCE
464Q NEXT I
4650 K3=0 = GaTO 4490 : REM - TO START OF PENALTY LOOP
4660 REM - TEST FOR MIN CONVERGENCE RATE
4670 IF C6)(C7/4) THEN GQTQ 4550 : REM - FORCE GREATER CONVERGENCE RATE
4680 GOTO 4410 : REM - IS OK - ADJUST CONSTRAINT OFFSETS
4690 REM****.** *•••••***.
4700 REM - RECONSTRUCT CONSTRAINTS ~ FIND MAX MAGNITUDE PB=ABS(C(K8')
4710 P8=O : K8=0 : REM - IN IT
4720 FOR 1=1 TO M
4730 IF L6(1)=0 THEN BOTO 4800
4740 C9=CCI)-S(I .. 21 : IF L6(I)=1
4750 IF L6{I)=2 THEN GQTO 4770 :
4760 IF C9>0 THEN C9=0
4770 C(II=C9 : C9=~BS(C9) ; REM - C<I)=CONSTRAINT; SEE TABLE 6.2.1.
4780 IF C9{=PB THEN BOTO 4800
4790 PS=C9 ; K8=I : REM - NEW MAX MODULUS
4BQO NEXT I
4810 RETURN
4820 REM•••••" •••***._.*••*,,*••••**.
4825 REM - SEE/RESET CONSTRAINT SAMPLE NUMBERS
4830 S4$="NONE. ": PRINT "CONSTR~rNTS NOW SET ~RE;"

4835 PRINT .. I SAMPLE LOWER EQUALITY UPPER"
4845 FOR 1=1 TO M
4850 IF L6 <I):=Q TIiEN GaTO 4B~

4855 S4$=n"
4860 IF L6 (I) >0 THEN SOTQ 4875
4865 PRINT I;:PRINT USING SS$.;S<I,I);:PRINT TAB<lS>;
4867 PRINT USING 55$;5(1,2)
4870 GOTD 489S
4875 IF Lb(l»l THEN GOTO 4890
4880 PRINT 1;:PRINT USING S5$;S(I,I);=PRINT TAB(37);
4BB2 PRINT USING 55$;50.2)
4B8S BOTO 4995
4890 PRINT I;:PR1NT USING S5S;5(I .. lt;:PRINT TAB(26);
4892 PRINT USING 55$;5(1,2)
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INPUT S4$

REM - CLEAR CONSTRAINT

OR BY CMD#10."LINES 600-8B8
NAME"

BRANCH COUNT

NEXT I
PRINT ,54$; uSET OR RESET ANY CONSTRAINTS (YIN)";
IF S4$<>"Y" THEN RETURN
REM - RE-ENTRY FOR MORE CONSTRAINTS
PRINT "ENTER 0 TO RETURN TO MENU. ELSE ENTER SAMPLE ~ =";
INPUT I ; IF I~O THEN RETURN
IF I<=M THEN GOrQ 4935
PRINT "..-*iI- YOU PROVIDED ONLY":M;" SAMPLES *4.. " ; GO TO 4915
PRINT"SAMPLE: PAIR #";1;" =";: ; f:>RINT USING 55$;5(1,1)j5(1,2)
PRINT "LOWER, EQUALITY. UPPER, OR GOAL (L.E,U,G>: "; ; INPUT 54$
IF S4$"'="L" THEN L6(I)=-1
IF 54$="£" THEN L6(I)==+2
IF 54$"'''U'' THEN L6(I)==+1
IF 54$"'''8'' OR 54$="" THEN l6(I>'='O
GOTO 4910 : REM - LOOP BACK
REM•••••******.*.*****.*********
REM - CALCULATION OF ALL RESIDUALS
IF M>O THEN GOTD 5040
PRINT "WARNING - USER FAILED TO ASSIGN 1'1 IN DATA STMN!, LINE 410"
FOR 12'='1 TO M
GOSUB BOOO ; REM - GETS NETWORK RESPONSE IN C(IZ,
C9=C(l2)-S<IZ,2) : REM - (RESPONSE-GOAU
IF L6(I2)=+1 THEN C9=-C9 : REM - IS INEQUALITY UPPER BOUND
C9=C9-U{IZ) ; REM - OFFSET CONSTRAINT RESIDUAL
IF L6{I2)=O THEN GOTO 5150 : REM - NOT A CONSTRAINED RESIDUAL
IF L6{IZ)=2 THEN GOTD 5140 : REM - IS EQUALITY CONSTRAINT
IF C9>O THEN C9=O ; REM -- INEQUALITY 15 SATISFIED
IF C9<O THEN GOTO 514.0 : REM - PENALIZE
GOTO 5150
C9=Sl(IZ)*C9: REM - PENALTY MULTIPLIER
R<I2) "" C9
NEXT 12
RETURN
REM***************************.***
REM - SEE UNITS AND NETWORK TOPOLOGY
PRINT PRINT "UNITS ARE; FREQUENCY ="; : PRINT USING S7$;U1
PRINT INDUCTANCE ="; : PRINT USING 87$;U2
PRINT CAPACITANCE """: : PRINT USING S7$;U3
R5=R6:IF NzK9 THEN R5=X{N):REM-R SOURCE MAY BE VARIA&LE
PRINT "R SOURCE, R LOAD, X LOAD """;:PRINT USING S5$;R5.R4,X4
PRINT
S4$="NDNE. USER MUST PROVIDE DATA IN
PRINT "BRANCH TYPE VALUE Q

