v A& v a
niNdoD Ny

Athans, M., and P. L. Falb, Optimal Control : An Introduction to the

Theory and Its Application, McGraw-Hill, New York, 1964,

Athans, M., and F. C. Schweppe, "Gradient Matrices and Matrix Calcula-
tions," Technical Report TN 1965-63, Lincoln Eab., MIT.;
Lexington, 1965.

Athans, M., "The Matrix Minimum Principle," Inform. Contr., 11, 592-

606, 1967,

Athans, M., "The Role and Use of the Stochastic Linear-Quadratic-
Gaussian Problem in Control System Design," I1EEE Trans. on AC . ,
16(6), 529-552, December 1971.

Anderson, B.D.O., and J. B. Moore, Linear Optimal Control, Prentice-
Hall, New Jersey, 1971.

Bartels, R.H., and G.W. Stewart, "Solution of the Equation AX + XB = @Q

 (Algorithm 432)," Commun. Ass. Comput. Mach., 15, 820-826,

1972,
Bengiamin, N. M., and W. C. Chan, "Multilevel Load-Frequency Control
. of Interconnected Power Systems," Proc. 1EE, 125(6), 521-526,
June 1978.

Bengtsson, G., and S. Lindahl, "A Design Scheme for Incomplete State
or Output Feedback with Application to Boiler and Power System
Control," Automatica, 10, 15-30, 1974.

Basar, T., "On the Relative Leadership Property of Stackelberg Stra-
tegies," JOTA., 11(6), 655-661, 1973.

Calovic, M.S., "Dynamic State-Space Models of Electric Power Systems,"

Departments of Electrical and Mechanical Engineering Report,



94

University of Illinois, Urbana, 1971.
Calovic, M. S., "Linear Regulator Design for a Load and Frequenéy

Control," IEEE Trans. on PAS., 91,. 2271-2285, 1972,

Calovic, M. 8., 8. P. Bingulac, and N. M. Cuk, "An Output Feedback
Proportional-Plus-Integral Regulator for Automatic Generation
Control," IEEE PES Summer Meeting, Paper No. C73-489-2,
Vancouver, Canada, July 1973.

Calovic, M. S., N. M. Cuk, and M. Djorovic, "Autonomous Area Genera-
tion Control of Interconnected Power Systems," Proc. IEE,
124(4), 393-402, April 1977.

Chen, C. I., and J. B. Cruz, Jr., "Stackelberg Strategies of Two-
Person Games with Biased Information Patterns," IEEE Trans.

on AC., 17, 791-798, 1972,

Chen, C, T., Linear System Theory and Design, Holt Rinehart & Winston,

| New York, 1984.

Choi, S. 8., and Hi R, Sirisena, '"Computation of Optimal Output
Feedback Gains for Linear Multivariable Systems," IEEE Trans.
on AC., 19, 257-258, June 1974.

Cohn, N., Control of Generation and Power Flow on Interconnected

Systems, John Wiley, New York, 1966.

Cruz, J. B, Jr., "Leader-Follower Strategies for Multilevel Systems,"

1EEE Trans. on AC., 23, 244-258, April 1978,

Davison, E. J., "The Robust Decentralized Control of General Servo-
mechamism Problem," IEEE Trans. on AC., 21, 14-24, 1976.
Davison, E. J., and N. K. Tripathi, "The Optim#l Decentralized Control
of a Large Power System: Load and Frequency Control,"
IEEE Trans. on AC., 23, 312-325, 1978,

Elgerd, 0. I., and C. E. Fosha, Jr., "Optimum Megawatt-Frequency



Control of Multiarea Electric Energy System," IEEE Trans. on

PAS, 89(4), 556-563, April 1970.

 Elgerd, O. I., Electric Energy Systems Theory : An Introduction,
McGraw-Hill, New York, 2nd edition, 1982,

Ermer, E.M., "Output Feedback Gains for a Class of Stochastic Control
Problems," Ph.D. Dissertation, The Johns Hopkins University,
1972.

Ermer, E. M., and V. D. Vandelinde, "Output Feedback Gain for a Linear

Discrete Stochastic Control Problem," IEEE Trans. on AC., 18,

1564-157, 1973.
Fosha, C. E. Jr., and O. I. Elgerd, "The Megawatt-Frequency Control
Problem : A New Approach via Optimal Control Theory," ‘1EEE

Trans. on PAS., 89(4), 563-571, April 1970.

Gardner, B.F. Jr., and J. B. Cruz, Jr., "Feedback Sfﬁckelberg Strate-

gies for a Two-Player Game," IEEE Trans. on AC., 22, 270-2171,

April 1977.
Gardner, B. F. Jr., and J. B. Cruz, Jr., "Feedback Stackelberg Strate-

gies for M-Level Hierarchical Games," IEEE Trans. on AC, , 28,

489-491, June 1978.
‘Glankwamdee, S., and J. B. Cruz, Jr., "Decentralized Stackelberg
Strategies for Interconnected Stochastic Dynamic Systems,"

Proc. of 7th Triennial World Congress of IFAC. (Niemi, &%

B. Wahlstrom, and J. Virkkunen, eds.), pp.1017-1023, Helsinki,
Finland, 12-16 June 1978.
Glankwamdee, S., "Two-Level Coordination for Automatic Generation

Control of Interconnected Power Systems," Pfoc. of the Inter-

national Conference of Industrial Systems Engineering and

Management in Developing Countries, pp. 737-744, Bangkok,




Thailand, 3-6 November 1980.
Grad, J., and M. A. Brebner, "Algorithm 343 : Eigenvalues and Eigen-

vectors of a Real General Matrix (F2)," Commum. Ass. Comput.

Mach., 11, 820-826, 1968.

Horisberger, H. P., and P. R. Belanger, "Solution of the Optimal
Constant Output Feedback Problems by Conjugate Gradients,"

IEEE Trans. on AC., 19, 434-435, August 1974.

Jacoby, S.L.8., J. 8. Kawalik, and J. T. Pizzo, Iterative Methods for

Nonlinear Optimization Problenms, Prentice-Hall, New Jersey,

1972,

Jamshidi, M., Large-Scale Systems : Mode;ing and Control, North-

Holland, U.S.A., 1983.

Kavin, R. K., M.C. Budge, and P. Rasmussen, "An Optimal Linear Systems

Approach to Load-Frequency Control," IEEE Trans. on PAS., 90,

2472-2482, 1971.

Kleinman, D. L., "On an Iterative Technique for Riccati Equation
Computation," IEEE Trans. on AC., 13(1), 114-115, February
1968a.

Kleinman, D. L., and M. Athans, "The Design of Suboptimal Linear Time-
Varying Systems," IEEE Trans. on AC., 13(2), 150-158, April
1968b.

Kleinman, D. L., T. Fortmann, and M. Athans, "On the Design of Linear
Systems with Piecewise-Constant Feedbgck Gains," IEEE Trans.
on AC., 13(4), 354-361, August 1968c.

Kleinman, D. L., "An Easy Way to Stabilize a Linear Control System,"
IEEE Trans. on AC., 15(5), 692, December 1970.

Knapp, C. H., and S. Basuthakur, "On Optimal Output Feedback," IEEE

Trans. on AC., 17(6), 823-825, December 1972.

96



Kosut, R. L., "Suboptimal Control of Linear Time-Invariant Systems
Subject to Control Structure Constraints," IEEE Trans. on AC.,
15(6), 557-563, December 1970.

Kurtaran, B., "Optimal Instanteneous Output-Feedback Controllers for

Linear Stochastic Systems," Int. J. Control, 19(4), 797-816,

1974,

Kwakernaak, H., and R. Sivan, Linear Optimal Control Systems, John

Wiley, New York, 1972.
Levine, W. S., and M. Athans, "On the Determination of the Optimal
Constant Output Feedback Gains for Linear Multivariable

Systems," IEEE Trans. on AC., 15, 44-48, February 1970.

Levine, W. S., T. L. Johnson, and M. Athans, "Optimal Limited State

Variable Feedback Controllers for Linear Systems," IEEE

»

Trans. on AC., 16, 785-793, December 1971.

Luenburger, b. G., "Observers for Multivariable Systems," IEEE Trans.

on AC., 11(2), 190-197, April 1966.

McLane, P., "Linear Optimal Stochastic Control Using Instanteneous
Output Feedback," Int. J. Control, 13(2), 383-396, 1971.

Meditch, J. S., Stochastic Optimal Linear Estimation and Control,

McGraw-Hill, New York, 1969.

Mendel, J. M., "A Concise Derivation of Optimal Constant Limited State

Feedback Gains," IEEE Trans. on AC., 19, 447-448, 1974.
Miniesy, S. M., and E. V. Bohn, "Two—Levél Contpol of Interconnected

Power Plants," IEEE Trans. on PAS., 90, 2742-2748, 1971.
Miniesy, S. M., and E. V. Bohn, "Optimum Load-Frequency Continuous

Control with Unknown Deterministic Power Demand," IEEE Trans.

Quazza, G. "Noninteracting Controls of Interconnected Electric Power



98

Systems," IEEE Trans. on PAS., 85, 727-741, 1966.

Saksena, V. R., J. B. Cruz, Jr., W. R. Perkins, and T. Basar, "Inform-
ation Induced Multimodel Solutions in Multiple Decisionmaker
Problems," IEEE TRans. on AC., 28(6), 716—728; June 1983.

Sandell, N. R. Jr., P. Varaiya, M. Athans, and M. G. Safonov, "Survey
of Decentralized Control Methods for Large Scale Systems,"

IEEE Trans. on AC., 23, 108-128, 1978.

Simaan, M. and J. B. Cruz, Jr., "Stackelberg Solution for Games with

Many Players," IEEE Trans. on AC., 18, 322-324, 1973.

Singh, M., Decentralized Control, North-Holland, The Netherlands,

1981.

Smith, B. T., J. M. Boyle, J. J, Dongara, B.S. Garbow, Y. Ikebe,

V. C. Klema, and C. B. Moler, Matrix Eigensystem Routines -

EISPACK Guide, Springer-Verlag, Germany, 2nd edition, 1976.

Starr, A. W., "Nonzero-sum Differential Games: Concepts and Models,"
Technical Report No. 590, Division of Engineering and Applied
" Physics, Harvard University, June 1969.
Walsh, P.M., "On Symmetric Matrices and the Matrix Minimum Principle,"

IEEE Trans. on AC., 22 (6), 995-996, December 1977.

Walsh., P. M. and J. B. Cruz Jr., "An Example of the Impact of Infor-
mation Structure on Decentralized Multicriterion Control

Structure," IEEE Trans. on AC., 24, 978-800, December 1979.

