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PROGRAM DESCRIPTION GUIDE
 

A. 	 IDENTIFICATION 

Program Name - MINIQUASI 

Programmer's Name - V. J. Marks and B. G. Hall 

Date of Issue - 4/9/73 

B., 	 GENERAL DESCRIPTION
 

The program is designed to provide numerical solution of multipoint
 
boundary value problems governed by a system of up to 20 first-order
 
ordinary differential equations. This system of equations will be
 
subject to a set of up to 20 boundary conditions. Linear equations
 
are solved by a method of superposition of solutions of a sequence
 
of initial value problems. For nonlinear equations and/or boundary
 
conditions, the solution is iterative and in each iteration a problem
 
like the linear case is solved. A simple Taylor series expansion is
 
used for the linearization of both nonlinear equations and nonlinear
 
boundary conditions. The perturbation method of solution is used in
 
preference to quasilinearization because of programming ease, smaller
 
storage requirements, and experiments indicate that the desired con­
vergence properties exist although no proof of convergence is given.
 
The use of this program for nonlinear differential equations is also
 
applicable to the inverse problem of; given a model and an output,
 
determine the system that gave this output. These are often called
 
"parameter estimation" or "systems identification" problems.
 

C. 	 USAGE AND RESTRICTIONS
 

Machine and Compiler Required - Xerox Sigma 3
 

- ANSI FORTRAN
 

Peripheral Equipment Required - Card Reader and Line Printer
 

Approximate Amount of Memory Required - 13B3 hexidecimal (5043 deci­
mal)
 

D. 	 PARTICULAR DESCRIPTION 

Equations Used and Derivations See Reference 1
 

Definition of Terms Used See Reference 1, Appendix A and B
 

Detailed Description The program is designed such that
 
a broad class of problems can be solved with a minimum amount of pro­
gramming effort by the user. The only programming required by the
 



user is that which is involved with the description of the governing
 
equations for a specific probiem, and this task is coipleted within
 
the framework of a subroutine furnished with the program package.
 
All other pertinent information is communicated to the program by
 
means of input data cards.
 

After setting up COMMON and DATA blocks, the main program begins exe­
cution by reading data to obtain values for certain key control para­
meters, boundary condition information, and estimates of initial values
 
of the solution. This data is then reduced as follows: the boundary
 
conditions are arranged in order of their occurrence with respect to
 
the independent variable; the limits on the independent variable are
 
changed if need be to span the boundary conditions; any initial con­
ditions which were input as boundary conditions are placed in the
 
initial value vector where they supersede any previous values. For
 
each exact initial condition, the order of the system to be solved is
 
reduced by one until the required number of solutions to be used in the
 
superposition scheme has been determined. The perturbation factors are
 
then checked to ensure that none of the perturbations are null, and the
 
required matrix dimensions are calculated. Finally, an echo check of
 
initial conditions, input data, and key program parameters is accom­
plished by outputting appropriate values.
 

Iteratipns
 

Next, up to a certain number of iterations are taken in an attempt to
 
solve the problem as input.' The initial values of the best estimate
 
of the solution at each iteration are used to generate both the "prev­
ious approximation" and the particular solutions to be used in forming
 
the next approximation. These solutions are started from initial values
 
which are perturbed-from those of the previous approximation in the
 
manner already discussed. The integration of these initial value prob­
lems is undertaken by a fourth order Runge Kutta scheme especially adapted
 
for the data structuring employed in QUASI. Integration starts at the
 
minimum value of the independent variable and stops at the last prescribed
 
boundary condition during intermediate iterations and at the maximum value
 
during the final iteration. Output of integration results is controlled
 
by the user through an input parameter.
 

The superposition of these solutions is implied by interrupting the inte­
gration whenever a boundary condition is encountered and setting one of
 
the algebraic equations into a storage area for future use in determin­
ing the superposition constants. When all boundary conditions have been
 
so set, a linear algebraic system is solved to obtain the solution as
 
desired (exact fit or best fit in least squares sense). Following the
 
determination of the constants, the best estimate of the initial values
 
is.updated according to the desired method and if convergence has not
 
occurred, within the limiting number of iterations, a new iteration is
 
begun. Convergence occurs whenever all o the constants of the perturbed
 
solutions are smaller in absolute value than a preassigned value.
 

ORIqiGNAL PAGE IS 
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E. 	DESCRIPTION OF INPUT
 
(Extracted from Ref.1)
 

In order to utilize the program the user must successfully communicate a
 
variety of descriptive.and control information. There are two basic chores
 
involved. The first consists of programming the system of equations into
 
the structure of one of the FORTRAN subroutines. The second task involves
 
the input of program 6ontrol parameters, boundary value information; and
 
other data necessary or desirable to a successful program execution.
 

Nonlinear System Programming of Equations
 

The 	way in which the nonlinear system may be described in the ENS sub­
routine is as follows:.
 

Denoting the previous approximation to the solution of the nonlinear system
 

y=g(y,t)
 

as 	y0, the linearized system can be written
 

Cg(y ,t)y =g(yo't) + o (Y-Yo)
 
ay
wher g y ,t g t
 

where t) denotes the Jacobian of the nonlinear system
C3y
 
-evaluated using the approximation y . Evaluating the indicated diff­
erences in current and previous approximations leads to a system of 
equations 

N
 
=
yi gi (yot) + E5 i (y° t) [Y. (t) - y (t)] 

jj
 

These equations can be programmed as above using the vector Y for
 
the current solution and the vector YO (or Y0) for the previous approx­
imation. Of course, the values of g. and cg./ y are to be computed 
using the previous approximation. 1 

Linear System
 
The actual linear equations are placed in the RHS subroutine.
 
No further statements are required.
 

1. Data Input
 
The input data is read by the program in four groups: integer control para­
meters, real control parameters, boundary value information, and initial
 
conditions and related data. The input for each section is terminated by
 
a blank record and the procedure is so structured to allow an arbitrary
 
ordering of records in the input list and an arbitrary amount of data to be
 
read in any one of the four groups. This input procedure is particularly

convenient for multiple data sets for the same system of equations, because
 
only that information to be changed need be included in the input list.
 



The integer and real control parameters have been included in two
 
COMMON blocks, and input of values for these parameters is done by
 
reference to the order of occurrence of a particular element in a
 
COMMON block. This practice greatly simplifies input commands
 

Integer Control Parameters
 

The elements of the integer COMMON block have been EQUIVALENCEd to
 
elements of a vector of integer variables occupying the same storage
 
location and can be referenced by name or by lineal subscript location
 
within.the vector. These elements are input by entering the vector
 
subscript corresponding to the element location and the desired value
 
of that element in the first two fields of a record. Listed below are
 
the most commonly used 'input integer variables with the vector subscript
 
as the key va able. The variables are all given a default value. -If
 
the value is h&a listed, it is zero. In most cases, the zero value is
 
an ideal value. The' format for integer input is
 

FORMT (215) 

ELEMENT 
TMMBER DESCRIPTIION 

1 output control parameter. Zero default. 

= 0 gives minimal output. This includes the initial conditions of 
each iteration and the superposition constants. On the final iter­
ation the unperturbed or nonlinear solution is output. 

1 adds to the above output the initial condition change that would 
be taken if the change is unconstrained, the cartesian length or 
norm of this vector and the dot product 'of successive unit vectors 
parallel to the changes. The matrix in which the boundary conditions 
and results of the boundary condition operators on the perturbed 
solutions is also output. 
= 2 adds to all the 'above output, the pivotal elements used in 

solving for the superposition. 

= 3 adds the unperturbed or nonlinear solution to the above output. 

= 4 adds the perturbed solutions to the above output. 

2 = 0 for nonlinear problem. Zero default. 

= 1 for linear problem. 

3 See Appendix D for explanation. Zero default. 

4 = maximum number of recurrence iterations, 
Default value = 5. 
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ELEMENT 
NUVIBER DESCRIPTION 

5 = 0 keeps a constant maximum value for the norm of the change of 
the initial condition vector. Zero default. 

0 allows the maximum value for the norm of the change of the initial 
.condition vector to be reduced to the smallest norm encountered. 

6 = total number of boundary conditions to be imposed on the system. 
Must be input except on initial value problems. 

7 = number of dependent variables in the problem which have non-null 
derivative expressions. Must be input because default is meaning­
less. 

8 = number of dependent variables which do have null derivative expres­
sions; i.e., constants to be identified. These are the last elements 
of the state variable vector. Zero default. 

9 output control parameter which gives frequency at which output of 
information about the solution is to occur. It refers to the nominal 
number of integration steps between regular output points. It should 
be noted that output will also occur at points where boundary con­
ditions have been specified. Default value = 5. -

10 / 0 causes the original initial conditions to be saved for use with 
subsequent data sets. 

= 0 the subsequent data sets will use the last information :then avail­
able for initial conditions. Zero default. 

11 used to signal computation and output of the Wronskian of the solution. 
Zero default. 

0 no computation 

- 1 computation only at end of integration on final solution. 

1 computation each time a boundary value is encountered during 

solution. 

The remaining elements in the integer COMMON block are established during execu­
tion and heed not be input. A blank record should follow at this point to term­
inate integer input.
 



Real Control Parameters­

-The parameters in the real COMMON block are input in the same manner as those
 
in the integer COMM6N block (except, of course, for different field specifi­
cations). The vector subscript is again the key variable and is listed below
 
with .thecorresponding parameter description. The format for real parameter
 
input is
 

FORMAT 	 l5,a15.7)
 

ELEMENT
 
NUMBER DESCRIPTION 

1 	 the nominal integration step size to be used--default value = 0.1.' 

2 	 a standard perturbation factor to be applied to all unknown initial
 
value estimates unless otherwise specified--default value = 1.2.
 

3 	 the maximum value of the "length" of the change in the initial value
 
vector--if input as zero, will override 5th element of integer
 
COMMON block being non-zero and allow unrestricted changes. Zero
 
default.
 

4. 	 the initial value of the range of the independent variable. It is
 
set to the smaller of (zero or the input value) or the smallest time
 
of a boundary condition.
 

5 	 the final value of the range of the independent variable. It is
 
set to the larger of (zero or the input value)'or the largest time
 
of a boundary condition. Must be input for initial value problems.
 

6 	 a scale factor for the determinant of the coefficient matrix nsed
 
in calculating the superposition constants. Default value is unity.­

7,8 small parameters which need not be input.
 

9,10 parameters which should not be input.
 

11 a small parameter used to check on ill conditioning while solving
 
for superposition constants. Default l.E-20.
 

12 convergence test parameter. Default 1.E-8.
 

13 parameter used in checking for nearly null initial values.
 
Default 1.E-3.
 

Boundary Value Information
 

condition imposed, record f:ie]dn 

read. The first two filds are -intlgorvalues, the next two fie-lds 'are rel
 
values, and 'the last field is another' integer, value: The format -. 'ed i.s
 

FORMT 	 (215,2QI5.7,19) 

For each boundary 	 a counsisting or fPve di 
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FIELD DEFINITION
 

1 	 an identifying,integer for the boundary condition--these values
 
should range from one through the number of boundary conditi ons
 
used, with no repetition--they will later be arranged in order
 
according to the ascending values of the independent variable at
 
which the boundary condition occurs.
 

2 	 the element of the state variable vector on which the condition
 
is imposed. See Appendix D for general linear and nonlinear
 
boundary conditions.
 

3 	 the value of the independent variable at which the condition is
 
imposed.
 

4 	 the numerical value of the boundary value.
 

5 a flag indicating whether the boundary condition is to be met in 
an exact sense or a best-fit sense-­

= 0 implies exact. 
0 implies least-square. 

After including one'such record for each boundary condition in this group of
 
data, a blank recbrd should again be used to terminate input.
 

Initial Conditions and Related Data
 

QUASI requires that initial conditions, either exact or estimated, for each
 
element of the state variable vector be available at the beginning of a solu­
tion. It is often the case that some boundary conditions are specified at an
 
initial value of.the independent variable, in which case they automatically
 
are placed in the initial condition vector. For each element of the state
 
variable vector for which this does not occur, an.estimate of the initial con­
dition should be input at this time. See input of integer parameters, loth
 
element and SKIP, Appendix B of Reference 1. Each initial condition to be
 
input is included on one'rebord consisting of two integer fields followed by
 
four real fields read according to:
 

FORMAT (15,G15.7, 3G10.3)
 

FIELD DEFINITION
 

1 	 integer indicating the element of the state variable vector.
 

2 = 0 implies an unknown inJ tial conditi yn without bounds (see
 
riblds 5, 6)
 

- 1ii imp i #In (Wino Iii i ,iat cond it iohn with boiinc 1;.fln 

-.I iupllh'.; dii , . ' I, lii.iIA a I II"I.1. jiiI.iI.11,i ;
1 .1."l ., Mhe. l (!,1t:, 11.1),Mu (Iid , ' 

ORIGINAL PAGE IS 

- -POOR QUALITY 



FIELD DEFINITION (cont'd)
 

3 	 the floating-point value of' the initial condition.
 