N1=0 : N2=O : REM - LIST INDEX & NULL
FOR 1=1 TO 35 REM - BRANCH LOOP
N1=N1+1 : REM INCREMENT LIST INDEX
IF M(N1)=9 THEN GOTO 5540 : REM - REACHED NTWK INPUT END
IF M(N1)=O THEN N2=N2+L : REM - NULL BRANCH COUNT
54$="" : IF N1>N2 THEN T=X(N1-N2}
IF M(N1)=0 THEN T~O : REM - NULL BRANCH
IF (NI-NZJ=N+l AND MS(Nl )="R" THEN T=R6
PRINT" ";1;" "JM$(Nl),:PRINT USING S5$;T,Q(Nl);
PRINT" ";N$(N1l
IF M(Nl)<4 THEN GOTO 5530 : REM - ELE TYPE OCCUPIES ONLY 1 LINE
N1'='Nl+l : REM - POINT TO C IN LC BRANCH
PRINT TAB(15); : PRINT USING S5$;X(N1-N2) ,Q(Nl);
PRINT" "; N$ CNll
NEXT I
PRINT 54$ : RETURN
REH*****************************
REM - CALCULATION OF PARTIAL DERIVATIVES OF ALL RESIDUALS
GOSUB 9000 : REM - GETS NETWORK RESPONSE PARTIALS IN A(,)
REM - PARTIAL OF Ito RESPONSE WRT Jth VARIABLE IN A(I,J)
FOR 19=1 TO M • REM - CONSTRAINTS LOOP
IF L6(I9)~0 THEN GO TO 7170 : REM - NOT A CONSTRAINED RESIDUAL
69=1
C9=C(I9)-S(I9,2) : REM - <RESPONSE-GOAL)
IF L6(I9)<>1 THEN GOTD 7100 : REM - IS NOT INEQUALITY UPPER BOUND

5390

4895
4900
4905
4910
4915
4920
4925
4930
4935
4940
4945
4950
4955
4960
4965
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5010
5020
5030
5040
5050
5060
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5080
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5140
5150
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5300
5310
5320
5330
5340
5.350
5360
5370
5380
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54-40
54:50
5455
5460
5470
5480
5490
5500
5510
5520
5530
5540
7000
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7020
7030
7040
7050
7060
7070
7080
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7090 C9=-C9 : G9=-89 : REM - REVERSE SIGN FOR INEQUALITY UPPER BOUND
7100 C9=C9-U(19) : REM - OFFSET CONSTRAINT RESIDUAL
7110 IF L6(I9)=2 THEN GOTO 7150 : REM - IS EQUALITY CONSTRAINT
7120 IF C9>0 THEN G9=0 ~ REM - INEQUALITY IS SATISFIED
7130 IF C9<0 THEN GOTO 7150 : REM - PENALIZE
7140 GOTQ 7160
7150 G9=51 (19)*G9 : REM - PENALTY MULTIPLIER
7160 FOR J9=1 TO N : A(19,J9)=G9*A(I9.J9) : NEXT J9 REM - VARS LOOP
7170 NEXT 19 : RETURN
8000 REM***********.**.****.*******.****
8010 REM - LADDER NETWORK ANALYSIS FOR TRANSDUCER TRANSFER FUNCTION
8020 REM ~ USER MUST SUPPLY SERIES SOURCE RESISTANCE IN TOPOLOGY
8030 REM - RESPONSE AT SAMPLE * 12 IS H IN C(IZ). ALSO Zin=A4+jAS
8040 W~6.28318530718#*S(I2,l)*Ul : IF W=O THEN W=.OOOOOOOOOOI#
8050 B4=1/SQR(2*R4) :B5=0 : D4~0 :05=0 : REM - LOAD POWER = 1/2 WATT
8060 C4=R4 :C5=X4 : REM - LOAD IMPEDANCE
8070 K~0:Nl=O:N2=O:K4=O:REM~ K=BR~,Nl~LlST#.N2=~NULL BR'S,K4~VAR~

8080 REM - RE~ENTRY TO PROCESS NEXT BRANCH
8090 K=K+i : Nl=Ni+l : M2~M(N1} : IF M2=O THEN M2=10 ; REM - NULL BRANCH
B100 GOSUE 8590 ~ REM - COMPLEX LINEAR UPDATE
8110 IF M2=9 THEN GOTO 8650 : REM - AT SOURCE, COMPUTE RESPONSE
8130 ON MZ GOSUB 8270,8330,8420,8480,8230.8230,8230,8230,8230,8230
8140 IF K6=0 THEN GO TO 8080 : REM - USING FINITE DIFF F'ARTIALS
8150 IF M2""10 OR MZ=l THEN GOTO 8080 : RE~l - WAS tJULL BRANCH DR RESISTOR
8160 K4=K4+1 : N3{\(4,l)=K : N3it'A,2).'=tH : REM - VAR~K4's BR~ t< LIST",
8170 A(I2,K4)=A4 ; B(I2.K4)=A5 : REM - SAVE VAR#K4's V OR I
BIBO IF M2<>4 THEN GOTO 8080 : REM - NOT LC BRANCH
8190 N3(K4,2)=Nl-t~\<4=K4+1:N3W4,11"""1<.:N3(1-~4,2~"'\'H~REM - SPECIAL LC CASE
6200 A(I2,K4)~A4 : B(I2.K4,=A5 : REM - REPEAT SAVE V OR I FOR LC BRANCH
8210 GOTD 80BO : REM ~ LOOP TO PROCESS NEXT BRANCH8220 REM***_**_* • * _

8230 REM - NULL BRANCH
8240 C4~0 ; G5=0 ; N2=N2+1 ; REM - NULL BRANCH HAS NO XC)
8250 RETURN8260 REM *_**_* **_* *.*_*_***.

8270 REM - RESISTOR
8280 C4=X(NI-N2) : C5=0 :IF (NI-N2>(=N THEN GOTO 8300: REM - VARIABLE R
8290 C4=R6 : REM - R SOURCE IS FIXED
8300 IF K=INT(K/2l_2 THEN RETURN: REM - K IS EVEN (SERIES) BRANCH
8310 C4~1/C4 : RETURN8320 REM*** *****__*.*_***_****_*__

8330 REH -INDUCTOR
8335 Q=Q(Nl) : IF Q<>O THEN Q=I/Q : REM - NOW DECREMENT=I/Q
8340 C5"'W*X(NI-N2}*U2 ; REM - REACTANCE
8350 C4=C5.Q : REM - SERIES RESISTANCE
8360 IF K=INT(K/2J*2 THEN RETURN
8370 03=Q*Q+l ; REM - INVERT THE IMMITTANCE
8380 C4=G!/D3/C5
8390 C5=-1JD3JC5
8400 RETURN
8410 REM_*******_******.****.*****••**
8420 REM - CAPACITOR
8425 Q=Q(N1) = IF Q<>O THEN G!=l/Q : REM - NOW DECREMENT~I/Q

