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1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1350
1400
1410
1420
1430
1440
1450
14460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1540
1570
1580
1590
14600
1410
1620
1630
1640
1450
1660
1670
1680
1490
1700
1710
1720
1730
1750
1750
1740
1770
1780
1790
1800
1810
1820
1830
1840
1850
1840

Program Listings

EOTO 999
REH**I"I%****&‘********i******I***I‘****I-*l-l‘
REM - PERFORM SVD ON MATRIX A

I3=0 : K9=19 : L9=J9 : MI=]% : N9G=J9 : MB=19 : NB =39
FRINT * 8VD WORKING -~ PLEASE WAIT™

FOR I=1 TO 1%

FOR J=1 TO J%9

U, D =ALI, N

NEXT I

NEXT I

REM - DEGIN HOUSEHDLDER TRANSFDRMATION TO PB1DIAGDNAL FORM
G=0 : 51=0 : Al1=0

FOR I=t TOQ J9

L=I+1

R{I}=S1x8

B=0 :z 5=0 : 51=0

IF I>I% THEN GOTO 1420

FOR K=1 TO 1%

S1=81+ABS (UK ,I}}

NEXT K

IF S1=0 THEN GOTO 1&20C

FOR K=I TO 19

UK, I} =ULK,1} /51

=5+ (K, 1) #UCK, 1)
NEXT K

F=tt(I, I
G=—5GN{F) *5RR (5>
H=F#G-5

UtL,Il=F-G

IF I=J% THEN GOTO 1590
FOR J=L TO 39

5=0 '

FOR K=1 70 I9
S=S+U(K, 1) #U (K, J}
NEXT K

F=8/H

FOR K=I TO 1%

VLK, 3 =UCK, 33 +F UK, 1)
NEXT K

NEXT I

FOR k=1 TD 19

UK, I} =51#U(K, 1)

NEXT K

WI) =51
5=0 : S=0 : S5i=0

IF (I>I%) OR (I=J9) THEN GODTD 1930
FOR K=L TQ J9

S1=51+AB5 (U(1,K))
NEXT K

IF S1=0 THEN GOTO 1930
FOR K=L TO J9
UCI,KY=U(I,K) /S1
S=S+U(I,K) *U(I,K}
NEXT K

F=U(I,L)
G=-5GN (F } #SER (S}
H=F #G-5
utl,L)=F-g

FOR K=L TO J9
RKY=U{I, K} /H
NEXT K

IF I=I? THEN GOTO 1900
FOR 3= TO 19
5=0

FOR K=l TO J9
B=G+U(J K #U (I ,K)
NEXT K

FOR K=L TO J9




1870
1880
1B%0
17200
1910
15720
1930
1740
19350
1 P40
1970
1980
1970
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
Z200
2210
2220
2230
2244
2250
2260
2270
2280
2279
2300
231e
R3320
2330
2340
2350
2360
2370
2380
23%0
2400
2410
2420
2430
2440
2450
2460
Z247Q
2485
2490
2500
25190
2520
2530
2540

€3-3
U3 ,K) =U (T K} +S*R (K)
NEXT k
NEXT J
FOR K=L TO 3%

UL, K)=B1%0(1,K)
NEXT K

T=ABS (W(I) I +ABS (RN}

IF T>al THEN ai=T

NEXT 1

REM ~ PRODUCT OF RIGHT-HAND TRANSFORMATIONS
FOR I2=1 TO J9

I=J9+1-12

1IF 1=19 THEN GOTD 2150

IF G=0 THEN BDTQ 2134
FOR J=L. TO .J9

Vg, Ty =L, /UYL, /G
NEXT J

FOR 3=t TO J%

S=0

FOR K=L TO J%9

B=SHU LT, K) #V K, T)
NEXT K :

FOR K=L TO J9

VK, =V K, T +S#y (KK, T)
NEXT K

NEXT J

FOR J=L TO a9

VII,I)=0 3 V(J,1)=0
NEXT 2

VI, 1)=1

G=R(1}

L=I

NEXT 12

REM — PRODUCT OF LEFT-HAND TRANSFORMATIONS
M1=J%

IF 19409 THEN M1=19
FOR 12=1 TO M1
1=M1+1-12

L=T+1

G=W(I)

IF 1=d9 THEN BOTD 2310
FOR J=L TG 49

U(I,2}=0

NEXT J

IF B=0 THEN GOTO ZA70
1IF I=M1 THEN GOTO 2430
FOR J=L TO J9

8=0

FOR K=t TD I9
S=B+U (K, [} %LU (K, T}

NEXT K

Fe(8/U¢1,I0N /6

FOR K=1 TQ 1%

UK, TI=U (K, J)+F*U K, I
NEXT K

NEXT J

FOR J=I TO 19
U, 1 =U(J,1) /G

NEXT J

GOTO 2500

FOR J=I TO 19

U, D=0

NEXT J

LI, D =U(], 13+

NEXT 12

REM — DIAGONALIZE THE BIDIAGONAL FORM
FOR K2=1 TO J9
K1=39-K2

411



412

2550
2550
2570
2580
2590
2600
2410
2620
2630
2640
2650
2650
2470
2480
24690
2700
2710
2720
2730
2740
2750
2740
2770
27840
2790
2800
2810
2820
2830
2840
2850
2840
2870
2880
2890
2900
2910
| 2920
2930

| 2930
2950

| 2960
2970

| 2960
2990

| 5000
| 3010
3020

| 3030
3040

| 303G
3060

’ 3070
3080

30920

3100

3110

3120

2130

3140

2150

3160

3170

- 3180

3190

3200

3210

3220

Program Listings

K=Ki1+1

14=0

REM — SPLITTING TEST

FOR L2=1 TO K

Li=K~LZ

L=L1+1

IF ABS(RI{L)+A1)=A1 THEM GOTO 2830
REM -~ NOTE THAT R(1)=0Q ALWAYS

IF (ABS{W(L1)})+A1)=A1 THEN GOTD 2450
MEXT 1.2

C=0 : S5=1

FOR 1=L TD K

F=5#R{I)

R{I)=C*R{I)

IF (ABS(F)+Al})=A1 THEN BGOTO ZB3Q
B=W(I)

H=C0R (F&+5%G) .
W(I)=H *
C=G/H

B=-F/H

FOR J=1 70O 1%

Y=U(J,L1)

Z=UdJ,I)

ULd,L ) =YRC+Zx5

U{J, I)==YRS+720

NEXT J

NEXT I .

REM — CONVERGENCE TEST

I=W(K)

IF (=K} THEN GOTD 3360

REM — SHIFT FROM THE BOTTOM DIAGOMAL Z2x2 SUBMATRIX
IF I4=30 THEN GOTD 3500 : REM — 30 ITERATION LIMIT
1a=18+% ’
X=WiL)

Y=W (K1}

G=R{KL1)

H=R (K)

F=Y—L % {Y+1) +(B—H)} % (G+H) } / (2uHnY)
G=50R (F*F+1)

F={(X-2) & (X+Z)+H* (¥/ (F+SBN(F)=ABS{G))=H) ) /X
REM ~ NEXT B8R TRANSFORMATION

C=1 : 5=}

FOR Il=L TO K1

I=I1+}

G=R(1})

Y=l

H=ExE

G=C»&

Z=50R (F*F+H#*H)

R{I1)=Z

C=F/Z

S=HsL

F=X#(+5#5

G=—X#5+H*E

H=Y %5

Y=Y#*C

FOR J=! TO J9

X=V(J,I1)

I=N(3, 1)

VT, I1)=XaG+Zx5

VT, 1r=—XnD+Z4#0C

NEXT J

I=80R {(F#F+H*H)

W(lt)=Z

IF Z=0 THEN GOTO 3220

C=FrZ

S=HrZ

F=L#5+5ay




3I2E0
3249
3250
3260
3270
3280
3290
JIE00
3310
3320
2330
3340
3350
3340
3370
3380
3390
3400
3410
3420
430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
ISTT
3580
IS0
3400

34610
I&20
3630
IH40
3450
3660
34670
3480
34690
3700
3710
3720
3730
3740
3750
3760
I770
3780
3790
3800
3810
3820
3830
3840

Z850
3860

3870

3880

3870

3900
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X=—~S#5+0*Y

FOR J=1 TO 1%

Y=U{(J,I1}

I=ulJg,n’

Uid, 11 =Y RL+InG

U, I} =-Yu5+Znl

NEXT J

NEXT Ii

R(L}=0

R =F

WIK) =X

GaTD 2580

REM — CONVERGENCE OBTAINED

IF Z>=0 THEN GOTO 341Q

Wik =—2

FOR J=1 TO Jd9

VT G KY==V 0T, KD

NEXT J

NEXT 2

FOR I=1 TO J% : REM — SIGMA'S FRGM VECTOR TO MATRIX
FOR J=1 TD J9

S(I,Jy=0

IF I=J THEN S(E,J1=K{I)

NEXT J ’

MNEXT I

FPRINT "END OF SINGULAR VALUE DECOMPOSITION"
RETURN

PRINT " SINGULAR VALUE DECOMPOSITION FAILED AFTER 30 ITERATIONS!'”
RETURN

FRE M6 3 303030006 96459090 3030 333 6 T8 3 4 396 44 64 2 0

REM — PRINT ARRAY IN FIXED FORMAT

IF LB=0 THEN LB8=1 : BOTD 3570

RE M6 33636 30 5630 0096363836 3034 3006 36 363 303090 96336363096 3630 3036 9F o 3

REM — DISPLAY ARRAY IN FIXED FORMAT

S6%=" HEHAEH . HEAGHT

PRINT "BEE &, U, V, OR 5"; : INFUT S3$

IF S¥="A" OR S$="U" DR S¥%¥="¥" OR 8#="5" THEN GOTO 3&20
GATO 3580

REM ## ENTRY POINT IF PRESET PARAMETERS

IF S#{>"A" THEN GOTO 3440

MS3=1% : M&=J% : GOTO 3700

IF S£{>"u" THEN GOTO 3640

M3=k? : M&=L? : GOTO 3700

IF S%{>"V" THEN GOTO 3480

MS=MZ : Mb6=N% : GOTO 3700

IF S#<>"5" THEN GOTO 3700

M5=MB : M&=NB

PRINT "MATRIX ";S$;"(”;M5;",";Mé;") -

IF LB*0 THEN LPRINT “"MATRIX ";S#%;" ("iMS;“,"zMaz") -"
FOR I=1 TO MS

J=Ma : IF J=1 THEN GOTO 2840

FOR J=1 TOD M&-1

IF S5%="A" THEN PRINT |JSING S&¥; R(I,J);

IF S$="A" AND LB>»Q0 THEN LPRINT USING Sa%; A(I,Jd);
IF S#="U" THEN PRINT USING Sé¥%; UI(I,J);

IF S#="U" AND LB>0 THEN LFRINT USING Sé&%; U(I,J);
IF S$="VY* THEN PRINT USING So%; VII,J);

IF S%="V* AND LB>O THEN LPRINT USING S&6%; V(I,Jd}r;
IF S#="8S" THEN PRINT USING Sé&%; S{1,J};

IF S#="5" AND LB>0 THEN LPRINT USING S&6%; S5(I1,J);
NEXT J

IF S£="A" THEN FRINT USING Sa%; A{I,Jd)

IF 5%="A" AND LBX0 THEN LPRINT USING S&4¥%; A(I,d)
IF S$="U" THEN PRINT USING S&%; U(I,J)

IF S$="U" AND LB>0 THEN LPRINT USING S&%; U{(I,J)
IF ="Y" THEN FRINTY USING S5&¥%; VI,J)

IF S#="V" AND L8>0 THEN LFRINT USING S6%3; vI,J)
IF S#="35" THEN PRINT USING S&f%; S(I,J)




414

3910
3920
3930
3940
3950
3940
3970
3980
IR0
4000
4010
4020
4030
4040
4050
40460
4070
4080
4090
4100
4110
4120
4130
a140
3150
4160
4170
3180
4190
2200
4210
4220
4230
4240
4250
42460
4270
4280
4290
4300
4310
4320
4330
4340
4350
43460
3370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
2380
4450
4500
4510
4520
4530
4540
4550
4560
4570
4580

Program Listings

IF S#="8" AND L8>0 THEN LPRINT USING S&%; SC(I,0)
NEXT I

IF 1.8=1 THEN LB=0 : REM — TURN OFF LOCAL FRINY FLAG
RETURN

R I A 06 3 333636 36 S5 4 06 36 3 366 3 36 B0 0636 06 3 B 36 4 366 0

REM — MATRIX TO/FROM DISK

PRINT"SEE DIRECTORY {(¥/N}"; : INFUT 54%

IF S4#<>"Y" THEN GOTO 4050

PRINT"FILENAME SPECIFIER (LIKE #.# OR <RETURN?} = "3 : INPUT SS#
IF S5¢%="" THEN S35%="#_#"

FILES S5S#¢

PRINT “SEE DIRECTORY AGAIN (Y/N)Y"; : INFUT S54%

IF Sa$<>"Y" THEN GOTO 4030

GOTO 39790 .
PRINT "MATRIX INVOLVED IS5 A, U, ¥, DR 5"; : INPUT 5¢
IF S#="A" OR S#%="U" DR S£="y" DR S5&="5" THEN GOTO 4089

GOTO 4050
PRINT "RECALL OR SAVE MATRIX ";S#;" (R/S5)"; : INPUT Si#
IF Sif="R" OR S1#="5" THEN GOTO 4110

GOTD 4080

FRINT "FILE NAME IS"; : INPUT 52%

PRINT " !'!! WARNING — DO NOT <CNTRL><BREAK> DURING THIS STEP 1!3"
IF S51#="R" THEN GOTD 441&

REM — SAVE MATRIX TD DISK FILE

PRINT "COMMENT LABEL FOR FILE IS (<96 CHAR}: "; : LINE INPUT S3s%
REM ## ENTRY POINT IF PRESET PARAMETERS
OFEN 52% FOR CUTPUT AS #1

WRITE #1,535%

If S$<>"A" THEN GOTO 4210

MS=19 : M&=J9 : GOTO 4270

IF S$<>"U" THEN GOTO 4230

MI=K® : M&=L9 : GOTO 4270

IF S${>"V" THEN BOTO 4250°

ME=MT : M&=NT ; GOTO 4270

IF 5$<>"S" THEN GOTO 4270

MS=M8 : M&=NG

WRITE #1,M3,M&

FOR I=1 TQ M3

FOR J=1 7O M&

IF S$="A" THEN WRITE #1,A(I1,J}

IF S$="U" THEN WRITE #1,U(I,J}

IF S$="V" THEN WRITE #1,V{I,J}

IF S$="S" THEN WRITE #1,5(I,J}

NEXT J

NEXT I

N7=N7+1 : S8#(N7)="S5AVED MATRIX "+5%+" IN FILE "+52%
PRINT * "3 SN

IF L8>0 THEN LPRINT " " 58%(N7)

CLLOSE #1 : RETURN

REM — RECALL MATRIX FROM DISK FILE

OPEN S2Z§% FOR INPUT AS #1

INFUT #1,53% .
PRINT "READY TO READ FILE ":S52%:" INTO MATRIX "3;S%;" TITLED:";
FRINT * ": 53

FRIMT "PRESS <RETURN> KEY IF Ok, ELSE “ABORT ™ <RETURM>»"j

INPUT S54% .

IF S5aF="" THEN GOTO 4520
FRINT “&HBORT RECALL; MATRIX “;5%;" NDT CHANGED® : GDTD 4720
REM ## ENTRY POINT IF PRESET FPARAMETERS

OPEN S2% FOR INFUT AS #1

INFUT #1,53%

N7=N7+1 t SEBF(NF)="READ FILLE "+52f+" INTD MATRIX “+5%

PRINT »  »:58%3(N7)

IF L8>0 THEN LPRINT "  ";S8$(N7)

INPUT #1,M5,Mé

FOR 1=1 7D S

FOR J=t TO M&

IF S$="A" THEN INPUT #1,A(I,D) : :




4550

4410
RE20

4450
BH5H0
A&HTO
24680
4670
4700
aric
arz0
85730

1129
1130
1270

6950
HRE0
LP70
6780
L&PP0
FOOO
7010
7020
7030
704G
7o50
7040
7070
7080
FO70
7100
7110
7120
7130
7140
7150
7140
717¢
7180
7190
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IF 5%="U" THEN INPUT #1,U(I,J)
IF S$="y= THEN INPUT #1,V(I,I)

IF S5$="5" THEN INPUT #1,5(1,J)
NEXT J

NEXT 1

IF S${>"A" THEN GOTO 4540

I9=M5 : J9=M& = GOTO 4720

IF S$<>"U" THEN GDTD 4480

K9=M3 : L9=M& : GOTD 4720

IF Ss<>"v* THEN G0TO 4700

HF=M3 : NS=M& : GOTO 4720

IF S$<>"S" THEM GOTD 4720

ME=M5 : NO=M&

CLOSE #1 : RETURNMN

KEY ON : PRINT “END OF RUN" : END

REM — EXAMPLES 3.2.12 % 3.3.4; MR ITERS -[C3-4] 'LAGRAMGE -

PRINT "“13. LAGRANGE EXAMPLE USING NEWTON ITERATIONS®

ON K GOSUB 1330,1410,1470,2470,4580,3870,2690, 35040, 3220, 4370,
53¢0,5820,4960,4150,4180, 4070, 4110 ,6030, 6050, 5370

REM — INPUT STARTING X1,XZ,X3 VECTOR

PRINT*INPUT STARTIMG X1,X2,X3:" : INPUT X1,X2,X3

L7=0 : REM ~ INIT ITER# & PUT -F VECTOR INTG C

IF X130 THEN BOTD 7000

PRINT “X1<=0, SO LODG(X1) IMPOSSIBLE" : RETURN

MI=3 : N=1 :z L7=L7+1 : REM — SET DIM'S AND INCR ITER®

Cll,1Y=—(—XZ+X3® (—~G+2aX1+1/X1))

C(Z2,1)=—(~X1+KZ)

Ci3,1)=—(2Z-X1¥{4~X1} +LOG (X1) +X2)

REM — PUT JACOBIAN INTO B

HP=3 : L9=3

B(1,1)=X3#{2=1/{X1#X1)} ¢t B(1,Z)=-1 : B(1,3)=—4+2#X1+1/X1

B(2,1)=—1 : B(2,)=0 : B(2,3)=1

B(3,1)=B1{1,3) : B(3,Z)=1 : B(3,31=0

GOSUP 3290 : REM — INVERT JACDBIAN

BOSLIB 3090 : REM — A=D#C TO CALC DX

REM — UPDATE X VECTOR PY DX CUMPONENTS

XI=X1HAL1,1) & X2=XZ+A(2,1) : X3=XI+A(3,1)

PRINT

PRINT “AFTER ITERATION #°;L7;:" TRANSPDSED X VECTOR IS:™

PRINT USING * 834, 88088"; X1; X25 X3

PRINT"CONTINUE <Y/N) ™ : INMPUT SA4%

IF S4%="N" THEN RETURN
GOTD 6980 : REM - KEXT ITERATION
END

List of Variable Names Used in Program C4-1: NEWTON

Cl F1 15 L7 S6$
Cc2 FNACS() 17 M T()
C3 GO © Ml T1
4 G1 15 N %
D5 G2 K P1 X()
D6 H() K1 Q z
E) I K2 S$ Zs
El Il K5 S48

F 7 L S5%




416

Program Listings

10 REM — NEWTON OPTIMIZER - PROGRAM[CA=1] ' NEWTON®
20 OPTION BASE 1 : REM — NO SUBSCRIFT O

30 CLS : KEY OFF

40 PRINT “#wxatinwsdi® NEWTON OFPTIMIZER #0080 68000001
50 PRINT “NGTES:"

&0 P

RINT "1i. USE OnNLY UPPER CASE LETTERS"

70 PRINT "2. [IF 'BREAK’' OCCURS, RESTART WITH 'GOTOD 779"
80 PRINT "3. USER MUST PROVIDE SUBRGUTINE S000 FOR FUNCTION EVALUATION™

0 PRINT " AND SUBROUTINE 7000 FOR GRADIENT EVALUATION"
100 PRINT "4. ENTER DEFAULT ANSWERS TO BUESTIONS BY <RETURN>."
130 REM - USE OF MAJUR VARIABLES AS FOLLOWS -

140 REM EQ SEARCH STEF VECTOR

150 REM F FUNCTION VALUE RETURNED BY USER SUBROUTINE S000
150 REM GO GRADIENT VECTOR RETURNED BY USER SUBRAUTINE 7000
170 REM H{) VECTOR CONTAINING SYMMETRIC HESSIAN — SEE (4.1.14)
180 REM 1,Jd WORKING ROW#, COL#, RESPECTIVELY

190 REM K COMMAND # & LOQP INDEX

200 REM L7 ITERATION #

210 REM N NUMBER OF VARIABLES IN VECTOR X{)

220 REM X VECTOR OF VARIABLES RELATED TO FARTICULAR PROBLEM
230 REM IN USER-SUPPLIED SUBROUTINES S000 AND 7000.

240 DEFDBL A-H,@-R,T-Z : REM — NOTE THAT P IS5 SNGL PRECISION

| 250

260

270

280

290

300

310

320

330

I40

350

299

10G0
1010
1020
1030
1040
1050
1040
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
11530
1200
1210
1220
1230
1240
1250
1280
1270
1280
1290
1300
1310
1320
1330

PEFINT 1-N

DEFSTK 5

S&E=" H#44HHN. BHHHE"

DEF FNACS (X1=1.370776-ATN{(X/S5QR{1-X%X}) ¢ REM - ARC COS
M1=50 3 E1=.0001 : D&=.0001 : I7=1 : REM - SET DEFAULT PARAMETERS
REM — FOLLOWING DIMENSIONS ARE FOR N<=30. THE HESSIAN VECTOR
REM H{) MUST BE DIMENSIONED N# (N+1) /2,

DIM X{(30),6{30}) ,H(465) ,T (30} ,E (30}

REM — HESSIAN H(.) STORED AS AS VECTOR; SEE EQUATION (4.1.14)
GOTQ 1150 : REM — TO MENU % SEILECTION

REM — RE-ENTRY FOR INVALID COMMAND MUMBERS 2 CONTINUING
CLS : K2=0 = REM — INIT FUNCTION EVALUATION COUNTER

PRINT "x#tepasxneenndt COMMAND MENL 96588500 8205055

PRINT "1. ENTER STARTING VARIABLES (AT LEAST ONCE}"

PRINT "2. REVISE CONTROL PARAMETERS' (OPTIONAL) ’

PRINT "3. START OPTIMIZATION®

PRINT "4. EXIT (RESUME WITH 'GOTO 997°)"

REM

PR INT ™ 3398339 369 363008 -3 6 383036 3 3 36303636 330 330003 -0 3

PRINT"INPUT COMMAND MUMEER: "::INPUT 5%

K=LEN{5%) : IF k=0 THEW GOTO 999 : REM — AVOID <CRY*

K=ASC (S%)

IF ¥<485 OR K>57 THEN BRTO 999 : REM ~ 15T CHAR MUST BE O—9

K=VAL (5%}

IF K=0 THEN K= 15 : REM ~ ALTERNATIVE DISFLAY NUMBERS
IF K»20 THEN GOTO 999 : REM ~ CAN'T EXCEED MENU #°5
ON K BDSUR 1210,1300,14350,1420

PRINT “PRESS (RETURN> KEY TO COMTINUE -~ READY"3
INPUT S4%

IF S4%<>"" THEN BEEF : REM — <RETURN> BEFORE NEXT CMD NUMEER
GOTO 999

FE P30 96300 303035 035036 3363 36605 96 360 0 6 35636009346 T30 04006 3

REM — ENTER VARIABLES

PRINT"NUMBER OF VARIABLES = "; = INPUT M

PRINT "ENTER STARTING VARIABLES X (I}:"
FOR I=1 TO N .
PRINT " X¢";I;")="; : INPUT X(I)
NEXT 1

PRINT “TRUST REGION RADIUS ="; : INPUT T1

IF Yi=0 THEN T1=1000000! : REM — DEFAULT TO UNBODUNDED NEWTON
RETURN

REM 300055 00 30 2063 26T A0 6 0

REM — REVISE CONTROL PARAMETERS

PRINT "MAXIMUM # OF ITERATIONS (DEFAULT=50:"; = INPUT S4%
M1=50 : IF S4%<>"" THEN M1=VAL (54%)

FRINT "STOPPING CRITERION (DEFAULT=.0001):"; 3 INPUT S4%




1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
14355
1440
1470
1480
1490
1500
1310
1520
1530
1540
1550
1560
1570
1580
13590
14600
1410
1420
1630
1440
14650
1660
1670
16B0O
1490
1700
1710
1720
1730
1740
1750
17&0
1770
1780
L7990
1800
1810
1820
1830
1835
1840
1850
1840
1870
1880
1870
1900
1910
1920
1930
1740
193¢
1260
1970
1580
1990
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E1=.0001 : IF S54%<>"" THEMN E1=VAL (54%)

FRINT "ENTER FINITE DIFF FACTOR (DEFAULT=.000§):"; : INPUT Sis
D6=.0001 : IF S4%{>"" THEN D&6=VAL (54%)

PRINT "“FPRINT EVERY Ith ITERATION [(DEFAULT=1):"; : INPUT Sas%
I7=1 : IF S54%<{>"" THEN I7=VAl-(S54%)

RETURN

REM #5335 3 400090000 3 00330303006 36 96 36036 06 36 3

REM — NORMAL STOP

KEY OM : PRINT "END OF RUN" : END

REDPE 000 S 326 316 S BT I T A I AR

REM — MAIN DPTIMIZATION ALGORITHM - SEE CHAFTER FOUR

GOSUE S000 @ REM — GET INITIAL FUNCTION VALUE

KEZ=K2+1 : REM -~ INCREMENT FNCN EvVAL COUNT

L7=0 : REM — INITIAL ITERATION COUNT

REM — RE-ENTRY POINT FOR NEW ITERATION

L7=L7+1 : M=0 : REM — INCREMENT ITER # % INIT CUTBACK COUNT
Fl=F ; REM -5AVE FOR DOWNHILL COMPARISON

GOSUB 7000 : REM — CALC GRADIENT

IF(IL7-1) MOD I7)=0 THEN GDSUB 2320 : REM — RFT F, X, AND G
GOSUB 2410 : REM - CALC HESSIAN IN VECTOR H(.) BY DIFF'G G
GOSUB 2710 : REM — FACTOR H=LDLT IN SITWU IN M(.)