Venkateswarlu, K., and A. K. Mahalanabis, "Design of Decentralized
Load-Frequency Regulators,'" Proc. IEE, 124 (9), 817-820,

September 1977.






MaWuIN N,
TUIARTEUU LFC 9DN5E UL ITHHINIAYFDN L UaN | Soniennu

a : o P l’og
NIARSEUY LEC ¥a¥58 UUIRNINIAN DY L UANE IIns 1 inus atubnRo AUy
L 7 IR
¢ MAAWYDN Calovie (1972,1973,1977) UARE (UYAUSENDUAILMINUWNIANANUINN WY
AP v ) v
UAS WUNAANRY TDMIMININY  MNERAANAN 10U | ASDYINTHAN 101INUY reheat
a v o @ 4 l’d'uuAd.o w ’é’un (4
BOUEAN1IWTUR .1 ANLIDS LUDSNAYNU L ATDN AINTHAY 1DHIAINAIT L UUIUY
3 : ' ' o u‘,ﬁ (V) ug
accelerotachometric %vuaﬂv13ﬂuguﬁ 2.4 S UMDUNAANAYEN L UUTSV NS AN 1
d’ad’u“gu v o (Y ' (a'u.u‘
Ml Bouin INUINAV AR I WGUR N2 ANOIDT LM SHEANMITMILY transient
& 1% o o ¥ o w ' F i =
speed-droop BUAMIIWSUN 2.5 ANIMSE ULIWNAIANUARE LYATN (UMTT INTHAN
v v [
0 W [ o ' o 0 ' (AN T RO
SEMIN WA UIURE WAY 10U tnqwantﬁanﬁutnauavuuquwaﬂunazuu1u;Uuﬁuﬂwvnaﬁa
uz & da oy (Y]
A0 199NN HDYUUU L UUNBeN g N IUAMS 2 UPTHIAN A Y SIURE LDUAYDY TN LAR
' ’ @ P (3 '4
ARDATUFNNISHNIUE YDV FIUUSENDUAN. & TUSEULIWHINAN DN 18U NW17D9 L1aS ,
R a o o I3 € v v D
(151U, LATONNIHATWNY L UUAY AUMIASIN Calovic (1971)
o u' W [ [
MYIAFNIRF IO WA L DN INFYYILUIALEN T8 LARYDN 58 UUTHINAAY
d'd' w w u& ¥l N R e o CENEN SRS UNORE e
HOV LYAN L BBNILNNUAIY | H1UL TONADAMS UL S BB UIUHNANS SNYDN TE UUSE NI NN AN
o PR e e 0 o © ' 4 v &
MNAMNTANNIN WL DML BN LAUTBUAAINMUNR  FuusYaNSEUUIA N 9 gDy
a PN W 3&' 'vu [ ' [
PIUUSDUAS LUUNA (incremental variable) nvauuazﬂuﬁﬁmauusqnm1ﬂ§nu1utUu

v v

€ o w o o o [
anﬁgumﬂqau 1Nlﬂﬂﬂqnaquﬂﬂu1ﬁluu

x(t) = Ax(t) + Bu(t) + Ez(t) (n.1)
WEN  x(t) = [x1T(t), AP12, x2T(t)]T IUMADIMEVONSEULTNUNANR 17
xi(t) =" [aar, Apt1, Apt2, Aptad, Aau, Aq, ALY, i=1,2

& ' Ry
lUuNﬂWuzUﬂﬂﬁ%UU1Nﬁ1uﬂﬂ%IUWNW 8
[ o 0o w o 8 '
APi12(t) lUNﬂ77lUU1lUMUﬂﬂﬂﬂﬂQ??ﬂqulgulgﬂuﬂa
u(t) = [Afmr1, Afun1i, AfmT2, Afmu2]T

3 13 ' o D oo
tuulqnlﬂﬂﬁﬂ?UQNUUQMu?ﬂ“ﬂﬂﬂﬂ“”ﬂ“ﬂ 4



o, &

101

z(t) = [APL1, APL2]T
& I [ 4 o a (3 oo
LUMLIN1ADTNNS L URYUILUAN U0 THANANITUATN MNANR 2
Y] &€ o o o o i a0 [ ¢ o 3 o o
MUUSENNTS (N.1) 1Uum1uUﬁauﬂstuuna%quuu1utUutUasguwnquumimuuﬁwasunu
] ‘ ¥
AAUAIS NN N, 1 ﬂuunaz1vmuuauwaﬂnqnumgnﬂuuquﬁqumdnuuqutvmuaqmvzﬂuanu
mwuuéhnwsvavnvsnauqu%auﬁuﬂutvm (area-control concept) 51u1uﬁduUanuqu
g N s o
YDISEUUMNMNATURNNIS (N.1) ARRNNTINRD LNINUIIUYDY L YAYN NNA ZRLRITIY

YOV LUADBUNY1AAIEINNIS

u(t) = Yyw(t) . (n.2)

o . [J 3 » :l’ oo
Wl w(t) = [ owi(t), wa(t) 17 1UMIINIADIAIUANYDN LYANMNA §iR 2
& a ¢ w oo
- lUul“W?ﬂﬁﬂﬂﬂﬂjﬁuuﬂquﬂunjsﬂQUﬂN e 4 x 2

tﬁaﬂuszuuﬁnwiﬂéﬁuﬁngavav ACE #0 Mz 12955 UL | Rastutdun
v(t) = ACE = Dx(t) (n.3)
iuh v(t) = [ vi, vz 1T iDwianimotsuindavoy AcE §iR 2
SE UL UAaE LYAENNS TAgNT) .
yi = Cix (n.4)
‘mzr?ln vi = [aPri, OAPui, Afi, AP12, 91]T
Pra  1UMBUAS LNMAUSONAS TN L UEN AU 0DNYDY L NaTIUNNE o1
Wiwah §
Pus  1DMBUAS LanTans 1 Doy (unwae R pRanaY na Y TUIE T
Wiah i

a € ] fd ' d'
LNASNEAN 1 WUFNNTS (N.1)=(N.4) ARDAIUAINIRYAN 9 uﬂn01%ﬂuEUn n.3



102

g AOIPEREMI R eeronp ko st s e vy A S
Frer e e CROSSOVER PIPING )
| | | = |
| | Rl EL.
KA E'] NETWORK
HP 1P [
STEAM .
PIPING TURBINE 'rw
[L=:>a==q Thp Te TURBINE
FUEL STEAM (i?ANLLRE()SL [~ EL. GENERATOR
T BOILER REHEAT
AIR _— —=—<*A STOP
RRLLN REHEATING VALVE
-~ CONDENSER i COOLING WATER
pro————
PLANT FOR REHEAT :
TRVATER . |FEED WATER  INLET PiPING
il COND. WATER

TADDIT. WATER

] v L1
SUN N 1 T9NNTHITOUIUUY reheat
] y

N 2NN \\‘\\,
l x ’
<i <
3 ~

x
8

Legend:

-~ Generator i = Exciter

~ Storage Reservoir u = Voltage Regulator
- Penstock

- EL Network

~ Intake Tunnel

- Surge~Tank

~ Turbine Governor

Hydraulic Turbine

- <OO0 TO

i o v o : o 3 g
‘EUVI N2 ‘i‘i‘l‘)ﬂﬁ?la\lu'lllUUlﬁﬂuﬂﬂlﬂUlﬂ



103

A = |m 0 -m ) b =439 0 {
0 ! 0.321 Az 0 B2
[
E; O By o 0
E = 0 0 3 D = -0 S D )
2
8 B
Cc 0 0 0 0 c 0 0 0 0
01-01ooo,c?~=01ooo,
0 0 0 1 0 0 0 0 0 1
0.2 ; ~4.0 ]
4.75 5.0
0.1667 -0.1667
%N\ -2.0
~0.08 -~ -0.0747 -0.112 -3.9944 10.0 -0.928 -9.1011
A = 0.2 -0.50-
1.3194 -1.3889 -0.2778
0.01 ' 0.0083 0.014 -0.0832 0.1160 -o.nzﬂ
’_-0.2 , 4.0 )
4.75 -5.0
0.1667 -0.1667
2.0  -2.0
=0.10  -0.0833 -0.14 -4.096 10.0 -0.7422 -9.1079
Ay = 0.2 -0.50
1.3194 ~1.3889 -0.2778
0.0125 0.0117 0.0175 -0.0506 0.0928 ~0.1115 |
By=B,= [4 0 0 0 0 0 0 0]
0 0 0 0 10 0 0 0
0 0.30 0.28 o0.42 . 0 0
e =_lo 0 0 0 -1.52 0 2.78 0.217
0 0 0 0 0 0 0 1
Ey=Ey= [0 0 0 00.6667 o 0 -.0833 )T
Dyj=Dy= [0 0 0 .9 0 0 10 ]
» ¥t 0 0 0 0 0 0 22.2144 )
~ =

821=812-21=E2 3 o =1.0

1 . a 6.
?;Uﬁ .3 llﬂﬂ‘lﬂ’]ﬂﬂ‘ll“ﬂﬁ'ﬂﬁﬂ']\l 9 UNWIARSEUU LFC



1 symbol description
Har " the incremental steam turbine valve opening in p.u.
Apt1 the incremental high—preséure output of steam turbine
in p.u.
Apt2 the incremental intermediate-pressure output of steam
turbine in p.u.
_Apt3 the incremental low-pressure output of steam turbine
in p.d.
Aay the incremental hydroturbine gate‘opening 10 Pials
Av the incremental dashpot piston position realative to
the lever of permanent speed droop of hydroturbine
governor in p.u.
Aq the incremental hydroturbine flow in p.u.
_Af the frequency deviation in p.u.
-AP12 the incremental tie-line power flow in p.u.
AfmT the incremental steam unit control input in p.u.
AfmH the incremental hydrounit control input in p.u.
APL the incremental area-load demand or area-load
disturbance in p.u
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c PROGRAMME LISTING WRITTEN BY SUCHIN ARUNSAWATWONG, 12 MARCH 1788.