8430 C5=W*X(N1-NZ)*U3 : REM - SUSCEPTANCE
8440 C4=C5*Q : REM - SHUNT CONDUCTANCE
8450 IF K=INT(K/2>*2 THEN GOTa 8370 : REM - INVERT ADMITTANCE
8460 RETURN
8470 REM****.*******••*******.*******.
8480 REM - SERIES-LC-IN~SHUNT OR PARALLEL-LC-IN-SERIES BRANCH
B490 K=K~1 : REM - MAKE BRANCH LOOK ODD IF EVEN OR VICE VERSA
8500 GOSUB 8330 ~ REM - INDUCTOR
8510 S4=C4 : S5=C5 : REM - SAVE PARTS
8520 Nl=Nl+1 ~ REM - SET LIST INDEX TO CAPACITOR
8530 GOSUB 8420 : REM - CAPACITOR
8540 K=K~1 = REM - RESTORE CORRECT BRANCH #
8550 C5=C5+55 : C4=C4+S4 ; REM - COMBINE IMMITTANCES
8560 S4=C4*C4+C5*C5 : C5~-C5/S4 ; C4=C4/S4 ; REM - INVERT
B570 RETURN
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8580 REM••***.*••••••••••••••••*••••*.*
8590 REM - COMPLEX LINEAR UPDATE
8600 A4=B4*C4-B5*C5+D4
8610 A5=B5*C4+84*C5+D5
8620 D4=84 ~ D5=B5 :B4=A4 : B5~A5

8630 RETURN
8640 REM*••***************************
8650 REM - PLACE RESPONSE DECIBELS LOSS IN C(ll ~ SCALE V ~ I
8660 IF K=INT(K/2)*2 GOTO 8680
8670 A4=B4 : A5=B5 : B4~D4 : B5=D5 I D4=A4 : D5~A5 : REM - SWAP
8680 C5=D4*D4+D5*D5 : REM - E SOURCE ~ D4+jD5
8685 C(12)=C5/2/C4 : REM - C4 = R SOURCE
8690 C(I21=4.34294481904#*LOG(C(I2"
8700 A5=B4*B4+B5*B5 : REM - INPUT I MAG SGO
8710 A4=(D4*B4+D5*B5'/A5 I A4=A4-C4 : REM - Rin TO RIGHT OF R SOURCE
8720 A5=(DS*B4-D4*BS/IA5 : REM - Xin
8725 IF K6=O THEN RETURN : REM - USING FINITE DIFF PARTIALS
8730 Z(I2,1)=A4 : Z(I2,2)=A5 : REM - SAVE Zin FOR T£LLEGEN DERIVS
8740 REM - SUBTRACT Es ANGLE & THEN SQUARE Ik OR Vk
8750 FOR K4=1 TO N : REM - VARIABLES LOOP
8760 A4=A.'12,K4) : A5=B(I2,K4) : REM - BRANCH Ik OR Vk
8770 B4=D4*A4+D5*A5 ~ B5=D4*AS-D5*A4
8780 A(I2,K4/=B4/C5*B4-BS/C5*B5 I B(I2,K4/=2*B4/C5*B5:REM-AVOID OVRFLW
8790 NEXT K4
8800 RETURN
9000 REM*******_***********************
9010 IF K6~1 THEN GOTO 9180 : REM - EXACT PARTIALS FOR LDSSLESS NTWK
9020 REM - JACOBIAN OF RESPONSE PARTIALS BY DlrFERENCING
9030 REM - PARTIAL OF Ith SAMPLE WRT Jth VARIABLE IN A(I,J)
9040 FOR 12=1 TO M : Z(I2,1)=CCI2) : NEXT 12 : REM - SAVE UNPERTURBED
9050 FOR J2=1 TO N : REM - VARIABLES LOOP
9060 D9~ABS(X(J2»)/l0000#

9070 IF 09(.000001# THEN 09=.000001#
9080 X(J2)=X{J2/+D9 : REM - PERTURB VARIABLE
9090 FOR 12=1 TO M : REM - FREQUENCV SAMPLES LOOP
9100 BOSUS BOOO : REM - NETWORK ANALYSIS
9110 A<I2,J2) = (CCl2'-Z<I2,1l)/D9
9120 NEXT 12
9130 X(J2)=X(J2)-D9 : REM - RESTORE NOMINAL VARIABLE VALUE
9140 NEXT J2
9150 FOR 12=1 TO M : C(I2)=Z(I2,l' : NEXT 12 : REM - RESTORE UNPERTURBED
9160 RETURN
9170 REM*********************************
9180 REM - EXACT LOSSLESS NETWORK DERIVATIVES
9190 FOR 12=1 TO M I REM - FREQ SAMPLES LOOP
9200 FOR K4=1 TO N ; REM - VARIABLES LOOP
9210 K=N3{K4,1) : Nl=N3(K4,2) : REM - BRANCH & LIST NUMBERS
9220 IF M(Nl,<>1 THEN GOTO 9250
9230 PRINT "NO VARIABLE RESISTORS IN LOSSLESS MODE"
9240 A(I2,K4'=0 : GOTO 9370
9250 REM - RHO = A4+jA5
9260 84=Zl12,1> : 85=Z02,2> REM - Zin1I2)
9270 A5=(B4+R6)*(B4+R6)+B5*B5
9280 A4=(B4_S4-R6*R6+B5*BSJ/AS
9290 A5=2*R6*B5/A5
9300 B4=A(I2,K4) : B5~B(I2,K4) : REM - ROTATED, SQUARED BR V or I
9320 D5=B.685BB963806#*<A4*B5-A5*B4): REM - IMAG (RHO CONJG * Ik SQRD)
9330 IF K=INT(K/2i*2 THEN GOTO 9360 : REM - EVEN BRANCH
9340 A(I2,K4J=+D5 REM - ODD SR d(dB)/d(BK'
9350 GOTO 9370
9360 A(IZ.K4J~-D5 REM EVEN BR d(dB)fdeXKJ
9370 NEXT K4
9380 NEXT 12
9390 REM - APPLY CHAIN RULE PER BRANCH ~ VARIABLE
9400 FOR 12=1 TO M ; REM - SAMPLE LOOP
9410 W~6.28318530718#*SeI2.1'*U1 : IF w=o THEN W=.00000000001~

9420 FOR K4=1 TO N : REM - VARIABLES lOOP
9430 K=N3(K4,l) : Nl=N3CK4,2> : REM - BR# & LIST#
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9440 A4=,ACIZ.K4) : A'I2,K4)=O
9450 M2=MtNl) : REM - ELEMENT TYPE*
9460 IF M2<2 THEN GOTa 9480 : REM - NQ NULL OR RESISTOR BRANCHES ALLOWED
9~70 ON M2 GQSUB 9500.951O.95~O.9610