FOR I=1 TO N : E{I)=-G(I) : NEXT T : REM - NEG GRADIENT
GOSUP 2100 : REM — CALC @ DENOM FOR CAUCHY POINT

REM — CALC LENGTH OF GRADIEMT

Gi=0 : FOR I=1 TO N : Gi=Gl+G(I)#G(I) : NEXT I : G1=SER(G1)
IF G1<>0 THEN GOTO 1600

PRINT "##x#% GRADIENT IS ZERO #®wxxx" 3 GOTQD 2050

CA=G1 : REM ~ S5AVE GRADIENT LENGTH FOR ANGLE CALLC
GZ2=Gi*Gi*51/0 :+ REM — LENGTH OF CAUCHY STEP

S4F="CAUCHY"

S55%=" {ROUNDED)"

If G2>T1 THEN GODOTO 1700 : REM — CP IS OUTSIDE TRUST RADIUS
GOSUB 2990 : REM — CALC NEWTON STEP IN E{)

Sat="NEWTOM"

Gi=0 ¢ FDR I=1 TO N : GI=GI+E{I}#E(I} ; NEXT I : Gi=SBRR(G1}
IF G1<T1 THEN S5#%=" (UNBOLUNDED)"

IF GI<TI THEN B0OTQ 1710 : REM — WEWTOM STEF INSIDE TRUST RADIUS
FOR I=1 FO N : E(I)=E(I)*#T1/Gl : NEXT I : REM — STEP LENGTH=RADIUS
FRINT "0 a AR AWM RN RRN RN NN RR ¥ SIE+STE .

IF Sas="(CAUCHY" THEN S0TO 1820

REM — CALC NEWTON-TO-GRADIENT DEGREES

C2=0 : C3=

FOR I=1 TO N : C2=C2+G(I)#E(I) 1 C3=C3I+ECI}*E(I} : NEXT 1
P1=—C2/CA/SRR(C3) : IF P1<1 THEN GOTD :78B0O

Pl=0 : GO7TA 1790 : REM - AVOID /70 IN ACS

P1=57 . 29578%FNACS (FP1)

PRINT" NEWTON-TO-BRADIENT DEGREES=";

PRINT USING " ##.#";P1

REM — TAKE STEP WITH INCREMENT IN E(.)

FOR I=1 TO N : X{I})=X{D)+E(I) : NEXT 1

GOSUB 5000 : REM — CALC F(X+dX)

KZ=K2+1 : REM - INCREMENT FNCN EVAL COUNT

IF F<F1 THEN GOTO 1900

REM - GET BACK TO LAST TURNING PODINT & CUTBACK dX

FOR I=1 TON : X(I)=X(I)=E(I) : EC(I)=E(I)/4 : NEXT 1

PRINT “ a8 CUT BACK STEP SIZE BY FACTOR OF 4 H#éuasy
M=M+1 : IF M<11 THEN GOTD 1820

PRINT “"STEP SIZE TOD SMALL ~ TERMINATED" : GDTLD 2070

IF S4s="CAUCHY" THEN GOTO 1940 : REM - BYPASS QUAD FACTOR REFORT
REM — CALC QUADRATIL BEHAVIOR FACTOR R

GOSUB 2100 : REM — CALC QUAD DELTA F USING NEWTON STEP

IF R<.00000Y THEN 5OTL 19&0 : REM ~ PROBAPLY RESET HESSIAN
Pi={(F1-F)/(Q/2} : REM - SEE CHAPTER FDUR

PRINT " QUABRATIC BERAVIOR FACTOR R=";F1

IF L7<M{ THEN GOTQ 2010

PRINT “STOPPED AT GIVEN LIMIT OF“i;Mi;" ITERATIONS; RESULTS ARE:"
L7=L7+1 : GOTO Z0&Q
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2000
2010
2020
2030
2040
2050
20&0
2070
2075
2080
2090
2100
2119
2120
2130
2140
2150
2140
2170
2180
2190

2210
2220
2230
2240

2260
Z270

2310
2320
2330
2340
2350
2360
2370
2380
2390
2500
2410
2420
2430
244G
2450
2440
2470
2480
2490
2500
2310
2520
2530
2340
2550
Z560
2570
2380
2574
25600
2610
2620
2630
25640
2450
2680

P Listi

REM - TEST COMVERGENDE OF BOTH F AaND EACH X (1)
IF ABSI(F1—F)/{(1+ABS(F1))>E1 THEN GOTD 14BO
FOR I=1 TAQ N
IF ABS(E(IN /{1+ABS{(X(I)})}>E1l THEN GOTOD 1480
NEXT 1
L7=L7+1 : PRINT "CONVERGED; SOLUTION IS:"
GOSUB 7000 : REM — BET BRADIENT AT SOLUTION POINT
BOSUB 2320 : REM -~ REPORT CONDITIONS AT STOPPING POINT
PRINT “7OTAL NUMBER OF FUNCTION EVALUATIONS =";K2
RETURN : REM - RETURN TO MENU
REM W5 %5 53 58565 005 500 05 550 T2 3 - 0
REM - CALC RUAD FORM B FOR E USING LBLYT I% H(.)
REM — CALL T(I)
FOR I=% TO N : T{I}=0  NEXT I : K=0 : REM — INIT
FOR J=1! TO N : REM - COLUMN LOOFP
FOR I=1 TO N : REM — WORK DOWN COLUMN J OF MATRIX L (3.1.12)
IF I<J THEN 60TO 2200
K=K+1
C1=H(K)
IF I=J THEN Cl=1
T =T{I+C1+E(I)
NEXT I
NEXT J
REM - SUM DxT"2 TERMS FOR @
K=0 : @=0 : REM -~ INIT
FOR J=1 TO N
FOR 1=} TO N
IF I<J THEN GOTO 2290
=K+1
IF I=J THEN B=B+H{K)#T(I}=T(I)
NEXT 1
NEXT J
RETURN
REM - S -
REM — PRINT FUNCTION, VARIABLES, AND GRADIENT
PRINT "AT START OF ITERATION NUMBER";L7
P1=F : PRINT " FUNCTION VALUE =";PI
PRINT " 1 X1 G(n"
FOR I=1 TO N
PRINT I3 : PRINT USING S&%;X(1),6(I)
NEXT I
RETURN
REM 0588303 8000 20 3 B R -
REM — UBTAIN HESSIAN IN (.} By DIFFERENCING GRADIENT
FOR I=1 TO N : EC(IY=B(I) = NEXT I : REM — SAVE NOMINAL GRADIENT
K=0 : REM - INDEX FOR H(K)
FOR J=1 TO N : REM -COLUMNS OF HESSIAN
DS=D&#*ABS (X (J)) = REM — INCREMENT FOR X{J! USING PARAMETER D&
IF DS5<.000001, THEN DS=.000001 : REM - MINIMUM PERTURBATION
X(J)1=X(J}+D3 : REM - PERTURB X (J)
GOSUB 7000 = REM — GET ALL G{I) FOR PERTURBED X{JI}
FOR I=3 TO N : REM —ROWS OF Jth HESSIAN COLUMN
T(II=AG(I}~E{I}) /D5 : REM — DELi(DELiF) APPROXIMATE DERIVATIVE
IF ¥<J THEN GOTO 2550 : REM - ABOVE HESSIAN MAIN DIASONAL
K=K+1 : H(K)=T{I) : REM ~ STORE UNAVERAGED VALLE IN H VECTDOR
GO0TO 2640 ¢ REM — NEXT I )
K1i=0 : REM ~ COMPUTE SYMMETRIC ELEMENT INDEX
FOR L=1 TO 1
FOR =1 TO N
IF M<L THEN BCGTO 2610
Ki=ii+1
IF M=J AND [ =1 THEN GOTO 2&30
NEXT M 0 '
NEXT L .
HKL)Y =(H(KI)+T{I)) /2 : REM — AVERAGE SYMMETRIC ELEMENTS
MEXT I
X{J)=X{(I)-D5 : REM - RESTORE TO NOMINAL
NEXT J
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2670 FOR I=1 TO N : G(I)=E(I) : NEXT I : REM - RESTORE NOMINAL
2480 RETURN

ZEFD RED 3002003 S 300 S0 T 0 A

2700 REM — LDLTY FACTORIZATION DF MATRIX IN SITU IN VECTOR H
2710 E¥S5=1

Z720 FOR I=2 YO N

2730 IF HKS) >0 THEN GOTO 2740

2740 PRINMT " HESSIAN MADE F.D. "
2750 H(KSY=,000001 : REM - FORLCE POSITIVE DEF INITENESS
2760 Z=H{KD)

2770 KS=KkS+]

2780 Il=K3

2790 FOR J3=1 TO N

2 I9=H (K5)

D810 HIKS)=H(KS) 7/ Z

2820 J5=K3

2830 I5=11

2840 FOR K=1 THh J

ZB30° JS=J9HN+1-K

28460 H{IS)=HIS)-H(IS)*71S

2870 IS=15+1

2880 NEXT K

2890 KS=K3+1

2900 NEXT J

2710 NEXT I

2720 IF H#{kS)<{=0 THEM GOTO 2940

2930 RETURN .
Z940Q PRINT *“ HESSIAN MaDE P.D. "
2950 H(KS5)=,000001 : REM - FORCE POSITIVE DEFINITENESS
2960 RETURN

2970 REM -85 00 9 - I S T 0
2980 REM — SOLUTION E=Inv{H)E FOR NEWTON STEP

2990 FOR I=2 TO N

I000 Ia=1

3010 V=E(I)

3020 FOR J=1 TD I-1

3030 V=V—H(I4)YHE ()

3040 I4=I14+N-J

3000 NEXT J

3060 EC(T)I=V

3070 NEXT 1

3080 E(N)=E(N)/H(I4)

30920 FUR K=2 TO N

T100 I=h+1-¥

3110 I1=I4-K

3120 V=EA(I})/HIL)

3130 I14=11

3140 FOR J=I+1 TD N

3150 T1=I1+1

31460 V=\V-H(ILl)=E WD)

3170 NEXT g

318B0 E(I)=V

3190 NEXT K

3200 RETURN

3210 END

7 REM - ROSENBROCKS FUNCTION IN TWO-SPACE - [Ca—2] ‘RDSEN’
SOO00 REM 3555840 R 3 25 T 95 - I

5010 REM — ROSENBRUCK BANANA FUNCTION - OBJECTIVE

SO20 F=1008 (N {2)-X (1) uX{1)} 2+ (1~-X{1})}"2

5030 RETURN

TO0O0 REM S-S0 I I 0 A0 0T A 3 -

7010 REM — ROSENBROCK BANANA FUNCTIDN — GRADIENT

7020 G(1)=—400% (X {1)#X (2)-X(1}"3)}-2#{1-X¢{1})

TOZ0 B{2)=200%(X(2)—X (1} #X (1))

7040 RETLIRN
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7 REM ~ WOODS FUNCTION IN FOUR-SPACE —-[GA—3] ‘wWOODS®

SO00 REM 354606300 30 30006 330 30 30 36 300630 309620960696 96 3098 96 96 96 30 3034 96308 ¢

5010 REM — WOOD'S FUNCTION

S020 F=100% (X (2} ~X{(1)"2) "2+ (1~X (1)) "24+F0% (X () ~X (3} ~2)~2
H{1-X(3) ) 2410, 1% ( (X A(2) 1) 2+ {X(4)—1) 23 +19. 8% (X(2)-1) % (X (4)-1)

S030 RETURN

FOOO REM 534563630 5 563 396 3 36 00 3 33 030 6 3 303006 36 20 2030 303 F 96 36 0 34

7010 REM - GRADIENT F WOUOD'S FUNCTION

7020 G(1)=—A00#Y {1 MR (22 =N 1)~y 2% {1-R K1)}

7050 G(2)=200# {(X{2)-X{(11"2) +20. 2% (X (2) -1} +1F.8% (X (4} ~1)

TR0 G(3)=—3A0%X (3} (X (4)=X(3)"2)-2#(1-X(3})

7050 G(4)=180% (X (4) X {3} 2)+20. 2% (X (4)—1}+1F.8# (X (2)-1)

70460 RETURN

T REM — BS51210090%. COPYRIGHT Y¥.R.CUTHBERT. 198S.
7 REM — ADDS TD NEWTON — SIMPLE BOUNDS ON VARIABLES ~ PRGM[C4—4] ‘NBOUNDS

325 DIM LS{30) ,PS3(30,2) : REM — THE SET ON/OFF AND LOWER/UPPER ARRAYS
333 N=30 : GOSUB 3210 @ REM — UNBOUND ALL POSSIBLE VARIABLES

299 CLS : K2=0 @ 16=0 : REM — INIT FNCN COUNT & BINDING BOUND(5) FLAG
1050 PRINT "5. SEE %/DR RESET LOWER/UPPER BOUNDS ON VARIABLER™

1140 ON K GOSUB 1210,1300,1450,1420,3320

1633 IF L&C>0 THEN GOTO 1700 : REM — FORCE CAUCHY IF BOUNDS ARE BINDING
1820 GOSUB 3515 @ REM — CHECK/SET BINDING BOUMDS IN STEFS IN E(}

18252 FOR I=1 TO N : X<I)=X{I)+E{(1) : NEXT 1

18680 M=M+1 : IF M<{11 THEN GBOTO 1825 ;3 REM — TRY FEASIBLE CUTBACK STEP
F210 REMM I35 000653 38630563 0 63 2 26 T 96 036916 36 30209 90 45 3¢

3220 REM ~ INIT FLAGS AND LOWER/UFPER BOUNDS

220 16=0 : REM — CLEAR THE "BINDING BOUND{S) - FLAG

3230 JR I=1 TON : LG(I}=0

3240 P5(1,1)=—10000 : PS({I,2)=+10000

3250 NEXT I

3260 RETURN

ZI00  REME 3500200300003 030 30630203 3 3433 3 303

3310 REM — SEE R RESET LOWER/UPPER ROUND ON VARIQBLES

3320 S54F="NONE. " : PRINT "BOUNDS NOW SET ARE:"
TITO PRINT " I LOWER UuPPER"

FF40 FOR I=1 TO 30

3350 IF LS(1)=0 THEN GOTO 3370

3360 54F="" : PRINT I;" “i @ PRINT USING Sé&6%;F5(1,1);P51(L,2)
3370 NEXT 1 -

3380 PRINT S4%; "SET OR RESET ANY BOUNDS (Y/N}"; : INPUT S4¥%
3390 IF 543<>"Y" THEN RETURN

3400 REM — RE—ENTRY FOR MDRE BOUND SETTING

3410 FRINMT “ENTER O TO RETURNM TO MENU, ELSE ENTER VARIABLE # =";
3420 INPUT I : IF I=0 THEN RETURN

Z4Z0 FRINT "PRESS <RETURN> IF NO BOUND DESIRED"

3440 PRINT *  LOWER BOUND ="3; : INPUT S4%

3450 PS(I,1)=—10000 : IF S4%<{>"" THEN PS(I,;1)=vAL (54%)

3455 IF Sa$<c>™" THEM LI{I)=1

34460 PRINT " UPPER BOUND ="; : INFUT S54%

3470 PS(I,2)=+10000 : IF G4%<>"" THEN FS{I,2)=VAL{S54%)

3475 IF 543%<>»"" THEN L3(I1=1

3480 BOVO 3410

THO0 REM M58 3630055 30000303 3 336330 330 36 3 69636 9 3 3 0 30 3 0

I510 REM — CHECK BOUNDS AMD RESEY STEP IN B4 IF BINGING
3515 L6=0 : REM ~ CLEAR THE "BINDING BOUND(S) - FLAG

3520 FOR I=1 TO N

3530 1F LS{I)=0 THEN BOTD 3540

3540 IF (X(I}+E(I)<PS5(1,1) THEN Lé=1

3545 IF (X{IM+E(I)}<PS{I,1) THEN E(I)=PS{I, E)-X(I)

TS50 IF (X(D)+E(I) 1 >P5{1,2) THEN L&=1

JIES5 IF (XED)+EC(IY) »PD(I,2) THEN E(I)=P3{I,2)-X(I)

STa0 NEXT 1

3570 RETURN

3380 END




C4-5 421
List of Variable Names Used in Program C4-5: LEASTP

AQ) Fi 17 L7 S
C2 F2 ] M S()
C3 FNACS() n M1 4%
D() G() J5 M3 S6$
D1 Gl K M7 A

D2 H() K2 N Vs
D5 I K5 N$ X0
E() 11 K7 N3 z

El 14 L Pl Z5
F I5 L1 R()

10 REM - LEASTP OPTIMIZER - PROGRAM[CA4-5] "LEASTP’

20 OPTION BASE 1 : REM - ND SUBSCRIPT @

30 CLS : KEY OFF : M7=0 : REM — DEFAULT NUMBER OF SAMFLE DATA
40 FPRINT "#xsinxxds LEASTP DPTIMIZER #%kadaattaniz” : PRINT

10 PRINT "NOTES:*

&0 PRINT "i. USE ONLY UPPER CASE LETTERS"

70 PRINT *2, IFf "BREAK’' OCCURS, RESTART WITH 'GOTO 999"

80 PRINT "3. USER MUST PROVIDE SUBRDUTINE 5000 FOR RESIDUALS, "

90 PRINT SUBROUTINE 7000 FOR THE JACOBIAN MATRIX, AND"
95 PRINT SAMPLE DATA IN LINES 400-400 IF RERUIRED"

100 PRINT "4. ENTER DEFAULT ANSWERS TO GUESTIDNS BY <RETURN>.™
11G PRINT

130 REM - USE OF MAJOR VARIABLES AS FOLLOWS -

140 REM At,) JACDBIAN MATRIX. A(K,J) IS DERIV OF Kth RESIDUAL
142 REM WITH RESPECT TO Jth VARIABLE. IS DIM MxN.

144 REM DO VECTOR FOR LM DIAGDONAL SCAL.ING MATRIX.

1446 REM D1 DETERMINANT OF LDLT FACTORIZIATION.
148 REM E{) SEARCH STEP VECTOR,

150 REM F HALF THE SuUM OF Pth POWER RESIDUALS.

152 REM F1 SAVED VALUE OF F FOR DOWNHILL COMPARISON.
134 REM FNACS INVERSE COSINE FUNCTION

156 REM G5() GRADIENT OF F.

{58 REM Gl LENSTH OF SRADIENT.

140 REM H() VECTOR STORAGE OF APPROXIMATE HESSIAN MATRIX.
142 REM K2 COUNT OF NUMBER OF F EVALUATIONS.

144 REM K7 EXPONENT F - POWER TO WHILCH RESIDUALS RAISED.

144 REM L7 ITERATION COUNTER.

168 REM M NUMBER OF DATA SAMFLES.

170 REM M3 NUMBER DF DATA SAMPLES READ IN FROM DATA STATEMENTS.
172 REM N NUMBNER OF VARIABLES.

174 REM R{) RESIDUALS, DIM M.

174 REM Sty)} GSAMFLES S(I,1) IS INDEPENDENT % S(I,2) 15 DEPENDENT.
178 REM Vv LEVENBERG~MARBUARDT (LM} FARAMETER.

180 REM X0 VARIABLES VECTOR, DIM N.

240 DEFDBL A-H,B-Z : REM — NDTE THAT P IS5 SNGL PRECISION

250 DEFINT I-N

270 SoHF=" H44444. SHH 440"

280 DEF FNACS{(X)=1.5707956—ATN(X/S50R(1-X#X))} : REM — aRC C0S

290 M1=30 : E1=.0001 : I7=1 : L1=0 : M3=0 : V=_001#% : REM ~ INIT PARAMS
300 REM - FOLLOWING RIMENSIONS ARE FOR N<=20. THE HESSIAMN VECTOR
310 REM H{) MUST BE DIMENSIOMED MN#%(N+1)/2. # SAMPLES M<{=40.