C PROGRAMME LISTING WRITTEMN BY SUCHIN ARUNSAWATWONG. 12 MARGCH 19E8.
c

c ———————————

C M. Eng THESIS TITLED

c "DECENTRALIZED LOAD-FREGUENCY CONTROL OF =Z-AREA

c POWER SYSTEMS VIA OUTPUT FEEDBACK"

50 s o o

PROGRAM MAIN

IMPLICIT INTEGER#2 (I-N)

REAL%*4 A(17,17),B(17,4),F(17,2),D(2,17), RP(2, 17), RI(Z, 2},
5 ;

k2 R(2,2),NU(4,2),A1(19,19),B1(19,2),
& BMU(17,2),F1(192,2), X0(19),
%, DT :
REAL#4 AC(19,19), GRAD1(5), GRAD2(35}),FF1(3},.FF2(3),C1(3, 17}
& 1 C2(5, 19)
REAL#4 U1(361),U2(361),U3(361),RR(192),RI(17}
€ REAL#4 ULl(361),U2(361),U3(3461),RR(12},RIC19),G(1F,17F)

INTEGER*2 N.L.M, K, IND, IPOINT
INTEGER*4  INN
REAL %8 EPS, DFX
REAL*#8 DA(1%,19),DB(19,:2),DC1(3,19},DC2(5, 17}, R1.,R2
Cc REAL#8 DA(1%9,1%),DB(1%,2),DC1(5, 1%), DC2(5, 19?2, DR(1%2, 179}, R1,R2
REAL#8 DAC(19,19),K0(1%, 12}, K1(19,19),L1(19,19},DF1(3), CF2(3}
REAL#8 DGRAD1(5), DEGRAD2(5), J1,J2,Q1(1%,17),G2(19, 19}
REAL*B C13(3,19), C23(3, 19}
INTEGER®2 LIMIT, IN, IM1i, IM2, IR1, IR2, IR13, IR22

IND = 1.
N=17
M=4

=2

L=2

IN
IM1
IM2
IR13
IR23
IRL = S

IR2 = 5
C*********************************************************#**
CALL DEFINE(A, B, D: F\ NU, G, R. No L, M) K)

CALL PRINTMAT(A, 17,17)

CALL PRINTMAT(B, 17, 4)

CALL PRINTMAT(D, 2, 17)

CALL PRINTMAT(F,17,2)

CALL PRINTMAT(G, 19, 19).

CALL PRINTMAT(R,2,2)

CALL PRINTMAT(NU, 4, 2)

18

i

1
3
3

o

CHECK EIGENVALUES OF A

OOGOOGO00Nn !

CALL EGVP(A, 17,RR,RI, IND)

WRITE(%*,3%#)‘ EIGEN OF A’

CALL PRINTMAT(RR, 17,1)

CALL PRINTMAT(RI, 17,1) :

CALL GMPRD(B, NU, BNU, 17, 4, 2) /¥ FIND BNU #/
CALL SCLAWI1,0.0,17,2,0) /# Ul = [Q117X2 *#/
CALL SCLAWZ,0.0, 2,2,0) /¥ ua2 = [01 2X=2 */
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CALL JOINCA, UL, D, U2, N, N, L, Ly AL) /¥ FORM Al
CALL RTIE(BNU,U2,B1,M, L,0,0,L} R < FORM B1
CALL PRINTMAT(AL, 19,19}
CALL PRINTMAT(B1,19,2 )
. CALL PRINTMAT(BNU, 17,2}

CALL DEFINE_H(C1,C2, IR1, IR2)
CALL DFINEC3( C13,C23, IR13, IR23 )
WRITE(#, %) A-closed loop = A — BIF1Cl1 - B2F2C2°

WRITE (%, #) ¢ INPUT FL = ., .7
READ (3, #) ( FF1(JJ), JJ=1, IR1)
WRITE(®, #)’/ INPUT F2 = ... "*

READ (#, #} ( FF2(JJ), JJ=1, IR2)

#/
=/

WRITE(#, %) * AREA#1 OR AREA#2 IS THE LEADER 7 CHOOSE (1) OR (2)°

READ(#, #) ICHOOSE

CHECK INITIAL GUESS
IF ( ICHOOSE. EQ. 1) THEN

CALL GMPRD(FF1,C1,Ul, IM1, IRL, IM)
CALL GMPRD(B1, U1, U2, IN, IM1, IN)
CALL GMSUB (AL, U2, AC, IN, IN)

CALL SINGTRAN(C23, U3, IR23, IN)

CALL GMPRD(FF2, U3, U1, IM2, IR23, IN}
CALL GMPRD(B1(1,2),U1,U2, IN, IM2, IN)
CALL GMSUB(AC, U2, AC, IN, IN)

ELSE

CALL SINGTRAN(C13,U3, IR13, IN)

- CALL GMPRD(FF1,U3, UL, IML, IR13, IN)
CALL GMPRD(B1, Ui, U2, IN, IM1, IN)
CALL GMSUB (A1, U2, AC, IN, IN)
CALL GMPRD(FF2,C2, U1, IM2, IR2, IN)
CALL GMPRD(B1(1,2), U1, U2, IN, IM2, IN)
CALL GMSUB (AC, U2, AC, IN, IN)

END IF

CALL EGVP(AC, 19, RR, RI, IND)
DO 100 II=1, IN
WRITE(#, 101)RR(II),RICII}
FORMAT(2F15. &)
CONTINUE

WRITE (3, %)/ WAITING '! -

EPS = 1D-4

LIMIT = 200

CALL DBLETRAN( Al,DA, 19,19 )
CALL DBLETRAN( B1,DB, 19,2
CALL DBLETRAN(¢ Ci1,DC1,IR1,IN }
CaLL DBLETRAN( C2,DC2, IR2, IN )
CALL DBLETRAN( @, DQ@: 19,19 )
CALL DBLETRAN( FF1,DF1, IM1, IR1 )}
CALL DBLETRAN( FF2, DF2, IM2, IRZ )
R1 = 1.0DO

R2 = 1.0DO

IF ¢ ICHOOSE.EQ.1 )} THEN

CALL DEFINEQ(Q1, @2}
ELSE
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CALL DEFINQQA(Q1,Q2)
END IF

WRITE(#*, #)’'Ql = ’:Ql(B:B).Gl(?:?).Ql(17.17):61(18:18):@1(19;19)
WRITE(#*, %) 'Q2 = ';GZ(B:B):QE(?.?).GE(lT:17):@2(18.18):02(19,19)
WRITE(#, #)’ START RUN. .’ ‘

IF (¢ ICHOOSE.EQ.1 ) THEN
c AREA # 1 IS THE LEADER AND RECEIVES MORE INFGRMATICN
call STKDUT(DA.DB.DB(l:2).DC1'C23.GI;GE;R1:R2:D§C.HO.KI:LI:DFI,
% DF2:DGRADI.DGRADE}JIIJZ.EPS,LIMIT,IN:IMI:IHZ.IRI.IR23 }
ELSE )
AREA # 2 IS THE LEADER AND RECEIVES MORE INFORMATION

CALL STKDUT(DA,DB(l;2).DB:DCE:ClS.QZ;GI;RE:RI;DAC:KO.KI:LIIDFZ:
(2 DFI:DGRADZ.DGRADI:J2:J1:EP5,LIMIT,IN:IMZ»IHl:IRZ:IRlS }

a0

END IF
IE. € ICHODSE.EG.i ¥ THEN
WRITE(#, %)’ AREA # 1 IS THE LEADER AND RECEIVES MORE INFORMATION’
ELSE
WRITE(#, #)’ AREA # 2 IS THE LEADER AND RECEIVES MORE INFORMATIONS

END IF

Bl D 0ain o0 0

WRITE(#*, %)’ KO =

CALL DPRINTMAT(KO, 19: 19)
WRITE(#®, #)* K1 = *

CcALL DPRINTMAT(KL, 19,19}
WRITEC(#, #)‘ L1 =

CALL DPRINTMATC L1,19,19 )
WRITE(#, %)’ J2 = ,J2
WRITE(H*, #) % J1 = 7, J1
WRITE(#*, %)’ GRAD1 =’

CALL DPRINTMAT( DGRAD1,1, IR1 -}
WRITE(#, )’ GRAD2 =’

CALL DPRINTMAT( DGRAD2,1,IR2 ?
WRITE(®, #)‘ F1 = ‘

CALL DPRINTMAT( DF1,1,IR1 )}
WRITE(#*, %)/ F2 = '

CALL DPRINTMAT( DF2, 1. IR2 )

CALL SINGTRAN( DAC,AC, 19,19 )
CALL SINGTRAN( DF1,FF1, IMi, IR1 )
CaLL SINGTRAN( DF2, FF2, IM2, IR2 )
CALL SINGTRAN( DGRAD1, GRAD1, IM1i, IR1 )
CALL SINGTRAN( DGRAD2, GRAD2, IM2, IRZ )
CALL EGVP(AC, 12, RR, RI, IND)
DO 200 II=1,IN
WRITE(#, 201 )RR(II}, RICII)
201 FORMAT(2E17. 7)
200 CONTINUE :

IF ( ICHOOSE. EGQ. 1) THEN
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CALL GMPRD(FF1,C1,U1l, IM1, IR1, IN)
CALL GMPRD(B1,U1,U2, IN, IM1, IN}
CALL GMSUB(A1l, U2, AC, IN, IN)

c CALL SINGTRANCC23, U3, IR23, IN}
CalL GMPRD(FF2, U3, Ul, IM2, IR23, IN}
CALL GMPRD(B1(1,2),U1,U2, IN, IM2, IN}
CALL GMSUB(AC, U2, AC, IN, IN)

C
ELSE

c ! 4

c CALL SINGTRAN(C13, U3, IR13, IN)
CALL GMPRD(FF1,U3,Ul., IM1, IR13, IN)
CALL GMPRD(B1, U1, U2, IN, IM1, IN}
CALL GMSUB (A1, U2, AC, IN, IN)
CALL GMPRD(FF2, C2, U1, IM2, IR2: IN)
CALL GMPRD(B1(1,2),U1,U2, IN, IM2, IN)
CALL GMSUB(AC, U2, AC, IN, IM)

(o}

END IF
CALL EGVP( AC, 19,RR,RI, IND )
WRITE(#, #}* EIGCENVALUES OF A -B1F1C1 - B2F2C2°
DO 300 II=1,IN
WRITE(#, 301)RR(II)},RICII)
301 FORMAT(2E17.7)
300 CONTINUE

8STOP
END

SUBROUTINE PRINTMAT (A, IROW, ICOL)
IMPLICIT INTEGER#2 (I-N)

REAL*4 A(1)

INTEGER IROW, ICOL, I.d

C
C CAN BE USED UP TO ICOL=20
Cc
DO 10 I=1, IROW
WRITE(#, 100} ( ACI+(J~1)#IROW) , J=1,ICOL )
100 FORMAT(20E14. 5)
i0 CONTINUE
WRITE (3, %)
RETURN
END
SUEROUTINE DPRINTMAT(A, IROW, ICOL)
IMPLICIT INTEGER#2 (I-N)
REAL*B A(1)
INTEGER IROW, ICOL, I, J
Cc
C CAN BE USED UP TO ICOL=20
(o}
DO 10 I=1, IROW £
WRITE(3#, 100} ( ACI+(J-1)#IROW) , J=1, ICOL )
100 FORMAT (2CE14. 5)
10 CONTINUE
WRITE (3%, #)
RETURN