9480 NEXT )(4
Q490 NEXT 12
9500 RETURN
9510 REM - INDUCTOR
9520 ACIZ.K4) = A4*W*U2
9530 IF K=INT(K/Z)*2 THEN RETURN: REM - EVEN BRANCH
9540 A<12,K4}=A<12,K4)/(W*X(K4)~2)~2

9550 RETURN
9560 REM - CAPACITOR
9570 ACI2.K4) = A4*W*U3
95BO IF K<>INT(K/2>*2 THEN RETURN: REM - ODD BRANCH
9590 A(IZ,K4) = A(I2,K4)/(W*X(K4)*U3)A2
9600 RETURN
9610 REM - LC BRANCH
9620 A5=(1-W*W*X(K4)*X(K4+1>*U2*U3)A2
9630 IF K<>INT(K/Z>*2 THEN GaTa 9670 : REM - ODD BRANCH
9640 A(I2,K4) = A4*W*U2/AS
9650 A(12,K4+1)=A(12,K4+1>.W*U3*(W*X(K4)*U2)A2/A5
9660 GOTD 9690
9670 A(I2,K4+1>=A(12,K4+1'.W*U3/A5
9680 A( 12,K4):A4*W*U2i1- tW*X (K4+1) *U3) ...·2/A5
9690 K4:K4+! : REM = SET VAR* TO CAPACITOR
9700 RETURN
9800 REM*****************.*************.*.*****
9805 REM - READ SAMPLES, UNITS AND NETWORK TOPOLOGY FROM DISK
9810 PRINT "SEE DIRECTORY (V/N) "; : INPUT 94$
9815 IF 54$( )"Y" THEN GOTD 9850
9820 PRINT "FILENAME SPECIFIER (I._IKE *.* OR <RETURN») "; INPUT 58$
9825 IF 58$="" THEN 58$="*.*"
9830 FILES 58$
9835 PRINT "SEE DIRECTORY AGAIN (VIN)"; INPUT 54$
9840 IF S4$<)"Y" THEN GOTO 9850
9845 GOTO 9820
9850 PRINT "FILE NAME IS"; ~ INPUT 52$
9855 PRINT" !~! WARNING - DO NOT <CNTRL><BREAK) DURING THIS STEP !~~"

9860 OPEN 52$ FOR INPUT AS #1
9865 INPUT #1,53$
9870 PRINT "READY TO READ FILE ";52$;" TITLED:";53$
9875 PRINT "PRESS <RETURN> kEY IF OK. ELSE "ABORT' <RETURN:>";
9880 INPUT 54$
9865 IF 54$="" THEN GOTa 9895
9890 PRINT "ABORT 0151< READ; NETWORk DATA NOT CHANGED" GOTO 9965
9895 PRINT "READ FILE"; 52;$";" INTO MEMORY."
9900 INPUT #l.M REM - M IS # SAMPLES
9905 FOR K=l TO 1'1 : INPUT#I,5(~,1) : NEXT K : REM - FREQUENCIES
9910 FOR K=l TO M : INPUT#I,S(~.2) ; NEXT I< : REM - TARGETS (dB)
9915 INPUT#I,Ul.U2.U3 : REM - FREQ. L. C UNITS
9920 INPUT#1,R6 y R4.X4.V.9 : REM - R SOURCE, R LOAD. X LOAD. # TOPOL LINES
9925 FOR I~l TO K9 : REM - READ TOPOLOGY LINES
9930 INPUT#l,J.M$(I>,Q(I).N$(I)
9935 IF M$(I)="N" THEN M(I)"OO REM - NULL BRANCH
9940 IF M$<I)="R" THEN 1'1\1:')=1 REM - RESISTOR
9945 IF 1'1$ (I) ="L" THEN M(I) =2 REM ~ INDUCTOR
9950 IF M$CI)="C" THEN 1'1(1)=3 REM - CAPACITOR
9955 IF M.i(U="LC" THEN M<U"'4 : REt1 - SERIES LC IN SHUNT DR DUAL
9960 NEXT I
9965 CLOSE #1 : RETURN
9970 END

7 REM - APFROX. ZVEREV P.201 ELLIPTIC FLTR -IC6-2J "LPTRAP 1 "
400 DATA "LPTRAP1" : REM - NAME DISPLAYED ON FIRST SCREEN
410 DATA 7 : REM ~ NUMBER OF FOLLOWING FREQ/TARGET DATA PAIRS



420
430
600
610
615
620
630
640
650
660
670
680

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

C6·2 451

.2, .4,. b, .B,l ,1.5,2
0, 0, O. 0,0, 40,40

.159155,1,1 : REM - FRED [1/(2PI»). L & C UNITS
1,1,0 : REM - R SOURCE, R LOAD, & X LOAD
7 ; REM - NUMBER OF FOLLOWING LADDER TOPOLOGY LINES
1,N,O,NULLl : REM - LIST.t. NULL BR, DUMMY Q. NAME
Z,L,O,L2 H REM - LIST#2, INDUCTOR, INFINITE Q, NAME
3,C,O,C3 F ; REM - LIST#3, CAPACITOR, INFINITE Q. NAME
4,LC,O. L4 H : REM - LIsr#4, INDue (PARALLEL), INF Q, NAME
5.LC,O, C4 F : REM - LIST#5, CAPAC (PARALLEL). INF 0t NAME
6,C,O, C5 F : REM - LIsr*6, CAPACITOR. INFINITE Q, NAME
7,R,O,R SOURCE: REM - LIST MUST END WITH SOURCE RESISTOR
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Index

Absolute error, 28
Accumulation point, 256
Active inequality constraints. 146, 285
Active set method for linear inequality

constraints, 284, 285
Adjoint network, 366, 367, 370
Adrrtittance, 320, 335,342
Algorithm:

reliable, 29
robust, 29

Analytic continuation, 319
Angle between vectors, 58,114,173
Annihilation:

matrix element, 81-85
matrix rank, 56

Applications, fields, 13
Approximation, 5,6, 112, 143
Argand diagram, 72
ASCII,44
AssociatiVity. 49, 50
Augmented Lagrangian function, 297