320 DIM X (20),6(20) ,H(210) ,E(20} ,A(40,20),5(40,2) ,D(20) ,R(40)

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 — M7 SHOULD EQUAL M SET BY USER IN SURROUTINE S000
360 FOR K=1 TQ M7 : READ SiK,1) = NEXT K




422

370
375
80
390
400
{410
/20
430
990
999

1000

Program Listings

FOR K=1 TO M7 : READ 54{K,2) : NEXT K

BOTH 11460 2 REM - TO HENU & SELECTIAN

REM — SAMPLE ODATA WILL BE EMPLOYED 8Y USER IN SUBROUTINE S000
REM — ENTER FOUR DATA STATEMENTS FOR SAMPLE PAIRS AS FOLLOWS
DaTA "DUMMY" : REM — THE NAME OF THE DAaTA SET

PATA 3 ¢ REM — THE NUMBER OF SAMPLE PAIRS <{=40

DATA 1 , 2 , % , 4 ., 5 : REM — THE INDEPENDENT DATA VALUES
DATA 1.1,2.2,3.3,4.4,5.5 : REM — THE DEPENDENT DATA VALUES
REM — RE-ENTRY FOR INVALID COMMAND NUMBERS 2 CONTINUING

CLS : KZ2=0 : REM - INIT FUNCTION EVALUATION COUNTER

PRINT "#saiasinaians COMMAND MENL  #9HHHEEAR

1010 PRINT "1. ENTER STARTINE VARIABLES (AT LEAST ONCE) ™

1020

PRINT "2. REVISE CONTROL PARAMETERS (OPTIONAL)"

1030 PRINT "3. START ODPTIMIZATION™
1040 PRINT *4. EXIT (RESUME WITH ‘50TQ ?99°)"

1050
1040
1070
1080
1030
1100
t1t0

PRINT *5. SPARE"

PRINT "&. DISPLAY DATA PAIRS™

PRINT ™ SR K R AR R SR

PRINT™INPUT COMMAND NUMBER: =;: INPUT S$

K=LEN{GS) : IF K=0 THEN GOTO 999 1 REM — AVAQID <CR>

K=ASL (5%)

IF K<48 OR K>37 THEN 60OTD 99% : REM — 1ST CHAR MUST BE 09

1120 K=VAL (5%)

1130 IF K=0 THEN K= 135 = REM -~ ALTERNATIVE DISPLAY NUMBERS
1140 IF K>20 THEN GOTO 999 : REM — CAN'T EXCEED MENU 8°S
1150 ON K BOSUB 1220,1290,1420,13%0, 999,3000

11460 PRINT "PRESS <RETLRN> KEY TO CONTINUE —— READY";

1170 INPUT S4%

1180 IF S54${>"" THEN BEEP : REM — <RETURN> BPEFORE NEXT CMD NUMBER
1190 GOTD 999

1200 REMHE-S 3T 3 35503 0T I 3

1210 REM — ENTER VARIABLES

1220 PRINT™WUMBER OF VARIABLES = “; : INPUT N

1230 PRINT "ENTER STARTING VARIABLES X(I):z"

1240 FAR I=1 TQ N

1250 PRINT " X¢";Izy=";5; = INPUT X{(I)

126G NEXT I

1270 RETLURN

1780 REM S50 053 500 3 H I 0 T 6

1290 REM ~ REVISE CONTROL PARAMETERS

1300 PRINT "MaXxIitvuM # OF ITERATIONS (DEFALLT=50):"; : INPUT S4%
1310 M1=50 : IF S4%<>"" THEN M1=VAL (54%)
1320 PRINT "STOPPINE CRITERION (DEFALLT=.0001):"; : INPUT 54%

1330 E1=.0001 : IF S54%<{>"" THEN E1=VAL (54%)

1340

PRINMT "PRINT EVERY Ith ITERATION (DEFALULT=1):"; : INPLT 548

1350 17=1 : IF S5&4%{>"™ THEN I7=VAL (53%)

13460

RETURN

1370 RENM D e e T e ey
380 REM - NORMAL STOP
1330 KEY OM 2 PRINT "END OF RUN" : END

1400
1310

REM #2320 0 00 S 3 0
REM ~ MAIN OPTIMIZATION ALGORITHM — SEE CHAPTER FOUR

1420 IF N>0 THEN GOTO 1450

1430 PRINT * NUMBER OF VARIADLES N NOT SET; USE COMMAND #1 ————"
1440 RETURN
1450 PRINT "EXPONENT P (2,4,4,8, OR 10) ="; : INPUT K7

14480 FOR I=1 TO M : REM - NULL A(I,J) JACOBIAN MATRIX

1470 FOR J=1 TO N

1480 A(I,J)=0

1490 MEXT J

1500 NEXT 1

1510 SOSUER S000 : REM — FIRST CALC OF RESIDUALS

1520 PRINT “USER SET MNUMBER OF SAMPLES M =";mM;" IN SUBROUTINE SO000"
1530 FRINT " IS THIS CONSISTENT WITH THIS PROBLEM (¥/N) "3
1S40 INPUT S4% @ IF S4%="N" THEN RETURN

1550
15460

K2=K2Z+1 : REM — INCRE F EVAL COUNT
IF L1=0 THER G0OT0 1380 : REM — M0 FAILURE TN RESIDUALS SUBROUTINE

1570 PRINT "SUBROUTINE 5000 UNABLE TD COMPUTE®™ : RETURN




1580
1330
1&00
1510
14620
1630
1640
1650
146560
1470
14680
1470
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1aro
1820
1830
1840
1850
1840
1870
1830
1890
1700
1710
1920
1930
1740
L?50
1950
1970
1780
1990
Z00Q
2010
2020
2020
208G
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
21560
2170
2180
2190
2200
2210

2230
2240
2250
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F=0 : REM — CALC FIRST SUM Pth RESIDUALS

FOR K=1 TO M : F=FHRWIKT = NEXT K = F=F/K7
GOSUB 7000 REM — CALC FIRST JACOBIAN

GOSUB 2400 REM — CALC/STORE NORMAL MATRIX IN H()
REM —~ PUT NORMALIZED SCALING FACTORS INTO DO

L=0 :z DZ=0

FOR J=1 TD N

FOR 1I=1 TO N

IF I<J THEN FITQ 15670

L= +}

IF I=J THEN DI(I)=HI(L)

NEXT I

IF DGIY<=0 THEN D(J)=1

D2=D2+D(J)#D 1)

NEXT J

DZ=58R(D2)

FOR J=1 T N = B{Jr=D{J}/02 = MEXT J : REM — NORMALIZE
GOSUB Z750 : REM ~ CALL BRADIENT B{) AND LENGTH 51
REM — COMPARE GRADIENT TO FINITE DIFFERENCES

LT

PRINT “GRADIENT Vvia SUB7000 V1A DIFFERENCES™
FOrR Ji=1 TO N
DO=~. 0001 B#ABS(K (J1)) : IF DP5<.0000014 THEN DS=.000001#

K(JL}=X(JL}+D05 ¢ GOSUR 5000 : REM - PERTURBED RESIDUALS

F2=0 2 FOR I=1 TO M ¢ F2=F2+R(1}™K7 : NEXT I = F2=F2/K7

PRINT USING * H$RERESE . SRR ; 5 (J1) , (F2-F) /DS
X(FL=X{J1-DO5

NEXT J1

PRINT "PRESS <RETURN» KEY 7O CONTINUE — READY“:; 1 INPUT S4%
L7=0 : REM — INIT ITERATION COUNT

REM T 336 T 6 IS0 S0 330 3 I3

REM — RE-ENTRY POINT FOR NEW ITERATION

L7=L7+1 : F1=F : REM - INCRE ITER COUNT & SAVE LAST F VALUE

IF MZ=0 THEN V=V/10Q : REM — LAST STEP wWAS A GUOD ONE SO REDUCE v
IF v<1D-20 THEN V=1D-20 : REM — v=0 NOT A{LDOWED

IF M3<>0 THEN V=104V : REM - LAST STEF RERQ'D CUTBACK, S50 INCREASE V
M3=0 : REM - CLEAR CUTRACK COUNTER

IF {.7=1 THEN GOTQ 1980 : REM — ELSE CALC GRADIENT

505U 2H70 REM — ADD tM PARAM TO HO

GOSUB 3110 REM — FACTOR (H+vD)=LDLT IN SITU IN HOQ

IF NG=0 THEN GOTO ZO&0 : REM - FACTORIZATION OK

V=100%8¢ : REM — INCREASE LM PARAM V

GOSUD 2500 : REM — LCALC/STORE MORMAL MATRIX INTD H{)

GOTO 1990 : REM — REVISE MNORMAL MATRIX AND RE-FACTOR

REM — SET RIGHTHAMD SIDE = ~8(0)

FOR I=1 TGO N : EC(I)=-6G(1) : NEXT I

GOSUR 3390 : REM — CALC STEF dx IN EO

REM — CALLC STEFP-TO-GRADIENT DEGREES

C2=0 : C3=0

FOR I=1 TD N : C2=C2+5(I)#E(]) : C3I=C3+E(I)#E{TI) : NEXT I
P1=—C2/G1/SOR(C3) : IF P1<1 THEN GOTO 2130

P1=0 : GOTD Zi40 : REM - AVOID 7O IN ACS
P1=57.29578#FNACS (P1)

PRINT " STEP-TO~GRADIENT DEGREES=";

PRINT USING = &#.4#a44";P1 |

REM — TAKE STEP WITH INCREMENT IN EO)

FOR I=1 FTDO N  X(I)=X(I)+E(I) : NEXT I

GDSUP S000 : REM - CALC RESIDUALS

K2=K2+1 : F=0 : REM — INCRE F EVAL CDOUNT & CALC SUM Pth RESIDUALS
FOR K=1 TO M : F=F+R{ K7 2 NEXT K : F=F/K7

IF F<F1 THEN BOTO 2270

REM — 6ET BACK TO LAST TURNING POINT & CUTBACK dx

FOR I=1 TO N : X{I}=X{I)~E(I) ¢ ELII=E{1}/3 2 NEXT I
PRINT " oR#B#% CUT BACK STEP SIZE BY FACTOR DF 4 ##d#sg"
M3I=M3+1 : IF M3<11 THEN GOTO 2170 : REM — TRY CUTBACK STEP

BOSLE 700G @ REM — GET JACOBIAN

BDSUB 2750 : REM — EALL SRADIENT

BOSUS 25600 : REM — CALC/STORE NORMAL MATRIX INTO Hi)

IF ((.7-1) MOD 17)=0 THEM GOSUP 2300 : REM — RFT F,X, % B
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22&0
2270
2280
2290
2300
2310
2320
2330
2340
2350
2340
2370
2380
2390
2400
2410
2820
Z4Z0
2440
2450
2460
2470
2420
2490
=l la)
S10
Z25320
Za30
2540
2350
2540
2570
2580
2590
2600
2610
28620
2630
2640
2450
2660
2670
2680
2490
2700
2710
2720
2730
2740
2730
2760
2770
2780
2720
2800
281Q
2820
2830
2840
2850
2860
2870
2880
Z8%0
2900
2710
2920
2930

Program Listings

PRINT "STEP SIZE TOD SMALL - TERMINATED" : GOTO 23%0
IF L7<M1 THEN GOTOD 2320 : REM — NOT AT MAX ITERATIONS
PRINT "!itrtadtrrpttetntndinti i pr by

FRINT "STODPFED AT GIVEN LIMIT DOF“;Ml;™ ITERATIONS; RESULTS ARE:"
L7=L7+1 1 GOTO 2370

REM - TEST CONVERGENCE OF BDTH £ AND EACH X{I)

IF ABS(F1-F)/{1+ABS{F1)}>El THEN GOTO, 18%0

FOR 1=t TO N

IF ABS(E(I)) /{1+ABS(X (1)) >E1 THEN BOTO 1B%0

NEXT I

L7=L7+1 : FRINT "CONVERGED; SOLUTION IS:"

GOsSUB 7000 : REM — GET JACOBIAN

GOSUB 2750 : REM ~ BET GRADIANT

BOSUR 2500 : REM — REPORT F,X, % G AT STOPFING PUOINT

PRINT “PRESS {RETURN) KEY TD CONTINUE —— READY"; : INPUT Sas%
K=0 1 PRINT "HESIDUALS ARE:"

FOR I=1 TO M : PRINT I,R(I) : REM — PRINT RESIDUALS

IF I<21 OR ¥K=1 THEN 50TO Z4a&0

PRINT “PRESS <RETURN> KEY TO CONTINUE ~— READY"; : INPUT S&4F
K=1 » REM — DON'T PAUSE FOR 2ND HALF OF DISPLAY

MNEXT 1

FRINT "TOTAL NUMEER OF FUNCTION EVALUATIONS ="; K2

PRINT "EXPONENT F =";§7

RETURN

REM 25353 R385 903905309036 33 300 0 3 3 e -

REM — PRINT FUNCTION, VARIABLES, AND GRADIENT
PRINT “AT START OF JTERATION NUMBER";L7

FPl=F ; PRINT " FUNCTION VALUE =";FP1

PRINT " 1 X1 G(I) "

FOR 1=1 TO N

FRINT I; : PRINT USING Sa%;X(1),G(D?

NEXT I

RETURN

REM 3653 3063163301690 3004536 33606 396 96 9 3 3 63203436 0 306 26

REM - CALC/STORE NDRMAL MATR1X IN HU)

FOR I=31 7O MN#(N+13/2 @ H{I})=0 1 NEXT I

FOR K=1 TO M

L=0

FOR J=t TO N

FOR I=1 TO N

IF 1<J THEN GOTQ 2490

L=L+1 .
HIL)=HL)+A K, 1) #AK T} 2R (K) ~(K7-2)

MEXT 1

NEXT J

NEXT K

FOR L=1 TG M{+1) /2 3 HIL)=(E7-10%HL ¢ NEXT L
RETURN

REMH- 33 0006300606 960020300006 0 343006 33816 30 08 33 36060030 36 30900 698 24
REM — CALC GRADIENT AND ITS LENGTH

Gi=0

FOR I=1 TO N

GLL) =0

FOR K=t TO M

(D) =G{I}+AK, L) ®*R(K)~(K7-1)

NEXT K

Gi=(1+B{1)*BL1)

MEXT Y

G1=8GR(G1)

RETURN

2=, P T S IR S e T T TR N T N
REM -~ ADD LM FARAM TOD NORMAL MATRIX

L=0 : PRINT ™ LM PapaM V=";
PRINT USING "##.#~"" "y

FOR J=! TO N

FOR I=i TGO N

IF I<J THEN GOTD 2950

L=t 41 -




2940
2950
27960
2970
2980
2990
3000
3010
3020
3030
040
3050
050
IO70
3080
S50
3100
3110
F120
3130
Fi40
3150
Z169
3170
3180
3170
3200
3210
3220
3230
Iz40
3250
3240
3270
3280
32390
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
410
3420
3430
I440
3450
J4&0
3470
3480
Z490
3500
3510

3520

3330
3540
3550
3560
3570
3380
3520
J600
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IF I=J THEN HIL}=H{L)+y¥#D{J)

NEXT I

NEXT J

RETURN

FREE 26363 633636960 26 3003 B 0 3 3 O B0 30 3 0
REM -~ .DISFLAY SAMFLE DATA FROM LINES 400 ...
PRINT " I INDEFEMNDENT DEPENDENT"

K=0

FOR 1=t TO M7

PRINT I3 : FRINT USING " H88484 . Hg8484";5(1,1);5(1,2)
IF 1<21 GR K=1 THEN GOTO 2070

PRINT "FRESS <RETURN> KEY TO COMTIMIE —— READY"; : INPUT Saf
k=1 : REM - DON'T FRUSE FOR ZWND HALF OF DISPLAY

MEXT I

RETURN

M 65000205 00340369056 649696 90356 56 363 369 4 3 96 3 36 3 a0
REM - LDLT FACTORIZATION OF MATRIX IN SITW IN VECTOR H
KS=1 = NS=1 : Di=1 : REM — NS=1 NDOT ) OR DET=D1<1D-&
FOR I=2 TO N

IF H{KS) >0 THEN BOTQ 3150

GOTO 3340

Z=H{(KS) : D1=D1#H{KS)

¥S=KG+1

I1=K5

FOR J=I T N

Z3=H{KD)

H{KSI=H(K3) /' Z

JS5=KS

IS=I1’

FOR K=I TO J

JS5FTS+N+ 1K

HIIS =H(JIS)-H{IS) %75

IS5=15+1

NMEXT K

KS=K5+1

MEXT J

MEXT 1

Di=D1#H{KS) : IF DI1>.0000000001# THEN NS=0
IF N5=1 THEN GOTD 3340

RETURN

PRINT "HESSIAN NOT PD OR TOO SMALL DETERMINANT ="
PRINT USING "“##.###~~""~"; 01

RETURN

FREM 353053050 0000 30 MM 364 03 I3 9 3 3363
REM — SOLUTION E=Inv(HIE FOR SBEARCH STEP
FOR I=2 TO N

14=1

VS=EL(I}

FOR J=1 TO I-1

Y3=VS-H{I4) =E (J)

I4=14+N-J

NEXT J

E(I)=V5

NEXT 1

E(N)=E(N)/H{I4)

FOR K=2 TO N

I=N+1-K

I1=14-K

VS=E(I) /H(IL)

ig=I1

FOR J=I+1 TO N

Ii=11+1

VS=VS~H(I 1) *E(J)

NEXT J

E{(1)=NS

NEXT K

RETURN
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8 REM ~ ROSEMBROCK IN RESIDUAL FORM (1/21#F — PREM[{CA—&] ‘ROSENPTH"
SO00 REMS-E4-8 5 20 000050 203 - -

5010 REM — ROSENBRICK BAMNANA FUNCTION RESIDUALS

5020 M=2 : REM — THE MUMBER OF SAMPLES — NO DATA REGQUIRED IN THIS CASE
D030 Li=0 : REM - WO LOGS OR SOR INVOLVED HERE S0 ALWAYS 0K

SO40 R1)=10%({X(2)-X(1)#X (1)}

[OS0 RE2¥=1~X(1)

5060 RETURN

FOOO REMS-S-5 23 00 8- T 3000005 0 A

7010 REM ROSENBROCK BANANA FUNCTION JACGBIAN

TF0Z0 A(L,1)=—20%X{1)

7030 A(Z,1)=-1

FOAC A(L,2¥=10

7050 A(2,2)=0

7060 RETURN

TOTD END

8 REM - GENERAL BAUSS BUMDRATURE COEFF 'S VIA LEASTP. [C4-7] ‘GAUSS '
SO00 REFHE-F58 55 00 0T A W
5010 REM - RESIDUALS FOR GENERAL BAUSS
5020 M=N : REM — SAME NUMBER OF SAMPLES AS VARIABLES
5025 K1=M\2 : REM - MUMBER OF PRODUCT TERMS
5030 FOR K=1 TO M
5040 R(K}=0
SOe0 FOR J=1 TO K1
5070 RUK)=R{K)+28X (2ZRI-1) A (2RT) (20 (K—1 )}
5080 NEXT J
5090 R(K)=R(K) -2/ (2#K-1)
G100 IF =2 (M\2) THEN SOTDQ S120
5105 IF K<>1 THEN GOTO 5120
5110 R(KI=R(K)+X (M)
5120 NEXT K
5130 RETURN
FOCQO REMERER S22 25005 0T 00N R
7010 REM - JACOBIAN FOR GENERAL GAUSS
7015 Ki=M\2
7020 FOR K=1 TO M
7040 FOR J=1'TO K1
7050 A(K,2#J-1)=2#X(2#J)~ (28 (K-1))
7060 ACK,21I) =28 {28 (K—1)) #X (2#J—1) #X (2%]) ~ (2% (K-1) -1}
7070 NEXT 3
7075 IF M=2=(M\2) THEN. GOTO 7095 : REM - W I5 EVEN
7080 AK,M)=0 )
7085 IF K=1 THEN A(K,M)=1
7090 BOTD 7110
7095 IF K=1 THEN A(K,M)=0
| 7110 NEXT K

7120 RETWRN

7130 END

|
|
| 8 REM-USE WITH LEASTP OPTIMIZER FOR SARGESON PROBLEM, [CA-B]- ’sABGESON:
| 325 DIM Y4(33),Y5(33) : REM-SAVE FROM SUERS000 FOR SUBRTOO0—EFFICIENCY
400 DATA ~SARGESON"
| 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, 160, 190, 200
| 440 DATA 210,220,230 ,240, 250, 260, 270, 280, 290 , 300
450 DATA 310,320
| 460 DATA .B44,.908,.932,.936,.925,.5908, 881, 650,.818,.784, 751
| 470 DATA .T18,.685..658, . 628, 603, 580, 558, 538, 522, 506, 490, 478
480 DATA 46T, 457..448, 438, 4731, 424,420, 414, 411,.408
| 5000 REMx XA ARIAKK ¥
5010 REM-HESIDUALS FOR SARGESON IN LOOTSMA 1572:186. W=5 VARIABLES
5020 M=33 : REM - NUMBER OF SAMPLE POTNTS
5030 FOR I=1 TO M
5040 YA(T}=EXP(-X(4)45(L,1}]
5050 Y5(T)=EXP(-X(5)$5(1,1))

Ok




5080
5070
5080
5050
T000
7010
T020
7030
7040
7050
7060
7ara
T0BO
70890
T100
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B{T)=X{1)4X(2)SYA(T}+X{3)¥¥Y5(1)-5(1,2)
NEXT T

Li=0 : REM - NOTHING TO BLOW UP HERE
RETURN

EEM*
HEM-JACOBIAN FOR SARGESON PROHLEM-USES Y4() & Y5() FROM SUBRS000
FOR I-1 TO M

AL, 15=L

A(L,2)=Y4(I}

A(I,3)=Y5(1)

A{T,4)=-X{2)*S({1,1)sY4a(I)

A(L,5)=-X(3)*S(I,1)2Y5(I)

NEXT I

RETURN
EXD

8 REM — USE WITH LEASTP OPTIMIZER FUR CHEBYSHEV PROBLEM[CA—7]- *CHEBY®
200 DATA ~“CHEBY*

410 DATA 11

420 DATA 0,.1,.23.5,.8,.50u6y.75a8s.9,1

430 DATA -1,0,0,0,0,0,0,0,0,0,0

3000
5010
SO0
030
20480
SG50
5040
5970
5080
TOO0
FCGl0
7020
7030
TORC
7050
7060

7OFQ

7080
7090

RE P 3 30 300 00 S O A 3 -

REM - RESIDUALS FOR CHEBYSHEV APPROXIMATION (LEAST Pth). N=3.
M=i1 @ REM — NUMBER OF SAMPLE POINTS

FOR I=1 TO M

Y=5(1,1)

RUII=—1+YRY R (X (LI FYRYE (K (ZIYRYEX (3} ) — 5,2}

NEXT I

LI=0 : REM - MOTHING TO BLOW UP HERE

RETURN

RETSE S04 0 0 A AU B S S
REM - JACOBIAN FOR CHEBYSHEY APPROXIMATION
FOR I=1 TO M

¥y=5(I,1}

ALY, 1)=YwyY

AL 2)=YRYREL(T 1)

AL, Ir=YaYsR (I ,2)

NEXT I

RETURN

END

List of Variable Names Used in Program C5-1: QNEWT

B() F G5() 17 M1 T
2 F1 G6 J M3 T()
C3 F5 H() J5 N \4
D2 F6 | K Pl \'B
D3 FNACS() n K2 Q W()
D4 G() 2 K5 S$ X()
E() Gl 14 L 543 z
El G3 15 L7 S6% 2
z5

5888¥s

PRINT *1.

REM - QUASI-MEWTGN OPTIMIZER - PROGRAM[TS—1] "ONEWT*
OPTION BASE 1 : REM - NO SUBSCRIPT ©

0OS :: KEY OFF -

PRINT “saasnusss ONEWT OPTIMIZER wesdansssnsssn" 3 PRINT
PRINT “NOTES: "
USE OMLY UPPER CASE LETTERS®
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70 PRINT "2. IF 'BREAK’ OCCURS, RESTART WITH "GOTO 999"

BO PRINT "3. USER MUST PROVIDE SUBROUTINE S000 FOR FLNCTION VALUE"
PC PRINT " AND SUBROUTINE 7000 FOR THE GRADIENT VECTOR."
100 PRINT "4. ENTER DEFAULT ANSWERS TO BRUESTIONS BY <RETURN>.”"

110 PRINT

120 REM - USE OF MAJOR VARIABLES AS FOLLOWS -

130 REM BGO) VECTOR FOR RANK-! UPDATE OF HESSIAN MATRIX

140 REM D3 DELTA FNCN VALUE USED WITH LINGUAD & LINCUBIC

150 REM D4 DIFFERENCE BETWEEN CURRENT AND TURNING-PDINT SLOPES
140 REM ECO) SEARCH DIRECTION VECTOR.

170 REM F DBJECTIVE FUNCTION VALUE USER COMPUTES IN SUBS00Q
180 REM FS OBJECTIVE FUNCTION VALUE USED INTERNALLY

i90 REM FNALCS 1INVERSE COSINE FUNCTIOM

200 REM 50 GRADIENT OF F USER COMFUTES IN SUB7000

210 REM G2 SLOFE AT CURRENT X PODINT

220 REM 53 SLOPE AT TURNING FOINT

230 REM G5t) GRADIENT OF F USED INTERNALLY
240 REM H() VECTOR STORAGE OF APPROXIMATE HESSIAN MATRIX.

250 REM K2 COUNT OF NUMBER DOF F EVALUATIONS.

260 REM L7 ITERATION COUNTER.

270 REM M3 NUMBER OF DATA SAMPLES READ 1N FROM DATA STATEMENTS.
280 REM N NUMBER OF VARIABLES.

290 REM R SCALAR COEFFICIENT IN RANK-1 UPDATE DOF HESGIAN

300 REM T LINME SEARCH METRIC (VARIABLE)

310 REM Tiy WORKING VELTDR USED IN VARIDUS WAYS

320 REM WO WORKING VECTOR LSED IN VARIOUS WAYS

0 REM X0 VARIABLES VELTDOR, DIM N.

340 DEFDBL A-H,0—-Z : REM — NDOTE THAT P IS SNGL PRECISION

350 DEFINT 1N

360 SaF=" #HABHNE. HERHHERR"

370 DEF FNACS(X)=1.5707946-ATN(X/SOR{1-X#X)) : REM - ARC COS
380 Mi=50 : E1=.0001 : I7=1 : V=.001# : REM -~ IMNIT PARAMS

IF0 REM — FOLLOWING DIMENSIONS ARE FOR N<=20. THE HESSIAM VECTOR
400 REM H{} MUST BE DIMENSIONED N#*(N+1)/2.