Default value = 1.0.
 

4 	 the value of an associated perturbation factor, if different
 
from standard value or zero.
 

56 	 if one of these parameters is non-zero, the larger of the two
 
values will be used as an Lpper bound for the initial condition
 
ahd the other value will be a lower bound and if the second field
 
is null, it is then changed to +1.
 

A blank record is once again used to terminate input of this group of data.
 
This concludes input of a complete data set. If subsequent-data sets are
 
incomplete, i.e., with one or more of the four data groups empty, simply
 
include a blank record as a terminator for the empty set and continue as
 
before" 

2. 	Control and Program Cards - (begin Col. 1)
 

!JOB QUASI
 
:FORTRAN
 

(Source Cards - See Appendix A)
 

20D 

!$ROOT 256,,GO
 
:$MP
 

'XEQ 

'(Input Data)
 

!E0D 

F. 	DESCRIPTION OF OUTPUT
 

Printer Output - The iteration number and solution are given for each 
boundary 	value. See Appendix A for sample output.
 

G. 	 INTERNAL CHECKS ANDEXITS 

Program exi ts whoin input conri 1,1 ons I'or ('0nVQ1f,'1(.& Z-e flit:, 

11. 	 TNDEPENDENT SUIIOu1'TNU $ 

None
 



I. SYSTEM SUBROUTINES 

No special subroutines. 

J. COMPLETION OR FINAL CiECKOUT DATE - 4/9/73 

Source listing and sample cases are given in Appendix A. The first 
,ampl.e problem i a duplication or the first sample problem discussed 
in Reference'l. In this problem the boundary conditions are nonlinear 
and are fitted in a least square sense. The .prog-amming of the non­
linear boundary condition equation is done in subroutine' NLBC. 'The 
second example problem solves the same system or equations appearing 
in subroutine RHS, but linear boundary conditLons are used and the 
subroutine NIBC is ignored. In the second example problem, the linear
 
boundary conditions are also fitted in the least square sense.
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2 . QUASI
 

5- C
 
INTEGER (BVXACTICKIPPIBIG(135JXACTBV
 

9 REAL RBIG(204),LOWERSVEC( 462)hLFICIICCC( 462),Y(20,21)
 

8 COMMON IIC(20)ulC(20)sYVEC( 420),YNL( 80)YLF(20),S(21,22)s
 

9 1 DELT, SPTRB, PNORMP TSTART TST(OP,
 

DET, SMALL, ZERO, DETTi TRACE.
10 1 

it 2 DZERO, CONV, DPTRBp DTEMP, DNi,
 

1.2 3HsRNI.,RN2AT,
 
1 4TAVGTLTNTBMTTEMTEMPoTTEMPTBV( 21)PBV( 20),
 

14 5'UPPER(20),LOWER(20),PTRB(20)JAUX(10),CQBV(20)s
 
15 5 DIC(20,YPTRBJ(20),DELTPDELTMN1TNORMSNORMANORM,TBVKDTo
 

1 lOUT, LINi IQRVS, LITER, NORMRD.
16 
17 1- NBV,. NEQ, NCN, NNRITE, SKIP,
 

18 1 - ITRACEP LIMIT, IVARY, IAF(2)s 

19 "INVECTIXTRAo
 
20 IJXTRAPKXTRANOUTNLNSPACENRCD,
 
21 2NRSONRYOIIIICOUNTINIIN2,INTKEYIPLJNTIOISIISUBJITEMPJITERs
 
22 3 JJJ,,JQ JSUBKKKKOUNT,KOUTKQKTEMMITERNBVM,NCOLNRANKC, 
29 4 NROWSQBV(20)iXACTBV(21)XACTIC(20)IQBV(20),NRIGONENI
 
24 EQUIVALENCE (YVECPY),(SSVECI](YVECC),(IOUTIBIG),(DELrRBIG)
 
2 -5 Cn*WARNING, CHECK COMPILER FOR THIS OPTION**4*
 

26 C***INPUT INTEGER PARAMETERS****
 
2? C**WARNING, CHECK COHP-ILER FOR THIS OPTION**4
 
28 WRITE- (.102Ib)
 
29 WRITE (6P15)
 
3Q 15 FORMAT (/I MINI-QUASI MODEL'/
 
31 1I REFER TO GE-AGS USER GUIDE TIR 741iMED-30XX//)
 

32 CALL INIT
 
33 1000 CONTINUE
 
3 CALL READIT
 

35 'CALL SORTBV
 
36 CALL NTLIZE
 
37 CALL ECHOIN
 
38 5 CONTINUE­
39 CALL ESTABL
 
40 CALL NGRATE
 
41 IVARY=4
 
42 7 CONTINUE
 
49 LIMIT=4
 
44 CALL ONETEN
 
45 GO TO (17,18,I9hRIVARY 0&,IQ4
 
46 17 CONTINUE P a­
49' CALL WRITES
 
48 20 GO TO (7,18),IGO
 
49 18 CONTINUE
 
50 CALL STORES.
 

'51 IF (K-NBV)7,7,19
 
52 19 CONTI'NUE
 
59 IF (ITER-MITER)25,000,1000
 
54 25 CONTINUE
 
b5 LIMIT=1
 
56 il CONTINUE
 
57 CALL WRITES
 
58, GO TO (12i9,IO00)sLIMIT
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59 12 CONTINUE
 
69 DETT = DET
 
61 CALL GJRWLS
 
62 LIMIT - 2
 
09 IF (IPUNI-2)13,1113
 
64 13 CONTINUE
 
65 CALL NEWIC
 
66 IF (J) 141i1,11
 
67 14 CONTINUE
 
68 CALL MODIFY
 
69 GO TO 13
 
70 END
 
71 SUBROUTINE INIT
 
72 C 
73 INTEGER QBVjXACTICSKIPhIBIG(135),XACTBV
 
74 REAL 
75 COMMON 
76 1 
77 1 
78 2 

RBIG(204),LOWERSVEC( 462)PLFICIICC( 462),Y(20,21) 
IIC(20),lC(20),YVEC( 420),YNL( 80).L-F(2O),S(21s22), 

DELTA SPTRB, PNORM, TSTARTI TSTUP, 
DET, SMALL, ZERO, DETT, TRACE 

DZERO, CONV, DPTRB, DTEMP, DN1i 
79 3HiRN1,RN2Ts 
89 4TAVGTLTNTBMTTEMTEMPTTEMATBV( 21),BV( 20)s
 
81 5 UPPLR(20bjLUWER(20)sPTRB20)AUX(10),CQBV(20),
 
82 5 DIC(20hYPTHB(20),DELTP,DELTMTNORMSNORMANRMTBVKADiTS
 
83 1 IOUT, LIN, IOBVS, LITER, NORMNDi
 
81 1 NBV, NEQi NCN, NWRITE, SKIP,
 
85 1 ITRACE, LIMIT) IVARY, IAF(2)A
 
86 INVECTsIXTRA,
 
87 IJXTRAKXTRANOUTNLNSPACENRCD
 
88 2NRSD,NRYDI.IICOUNT,INIIN2JINTKEYIPUNTI0,ISISUBIlTEMPDIIERA
 
89 3 JJJJQJSUt3,KKK,KOUNT, KOUTKQKTEM,MITERANBVMNCULNRANKCP
 
90 4 NROWS,QBV(20),XACTBV(21),XACTIC(20)xIQBV(20)#NR IGO'NENI
 
91 EQUIVALENCE (YVECY),(SSVEC),(YVECIC),(IOUTIBIG),(DELTRBIi)
 
92 DATA IDUMIDUN/' ,I'BV'/
 

93 DO 10 M = 1,135
 
94 ±0 IBIG(M)=O
 
95 RBIG(1)=.E-I
 
9f, DO 20 1 =2,204
 
97 20 RBIG(I)=O
 
92 DO 30 I = 1,20
 
99 30 IIC(I)=.IE1
 
J0 NRSD = 21
 
lO0 NRCD = 21
 
102 NRYD = 20
 
£0 LITER=5
 
104 DET=.IEI
 
105 SPTRBs.12E1
 
1U§ SMALL-'.E-9
 
107 ZERO=5,E-6
 

= 
p08 DZERO 1.E-20
 
£09 DPTRB I.E-3
 
110 CONV = I.E-8
 
11-1 NWRITE=5
 
112 IAF(i)=IDUM
 
113 IAF(2)=IDUN
 
114 RETURN
 
115 END
 

£16 SUBROUTINE READIT
 
117 C
 



118 INTEGER QBVXACTICSKIPjIBIG(1351,XACTRV 
1119 REAL RtIG(204),LOWERSVEC( 46e)t.LFjICIICC( 462)hY(202) 
120 COMMON IIC(20),IC(20),YVEC( 420)PYNL( 80)oLF(20)pS(21o22)A 
121 1 DELT SPTRB, PNORM, TSTART, TSTiP, 
122 1 DET, SMALL, ZERO, DETTi TRACE, 
123 2 DZERO, - CONV, DPTRB, DTEMPP DNio 
124 3HRN1,RN2sT, 
125 4TAVGTLTNTBMTTEMTEMPTTEMTBV( 21)A8V( 20), 
126 5 UPPER(20)jLOWER(20),PTRB(20)sAUX(1OL)CQBV(20), 
127 5 DICi20),YPTRB(20),DELIPDELTMTNORMSNRMANORMTBVKDOT, 
128 1- lOUTY LINA IGBVSo LITERs NORMRD, 
129 1 NBVj NEG, NCN, NWRITE, SKIP, 
130 1 ITRACE, LIMIT, IVARY, IAF(2)s 
131 INVECToIXTRAs 
$2 1JXTRAKXTRAiNOUTPNLNSPACEPNRCD 

133 2NRSDNRYDIIIICOUNTJNIIN2,INTKEYi IPUNT, IQ, ISISUBi ITEMPjI TER, 
134 3 JJJJQJSUBiK,KK, KOUNTKOUTKQjKTEMMITERNBVMNCOLNRANKC, 
135 4 NROWSQBV(20),XACTBV(21)sXACTIC20),IBV(20)NR,IGONENI 
136 EQUIVALENCE (YVECY),(S,SVEC)(YVECC),(UOUTIBIG)B(DELTRBIG) 
137 WRITE (61312) 
138 1 READ(5i300)INIslN2 
139 IF(IN1)230,5,7 
140 5 WRITE(6J302) 
141 GO TO 11 
142 7 WRITE(6p301)INI1N2 
148 IBIG(IN1)=IN2 
144 GO TO 1 
145 C*#A'INPUT REAL PARAMETERS**** 
146 11 READ(5,305) IN1,RN1 
147 IF(IN1)15,1b,17 
148 l5 WRITE(6,302) 
149 GO TO 20 
150 17 WRITE(6,306)INIRNI 
1541 IMIOO=INI-100 
152 IF(IMZO0-)18,18,19 
15 18 RBIG(INI)=RNI 
154 G0 TO ii 
155 19 AUX(IM100)=RNI 
156 GO TO 11 
157 C**4INPUT BOUNDARY VALUE INFORMATION**** 
158 20 IQBVM = IQBVS 
159 21 READ(5,300) IsIN1oRNIRN?;IN2 
160 IF(I)901,901,905 
161 901 WRITE(6,302) 
162 GO TO 31 
163 905 WRITE(630)IuINIRNIRN?,IN2 
164 IF(IN1)906,907,907 
165 906 IF(INI+I00)907,907J958 
166 907 QBV(I)=INI 
167 908 TBV(I)=RN1 
168 BV(I)=RN2 
169 XACTBV(1)=IN2 
170 IF(IN1)909,21,21 
t71 909 IF(INI+I00)910,S90,22 
172 910 IF(QBV(I))911,22,22 
173 911 1N2=QBV(I)/I00 
174 IF(INl-(QBV(I)-IN2 iOOl)?2,512,St2 
175 912 IQBVS=-IN2 
176 22 IF(INI+100) 851,851,850 
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177 850 QV(I) = r((IQBVS+i)MIOO-IN1) 
178 851 INI = -O6V([)+(QBV(I)/100)100
 
179 1FfINI)913,2h913
 
180 913 DO 23 I1, INI
 
;81 IQBVS = IQBVS + j 
182 READ 15,305) IQBV(IQBVShjCBV(IQBVS)
 
89 IF IBVIQBVS))23j9l4,23 

184 914 IQBV(IQSVS)mI 
185 23 wRITE (6,306) IQ8V(IQt3VS),C08V(IQBVS 
-186 IFIIQBVS-IQBVM)24,21,25
 
87 24 IQBVS-IqBVM
 

188 GO TO 21
 
189 25 IQBVMttoBVS
 
00 GO TO 21
 
191 C * *INPUT INITIAL CONDITIONS AND RELATED DATA***
 
192 31 READ (5j310) ININ2,DNiRN1,RN2,RN3
 
193 IF(IN1)32,32,i15
 
t94 32 WRITE(6J30O)
 