Barrier penalty function, 293, 312
BASIC:

compiled, 30, 305
no complex va~iable type, 343, 359
double precision functions, 33, 219
interpreted, 30. 305
limitations compared to FORTRAN, 358
merging subprograms, 32
precision, 20, 36, 39
TRACE command. 31
variable names, 31, 358

Basis, 62, 86, 277
Basis function, 111, 114, 192, 193
BFGS formula, 239, 241, 249

- - - - -------

Bidiagonalization, Householder, 116
Bilinear:

fonn, vectors, 108
functions, complex, 373, 385
property of linear networks, 376

Binding constraints, 146, 155, 188.273,288,
310

Bode sensitivity function, 381
Bounds on variables, 187,285.332
Box constraints, 284, 287
Broyden family of update formulas, 240

Cancellation, 21
Canonical form of quadratic form, 124, 243
Capacitance, 316, 321
Cauchy point, 131, 171
Cauchy-Riemann condition, 325, 342, 365,

383
CDFP update fonnula, see Update formulas
Chaio rule, 132, 151,244,343
Characteristic:

equation, 70, 74
value, 69, 317

Chebyshev function:
first kind, 200, 220, 229
shifted of the first kind. 229

Coefficients, weighting, 197
Column space, 62, 73,111. 112
Commutivity, 49, 50, 51
Comparison of optimization performance.

185,187,188,267,359
Complement, orthogonal, 89
Completing the squares, 125
Complex:

cartesian form, 324
equations, 325,385,386

465
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Complex (Continued)
linear update, 323, 330
rectangular-ta-polar conversion, 384
variable identities, 325

Compound functions, differentiation of. 151
Computer-aided redesign, 219
Concave functions, 140
Condition number, 59, 60, 9B, 119,207
Condueumce, 321,386
Cone, convex polyhedral, 88, 154
Conformability, matrix, 50
Conic forms, 125
ConjugaCY, 135.241
Conjugate:

gradient method, 137, 160, 233
search directions, 135

Co~ugation, 325,362
Constitutive laws for network branches, 322,

363
Constrained network optimization, 326
Constraints:

binding inequality, 146, 155,273
box, 284, 287
concept, 4
equality, 150
equivalent to minimax, 226
feasible, 312
linear, 92. 272
scaling, 305

Contours, 3, 24, 171, 209
Convergence, rate of:

linear, 19, 134,299
Newton search, 145
QR decomposition. 76
quadratic, 19
repeated substitution, 20
steepest descent, 134
superlinear, 19

Convex functions, 140, 141,254,310
Coprocessor, numeric, 32, 336, 356
Cosines, law of, 58
Cross terms in quadratic form, 124
Curvature:

definition, 133
negative, 168, 227

Curve fitting, 10, J II, 194, 210, 224

Damping factor, 235
Data entry:

DATA statements and ASCI] files, 45
targ~,220,221,326, 328,348

Davidenko's method, 236
Decomposition, see Factorization
Decrement quality factOI', 321

Defmite nodal matrix, 324-326, 371
Degrees of freedom, 275
Del operator, lOB, 158, 195,244,281
Del-squared operator, 195,281
Derivative:

approximation, see Differences, finite
directional, 132
of complex function, 383
of composite functions, 151
ex.act, network response, 361-373
of explicit functions, 5
of inner product, 158
ofstep length with respect to LM parameter,

231
of zero-valued quantities, 365, 385

Determinant:
characteristic equation, 70
definition, 52, 55
geometric interpretl:\tion, 63

DF~ update formula, 240, 311
Di.agonal, principal, 42
Diagonalization, matrix. 73
Differences:

finite, 37, 164, 166, 228, 231, 269, 341,
385

projected into subspace, 282-284
Differential:

fonnula, 148
operator, 361, 365
voltage and current, 363, 367

Differential equation:
equivalent to optimiz.ation, 236
general solution, 318
homogeneous, 317
RLC network, 316

Dimension of subspace, 62
Directional derivative, 132, 155
Direct-search algorithm:

pattern, 269
Powell's, 269
random, 2'70
simplex, 269

Dissipati.on, see Power, dissipated
Distributivity, 50, 51
Divided-differences. 236
Dixon's theorem, 241
Domain, 73, 220
Dot product, see Inner product

Eccentricity, 24
Eigenproblem:

definition, 69
generalized, 80
properties, 70



Eigenvalue:
in canonical fonn, 124
complex, 76
computation, 71
definition, 69
and ellipsoids, 125
inverse power method for smallest, 79
power method for largest, 71
related to singular values, 122, 158
shifted inverse power method, 79
of similar matrices, 74

Eigenvector:
definition, 69
dominant, 78
and eUiposoids, 125
left, 71

Elimination:
direct, 273, 278, 308
Gaussian, 98
generalized constraints, 276, 306
nonlinear, 306

Ellipses, 124
Ellipsoid, 134, 167
Error:

absolute, 28
backward analysis, 26
cancellation, 165
forward analysis, 26
function, integral, 199
relative, 28
rounmng,20,21,68,259
truncation, 22, 165

Euclidean space, 41
Excitation patterns for Tel1egen's derivatives,

367
Extrapolation:

at least-plh results. 223
in line search, 253, 257
Richardson, 225

Factorization:
Cholesky, 102, 157
Gram-Schmidt, 64-69, 74, 109
LDLT, 101-104
LU,98-101
for overdetermined equations, 109
singular value, 115-122

Farka's lemma, 154, 155,.272
Feasible region, 231
Flag variahle in BASIC, 188, 215, 231, 301
Fletcher's quadratic ratio, 172, 206
Floating-point numbers, 20
Flow chart:

C4-I, NEWTON, 180-181
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C4-5, LEASTP, 212-213
C5-I, QNEWT, 263
C5-2, UNQUAD, 255
C5-3, LINCUBIC, 258
C5-8, MULTPEN, 302
C6-I, TWEAKNET, 331
cutback line search, 250
iterative process, 15
ladder analysis, 333

Frequency:
complex, 319
real, 319, 321
scan in TWEAKNET, 336, 340, 350,

351
Frobenius nonn, 59
Function:

barrier penalty, 293
basis, 111, 114, 193
complex, identities, 325
concave, 141
continuous, 10, 140
convex, 140, 141,254,310
implicit, 4. See also Implicit function

theorem
Lagrangian, see Lagrangian function
line, 49, 130
network:

robust response, 372
transfer, 341

nonlinear, 140
properties, 140
quadratic, 128
scalar of vector, 1
smooth, 10, 140
transducer, see Transducer function
transfer, see Network, transfer function
unimodal, 140, 141, 248
vector of vector, 146. 194