410 DIM X{Z20) ,B{20) ,H{210} ,E(20) G520} MiZ20) ,T(20) ,BL20)

420 REM — HESSIAN H{.) STORED AS AS VECTOR; SEE EQUATION (3.:i.14)
430 BOTO 1150 @ REM — TO MENU & SELECTIONM

F90 REM — RE-ENTRY FOR INVALID COMMAND NUMEERS % CONTINUING

999 CLS 3 K2=0 : REM — INIT FUNCTION EVALUATION COUNTER

1000 PRINT “s#xeaxauintenst COMMAND MENL 3800090 03006 556 00 0 4"

1010 PRINT "1. ENTER STARTING VARIABLES (AT LEAST ONCEM"

1020 PRINT "2. REVISE CONTROL PARAMETERS (GQPTIONAL) "™ N
1030 PRINT "3. START QFTIMIZATION”

1040 PRINT "4. EXIT (RESUME WITH "G0TO 999°)"

1050 PRINT "S. SPARE”

1O0A0 PRINT " 3050000000355 03002260836 260630 30063696 96 30 36 2656 3 3

1070 PRINT"INPUT COMMAND NUMBER: “;: INPUT S#

1080 K=LEN(S¥) : IF K=0 THEN GDTO 799 : REM - AVOID <CR>

1090 K=A8C(5%)

1100 IF k<48 OR K>37 THEN GOTO 999 : REM — 15T CHAR MUST BE 0-9
1110 K=VAL (S%)

1120 IF K=0 THEN K= 13 7 REM — ALTERMNATIVE DISPLAY NUMBERS

1130 IF K>20 THEN G0OTO 999 : REM - CAN'T EXCEED MENU #°S

1140 DN K GOSUB 1210,1280,1410,1380, 297

1150 PRINT "PRESS <RETURN>» KEY TOD COMTINUE —— READY";

1160 INPUT S4%

1170 IF Sa4%<>"" THEN BEEP : REM — <RETURMN> BEFGRE NEXT CMD NULMBER
1180 GOTOD 999

1 190 REM*E AN 2003000 0B S0 35 3 3 0

1200 REM -~ ENTER VARIABLES

1210 PRINT"NUMBER OF VARIABLES = “; 1 INPUT N

122Q PRINT "ENTER STARTING VARIABLES X{Ij:z"

1230 FOR I=1 TO N

1240 PRINT *“ X("sE;™)="5 : INPUT X(I}

1250 NEXT I

1260 RETURN

1270 REPM 9 80000 50000 000300003330 3 0

1280 REM — REVISE CONTROL PARAMETERS

1290 PRINT “"MAXIMUM # OF ITERATIONS (DEFAULT=S50Y:"; : INPUT S4%




1300
1310
1220
1330
1340
1350
1340
1370
1380
1350
1400
1410
1420
1430
1433
1447
1450
1440
1470
1480
1490
1500
1510
1520
1530
1540
1550
1550
1570
1572
1574
1580
1600
1610
1620
1630
1640
15630
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1BOG
1810
1820
1830
1840
1850
1840
1870
2300
2310
2320
2330
2340
2350
2380
2370
2380
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M1=50 = IF S54%<>"" THEN Mi=vVAL (54%)
FRINT “"STOPPING CRITERION (DEFAULT=,0001):"; : INFUT 54¥%
E1=.0001 : IF Sa%{>"" THEN E1=VAl (54%)

PRINT "PRINT EVERY Ith ITERATION (DEFAULT=1):"; : INPUT 54f
I7=1 : IF Sa%{>"* THEN I7=VAL (54%)
RETURN

REM 34600433 3 3363630 3 3 30006 3 3 3 3 30 9 3 6 3 36 3038

REM — NORMAL STOP i .

KEY ON : FRINT "END OF RUN" : END

REM 555 5505 3505 0309600300 06 306 6 3030 00 300 0 6 30 06 04 29 0

REM — MAIN OPTIMIZATION ALGORITHM ~ S5EE CHAPTER FIVE

IF N>O THEN GOTD 1433

PRINT "—-—— NUMBER OF VARIAELES N NOT S5ET; USE COMMAND #1 ——"
RETURN .

REM - INITIAL HESSIAN COULD BE MADE EXACT OR APPROXIMATE
GOSUR 2840 + REM — INITIALIZE HESSIAN IN H{.)

GOSB 2980 :+ REM — LDLT FACTORIZATION OF HESSIAN

REM - FIND % SAVE MIN POSITIVE DIAG ELEMENT IMN H

[2=N+1 : D2=H(1)

FOR I=2. TO N

IF H(IZ2)>=D2 THEN GOTO 1510

b2=H{(IZ2) : REM — THE MIN POSITIVE DIAGONAL. ELEMENT
I12=I24+N+1-1

MEXT I

IF D2>0 THEN GQTO 1550

PRINT “STARTING HESSIAN NOT FOSITIVE DEFINITE." 31 RETURNM
GOSUB 5000 @ K2=K2+1 : F5=F : REM - STARTING FUNCTION VALUE
D3I=.1#*AB5(F) : REM — PREDICT 10X FNCN REDUCTION ON ITER #1
L7=0 : REM — IMITIALIZE ITERATION COUNTER

G0sUB 7000 :- REM —~ CALC GRADIENT YECTOR

FOR I=1 TO N : GS(I)=G(I) : NEXT I

L7=L7+1 : REM - RE~-ENTRY PIINT FOR ITERATION LOOP

IF ((L7-1) mMOD I7)=0 THEN GOSUB Z?70 : REM - REFORT F, X AND G
FOR [=f TO N : E(I)=—GS(I} ¢ NEXT I : REM — RHS OF NEWTON EGQUATION
GOSUB 3260 : REM ~ SOLVE FOR SEARCH DIRECTION VECTOR

GOSUB 2480 3 REM - PRINT STEP-TO~GRADIENT DEGREES

RE I3 900450 00 300006330 0 300 0 B 2 369 90 0 -0 3 00 3 3 S

REM — BEGIN LINE SEARCH USING ONLY CUTBACKS

REM — CALC SLOPE AT TURNING POINT

G3=0

FOR I=1 TD N

GI=G3+G5(1)*E(I)

T(IY=G5{I) : REM - SAVE GRADIENT AT TURNING POINT
W(I}=X{I) 2 REM - SAVE TURNING POINT
NEXT I

If G3<0 THEN GDTO 1750
PRINT "POS SLOPE @ TURNING POINT STARTING ITER #';L7 : GOTO 2700
M3=0 1 T=1 : REM — INITIAL COUNTER % STEF METRIC
REM — RE-ENTRY IN LINE SEARCH USING ONLY CUTBALKS
FOR I=1 TD N : X<{ID=W(I)+T#E(I) : NEXT 1 : REM — STEP
GOSUB 5000 : K2=K2+1 : Fi=F : REM — TRIAL FNCN
IF F1>=FS THEN GOTO 1810 : REM —- CUT BACK STEP SIZE
F3=F1 : GOTO 2610 : REM - TEST FOR TERMINATION
M3=M3+1 : REM — INCREMENT CUTBACK COUNT
IF M3<11 THEN GOTO 1850
FOR I=1 TO M = X{I)=W(I) : NEAT I : REM — SET X AT TURNING PDINT
FRINT " STEP SIZE YOD SMALL — TERMINATED" : GOTO 2710
T=T/4
PRINT" #a##tue CUT BACK STEP SIZE BY FACTOR OF 4 f#éaa#”
GOTO 1770 : REM - TRY REDULCED STEF
REM A3 3013304606 95 03031636 36 05030 30 3006 8 3605060606 08 36 96 2648 36 06 36 9F 3
REM —~ BEGIN TWO RANK—ONE UPDATES USING BFGS FORMULA
BOSUB 7000 : REM ~ NEW GRADIENT -
G&=0 @ REM — CALC CURRENT SLOPE
FOR I=1 TG N : REM - LAST GRADIENMT WAS SAVED IN T(I}
WL =T(I} = BS(L}=G(1) : GoH=06+GI(I)+E(]}
NEXT 1
D3=F&—F3
DA=G4&-53

REM — NEMW DIFFERENCE FOR INIT STEP CALC
REM - CURRENT SLOPE MINUS OLD SLOPE
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2370
2400
2410
2420
2430
2440
2450
24460
2470
2480
2490
2500
2510
2520
2525
2530
2540
2350
2540
2570
2580
2370
2500
2410
2520
2430
24680
2450
26460
2470
24680
2470
2700
2710
2720
2730
2740
2750
27460
2770
2780
2790
2800
2810
2820
2830
2840
2850
ZR40
2a70
ZHHQ
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
Z299Q
3000
3010
3020
3030
3040
3050

Program Listings

IF D4<0 THEN GOTO 1580 : REM ~ START NEXT ITERATION

FOR I=1 TO N : B(I)=G5(I)-MW(I} = NEXT I : REM — GRADIANT DIFF
B=1/(T*D4) : REM = SCALAR MULTIPLIER IN FIRST RANK—1 UPDATE
GOSUBR 3520 : REM — PERFORM FIRST BFGS RANK—1 UPDATE

FOR I=1 TQ N 2 B(I)=W(I} : NEXT I : REM — VECTUR FOR ZMD UPDATE
@=1sG3 = REM — StAt AR MULTIPLIER IN ZND RANK—1 HPDATE

50SUB 3520 : REM — PERFORM SECOND BFGS RANK—1 LUPDATE

5070 15890 : REM — START NEXT ITERATION

RE PS4 34 S0 T T I

REM - CALLC STEP-TOD-BRADIENT DEGREES

C2=0 : C3I=0 : 61=0

FOR I=1 TO N

C2=C2+B(I)=E (]} s CI=CI+E(I1}#E{I) 1 Bl=G1+G{I)=G(]}

NEXT 1

IF C3=0 OR 63=0 THEN RETURN : REM — AVOID DIVISION BY ZERD
P1=-C2/SDR(CI®E1) : IF Pi<1 THEN GOTO 25590

P1=0 : 6070 25460 : REM ~ AVOID /0 IN ACS
P1=37.29578#FNALCS (FP1)

PRINT * STEP~TO-GRADIENT DEGREES=";
PRINT USING *~ #&.8#848";F1
RETURN

REPH-6 20 00 AU O R
REM — TEST FOR TERMIMATION
IF L7<Ml THEN &OT0 2640 : REM — NOT AT MAX ITERATIONS

PRINT =!'1sivedtpsrpaliadipiitatinedrpnm

PRINT “STOPPED AT BIVEN LIMIT OF";M1;* ITERATIONS; RESLATS ARE: "
L7=t.7+1 : BOTO 2710 )

REM — TEST CONVERBENCE OF BOTH F AND EACH X(I)

IF ABS(F1—)/{14+ABS(F1)} >E1 THEN SOTO 2320

FOR 1=1 TO N

IF ABS(THE(I})/1+ABS(X(I1))) >E1 THEN GBOTO 2320

NEXT 1

L7=L7+1 : PRINT ~CONVERBED; SOLUTION IS:*

G60SUB 5000 : FO=F : REM — GET FUNCTION VALLUE
GOSUP 7000 : REM — GET GRADIANT
GOSUB 2780 : REM — REPORT F,X, & 6 AT STOPPINS POINT

PRINT "TOTAL NUMBER OF FLINCTION EVALUATIONS ="; K2
RETURN

REM A6 - 30 R

REM — PRINT FUNCTION, VARIABLFS, AND GRADIENT
FRINT "AT START OF ITERATION NUMBER";L7
P1=F5 : PRINT " FUNCTION VALUE =";P1

PRINT " I Xn B(I}"

FOR I=t TON

PRINT I; : PRINT USING S&43%;X(I),6(I}

NEXT 1

RETURN

REM A0 300003 S S0 20 3 S 3 M 33 30 0
REM — STORE UNIT MATRIX IN H(O)

L=0

FOR J=1 TO N

FOR I=1 TO N

IF I<J THEN GOTOD Z940

L=L+1

HG.) =0

IF I=d THEN H(L}=1

NEXT I

MEXT J4

RETURN

REM 89 3 3053 35005055 0T 35 30 I

REM ~ LDLT FACTORIZATION OF MATRIX IN SITU IN VECTOR H
KS5=1

FOR 1=2 TO N

IF H{KS) >0 THEN GOTO 3040

PRINT = HESSTAN MAODE P.D.™
Hi{KY=.000001 : REM - FORCE POSITVE DEFINITENESS
Z=H{KS5?

KS5=K3+1




3060
3070
3080
3070
3100
3110
120
3130
3140
3150
3180
3170
3180
3190

3210

3270

3370

3410
I420
FA30
3440
3450
3440
3470

3490

3310
3520

3540
3350

3570
3280
3590

3610

IHA0
3450

34670
360
3670
I700
3710
3720

I1=K5

FOR J=I TO N

Z5=H (K5}

HIKS)Y=H(KS) /22

JO=K3

IS=I1

FOR K=1 TO J

JI= IS5+ 1K

H{IS)=H (JF3) -H({I5) #I5

IS=1I5+1

NEXT K

Ko=K5+1

NEXT J

NEXT 1

IF HiX5)<{=0( THEN BOTO 3220

RETURN

PRINT * HESSIAN MADE FP.D. ™
H{KS)=.000G01 : REM — FORCE POSITIVE DEFINITENESS
RETURN

REM #5333 0HHF RS- R R
REM — SOLUTION E=Iav{(H)E FOR SEARCH STEP
FOR I=2 TO N

I14=1

VI=E(I)

FOR J=1 TD I-1

Va=Vo—H (18)=E(J)

I4=14+N-]

NEXT J

E{I}=VS

NEXT 1

EMN=EIN) FH{IS)

FOR K=2 TO N

I=N+1-K

I1=14-K

Va=E(I) rH(I1)

Ia=11

FOR J=I+1 TO N

Ii=Ti+1

VI=VS~H{(I1)Y=*E{])

NEXT J

E(I)=VS

NEXT K

RETURN

i N e s S e s
REM -~ RANX 1 UPDATE OF H WITH @BBT

REM — SOLN OF LY=Z FOR V BY Ful) SUBSTITUTION
Ti1)y=B{1)

FOR I= 2 TO N

14=]1

I=B(I)

FOR J=1 TQ I-1

I=FZ-H(I4)%T (I}

IA=TI4+N-—-J

NEXT J

T =2

NEXT I

REM — UPDATE oii IN H DIAGBONAL X FILL EO)
Ig=1

FOR I=1 TO N

Z=H(IR) +QeT (1) *T (1)

IF I<=0 THEN GOTO 3830 = REM — dii NEGATIVE
H{I#)=Z

E(l)=T<I)%aQsZ

G=a-E(I}#E(I)*Z

14=18+N+1-1

NEXT I

REM — UPDATE L# = LLhat

Ia=1
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3740
3730
3780
770
3780
3790
3800
3810
3820
3830
3840
3850

14460
1470
1680
1490
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1B3Q
1840
1850
1860
1870
1880
1890
1900
1710
19220
1930
1940
1950
19460
1970
1980
1920
20100
2010
2020
20Z0
Z040
2050
20460
2070
2080
2090
2100
21190
2120
2130
2140
2150
2140
2170
2180
Z21%0
2204

Program Listings

FOR I=1 TO N-1

I4=14+1

FOR J=I+1 TO N

B =B(I)H(IaYxT (I}

HII4)=H(I4}Y+E(I)#B(J)

I4=14+1

NEXT J

NEXT 1

RETURN

PRINT"H(";I;"? IS NEGATIVE - aABORT" : RETLRN
REM ~ END OF BUASI-NEWTON MINIMIZATION MAIN PROGRAM
REM 30038 3000060333000 36 0 TE 93560 0606 30 96 36 3 3

REM -~ LINE SEARCH, NJ DERIVS & QUAD INTERP —[CS5-2 ] L INGUAD
REM — CALC SLOPE AT TURNING POINT

G3=0

FOR I=1 TO N

G3=G3+G5 (1} #E(1)

T{L1=G5(I) : REM — SAVE GRADIENT AT TURMING POINT

W(I}=X(I} = REM -~ SAVE REFERENGE POINT

NEXT 1

IF B3<0 THEN GOTO 17460

PRINT “POS SLOPE € TURNING POINT STARTING ITER #“3;L7 : RETLRN
T=—2a&D3/G3F : REM — CALC INiTIAL STEP METRIC

IF T»1 THEN T=1

F&=F5 : T5=0 : I13=0 : REM — SAVE FNCN VALUE & INIT ACCUM

REM — RE-ENTRY IN LINE SEARCH WITHOUT DERIVATIVES

FOR I=1 TO N : X(I)=W{I}+T#ECI} : NEXT I : REM — STEP

GOSUB SO0 = K2=K2+1 : Fisf : REM — TRIAL FNCW AT UNIT METRIC STEP
IF I3>2 THEN BOTO 1840 : REM — ALLOW ONLY 3 CONSECUTIVE INTERPOLATIONS
IF F1>=F5 THEN GDTO 2010

F2=FS

T5=T5+F : REM — ACCUMULATE STEP METRIC

REM - RE-RENTRY AFTER STEP METRIC DDUBLED

FOR I=1 TO N : W{I)=xX{I) : MNEXT I : REM - ACCEFT STEP

F3=F1

IF I3>=1 THMEN GDOTA 2180 : REM — END LIME SEARCH

FOR I=1 TO M : X{4I)=W(I}+TRE(I} : NEXT I ; REM — STEP
PRINT " . REPEAT STEP"

BOSUB 5000 3 K2=K2+{ : Fl1=F ; REM - TRIAL FNCN

IF F1>=FS THEN GDOTO 217¢ : REM - EXIT EXTRAPOLATION

REM — SEY 15=2 1IF NEAT EXTRAPDOLATION MIGHT BOUND MINIMUM
IF ((F1+F2) >=(2+F) AND (7#F1+S#F2)>{1Z#F5)) THEN I3=2
TS=T3+T : REM — ACCUMULLATE LINE METRIC

T=Z»T : REM — DOUBLE STEP SIZIE (EXTRAPOLATE}

FRINT " DDUBLE STEP"

B0OTO 1870

REM —~ ENTRY FOR INTERPOLATION AFTER UONIT STEP FAILED

T=T/2 : REM - CUT STEF SIZE IN HALF *
PRINT " HALVE STEP™

FOR [=1 TO N : X{(I)=W{1)+T#E(I) 3 NEXT I : REM - STEP
BOSUB 5000 : K2=K2+f : F2=F : REM - FNCN EVALUATION

IF FZ 5= FS5 THEN GDTO 2100 : REM — TO QUADRATIC INTERPOLATION
T3=TS+T : REM — ACCUMULATE STEP METRIC

Fo=F2

GOTO 2180 : REM - EXIT LINE SEARCH

REM — CALCULATE RQUADRATIC INTERPOLATION WITH LOWER BOUND
I=.1

IF ((F1+F5) > (2#FZ}) THEN Z=1+(F5-F1)/(F3+F1-2%F2) /2

IF 24.1 THEN Z=.i : REM — LOWER BOUND

PRINT " INTERPGLATE"

T=2Z#7 : -REM — INTERPOLATE ON STEP SIZE

I3=13+1 ; REM — LIMIT TO 1 EXTRAPOLATION & 3 INTERFOLATIONS
GOTO 18C0 : REM - END INTERPOLATION

FOR I=1 TO N : X(I)=Wil? : NEXT I : REM - MOVE BALCK

T=TS 3 REM - FINAL LINE-SEARCH METRIC

FRINT STEP=";

PRINT USING " #utaét, shaasi ;Y

2210 6070 2610 : REM — TEST FOR TERMINATION
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1660 REM — LINE SEARCH USING DERIVS % CUBIC INTERP —[C3-3] 'LINCUBIC®
1670 REM - CALC SLOPE AT TURNING POINT

1680 G3=0

1690 FOR I=1 TO N

1700 GI=E3+6I (11 #ELD)

1710 T{D)=BS(I) : REM — SAVE GRADIENT AT TURNING POINY

1720 WI)=X(I} 3 REM — SAVE TURNING PDINT

1730 NEXT I

1740 IF G3<0 THEN 6OTO 1740

1750 PRINT "POS SLOPE € TURNING POINT STARTING ITER #";L7 : RETURN
1760 T=ABS(2#D3/G3) : REM — GALC INITIAL STEP METRIC

1770 IF T>1 THEN T=t

1780 GZ=G3 : REM ~ SAVE SLOPE

1790 Fo=F5 : T5=0 : I3=0 : REM ~ SAVE FNCN VAL, INIT ACCUM, SET FLAG
1800 REM — RE-ENTRY IN LINE SEARCH WITH DERIVATIVES

1810 FOR I=1 TD N : X(I)=X(I)+T#E{1) ;: NEXT I : REM ~ STEF

1820 GOSUB 5000 : K2=K2+} : F1=F : REM — TRIAL FNCN

1830 GOSUB 7000 REM — GET GRADIENT

1840 G&=0 : REM GET SLOPE

1850 FOR I=1 TO N : G&=G&+GLIM#E(I) : GS(II=G(I) : NEXT I

1840 IF 13>2 THEN GOTO 2130 : REM —~ ALLOW ONLY 3 INTERPOLATIONS

1870 IF Fl»>=F5 THEN PRINT * FNCN FATLED"

1880 IF Fl»=F3 THEN GOTO 2010

1890 IF ABG(G&4/G3)<=.9 THEN GOTD 2140

1900 IF G&3>0 THEN PRINT ¢ SLOPE FAILED”
1910 IF Gé&>0 THEN GOTO 2010

1920 PRINT “ EXTRAFPOLATE"

1930 T3=T3+T

1940 I=10C

1950 IF (B2<G&) THEN Z=G4/(52-66) : REM — LINEAR EXTRAF ON SLOPE
1740 IF Z>10 THEN Z=10

1970 T=Zx¥T

1780 FS=F1

1990 G2=G4& : REM — UPDATE REFERENCE SLOPE

2000 GOTD 1800

2010 FOR I=1 TO N : XtI}=X{(D)-T#E{(I} = NEXT ! : REM — BACK UP
2020 IF 1332 THEN GOTO 1800 : REM — GET FMIN VALUE % EXIT
2070 PRINT INTERFOLATE"

2040 I=3#(F5-F1) /T+G&+G2 ¢+ REM — CUBIC IMTERFPOLATION

2050 Q=I+I-GIxGs

2060 IF Q>0 THEN GDTO 2080 : REM - IF NOT, EXIT LINE SEARCH
2070 IZ7=3 : GOTO 1800

2080 Z3=SQR(L)

2090 2=1-(B&+23-7) / (2 I3+64-G2)

2100 T=I+T

2110 I3=I3+1 : REM — COUNT INTERPOLATIONS

2120 GOTO 1800

2130 FOR I=f TO N =« X{I)=W{(I} : NEXT [ : REM — SET X TO TURNING PDINT
2140 T=TS+T

2150 F5=F1

2140 FRINT © STEP=";

2170 FRINT USING ™ #3388, 83884, T

2180 G070 2410 : REM — TEST FOR TERMINATION

7 REM — FINITE DIFF GRADIENT FOR GMEWT —[CS~&] "GNEWTGRD’

FOOG0 REM 3005 0050 50050 5030 303 0 3690 36 363 9 3030 3000 3 0006 36 3 30 96 963 6

7010 REM - FINITE DIFFERENCES FOR GRADIENT FDR GNEWT

7020 F9=F : REM — SAVE NOMINAL FUNCTION VALUE

7030 FOR I1=1 TO N : REM - CALC POS PERTURBATIONS

7040 DX=ABS(X(11)1/10000

7030 IF D¥<.000001 THEN DX = ,000001 : REM ~ IF X NEARLY ZERQ
7060 X{I1y=X(I1)+DX

7070 GOSUB S0Q0 : KZ=K2+1 : REM - GET PERTURBED FUNCTION VALUE




434

7080

Program Listings

G(IIY=(F~F?)/DX : REM — FIRST-UORDER DIFFERENCE

7090 X(I1y=%X{11)-DX = REM — RESTORE X({II) VALLUE
7100 NEXT IX

7110

F=F9 : REM — RESTORE NOMINAL FNOCN v O

7120 RETURN

7 REM — CAMELBACK FNON, BRANNIN 1972 — PRGM[CS-5] 'CAMEL

S000
S010
9020
S0QZ0
5040
5050
7000
7010
7020
FOI0
740

REH-EE N T S T ST S S T
REM — CAMELDACK FUNCTIONM WITH PARAMETERS AT
A=~8:B=+2.1:C=—1/3: D=*4:E=—4

X1=XLLI®Y (LY 3 X2=R (2} (2)
F=XI#{A+XI#{(B+X1%C) ) —X (1) %X (2) + X2« (D+X2»E)
RETURN

REPMHEE R 53 A0 TR S S T R
REM ~ CAMELBACK GRADIENT WITH PARAMETERS A—E
GUI}=X{1}) % (2eA+X1# (quB+)X185680) } X (2}
G21=—X (1) +X (2} % (ZaD+ X224 8E)