195 G0 TO 34
 
196 915 WRITE(6,3IflINIIN2ADN1,RNIRN2,RN3
 
199, IICIINII = ONI
 
198 PTRB (IN.) = RNI 
199 XACTIC (INI) = IN2 
Zoe IF(ABS(RN2)-DZERO)916,916,917 
?Q1 916 IF(ABSIRN3)-DZERO)31s917,917
 
eoa 917 IF(RN2-HN3)918,918,33
 
a03 918 TEMPRN2
 
Z04 RN3 = TEMP
 
a05 33 UPPER(INI) = RN2
 
?06 LOWER(IN RN3
 
20? XACTIC (INlI = 1
 
08 Go To 31
 
09 3a4 RETURN
 
?10 230 sTOP
 
211 300 FORMAT (2I5,2E15,7,I5l
 
212 301 FORMAT (16H INPUT DATA CARDA215A2EI5,7I5)
 
a13 302 FORMAT (ISXjI6H BLANK DATA CARDp//)
 
14 305, FORMAT 155ES.71
 

ei5 306 FORMAT (16H INPUT DATA CARDs 151 E15#7)
 
Z16 310 FORMAT (2I5sEl5,7s3ElO,3)
 
e17 311 FORMAT (16H INPUT DATA CARD,215,4E15,7)
 
Zia 312 FORMAT(INI)
 
219 END
 
?20 SUBROUTINE SORTBV
 
?21 C
 
22a C$4*SORT BOUNDARY VALUES****
 
22a *INTEGER UBVJXACTICSKIPIB1G1135)XACTBV
 
?24 REAL RBI,G(204),Lf WERSVEC( 462),LFICIICC( 462),Y(20,i2)

?26 COMMON IIC(20),IC(20)rYVEC( 42O)YNL( 80),LF(20),S(21t22),
 
?26 1 DELTi SPTRBs PN0RM, TSTART, TSTUPP
 

2' DET, SMALL, " ZERO, DETT, TRACE, 
228 2 DZERO, CONV DPTRB, DTEMPi ONIl 
?29 3HRN1JRN2,T, 
?30 4TAVG TLiTNTBMTTEMATtPATTEMTBV( 21),BV( 20), 
231 5 UPPER(20),LOWER(20),PRTB(20),AUX(IO),CGJBV(20), 
25a 5 DIC(20iJYPTRB(20),DELTP,DELTMJTNORMSNORM,ANRM,TbVKk,)uT,
 
a33 1 
 IOUT, LIN, IQBVSA LITLR, NORtIHpo
?34 1 NBV, NEQ, NCN, NWRITE, SKIP, 
05 1 ITR4CEA LIMITj IVARY, IAF(2)) 

http:155ES.71


?36 INVECTPLXTRAs
 
e37 1JXTRAKXTRANOUTNLNSPACENRCD
 
a39 2NRSDNRYDIIIICOUNTINIlN2,INTKEYIPUNTITOIS ISUBITEMP,ITER,
 
a39 3 JJJJQJSUBoKKKKOUNTKOUTKQKTEMMITERNBVMNCOLNRANKC,
 
e4o 4 NROWSQBV420),XACTBV(2i),XACTIC(20), IOBV(20)sNR, IGPNLNI
 
941 EQUIVALENCE (YVECY),(SSVEC)j(YVECC),(IOUTIBIG)f(DELTRBIG)
 
? 34 IF (NBV)42,42,519
 
?4 919 IF(NBV-1)41,l4,920
 
?44 920 IS=1
 
Z45 NBVM=NBV-1
 
246 35 DO 40 I=ISNBVM
 
Z47 IF(TBV(I+1]-TBV(I1))37P4Oj4O
 
248 37 TEMP=TBV(I
 
249 TBV(1)=TBV(1+11
 
?50 TBV(I+1)=TEMP
 
951 TEMP=BV(I)
 
?5? BV(I)=BV(I+1I)
 
253 BV(I+I)=TEMP
 
254 ITEMP=QBV(1)
 
955 QBV(I)=QBVII+)
 
256 QBV(I+1)=ITEMP
 
257 ITEMP=XACTBV(I)
 
258 XACTBV(I)=XACTBV(1+I)
 
259 XACTBV(1+1i)ITEMP
 
260 IF(I-1)35,35,38
 
261 38 IS= 1-1
 
26? GO TO 3b
 
a63 40 CONTINUE
 
?64 41 IF(TSTUP-TBV(NBV))921,921,922
 
Z65 921 TSTOP=TBV(NBV)
 
e66 922 IF(TSTART-lBV(1))42,*42923
 
?69 923 TSTART=TBV(1)
 
?68 42 CONTINUE
 
e69 RETURN
 
270 FND
 
271 SUBROUTINE NTLIZE
 
272 C
 
?79 INTEGER QBVXACTICSKIPIBIG(135),XACTBV
 
274 REAL RBIG(204)sLWER,SVEC( 462)9LFICIICC( 462)1Y(20,21)
 
?75 COMMON IIC(cO);IC(20),YVEC( 420)YNL( 8O);LF(20)LS(21,22),
 
?76 1 DELT, SPTRB, PNORM, TSTARTs TSTLPs
 
977 1 DET, SMALL, ZEROi DETTi TRA EJ
 
278 2 DZERO, CONV DPTRB, DTEMPs DNI1
 
a79 3HRN1JRN2,T,
 
a80 4TAVGTL*TN,IBMTTEMTEMP,TTEMTBV( 21),BV( 20)1
 
281 5 UPPER(20)LtI ER(20),PTRB(20) AUX( 1O)CQBV(20),
 
2a 5 DIC(20),YPTRB(20),DLLTPDELTMTNORMSNORMANURMTBVKsDOT
 

183 IOUT, LINi IQBVSI LITER, NORMHD,
1 

284 1 NBV, NEQ. NCN, NWRIIEP SKIP,
 
985 1 ITRACE, L'IMIT, IVARYA IAF(2),
 
?86 INVECTJIXTRAP
 
e87 IJXTRA,KXTRANUT,NLNSPACENRCD,
 
a8 2NRSDNRYDIIIICOUNT,INiIN2,INTKEYIPUNTIOTSjISUBITEMPITER,
 
a89 3 JJJJQj JSUBKKKj KOUNT, KeUTKOKTEMMITERNBVMNCDLNRANKC,
 
ego 4 NROWSUBV(20)XACTBV(21),XACTIC(20),I&BV(20),NRIMIrNLNI
 

291 EQUIVALENCE (YVECY),(SSVEC),(YVEC,CT(UT,IBIGl(DELTRBIG)
 
29? DELTP=11 4DELT
 
?93 DELTM=0,9 AIDELT
 
e94 C * INITIALIZE ICDICj AND XACTIC****
 



e95 NVECT=NEQ+NCN
 
296 46 DO 50 I:1,NVECT

297 DIC(1) = 0.
 
2P8 IC(1)=IIC(1)
 

egg IF(NBV)47,47,49
 
300 47 IF(XACTIC(I))4948,48
 
301 48 XACTIC(1)=-l
 
302 49 IF(XACTIC(I)+1)924,50,50
 
309 924 XACTIC(I) = XACTICCI)+4
 
804 50 CONTINUE
 
305 TNORM = I
 
806 SNORM = PNORM
 
307 NROWS=NBV+1
 
308 IF (NBV)61,61,b2
 
09 52 DO 60 I=1,NVECT


319 "IF(ABS(TBVU1-TSTART )55,55,61
 

1911 55 IO=QBV(1)
 
212 IF(IQ)57h57,56
 

31$ 56 IC(IQ)=BV(I)
 
314 57 IF(XACTBV(I))58,5860
 
@1 58 IF(IQ)60,60,b9
 
316 59 NROWS = NROWS -1
 
317 XACTBV(I)=-1
 
318 XACTIC(IQ) = XACTIC(IQ) - 4
 
319 60 CONTINUE
 
820 61 KOUNT=O
 
321 Db 70 IINVECT
 
322 IF(XACTI-C(I))6263,v63
 
329 62 KOUNT=KDUNT+1
 
324 GO TO 70
 
32b 63 IF(ABS(PTRB(I))-DZERO)64,7O0O
 
326 64 PTRB(i)cSPTRB
 
327 70 CONTINUE
 
328 ITER=O
 
329 MITER=LITER
 
930 IF(KOUNT-NVECTm926,925i925
 
331 925 MITER=I
 
332 926 NRANKC=NVECT-KOUNT+1
 
339 NCOL=NRANKC+i
 
834 RETURN
 
,35 FNr 
336 SUBROUTINE ECHOIN 
337 C 
338 C ECHOIN 
339 INTEGER QBVJXACTICSKIPIBIG(135)JXACTBV 
340 REAL RBIG(2O4)PLOWFRSVEC( 462),LFjICIICC( 462),Y(20.21f) 
341 COMMON IIQ420)sIC(20),YVEC( 420),YNL( 80)ALF(20),S(21,22)p 
342 1 DELTA SPTRB, PNORM, TSTART, TSTUP, 
343 1 DE1. SMALL, ZERO, DETT, TRACE,
344 2 DZERO, CONV, DPTRB DTEmPp DNI 
345 3HPRN1*RN2,T, 
346 4TAVGTLTNTBMTTEMTEMPTTEMTBV( 21),RV( 20),
 
347 5 UPPER(20),LuWER(20)PTRB(20,AUX(IO),CQBV(20),
 
348 5 0lC(20)LYPTRB(20))DELTPDELTMTNORMStitJRMAN@RMTBVKDOT,
 
349 1 -
IOUT LI'N, IQBVS, LITERS NORHRDo,


-$50 1 NBV, WEQ,# NCN, NWRITEA SKIP, 
351 1 ITRACE, LIMITs IVARY, IAF(2)s 
352 INVECToIXTRA, 
35 IJXTRAAKXTRAANUT, NLNSPACENRCD, 
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354 2NRSDNRYDIIIICOUNTINIlN2,INTKEYsIPUNTv IQ, ISoISUBITEMP, ITER 
955 3 JJJJQJSUBKKKoK(UNTKOUTKQKTEMMITERiNBVMNCOLNRANKC, 
356 4 NROWSQBV(20)XACTBV(21),XACTIC(20)iIQBV(20),NR,IGONEiNI 
357 EQUIVALENCE (YVECY),(S.SVECI;(YVECiC),(IOUTIBIG),(DELTRBIG) 
858 C 
359 C*4A'ECHE THE INPUT DATA*** 
360 WRITE(6j350) 
361 IF(NBV)73,73,927 
362 927 DO 72 I=INBV 
.369 WRITE (6,400) IsTBV(I),BV(I),QBV(I),XACTBV(I) 
364 IF(QBV(I))928,72s72 
365 928 J= -QBV(II/10 
866 K = -QBVCI) - J*100 - 1 + J 
367 WRITE (6,440) (CQBV(M),IQBV(M),MHMJK) 
368 72 CONTINUE 
869 73 WRITE(6,450) 
a70 DO 74 I=INVECT 
371 74 WRITE (6,500) IIC(I),XACTIC(I),PTRB(I),UPPERU1),LOWER(I) 
372 WRITE(6,3D7)IOUT,LIN IQBVS, LITERNORMRD,NBV,NEQNCNNWRITE,SKIP, 
37S 1DELTSPTRBPNORM,TSTARTTSTOPNRANKC 
374 360 FORMAT (4H AUX,/s(1XSE15,7) 
75 WRITE (6,360) (AUX(I),I=11'0) 
376 RETURN 

377 307 FORMAT (//1OX,4HIOUTI6,IDX,3HLIN,175HIQBVSlS,15OX,5HLITERIbIOX 
a78 1,6HNORMRD,14//12X,3HNBVI7, IOX,3HNEQ, 17,10X,3HNCNI7,10X6HNWITE, 
379 214,IOX,4HSKIP, 16//1X)4HDELTEI6,6,SX, 5HSPTRRE15,6,5XSHPNORM,E15. 
980 36,5X,6HTSTARTE14A65XSHTSTOPE156///IOH GENERATED/1OX,6HNRANKC 
381 414) 
382 350 FORMAT(IX//16X,3HTBV,17X,3HB-V,13X,3HOSV,4X,5HXCTBV) 
389 -400 FORMAT (1XI5,2(EXE15,7)p218) 
384 440 FORMAT (30X,E1S,7,3H4Y(,14,IH),20XI5) 
385 450 FORMAT(IX//3X,3HY),8X2HIC13X5HXCTICIOX,4HPTRB,15X 
386 15HUPPERSiSXiSHLOWER) 
387 500 FORMAT(4XI2,5XEI5,7,5XI3,*4(SXE157)) 
.388 END 
389 SUBROUTINE ESTABL 
390 C 
391 INTEGER QBVXACTICSKIPIBIG(135LXACTRV 
392 REAL RBIG(204),Lf5WERSVEC( 462),LFICsIICC( 462),Y(20321) 
399 COMMON IIC(20)oIC(20)YVEC( 420),YNL( 80)LF(20),S(21,22), 
394 1 DELTP SPTRB, PNFRM, TSTART TSTUP, 
395 1 DET, SMALL, ZERO, DETT, TRACE, 
396 2 DZERO, CONV, DPTRB, DTEMPi DN1I 
397 3HRN1,RN2,T, 
398 4TAVGTLTNTBMTTEM,TEMPTTEMTBV( 21),BV( 20), 
399 5 UPPER(20)LtWER(20),PTRB(2O,AUX(IO),CQBV(20), 
400 5 DIC(20),YPTRB(20),DELTPDELTMTNRMSNRMANORMITBVKDeT, 
4101 1 IUUT, LIN, IQBVS, LITER, NORMHD 
02 1 NBV, NEQ, NCN, NWRITE, SKIP, 