Gaussian elimination, 98
Gaussian integration, 201, 218
Gauss-Jordan elimination, 25, 53-55, 98
Gauss-Newton:

Hessian matrix, 195
Jacobian matrix, 195,340
search method. 191, 227
step, 175, 197, 198,205,207,208,227

Generalized reduced gradient method, 307
Geometric:

center, 374, 377
neighborhood, 377
progression, 174, 177

Gerschgorin's theorem, 71,177
GOTO 999 recovery technique, 46, 182
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Gradient:
concept, 4
least-squares objective function, 193
projected, 133
projection method, 191,282
quadratic function, 129

Gram-Schmidt orthogonalization procedure,
64-69, 74, 109

Graph, network, 322, 360
ORO. see Generalized reduced gradient

method
Growing network elements, 366, 385

Hadamard's inequality, 63
Half-space, 88, 92,154,272
Hereditary property, 241
Hermitian matrix, 41
Hessian, quadratic function, 129
Hessian matrix, see Matrix, Hessian
Hilbert matrix, 200
Homogeneous solution, 317
Hooke-Jeeves pattern direct-search

algorithm, 269
Huang family of update formulas, 241
Hyperplane, 86, 87, 155, 272
Hypersphere, 58

IUconditioned matrix, 59, 200, 207
IIlconditioning:

corijugate gradient method, 138
linear equations, 23, 25

Immittance, 316
Impedance:

applications, 320, 328, 335
branch, 342
definition, 318
mapping, 376
matrix, 325, 366

Implicit function theorem, 146, 148,306
Inconsistent equations, 107, 110
Inductance, 316, 321
Inner product, 51, 95,108
Integration:

adaptive, 204
Gaussian, 201, 218
numerical, 199-204

Interpolation:
without derivatives, 249
linear, 140
repeated linear, 225
between steepest~descent and Newton

directions, 175
Intersection of half-spaces, I S4
Invariance: .

elliptic norm, 311

property of Newton methods, 242, 24S
scale in Newton searches, 244
subspace, 69

Inverse, generalized:
fu1l rank, 91
identities, 121
orthogonal decomposition, 109
SVD,120
see also Matrix, inverse

Inverse barrier penalty function, 312
Iteration, 134
Iterative process:

comparison, 27
definition, 14
flow chart, 1S
multi-point, 10
one point, 10
reliability, 29
robust, 29
termination, 27

Jacobian, see Matrix, Jacobian

Kirchoff operator, 361
Kirchoff's laws, 322, 325
Kuhn-Tuckerconstraint conditions, 155, 157,

190, 272, 284

Ladder network:
analysis, 330
definition, 322

Lagrange multiplier, see Multipliers, Lagrange
Lagrange-Newton method for nonlinear

constraints, 308
Lagrange's reduction, 125
Lagrangian function, 151, 153, 271, 297, 307
Languages, programming, 30
LC network branch, 334, 344
Least-pth:

first partial derivatives, 198
Hessian matrix, 198
objective functions, 12, 198,225,327

Least-squares:
first partial derivatives, 39, 193
linear, 97,110,118,158
nonlinear, 11. 191, 197
weighted, 112, 120, 197,225

Legendre polynomials, 20 I
Level curves, see Contours
Levenberg-Marquardt method, 173, 196,

204,211
parameter adjustment, 174-178, 204-207,

211,214
Linear:

complex equations, 385



dependence, 61
equations, relationship to optimization, 8
fractional transformation, 373
independence. 61.135

of conjugate vectors, 135
interpolation, 140
model, Ill, 112, 158, 166, 167
operators, 95
regression, 110
system, 317
transfonnations, complex, 373

of variables, see Transformation, of
variables

Linearized constraints, 310
Line search:

concept, 49,130,131,249
cubic interpolation, 256-259
cutback strategy, 248-250
quadratic function, 131,245
quadratic interpolation, 2S 1-256
in SQP method, 309

LLS, see Least-squares, linear
LM, see Levenberg-Marquardt method
Logarithmic transformation of variable space,

381

Machine preCision, 39, 165
Macro commands, 349
Manifold, linear, 88
Mapping:

complex planes, 374-376
impedance, 376
between position and gradient, 237

Matrix:
annihilation, element, 81
bidiagonal, 8]
column vectors in, 43, 62, ] 65
companion, 94
definition, 42
deflation, 76
design, 112
determinant, 52, 55, 63
diagnoal, 42, 43
equality, 48
Hessian,S, 129, 144, 164, 198
Hilbert, 200, 387, 388
Householder, 81, 93
idempotent, 90
impedence, 325, 368, 371
inverse:

generalized, 9], ]09, 120
by partitioning, 55, 93
square, 51, 53-55

Iacobian, 145, 147, 195,207,208,215,
283, 340

Index 469

Lagrangian, 312
lower triangular, 43
multiplication, 48-50
nodal admittance, 324-326, 368, 370
nonsingular, 52, 62
norms, 58
notation for computation, 35
orthogonal, 63, 93
partitioned, 43, 93, 273, 277,307
permutation, 53
positive definite, J02, 135,167,289
power, raised to, 95
product, transposed, 50,115,123
projection, 89,90,95,282
proper, 80
proportional, 51
rank,62
rotation, plane, 80
similar, 95
singular, 62, 115, 176,207
skew, 93
superdiagonal, 116
symmetric, 43, 50, 72, 102, 122, 123
test, 387
trace, 42
triangular, 43, 94
tridiagonal, 81
unit, 43
upper Hessenberg, 43, 77, 81
Vandermonde, 114,224
weighting, 114, 120, 198
zero,42

Maxima and minima:
concept,S, 10
constrained, 4, 150, 155, 156
cubic line function, 259
global, 141, 184
in Lagrange method, ]52,271,298
local, J4]
necessary and sufficient conditions, 274
of quadratic line function, 252

Mechanical analogies of electrical quantities,
319

Menu, command:
C2-1, MATRlX, 44
C4-1, NEWTON, 182
CS-l, QNEWT, 261
C6-1, TWEAKNET, 337
concept, 44