RETURN

7 REM — ADDS TO GUNEWT - SIMMLE BOUNDS ON VARIABLES - PRGM[CS5—&] "BOXMIN®
415 DIM L4(20),i5(20) ,P5(20,2) : REM — CONSTRAINT AND BOUNDS ARRAYS
425 BOSUB 203C : REM - UNBOUND ALL POSSIBLE VARIABLES

1050
1140
1435
1374
1&02
1604
16046
14608
14610
14512
1614
l&alé
1622
1624
1624
1775
1875
1880
1900
1905
1907
1910
1920
19480
1945
1948
1950
1960
1980
19835
1788
1990
2000
2010
2026
2030
2040
20460
2070
2080
2070

PRINT ™S5. SEE %&/0R RESET LOWER/UPPER BOLNDS ON VARIABLES*
ON K GOSUB 1210,1280,1410,1380 ,2090

GOSUB 3RS0 3 REM — RESET & RECURD BINDING VARIABILLES

FOR I=1 TO N =z L5(I)=0 s MEXT I : REM - UNBIND ALL CONSTRAINTS
REM - RELEASE NON-K-T CONSTRAINTS

FOR I=1 TO N

IF LS(I)#G(I)>0 THEN LI(I)=0

NEXT 1 ’

FOR I=1 TO N : REM -~ PRINECT GRADIENT INTDO FIXED SUBSPACE
BSIII=G{1)#{1-ABSILS{I)))

E(I}=—G5(1) : REM - RIGHTHAND SIDE OF MEWTON LINEAR EQUATIONS
MEXT 1

FOR I=1 TO N : REM — PROJECT SEARCH DIRECTION INTO SUBSPACE
E(IY=E{IY# (1-ABSS(I)))

NEXT 1

GFOSUB 1880 : REM ~ CHECK/SET ANY ADDITIONAL BOUNDS

RE M55 38-0 0 30 S A -

REM - CHECK FOR MOIRE BOUNDS AND RESET STEP SIZE T IF BINDING
FOR I=1 TD N

IF E(I)=0 THEN GOTO 1990 : REM - TEST ONLY SUBSPACE BODUNDS
LS{I1=0 : HEM — CAMCE]L BOUNDS, THEN RETEST THEM

REM ~ FRUOCESS LOWER BOLUNDS

IF (W{IX+T=E(1)) >(PS(I,1)+P2) THEN GOTO 19460

X(D=P5(1,1)

L5{I)=-1 : REM — NOW AN ACTIVE CONSTRAINT

PRINT * ACTIVATED X<{";I;") LOWER BOLND*

G070 1990 = REM — NO NEED TD PROCESS UPPER BOUNDS

IF (WD +THE(I) I CPSILE,2) THEN GOTO 1990

XA(I}=PS(I , 2)

ES(It=+1 2 REM — nNOW AN ACTIVE CONSTRAIMT

PRINT v ACTIVATED X(*;1;*") UPPER BOUND"

MEXT I

RETURN

RET -5 -0 IS0 O TS T B T 0 0 M S

REM ~ INIT FLAGS AND LOWER/UPPER BOUNDS

REM — CLEAR THE 'BINDING BOUND(S) " % SET DEFAULT LIMITS
FOR I=1 TO 20 : L4{I»=0 : LS(1)=0

FS(I,1}=—10000 : P3(1,2)=+10000

NEXT I

RETURN

RE P 50000 S B0 T 0 I A0 60 06 S 00

REM — SEE DR RESET LOWER/UPPER BOUMD ON VARIABLES
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2100 S4%="NONE. " : PRINT "BOUNDS NOW SET ARE:"
Z110 PRINT " 1 LOWER UPPER"
2120 FOR I=1 TO 20
210 IF LA4(D)=¢ THEN G0TO 21350
2140 S54%="" : PRINT I;" s = PRINT USIMG Sa$;P5{I,1);P3(1,2)
2150 NEXT 1
2160 PRINT S4%;"SET OR RESET ANY BOLNDS (Y/N}"; @ INPUT Sa%
2170 IF S4%{>“¥" THEN RETURN
2180 REM - RE-ENTRY FOR MORE BOUND SETTIMG
2190 PRINT "ENTER O TO RETURN TO MENU, ELSE ENTER VARIABLE $ =";
2200 INPUT I = IF I=0 THEN RETURN
2210 PRINT "PRESS <{RETURN> JF ND BOUND DESIRED"
2220 PRINT * LOWER BOUND ="; : INPUT S4%
2230 P31, 1)=—10000 ; IF S54&{>"" THEN F3{I,1)=VAL {(E4%)
22480 IF S54%<>"* THEN L4<(1)=1
2250 PRINT * UPPER BUND ==; : INPUT S4F%
2260 PSLI,2)=+10000 = IF S54%<{>"" THEN PS¢(I,2)=VAL (54%)
' 2270 IF SA%<>™" THEN L4({IX=}
| 2280 BOTO 2190
2350 WLI=T(I} = GSII=G{II#{1-ABS(LIS{I})} ¢ GA=GA+GI(I}#EL{I}
IH40 REMERSEREEE T 5 R R
| 3850 REM — RESET & RECORD BINDING VARIABLES
i 3840 FOR I=1 TO N
SA7Q0 REM — PROCESS LOWER BOUNDS
| 3880¢ IF X(I)>P5{1,1) THEN GOTQ 3920
3890 X(I}=P3(I,1) ¢ L5([)=—1
3700 PRINT "SET X(“;I;"}=";3;X{(I);" (LOWER BQUNMND)"
IF1G 6070 3990 : REM — NO NEED 7O PROCESS UPPER BOUNDS
3720 IF X{(I)<PS(I,2) THEN GOTO 3950
3730 X{I)=PS(I,2) : LS(I}=+1
3940 FPRINT "SET X("3I3™)=";X(D);:" (UPFER BOUND)™
JIFI0 NEXT I
3960 RETURN
3970 REM — END OF QUASI-NEWTON OPTIMIZER WITH BROXMIN CONSTRAINTS

7 REM ~ FNCN FOR GNEWT+BOXMIN+QNEWTGRD — FRGRM ‘PAVLY”

5000 REM — FNCN SUBROUTINE FROM GNEWT - FROM HIMMELBLAU P. 414

S010 F=0 : A3=1 ¢+ REM — INITIALIZE

5020 FOR I9=1 TOD 10

SO30 A1=LOG(X(I?I-2) : AZ=LOG{10-X{(I9)) : AZ=AZ*X(I?)

5040 F=F+Al1*#Al+AZ2%#A2

5050 NEXT 19

5060 F=F—A3"(.2)

5070 RETURN

TOOO REM 995055 3593002 30005 3 6396 265596 0 10 306 90 33 3936 43 0o

7010 REM —~ GRADIENT FOR PAVLI7 FUNCTION

7020 FOR I9=1 TO N '

7030 GUIF) =22 (LOG(X (I =2/ (X (I -2)-LOG{10-X{ID) )/ (LO=-X(I9)))
—L2HAZITLLI /XTI

7040 NEXT 19

7050 RETURN

7 REM — ADDS TO GENEWT WITH BOXMIN — MULTIPLIER PENALTIES -[C5-8] MULTPEN

40 PRINT "stsssssseeONEWT WITH BOXMIN AND MULTPENS®#staasetes"

80 PRINT "3. USER MUST PROVIDE SUBROGUTINE 5500 FOR GBJECTIVE FNCN“
2?0 PRINT = AND SUBROUTINE 7500 FOR ITS GRADIENT VECTOR. "

105 PRINT “5. USER MUST SUPPLY SUBROUTINE 8000 FOR CONSTRAINT FNUNS™
107 PRINT * AND SUBROUTINE 000 FOR CONSTRAINTS BRADIENTS®
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417 DIM C£{30) ,A(20,30M ,U(30) ,U?(30) ,51(30) : REM ~ MAX OF 30 CONSTRAINTS

1030
1052
1140
1573
4000
4010
5020
4040
4045
4050
4055
4057
8040
4070
4080
4050
4092
4095
4100
4110
4120
4122
4125
417

4140
4150
4160
4170
4180
24150
4200
4210
4220
4230
4240
4280
4260
4270
4280
4290
4300
4310
4320
433G
4340
4350
ATE0
4370
4380
4390
4300
4410
4420
4430
4450
24350
4440
4470
5700
4705
4710
4715
4720
4725
4720
4735
4780

PRINT *3. START BOUNDED OPTIMIZATION"

PRINT "&. START CONSTRAINED OPTIMIZATION®

ON K BOSUR 1210, 1280, 1410, 1380, 2090, 4000

IF LB=1 THEN GOSUB 4900 : REM — CHECK USER'S GRADIENT BY DIFF'G
RE M 3590 0000000333 036 0 00 303600 30 0006 38 31 963 366 3 L 36 6 %

REM - START MULTIPILIER PENALTY FUNCTION METHOD

PRINT " 285305300 0 000 30 3000 00050 0 0T 30 3056 3 20000 000 00 2006 00 66 40000 3030 3 3 0 2 e
M=0 ; REM - INIT TOTAL NUMBER OF CONSTRAINTS TO CHECK WSER
LCo=1E+20 : K7=0 : REM — CONSTR CONVERGENCE CONSTANTS

FOR I=1 TO 30

U(I)=0 : REM — INIT CONSTRAINT RESIDUAL OFFSET

S5{(I)=1 : REM ~ FOR CALCS AT LINE 4092

FOR J=1 TO N

AlJ,I)=0 ¢ REM — INIT CONSTRAINT JACOBIAN

NEXT J

MNEXT 1

GOSUB 4700 : REM — SET INITIAL CONSTR RESIDUAL WEIGHTS

t8=1 : FEM - INIT PENALTY LOOF COUNT

GOSUB 31400 ; REM — MIN Fi{Xx) FROM COLD START

REM - RE-~ENTRY FOR OUTER PENALTY LOO0F

FRINT ™50 050 00636505330 3360 30 33 6303606 3630 06 303630 I 163 3 2 ™
BEEP

GOSUE 4BGO @ REM - FIND MAX PMLTY MODULUS & ESTI LAGR MULTIFPLIERS
FRINT "AFTER ";LB;" PENALTY MINIMIZATIONS,"

FRINT " THE MAX CONSTRAINT MODULUS #";k8:;" =";FB

FRINT "CONTINUE FPENALTY MINIMIZATIONS (Y/N)": 1 INFUT S4%
IF SaAF="H" THEN RETURK

LE=L3+1 1 REM — INCREMENT FENALTY LOOF COUNT

REM - FOWELL'S FARAMETERS ADJUST SCHEME

C£7=Cé : C4=FB : IF C&a>=CV THEN GOTO 4310

IF K7=t THEN GOTO 4440

FOR I=1 TGO M + REM ~ ADJUST ALL OFFSETS

UF(Iy=U(I) : REM — SAVE OFFSETS

ca=cin

IF 1<=K1 THEN GOTO 42460 : REM -~ EQUALITY CONSTR CASE

IF UIILCL1Y THEN CB8=Ut(1) : REM — CHODSE MIN

U(Iy=U{(I'—CH : REM - NEW CONSTR RESIDUAL OFFSET E£STIMATE
NEXT I

K7=1 : REM - JUST RESET ALL OFFSETS

GOSUP 1460 1 REM — MIN F(X) START'G WITH CURRENT HESSIAN
GOTO 4120 : REM - CLOSE OUTER FENALTY LOOP

REM - DIVERGING CASE

Cé6=C7 : REM - USE PRIOR MAX C() NORM

IF K7=0 THEN GOTO 4350

FOR I=1 TD M : UCI)=UP(I) : NEXT I : REM - USE FRIODR DFFSEFS
REM - SELECTIVELY INCREASE WEIGHTS ON CONSTR RESIDUALS

FOR I=1 7O ™M

CP=C (1}

IF I<=K1 THEM GOTO 441Q : REM - EQUALITY CONSTR

IF C9<0 THEN 50TO 44:0 : REM — BIND'G INERUALITY CONSTR
GOTO 443C z REM — UNBINDING INEQUALITY CONSTRAINT

IF ABS(CY)<(L7/4) THEN GOTO 4430 : REM — WEIGHT IS5 0K
S{I)=5{I)#10 : U(I)=U(I})/10 : REM - FORCE CONVERGENCE

NEXT 1

K7=0 : BGOTO 4290 : REM - TO START OF PENALTY LOOP

REM - TEST FOR MIN CONVERGENCE RATE

IF L&»{C7/4) THEN GOTO 4350 : REM — FORCE GREATER CONVERGENCE RATE
BOTO 4210 : REM - 1S OK - ADJUST ALL OFFSETS

RE M & 596 533k 8 3 3363606 3 55 36363 36 00 260 38 34 8 9636 3¢

REM — INIT PENALTY WEIGHTS S ()

GOSUR S00Q : REM — CALC FiX) WITH S{(I)=1

REM — CB8=5uM C(I)~2 FROM SUB30Q0

REM — F%= UNCONSTR’'D OBJECTIVE FNCN VALUE

REM - U(I)=0 NOW

REM — CHANGE WEIGHTS DN BINDING CONSTRAINTS - LEAVE REST =1
K9=0

FOR I= Ki+1 T8 M : REM — TEST FOR & BINDING INEDUALITIES




4735
4750
4755
4757
4740
4776
4775
4785
4790
4795
4800
4810
4820
a825
4830
4840
4850
2860
4870
4880
4885
4887
48808
48990
4895
4300
4910
4920
4530
4940
4950
4960
4970
4760
492
4535
4990
5000
5010
5020
5030
5040
5045
5050
5060
5070
S080
5090
5100
5110
5120
5175
5130
5140
7000
7010
FOZ0
7030
70RO
7050
7040
7042
7064
7066
7066
7070
7080
7a%a

Cs-8 437

IF C{1)<0 THEN K9=K2+1

NEXT I

IF {K1i+K®)=0 THEN RETURN : REM ~ NONE EBINDINS 50 5{)={
CEB=2%ABS{(FT} / (K1+K?) : REM — AVERAGE ALLOWED EACH C(1)}"2Z TERM
FOr I=1 TO ™

IF 1<=Kg1 THEN GOTO 4785 : REM - IS5 AN EQUALITY CONETRAINT
IF C(I)>0 THEN GOTO 4790 : REM ~ UNBIND'G INEGQUALITY CONSTR
S(I)=CB/ACII)®C(IXY+.001#4) : IF 5{1)>1000 THEN S{I}=1000
NEXT 1

RETURN

REH 33233 3D A0

REM — FIND MAX CONSTR RESID MAGNITUDE FB=ABS(C{K3))

FB8=0 : KB=0 ; REM -~ INIT

FRINT "ESTIMATED LAGRANGE MLLTIPLIERS —"

FOR 1=1 TO ™

Ce=C<{I)

IF I<=K1 THEN GOTOD 4870 : REM — IS EBUAM_ITY CONGTRAINT

IF C2>0 THEN C9=0

C=RABS (LR}

IF C9<=P8 THEN GOTO AaB87

F3=C7? : K8=I : REM — NEW MAX MODLULUS

PRINT * CONSTRAINT #":isz":":
PRINT USING "#u####. ad4#a ;U (1) 25(1}
NEXT 1
RETLURN

R DI 30 2 0 3 02050303 0036 0 36 0606 3003636 2636 20 00 0 0

REM — COMPARE USFR-S GRADIENT WITH FINITE DIFFERENCES
FRINT "GRADIENT VIia SUR?O0N0 VIA DIFFERENCES"
FOR Jl1=1 TO N

DE=.00C1IR#ABS{X (J1) )} : IF DG<.000001# THEN DS=.0000014#
X (I =X411)+DS ; BOSUE S000 ; REM — PERTURBED FUNCTIDN

FRINT USING ” HHAHRE, dERRENY B T | (F-F5) /DS
AJ1)=X{(J13-D2 : REM — RESTORE NIMIMNAL X{J1)

NEXT J1

F = F5 @ REM - RESTORE NOMINAL FNCN

FRINT "FRESS <RETURN> KEY TOQ CONTINUE —— REQADY": : INFUT S4f
RETURN

el L L s i e s

REM — STND MULTIFLIER PENALTY FUNCTION

CB=0 : REM — INIT SUM OF PENALTIES

GOSUB B00OC : REM — [CALC CONSTRAINTS C()

IF M>0 THEN GDTO So050

PRINT “WARNING — USER FAILED TO ASSIGN M % K1 VALUES IN SUBBOGO!'"
FOR Ig=1 TO M

Co=CLI?)-U(I?} : REM - DFFSET CONSTRAINT RESIDUAL

IF I9<=K1 THEN GOTO 5100 : REM -~ IS EQGUALITY CONSTRAINT
IF C9<0 THEN GOTO 5100 : REM — FEMNALIZE

GOTO 5110

CO=CB+S (I »CP#L? ¢ REM - ACCUMULATE PENALTIES

NEXT 17

GOSUBE 5300 : REM — CALC UNCONSTR'D OBJECTIVE FNCN

F3=F : REM - SAVE OBJECTIVE VALUE TO INIT S() IN SuUb4700
F=F+CB/2

RETURN

REMM16 343098530 3036 3 316036 362636336 36 30 M 96 3 38969636 4

REM -~ STND MULT PENALTY GRADIENT

GOSUB 7300 @ REM ~ CALLC UNCONSTR'D F GRADIENT

GOSUB 2000 1 REM ~ CALC CONSTRAINTS GRADIENTS

FOrR J39=1 TO ‘N : REM — VARIABLES LOODP

G9=0

FOR I9=1 TO M : REM - CONSTRAINTS LODP

Ce=CLIF-Uudi®) : REM -~ OFFSET CONSTR RESIDUAL

IF 19<=K1 THEN GOTO 7070 : REM — IS EQUALITY CONSTR

IF C9<0 THEN GOTO 7070 : REM — IS BIND'G INEGUALITY CONSTR
GaTo 7080

GP=69+5{19) *CF*ALIT, I9)

NEXT 19

G (I?)=G(J9)+GYF
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NEXT J9
RETURN

7 REM - HIMMELBLAU P360 OBI&CONSTR FAGRADS -[C5-9) ‘HIM3&0°

3500
5510
o520
S530
TI0Q
7310
7220
7330
8OO0
8010
802¢
8030
8040
BO6O
BO70
8080
BOZO
FO00
010
90Z0
FOZS
F030
2030
050
040
7070

MM A0 S - S 6

REM — HIMMELBLAU P.340 OBJECTIVE FUMCTION
F=a#X{1)—-X(2)#X(2}~-12

RETLIRN

Rt A 40 00 U 04 T I AR I I

REM - HIMMELBLAU F.3&60 GRADIENT OF OBJECTIVE FNCN
Gl{1)=4 : G(2)=-2%X(2)

RETURN

M 503598 2635 3500 30 0 0E 36 ST 36 3F 3 B 06 2

REM — HIMMELBLAU P.540 CONSTRAINT FUNCTIONS ()
REM ~ K=# UOF EQUALITY CONSTIR'S (K<=N}

REM — m=TOTAL # 0OF ALL CONSTRAINTS

REM — DEFIME EQUA [TY CONSTR'S FIRST
K=1 s M=2 : REM - USER MUST SET THESE TWD VALUES HERE
E(1)=25-X (1) #X {1} X {2} n)X(2)

C{2)=108X (1) —X (1)} %X {1)+10%X(2)—X{2) %X {2)-34
RETURN

RETTHAE A6 A0 I 330 396 36006 360 3

REM -~ HIMMELBLAU P.340 CONSTRAINTS GRADIENTS (JACOBIAN)
REM - CBDL J OF A{J,TI) 1I5 BRADIENT VECTOR OF CtI)
REM -~ MAIN PGRM HAS SET ALL A(,)=0

AL, 1y=-2#X(1)

ALZ2,1)=—22#%12)

Al Z2Y=10-2%X (1)

A(Z,2)=10~2%X {2}

RETURN

5 REM 8510071334. COPYRIGHT T.R. CUTHBERT 1985,
7 REM ROSEN SUZUKI, LOOTSMA BOUK. [ES-1d "LOOTSS6"

S500
5510
8520
5930
5540
7300
7310
7320
7SI0
7540
7950
7560
BOOO
g010
8015
8017
8220
BO30
8040
HOSO
000
Qo100
7030
040
FOS0
QL0

REME 2000 0 T30 T

REM ROSEN-SUZUKI OBJECTIVE FUNCTION

X1=X(1)=X{1} = X2=X(2Z)#X(2) : X3=X(3)#N(3F) : XA=X{(a}x*X{4)
F=X14X2428 X34+ X4-5aX (1) 52X (2) 214X (3)+7aX {4)

RETURN

RN 26000306345 U S RIS

REM RUSEN-SUZUK1 DBJECTIVE FUNCTION GRADIENT
6i1)=2%%X(1)~-3

G(2)=2#X(2)-5

Gi3y=4%X (3121

G(4)=2uX(4)+7

RETURN

(R I 330 A6 3 I I I 3 R

REM ROSEN-SUZUKI COMSTRAINT FUNLCTIONS

FM=3 : K1=0

R1=X¢1)#X (L) 1 X2=X(2)2X(2) : X3=X(31#)(3) : X4=X{(4#X(4)
C1)=~X1—-X2-X3-N4-X (1) +X(2)-X (3} +X (4} +B
ClZ2)=—X1—28X2—XI-2#¥4+X{1)+X (4}+10
Ci3)=-2#X1-X2-X3-2%X (1} +X (2)+X (4)+5

RETURN

RE MHE S 5563 2316 3260602 9 JEH 0 3626006 3 3

REM ROSEN-SUZUKI CONSTRAINTS GRADIENTS (JACOBIAN)

Al ,1)=—2#X{1)—1:A(Z,1)=—2#X (23 +1:A(3,1)=—2%X(3)—-1:8(4,1)=—2#X(4)+1
A1, 23=-28X(1)+1:A(2,2)=—48X (2} AQ(3,2)=-2%8X (31 :A(4,2)=—4&X (4) +1
AlLl,3)=-48X{1)}—-2:A(2,3)=—2aX(2)+1:A{(3,3)="2%X(3): A(4,3)=1
RETURN




C6-1
Basic Variable Names Used in Program C6-1, TWEAKNET

AQ) D5 iy M RS Ul
A4 D6 15 MS$() R6 U2
A5 D9 ¥ M() s$ U3
B) B) K M1 SO Us()
B4 El K1 M2 S1() v
BS F K2 M3 S23 V5
CO Fi K3 N 3% w
c2 G() K4 N$ S4 w0
C3 Gl K5 N$() 54§ X()
ca G9 K6 N1 S5 X4
Cs H K7 N2 S5% X5
C6 H() K8 N3() $6$ V4
C7 I K9 N5 S7$ Z()
c8 1 L Pl S8$ Z5
C9 12 L1 P5() T

D() M LA() P8 T1

D1 15 L5() Q T2

D2 7 L6() Q0 T3

D3 19 L7 R() Ta

D4 J L8 R4 v

7 REM — BAUSS~-NEWNTOM WITH BNDD VARS AND CNSTRS —|PGM Cb-1| "TWEAKNET -

10 REM - LADDER NETWORK OPTIMIZER BASE PRIBRAM “TWEAKNET "

20 OPTION BASE 1 : REM — ND SUBSCRIPT 0

30 CLS : KEY OFF : M=0 : REM — DEFALLT NUMBER OF SAMPLE DATA
40 PRINT “s#msuswis NETWIRK OPTIMIZER wsswssssxsass” @ PRINT
S50 PRINT "NOTES:"

&0 PRINT "i. USE OMLY UPPER CASE LETTERS™

70 PRINT “2. IF "BREAK’ DLCURS, RESTART WITH "B0TOD 999"

80 PRINT "3. USER MUST PROVIDE SAMPLE DATA AND UNITS (FREQ,"
83 PRINT * t,C) AND TOPOLOBY DATA IN LINES 400-88%,"
85 PRINT * OR RECALL THAT FROM DISK FILE LSING CHMD 10.*
20 PRINT v AT LEAST CHD 1 MUST BE UISED TO SET VARIABLES. ™

100 PRINT “4. ENTER DEFALLT ANSWERS TD GUESTIONS BY <RETURN>.™
1190 PRINT

130 REM — USE OF MAJOR VARIABLES AS FOLIONS —

140 REM A(,) JACOPIAN MATRIX. AK,J) IS DERIV OF Kth RESIDUAL

142 REM WITH RESPECY TO Jth VARIABLE. IS DIM MxzN.
144 REM Do VECTOR FOR LM DIABONAL SCALING MATRIX.

1446 REM D1 DETERMIMANT OF LDLT FACTORIZATION.

188 REM E{) SEARCH S5TEP VELTOR.

150 REM F HALF THE S5UM OF Pth POWER RESIDUALS.

152 REM Fi SAVED VALLE OF F FOR DOWNHILL COMPARISON.

154 REM FNACS INVERSE COSINE FUNCTION

1546 REM 50 GRADIENT OF F.

158 REM B1 LENGTH. OF GRADIENY.

140 REM HI) VELCTOR STORAGE DF APPROXIMATE HESSIAN MATRIX.
142 REM K2 COUNT OF NUMBER OF F EVAL UATIONS.

144 REM K7 EXPONENT P — POWER TD WHICH RESIDUALS RAISED.
1464 REM L7 ITERATION COUNTER.

‘148 REM " NUMBER OF DATA SAMPLES.