403 1 ITRACE, LIMIT, IVARY, IAF(2), 
404 INVECTPIXTRA, 
405 IJXTRAKXTRAsNOUTNL',NSPACE,NRCD, 
406 2NRSDNRYD,IIIICOUNT,INIIN2,INTKEYIPUNT, IQIS ISUBITEMPITER, 
0-7 3 J,JJ,JU, JSUB'KsKKKOUNT,KOUTKQKIEMMITERNBVMNCOLNRANKC, 

408 4 NROWS,QBV(20),XACTBV(21),XACTIC(20),IeBV(20INR,IGeNENI 
409 EQUIVALENCE (YVECeY),(SSVEC),(YVECC)W(IfUTIBIG),(DELTRBIG) 

.+I C*-*ESTABLISH INITIAL CONDIIIONS IN YVEC** 
411 79 ITER=ITERI 
ft12 TRACE = O 
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413 JSUB=-NRYD 
414 J = 0 
*15 DO 100 J=1,NRANKC 
416 JStJB=JSUB+NRYD
 
417 DO 80 I=1,NVECT
 
*-18 IZ = JSUB + I
 
519 80 YVEC( IZ)=-ICA(I)
 
420 IF(JSUB)82,OO82
 
421 82IS=Jo+J-i
 

2 DO 90 I=ISNVECT
 
*23 IF(XACTIC(1))90,92,92
 
424 90 JO = JU + 1
 
125 92 JJ = J - 1 + JQ
 
426 IZ=JSUB+JJ
 
427 YVEC(IZ)=YVEC(IZ)*PTRB(JJ)
 
428 IF(ABS(YVEC(IZ)-DPTRB))93,94,94
 
429 93 YVEC(IZ)=I.
 
4 0 94 YPTRB-(JJ)PYVEC(IZ)
 
;i 100 CONTINUE 

432 RETURN 
4 ,, FND 
43* SUBROUTINE NGRATE 
!35 C 
436 INTEGER QBVXACTICSKIPIBIG(135),XACTSV 
43.7 REAL 
438 COMMON 
q39 I 

*40 1 
*41 2 

42 -3HPRNI)RN2PT, 

RBlG(204oLOWERSVEC( 462)1LFICIICC( 462)pY(2021)
 
IIC( 0slC(20),YVEC( 420),YNL( 80)LF(20hS(21,22),
 

DELT, SPTRB, PNORMi TSTARIy TSTOP, 
LJET, SMALL, ZERO, DETTP TRACE, 

DZERO, -CVNV, DPTRB, DTEMPP DNi 

449 4TAVGTLTNTBMTTEMTEMPTTEMTBV( 21),BV( 20),

444 5 UPPER(20),LCWER(2OIPRTB(20),AUX(iO),CQBV(20),
 
445 5 DIC(20)oYPTRB(20)1DELTPPDELTMTNORMYSNORMPANORM*TBVKDOT
 
.446 1 IOUT, LIN, IQBVS, LITER, NORMRDo
 
447 1 NBV, NEQ, NCN, NWRIE, SKIP,
 
4,48 1 ITRACEi LIMITs IWARY IAF(2),
 
449 INVECTrIXTRA,
 
150 1JXTRASKXTRAN@UTNLNSPACENRCD,
 
451 2NRSDiNRYD)IIIiICOU1NTIN IIN2pINTKEYYIPUNTAI0sPISIUBpITEMPPIrER
 
452 3 JiJJYJQfJSUBKKK,KUNTKOUTKQKTEMMITERNBVMNCOLNRANKC,
 
458 4 NROWS.QBV20 ),XACTBV(21),XACTIC(20)lIBV(20),NRIGONENI
 
45q EQUIVALENCE (YVECJY)1(SSVEC),(YVECC),(IUTIBIG),CDELTRBIG)
 
155 C**INTEGRATI(N****
 
'56 102 KOUT=0 ­

459 r'F(LOU-T-a1104.0 14,s103 
fbE f04 IF(ITER-MITER}929,±03,±03
 
A59 103 KOUT=1
 
•* ,. 929 IF(lOUT-4)931,930P930
 
461 930 WRITE(6A630)
 
*62 931 NI=NROWS+1
 
'6S NE=-1
 
46 JSUB=-NRSD
 
465 DO 105 I1,sNCOL
 
*66 JSUB=JSUB+NRSD
 
A6,7 105 SVEC,(JSUB+1)=I.
 
168 TL=TSTART
 
469 ICOUNT=NWRITL
 
470 IF(ABS(TBV(1)-TSTART)-ZER)On6,1o6 O7
0 

71 106 ICOUNT-O
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f72 107 IFITER-MITER)9 6,535#935
 
473 935 wRITE(6,590)
 
474 936 WRITE(6,60O)ITERIMITER
 
*75 INTKEY=0
 

67 INI = NRANKC
 
77 932 IF(MITER-ITER)933,933,934
 

*78 933 IN1=l
 
479 934 K=I
 
480 TBVK = TBV(K)
 
481 110 TEM=O,
 
482 RETURN
 
483 600 FORMAT (2OX,4HITERI4#4H OF,14/,lOX4HTIME14XSHSOLUTIUN)
 
484 630 FORMAT(IX/1 0X 39HREPEATED TIMES ARE PARTICULAR SOLUTIONS,/)
 
485 590 FORMAT(IHI)
 
486 END
 
487 SUBROUTINE STORES
 
488 C
 
489 C STORES
 
490 INTEGER QBV,XACTICSKIPISBIG(135),XACTRV
 
491 REAL RBIG(204)jLWER,SVEC( 462)jLFs*ICIIC,C( 462),Y(20,21)
 

2 COMMON IIC(20)sI'C(20),YVEC( 420)YNL( 80),LF(20),S(21,22),
 

193 DELT, PNORM, TSTARTi TSTiP,
1 SPTRB, 

494 1 DET, SMALL, ZERO, DETT, TRA:E,
 
495 2 DZERE, CONV, DPTRB, DTEMP, DNI,
 
+96 3H,RNI1RN2J,
 
497 4TAVGTLTN, TBMTTEMTEMPTTEMTBV( 21t)BV( 20),
 
498 5 UPPER(20),LeWER(20),PTRB(20),AUX(10) ,QBV(20),
 
459 5 DIC(20JYPTRB(20),DELTPDELTM,TNORM,SNORMANOPRMTBVKDtT,
 
500 1 IOUT, LINs IQRVS, LITERS NORMRD
 
501 1 NBV, NEQ, NCN, NWRITE, SKIP,
 
502 1 ITRACE, LIMIT, IVARY, IAF(2),
 
503 INVECTIXTRA,
 
504 IJXTRAKXTRANUUTNLNSPACE,NRCD;
 
50 2NRSD, NRYD, T I I ICOUNT, INi I N2R2 INTKEY, IPUNTAI Qi ISi-ISUBA ITEMPSIFER,
 
506 3 JJJ,JQ,JSUBKKKjKOUNTKOUTKQKTEMMITERNBVMJNCOLNRANKC
 
507 4 NROWS,QBV(20),XACTBV(21),XACTIC(20),IEiV(20)ONR,IGOJNENI
 

508 EQUIVALENCE (YVEC,Y),(S,SVEC),(YVECC),(IOUTIBIG),(DELTRBIG)
 
bO9 134 IF (XACTBV(K)) 152Y135'135
 
510 135 IQ = QBV(K)
 
E1 IF(XACTBVI-K))139j138,139
 
512 139 NI=NI­
13 NR=NI
 

514 GO TO 140
 
515 138 NE=NE+1
 

-16 
 NR=NE
 
517 140 ISUB=-NRYD
 
518 JSUB=-NRSD
 
519 IF (IQ)143u143u144
 
29 143 J= -IQ/iO0
 
21 IS = J - (IQ + J100) ­

t22 144 DO 150 I>INRANKC
 
523 ISUB = ISUB + NRYD
 
524 JSUB = JSUB + NRSD
 
525 IF(IQ)145,14b,147
 
526 147 IZ I + ISuB
 
27 DOT = YVEC(IZ)
 
528 GO TO 148
 
529 145 DOT = O'
 
53Q IF (IS-J)149,950,SbO
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531 950 D 146 M=JIS 
532 JJ = IQBV(M) 
539 IZ = jJ + ISUs 
534 146 DOT = DOT + YVEC(IZ)4CJBVUI)' 
535 148 IZ = NR ± JSUB 
36 SVEC(IZ) DOT 
37 149 IF (I-NRANKC)150,951,150 

53 95 IZ = NR+NRSD+JSUB 
539- SVECIZ) = BV(K) 
40 150 CONTINUE 
541 151 IF(IQ)952p952p152 
42 952 IF(IS-J)953,1524152 
4S 953 CONTINUE 

544 CALL NLBC 
54$ 152 K - K + 1 
546 IF(K-NBV)154j,54,153 
547 153 IFIITER-MITER)I7Oj154o154 
548 154 IFIK-NBVI954,954,955 
,549 954 TBVK=TBV(K) 
550 GO TO 956 
551 955 TBVK=TSTUP+2.*DELT 
552 956 IF(ABS(TBVK-TBV(K-1)))134u134s957 
559 957 TEM=TEM+TBMT 
554 TEM=TEM+TBMT 
555 TTEM=TL+DELT-TEM 
556 TF(TEM-DELT(1)155,958,958 
557 958 TTEM=TL+2,*DELT-TEM 
58 -KTEM=KTEM+l 

559 IF(KTEM-1)96Or959j960 
60 959 ICOUNT=ICOUNT+17 

561 960 IF(ICOUNT-NWRITE)155.,61,155 
62 961 ICOUNT=O 

563 155 INTKEY=O 
564 IF(ABS(TTEM-TBVK)-)I1O*IlOiI57 
56$ 157 IF(TTEM-TBVK)158ul58jli2 
566 158 H=TTEM-TL 
§ 67 I==i 
568 110 RETURN 
569 170 I = 0 
70 RETURN 
571 112 J = 0 

572 RETURN 
573 FNO 
574 SUBROUTINE NLBC 
575 C 
576 REAL LFDY(20)iU(20) 
577 COMMON FIC(40),P(2o21),C(80)LF(20),S(21D22)I 
578 1 RL)1(9),TRACE.RD2(5),RRD3(2),TRD4(7),TBV(21 ),BV(80), 
579 2 AUX(IO},CQ(67), 
580 3 ID(16),IPARTJSUBID2(2)1NLjID3(?9) NRANKCID4(62),IQ(24) 
581 EQUIVALENCE (TLRD4(2))1,(JID3(17))I(KID3(21))s(NRPIU(21)) 
82 EQUIVALENCE (LFADY),PisU) 
589 DO 80 ICL = IPNRANKC 
584 ASM = 0O 
b8$ DO 79 IDX = 1,4 
586 IZ=5"IDX 
587 79 ASM=ASM-U(IZ)4P(IDXICL) 
588 80 S(NRPICL) - ASH 
b89 S(NRNRANKC+I)=BVIK)- SIN(U(5)TL)-U(I)-*U(4)-U(2)*U(3) 



590 RETURN 
591 END 
592 SUBROUTINE NEWIC 
59a C 
594 C NEWIC 
595 INTEGER OBVXACTICSKIPIBIG(1351,XACTBV 
b96 REAL RBIG(204),LOWERSVEC( 462),LFIC*IICsC( 462)PY(20s21) 
597 COMMON IIC(20)PIC(20),YVEC( 420)jYNL( 80)LF(2O),S(21j22), 
598 1 DELT, SPTRB, PNORM, TSTARTs TSTtPy 
591 1 DET, SMALL, ZERO, DETT TRACE, 
600 2 DZEROi CONV, DPTRB, DTEMP, DNIp 

01 3HPRNXRN2,Ts
 
402 4TAVGTLTNTBMTTEMTEMPTTEMTBV( 21)BV( 20),
 
603 5 UPPER(20)1JLOWER(20),PTRB(20)'AUX(10), CQBV(20)s
 
404 5 DIC(20)1YPTRB(20)YDELTP DELTMR TNORMRSNORMj AN ORTBVKDOTp
 
(05 1 lOUT, IINP IQBVSP LITER, NORMRD
 

606 1 NBV, NEQ, NCNP NWRITEi SKIP,
 

607 1 ITRACE, LIMITs IVARY, IAF(2)i
 

08 INVECTiIXTRAa 
609 IJXTRAKXTRANOUTNLNSPACENRCD 
610 2NRSDNRYDIIIICOUNTINIIN2,INTKEYJIPUNTIQISISUBITEMPITER 
( 13 JoJJJQ, JSUB Kf<KKKOUNTKfUTKQKTEMMITER.NBVMNCOLJNRANKCP 
012 4 NROWS.UBV(20)XACTBV(21)oXACTIC(20) IOBV(20),NRIGO NEjNI 