END
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SUBROUTINE DEFINEQ ( Q1.,Q2 )
REAL*8 Qi1(1),Q@2(1)

CALL DSCLA(QL1,0DO, 19,19:.0)
CALL DSCLA(@2,0D0, 19, 17,0}

Q1(141) = 1D0 % Fl */
Q1(161) = 0. D0 /% Ptie #/
Q1¢(341) = 1DO 7% L */
Q2(161) = 0. 5D0 /¥ Ptie #/
Q2(321) = 1DO J# Fa */
@2(361) = 1DO /% V2 */
RETURN

END

SUBROUTINE DEFINQGG ( Q1.,Q2 )
REAL#*8 Q1(1),Q2(1)

CALL DSCLA(Q1,0DO,19,1%,0)
CALL DSCLA(Q2, 0DO, 19,17, Q)

Q1(141) = 1DO /% F1 */
Q1(161) = 0. 5DO /¥ )Ptie "%/
Q@1(341) = 1DO /% V1 */
Q2(161) = 0. 3D0 /% Ptie #/
Q2(321) = 1DO /% F2 */
Q2(361) = 1DO /3 V2 */
RETURN

END

SUEROUTINE DEFINE(A, B.D,F, NU, @ R, N, L, M/ K}
IMPLICIT INTEGER#2 (I-N)

REAL*4 A(1),B(1),DC(1),FC1),NU(C1),Q(1),R(1),QQ
INTEGER#2 N, L,M K

-CALL SCLA(A ,0.0,N N 1 Q)
CaLL SCLA(B ,0.0,N M +0)
CALL SCLA(D »,0.0,L +N + Q)
CAaLL SCLA(F ,0.0.,N - R O
CaLL. SCLA(NU, 0.0, M L 1 Q)
- CALL SCLACQ , 0.0, (N+L), (N+L)» 0O)
CALL .SCLA(R ,0.0,L L 1 Q)
SET R
R(1) = 1
R(4) = 1
SET @
Qe = 1.0
G(141) = QA
Q(161) = Q@
Q(321) = Q@
Q(341) = Q@
Q(361) = QQ
SET NU
NUCL) = 0.4
NU(2) = 0.6
NU(7) = 0.8
NU(8) = 0.5
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PROGRAMME
SET F
F(S) = 0. 6666467
F(8) = -0, 083333
F(31)= 0. 6666467
F(34)= -0. 083333
SET D
D(15) = 10.0
DC17) = 1.0
DEIBY = =1.0
D(34) = 10.0
SET B
B(i) = 4.0
B(22) = 10.0
B(44) = 4.0
B(&3) = 10.0
SET A
A(l) = =-0.2
A(2) = 4,73
A(l?) = -5.0
A(20) = 0. 1666467
A(22) = -0.08
A(23) = 0.01
A(37) = =0. 166667
A(38) = 2.0
A(39) = -0.07466
A(42) = 0. 0093333
A(SD) = -2.0
A(S6) = —0.112
A(3%?) = 0.014
A(73) = -3. 9944
A(74) = 0.2
A(73) = 1.31944
A(76) = -0.063194
A(?0) = 10.0
A(?1) = -0.5
A(107)= -0.92778
CA(10%)= -1, 38889
A(110}= 0. 115972
A(120)= —-4.0
‘A(124)= -9.10111
A(lR26)= —0.27778
A(127)= —0. 112361
A(128)= 22. 21439
A(l41)= 0. 666667
A(144)= -0. 083333
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A(130)= =0, 666667
A(133)= 0.0832333

A(163)= -0.2
A(l&4)= 4.75

A(181)= =5.0
A(LB2)= 0. 1666467
A(lB4)= -0. 1
A(187)= 0.0125

&(199)= ~0. 166647
A(200)= 2.0

A(201)= -0. 093334
A(204)= 0.0116625

A(217)= =-2. 0
A(218)= -0. 14
A(221)= 0.0175 B

A(235)= —4, 09552
A(236)= 0.2
A(237)= 1.31944
A(238)= -0. 0505555

A(252)= 10.0
A(253)= -0. 5

A(26%)= —0. 7422224
A(271)= -1, 38689 '
A(272)= 0. 092776

A(281)= -22. 21439
A(282)= ~-4. 0
A(286)= -9. 107862
A(288)= -0. 27778
A(289)= —0. 1115167

RETURN
END

SUBROUTINE DEFINE_H(H1,H2, IR1, IR2)
IMPLICIT INTEGER#2 (I-N}

REAL#4 H1(5, 19),H2(5, 19)
INTEGER#2 IR1, IR2

CALL SCLA( H1,0.0,IR1,19,0 )

Hi(1,2) = 0.3
Hi(1,3) = 0. 28
Hi(1,4) = Q.42
Hi(2,5) = —-1.52
Hi(2,7) = 2.78
Hi(2,8) = 0.217
H1(3,8) = 1.0
H1(4,9) = 1.0
Hi(5,18) = 1.0
CALL SCLA( H2,0.0,IR2, 19,0 )
H2(1,11) = 0.3
H2(1,12) = 0. 28
H2(1,13) = 0. 42
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H2(2,14) = -1, 532
H2(2, 16) = 2.78
H2(2,17) = 0.217
H2¢(3,17) = 1.0
H2¢(4,9) = 1.0
H2(5,19) = 1.0
RETURN

End

SUBROUTINE DFINEC3(H1,H2, IR13, IR23)
REAL#8 H1(3, 19), H2(3, 19)

INTEGER#2 IR1, IR2

CALL DSCLA( Hi,0.0D0, IR13, 19,0 )
H1(1,8) = 1.0DO :
H1(2,9) = 1.0DO

H1(3, 18) = 1.0D0

I}

CALL DSCLA( HZ2,0.0DQ, IRZ3, 19,0 }

H2(1,17) = 1.0D0
H2(2, %) = 1.0D0
H2(3, 19) = 1, 0DC
RETURN

End

SUBROUTINE EGVP(A, N, RR, RI, IND)
IMPLICIT INTEGER#2 (I-N)

s###d 0K, TEST ON 18 SEP. 1986 i
DIMENSION A(1),RR(1),RI(1),C(400}
DIMENSION L1(20)

CaLL. MCPY (A, C, N, N, 0O)

CALL HSBG(N, C, N}

CALL ATEIG(N,C,RR.RI.L1,N)
RETURN

END

SUBROUTINE JOINCAL11l, Al2, A21, A22, N1, M1, N2, M2, &)
IMPLICIT INTEGER#2 (I-N}

REAL#*4 A11(1),A12(1),A21(1),A22(1),A(1)
INTEGER#2 N1, M1, N2, M2, M, M: IA

N = N1+N2 '

M = Mi1+M2

IA = N#M1i+1

CALL RTIE(ALll, A21.,A + N1, M1, 0, Qs N2)
CALL RTIE(ALZ, A22, A(IA), N1, M2, 0,0, N2}
RETURM

END

SUBROUTINE RCUT1(A,L:R.S, N, M MS)
IMPLICIT INTEGER%2 (I-N}
REAL*4 A(1),R(1},8(1)
INTEGER#*2 L., N, M, MS, NL
NL = N-L
DO 10 I=1,M
DO 20 J=1,L
RC J+(I-1)#L ) = AC J+(I-1}#N )
CONTINUE
DO 30 J=1,NL
SC JH(I-1)%NL )} = A( JH(I-1)#N+L )
CONTINUE
CONTINUE
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RETURN
END

SUBROUTINE DJDIN(A11,A12.A21'A22;N1:M1:N2:M21A)
IMPLICIT INTEGER#2 (I-N)

REAL*4 A11(1),A12(1),A21(1), A22(1), A1)
INTEGER N1, M1, N2, M2, N, M) IA

N = N1+N2

M = Mi+M2

IA = N¥MI+1

CALL RCUT1(A ,Ni,A11,A21, N, M1, 0)
CALL RCUT1(ACIA),N1,Al2, A22,N,M2,0)
RETURM :

END

.REAL#8 FUNCTION TR(K,N)
IMPLICIT INTEGER#2 (I~-N)

REAL.*8 K1)
INTEGER#2 N, I.J
TR = K(1)
J = N+1
DO 10 I=1, (N-1)
oJ o= J+l
TR = TR + K(J}
J = J+N
CONTINUE
RETURN
END

SUBROUTINE DBLETRAN( A, DA, IR, IC )
IMPLICIT INTEGER*2 (I-N)
REAL*4 ACl)
REAL#8 DA(1)
INTEGER IR, IC. I,
I = IR%#IC
DO 10 JU=1,1
DA(J) = DBLE(AC(J))
RETURN
END

SUBROUTINE SINGTRAN( DA, A, IR, IC )
IMPLICIT INTEGER#2 (I-N}
REAL#*4 ACl)
REAL#8 DA(1)
INTEGER IR, IC, I,
I = IR*IC
DD 10 J=1,1I
A(J) = SNGL(DA(J)}
RETURN
End

SUBROUTINE BTLSTW (A, X, G H, Y, U, N, IOPTION, IERR)
IMPLICIT INTEGER#2 (I-N)

IMPLICIT REAL#8 (A-H.0-Z)

INTEGER#2 N, IOPTION, IERR

REAL*8 ACN, N2 XCN, N, @CNG NS HONG ND » YN, NS UCNG M)
REAL#8 TIMELl, TIMEZ2, TTT, CTIM%A

SOLVE LYAPUNQV EQUATION AT#X + X#¥A + Q@ = C¢ ( ICPTION = O )
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[ SmrEmammasiamsasIas stz

c A%X + X#AT + I = 0 ( ICGPTION = 1 )

c A#X + X¥AT + Q@ = 0 ( IOPTION = 2 )

c

C IF IERR = O + IT DENOTES A IS STAELE AND X WILL BEE COMPUTED
c IF IERR = 999 , IT DENDTES A IS UNSTABLE AND X WILL NOT BE COMPUTED
c ALTHOUGH THIS ROUTINE CAN SOLVE IT.

c

c A IS NOT DESTROYED ON RETURN.

c AP, Q H/HT: Y, U ARE ALL ( NXN ) REAL*8 MATRIX.

c

REAL %8 . HNDRM.EPS:AUXl(ZO):RR(QO);RI(EO):A1(16):Bl(4):R1(64):
- T11,T12,T21, T22, H11, H12, H21, H22,R11, R12, R21, R22
INTEGER#2 ID(20), K, COLUMN, ICOUNT, IS1, IS2, IROW, ICOL, KS, N4, M,