170 REM 253 NUMBER OOF DATA SAMPLES READ IN FROM DATA STATEMENTS.
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172
174
176
178
1BU
240
250
270
280
250
F00
310
320
323
325
327
328
330
335
337
340
330
358
a0
365
370
371
372
373
374
375
376
377
378
379
380
385
390
395
400
410
990
39

Program Listings
REM N NUMBNER OF VARIABLES.
REM RO  RESIDUALS, DIM M.
REM S(,} SAMPLES S(I,1} IS INDEPENDENT & S(I,2) I5 DEPENDENT.
REM v LEVENBERG-MAROQUARDT (LM) PARAMETER.
REM %1}  VARIABLES VECTOR, DIM N,

DEFDEL A-H,B-R,T-% : REM — NOTE THAT P IS5 SNGL PRECISION
DEFINT I~

SSE=" BEG. HEERY 1 SEFS" SHHHE SRETEEER" ¢ STES" #H.BEESSST

DEF FNACS{X)=1.370796—ATN(X/SOR(1-X#XJ) : REM — ARC COS

M1=50 : E1=.0001 : I7=1 : K7=2 : M3=0 : V=.001# : REM - INIT PARAMS
REM - FOLLOWING DIMENSIONS ARE FOR N<=20. THE HESSIAN VECTOR

REM H() MUST BE DIMENSIONED N#(N+1Y/2. # SAMPLES M<=80.

DIM X(207,5(20) \H{(210),E(20) ,A(40,20) ,5(40,2) ,D(Z0) ,R(40)

DIM L4¢20) ,L5(20) ,P5(20,2) ,W(20) : REM — CONSTR, BND, % SAVE ARRAYS
BIM C(40),L&(40) ,U(40) ,U7(40) ,51 (a0} : REM — MAX OF 40 CONSTRAINTS
DIM M(3S) ,M$(35) ,B(35) ,N$(35) ¢ REM ~ MAX 20 NON-NULL BRANCHES

DIM N3(20,27,2t40,2),B(40,20) : REM - STORAGE FER TELLEGEN DERIVE
REM - HESSIAN H(.) STORED AS AS VECTOR; SEE EQUATION (4.1.14)
GOSUB 3800 : REM — UNBOUND ALL FOSSIBLE VARIABLES

FOR I=1 1O 35 : M(I}=% : NEXT I : REM — TOPOLOGY 'END" TYPE

READ N# : PRINT "WORKING WITH DATA SET ";N$ : PRINT

READ M : REM — M IS NUMBER OF SAMPLES )

IF M=0 THEN GODTO 1140 : REM - NGO SAMPLES & TOPOLOGY FROM DATA STMNTS
FOR K=1 TO M : READ S{K,i) : NEXT K

FOR K=1 TO M : READ S(K,2) i NEXT K

READ U{,U2,US : REM-FRERQ,L,C UNITS

READ R&,R4,X4,K% : REM — R SODURCE, R LOAD, X LOAD, # TOPOL LINES
FOR I=1 TD K9 1 REM - READ TOPDLOGY LINES

READ J,M$(I),Q¢I) N$(I)

IF M$(I}="N" THEN M(I)=0 ; REM — NULL BRANCH

IF M$(11="R" THEN M(I}=1 : REM — RESISTOR

IF M$(I)="L" THEN M(I)=2Z : REM - INDUCTOR

IF M$(1)="C" THEN M(I}=3 : REM - CAPACITOR

IF M$(I)="LC" THEN M(I)=4 : REM - SERIES LC IN SHUNT, OR DUAL
NEXT I

BOTD 1140 : REM - 7D MENU & SELECTION

REM - SAMPLE DATA WILL BE EMPLOYED IN SUBROUTINE S000 & OTHERS
REM — ENTER DATA STATEMENTS IN LINES AGO-BE8 FOR SAMPLE PAIRS

REM - AND FREQ,L,C UNITS % TOPOLDGY

DATA “DLMMY"

LAIA O @ REM — M=0, PROVIDE THESE LAST TWO LINES IF NO DATA FOLLOWS
REM — RE-ENTRY FOR INVALID COMMAND NUMBERS % CONTINUING -
CLS t K2=0 3 REM — INIT FUNCTIDN EVALUATION COUNTER

1000 PRINT "#®#nakasgeeanns COMMAND MEND 858540014 4xx"

1010 PRINT "1. ENTER STARTING VARIABLES (AT LEAST ONCE}:"

1020 PRINT "2. REVISE CONTROL PARAMETERS (OFTIONAL)"

1030 PRINT "3. START OPTIMIZATION™

10530 PRINT *4. EX1T (RESUME WITH -"GOTO #99)°

1050 PRINT "S5. BEE %/0R RESET LOWER/UPPER BOUNDS ON VARIABLES™
1060 PRINT “a4. DISPLAY DATA PAIRS"

1062 PRINT "7. SEE %/0R RESET COMSTRAINT .SAMPLE MNUMBER(S) "
1044 PRINT "8. SEE FRERUENCY, L, & C UNITS & NETWORK TOPOLOGY"
1064 PRINT v%. SEE NETWORK RESPONSES FOR ALL SAMPLES™

1048 PRINT "10Q. RECALL SAMPLE, UNITS, % TOPOLOGY DATA FROM DISK"

1070

PRINT 2% 0045500050320 3 300 306 00 9 20 06 300 3 6 33 4 3 e 336

1080 FRINT®INPUT COMMAND NUMBER: "j;: INPUT 5%

1090 K=LEN(5%) : IF K=0 THEN GOTO 999 : REM - aAvDID <CR>

1100 K=ASC(5%)

1110 IF K<48 OR K>57 THEN BOTO 999 : REM — 15T CHAR MUST BE 0-9
1120 K=\ is®)

1130 IF K=0 THEN K= 15 : REM — ALTERNATIVE DISPLAY NUMBERS

1140 IF K>20 THEN GOTQ 999 : REM ~ CAN'T EXCEED MENU #°'S

1150 ON K GOSUB 1220,1290,4200, 1390, 3840,3000,4830,5310,2447 ,9800
1160 PRINT "PRESS <RETURN> KEY TO CONTINUE -— READY";

1170 INFUT S4%

1180 IF S4$<>"" THEN BEEF : REM — <RETURN> BEFORE NEXT CMD NUMBER
1190 GOTQ 999

1200 REM& #3590 3553 00300606 36336003 33008 30 5530 3000396 360006 90 36 3606 96 30 4




1210
1220
1230
1240
1250
1260
1270
1280
L1290
1292
1294
1300
1310
1320
1330
1340
135¢
13460
1370
1380
1390
14090
1410
1420
1430
1440
1445
1459
1452
1455
1460
1470
1480
1430
1500
1510
1550
1580
1S90
1400
1510
14620
1630
15640
14630
1 &&0
1670
1680
1490
1700
171G
1720
1730
1740
1750
1740
1770
1840
1845
1870
1880
1990
L1200
1919
1520
19320
1940
1930

ce-1 4l

REM — ENTER VARIARLES

PRINT"MUMBER OF VARIABLES = "3 : INPUT N

PRINT "ENTER STARTING VARIABLES X(I):"

FOR I=t TO N

FPRINT " Xi"yLly™)="3 1 INPUT AiI

NEXT I

RETURN

REM 34036038 3000500 0 0901036020 06 00006230 3

REM — REVISE CONTROL PARAMETERS

PRINT "EXPONENT P (2,4,6,8, OR 10) ="; : INPUT Sa¥

K7=2 : IF S4$<>"" THEN K7=VAL (54%)
PRINT "MAXIMUM # OF ITERATIDNS (DEFALT=S50):"; @ INPUT 548
M1=S0 : IF S54$<>"" THEN M1=VAL (S4%)

PRINT “STOPPING CRITERION (DEFAULT=.0001}:™; : INPUT 53%
Ei=.0001 : IF S48$<>"" THEN E1=VAL{54%)

FRINT "PRINT EVERY Ith ITERATION (DEFAULT=1):"; : INPUT SAs
I7=1 1 IF SA%{>“" THEN I7=VAL (S4%)

RETURN

REM 35650 -8 3603030006 3003063 360 30 3 36 36 2k 3 30 3 3

REM - NDRMAL STOP

KEY ON : PRINT "END OF RUN" : END

REM 30630063 0606A6 36306050696 00606 36000636 06036 3606 2336 W

REM ~ MAIN LEASTP OPTIMIZATION ALGORITHM -~ BEE CHAPTERS 4 & 5

IF N>Q THEN GOTO 1443

PRINT "—w-—— NUMPER DF VARIABLES N NDT SET3 USE COMMAND #1 —w——"
RETURN

K&=0 : REM — DEFAULT TO FINITE DIFFERENCES

PRINT "DIFFERENCING OR EXACT LDSSLESS ELEMENT PARTIALS (D/E) "
INPUT S4% : IF S4%="E" THEN Ké&=1

GOSUD 4080 : REM - RESET & RECORD PINDING VARIABLES

FOR I=1 TO M = REM ~- NULL A(I,J) JACOBIAN MATRIX

FOR J=1 TO M

ALl J)=0

NEXT J

NEXT I

GOSUB 5000 : REM — FIRST CALC OF RESIDUALS

K2=K2+1 : REM ~ INCRE F EvAL COUNT

F=0 : REM - CALC FIRST BUM Pth RESIDUALS

FOR K=1 TO M : F=F+R({K}"K7 : NEXT K : F=F/K7

GOSUB 7000 : REM - CALC FIRST JACOBIAN

GOSUE 2600 : REM — CALC/STORE NORMAL MATRIX IN H()

REM — PUT NORMALIZED SCALING FACTORS INTO D)

=0 : p2=0

FOR J=1 TD N

FOR I=1 TO N

IF I<J THEN GOTD 1&%0

L=L.+1

IF I=J THEN D{J)=H(L}

NEXT 1

IF D(J)<=0 THEN D({J)=1

D2=DZ2+DJI #DP{J)

NEXT J

D2=52R (D2}

FOR J=1 TO N : B{J}=D(I)/D2 : NEXT 1 : REM — NDRMALIZE

GOSUB 2730 : REM - CALC GRADIENT G{) AND LENGTH G1

1IF G1<»0 THEN &0TO 18&0

PRINT "GRADIENT IS ZERO; CONVERGED.":RETURN:REM — MAYHE FEASIEBELE X0
L7=0 : ¥V = ,01# : REM — INIT ITERATION COUNT % LM PARAM

FOR I=f TO N : LS{IY=0 ¢ NEXT I ¢ REM — UNBIND ALL CONSTRAINTS
REM 9696 960096 3096095 0 010 3 3006 26 3 2660 6360600 3 3000 336 3

REM — RE-ENTRY PDINT FOR NEW ITERATION

L7=L7+1 : FI=F : REM - INCRE ITER COUNT % SAVE LAST F VALUE .
IF M3=0 THEN VY=V/10 : REM - LAST STEF WAS A BDOD ONE S0 REDUCE V
IF v<ip~zZQ THEN V=1iD-20 : REM - V=0 NOT ALLOKED
IF M3<:0 THEN V=10#V ;3 REM - LAST STEP RER'D CUTBACK, S0 INCREASE V
M3=0 @ REM - CLEAR CUTBALCK COUNTER

IF L7=1 THEN G507TQ 1980 : REM — ELSE CALLT BRADIENT

BOSUR 7000 : REM — GET JACDBIAN '
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1960 BOSUB 2750 : REM ~ CALLC GRADIENT

1970 GOSUP 2400 : REM - CALLC/STORE NORMAL MATRIX INTO H{)

1980 IF ((L7-1) MOD I7)=0 THEN BOSUB 2300 : REM — RPT F.X, & B
1981 REM - RELEASE NON-—K-T CONSTRAINTS

1982 FOR I=1 TO N : IF LS(I)#B{1)>0 THEN LS(I)=0 : NEXT I

1983 FOR I=1 TO N : REM - PROJECT GBRADIENT INTO FIXED SLBSPACE
1984 G(II=B{I}n(1-ABS( 511} :

1984 NEXT 1

1990 8DOSUB 2B70 REFM — ADD LM PARAN TO HUO)

2000 BOSLB 3110 REM — FACTOR (H+D)=LDLT IN SITU IN HO

2010 IF NS=0 THEN GOTO 20460 : REM -~ FACTORIZATION OX

2020 V=100#V ; REM — INCREASE LM PARAN V

2030 BOSUR 2600 : REM — CALC/STORE NORMAL MATRIX INTD H()
2040 5070 1990 : REM — REVISE NORMAL MATRIX AND RE-FACTOR
2050 REM — SET RIGHTHAND SIDE = —&()

20460 FOR I=1 TO N : E{I)=-G(I} : NEXT }

2070 BOSUB 3370 : REM —~ CALC STEP dx IN EQ

2072 FOR 1=1 TD N : REM - PRUJECT SEARCH DIRECTION INTO SUBSPALE
2074 ECL)=E{I)®(1-ABS(LS(I)))

20756 NEXT 1

2080 REM ~ CALC S5TEP-TO-GRADIENT DEGREES

2090 C2=0 : C3=0 .

2100 FOR I=1 TAO M : C2=C2+G{II#E(L) : C3=C3I+E(IIE(D) = NEXT I
2105 IF G1=0 OR [3<=0 THEW BOTO 21&0 : REM — CAN'T CALLC ANGLE
2110 Pi=-C2/61/5QR{C3) : IF P1<1 THEN GOTO 2130

Z120 P1=0Q : GOTO 2140 : REM - AVOID 70 IN ACS

2130 P1=57.2957B%FNACS (P1)

2140 PRINT - STEP-TO-GRADIENT DEGREES=";

2150 PRINT USING " . 88487 ;P1

2160 REM — TAKE STEP WITH INCREMENT IN EQ)

2165 FOR I=1 TO N : W({(I)=x{I} : NEXT I : REM - SAVE BASE POINT
2170 FOR I=1 TO N : X{(I)=W{(DI}+E(I} = WMEXT 1

2175 GOSUB 3620 : REM — CHECK/SET ANY ADDITIONAL BOLNDS

2180 GOSUB S000 : REM — CALLC RESIDUALS

2190 K2=KZ2+1 : F=0 : REM - INCRE F EVAL COUNT % CALC SUM Pth RESIDUALS
2200 FOR K=1 TO M : F=F+R(K)~K7 1 NEXT K : F=F/K7

2210 IF F<F1 THEN &0OTO 2270

2220 REM -~ GET BACK TO LAST TURNING POINT % CUTBACK dx

22T0 FOR I=1 TO M = X(I)=W(I} 2 E(I)=EL{I}/4 : NEXT. I

2240 PRINT " siReSR CUT BACK STEP SIZE BY FACTOR OF A4 REaish”
2250 MI=M3+1 : IF M3<{11 THEN BOTD 2170 : REM - TRY CUTBACK STEP
2260 PRINT "STEP SIZE TOO SMALL — TERMINATED" : GDTO 2390

2270 IF L7<M1 THEN GOTO 2320 : REM — NDOT AT MAX ITERATIGNS

2290 PRINT “STOPPED AT GIVEM LIMIT OF¥;Mi; " ITERATIONS; RESULTS ARE: "
2300 L7=L.7+1 : £5AYQ 2370

2310 REM — TEST CONVERGENCE GF BOTH F AND EACH X(I)

2320 IF ABS{F1-F)/(1+ABS(F1)) >E1 THEN 6OTD 1890

2330 FOR I=1 T N

2340 1IF ABSIE(I)) r{1+ABS(X(I})) »E1 THEN GOTO 1890

2I50 NEXT 1

2360 L7=L7+1 : PRINT “CDNVERGED; SOLUTION IS:™

2370 GOSUB 7000 REM — GET JACOBIAN

2380 6OSUB Z750 REM - BET GRADIANT

Z390 BOSUR I500 REM - REPORT F,X, & § AT STOPPINS POINY
2410 PRINT “TOTIL NUMBER OF FUNCTION EVALUATIONS =*;

2820 PRINT "EXFUONENT P =:;K7

2430 RETURN.

2880 REMHSSR-E-E-0-00 0 05 R 0 A

2442 REM — DISPLAY dB AND Zin DVER A FREED RANBE

2448 IF N=0 THEN 6070 2494 : REM — MUST HAVE VARIAMES SET
2444 K10 : K&=0 : REM - PAGING AND SUBBOOO FLAGS

2448 PRINT "START FREBLENCY ="; : INPUT T1

2450 PRINT “STUP FREGUENCY ="; : INPUT T2

2452 PRINT "NIMBER OF FREQS, MAX 40 (+LIN, —LOB) ="; : INPUT L1
2453 IF L1400 AND T1<0 THEMN T1=.001 : REM — DUE TO LOE CASE
2454 T3=T1 : Dé&=1 : IF aRS(L1)=1 THEN GOTO 2448

2454 IF ABS (1) >»40 THEN L1=SEM{L1)%40Q




2458
2440
- 2442
Zan4
2466
2448
2870
2872
2474
247&
2478
2480
2482
2484
24B&
2486
2470
2472
2474
2494
2500
2010
2520
2530

2530
25&0
2570

2590
2500
2610
2420
25630
2640
2650
2660
2670
2680
2650
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790

2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2950
2970
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D&=ABS(L1)—1 = X5=T2-Ti1

IF L1<0 THEN X5=LOG{TZ/TL)

AXS=X5/D&

IF L1<0 THEN XI=EXP(X3)

n&=X3

PRINT " & FREBUENCY RESPONSE dB Rin BHMS Xin™
FOR Iz=1 TO ABS(L1)

T4=5¢12,1) : S5(I2,1)=T3 : REM -~ SAVE SAMPLE DATA BASE
BOSUB a000 : REM — GET dB & Zin

PRINT I2;:PRINT UBING SBAa%;5(12,1),C(I2) A4, AS

IF I2<Z1 OR 12=ABS(L1) OR Ki1=1 THEN GOTD 2484
PRINT "PRESS <RETURN> KEY TO CONTIMUE —— REAOY™; : INFUT S54%
Ki=1 : REM — DON'T PAUSE FOR ZND HALF OF DISPLAY
S(12,1)=T4 : REM — RESTORE SAMPLE DATA BASE

IF L1>0 THEN T3=T3+D& : REM — INCREMENT FREBUENCY
IF L1<0 THEN T3=T3%D&6

NEXT IZ2

RETURN

PRINT "ss+## MUST ASSIGN VALUES TO VARIABLES -FIRST #sw#ss"
RETURN

REM 435353 255 00053 T 3 T e

REM — PRINT FUNLTION, VARIABLES, AND BRADIENT
PRINT "AT START OF ITERATION NUMBER™;L7

P1=F : PRINT * FUNCTION VALLE =";P1

PRINT " I X< B(Iy"

FOR I=f TO N

FRINT I; : PRINT USING S6%3X(I),G(I}

NEXT I

RETURN

REM 34540 00 R 3 3 03 33 3 0 M

REM — CALC/STORE NORMAL MATRIX IN H(}

FOR I=1 TO N#(N+1}/2 ; H{I})=0 1 NEXT I

FOR K=t TO M

L=0

FOR J=1 TO N

FOR I=1 TO N

IF I<J THEN GOTO 2690

L=b+1

ML y=H{Ly w00, T A (T %R (k) ™ (KT -2

NEXT I

NEXT J

NEXT K

FOR =1 TCO NS(N#L) /2 2 HOLI=(K7~L)%H{L)} ¢ NEXT L
RETURN

REPHHES-3- 30000 - T 3

REM — CALLC GRADIENT AND ITS LENGTH

G1=0

FOR I=1 TQ N

Gtir=0

FOR K=1 TO M

G{I)=G(1)+A(K,I)#R(K)*~{K7~1)

NEXT K

EI=G14+G6(I)#5(]1)

NEXT I

G1=08ER(51)

RETURN

REM -5 4354035 35 2030 330 S 303 30 0 - 2 3

REM — ADD LM PARAM TO NCGRMAL MATRIX

£=0 : PRINT ~ LM PARAM V="j
PRINT USING “f#.g """

FOR J=1 TO N

FOR I=t TO N

IF I<J THEN. GOTO 2950

L=L+1 .

IF I=J THEN H({L)=H{L)+V=D (I}

NEXT 1

NEXT g

RETURN
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2980
2790
3000
3010
J0Z0
3030
3040
3000
3060
3070
3080
3070
100
3110
3120
3130
3140
I150
140
E170
3180
S190
F200
3210
3220
3230
3240
3250
J2HG
3270
3280
3290
3300
3310
3320
3330
3340
3350
33460
3370
3380
3370
3400
3410Q
3420
3430
3440
=)
3460
3470
3480
3490
3300
3510
33220
3530
3540
3530
3540
35370
3580
3590
I&00
J410
3420
ILHIQ
3640
34650

Program Listings

FRE TS 6 38 3368 59 3 963 S 0 T 60 006 0 30090 3 9036 303636 3433 26 36 90 4 636
REM ~ DISPLAY SAMPLLE DATA FROM LINES 400 ...

FPRINT " I INDEPENDENT DEPENDENT "

K=0

FOR I=1 TO M

PRINT I3 : PRINT USING " #448#%, SHARRN";51{1,1);54¢1,2)

IF I<21 OR K=1 THEN GOTD 3070

PRINT “PRESS <RETURN>» KEY TD CONTINUE ~— READY"3; : INFUT 5as%
#=1 1 REM — DON'T PAUSE FOR 2ZND HALF DF DISPLAY

NEXT I

RETURN

REP 30960 0006 36 0008 309006 033 33 308 308 0896000 6 0 98 3606 96 0

REM — LDLT FACTORIZATION OF MATRIX IN SITU INM VECTOR H
KS=1 : NS=1 : DI=1 : REM - NS=1 NOT PD OR DET=D1<1D-&
FOR I=2 TO N

IF HIKS) >0 THEN £0TO 3150

GOTO 3340

Z=H (K3} : DI=D1%H{(KS)

KO=K5+1

I1i=K3

FOR J=I TO N

Z5=H (K5}

HIKS=H{(KS} /2

J5=K5

I5=1I1

FOR K=I TO J

JE=IS+HN+ 1K

HI{J3)=H{JIS)~H(IS) #Z5

IS=I5+1

NEXT K

KO=K5+1

NEXT J

NEXT I .