613 EQUIVALENCE (YVECY),(SSVEC),(YVECC)B(IOUTIBIG)s(DELTRBIG) 
614 C4**CALCULATE NEW INITIAL CONDITIf'NS94a" 
615 IF (J) 970,188,188 
614 188 KQ=0 
§17 ANORM = OR 
418 DOT = 0 
019 JSUB=NRANKC*NRSD 
0?0 DO 210 J=INVECT 
421 IF(XACTIC(J))190,195,95 
§22 190 KQ=KQ+1 
622 GO TO 210 
624 195 JJ=J-KQ+i 
625 C#**CALCULATE NEW J-TH ELEMENT OF INITIAL CONDITION VECTOR *** 
626 IZ = JJ + JSUB 

= 
427 DTEMP SVEC{IZ) 
628 DTEMP = YPTRB(J)*DTEMP + ICIJ)*(I. -DTEMP) 
429 TDIC =.DTEMP - IC(J) 

630 IF(ABS(PNORM)-ZERO)205, 98I198
 
431 198 DTEMP=DIC(J)40.5
 
§3.2 IF(TDIC*DIC(J))I99,205,205
 
636 199 IF (ABS(TOIC)-ABSIDTEMP)? 205,205,200
 

634 200 TDICa-DTEMP
 
§35 205 DOT - DOT + TDIC*DIC(J)
 

= 
636 ANORM ANORM + TDIC442
 
§37 DIC(J) = TDIC
 
638 210 CONTINUE
 
639 ANORM = SQRT(ANORM)
 
64Q DOT - DOT/(ANORM*TNORM)
 
(41 212 IF(PNORM)970,970,213
 
642 213 CONTINUE
 
443 J a -1
 
644 RETURN
 
645 970 IF(ANORM-SNORM)971)963,963
 
646 971 IF(NORMRD)963o963s962
 
647 962 SNORM=ANORM
 
648 963 'TNORM=ANORM
 



649 DO 215 J=INVECT 
650 IF(XACTIC(J))215,964,964 
651 964 IC(J)=IC(J)+DIC(J) 
f52 IF(XACTIC(J)-1)214965,965 
459 965 IF(IC(J)-UPPER(J))967p967*966 
654 966 IC(J)=UPPERCJ) 
055 967 1F(IC(J)-LOWERtJ))968s214A214 
§56 968 IC(J)=LOWERLJ) 
(57 214 IF(SKIP)215,969,215 
595 969 IICJ)-IC(J) 

659 215 CONTINUE 
660 DO 220 I=2,NRANKC 
261 IZ=I+JSUB 
662 IF(ABS(SVECIIZ))-CONV)220,216s216 
.63 216 IF(ITER-LITER)79s220,220 
664 220 CONTINUE 
665 MITER=ITER+1 
666 79 RETURN 
667 END 
§68 SUBROUTINE MODIFY 
669 C 

470 INTEGER OBVXACTBVSKIPIBIG(135) 
671 REAL RBIG(204)sLjWERSVEC( 462),LFICsIICPC( 462),Y120s21) 

472 COMMON IIC(20)PIC(20)AYVEC( 420),YNLI 80)xLF(20),PS(2122), 

673 1 DELT, SPTRBs PNORM, TSTARTs TSTOP, 

674 1 DET, SMALLs ZERO, DETT, TRACEs 

675 2 DZERO, CONV, DPTRB, DTEMP, DNi, 
676 3HRN1jRN2jTo 
677 4TAVGTL.TNTBMTTEMTEMPTTEM;TBV( 21),BV( 20), 

(78 5 UPPER(20),LUWER(20)PTRB(20),AUX(IO)CQBV(20), 
679 5 DIC(a0)sYPTRB(20,DELTPDELTMSTNORMSNORMANORMTBVKJDOTS 
680 1 lOUTs LINs IOBVSp LITERS NORMNO, 

681 1 NBV, NEU, NCN, NWRITEi SKIP, 

(82 1 ITRACEi LIMIT' IVARY, IAF(2), 

683 1NVECTsIXTRAj 
68*4 IJXTRAKXTRAN UTNLNSPACE,NRCD# 
685 2NRSDNRYDIilI,ICOUNTSINIIN2,INTKEYIPUNTIQ, ISISUBITEMPITERJ 
680 3 JJJjQJSUBKKKKOUNTKUTKQKTEMMITERNBVMNCOLNRANKC, 
687 4 NROWSQBV(20.),XACTBV(20)s KIC(21),IfBV(20),NRsIGOiNENI 

688 EQUIVALENCE (YVECiY),(SSVEC),(YVECJC)A(IOUTIBIG),(DELTRBIG) 
689 IF (ANORM-PNORM)2s4,4 
690 2 IF (DOT)4,4s3 
691 3 RETURN 
292 4 COEF=I, 
698 IF (ANORM-PNORM]6,6,5 
f 4 5 COEF = PNORM/ANORM 
695 6 ITERM = -PNORt/ANORM - I. 
696 IF(ITERM+10)7s,88 ­

497 7 ITERM=-10 
§95 8 IF(DOT)5,1O,10 
699 9 COEF = COEF*(I,+DOT10.ITERM) 
VOQ 10 DO 20 IclNVECT 
701 IF(KIC(1l))2020sI1 
702 11 DIC(I) = COEF*DIC(I) 
703 20 CONTINUE 
704 ANORM = ANORM*CCEF 
705 RETURN 
906 END 
707 SUBROUTINE GJRWLS 



708 C 
709 INTEGER I(21)iJ(22),JZC(20)AIJTV(20) 
710 COMMON -ADI(40),B(21,22),AD2(58),A(21J22),AD3(8),SETiTRACECHE KAD 
711 14(193)PIOUTID1(21)PNRB,NRApID2(7) IJPUNT, ID3(Ii) NNRdWAID4(60), 
712 2 NEMAXID5(241 
718 EQUIVALENCE (AD2"(39)IJTV) 
714 NTUTAL - N - 1. 
715 LSTOP=NEMAX 
716 NROW-NROWA 
717 NEND=NROWA 
718 IF(NRtWA-NTOTAL)20,30,30 
719 20 NEND=NTOTAL 
720 30 DO 100 L=lNEND 
721 IF(.L-NTOTkL)40,40,100 
722 40 J'(L)=L 
729 100 I(L)=L 
724 DO 650 K-IN 
725 C=OO 
726 DO 200 L=KsLSTOP 
727 IL ="I(L) 
7as 0 200 M = Ks N 
729 JM=J(M) 

730 ABSA=ABS(A(ILPJM)) 
731 IF(ABSA-CI200,p200,190 
732 190 KL = L 
733 KM - M 
734 C = A3SA 
735 200 CONTINUE 
736 KI = I(KL)' 

737 KJ = JIKM) 
738 I(-KL) = I(K) 

739 I(K) = KI 
740 J(KM) UJ(K) 
V41 J(K) = KJ 
742 AKK AIKIKJ) 
743 A(KIsKJ)=I, 
744 DET = DET4AKK 

745 IF(NEMAX-N)260j260,2O0 
746 250 IF(K-N)260A1400,1400 
747' 260 IF(C-CHECK)345j345j350 
748 345 CONTINUE 
749 IPUNT - 2 
750 RETURN 
751 350 AD2(K+18)=AKK 
752 IJTV(K)= 1004KI+KJ 
753 370 AKK=1.EO/AKK 
754 KPI=K+i 
755 DO 400 M=KP1,NTOTAL 
756 JM=J(m)­
-757 400 A(KIJM)=AKKA(KIdJM) 
758 DO 600 L=INROW 
759 IF(L-K)420,600,420 
760 420 IL=I(L) 
761 AKK = A(ILiKJ) 
762 A(ILPKJI=Q 
768 DO 500 M=KPIiNTOTAL 
764 JM = J(M) 
765 500 A(ILsJM) = A(iLJM) AKK*A(.KI.JM) 
766 600 CONTINUE 
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76Y IF(K-NEMAX)650s610o650
 
768 610 IF(N-K)650,650,620
 
769 620 DO 621 l = iN 
770 JZC(L) -0 
771 DO 621 M=INTOTAL 
772 621 B(LM) = 0. 
773 DO 627 LzKP1,N 
774 IRAT = J(L) 
975 JZC(IRAT) = 1 
776 DO 626 M-KP1,NTf2TAL 
777 JCA = J(M)
 
778 IF (IRAT-JCA) 622s622o626
 
779 622 TEMP = 0. 
780 DO 623 KR = KP1,NROWA 
781 623 TEMP = TEMP + A(KRIRAT)4A(KRJCA) 
782 B(IRAT,JCA) = TEMP 
783 IF (IRAT-JCAJ 624,626s626 
784 624 IF (JCA-N) 625,625,626 
785 625 B(JCAsIRAT) = TEMP 
786 626 CONTINUE 
787 627 CONTINUE 
788 IRA = K 
789 DO 630 L - lN 
790 IF (JZC(LH)6281630,628 
791 628 IRA = IRA + 1 
79P DO 629 M = KP1JNTOTAL 
793 JCA = JIM) 
794 629 A(IRAJJCA) = B(LJCA) 
795 630 CONTINUE 
796 LSTOP N 

799 NROW = N 
998 650 CONTINUE 
799 DO 1000 K=IAN 
00 KI = I(K)
 

801 KJ = J(K)
 
802 IF(KI-KJ)660,8OOj660
 
808 660 DO 700 M 1,NTOTAL
 
80f AKK=A(KIM)
 
805 A(KI,M) = A(KJsM)
 
806 700 A(KJjM) = AKK
 
807 8Og DO 900 L = K N
 
808 IF(I(L) -(K))900sbO90
 
809 900 CONTINUE
 
810 950 I(L) = I(K)
 
81± 1000 I(K) = L
 
812 1400 CONTINUE
 
519 1450 IPUNT=1
 
814 RETURN
 

L 


815 END
 
816 SUBROUTINE ONETEN
 
817 C
 
818 INTEGER QBVXACTICSKIPIBIG(135)sXACTBV
 
819 REAL RBIG(204)jLWERsSVEC( 462)bLFICIICC( 462),Y(20,21)
 
820 COMMON IIC(20).lC(20)iYVEC( 420)AYNL( 80),LF(20)S(21,22.
 
821 1 DELT, SPTRB, PNORM, TSTART; TSTP,
 
822 1 DLTY SMALL, ZEROP DETT, TRA:Ep
 
82G 2 OZERft CONV, DPTRBs DTEMPp DNi,
 
824 3HRNXRN2,T,
 
825 4TAVGTLTNTMTTETEHPTTETBV( 21)iBV( 20),
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826 5 UPPER(20 bLtJWER(20kPRTB(20)JAUX(l0),CQBV(20), 
827 5 DIC(20),YPTRB(20 iDELTPFDELTMTNORMSNORMANORMTBVKD6T, 
828 1 IOUT, LINi IQBVS, LITER, NORMDp 
829 1 NBV, NEQY NCN, NWRITEs SKIP, 
830 1 ITRACE, LIMITs IVARY, IAF(2)A 
831 INVECT*IXTRA, 
$32 IJXTRAKXTRANOUTNLNSPACEsNRCD 
83 2NRSDNRYDIlICOUNTINIlN2,lNTKEYIPUNT IQO)ISISUBITEMPITER, 
834 3 J, JJ,JQJSUBKKKsKOUNT,KOUTKQKTEMMITERNBVMNCOLNRANKC, 
835 4 NROWSQBV(20),XACTBV(21),XACTIC(20),iJBV(20),NRsIGONEsNI 
836 EQUIVALENCE (YVECY)I,(SSVEC),(YVECC)B(IOUTIBIG),(DELTRBIG) 
837 GO TO (111,105,105,105),IVARY 
838 105 IF (J) 106,112;106 
839 106 I-F (1) 118,110i,110 
fIt0 110 TEM" 0. 
841 KTEM=O 
$42 IF (TL-TSTOP ) 937,937,135 
843 937 IF(ICOUNT-NWRITE)112,938,938 
844 938 IGO=I 
845 109 IF(KOUT-)939i940,940 
846 939 IF(ABS(TL-TSTART))940,940,94i 
847 991 GO TO (111,134),IGO 
848 940 NOUT=NEQ 
$49 IF(ABS(TL-TSTART))942,942,943 
850 942 NOUT=NVECT 
851 943 CONTINUE 
852 IVARY = 1 
853 RETURN 
854 111 ICOUNT=O 
855 112 TBMT = TBVK - TL 
856 IF(TBMT-DELTP)115i15114 
857 115 INTKEY=1 
858 H=TBMT 
r859 GO TO 118 
860 114 H-DELT 
861 118 T = TL + H 
862 CALL DOIT 
863 TL=TL+H 
864 IF(INTKEY-a)131,130,131 
865 131 ICOUNT=ICOUNT+1 
866 GO TO 110 
867 130 IGO = 2 
868 GO TO 109 
869 134 IVARY = 2 
870 RETURN 
871 135 IVARY = 3 
872 RETURN 
87, END 
874 SUBROUTINE DOIT 
875 C 
876 REAL YK(20),YP(20),A(39TN(4),B,(3)jLF 
877 COMMON DDI( 40), Y( 420), C(80),LF(20),SVEC(462), 
878 1 H01I(15),HH,RD2(4),TRD3(183), 
879 2 IdUTLINIDI(4),NEO102(8)jNVECT IPARTiJSUB, 
880 3 103(2),NLsID4(3),.NPYDID5(3),INIT, D6(108) 
881 DATA A/1,P2. 2/ 
882 IPART=O 
883 ISUB=NRYD 
884 1G=0 
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885 1 IPART=IPART+1 
886 TI=T 
887 IF(IPART-IN1)3,3,2 
888 2 RETURN 
889 3 ISUB=ISUB+NRY0 
890 H-HH 
891 NL-1 
892 IF(IPART-I)IOI,102,101 
993 101 IF(LIN)I03j103,102 
894 102 NL=O 
895 103 IF(IPART-1) 104,104,15 
896 104 IF(LI-N)O5u105s15 
897 105 H= HH/29EO 
898 4 IPT = IGO*NRYD 
899 DO 5 1 = IANVECT 
900 IZ = IPT + I 
901 5 C(IZ) = Y(I) 
902 IGO=IGO+± 
90a IF(IGO-2)15u15,i 
904 15 DO 20 I=iNVECT 
905 IZ = ISUB + I 
906 YK(I) = Y(IZ) 
907 
908 
909 