Metric. 161, 380
Minimax:

constrained, 150, 155, 162
definition. ]2, 222
equivalent fonnulations, 12,225,226
location of quadratic function, ] 29
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Model:
linear mathematical. 111, 112,158
linear Taylor series, 166, 167
nonlinear mathematical, 192, 230
quadratic, 173, 243, 280

Monotone weighting functions, 379
Multiplier penalty function, 291. 293
Multiplier penalty method. 300, 329
Multipliers, Lagrange, 151, 152,156,271,

274,279,299
sensitivity interpretation, 153,272,314

Neighbo,hood:
arithmetic and geometric. 377
concept, 7
ellipsoidal, 167
hypersphere, 166
trust, 170, 173

NeIder and Mead simplex direct~search

algorithm, 269
Network:

adjoint, 366, 367, 370
analysis, general, 359
bandpass elliptic, 352, 383
branch voltages and currents, 324, 337
element units, 344
ladde" 322
lowpass emptic, 334
optimization conditioning, 344
ports, 323,362,367
reciprocal. 367, 368
topology, 323,337,346
transfer function, 341

Newton point, 144, 171
Newton-Raphson search method, 144, 227,

234,295
Newton step, 144, 188, 196,244,249,281,

309
Nodal matrix method ofnetwork analysis, 324
Nonlinear:

constraint survey, 306
equations, solution of, 146, 194,218,227
programming problem, 270
scaling, 247, 381

Norm:
elliptic, 167,246
Frobenius, 59,98
induced,59
infinity, 57, 223
integral, p-norm, 199
matrix, compatible, 58
matrix two-norm, 115
spectral, 59, ll5
vector p-norms~ 57,222

Normal equations, 110, 197-199,207
Normal modes, 69
Normal vector, 86, 272
Nun column space, 62, 277, 278, 282

Objective function:
Bandler's least-pth, 225
concept, I
isometric surface, 2
least-pth, 12,198,327
least-squares, II
level curves, 3
minimax, J2, 222
surfaces, 2

Offset vector in multiplier penalty function,
294,298,299

Ohm's law, 320, 325
Open circuit, 329
Optimization:

concept, I, 4
definition, 9, 270
without derivatives, 231, 268-270, 341
geometrical representation, 2
history, 9
precautions, computational, 36
problem definition, 9
static, 4
test problems, see Test problems for

optimization
Optimum, constrained, 271
Outer product, 51, lOS, 158,238
Overdetermined system of equations, 97, 107,

109, llO
Overilow, 20, 336, 355

Parallelogram relation, 95
Parallel tangency property of quadratic

functions, 270
Parasitic power loss, 320, 321
Particular solution, 317
Penalty function:

barrier, 293
equality constraints by Courant, 291
exact, 308
exterior, 292
interior, 293. 312
multiplier, 293

Personal computers:
accuracy, 20, 165
speed, 33, 34, 220

Phase angle, 318
Phasor, 318
Poincare metric, 380
Polyhedron, 88
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Polynomial interpolation, 224
Polynomials:

Chebyshev, 200, 220, 229
extrapolation, 224
Legendre,201
Rational network. 382

Ports, network, 323, 362, 367
Positive definite matrix, see also Matrix,

positive definite
forced, 167,228
Hessian for Gauss-Newton. 195.205
Hessian in unconstrained subspace, 289
sufficient condition. 135

Power:
dissipated, 318, 321, 365
to load, 336
maximum available from source, 328
method for eigenvalues, 77
parasitic, 320, 365
reactive, 321
series. 21,112,219 '
stored, 321

Precision, 20. 165
Product, matrix-vector, 62
Program:

C2-I, MATRIX, 44
C2-2, GSDECOMP, 66
C2-3, SYMBNDS, 72
C2-4, QRITER, 75
C2-5, SHINVP, 78
C2-6, VECTOCOL, 79
C2-7, HOUSE, 85
C2-8, GENINVP, 91
C3-I, LUFAC, 100
C3-2, LDLTFAC, 104
C3-3, SVD, 116
C3-4, LAGRANGE, 152
C4-I, NEWTON, 179
C4-2, ROSEN, 184
C4-3, WOODS, 187
C4-4, NBOUNDS, 188
C4-5, LEASTP, 209
C4-6, ROSENPTH, 215
C4-7, GAUSS, 218
C4-8, SARGESON, 219
C4-9, CHEBY, 220
C5-1, QNEWT, 259
C5-1, UNQUAD, 254, 268
C5-3, UNCUBIC, 259, 268
C5-4, QNEWTGRD, 268
C5-5, CAMEL, 286
C5-6, BOXMIN, 290
C5-7, PAVI7, 290
C5-8, MULTPEN, 300

C5-9, HIM360, 303
C5-IO, L00T356, 305
C6-1, TWEAKNET, 327
C6-2, LPTRAPl, 330
listings, 393

Projected:
differences, 282
gradient method, 191
gradient vector, 281, 306
Hessian, 281, 284. 306
linear constraints, 272-283
vector, 42, 82, 90

Projection. 68, 82. 111
Projection matrix. 89. 95, 282
Pseudoinverse, see Inverse, generalized

Q. see Quality factor
QR decomposition. 74-15
Quadratic:

apP~xUnation, 5, 6, 143
factor by Fletcher, 172, 206
function, 128, 136, 251
model, 173,280
programming. 273. 309
slack variabJe, 161, 283
tennination, 135. 234

Quadratic fonn:
computation of. 168
cross tenns, 124
definition. 82, 109. 124
gradient of, 109

Quadrature, Chebyshev equal weights, 229.
See also Integration

Quality factor, 321, 335, 365
Quasi-Newton:

algorithm, 236
condition, 237, 240
in SQP method, 310
updaw~ 238

Radius, trust, 170
Ramp, piecewise-linear, 112
Range. see Column space
Rank:

annihilation method, 56
column. full, 107
deficiency, 114, 119
definition. 62

Rational polynomial of network function. 382
Rayleigh quotient. 122. 159
Reactance, 321
Reactive power. 321
Reduced gradient. see Projected. gradient

method; Projected. gradient vector
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Reduced Hessian, see Projected, Hessian
Reflection coefficient:

definition, 342
generalized, 378
slope, 379, 380

Regression, linear, 110
Relative en-or, 28
Repeated substitution, 16-18,39
Replacement operation in programming, 14
Residual:

constrained network optimization, 328
definition, II, 111
saving during computation, 219
vector, 108. 193