Di=Di{#H{KS} : IF D1>.0000000001# THEN N5=0

IF NS=1 THEN GOTO 3340

RETURN

PRINT "HESSIAN NOT PD OR TOD SMALL DETERMINANT ="j;
FRINT USING "#i#.####~~"~":D1

RETURN

RIEM 4636500306303 06 3 39636 06 36 200 30 3608 900630 3040 30 304005 3040 3302030 0
REM ~ SOLUTION E=Inv{H)E FOR SEARCH STEP

FOR =2 Ta N

I4=]

VS=E{1}

FOR J=t TO I-1

VE=VG~H{14) «E{(J}

I4=14+N-J

NEXT J

E(I)=V5

NEXT 1

E{M}=E (N} /H(I4)

FOR K=2 TO N

I=h+1-K

I1=14-K

VO=E(1})/H(I1)

14=11 -

FOR J=I+1 TO N

It=F1+1

VO=VE-H(I1)#E(J)

NEXT J

E(I)=Vv5

NEXT K

RETURN

Ly L O T £ B W % R B A R Vv v

REM — CHECK FOR MORE BOUNDS AND RESET VARIABLE IF BINDING
FOR I=1 TO N

IF £4¢1)=0 THEN GOTO 3760 : REM — TEST DNLY SUBRSFACE BOUNDS
L3{I)=0 : REM — CANCEL BOUNDS, THEN RETEST THEM




Z8E0
3670
3680
365G
3700
3710
3720
3730
3740
3750
3760
770
3780
770
3800
3610
3820
3830
3840
3850
3850
3870
3880
3890
3900
3910
3920
3930
3930
3950
3960
3970
398D
3990
4000
4010
8020
4030
4040
4050
4070
4080
4090
4100
a1i0
4120
4130
4140
4150
4160
4170
4180
4190
4200
4z10
4720

-,
Pk

4243
4250
4250
4252
4264
4264
4270
4280
4290
4300
4210
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REM ~ PRDCESS LOWER BOUNDS

IF X(I)¥PS5(I,1) THEN GOTO 3720

XD =PSiI,1)

LS(Ii=—1 & REM ~ NOW AN ACTIVE CONSTRAINT

PRINT " ACTIVATED X{"3X;") LOWER BOUND™
GOTO 3760 1 REM — NG NEED TO PROCESS UPFER BUUNDS
IF X(I)<PS{I,2} THEN GOTO 3740

X(I)=PS(I,2}

LS(I)=+1 : REM -~ NOW AN ACTIVE CONSTRAINT

PRINT * ACTIVATED X{";I:") UPPER BOUND"
NEXT I

RETURN

NS LET T ESEIE LSS ST ELIEL S LSS LSRR RS T

REM - INIT FLAGS AND LOWER/UPFER BOUNDS

REM — CLEAR THE *BINDING BOUND(S) © & SET DEFAULT LIMITS
FOR I=1 TO 20 : L&([1=0 : LS(I}=0

PS(I,1)=-10000 : PS{1l,2)=+10000

NEXT I

RETURN

REPTR 1646063636014 50 3563336 03 06 BT 0 RN

REM — SEE OR RESET LOWER/UPFER BOUND ON VARIABLES
B4%="NONE. " : PRINT "BOUNDS NOW SET ARE:"

PRINT " 1 LOWER UPPER"

FOR I=i TO 29

IF L41(1)=0 THEN GOTD 3920

S4%="" : PRINT I;" s 2 PRINT USING S&$3PS(I,1);;P5(1,2)
NEXT 1

PRINT S4%; "SET OR RESET ANY BOUNDS (Y/NJ”; : INPUT S4¥%

IF 54$<>"Y"® THEM RETURN

REM - RE-~ENTRY FOR MORE BOUND SETTING

PRINT "ENTER O TO RETURN TO MENU, ELSE ENTER VARIABLE # =";
INPUT I : IF I=0 THEM RETURN

PRINT "PRESS <RETURN> IF ND BDUND DESIRED"

PRINT " LOWER BOUND ="; : INPUT S4%
PS(I,1)=-10000 : IF S54%<>"* THEN PS(I,1)=VAL(54%)
[F S4$<3>7% THEN L4(I)=1

PRINT " UPPER BOUND ="; : INPUT S4%
PS(I,2)=+10000 : IF S4%<3>"" THEN P5(1,2)=VAL (5%}
IF S4$<>"" THEN La(I)=1

GOTO 3960

JRE M 3 6 36 3 3 6 3 3 - N 3

REM ~ RESET % RECORD BINDING VARIABLES

FOR I=1 TO N

REM - PROCESS LOWER BUUNDS

IF X(1)>PS(1,1) THEN GOTO 4150

X{I}=PFS(I1,1) : LS(I)=-1

PRINT "SET X{(";I;")="3X(I);" (LOWER BOUND}"

GOTD 4180 : REM — NGO NEED TO PROCESS UPPER BOUNDS

IF X(I}<PS(I,2) THEN GOTO 4180

XTI =P3{I,2) s LI3t(I)=+1

PRINT "SET X(";I;"y="3;X{(I);" (UPPER BOUND)"
NEXT I

RETURN

REEMESE M 3260330 3 3 3363696 3606 26 36 363 O 430
REM — START MULTIPLTER PENALTY FUNCTION METHOD
PRINT V3805 053 2003 0000 3 30530000 000 3000 300 0 30 2 0 36 33 036 330 36 5 0 0 e e

C&=1E+20 1 ¥K3I=1 : REM — CONSTR CONVERGENCE CONSTANT % FLAG
FOR 1=1 TO 40
U(I)=0 : REM — INIT CONSTRAINT RESIDUAL OFFSET

Si{l)=1 : REM — INIT PENALTY MULTIFLIERS

IF L6CIX<>0 THEN K3=0 : REM — CHECXING FDOR ANY CONSTRAINTS
NEXT 1

IF K3=1 THEN GOTO 1400 ; REM — IS UNCONSTRAINED FPROBLEM
LBE=1 :+ REM — INIT PENALTY LOOF COUNT

GOSUB 1400 : REM — MIN F(X,5,U0) BY LEASTP

REM — RE-ENTRY FOR OUTER PENALTY LOOF

e R S T A e A e A A R e R S R E R E T
BEEF
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4320
4330
4380
4350
43460
4370
4380
4370

4410
4415
4420
4330

4450
K450
{470

4430
/3500
4510
4520
/530
4540
4530
4350
4370
4580
45%0
44600
4610
44620
ALS0
A&40
A4HS0
A4bH0
44570
4480
44570
4700
716
4720
A7T30
4780
47350
4780
4770
/4780
/7FC
4890
4810
4820
3825
4830
4825
4B45
4850

4840
K865
4847
4870
49735
4880
4882

4890
4892

Program Listings

GOSBUE 4690 : REM - FIMD MAX FPENALTY MODULUS

PRINT "AFTER ";L8;" PENALTY MINIMIZATIONS,*

PRINT ™ THE MAX CONSTRAINT MODLLUS #°;K8; " =";P8

PRINT "CONTINUE PENALTY MINIMIZATIONS (Y/M)"; : INPUT Sas
IF S4%=*N" THEN RETURN : REM — G0 TO CUMMAND MENLU
LB=LB+1 : REM — INCREMENT PENALTY LOOP COUNT

REM — POMELL’S PARAMETERS ADJUST SCHEME

C7=C6 : C&=P@ : IF C&>=C7 THEN GOTO 4510

IF K3=1 THEN GOTO 4470

FOR I=1 TO M : REM — ADJUSY Ati CONSTRAINT OFFSETS

IF L&6¢I}=0 THEN BOTOD 4470 : REM — UNCONSTRAINED SAMPLE
Ug(I1)=1{(1) : REM — SAVE OFFSETS

CB=C{I)

IF L&C¢I)I=2 THEN GOTO 4440 : REM — EQUALITY COMSTR CASE
IF UCI)<C(I) THEM CB=U(I) : REM — CHOOSE MIN

UG =UCI)—CB = REM ~ NEW COMSTR RESIDUAL OFFSET ESTIMATE

K3=1 : REM — JUST RESEY ALL OFFSETS

Kb=0 : GUSUB 1435 : REM — MIN F(X,5,U) BY LEASTP

G070 4300 = REM — CLOSE OUTER PENALTY LDOP

REM - DIVERGING CASE

C&=C7 : REM —~ USE PRIOR MAX C() NORM

IF K3=0 THEN GOTD &S50

FOR I=f TO M z U(I)=UP(I}) = MNEXT I = REM -~ USE PRIGR OFFSETS
REM - SELECTIVELY INCREASE WEIGHTS ON CONSTR RESIDUALS

FOR I=1 7O M

IF LACI)=0 THEN GOTO 4640 : REM — NOT A CONSTRAINED RESIDUAL
Co=C(I)

IF L&(1)=2 THEN &07T0D 4620 : REM — ERUALITY LONSTR

IF C9<0 THEM GOTD #4420 : REM - BIND'G INEQUALITY CONSTR

GOTD 4440 : REM — UNBINDING. INERUALITY CONSTRAINT

IF ABS(CYI<(C7/4) THEN GOTO A&40 : REM — WEIGHT IS Ok
S1(D=S1(I}*3 : Ui =U{1)/3 ; REM — FORCE CONVERGENCE

MNEXT I

K3=0 : GOTO 4490 : REM — TO START OF PENALTY LOOP

REM ~ TEST FOR MIN COMVERGENCE RATE

IF Ce»(C7/4) THEN GOTO 4550 : REM — FORCE GREATER COMVERGENCE RATE
5070 441G @ REM - IS5 DK — ADJUST CONSTRAINT OFFSETS

At P A S e R I N Ly T e L

REM — RECONSTRUCT CONSTRAINTS & FIND MAX MAGNITUDE PB=ABG(L{KE))
FPA=0 : K8=0 : REM - INIT

FOR I=1 TO M E

IF L&{1)=0 THEN BOTOD 480D : REM -~ NOT A CONSTRAINED SAMFLE
C?=C(I}—-541,2) + IF La&(l}=1 THEM C9=—C% ; REM — UNBIASED CONSTR'S
IF L&(1)=2 THEN GOTO 47790 : REM - IE EQUALITY CONSTRAIMT

IF C9>0 THEN C9=0

ClI}=C? : C9=ABRS(CY)} : REM - C(Iy=CONSTRAINT: SEE TABLE &.2.1.
IF C%<=FPB THEN GOTO 4800

FB=C% : KB=I : REM - NEW MAX MODULLS

NEXT 1

RETURN

RE P10 326 2 0 M3 160 T 3 2 O 3

BEM - SER/RESET CONSTRAINT SAMPLE NUMBERS

S4E="NONE . " PRINT "CONSTRAINTS NOW SET aRE:”

FRINT * I SAMPLE L OWER EQUAL_ITY LPFER"™

FOR I=1 TQO W

IF L&(I)=0 THEN SOTQ 489S

Sa4$=""

IF L&6(I) >0 THEN GOTO 4875

PRINT I;:PRINT USING S5%$;5(1,1); :PRINT TAB(1S);

PRINT USING S5%;5(I ,2) .

GOTOD 489935 .

IF L6{l)>1 THEN (OTO 4890

PRINT I;:PRINT USING S55%;5(1,1);:PRINT TAB(37);

PRINT USING S55%;5(I1,2)

BOTD 4895

PRINT I3;:PRINT USING S5#;5(I1,1);:PRINT TAB(24):

PRINT USING SS5#;5(1,2)




4895
4700
4305
4910
14715
4920
AF25
423G
4933
4340
4245
45950
A955
4F60
49565
S000
9010
5020
S030
5S040
S050
S060
S070
S0BG
5090
G100
51106
5120
S13¢
5140
5150
B3 371
51&0C
ST00
G910
32
G330
5340
S350
2360
3370
5380
5350
S54G0
3410
3420
5420
5440
5450
5435
5440
o470
5480
5490
5300
J910
5320
So30
5540
7000
7010
7OZ20
7030
7040
7050
FOAC
7070
7080
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NEXT 1

PRINT S4%; "S8ET OR RESET ANY CONSTRAINTS (Y/N)*“; z INPUT S4%
IF SA${>"Y" THEN RETURN

REM -~ RE-ENTRY FOR MORE CONSTRAINTS

PRINT "ENTER O TO RETURN TO MENU, ELSE ENTER SAMPLE # ="

INPUT I : IF I=0 THEN RETURN

IF I<=M THEN GOTO 4935

PRINT “s#%x YOU PROVIDED ONLY";M; " SAMFLES #**#“ ; GOTO 4915
PRINT"SAMPLE FAIR #";1;" ="; : PRINT USING 55%5;S(1,1);5(1,2)
PRINT “LOWER, EGUALITY, UPPER, OR GOAL (L,E,U,B):"; : INPUT S54%

IF S4#="L" THEN L&6(I}=-1

IF G4%="E" THEN L&lI)=+2

IF S4$="U" THEM L&{(I)=+1

IF S4#="G" OR S4%="" THEN L&6(I}=0 : REM — CLEAR CBDNSTRAINT
GOTO 4910 : REM -~ LDDF BACK

FREC PR 46 3 436 3 B 3 3 36 330 3 36 9036 396 3636 36 36 9

REM — CALCULATION OF aLL RESIDUALS

IF M>0 THEN BGOTD 5040

PRINT "WARMING — USER FAILED TO ASSIGN M IN DATA STHMNT, LINE 410"
FOR IZ2=1 70 ©

BOSUR BOOO : REM — GETS NETWDRK RESFPDNSE IN C(IZ)
Co=C(i2)-5(12,2) : REM -~ (RESPONSE-GDAL)

IF L&A(IZ2)=+1 THEN C9=-C% : REM - IS INERUALITY UPFER BROUND

Ce=C9-U(I2) : REM ~ OFFSET CONSTRAINT RESIDUAL

IF L&(IZ2Y=0 THEN GOTO 5150 : REM ~ NOT A CONSTRAIMED RESIDUAL
IF L&(I2)=2 THEN GOTO S14Q¢ : REM - IS EQUALITY CONSTRAINT
IF £9>0 THEN £9=0 ; REM — INERQUALITY IS5 SATISFIED

IF C9<0 THEN GOTO 3140 : REM — PENALIZE

6070 5130

CF=51 (I2Y*C% : REM — FENALTY MIULTIPLIER

RII2Y = L9

NEXT IZ

RETURN

FRE M35 3 2 36 S 9 6 e 363096 263 96 696 96 3 96 36 36

REM — SEE UNITS AND NETWOREK TOFOLDGY
FRINT : PRINT M"UNITS ARE: FREBUENLY ="; : PRINT USING S57#;i8:

FRINT " INDUCTANCE ="; : PRINT USING S7%;UZ2
PRINT " CAPACITANCE ="; 31 PRINT USING S57#:U3
R3=R&: IF N=K? THEN RI=X(N}:REM-R SOURLCE MAY BE VARIABLE

FRINT "R SOURCE, R LOAD, X LDAD =";:PRINT USING SS$;RS,R4,X4
PRINT

548="NONE. USER MUST FROVIDE DATA IN LINES 400-B8B OR BY CHMD#10."
FRINT "BRANCH TYFE VALUE ] MNAME "

N1=0 : N2=0 : REM — LIST INDEX & NULL BRANCH COUNT

FOR I=1 TO 35 : REM — BRANCH [.0OF

Ni=N1+1 : REM — INCREMENT LIST INDEX

IF M{N1}=% THEN GOTO S540 : REM -~ REACHED NTWK INPUT END

IF M{N1}=0 THEN NZ=N2+1 : REM — NULL BRANCH COUNT

S54%="" : IF N1>NZ THEN T=X{N1-N2)}

IF M{N1)=0 THEN T=0 : REM — NULL BRANCH

IF (NI-M2y=N+i AND M$(N1}="R” THEN T=R&
PRINT *  "jIg" "3MS (N1}, :PRINT USING S5%3T,B(N1);
PRINT " ";N$(ND)

IF MINL1}<4 THEMN GOTO S530 : REM — ELE TYPE OCCUPIES ONLY 1 LINE

N1=M1+1 : REM - POINT TO C IN LC BRANCH

PRINT TAB(15); : PRINT USING S5%; X (NI-N2) ,0(N1i);
PRINT " "3 NF(NL)

NEXT 1

PRINT 54% : RETURN

sty R R s T T T )

REM ~ CALCULATION OF PARTIAL DERIVATIVES OF ALL RESIDUALS

GOSUB 000 : REM — GETS NETWORK RESPONSE FARTIALS INM A(,)

REM — PARTIAL (F [th RESPONSE WRT Jth VARIABLE IN A¢I,J}

FOR I9=1 TO M : REM ~ CONSTRAINTS LOOP

IF L&(I9)=0 THEN GOTO 7170 : REM — NOT A CONSTRAINED RESIDUAL
67=1

E?=C(19)-5(19,2) : REM - (RESFONSE-GOAL)

IF L6tI9)<>1 THEN GOTO 7i00 : REM - IS NOT INEQUALITY UPPER BOUND
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70%0
7100
7110
T1Z20
7130
7i4q0
7150
71460
7i7o
|O00
8014
= [l
8050
8040
a050
BO&LO
BO7O
8080
BP0
8100
8110
8130
8140
B130
B160
at7o
5180
8150
200
8210
8220
B230
8240
8250
82&0Q
8270
B280
8270
8300
8310
5320
a330
8335
2340
8350
B340
B370
a3zso
B350
84040
8410
B420
8425
8420
8440
8450
B4&0
8470
g480
B490
8560
BS10
g35320
86530
8540
B350
83560
8570

Program Listings

C?=-C%? : G9=-G%7 : REM - REVERSE SIGN FOR INEGUALITY UFFER BOUND
C?=C?~U(iI?) : REM — OFFSET CONSTRAINT RESIDUAL

IF L&(I9)=2 THEN GOTO 7150 : REM — IS5 EQUALITY CONSTRAINT

IF CZ>0 THEN G7=0 : REM - IMEQUALITY IS SATISFLED

IF C9<0 THEN GOTO 7150 : REM - PENALIZE

GOTGO 7140

GP=S1 (IR} *#G% : REM — FEMALTY MULTIFLIER

FOR J9=1 TO N : A{19,J9)=G9*A(I9.39) : NEXT J? : REM - VARS LOQF
NEXT I : RETURN

R 4336 08 4 333000 30 300 6 B 00696 3636

REM ~ LADDER NETWORE ANALYSIS FOR TRANSDUCER TRANSFER FUNETION
REM ~ USER MUST SUPFLY SERIES SOURCE RESISTANCE IN TOFOLOBY

REM — RESFDNSE AT SAMFLE # I2 IS H IN £(IZ). ALSD Zin=A4+3A%S
W=6.283185307184##5 (12,1 %1 1 IF W=0 THEN W=.Q00000000QC1H#
B4=1/3QR(2#R4) :B9=0 : D4=0 :D5=0 : REM — LOAD POWER = 1/2 WATT
C4=R4 :C5=X4 : REM - LOAD IMFEDANLCE

K=0:N1=0: N2=0D:1K4=0:REM —~ K=BR¥ ,Ni=LIST#,N2=#% NULL BR’'S,KA=VAR%
REM -~ RE-ENTRY TO PROCESS NEXT EBRANCH

K=k+i 1 M1=N1+1 : M2=M{N1) : IF MZ=0 THEN M2=10 : REM — NULL BRANCH
GOSUE 8590 : REW ~ COMFLEX LINEAR UFDATE

IF M2=% THEN GOTO 8430 : REM — AT SOURCE; COMFUTE RESFONSE

ON M7 GOSuUB BZ270,B83Z0,8420,B8480,8230,8270,8230,8270,8230,8230
IF Ké&=0 THEN GOTO BOAC : REM - USTNG FINITE DIFF FRRTIALS

IF MZ=10 OR MZ=1 THEN GOTO 8080 : REM - WAS MULL BRANCH OR RESISTCR
KA4=Ka+1 ¢ N3{KE,1 =K : NI{ka,2r=Hit : REM - VAR$K4 = BRE & LISTH
ALIZ,K4)=A4 : BIIZ,K4)=A5 : REM - SAVE VAR#K4 s V OR 1

IF MZ<>4 THEN GOTQ BoBn @ REM — NOT LT BRANCH

NE GG, 2 =N1-1 1 KA=KaF L i NZ (A, 11 =fTa N2CKA 2 =M1y REM ~ €PECIAL LC CASE
A{IZ K4)~ad4 @ B(IZ,K4}=AT : REM ~ REFEAT BAVE ¥ OR I FOR LC BRANCH
GOTD 8080 s REM — LOOF TO FPROCESS NEXT BRANCH

RE MM 24635 9646340 040 06 000364 030 AR B

REM — NULL BRANCH

CA=0 3 CS5=0 : NZ=N2Z+1 : REM ~ NULL BRAMEH HAS ND X ()

RETURN

RIEMI 33630 3202033236096 36306 3P 0

REM - REGISTOR

CA=X(N1-N2} : CTF=0 ;IF (N1~N2)}<=N THEN GOTD 8300 : REM - VARIABLE R
Ca=Ré 1+ REM - R SDURCE IS5 FIXED

IF K=INT(K/2)%2 THEN RETURN : REM - K 15 EVEN (SERIES? BRANCH
Ca=1/C4 : RETURN

FREIMAE 36732506 0030 9000 030 IS 96 3

REM —INDUCTOR

@=@{(Ni}) : IF @<>d THEN E=1/Q : REM - NOW DECREMENT=1/8

CoO=W#X (N1-N2)#U2 : REM - REACTANCE

C4=CoS#Q : REM - SERIES RESISTANCE

IF K=INT(K/2)#2 THEN RETURN

D3=G#F+1 ¢ REM — IMVERT THE IMMITTANCE

Ca=R/D3/CS

CS=-1/D3/C5

RETURN

RE MR350 3N 020363 3T 32 B

REM — CAPACITOR

@=0(N1) ; IF @<>) THEM @=1/Q2 : REM - NOW DECREMENT=1/Q

CS=W%X (N1~N2)*U3 : REM — SUSCEFTANCE

CA4=C3#Q @ REM — SHUNT COMDUCTANCE

IF KE=INT(K/2)%2 THEN GOTO BE70 : REM — INVERT ADMITTANCE
RETURN

RE D5 363 305060 H 266 N6 I O NI

REM — SERIES-LC~IN-SHUNT OR PARALLEL-LC—-IM-SERIES BRANCH

K=K+1 3 REM - MAKE BRANCH LODK ODD IF EVEN DR VICE VERBA

GOSUB B330 : REM ~ INDUCTYOR

54=C4 : 55=C3 : REM — SAVE FARTS

Mi=NL+l : REM — SET LIST INDEX TO CAPALCITOR

GOSUE 8420 : REM — CAPACITOR

K=K-1 3 REM — RESTORE CORKRECT BRANCH #

CS=C3+85 : C4=C4+54 : REM — COMBINE IMMITTANCES

S54=C4*C4+C35*¥C5 : CI=—C5/54 : CA=C4/84 3 REM — INVERT

RETURN




gsaop
8590
B&OO
8410
8420
B&I0
B&40
8450
8460
B&70
B&RO
8485
BOFO
8700
8710
8720
8725
8730
8740
8750
8740
8770
a78o
8770
8800
F000
9010
9020
030
9040
7050
040
PO70
F080
2070
9160
9110¢
120
130
9140
150
F140
170
2180
190
F2G0
921G
9220
9230
2240
250
250
270
280
9220

SO0
FI20
?330

340

350
2I&0
9370
23A0
FIF0
400
3410
2420
430
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RECMIN 366 26 300600 030 206 3 0 2030 24300 M
REM - COMPLEX LINEAR UFDATE

A4=BA#{4-BS*»CT+D4

AS=RBG*L4+R4*CT5+D5

PA=B4 : DS=85 :B4=A4 : BS=A5

RETUREN

Pl T N R R R e R

REM - PLACE RESPONSE DECIRELS LOSS IN C{I}! % SCALE V % 1

IF K=INT(K/2)+2 GOTO B&BO

A4=B4 : AS=ES : PF4=D4 : BS=D5 : D4=A4 : DS=A5 : REM — SWAF
C5=D4+D4+D5#D5 ¢ REM — E SOURCE = D4+iD5

C(I2)=C5/2/C4 « REM -~ C4 = R S0OURCE
C(IZ2}=4,342794481904#*L0G(C(IZ)}

AS=B4#R4+BS#BPS5 : REM — INPUT I MAG SGD

A4=(D4*B4+DS¥B5) /AS  A4=R4-C4 : REM ~ Rin TO RIGHT OF R S0OURCE
AS=(DS#*B4-DaA*BS) /AT ¢ REM — Xin

IF K&=0 THEN RETURN : REM — USING FINITE DIFF PARTIALS
Z(I2,1)=A4 : Z(12,2)=A5 : REM - SAVE Zin FOR TELLEGEN DERIVS
REM — SUBTRACT Es ANGLE % THEM SQUARE Ik OR Yk

FOR K4=1 TQ N : REM - VARIABLES LOOF

A4=Atl12,K4) : AS=B(I2,K4) : REM — BRANCH Ik OR Vk
B4=D4#*A4+DS*AS : BS=D4xAG-DI*AA

ACIZ,K4)=B4/05#*BA4~B5/C5#B5 1 B(I2,K4)=2#B4/C3%B5: REM-AVOID OVRFLW
NEXT K4

RETURN

REITAA S0 A B 39 69636 98 3 36349 98 34303636 36 3 33634 96 .