%

EX IR1, IC1
¢
c TIMEL = CTIM$A(TTT)
EPS = 1D-10
N4 = 4
IF (IOPTION. EQ.0) THEN
CALL DMCPY(A, H. Ny N, O) |
ELSE
CALL DGMTRACA, U, N, N)
CALL DMCPY(U, H, N, N, 0}
END IF
c
ISt = 1
IS2 = N
CALL DRTHES(N, N, IS1, IS2, H, AUX1)
CALL ORTRAN(N, N, IS1, IS2, H, AUX1, U)
CALL HGRORT(N, N, IS1, IS2, H, RR, RI, U, IERR)
c

DO 10 K=1,N

IF (RR(K}.GT.—=1D—-6) GO TO 1000
10 CONTINUE

NOW U CAN TRANSFORM (A)T INTO LOWER TRIANGULAR MATRIX

anon

555 CONTIMUE
IF ¢( IOPTION.EQ. 0 ) THEN :
v CALL DGTPRD(A: U, Y, M, N, N}
ELSE
CALL DGMPRD(A, U, Y, N, N, N}
END IF
CALL DGTPRD(U, Y, H, N, N, N)

C
C NOW 'H IS A LOWER GUASI-TRIAMGULAR MATRIX. 5
Cc THEN COMPUTE T = UT#Q=U
c
IF: < TOPTIGN. EG. 1 G0 TO 19
CALL DGMPRD(Q, U, X, N, N, N»
CALL DGTPRD (U, X, @: N, Ny N)
FIND K AND ID(I), I=1,K

aoon

1% CONTINUE
"HNORM = 0ODOQ
DO 20 K=1i,N
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HNORM = HNORM + DABS(H(K,11})}

K =20
COLUMN = 1
DO 30 ISi=1i,N
IF (COLUMN. GE. N} GO TO 31

K=K+ 1
IF ( DABS(H(COLUMN, COLUMN+1)). LT. DABS(EPS#HNORM) ) THEN
IDK) = 1
COLUMN = COLUMN + 1
ELSE
ID(K) = 2
COLUMN = COLUMN + 2
END IF
CONTINUE
CONTINUE
IF (COLUMN. EQ. N} THEN
K=K+ 1
ID(K) = 1
END IF

SOLVE FOR Y IN H#*Y + Y#HT + T = 0O

IROW = 1
DO 100 ISi=1,K
ICOUNT = IS1
IcoL = 1
DO 99 I182=1, ICOUNT
IF ¢ ID(IS1).EQ. 1 WETHEM
IF ¢ ID(IS2).EQ@. 1 ) THEN

1111101111111 1111111110t taeeg 111111113211 11111711111112111111111
Tii = Q(IROW, ICOL)
DO 110 M=1, (IROW~1)
Til = Ti1 + H(IROW, M¥#Y(M, ICOL)
DO 120 M=1, (ICOL-1)
Til = T11 + Y(IROW, M)#H(ICOL, M)

Y(IROW, ICOL) = =T11/( HC(IROW, IROW)+H(ICOL, ICOL) )

IF (IROW.NE. ICOL) Y(ICOL, IROW) = Y(IROW,ICOL?
d1dd11 1111 2GR UL UG RS I RO MDA 111111113111113111113131

ELSE

2022 0RR2RRER22R222222222222222222222222222222222222222223222222222

ICl = 1C0L + 1
Tit = Q(IROW, ICOL?
Ti2 = Q(IROW, IC1 )

DO 130 M=1, (IROW-1)

T22 = H(IROW, M)
Tii = Ti1 + T22*Y(M, ICOL)
Ti2 = Ti2 + T22#Y(M, IC1 )
.DO 140 M=1, (ICOL—1)
‘T22 = Y(IROW, M}
Til = Ti1 + T22%H(ICOL, M)
Ti2 = Ti2 + T22*H(IC1 , M)
Hi1 H(IROW, IROW) + H(ICOL, ICAOL)

Hi2 H(ICOL, IC1 =
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H21 = H(ICL , ICOL) o
H22 = H(IROW, IROW) + H(IC1 , IC1 2
T21 = H11:#H22 - Hi2#H21

( =Tii#H22 + Ti2#H12 ) / T21
( —-Ti2#H11 + T1li:#H21 )} /7 T21

Y(IROW, ICOL)}
Y(IROW, IC1 )

Y(ICOL, IROW) Y(IROW, ICOL?
Y(IC1 , IROW) Y(IROW, IC1 }

DR R 222222222 R22R22222222222222222222222222222222222222222222222

, END IF
ELSE IF ( ID(ISR).EQ.1 ) THEM

33333333°33333a33u33333”33383333u33333”33’33”33u33u33:33233”33_33u
IRL = IROW + 1

Til = Q(IROW, ICOL)}

T21 = GQ(IR1 , ICOL}

DO 150 M=1, (IROW-1}

Ti2 = Y(M, ICOL?
Til = Ti1l + T12#HCIROW, M}
T21 = T21 + Ti2#H(IR1 M)}

DO 160 M=1, (ICOL-1)
Ti2 HC(ICOL, M}
T2l Ti1 + T12#Y(IROW, M)
T21 T21 + Ti2#Y(IR1 , M)

H11 = H(IROW: IROW) + H(ICOL, ICOL)
Hi2 = H(IROW, IR1 )

H21 = H(IR1 , IROW)

H22 = H(IR1 , IR1 ) + H(ICOL, ICOL)
Ti2 = H11#H22 - Hi2#H21

Y(IROW, ICOL}
Y(IR1 , ICOL)

( ~Tiis#H22 + T21%¥H12 ) 7/ Ti2
(\=T21xH1Y 4 T11#E21 INE)IT12

Y(ICOL, IROW) = Y(IROW., ICOL})
Y(ICOL, IR1 ) = Y(IR1 ,ICOL)
333333333333333333333333333333333333333333333333333333333333333333

ELSE

44444444444444444444444444444444444444444444444444444444444444ﬁ444

IR1 IROW + 1

IC1 ICOL %1

Tl Q(IROW, ICOL?

Ti2 Q(IROW, IC1 )}

T21 Q(IR1 , ICOL?}

T22 SCIRI , ICT 2

DO 170 M=1, (IROW-1)
Hiil H(IROW, M}
H12 H(IR1 , M)
H21 Y(M, ICOL)
H22 Y(M, IC1 -
el Trl v HlIxHEL
Ti2 T1E w-Hl1xHER
T21 T21 + H12#HZ1
T22 T22 + Hi2#H22

DO 180 M=1, (ICOL-1}
Hi1l = Y(IROW, M}

it

nuuwunn

W nnuununmn
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Y(IRL , M)

Hi2 =
H21 = H(ICOL, M)
H22 = H(IC1 , M)
TI31 = T1ll + H11#HZ1
Ti2 = Ti2 + Hi1#H22
T21 = T21 + Hiz2#H21
180 T22 = T22 + H12*H22
R11 = H(ICOL, ICOL}
R1i2 = H(IC1 , ICOL)
R21 = H(ICOL, IC1 )
R22 = H(IC1L , IC1 )
Hii = H(IROW, IROW)
H12 = H(IROW, IR1 )
H21 = H(IR1 , IROW}
H22 = H(IR1 , IR1 }
Al1(1) = Hil + R11
AL(3) = Hi12
Al(?) = R21
AL(13) = 0ODC
Al(2) = H21
Al(&) = H22 + R11
AL1(10) = ODO
Al(14) = R21
Al(3) = R12
Al(7) = ODO
Al(11) = H11 + R22
Al1(15) = Hi2
Al(4) = 0ODO
A1(8) = R12
Al(12) = H21
Al1(16) = H22 + R22 %
B1<i) = -~T11
Bl(2) = ~-T21
B1¢3) ='~%i2
Bi1(4) = ~-T22

CALL DSIMQ(A1l, B1, N4, KS?

Y(IROW, ICOL) = B1(1)
Y(IRL1 , ICOL) = Bi(2)}
Y(IROW, IC1 } B1(3}
YMCIR1 . IC1L ) Bi(4)

IF (IROW.EQ. ICOL) GO TO 190

Y(ICOL, IROW) = B1(1)
Y(ICOL, IR1 ) = B1(2)
YC(IC1 , IROW) = B1(3)
Y(ICL ,IR1 ) = B1(4)

-

190 CONTINUE !
4444444444448444444444444484444484484484848444884408008800400580084005444

END IF
ICOL = ICOL + ID(ISZ2)
97 CONTINUE
IROW = IROW + ID(IS1)
100 CONTINUE

NOW WE OBTAIN Y FOR THE SOLUTION OF H#Y + Y#HT + T = ©
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c PROGRAMME LISTING WRITTEN BY SUCHIN ARUNSAWATWONG: 12 MARCH 1988,
c THEN FIND X = UsY#UT
c

CALL DGMTRA(U, X, N, N)
CALL DGMPRD(Y, X, H, M, Ny N}
CALL DGMPRD(U, H, X, N: N, N}

C
IERR = O
c TIME2 = CTIM$SA(TTT)
Cc WRITE(#, %) TIME USED IN BTLSTW = *, (TIME2-TIME1)
??7? RETURN
Cc
- 1000 IERR = 999
GO TO 999
ENMD
SUBROUTINE STKOUT( A, BO, B1,C0,C1, Q0. Q1, RO, R1, AC, KO, K1, L1, FO,
4 F1. GRADO, GRAD 1, JO, J1, EPS, LIMIT, IN, IMG, IM1, IRO, IR1 }
G :
IMPLICIT INTEGER#2 (I-N)
INTEGER#2 LIMIT, IM, IMO, IM1, IRG, IR1
REAL#8 A(I),BO(i):B1(1),CO(1),Cl(l):GO(l):QI(I)IRO(I);RI(IL
2 ACC1), KOC1), K1C¢1), L1¢1), FOCL1),F1¢1),
% GRADO(1), GRAD1 (1}, JO,» J1,EPS
Cc
INTEGER%2 N, I, J, K, IK, IROW, ICOL, IGRAD, IGRADF, IFCN, ICOUNT
REAL*8 DLDGRAD(EO);SEARCH(QOJ.OLDFO(EO):LAMBDA;SRHNDRN:DLDJG:
b MCHEPS, DMAX, DX, DX1, DPHI, GNORM
REAL#8 FA) FB) FC, XA, XB., XC) AA, BB, CC, DD OLDLMD, LAMEDAL
REAL#8 H(20, 20), YK(20), PK(20), HYK(20)
REAL#8 TIMEL, TIMEZ, TTT, CTIMS$A
DATA MCHEPS /7. 1054280~15/
c
c INITIALIZE
I=0
N = IMO # IRO
DMAX = 0. 01D0
(o] ;
; MCHEPS1 = 1D-8
Cc
C -— e
(o] COMPUTE +£(x) AND grad(x) AT INITIAL GUESS
C e Y e
CALL FCNLEAD( A:BO.BI:CO:CI.GO:QIIRO.RI:AC:KG;KI:LI:FO:FI:GRADO:
% GRAD1, JO, J1, EPS, IN, IMO, IM1, IRO, IR1, IERR )
CALL GRDLEAD( A;BO:BI:CO»CI;QO:QI:RO:RIIAC;KO:Kl:Ll:FO;FI;GRADO:
£ GRAD1, JO, J1, EPS, IN, IMG, IM1, IRO, IR1 )
WRITE (3, %)’ LEADER : FOLLOWER *
WRITE(#:; £} 0 = 4,0
CALL DPRINTMAT(FO, IMG, IRO)
WRITE(#,#)7 Ji = ¢, Ji
CALL DPRINTMAT(F1, IM1, IR1)
(&
€ et T )
e SET h = —grad(x) AND - SET H = I
€ EEmsmmsmmmmme
3 CONTINMUE