YP(1) - 0. 
20 CONTINUE 

H06 H/6, A 

91 
911 

(1) Ht,2o
B12 )-B( I) 

912 B(3)=H 
913 TN(1)=TI 
914 TN(2)=TI+B(l; 
915 TN(3)=TN(2) 
916 TN(4)=TI+H 
917 JSUB=-1 
918 0 30 J=1,4 
919 IFLJ-3)106,07o06 
920 106 JSUB=JSUB+l 
921 107 IPT = JSUB*NRYD+1 
922 CALL RHS (YKC(IPT)I C(IPT),TN(J)) 
923 IF(J-4)25850,25 
924 25 DO 30 I=1,NEQ 
925 YP(I)=YP(I)+A(J)*LF(I) 
926 IZ = ISUB + I 
927 30 YK(I) = Y(IZ) + B(J)*LF(1) 
928 50 DO 60 I=I1NEQ 
929 IZ=ISUB+I 
930 60 Y(IZ) = Y(IZ) + H6 (YP(I)+LF{I)) 
931 IF(IPART-1)65,65u1 
932 65 IF(LIN)68i68i1 
933 68 TI=TN(4) 
934 GO TO 4 
935 rtiFN. 

936 SUBROUTINE RHS(YoYO,,Y6,TN) 
937 C 
938 REAL YO (20) YO(20)iLFDY(20),U(20) iY(20) 
939 COMMON FIC(40),P(20s21),C(8O),LF(20),S(2,22), 
940 1 RD1(9)iTRACERDP(5)H,RD3(2),TpR47)TBV(21),BV(80), 
941 2 AUX(I1O)PCQ(67), 
942 3 I0I(16),IPARTJSUB,ID2(2),NLIO3(P9)bNRANKCID4(62)hlQ(24) 
943 EQUIVALENCE (LFsDY)H*PU) 
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944 NRC = 20 
945 IF(NL)454b5,50 
946 C 
947 C HERE ARE THE NON-LINEAR (OR LINEAR) EQUATIONS 
948 C 
949 45 CONTINUE 
950 DY(1) = Y(2) 
951 DYI2) s -Y(i)4Y(4)-Y(2)4Y(3)+SIN(Y(5)*TN) 
952 47 RETURN 
958 S0 CONTINUE 
954 C 
955 C HERE ARE THE LINEARIZED EQUATIONS 
956 C 
957 LF(1) = Y(2) 
958 LF(2)=-YO(I}*Y(4)-YO(2)#Y(3)-YO(3)*(Y(2)-Y(2))-YO(+) (Y(1)-YO(1)) 
.959 1 +SIN(YO(5)4TN) 
960 RETURN 
961 FND 
962 SUBROUTINE WRITES 
963 INTEGER IJTV(20) 
964 INTEGER QBVXACTICSKIPIBIG(135),XACTRV 
965 REAL RBIG(204),LJWERSVEC( 462)iLF*ICItICAC( 462),Y(20j21) 
966 COMMON IIC(20)olC(20)YYVEC( 420)pYNL( 80),LF(20),S(21,22)o 
967 1 DELTP SPTRB, PNORMj TSTART, TSTOP, 
968 1 DETA SMALLj ZERO, DEIT; TRACE, 
969 2 DZEROi, CONV, DPTRB, DTEMP, DNI, 
970 3HpRN1jRN2,Tp 
971 4TAVGTLTNTBMTjTEMTEMPTTEMTBV( 21),BV( 20), 
972 5 UPPER(20),LOWER(20),PTRR(20) AUX(IO)iCOBV(20), 
978 6DIC(-2O)',YTPRB (20)DELTPDELTMTJfRMSNORMANORMTBVKDOT 
974 1 1OJT, LINp IQBVS, LITER. NORMRD, 
975 j NBV NEQi NCN, NWRITE, SKIP, 
976 I ITRACE, LIMIT, IVARY, IAF(2), 
977 1NVECTPIXTRAP 
978 1JXTRAKXTRANOUTNL.,NSPACENRCDA 
979 2NRSDNRYD#I#IIyICOUNT*INIIN2,-INTKEYIPUNTIIIQISISUBoITEMPITERj 
580 3 JJJJUJSUBKKKKEiUNTKOUTKQKTEM,MITERiNBVMNCOLNRANKCi 
981 4 NROWSQBV(20),XACTBV(21),XACTIC(20),IQBV(2O),NRIGO.NEjNI 
982 EQUIVALENCE (YVECY)(SSVEC)(YVECCJ,(IOUTIBIG)B(DELTRBIG) 
989 EQUIVALENCE (LFIJTV) 
984 C WRITES SHOULD NOT BE ENTERED WITH LIM,IT = 3 
985 GO TO (172200,200230)LIMIT 
986 172 IF(IOUT-1)182,I74,174 
987 174 WRITE(6,550) 
988 DO 180 IvlNROWS 
989 180 WRITE ('61'800) IS(IsNCt1L),(S(IJ),J=I RANKC) 
990 182 RETURN 
991 200. IF (IPUNT-2) 201,205,201 
992 201 CONTINUE 
993 IF (IOUT-I) 182j182A202 
994 202 DO 203 I=lNRANKC 
995 203 WRITE(6J360) IYNL(I+60),IJTV(I) 
996 WRITE(6i650) (S(INCOL),InIsNRANKC) 
997 211 wRITE(6,370)DJOTANORM 
998 WRITE(638O)(DICPI)uI=INVECT) 
999 RETURN 

1.OO9 205 LIMIT = 3 
;901 
l02 

345 WRITE (6j340) 
RETURN I 
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1903 230 M=
 
104 IF (IOUT-3)232,232.231
 
1905 231 IF (ITER-MITER) 234,232,232
 
1Q06 234 M = NRANKC
 
1907 232 DO 233 J=lM
 
1008 233 WRITL(6P700) IAF(IGO)PTL,(Y(IJ)sI=iNMUT)
 
1009 RETURN
 
L01Q 340 FrRMAT(44H PUNT... ILL CONDITIONED IPUNT RETURNED AS 2)
 
1011 360 FORMAT(IOX,15,8HTH PIVOTE15.6,I6)
 
1Q12 370 FORMAT (1X/3X*4HDOT ,E15.7,15X;7H ANORME15.7)
 
I013 380 FORMAT (/,1IH DIC VECTOR,/(IXP 7E15.7))
 
1914 5bO FORMAT (1X// 2X,1IHSAVL MATRIX,/
 
1015 1 5X,46HBOUNDARY VALUEUNPTRBD SOLNi PTRBD SOLNS.....
 
1916 650 FORMAT(1X/3XIlHCONSTANTS 7EI5.7/(X4X, 7E15,7)i
P 


Q1'7 700 FORMAT (iXA2,8E15.7/(20Xp7E15,7))
 
0IB 800 FORMAT(3XjI21 7EI4,6/(5X, 7E14q6))
 
1019 END
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EXAMPLE APPLICATION
 

To illustrate in an explicit fashion the use of the program
 

and, in particular, the programming of the governing equations,
 

consider the damped harmonic oscillator with an impressed forcing
 

function.
 

i(t) + px(t) + Ex(t) = sin wt 

the second order equation is convbriit( to a system of two first
 

order equations by the transformation
 

Yl(t) = x(t)
 

Y2(t) = x(t)
 

The resulting system s seen to be
 

y1 (t) = Y2(t)
 

y2 (t) =sin t - pY2 (t) - Cyl(t)
 

For purposes of identifying the parameters p, C and w from 

an observed response of the system to a given excitation, let
 

us denote these constants as variables, i.e., elements of a
 

state variable vector,
 

Y3 = 11 

Y4 = C 

y5 = W 
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It follows that those "variables" obey the equations 

y3 (t) = 0 

'4(t) = 0 

;s~t) = o 

Note 	that:
 

a) if 11, and w are specified then the system
 

yl = Y2 

;2 . sin y5 (t) - Y3(t)'y 2 (t) - y4 (t).y 1 (t)
 

9 s - 0 y3(o) C
 

;4 = 0 Y4(O)
 

s = o YS(O) ­

is linear or nonlinear, as you wish to call it,
 

b) 	 If say, p and g are not speci fied, then the same 
system is nonlinear for the identification problem. 

In such a case, the linearized system is constructed 

from a previous approximation ye to be 

l y2(t) 

- 2 

+ 
= 3 a2j(t)'yj(t) f 2 

( t) 

j=l
 

3= 0
 

= 0
;4
 

(IS
 



where 

4 

•f2 t) = sin wtf29 - Yq(t) y (t)
924 

- Yo(t) 'y (t)
01 

- a0 
2 

(t) 'o.(t) 

j=1 

with 

o 

a2 (t} = [sin wt y-3(t)'Y2(t) y4(t)yy(-t)] 0 

(5.9) 

such that 

a (t) -Y0o4 t) 

0 
a2 2(t) = -yo3(t) 

a2 (t) = Yo2(W 

a204 (t)22 = - o(t)
o1 

The nonlinear system can be programmed as 

DY(1) = Y(2) 

DY(2) = SIN(Y (5)*T) - Y(2)*Y(3) - Y(1)*Y(4). 

The linearized system can be programmed as 

LF(1) - Y(2) 

LF(2) = SIN(YO(,S)*T) - YO(2)*YO(3) - YO(4)*YO(1) 

+(Y(1) - YO(1)) * (-YO(4)) 

+(Y(2) - YO(2)) * (-YO(3)) 

+(Y(3) - YO(MD) * (-YO(2)) 

+(Y(4) - YO(4)) * t-YO(l)). 



SAmPLF_- _ P.PU JT SAMPLC Pk'o7z A4 / . ..
 

-xIPuf"A f-i-Aib- --- --------.... .. ...... ... .. . .. ..... 
INPUT DATA CARL)
INPUT DATA CARD 

4 
7 

5____
1 

___ ____ ____ _______ _________ 

INPUT DATA CARO 8 3 
BLANK DATA CA41 

INPUT DATA CARD 1 02.00OOOO01 
INPUT DATA CARD 12 0,99$9999E-0. 

BLKNK DATA CARU. 

INPUT bAT -tARO -- . UOO00D0+Ut-O2200OOOE+0 - . 
INPUT DATA CARD 2 2 0.PJL,)0UO+Ul 0.35D0002-01 I 

-INPUT-DATA CARLU 3 j 0.34U0()Q(E 4-;i'- 4740'00'E+00 I 
INPUT DATA CARD 4 '0 .t.000UOE+l1 -0.5890 (IE+0O I 
INPUT DATA CAR)~ 5 .. 6-u.YJQOOOOE+01" 0.3929999E+00 I' 
INPUT DATA CARD 6 0 60OOO000E+0i 0.1596999E+01 I 
IP UT, DATA CARD-- T "6d-u"7U'OOOE+Ul 0.1452000E+01 I . 
INPUT DATA CARD 8 0 O-80OOOOE+Ui -0.3880000L+Oo I _-_ ___ 

_INPUT CAR. o 1A.00060Eiu' -O2323999E+02--­
-INPUT DATA CARD 10 0 0.1OOUO0E+U2 -0.2?73999E+01 I 

INPUT OATA CAR----f -- v -11000uOE+jd 0.88000OE-01 . 
INPUT DATA CARD 12 0 0.120UOOL+02 0.271099E+01 1 
INPUT DAT. CARD 

"-
_ 

1 3 - -
0 u.I30000E+U2 0.29970C0O +01 1.. . . . . .. . . . . . . .-

INPUT DATA CARD 14 U Q.v+400000E02 O.4010000E0O 0 I 
.INPUOT- ..A CARD lb uCjR. +uj .o . ..g.i6 Oc. . .. . . . . .. .+01. . . . 