Resistance, 319
Reversal rule:

inverse products,S2
transposed products, 50

RLC network, 316, 356
Robust response functions, 372
Root-mean-square value, 209, 211, 318
Rosenbrock test function, 184, J88, 194, 196,

214, 216, 267, 268
Rounding errors, 20, 21, 68, 259

Saddle point, 3'7, )26
Sampled network response, 329
Sample points, unevenly spaced, 20 I
Sample space, 10, Ill, 192
Sampling strategy. 199
Scalar product, see Inner product
Scaling;

constraint functions, 305
convergence effects, 28
frequency, network, 338
functionaleffecu,38,382
impedance, network, 339
implicit in LM method, 207
matrix, 119, 120
units, network elements, 36, 344
variabres,9,242,241

Scaling network:
elements, 242
frequency, 338
impedance, 339
voltages and currents, 323

Schwarz inequality, 57
Secant;

condition, 160
methods, 234
search, 236

Sensitivity:
Bode function, 381
coefficients for constraints, 153,272,314

- - - - ~------

network branch elements, 369
network response functions, 378, 380

Sequential quadratic programming method,
309

Sequential unconstrained minimization
technique, 291

Shadow costs, 153
Sherman-Morrison-Woodbury formula, 56,

94, 299
Shifting matrix eigenvalues, 76
Short circuit, 329
Similarity, see Transformation, similarity
Simpson's rule, 201
Singular value decomposition:

definition, 115
Gauss-Newton step. 207
for generalized inverse, 120
geometric properti.es, 121
for linear least squares, 118
outer product, 158

Singular values, 115, 118, 122, 158
Singular vectors, 115
Slack variable, quadratic, 161,283
Slope, see Directional derivative
Software:

cross reference, 31
editors, 45, 349
linear algebra, 388
macro commands, 349
matrix subroutines, 35
for plotting on printers, 32
utility programs, 32
versions used. 32, 305

Source:
maximum power available, 328
resistance, 332
as variable, 345, 348

Space:
column, 62
sample, 10, Ill, 192
vector, 93

Span, 62, 110
Spectral decomposition, 70, 95, 134, 176
Spectral nonn, 59,75, 115
SQP method, see Sequential quadratic

programmmg method
Square system of linear equations, 97
SRI fonnula, see Update formulas, symmetric

rank 1 formula
Stability of algorithm, 23
Standing-wave ratio function, 380, 384
Stationary point, 37, 161, 162
Steepest descent, 134, 170, 188, 243, 245
Stored energy, see Reactive power



Submatrix, principal, 76
Subroutines, major in:

C2-1, MATRIX, 48
C4-1, NEWTON, 179
C4-5, LEASTP, 210
C5-1, QNEWT, 261
C5-6, BOXMIN, 290
C5-8, MULTPEN, 301
C6-1, TWEAKNET, 330

Subspace:
affine, 88
column, 111
definition, 61, 68, 82, 110
dimension of, 62
using elimination, 280
invariant, 69
linear, 88, 276
unconstrajned, 190

Substitution:
back, 99, 170
forward, 99, 170

SUMT, see Sequential unconstrained
minimization technique

Superdiagonal, 116
Superposition, 317
Superscript notation, 43
Susceptance, 321
SVD, see Singular value decomposition
Swiss alps effect, 366
SWR, see Standing-wave ratio function

Target data, see Data entry, target
Taylor series:

multivariable, 143. 166, 173,206
single variable, 19, 38, 141

TeJlegen's theorem:
difference form, 362, 366
general, 361
simple, 360
sum form, 362

Termination:
criterion used, 28, 305
during extrapolation, 225
in multiplier penalty method, 305
philosophy, 27
quadratic, 135, 234

Test problems for optimization, 183,229,
286,389

Thevenin source, 323
Time delay, group, 385
Timing data, 33, 34, 220, 232, 305, 359
Topology, network. 323, 337, 346
Trace, 42
Trajectories, search, 184

Index 473

Transducer function:
complex, 364
definition. 328, 379
optimized, 352, 355
partial derivatives, 371
peaks, 329

Transfonn, z., 320
TransfOt1tlation:

diagonalizing, 73, 136
domain, 73
elementary, 52, 53
Hessenberg form, 82
Householder, 76, 81, 116
linear, 63, 242, 246
range, 73
similarity, 73, 95,123,243
similarity using SVD, 123
tridiagonal fonn, 82
of variables, 203, 208, 209,246,247,277,

381
Transposition, 41
Trapezoidal rule, 200
Truncation error, 22
Trust radius, 170, 185, 187,310
Turning point, 206, 249
TWEAKNET:

bounds, lower and upper variabJe, 332
data entry, 332, 334, 335
first partial derivatives, 340, 359
flow chart, 331
ladder network analysis, 330, 333, 337
ladder network element menu, 334
logarithmic frequency samples, 340, 356
memory storage requirements, 345
objective function, 327, 328
sampled response function, 329
source resistance, 332, 345, 348
target data, 328, 348
transducer response function, 328, 346

Underflow, 21
Undetermined linear systems, 114
Unimodal functions, 141,219,248
Unitary matrix, 41
Update formuJas:

complex linear, 323, 330
direct, 239
dual, 240
families of quasi-Newton, 238-241
inverse, 177, 240
maUix,56,94,105,238-242
rank 1, 94,105
Tank 2,239
symmetric rank 1 formula, 238



474 Ind,,,

Variable metric search methods, 161,
246

Variables:
added for minimax, 226
dependent, 147, 275
scaling,207,246,247
slack, 161,283
source resistance, 345, 348

Vector:
collinear, 61
column, 10, 41
conjugate, 135
data, 112
del operator, 108
gradient, 108
linearly independent, 61
linear transformation, 203, 208, 209, 246,

247
normal. 86, 272

nonns,57
offset, penalty, 294
orthogonal, 64
orthonormal,64
projection, 68, 82, 111
residual, 108, 118, 193
row, 41
singular, left and right, 115
unit-direction, 41
zero,41

Vertex, 88

Weighting:
function, 378, 379
matrix, 114, 120, 198

Weights, 112, 197,200,225
Wood's test function, 185, 188,267

Zigzagging, 134, 171, 284, 285
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