DO 7 IROW=1,N
DO & ICOL=1,N
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IF (IROW.NE. ICOL) THEN
H(IROW, ICOL} = O. QDO
ELSE y
H(IROW, ICOL) = 1.0DO
END IF
CONTINUE
CONTINUVE

DO 15 K=1,N
SEARCH(K} = —GRADO(K)
CONTINUE

STORE OLD VALUES OF FO AND GRADO AND JO

CONTINUE
TIME1 = CTIM$ACTTT)

DO 22 K=1,N
OLDGRAD (K}
OLDFO(K)

CONTIMUE

OLDJO =-J0

GRADO (K}
FO (K}

WRITE(#*, ¥} GRADIENT # O’
CALL DPRINTMAT(GRADO, IMQ, IRO)

FIND STEP-SIZE OR LAMBDA

aonan

229

Q75

oo aan a

n

26

GOnO0G:

FIND NORM OF SEARCH OR SRHNORM
SRHNORM = 0. ODO
GNORM = 0. 0DC
DO 225 K=1,N
GNORM = GNORM + GRADO(K) #GRADO(K)}
SRHNORM = SRHNORM + SEARCH(K)#SEARCH(K)
SRHNORM = DSQRT (SRHNORM)
GNORM = DSART(GMORM)
DO 975 K=1,N
IF( DABS(GRADO(K)) .LT. 1D-2 } RETURN
CONTINUVE : ¥
IF (GNORM. LT. 5D-2) RETURN

WRITE(#, #) * SRHMORM = ‘, SRHNORM

DO 2231 K=1,N

2251 SEARCH(K) = SEARCH(K)/SRHMNORM

DPHI = 0. 0DO
DO 226 K=1,N
DPHI = DPHI + GRADO(K)#*SEARCH(K)

122

i2 MARCH 1988.

IF DIRECTIONAL DERIVATIVE > O , THEN SEARCH ALONG STEEPEST

DESCENT DIRECTION

IF (DPHI) 300, 125,3
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CONTINUE

LAMBDA = DABS( O.2D0#JO/DPHI )
IF ( SRHNORM.LT. 1D3 ) LAMBDA
IF ( SRHNORM. LT. 1D-2 ) LAMBDA

G. 20D0/SRHNORM
G. 02D0O/SRHNORM

INITIALIZE FOR FINDING BRACKET OF MIN POINT

e mtes === st
FA = JO ,
XA = 0.0D0 . -
LAMBDA = DMAX/SRHNORM

CALCULATE JO AT THE NEXT POINT, XB
CONTINUE
DO 301 K=1,N
FO(K) = OLDFO(K) + LAMBDA#SEARCH(K)
CALL FCNLEAD( A, BQ,B1,C0.C1,Q0, Q1l,RG, R1, AC: KQ, K1, L1, FG, F1, GRADG,
GRAD1, JO, J1, EPS, IN, IMOQ, IM1, IRO, IR1, IERR )

IF ¢ IERR.NE.Q ) THENM
LAMBDA = LAMBDA # 0. 6646666666667D0

G0 TO 30
-END IF
FB = JO
XB = LAMBDA

IF (JO.LT.FA) G0 TO 303
IF ( FB<FA ) THEN CONTINUE FINDING JO AT XC
ELSE IT DENOTES THAT THE MINIMUM HAS BEEN PASSED

XC = XB
FC = FB
CONTINUE .

LAMBDA = LLAMBDA / 3.0DQ
DO 302 K=1,N
FOQ(K) = OLDFO(K) + LAMBDA#SEARCH(K)
CALL FCNLEAD( A, BO:B1,C0,C1, @0, @1, R0, R1, AC, KO, K1,L1,FO,F1,
GRADO, GRAD1, JO, J1, EPS, IN: IMO, IM1, IRQ, IR1, IERR )
P (JO GT. FA) THEN

FC = Jo

XC = LAMBDA

G0 TO 3019
ELSE

XB = LAMBDA

FB = JO
END IF

NOW WE OBTAIN THE BOUND OF THE MIN. POINT
60 TO 329
CONTINUE

LAMBDA = LAMBDA + LAMBDA
MOW LAMBDA IS USED AS INTERVAL LENGTH

-CONTINUE

XC = XB + LAMBDA
DO 304 K=1,N

FO(K) = OLDFO(K) + XC#SEARCH(K) "
CALL FCNLEAD( A, BO,B1,C0,C1,Q0, Q1l, RG, R1, AC, KO) K1, L1, FG, Fi, GRADG,

¥
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%

%

GRAD1, JO, J1, EPS, IN, IMQ, IM1, IRO, IR1, IERR }
IF (IERR. NE. O) THEN ;
LAMBDA = LAMBDA#Q. 6664666666667D0
60 TO 3031
END IF
FC = JoO

IF ¢ FC.LT..FB )" THEN /# SEARCH FURTHER #/
Fa FB
XA XB
FB FC
XB XC
60 TO 303
ENE Ik /# ELSE IT DENOTES THAT THE MINIMUM HAS BEEN BCUNDED #/
/#% THEN PERFORM QUADRATIC INTERPOLATION */

e e s e P e

QUADRATIC INTERPOLATION IS PERFORMED HERE.

CONTINUE
ICOUNT = O
LAMBDA = XB
CONTINUE

OLDLMD = LAMBDA

AA = FA#(XB#XB—XC#XC) + FB#(XC#XC—~XA#XA) + FC*(XA#XA—-XB#XB)
BB = FA#(XB-XC) + FB#(XC-XA&) + FC#(XA-XB)
LAMBDA = AA/BB/2DO

ICOUNT = ICOUNT + 1
DO 331 K=1,N
FO(K) = OLDFO(K) + LAMBDA*SEARCH(K)
CALL FCNLEAD( A, BO,B1,C0.,C1,Q0, @1, RO, R1, AC, KO, K1, L1, FG, F1, GRADG,
GRAD1, JO, J1, EPS, IN, IMO, IM1, IRO, IR1, IERR

IF ( LAMBDA. GT. XB )} THEN
IF (J& &I FB} THEN

XA = XB
FA = FB
XB = LAMBDA
FB = JO
ElL.BE
XC = LAMBDA
FC = JO
END IF
ELSE "IF (JO.LT.FB) THEN
XC = XB
FC = FB
XB = LAMBDA
FB = JO
ELSE
XA = LAMBDA
FA = JO
END" 1IF
IF ( DABS(OLDLMD-LAMBDA). LT, DABS(5D—-4#0LDLMD} )} GO TO 40C
IF ( DABS(FA-FB).LT.DABS(1D—-10#FB) } GO TO 4C0
IF ( DABS(FB-FC).LT.DABS(1D-10%#FB) ) GO TO 400
IF ( ICOUNT.GE. S ) GO TO 400

REDUCE THE INTERVAL IN CASE OF UNBALANCED INTERVAL
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c PROGRAMME LISTING WRITTEN BY SUCHIN ARUNSAWATWOMNG, 12 MARCH 1228,
c 80 AS TO REDUCE THE COMPUTATION IN GUADRATIC INTERPOLATION
c PROCESS

IF ( DABS(XB~XA) .GT. DABS(O0. 1DO#(XC-XB)) ) O TO 330
IF ( DABS(XC~XB) .GT. DABS(0..1DO#(XB-XA)) ) GO TO 330
IF ( DABS(XB-XA) .LT. DABS(XC—XB}) } THEN

C —————
c XC-XB IS VERY MUCH LARGER THAN XB—XA
C ——————— -
LAMBDALl = XB + O.3DO#( XC—XB )}
3099 CONTINUE
£ : :
DO 3001 K=1,N
3001 FO(K) = OLDFO(K) + LAMBDA1#SEARCH(K)
CALL FCNLEAD(¢ A,BO,B1.,C0,C1,G0,G1,R0,R1,AC, KO, K1, L1, FO,
2 F1, GRADO, GRAD1, JO, J1, EPS, IN, IMO, IM1, IRO, IR1, IERR }
c :
IF (JO.'GT.FB} THEN
XC = LAMBDA1
FC = JO
ELSE '
XA = XB
FA = FB
XB = LAMBDA1
FB = JO
END IF
ELSE
LAMBDAL = XB — 0.3D0O#( XB—XA )
3098 CONTINUE
ps :
DO 3002 K=1,N :
3002 FO(K) = OLDFO(K) + LAMBDA1#SEARCH(K)
CALL FCNLEAD( A, BO,B1,€0.,C1,G0, @1, RO, R1,AC, KO, K1, L1, FO,
% F1, GRADO. GRAD1, JO. J1, EPS, IN, IMO, IM1, IRG, IR1, IERR )
c : .
IF ( JO.GT.FB} THEN
XA = LAMBDA1
FA = JO
ELSE
XC = XB
FC = FB
XB = LAMBDA1
FB = JO
END IF
END IF
G0 TO 330
& :
c HAVING TERMINATED FROM LINE SEARCH PROCESS
C i
400 CONTINUE
E o
c SELECT WHICH IS MINIMUM AMOUNG THREE PGINTS, THEN EXIT LINE-SEARCH
c

IF ( FA, G@T.FB '} THEN
LAMBDA = XB

JO = FB
ELSE
LAMBDA = XA
-0 = FA
END IF ’

iF ( FC. B, JO ) THEN
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LAMBDA = XC
JO = FC
END IF

UPDATE VECTOR

DO 4092 K=1,N
FO(K) = OLDFO(K) + LAMBDA*SEARCH(K)

CHECK TERMINATION , USING THE GIVEN MACHINE EPS

IF ( DABS(J0O).LT.1D-3 ) €0 TO 117 .
IF ( DABS(JO-OLDJO}. LT. DABS(OLDJO#MCHEPS) )} GG TO 125

CONTINUE
DO 120 K=1,N

DX = DABS( OLDFO(K)—-FO(K) )