BLANK DA.TACARD 

I PGT&5ATZXCi4RD 1-f Thbt0oooot+Ud0 o 000E+0o~05'C )OC00E;0 o~-o-oooooo0oc- - -- - - -- - -

INPUT 'DATA CARD 2 0 .0000E+dL 0.0OOOO00E+00 O.OOOOOOOE+00 O.OOOOOCOE+O 
-iPUT-DATACART- 3 ) v.959999bE;0f.Obouo E+0O*O-OOoflC'ooUETO---tOOObOOE+Uo 

INPUT DATA CARD 4 0 U.,299999E+01 0.OOOOOOOE+O0, OOOOOOOOEtO 0.0000000E+00 
INPUT DATA CARD 5 -1 0OO000OO0L+0 O.0ooooooE+O0 OOOOOOOOE+00O0.OOODOOL+O 

____ _BLANK DATA CARD 

TBV B-V .. V...TBVV.....- -T-V 

I 0,1000000E+01 -0.2200OUUOE00 0 1 
2 O.2UOOUCE+O1 0,350OuOE-01 0 1 
3 0,3000(OUL+Oi -0,,'.ThOUE+00 0 1 ...... 

O.4o0oOOO0L.D1 -O.589UuoF +o0 o 1 
5 0.b5o000rOt-- ­ 0,3S299u9L+00 - 0 I 
6 0.UOO0UUL4Ol 0.159 619F 01 0 1 
7 _ OOOCOOE.+01 Ol4b2OUOE+01 0 1 
8 0.BOOOO0L+01 -0.3880000E+00 0 1 
9 0900000E.Cl -0,2323!99E+01 0 1 

10 OIOO000GE+ .. -0o222 99E+0I 0 1 
11 0.1100000E +2 0.88OOOOOE-01 0 1 

12 0.12O00 E02 n.2710999E+01 0 1 

13 0.1300000E+02 .2997UOOE+01 0 1 
14 O6,0oooOOE+Oe 0.4013000E;00 i 
15 .O,iboouE+O2 -0.2816000E+01 0 1 



Y() -IC XCTIC PTR8 UPPER LOWER
 

2 0.000000E+b0 0 0.i?ooooL+0± OOOOOE+O0 00000000E+00
 

3 C.9999996E01 0 0,1200000E+01 OOO,-ObE0-O'O O.OC +Of"+­
4 0.12S9999E+01 0 O.s200000E-Oi - o.ooooo6+oo O.ocoooo0E+00
 

5 0.16060Yd0:+bl -.... .oooo--obC;-Eo0- 50(. ... o, o6o0-oCood0orF 5-00EE4o00 

IOUT 0 1 IN OIBVS 0 LITER 20 NORMRQ, 0 

NBV 15 NEU 2 NCN 3 NWRITE 5 SKIP 0-


DELT .,200000E-01 SPrRu O.2000-E+01 PNORM 0.000000E+00 TSTART 0.000000C400 TsTiIP 0.1bOOOOE.02 

UENE8ATLO 
NR4NKC 5 

AUX 
O.0000000g+00 0.OOOooo+o O.ooOuOOE+'00 0.0oooooE+0o 0.O000O0E+06 .O00OOE+00 0.OOOOOOO+00 0.000000E+O0 

....OOoo00E+0 -OO000000.+O .... 
ITER I or 20 

JTIME !LUTI P4 
OO000000C-O0 0.50OOOUE+00 O.IOOUO000+01 O.9999996E-01 0-1299999E+01 0,1000000E+01 

ITER 2 i!F ;0 .. .. . .... 
TIME 5(LUTI ON .. .. -O.- 0c 67 2R8+0O0 0 t'1599sa+0i . ... .....b:)OOOOOo-+-r6- 6,g341Ih2-oo htl5gOE&'--n1 -O~ioOooO+O2 ..... 

ITER 5 tF 20
 
TI ME fiLffT) N
 

O.O0000Oc-+00 -0e220C69S.+Lo 0.2b086E+01 0. t409387E400 0.8618612E400 0. 100000E+01
 

•TIME SCLUTION
 
- ,oCoooEot~6~roo o.325go3E00 Q. 36g0s7E-rdO ;73s48~or h;0&oo40I0 ---.­

__ __I__ TEF S_ ,F. PG __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ . .... 

IT4 LRL-LuTb ,.J
- p 

0000OOOOE+00 0.13629,bE+01 U,3U/6879E+00 0.2017888E+00 0.1000775E+01 0.O00oCOE+01
 
ITLR 6 0O------------- .-
z!F 0____ 

TIME sdLUT ION
 

O.0000b O0 wE0t9;S8b237+OG 0.5017"28106-- i§99 f+50f"s-9-870BE4) 0.:-6O OE 0.

I T:R L ,F ;-

TIME SOLUTION
 
0 O0000000E+00 0 i00209,,E "I9 0.50'1760E+00 O.1999351E+00 0.9998615E.00 0.Oo000000E+01
 

ITER 8 OF 0 0 __
 

TIME SOLUTIUN _ 

0.OOC,0000E400 0.i&O0191U+01 0,'502300,4E+00 0;,i999393E+00 0.999868-8-E400-0. -0­ ] 

4p
 

http:0.9998615E.00
http:0.1bOOOOE.02


_____ TIME SOLUTION TF___O_________8 68 f____0 -

.0. 999996L-a1 0. i 04b/SE.+01 0.395.b273r+00 ____ 

(s.199§99991+O0 0.,08134/i.401v.29Jc799E+00T 
0.2999"B8E+00 0.-I1dbo'stA - 01 O.2O7jSOOEfO+00______________ 
0;3999997 E + -0.- 12i31"i1E.+0if '0.12 6/4S87E+O00 
0.49999961±00 .113214bE+01 0,65tu1?59F-04 -____ 

o*5 99995E.O06 0o1 345?i1 T--Oj 591362E-0To2 
0___O6999994E+00 O.l13Llbd01 -0.bslb9lOE-O1. ____ 

6.7999993L+00 OiSchE-0i 16i11595F+0O 
O.-8999992E±0o0O.lIilJ(,uE.01 -0.135342?SE+O3____0___ 

_____________ 

4TH 8V -O.a200000E400 '(N) -O.224722E+O0 ___________________________ 

___0'1199995E.01l __Q106056(-Ei-O-01921865E+0Q 
Oa12999 3E+O1 0.1lU0yLt+O1 -01.198,817F+00OO 
Q___I199930C+01 0.1O21OIJ'E±0l -0.2000461E+O0 
0. 11999BbE±01- 0.1 00108'sL+OI .0.191fl 1F+00 

*___0.1bSSSM3L.01 0.shI51lI&EO03 -0.1931 8 4 5r+00____________________________________ 
I±699983L+O0 .96e49?a;3-0,l-O.IStyzonE+o0 

___0.1759990E+01 0.s44n419E±0o -0.181a057r+0o 
0-ZSSSS7SE+01O--.S?6436Th+U0 -0.1140988E+060 -

BV 0.200000E+O1 O.9O9266aE.O0 -O.169 A70F+00 
2TH Rv 0.3bO600E0. tfl ' .ZOk0 

-- --­

-0. 209998E..Oi 0.8924JjSL±00 -O.16lb733E+00 ____ _____________________________ ________ 

__0.2299593E,01 O.8mS d~pk.+iJO 0.1749S5?E+0 _____ 

0. 23599OE.01 0.SqUbMCL a0u -O. 1s67030E±0O 
o* 49'.;9A8E,01 0.*Sai38a4,U0 -0.20021 43E+00 
oe5,99B3bE.01 0.8O03b/5 +00 -0.22a4570E.00­

____O*Z99SgSE,01 0.77692L]9+00 -0.24?36?iE±00 
0;2799990E+0iO.67504b-fCO -02ff2E 

___0.2B99978E+0i' V.7 04616>.0O -0.SaUl'n±E.00 

________________ 

___ 

STH 5v -0.q?4000+(,0 ufY) -0.4/214299+00 
0.3099998L1±o1 . 64734779+o0.4q33r 
0. 31999D5E+01 0.60.32124-E.00 -0.4640139F+00 ___________ 

0.3 9999jaE.01 6O5 5 34 06 im+O0Z -. 2//419E;oO----
___0.33999901+01 Q.497b51.:Lt0O -0,58964 74E*00 

0.3499918101 0'.aa00 -43)35 ,L+0 654'4446E+00 
__0.3599985E.01 0.366b114L±OC -0.-721.b4bZE±00 _ _ 

u0-363,963E+o1Co .291 229Gi +tCo-0fl7s/0732E+00 
0. 3799580L,0o1 0 .20'J2201E.30 '0.85 'b81I F+00 _ __________. 

* ____-______ 

____-­

-0. 

By0.0C000E401 0.2594789E-01 -0.977509]F+00 
4TH 6y -0.t58Soo60.OL) i, y) w.O.5873[549E+00 
0. 's.04999-98E 01 -C' *74660bdE-0k -Cs.AO033821E+01 
0;4!99995E;01 -0-16bR7.,E±0O -O.10s4472F+01 

4 9993.01 -0-291,324//L.00-0.11ied238E+O10i 

_________ 

______________________ 

_____ 

0.44999A8101 -0.$22806+0C -0.1 1904561+01o_______ 
S-0.12067551±017-­

____ 

0.4699§83E.01_-0.764784PLe.U0 -0.1211902E+01 ___________________ 

O.4799980DL,+o1 -0.adbY3bbE-;OO-0.12 80821+01l 

8V 
__ 

0.50300E001 -0.112U'tZt,01 
6TH By 0.3929999E+00 'nfl) 

-0.111 945E+01 
0.393B884Ft00 



0.09 Eo 0,A23b53bE+01 -0.1106721F.----*--	 _____- -01-- - - -_7, 

____0,5299993L+01 -6.14'441dE.01 -0.9729415E+00 	 ___________________ 

0.5 ,9s990L+01 -0. 1537 4 44L+01 -0.885 51 SOFt~OC­
0.5499p88L.01 -0.1021064E+01 ".0.78 lR?4E+00 _____________ __ ___
 

0.5599585E+01 -0.1699,+01' -0'.6727AE+00 __- ___
 

0. 5699983E+01 .0.1?b49026401 -0.545/1b2E+0O_______ ______________ 	 ___ _______ 

0.b79960~t-0 -0.180272,'-604089893F+0
 
0.5839978L40i *0.1836363E+O1 -.. 621717F+OO 

8V o.o60Db&6O+o± -3.lb4bE+O1 ..0.1ot461?.E+fl 
____6TH 8V 0.1566999E+01 01,Y) 0.1596487E+01 ____ 

*0.609999~8E.01 '-0.1857403E±+01 0.-56 o740 3E- 0 
C.6 199995E+01 0G.184 J32E+O1 0.2257376E+00 

_.29993LE+b±~ *0.i~i2~oLt0l L).-399L,71 3E+00
 
-C.6399990L.01 -0. 176341 7E401 0.-5749087E*00 ___________________________________
 

0.b5999EbE+o1 0. lckl373L+31' 0.926b071 r+OD
 
V.66999$SE+01 C.1511873L+01 0.109K574h+01
 
0 . 67399?9OFE-9+1 -0.1193b23L.01 0.12. 3OAF+0l
 
G.6899978L.I)1 -0.1259G,4tE+01 0.1424815Lt01
 

By 	 0.Z(jOoOCOa+Ux -0.110t9216401l O.1bt 169E+01 ________________ _____________ 

7TH BV O. 14 5200OE0ti LA-(i O.1I9 5082.4E +01 
0.70999981t01 06.944340.00, 0,1714379E+01 ---­

*-C.71999E.1-0.766q73s .+00 0.1g40643E+01
 
0__-7292,993E+01 -0.5767,)14E+00 0.190a2106401 	 _____ 

(J7399990E6.0-0.S357bi,'+00 0O.204749F+01 0
 
*O.749,99t8Et01 -0. 167SU8u2 +010 _ .2i2.S04F+01-- ___ - - ___________________ __________
 

0.7b999F5Ed1 0.47?oSII&,-0t 0.21832P2E*01 
0. 76959 3E+01 0.268ibaAt+OO &,.2d21274E+01 	 ­

0. 7 7999804.+61i 0.4Sla -bL+V0 0.22S 811I56+01 
0.7699978E.01 0.715ub65j +00 0.2234017r+01 	 ______________ 

-By C.8000000S+01 0.937213bE+00 0. 2dt 469E +01 	 * 0 
S87N 	8V -0.2I8800006+00 _ 61Y)_ -36S8/004E+00 97-_______________ ____ ___ _______ 

c0.809$i t01 06.z15D44aF+o1 0.2155)2146'+01meG
 
-0.21999 5L'01 0.1361499L+01 0.Z08aE3IE+C1 g
 

O.82 	999$St'01 0.15711ScE.01 0.198 742r+0i1. - --- -- .
 