IF K6=1 THEN 507D 2180 : REM — EXACT FARTIALS FOR LDOSSLESS NTWK
REM - JACOBIAN OF RESFONSE PARTIALS BY DIFFERENCING

REM - FARTIAL OF Ith SAMPLE WRT Jth VARIABLE IN A(I,J)

FOR I2=1 TD M : Z(I2,1)=0¢I2) 1 NEXT I2 : REM - SAVE UNPERTURBED
FOR J2=1 TO N : REM - VARIABLES LOQOP

DP=ABS (X (J2) ) /100004

IF DRL.O0O0OLE THEN DP=.000001 4%

X(JIZy=X{J2)+D¥ : REM - PERTURB VARIABLE

FOR I2=1 TO M : REM — FREQUENCY SAMPLES LOOP

GO5UB 8000 : REM — NETWORK ANALYSIS

ACTZ,J2} = (C(I2)-Z(I2,1})/D%

NEXT 12

K{J2)=X{J2)-D% : REM - RESTORE NOMINAL VARIABLE VALUE

NEXT J2

FOR I2=1 TO ™M : C{I2)=7(IZ2,1} : MNEXT E2 : REM - RESTORE UNPERTLRBED
RETURN

REMH 30 H 033 3 D30 2 3306 39

REM -~ EXACT LOSSLESS NETWORK DERIVATIVES

FOR [Z=1 TO M : REM - FREQ SAMPLES LOOP

FOR K4=1 TD N : REM — VARIABLES LOOF

H=N3I{K8,1) ¢ Ni=N3I(K4,2) : REM ~ BRANCH & LIST NUMBERS

IF M{(N1)<>1 THEN GOTO 9250

FRINT "ND VARIABLE RESISTDRS IN LDSSLESS MDDE"

ALIZ,K4)=0 : BDTO 9Z70

REM ~ RHO = A4+3jAS

B4=7(I2,1) : BS=2{12,2) : REM ~ Zin(IZ}
S=(B4+R5) * (BA+RA) +BSBS
Ad=(B4+BA-RE*ROHBSXES) FAS
AS=C#R&*BS /A5

PA=A(1Z,K4) : BS=H{IZ,K4) ¢ REM - ROTATEDL, SGUARED BR V or 1
D5=R. 4BSHAPLZB0LH® (AAES-AS*EA) : REM — IMAG (RHO CONJS # Ik SORD)
IF K=eINT(K/Z2)#2 THEN GOTO 9360 @ REM — EVEN BRANCH
ALIZ,K4)=+D% : REM - ODD BR d(dE}/d{BK)

GOTOD 9370

ACIZ, K4 =—D5 : REM — EVEN BR d(dB)/d (XK)

NEXT K4

NEXT 12

REM — APPLY CHAIN RULE FER BRANCH % VARIABLE

FOR IZ=3 TO M : REM - SAMFLE LOOP

W=56.28318530718#*5 (12, 1) %l 1 IF W=0 THEN W=, 000000000014
FOR K4=1 TO N : REM - VARIABLES LOOP

K=N3{¥4,13 » NI=N3(K4,2) ¢+ REM — BR# % LISTH

il
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9440
9450
7460
9470
480
2490
F500
9510
9520
9530
9540
9550
9560
9870
560
9590
2400
610
9620
4630
440
BT0
660
2670
9680
9650
700
FROO
9805
Qd10
815
9820
9825
30
9935
9840
7845
9850
9855
2850
9865
9870
IB73
PE80
9885
Y50
2895
900
905
FPLO
5915
3920
9925
9930
FPIS
FI80
745
PF50
955
994G
9945
9970

Program Listings

A4=A(I2,K4) : AL{IZ2,K4)=0

M2=M(N1) ¢ REM — ELEMENT TYFE%

IF M2<2 THEN GOTU 9480 : REM -~ NI NULL OR RESISTOR BRANCHES ALLOWED
oM M2 GOSUB 9500,9510,95@0,9&10

NEXT Ka

NEXT 2

RETURN

REM — INDUCTOR

ATIZ K4 = Ad4eW=L2

IF K=INT(K/2)#2 THEN RETURN : REM ~ EVEN BRANCH
ACIZ, KA =R{12 ,Ka4) 7 (WeX (K& %0232

RETURN

REM -~ CAPACITOR

ACLZ,K4)Y = AdxWaUZ

IF K<>INT(K/2)%2 THEN RETURN : REM — 0ODD BRANCH
AlI2,Ka}Y = A(I2,K4)/ (WeX(K4)2U3) "2

RETURNM

REM — LC BRANCH

AD=¢ 1—WHWHX (K4 # X {K3+1 ) %U2%U3) 2

IF K<>INT(K/2)%2 THEN GOTO 9470 z REM — QDD BRANCH
AlIZ,K4) = A4#Wwli2/AT

ATTIZ, KA+1)=ALT2, K4+ 1) #WelZ » (WX (K4) #02) ~2/AS

GOTHD 9470

A(IZ E4+1)Y=A(12,K4+1) #W*U3/AS

ALIZ,KAY=AMFWRLID* (WaX (K44+1) »U3) ~2/A5

Kéd=K4+1 : REM = SET VAR# TO CAPACITOR

RETURN :

TRE TA S 3 e T3 92 S A T U 9 963 9 30 5 0 3 3 63 3 8 3

REM — READ SAMFLES, UNITS AND NETWORK TOFOLOGY FROM DISK

PRINT "SEE DIRECTORY (¥/M)"; : INPUT 54%

IF SA4<>"Y" THEM GOTA 9850

PRINT "FILENAME SPECIFIER (LIKE #.# OR <RETURN>} = "z : INFUT S8%
IF S8#="" THEN SB8¥="#%, #"

FILES SH#

PRINT "SEE DIRECTORY AGAIN (Y/MN)"; : INPUT S4f

IF Gas${>"Y" THEN BDTO 9830

BOTD 9820

PRINT "FILE NAME IS"; : INPUT 52%

PRINT © 1D WARNING - DD NOT <{CHTRLX<BREAK> DURING THIS STYEF '@'@'™

DFEN S2% FOR INPUT AS #1 .

INPUT #1,S3%

PRINT "READY TO READ FILE ";S52%;" TITLED:";53%

FRINT "PRESE <RETURN> KEY IF OK, ELSE "ABORT’ <RETURN>";
INFUT S4%

IF S4%="" THEN GOTQ 9995

PRINT "ABORT DISK READ: NETWORK DATA NOT CHANGED" : GOTO 9965
FRINT "READ FILE";S2#;" INTO MEMORY."

INPUT #1,M ¢ REM — M IS # SAMPLES

FGR K=1 ¥O M : INPUT#1,5(K,1} : NEXT ¥ : REM — FRERUENCIES
FOR K=} TO M : INFUTH#1,5{(K,2} : NEXT ¥ : REM — TARGETS (dB}
INPUT#1,U1,U2,U5 : REM - FREG, L, T UNITS
INPUT#1,R&6,R3,%4,K9 ¢ REM - R SOURCE, R LOAD, X LOAD, # TOFOL LINES
FOR 1=t TO ¥%? : REM - READ TOPOLOGY LINES

INFUTH1 ,J,M$¢I} ,B(1) NELI)

IF M$E(I)="N" THEN M(I)=0 : REM - MULL BRANCH

IF MECIY="R" THEW M{I}=1 : REM - RESISTOR

IF ME(I}="L" THEM M{(I}=2 : REM -~ INDUCTOR

IF ME{I)="C" THEN M(I)=3 : REM - GAPACITOR

IF M£{I3="LC" THEN M(I}=4 : REM — SERIES LC IN SHUNT OR DUAL
NEXT 1

CLOSE #1 : RETURN

END

7 REM — APFROX, IVEREV P.201 ELLIPTIC FLTR -[C&—-2] LPTRAPL"
400 DATA "LPTRAPL® 3 REM — NAME DISFLAYED ON FIRST SCREEN
4310 DATA 7 : REM ~ NUMBER OF FOLLOWING FREQ/TARGET DATA FAIRS




420
430
&00
&10
615
620
&30
640
&50
&850
4670
&R0

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATH
DATA
DATA
DATH

C6-2

v2y by 6,-8,1,1.5,2

40,40
REM - FRE@ [1/{2FI}], L % L UNITS
: REM - R SOURCE, R L.DAD, % X LDAD
REM - NUMBER OF FOLLOWING LADDER TOFOLOGY LINES
REM — LIST#1, MULL BR, DUMMY Q, NAME
sL2 M ¢ REM — LIST#2, INDUCTOR, INFINITE @, NaME
L,C3Z F 3 REM — LIST#I, CAFACITOR, INFINITE 0, NAME

REM — LIST#4, INDUC (PARALLEL)Y, INF Q, NAME
REM - LIST#35, CAPAC (PARALLEL), INF 8, NAME
REM - LIST#6, CAPACITOR, INFINITE @, NAME

Oy
L159155,8,1 1

o]

31,0

IOCCOrZe

B = »

L3
[}

o)

y 0, G,0,

JNULL1

[+]
r
-
I

+ CI F 3
R SOURCE

REM — LIST MUST END WITH SOURCE RESISTOR
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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
Admittance, 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 variable 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 formulia, 239, 241, 249

Bidiagonalization, Householder, 116
Bilinear:
form, vectors, 108
functions, complex, 373, 385
property of lingar 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
Canchy—Riemann condition, 325, 342, 365,
383

CDFP update formula, see Update formulas
Chain 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, 383, 386

465
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Complex (Continued)
linear update, 323, 330
rectangular-to-polar conversion, 384
variable identities, 325
Compound functions, differentiation of, 151
Computer-aided redesign, 219
Concave functions, 140
Condition number, 59, 60, 98, 119, 207
Conductance, 321, 386
Cone, convex polyhedral, 88, 154
Conformability, matrix, 50
Conic forms, 125
Conjugacy, 135, 241
Conjugate:
gradient method, 137, 160, 233
search directions, 133
Conjugation, 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
feasibie, 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, 111, 194, 210, 224

Damping factor, 235
Data eniry:
DATA statements and ASCI]I files, 43
target, 220, 221, 326, 328, 348
Davidenko’s method, 236
Decomposition, see Factorization
Dectement quality factor, 321

Definite nodal matrix, 324-326, 371
Degrees of freedom, 275
Del operator, 108, 158, 195, 244, 281
Del-squared operator, 195, 281
Derivative:

approximation, see Differences, finite

directional, 132

of complex function, 383

of composite functions, 151

exact, netwark response, 361-373

of explicit functions, 3

of inner product, 158

of step length with respect to LM parameter,

231

of zero- valued quantities, 365, 385
Determinant:

characteristic equation, 70

definition, 52, 35

geometnic interpretation, 63
DFP update formula, 240, 311
Diagonal, principal, 42
Diagonalization, matrix, 73
Differences:

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

385

projected into subspace, 282-284
Differential;

formula, 148

operator, 361, 365

voltage and current, 363, 367
Differential equation:

equivalent to optimization, 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, 270

simplex, 269
Dissipation, see Power, dissipated
Distributivity, 50, 51
Divided-differences, 236
Dixon’s theorem, 241
Demain, 73, 220
Dot product, see Inner product

Eccentricity, 24

Eigenproblem:
definition, 69
generalized, 80
propeities, 70




Eigenvalue:
in canonical form, 124
complex, 76
computation, 71
definition, 69
and ellipsoids, 125
inverse power method for smallest, 79
power method for largess, 77
related to singular values, 122, 158
shifted inverse power method, 79
of similar matrices, 74
Eigenvector:
definition, 69
domninant, 73
and elliposoids, 123
left, 71
Elimination:
direct, 273, 278, 308
Gaussian, 98
generalized constraints, 276, 306
nonlinear, 306
Ellipses, 124
Ellipsoid, 134, 167
Etror:
absolute, 28
backward analysis, 26
cancellation, 165
forward analyzis, 26
function, integral, 199
relative, 28
rounding, 20, 21, 68, 259
truncation, 22, 165
Euclidean space, 41
Excitation patterns for Tellegen’s derivatives,
367
Extrapolation:
at least-pth 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 averdetermined equations, 109
singular value, 115-122
Farka's lemma, 154, 155, 272
Feasible region, 231
Flag variable in BASIC, 188, 215, 231, 301
Fletcher’s quadratic ratio, 172, 206
Floating-point numbers, 20
Flow chart:
C4-1, NEWTON, 180-181
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C4-5, LEASTP, 212-213
C5-1, QNEWT, 263
C5-2, LINQUAD, 253
C5-3, LINCUBIC, 258
C5-8, MULTPEN, 302
C6-1, TWEAKNET, 331
cutback line search, 250
iterative process, 13
ladder analysis, 333
Frequency:
complex, 319
real, 319, 321
scan in TWEAKNET, 336, 340, 350,
351
Frobenius norm, 59
Function:
barrier penalty, 293
basis, 111, 114, 193
complex, identities, 323
concave, 141
continuous, 10, 140
convex, 140, 141, 254, 310
implicit, 4. See also Implicit function
theorem
Lagrangian, see Lagrangian function
line, 49, 130
natwork:
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

Gausgian 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
prajected, 133
projection method, 191, 282
quadratic function, 129
Gram-Schmidt orthogonalization procedure,
64-69, 74, 109
Graph, network, 322, 360
GRG, 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

Illiconditioned matrix, 59, 200, 207
Hliconditioning:

conjugate gradient method, 138

linear equations, 23, 25
Immittance, 316
impedance:

applications, 320, 328, 335

branch, 342 ‘

definition, 318

mapping, 376

matrix, 325, 366
Impiicit 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, 154
Invariance: '

elliptic norm, 311

property of Newton methods, 242, 245
scale in Newton searches, 244
subspace, 69
Inverse, generalized:
full rank, 1
identities, 121
orthogonal decomposition, 109
SVD, 120
see also Matrix, inverse
Inverse barrier penalty function, 312
Iteration, 134
[terative process:
comparison, 27
definition, 14
flow chart, 15
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~Tucker constraint 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
lingar, 97, 110, 118, 158
nonlinear, 11, 191, 197
weighted, 112, 120, 197, 225
Legendre polynomials, 201
Level curves, see Contours
Levenberg- Marquardt method, 173, 196,
204, 211
parameter adjustment, 174--178, 204207,
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, 111, 112, 158, 166, 167
operators, 95
regression, 110
system, 317
transformations, complex, 373
of variables, see Transformation, of
variables
Linearized constraints, 310
Line search:
coneept, 49, 130, 131, 249
cubic interpolation, 256-259
cutback strategy, 248-250
quadratic fupction, 131, 245
quadratic interpolation, 251-256
in SQP method, 309
LLS, see Least-squares, linear
LM, see Levenberg—Marguardt 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, 81
column vectors in, 43, 62, 165
companion, 94
definition, 42
deflation, 76
design, 112
determinant, 52, 55, 63
diagnoal, 42, 43
equality, 48
Hessian, 5, 129, 144, 164, 198
Hilbert, 200, 387, 388
Householder, 81, 93
idempotent, 90
impedence, 325, 368, 371
inverse:
generalized, 91, 109, 120
by partitioning, 55, 93
square, 51, 53--55
Jacobian, 145, 147, 195, 207, 208, 215,
283, 340
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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, 102, 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, 8!
Vandermonde, 114, 224
weighting, 114, 120, 198
zero, 42
Maxima and minima:
concept, 5, 10
constrained, 4, 150, 155, 156
cubic line function, 259
global, 141, 184
in Lagrange method, 152, 271, 298
local, 141
necessary and sufficient conditions, 274
of quadratic line function, 252
Mechanical analogies of electrical quantities,
319
Menu, command:
C2-1, MATRIX, 44
C4-1, NEWTON, 182
C3-1, QNEWT, 261
C6-1, TWEAKNET, 337

concept, 44
Metric, 161, 380
Minimax:

constrained, 150, 155, 162
definition, 12, 222

equivalent formulations, 12, 225, 226
location of quadratic function, 129
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Model:
finear mathematical, 111, 112, 158
linear Taylor series, 166, 167
nonlinear mathematical, 192, 230
quadratic, 173, 243, 280
Monotone weighting functions, 379
Multipfier penalty function, 291, 293
Multiplier penalty method, 300, 329
Multipliers, Lagrange, 151, 152, 156, 271,
274, 279, 299
sensitivity interpretation, 133, 272, 314

Neighborhood:
arithmetic and geometric, 377
concept, 7
ellipscidal, 167
hypersphere, 166
trust, 170, 173
Nelder 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
ladder, 322
lowpass elliptic, 334
optimization conditioning, 344
ports, 323, 362, 367
reciprocal, 367, 368
topology, 323, 337, 346
transfer function, 341
Newton poimt, 144, 171
Newton~Raphson search method, 144, 227,
234, 295
Newton step, 144, 188, 196, 244, 249, 281,
309
Nodal matrix method of network 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, 115
vector p-norms, §7, 222

Normal equations, 110, 197-199, 207
Normal modes, 69

Normal vector, 86, 272

Null column space, 62, 277, 278, 282

Objective function:
Bandler’s least-pri, 225
concept, 1
isometric surface, 2
least-pth, 12, 198, 327
least-squares, 11
level curves, 3
minimax, 12, 222
surfaces, 2
Offset vector in multiplier penalty function,
294, 298, 299
Ohm’s law, 320, 325
Open circuit, 329
Optimization:
concept, 1,4
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, 103, 158, 238
Overdetermined system of equations, 97, 107,
109, 110 -
Overflow, 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
Poincaré metric, 380
Polyhedron, 88




Polynomial interpolation, 224
Polynomials:
Chebyshev, 200, 220, 229
exirapolation, 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:
C2-1, 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, 51
C3-1, LUFAC, 100
C3-2, LDLTFAC, 104
C3.3, SVD, 116
C3-4, LAGRANGE, 152
C4-1, 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
Cd4-8, SARGESON, 219
C4-9, CHERY, 220
C5-1, QNEWT, 259
C5-2, LINQUAD, 254, 268
C5-3, LINCUBIC, 259, 268
C5-4, QNEWTGRD, 268
Cs5-5, CAMEL, 286
C5-6, BOXMIN, 290
C5-7, PAV17, 290
C5-8, MULTPEN, 300
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C5-9, HIM360, 303
C5-10, LOOT356, 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, T4-75
Quadratic:
spproximation, 5, 6, 143
factor by Fletcher, 172, 206
function, 128, 136, 251
maodel, 173, 280
programming, 273, 309
slack variable, 161, 283
termination, 133, 234
Quadratic form:
computation of, 168
cross terms, 124
definition, 82, 109, 124
gradient of, 109
Quadrature, Chebyshev equal weights, 229,
See also Integration
Quality factor, 321, 335, 365
Quasi-Newton:
algotithm, 236
condition, 237, 240
in SQP method, 310
updates, 238

Radius, trust, 170
Ramp, piecewise-linear, 112
Range, see Column space
Rank:
annihilation method, 56
column, fuli, 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 error, 28
Repeated substitution, 1618, 39
Replacement operation in programming, 14
Residual:
constrained network optimization, 328
definition, 11, 111
saving during computation, 219
vegtor, 108, 193
Resistance, 319
Reversal rule:
inverse products, 52
transposed products, 50
RL.C network, 316, 356
Robust response functions, 372
Root-mean-square value, 209, 211, 313
Rosenbrock test function, 184, 188, 194, 196,
214, 216, 267, 268
Rounding errors, 20, 21, 68, 259

Saddle point, 37, 126
Sampled network response, 329
Sample points, unevenly spaced, 201
Sample space, 10, 111, 192
Sampling strategy, 199
Scalar product, see Inner product
Scaling:
constraint functions, 305
convergence effects, 28
frequency, network, 338
funciional effects, 38, 382
impedance, network, 339
implicit in LM method, 207
matrix, 119, 120
units, network elements, 36, 344
variables, 9, 242, 247
Scaling network:
elements, 242
frequency, 338
impedance, 339
voltages and currents, 323
Schwarz inequatity, 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
Simpsog’s rule, 201
Singular value decomposition:
definition, 115
Gauss—Newton step, 207
for generalized inverse, 120
geometric properties, 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
ulility programs, 32
versions used, 32, 305
Source:
maximum power available, 328
resistance, 332
as variable, 345, 348
Space:
columa, 62
sample, 10, 111, 192
vector, 93
Span, 62,110
Spectral decomposition, 70, 95, 134, 176
Spectral norm, 59, 75, 115
SQP method, see Sequential quadratic
programming method
Square system of linear equations, 97
SRI formula, see Update formulas, symmetric
rank 1 formula
Stability of algarithm, 23
Standing-wave ratic 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, 30i

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

unconstrained, 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, ree Standing-wave ratio function

Target data, see Data entry, target
Taylor series:
multivariable, 143, 166, 173, 206
single variable, 19, 38, 141
Tellegen’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, 3G5
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
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Transducer function:
complex, 364
definidon, 328, 379
optimized, 352, 355
partial derivatives, 37}
peaks, 329
Transform, z, 320
Transformation:
diagonalizing, 73, 136
domain, 73
clementary, 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 form, 82
of variables, 203, 208, 209, 246, 247, 277,
k}:3}
Transposition, 41
Trapezoidal rule, 200
Truncation error, 22
Trust radius, 170, 185, 187, 310
Tuming point, 206, 249
TWEAKNET:
bounds, lower and upper variable, 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, 3435
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 formulas:
complex [inear, 323, 330
direct, 239
dual, 240
families of quasi-Newton, 238-241
inverse, 177, 240
matrix, 56, 94, 105, 238-242
rank 1, 94, 105
rank 2, 239
symmetric rank | formula, 238
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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

norms, 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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This book provides the programs
and theory for these methods and
introduces new ways to select and
emphasize design objectives, espe-
ciaily for etectrical networks and their
analogues.

About the author

Thomas R. Cuthbert, Jr. is Direc-
tor of Signal Processing for Rockwell
international in Richardson, Texas,
and a registered Professional Engi-
neer. A member of the Institute of
Electrical and Electronics Engineers
and Tau Beta Pi, Dr. Cuthbert re-
ceived his PhD in Electrical Engi-
neering from Southern Methodist
University in 1980 and previously
studied at Georgia Tech and M.IT He
is also the author of Circuit Design
Using Personal Computers, which
was published by John Wiley & Sons
in 1983,

Of related interest...

CIRCUIT DESIGN USING PERSONAL COMPUTERS
Thomas R. Cuthbert, Jr

This practical guide to designing electronic circuits using small computers
and programmable calculators makes it easy toimplement both classical and
direct-coupled filter and impedance-matching networks. It uses the interac-
tion between circuit designer and computer to clarify numerical methods,
design techniques, and fundamental concepts. It also shows how to produce
useful answers quickly, while developing a feel for the procedure and obtain-
ing insight into fundamental processes—such as the way filters can be made
to absorb rather than reflect unwanted energy. The network and amplifier
design methods presented in the book are supported by 17 programs in
reverse Polish notation (RPN) for Hewlett-Packard HP-67, -97, and -41C hand-
held, programmable calculators and 28 programs in Microsoft® BASIC lan-
guage for PET IBM-PC® and similar desktop computers.
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