DX1 = DABS( OLDFQ(K) }#EPS + MCHEPS

IF ( DX.GT.DX1 ) GO TO 130
CONTINUE

G330 3036 30 30 3636 36 3030 3 3030 30 30 30 3 I H M RN E WS R SRR BB E SRR HS

z

25

RETURN

C 336 3032 33030 30 3030 36 3030 30 30 30 30 3 30 30 30 3 3 I 300 3 2 H B H I H AR B B R B RSB REFH RS HF

i
c

X

SO0 0

Q00D

30

16

773

774
775

%

I = I+1

TIME2 = CTIM$ACTTT)
WRITE (%, #)‘ TIME USED IN THIS ITERATION = ‘, (TIME2-TIMEL}
ITER = I

WRITE (3, 3 ) /363363583 363833 3 30203 3 3030 4 S 3 45 X H HHF R B HH R HEHHE
WRITE(#*, 11631

FORMAT(” I = *,1I5)

WRITE(#*, %)’ LAMBDA =*, LAMBDA

WRITE(#,3#)’ JO = *,JoO

CALL DPRINTMAT(FO, IMQ, IRO)

WRITE(#, #) Jire—%<T

CALL. DPRINTMAT(F1,IM1, IR1)

WRITE (3, 3 ) 73633636 33636 3036 30 30 30 30 3 3030 4 6 3 30 9620 H 3030 360 0 30 36 626 0 220 0 20 34 3638 4

IF (I.GT.LIMIT) GO TO 999

CALCULATE THE GRADIENT OF THE NEXT POINT

CALL GRDLEAD( A, BO:B1,CC,C1,Q0,Q1,RG R1,AC, KO, K1, L1, FG, F1, GRADGC,

GRAD1, JO, J1, EPS, IN, IMG, IM1, IRO, IR1 )

UPDATE METRIC MATRIX

DO 773 K=1, N

YK(K) = GRADO(K) - DLDGRAD(K)
PK(K} = FO(K) — OLDFO(K}
CONTINUVE

DO 773 IK=1,N

HYK(IK) = 0.0DO
DO 774 K=1,N

HYK(IK) = HYK(IK) + HOIK, K}#YK(K)}
CONTINUE :

CONTINUE

DX

= 0. 0DO
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DX1 = 0. 0D0
DO 776 K=1,N
DX = DX + HYK(K) # YK(K)
DX1 = DX1 + PK(K) # YK(K)
CONTINUE

DO 800 IK=1,N
DO 801 K=1,N
CHOIK, K) = HCOIK K) + PKOIK)#PK(K)/DX1 — HYK(IK)#HYK(K)/DX
CONTINUE
CONTINUE

SET SEARCH DIRECTION FOR THE NEXT ITERATION
DO 803 K=1,N
SEARCH(K) = 0.0DO
DO BO2 IK=1,N
SEARCH(K) = SEARCH(K) = H(K, IK) # GRADG(IK)
CONTINUE
CONTINUE
GO TO 20

WRITE(#, #)* THE ITERATIONS CANNOT CONVERGE IN LIMIT. *
RETURNM
End

SUBROUTINE FCNLEAD ( A,BO,B1,CO,C1,Q0,@1,R0,R1,AC, KO, K1,L1,FQ,F1,
&, GRADO, GRAD1, JO, J1, EPS, IN, IMO, IM1, IRO, IR1, IERR )
IMPLICIT INTEGER#2 (I-N)

INTEGER#2 IM, IMO, IM1, IRO, IR1, IERR

REAL.#*8 A(1),B0O(1),B1¢13,C0¢1),C1(¢1),Q0(1),Q1¢1),RG(1},R1¢1},
% ACC1),KO(1), K1(1),L1C¢1),FOCL), F1(1},
2 GRADO(1), GRAD1 (1), JO, J1, EPS

INTEGER#2 ITMAX, ITER, NQ, N1, IiW-

REAL*8 AA(3613,U(361),Y(361), HH(361), EPS1, HDIFF, BUFFER,
% F1BUFFER(10), J1BUFFER, JOFRNT, JOBACK, MEPS

REAL#*8 ‘TR, DMAX1, DMIN1

DATA MEPS /7.0D-14/

)

QOO

444

Boile e ol &
T r e

¥

e ode o e sde e e e e e oo as o e o
T Tt rePye

START TO FIND OPTIMAL REACTION DUE TO FO
COMPUTE AA = A - BO_FO0_CO

Fo_co #/
BC_FC_CC e

CALL DGMPRD(FQ, CO,U , IMQ, IRO, IN) /%*
CALL DGMPRD(BO, U, ¥, IN, IMO, IN) /¥
CALL DGMSUB(A, V, AA, IN, IN)

<C
o

EPSI = EPS # 0. 01DO

ITMAX = 100

CALL DFP( FI.JI'GRADI EPS1, ITMAX, AA, B1,C1, K1, L1, AC, G1,R1,
& IN, IM1, IR1, ITER, IERR )

IF (IERR.NE.O) €0 TO 990

DO 444 IW=1, IR1
WRITE(*, %)’ GRAD = ‘, GRAD1 (IW)
CALL DPRINTMAT(AG, IN, IN)
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COMPUTE ¥ = ( QO + CO‘FO‘RO_FO_CO ?

CALL DEGMPRD(RO, U, ¥, IMO, IMO, IN) - /% ¢ = RO_FO_CO #H%/
CALL DGTPRD(FO, V, U, IMQ, IRQ, IN) /# U = FO‘RO_FO_CO #4&/
CALL DGTPRD(CO, U, ¥, IRQ, IN, IN) /¥ V¥ = CO‘FO‘RO_FO_CO ®E/
CALL DGMADD(QQO, V, ¥V, IN, IN) /% YV = Q0 +CO‘FG’RC_FC_CC ##/

CALL DPRINTMAT(V, IN, IN?

ITMAX = 30

CALL DMCPY( AC, U, IN,IN,Q }

CALL DLYAP( U,V, K0, 1.0D0, 1.0D-14, IN, ITMAX, O )

CALL BTLSTW(AC, KO, V¥, HH: AA, U, IN, O, IERR)
JO = TR(KO, IN}#*0. 3DO

RETURN
END

SUBROUTINE GRDLEAD ¢ A, BO,B1,CO0;G1,@0, G1,R0O,R1, AC, KO, K1, L1, FO, F1,
' GRADO, GRAD1, JO, J1, EPS, IN, IMO, IM1, IRG, IR1 )

IMPLICIT INTEGER#*#2 (I-M)

INTEGER#2 IN, IMO, IM1i, IRO, IR1

REAL*8 AC1),BOC1),B1¢1),C0C(1),C1(1),Q0C1},Q1C1},RCG(1),R1(1},
ACC1),KO(1), K1(¢1),L1C1),FOCL), F1C1), ;
GRADO(1), GRADL(1),J0O, J1, EPS

INTEGER#2 I,J,NQO, N1, IERR1

REAL#B8 HDIFF, BUFFER, F1BUFFER(10), JIBUFFER, JOFRNT, JOBACK, MEFS
REAL#8 TR, DMAX1, DMIN1
DATA MEPS /7.0D-14/

HDIFF = DMAX1( DMIN1(((3%*JO®*MEPS)##(1D0/300)), 10~-3}) ., 2D-5 ?
NOQ = IMO #* IRO
N1 = IM1 * IR1
DO 250 I=1,NO
BUFFER = FO(I)

FO(I) = BUFFER + HDIFF
DO 150 J=1, N1
F1BUFFER(J) = F1(J) :
CALL FCNLEAD( A, BO,B1,CG,C1, Q0, Q1, RO, R1, AC, KO, K1, L1, FQ, .
F1BUFFER, GRADO, GRAD1, JOFRNT, JIEUFFER, EPS, IN, IMO.
IM1, IRG, IR1, IERR1 }
FOCI} = BUFFER ~ HDIFF
DO 160 J=1,N1
F1BUFFER(J) = F1(J)
CALL FCNLEAD( A,BQ,B1l,C0,C1,Q0, Ql, RG:R1, AC, KO, K1, L1, FG,
F1BUFFER, GRADO, GRAD1, JOBACK, JIBUFFER: EPS, IN, IFC,

% IM1i, IRG, IR1, IERR1 ?}

GRADO(I) = ( JOFRNT-JOBACK }/{ 2. QDG*HDIFF )

FO(I) = BUFFER
CONTINUVE

RETURN
END

SUBROUTINE FUNCT( F, VAL, GRAD,
Al,B1.C, DK, DL, AC, @& R, IN, IM: IR, IERR )}

% Al1,B1,C,DK,/DL, AC, Q, R, IN, IM IR
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o
IMPLICIT INTEGER¥*2 (I-N)
REAL#8 F(1},VAL,GRAD(1),A1(1),B1(1},C(1),DK(1),DL{1),AC(1),Q(1),
% R(1}, TR
INTEGER#*2 IN, IM, IR, IERR
REAL*8 U(361),V(361), HH(361)}, YY(341)
[ 84 :
(o INTEGER#*2 IN, IM, IR, IND, ITER
c REAL#8 U(400), ¥(400), RR(20),RI(20), UV(400}
(s e e = === == =
ccC COMMON /DUT/AA1(19:19):31(19:2):C(5:19):DK(19:19):DL(19:19):
c % AC(19,19),Q(19,192),R(2,2)., IN, IM, IR
C==m=mmmmm==== e S D A S i e i o slpnid ey
Cc
c COMPUTE AC = A-BFC
C
CALL DGMPRD(F,C, U » IM, IR, INY
CALL DGMPRD(B1,U,V, IN, IM, IN) /¥ V = BFC */
CALL DGMSUB (AL, V, AC, IN, IN)
C
c COMPUTE ¥ = ( Q+C‘F’RFC )
c
CALL DGMPRD(R, U, V, IM, IM, IN) /# ¥ = RFC ##/
CALL DGTPRD(F, ¥, U; IM, IR, IN) /¥ U = F’RFC ##/
CALL DGTPRD(C, U, ¥, IR, IN, IN) /# Y = CF’RFC ##/
CALL DGNADD(G:V;V:IN:IN{ /% V = G+C'F’RFC %%/
[ 4 F 3 I I I NI R H NP RN H W
C SOLVE TWO LYAPUNOV'‘S EQUATIONS.
C 3BT I I 2636 36 36 36 I R H R R RN
Cc CALL DMCPY(AC, UV, IN: IN, Q)
c ITER = 30 -
G CALL DLYAP(UVY, V, DK, 1. ODO, 1, OD-14, IN, ITER, Q)
€ CALL DMCPY(AC, UV, IN, IN, O)
c CALL DLYAP(UV, U, DL, 1.0DO, 1. 0D~14, IN, ITER, 1)
c
CALL BTLSTW(AC, DK, Vs HH, YY), Uy IM: O, IERR)
IF (IERR.NE.Q) 60 TO 1000
VAL = TR(DK, IN}#0. 5D0
& =
c CALCULATE GRADIENT
c GRAD = RFCLC’-B‘KLC"
C smmmas — =
(o]
C COMPUTE U = I
c .
CALL DSCLA(V, 0. ODO, IN, IN, 0)
CALL DDCLA(V, 1.0DQ, IN, O)
CALL BTLSTW(AC, DL, V, HH, YY, U, IN, 1, IERR)
c

CALL DGMTRA(C, U, IR, IN) /¥ U =qC S/
CALL. DGMPRD(DL. U, ¥V, IN, IN, IR} r# V = LG */
CALL DGMPRD(C,V, U, IR, IN, IR} /# sl CLGS . */
CALL DGMPRD(F, U, V, IM, IR, IR) /E ¥V = FCLC” */
CALL DGMPRD(R, V, GRAD, IM, IM, IR) /7 GRAD = RFCLGC’ #/
CALL DGMTRA(C, U, IR, IN) /% Us=2a¢- #*/
CALL DGMPRD(DL., U, V, IN, IN, IR} /3 V = LG’ *7
CALL DGMPRD(DK.V, U, IN, IN, IR} /# U = KLC" *#7
CALL DGTPRD(B1,U, ¥, IN, IM, IR) /%

= B‘KLC’ #/

CALL DGMSUB(GRAD, V, GRAD, IM, IR} /% GRA RFCLC ‘=B 'KLC * #/
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?98 RETURN
i s o i
972 WRITE(#*, %) THE SYSTEM IS MNOT STABLE!! *
1000 RETURN

SUBROUTINE DFP( X,FX, GRAD, EPS, LIMIT,
2 . Al,B1,C, DK, DL, AC, @/ R, IMN, IM, IR, ITER, IERR }
c & Al,B1.,C, DK, DL, AC, G, R, IN, IM, IR, ITER }

IMPLICIT INTEGER#2 (I-N}

REAL.»*8 X(1),GRAD(1),FX,EPS,A1(1),B1(1),C(1),DK(1),DLC1), ACC1),
% Q(1),R(1) :

INTEGER*2 LIMIT, IN, IM, IR, ITER, IERR

INTEGER#2 N, I, J, K, IK

REAL*8 GRADO(20), SEARCH(20), XG(20), LAMBDA, SRHNORM, CAMMA, DX,
k4 GNORM, FA, FB, XA, XB, DPHIA, DPHIB, DPHI, Z, W, MU, DMAX, DX1,
% H(20, 20), YK(20), PK(20), HYK(20), FOLD, MEPS

DATA. MEPS /7. 105428D-15/

o - -

REAL*8 A1,B1,C, DK, DL, AC,Q, R, IN, IM, IR
COMMON /0UT/ A1(19,19),B1(19,2),C(5,19),DK(19,19),DL(19, 19},
% AC(19,19},Q(19, 19}, R(2,2), IN, IM, IR

00 3 T S S S ot o e e e e e s st o e e s e e e e e

aooonoaOnon

INITIALIZE

I =0

ITER = O

N = IM # IR

DMAX = 0.01D0

COMPUTE f£(x) AND grad(x} AT INITIAL GUESS

caLL FUNCT(X.FX;GRAD,AI:BI:C;DK,DL-AC:Q;R:IN,IM,IR:IERR)

= Py

oOoon

IF ITER=0 AND IERR<>0 , IT DENOTES THE INITIAL GUESS IS NOT A. E.

O

IF (IERR.NE.Q) 60 TO 1000

CALL DPRINTMAT(X: IM, IR)
WRITECH#, #) " (J =’ uFX

SET h = —grad(x) AND SET H = I

=

wmonoo oo

CONTINUE

DO 7 IROW=1,N
DO S5 ICOL=1,N :
IF (IROW.NE. ICOL} THEN
H(IROW, ICOL) = 0. QDO
ELSE :
H(IROW, ICOL) = 1, 0DO
END IF
CONTINUE
CONTINUE

= 0ON WU

(0] DO 15 K=1,N
SEARCH(K)} = —GRAD(K)
15 CONTINUE



C PROGRAMME LISTING WRITTEN BY SUCHIN ARUNSAWATWONG,
C

¢ STORE OLD VALUES OF X AND GRAD AND FX

c . e

20 CONTINUE

DO 22 K=1,N ¢
GRADO(K) = GRAD(K
XO(K) = X(K)

22 CONTINUE

FOLD = FX
Cemmsssmmmronmmmenme =
c FIND STEP-SIZE OR LAMBDA
(=smamammaismes e ) ot T
c FIND NORM OF SEARCH OR SRHNORM

SRHNORM = 0. ODQ
DO 225 K=1,N

2235 - SRHNORM = SRHNORM + SEARCH(K)#SEARCH(K)
SRHNORM = DSQRT(SRHNORM)

c COMPUTE DIRECTIONAL DERIVATIVE, DPHIA
DPHIA = 0. 0DO
DO 226 K=1,N
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226 DPHIA = DPHIA + GRAD(K)#SEARCH(K)

c

c IF DIRECTIONAL DERIVATIVE > O ,THEN SEARCH ALONG STEEPEST
C DESCENT DIRECTION

c

IF (DPHIA) 300, 125,73

300 CONTINUVE
C
c -IF (I.GT.3) DMAX = 0. 1DQ
c IF (SRHNORM. LT. 1D-3) DMAX = @. 01DO
C
LAMBDA = DABS(0. 2DO#FX/DPHIA) :
IF (SRHNORM.LT. 1D3 ) LAMBDA = 0. 4D0O /SRHNORM
IF (SRHNORM. LT. 1D-2) LAMBDA = 0. 02D0/SRHNORM
C
FA = FX
XA = 0.0D0
c
(o} LAMBDA = DMAX/SRHNORM
Cc
30 CONTINUE

DO 301 K=1,N
301 X(K) = XO(K) + LAMBDA#SEARGCH(K)

CALL FUNCT(X.FX, GRAD, A1, B1, C, DK, DL, AC, @& R, IN, IM, IR, IERR}

IF (IERR.NE. Q) THEN
LAMBDA = LAMBDA#0. 6&666666666667D0

G0 TO 30
END IF
c
c COMPUTE DPHIB, THE DIRECTIONAL DERIVATIVE AT THE NEW POINT
: DPHIB = 0. 0DO :
DO 302 K=1i,N
302 DPHIB = DPHIB + GRAD(K)#*SEARCH(K)
c CHECK WHETHER THE MINIMUM HAS BEEN BOUNDED GR NOT
IF (DPHIB) 310, 400, 320 {
310 DPHIA = DPHIB
¢ XA = LAMBDA
FA = FX
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~
LAMBDA = LAMBDA + LAMBDA

G0 TO 30
320 XB = LAMBDA
FB = FX-
c
(o} CUBIC INTERPOLATION IS PERFORMED HERE.
C
ICOUNT = O
330 Z = 3#(FA-FB)/(XB-XA) + DPHIA + DPHIB
W = DSQRT( Z#Z — DPHIA#DPHIB )
MU = ( DPHIB + W — Z )/( DPHIB - DPHIA + Q*H }
ICOUNT = ICOUNT + 1
LAMBDA = XB = MU#(XB—-XA)
c WRITE(¥*, 555) XA, FA, XB, FB
C 5955 FORMAT (XA FA » XB.FB‘ , 4E1S5. &)
c
DO 331 K=i
331 X(K) = XO(K) o LAMBDA*SEARCH(K)
CALL FUNCT(X,FX,GRAD, A1, B1, C, DK, DL, AC, @, R, IN, IM, IR, IERR)
DPHI = 0. 0DO
DO 332 K=1,N
432 DPHI = DPHI + GRAD(K)*SEARCH(K)}
C WRITE(#*, 777) DPHI.L.AMBDA
c 777 . FORMAT(’ DPHI = 1, 2E18. 6)
C g
C CHECK WHETHER THE MINIMUM IS CLOSED ENQUGH OR NOT
IF ( DABS(DPHI/SRHNGORM}.LT. 1D-3 ) GD TO 400
IF (ICOUNT.GE. 4) GO TO 400
IF ( DPHI.LT.0.0RQ ) GO TO 334
333 XB = LAMBDA
FB = FX
DPHIE = DPHI
G0 TO 330
334 XA = LAMBDA
FA = FX
DPHIA = DPHI
GO TO 330
C
C HAVING TERMINATED FRDM LINE SEARCH PROCESS
C mm=s
400 CONTINUE
(o} CHECK TERMINATION . USING THE GIVEN MACHINE EPS :

IF ( DABS(FX).LT.1D-5 ) €O TO 119
IF ( DABS(FX—-FOLD).LT. DABS(FOLD#*MEPS) ) GO TO 125
119 CONTINUE
DO 120 K=1,N
DX = DABS( X0 (K)=X(K) )
DX1 = DABS(XO(K))*EPS + MEPS
IF (D% 67, DXt 3 G0-70.130
120 CONTINUE
C*******************************-h-***********************’k*****w**
125 RETURN
CH#¥HHdtad ********************************'ﬁ-**************#********
130 I = I+1 :
ITER = I
c ; WRITE(%*, 1161



Clié

aan

773

774
775

776

801
800

DD

802
803

999
1000
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FORMAT(’ I = ’,1I8)
CALL DPRINTMAT(X, IM, IR)
WRITE((#,#)’ J = ‘,FX

IF (I.GT.LIMIT) GO TO 999

UPDATE METRIC MATRIX

DO 773 K=1,N

YK(K} = GRAD(K) — GRADO(K)
PK(K}) = X(K) = XO(K)
CONTINUE

DO 775 IK=1,N
HYK(IK) = 0.0DO
DO 774 K=1,N
HYK(IK) = HYK(IK) + HCIK, K}*YK(K)}
CONTINUE
CONTINUVE

DX 0. ODO
DX1 0. GDO
DO 776 K=1,N
DX = DX + HYK(K)} 3 YK(K)
DX1 = DX1 + PK(K) # YK(K)
CONTINUE -

DO 800 IK=1,N
DO 801 K=1,N
H(IK, K) = H(IK, K) + PR(IK)#PK(K)/DX1 — HYK(IK)*HYK(K)/DX
CONTINUE
CONTINUE

SET SEARCH DIRECTION

DO 803 K=1,N
SEARCH(K) = 0.0DO
DO 802 IK=1,N
. SEARCH(K)} = SEARCH(K} = H(K, IK) #* GRAD(IK?
CONTINUE
CONTINUE

G0 TO 20

WRITE(#, %)’ THE ITERATIONS CANNOT CONVERGE IM LIMIT. °
RETURN 3 :
END
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