____O.899906+: 0.7o4G~t+01 L.186922FE.01 --­

0.8Q9998EL-u± 0.19442b56.01 o.1730418C+oa
 
0. 8599985E+01 0.21Oy501E+0il 0.1511290E+01 _____________________________ 	 ____ ______ 

0.869998~3E+01 c.285/87GEt01 0.13906E+O1 
--- 0-0.8799960E+01 0.2387518E.01 0.1197179F+01 ___-­

0.88999ThE.U1- 0.249bu76J6+0'l' 0.%,53167E+00' 
-__-_-_--_-_ ­B.6 	0.900000GEI01 _C.25e41a1L+01 0.?bS2960F.400 -_-_-_-

.9TH 	8V "0.32999+0 ;6,20.323474F+01­
_9.9099926E-eul) q.2648t.-,'+O1 0.521?857F+O0 _________________________ __
 

0.91999551+01 0.do8t04"U;jE+00.27j633E+O0
 
___0.929933E.01 .27271E+01 0.-182L36656E-01----, ,
 

0-.92999906.1 .adaOs.O -o .2419837F+00
 
fi0.94999ssLa- +0 0.541'I/+Oi -0.5045t04E+00 _____ ___
 

0. 95 9985E*J1i 0'2 9,LjoL+U1 -0. 76b7056r400
 
___0.9699983E6,)1 0.2500956,L-0 .. 3,5C0___________________________________
 

0.97999 GE,1 a *238n62jE-01O-.12/942F40i
 

0-9896978a.0t 0.22453c48,+O1 -0.1524151E+01 ___ ___
 

By 	 0- 1000000EO,)Z 0.208111t h6401 -;7/7E0 ----- *----- .. - -­

I0TH-811 -0.2273S9996+i W(Y) -0.2273366E+01 __________ ___ 

O;ZVOOCO;O2018947/E--0-1978025E+01 
0__.10200ooE,0t 2oG.686oaeE,01 1185+1 ______________ ____ _____-~~---	 - -4 

0.10999602 0. 14b8412640 -0.23b/146E+01' 
0-1039999E+02 0.1213?$6E+01 -0.2531680E+01 

http:0-9896978a.0t
http:0.929933E.01
http:0.88999ThE.U1
http:0.2387518E.01
http:0.19442b56.01
http:L.186922FE.01
http:0.15711ScE.01
http:0.7699978E.01
http:06.944340.00
http:0.1193b23L.01
http:C.6399990L.01
http:0.609999~8E.01
http:0.5499p88L.01


O.-1049999Et02.952828bE+OO -0.2673456E+01
 
O.'1059993E o2 O.&?yqO98E+Oo -O.279U683E+O61
 
0.1069998E+02 O.39b562,L+OO -0.288 1793E+1____________________ _____________
 

O.1O8999BE*O2 nO.192b829E400 -O. 98u6/E~O 1______________0__________ 

STO.1000E+6 -O491272E-OO .O.i 986S'42E.Oi
 
___ 1TH 8V Q.SeOOOOOE-O1 JIYJ O.S83b157E-i_____________________ ___________
 

O1io~oOE*(J2-u 9bR96F+O I
mO7889924L+00O-O. 
0.1120000E+02 -0.1082849L+01 -O.29O Fl83E+O1
 
O.11299 09E+o2 '-O.136&J8bEtO1 -6;C). 4Vv'4i
 
011139999E+02 -0.1647054E401 -0C'271S345E+OI01_ ______ __
 

Q1I49999L.O2'-..191b41 -t6)'D 4EO1-
OaS __ 

0-±115999§E+02 -0.21662Lf01 O, 24uJ7lSE+O1 ______ ___ 

0. 1169998E+02 ; 0 .2S 9 14SIC*O1 .0. 22U91 OF.+O1­
____O117999ME.02 -0.2601 bI~E 01 -0.19EIU45E40t_____________________________________
 

O.11899y8E-+u2-6O.27S7Oit;O1 -O.174 68St+dl
 
8V 0.1200000ELr02 .'O.29S674E.+01 -0.14868'7+O1
 

12TH 8Y' 0.271O:999E+01 Q(IY ) O.2?71b996E401i
 
O.1210000L.02 rO.308b51,E#01 -C.12O7?2E+01
 
0.±2000E+O'2 -O.S1S1SOSE+O1 -0.912k1J2ES0O - -­

0.1?E99 E+O2 -0.3267513E+61 .U.6051509F+0_______________________
 
-01z3999rf;2;c-.~a1so -U2X64E'OIF 0
 
Q0'1049999E+02 Q0.j~jblt4~oi .'5 90
 

0I b999E+,V2 -0O .JO5d&5h+U1 0.S36O/3~,3E +00
 
0,1269998F+02 -O.3252a,?Et0i O,s6'67484E+00
 
0,.1279998E+02 -O-al6bCksEtOl V.1-OQflO7E+01 

0. 1Za9998E+O2 -0.305d'q3E4-0 0.1325IO8E+1_____________________________
 

-F-O 1oo66E :0a-0.3uaJoJ/a+cf 6O.16,ik96 E+bF
 
13TH EV 0.29970O0E-Ul W(Y ) LQ.299659SE+Oj
 
0.1310000L+U2 -0.27E 4~oE4O1 0.19 35?3E.01
 
C.132000)0E+va O211.,C0 .12S7E0
 
O.132g999E+oa -O.228613s9L+OI 0.24b67tE+O1 

____ O'133999.9EtC2'0.2G28517Er01 ),2691709E+01 ______________________ 

0*13'999E+o2 -0.I74abAE+O1C,.?0020#O1
 
.0-1359999El-02 -0.14490U/L±0I 0.3sOb3kOE+O1 ___
 

0. 1369998EtO '-0. iia2OYE+Ox .SO9SPz57tE+01 

O123a99'vdt+C2 0.-46±O.92c,,0 0.34:5-771--4r.
 
'8V C.-IS-C00C,'rO+2 -0.11240,2E.00 0.AEIOP3-E.01
 

14" SEl 0V4u10I600E0r.0 t.I Y)o.410t?7EI00
 
0. 1410c0cE+0 O.P401?Ei<*0 0.ssJ3Th6r+O1
 

0.1WECO~Eu2 05931799L.0O 0.3521432E+01
 
0.1'29995E0ca0.9432398E+00 0,34/29tnR+01 ---- _ _____--------.-- -- -­

0~1439999EL+C2 0b.1286790E+O1 0.3S 1x363E+01
 
0,_Cd4.99 %9L.(t__O162o3b L O1 0.3?/43j4E01____________________ ___
 

60.i45flC,9a,+52 O. 194 (,o2~c+01 0.S1Ib7SC1r+OI
 
___0. 140 999SL+C2 O.22k4OI L%0I 0.29,C735E+0__ ____ ____
 

0;14?SS9oa.O2 02bY6bjL.O1 0.2Y27IIRE+01'
 
0. 1489998E+C2 0 .2788466E+01 0.-248'461 4E+01 ___ _________________ 

BV 0-1500000E+02 0.-30237UjE±;O1 0;-221b436AE+0i-Ol_______________ 
15TH By -0-2816000E+01 (JIYJ 0.-2815995E+O±
 

7 
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Th4MIVLE&IXTJPL T- AP>LG F'QfC&CM ­4t 2 
j;PUT DATA CARD 4 10 
INPUT DATA CARD .8 3
 
INPUT DATA CARD 7 2
 
_ _PUT DATA CARD I . ,4 ___
 
INPUT DATA CARD 9 25
 

-- I.NPUTDATA..CARD 11_ 6 
B9LANK DATA CARD 

INPUT DATA-CARD__ 1_ 0.20000 iOOE_...........
 
INPUT DATA CARD 5 .O.±SOOOoE+o2
 
INPUT DATA CARD 12 0.9999999E-03 .......-.............. ....... 

BLANK DATA CARD 

__ INPUT DATA CARD I i .IOOOOOOE+l 0,1093660E-01 1_ .... __ __.. .. 

_ 

INPUT DATA CARD 
INPUT DATA CARD 
j,.PUT DATA CARD 
INPuT DATA CARD 
INPUT DATA CARD 
INPUT DATA CARD 
INPUT DATA CARD 
IhPUT DATA CARD 
INPUT DATA CARD 
INPUT DATA CARD' 

2 
3 
4 
6 
6, 

-7,_ 
8 
9 

i 
11 

± 02000000E+01 0.9092662E+00 I 
2 0.30000001 -0O3646433E+00. l____ 
1 O1'4000000E+i0 0.2594789E-01 I 
2 0.500000OEr01 -0.1152945+01 1 
1 0.8O00OOE+01 0,9372235E+0D 1 
2._0,800000 E+01 0.2205468+0I __1 
1 0,1100000E+02 -0.4912671E+00 I 

_2 Ot0O0E+02 -O.2986642E+01 1 
I 0.15000000E+0 0,3023730E+01 1 
2 0.15OOOOOE+02 O.2215436E01 I 

_ -- -­

--

BLANK DATA CARD 

_ 

INPUT DATA CARD 1 0 0000000E+00 0.0000000E+00 
INPUT -DATA CARD 2 0 0.700000+00 0.00000002+OD 

_NPUT DATA CARD -O 0.2000000+OOOOO0E+0 0.,OOO+OOOOOOE+0O 
INPuT DATA CARD 4 -1 0.iODOOOOE+O1 0,C00000O0E+0 
INPUT DATA CARD 5 -1 O.IOOOOOO+01 O.O0OOOOOE+OO 

BLANK DATA CARD 

.OooooooE+60 . OO0O0OOE+OO 
0b.00000002+00 -0.00000002+00 
0 0oOE+OO .0O00000OOE+O 
O0OOOOOOE+00 O.OOOOOOE0O 
O.OOOOOOOE+00 0.00000+OE+O 

..... 

-- TBV B-V .... OBV XCTBV 

I 
2 
3 

O0-1000O0OE+01 ... 
0-2000000E+01 
O.3OOOOOOE2+O 
O,0.O0O0000+01___ 

.1093660E-01 
0.9092662E+00 

"03646433E+00 
O .25947892-01 

1 
I 
2 1 

1 
I1 
11_____-

. 

--

. 

-

. 

-

. 

--

.. 

- - -

5 
6 
7 
8 
9 

10 

0000000E+01 
O,8OOOOOE ..01 
.OSOOOOOOE+Ol 
0.1100000E+02 
0 O11000002+O2 

0.1500000E+02 

-0,1152945E+01 
__.0.9372235E+00 

0,2205466E+01 
-__0,4912671F+00--

-0,2986642E+01 

0.2215362E+01 

2 
1 
2 
1 
2' 

2 

1 
1 

1 
1 
I 

I 

Y() IC XCTIC PTRB UPPER LOWER 
1 
2 

0O.70000002E+0 
0.7000000E+00 

0 
0 

0--.l200000r+oi 
0.1200000E01 

- o.ooo~bobbrib6o 
.000000+00 

d.oooooooEt~oo 
0.0000000E+00 

090OOOE+OO -1 OOOOOOOOE00 OOOOOOOOE+O O O.OOOOOOOE+00 
4 O.1000000E+01 1 0,.0000000E+00 0.0000000E+00 0.OOOOOOE+DO 



--- -

_ __ 

5 0.lOOOOE+01 -I O.00000OOE+OO 0.0000000E+00 0.OOOOOOE+00 

IOUT 4 LIN OIQBVS 0 LITER 10 'NORMRD O 

NBV 11 NEC 2 NCN 3 NWRITE 25 SKIP 0 

'DELT . .2o66- . SP0R1 06- OOOOEO PNORM O0000OE+O0 TSTART 0.o00000E+00 TSTeP 0150000E+02 

GENEBATED .....-
NRANKC 3 

0;ooOoE+0o o1 ooooooE+oo h0oOO0E+O0 0o.o00oooE+OO oThOaO6boo o --o;b6b66oocF-b;ooooood;6C b0oooobE+oo "--. 
Q.0000003s-*-a-&.oooUoooE+oo -------- -____ 

: REPEATED TIMES -ARE. PARTICULAR SOLUTIONS -5A/M PLE c L)FP0T7­
..... TER _ I F .10 . . . . . . . . ..
 

TIrE SOLUTION
 
0,0000OOE0 0.7000000+00 0OOOOE+O_o OOE+01. U.IOO0OOOE01
0.7000000E+0O .2000000E+00 

O-O00CO00E+O0 O;839999E_400 0.7000000E+0O 0.2000000+O000.100000E+01 0.1000000+Ol
 
0.OOOOOOOE+00
0 0.7000000t+00 0.8399999E+00 .. 2000000E+00 0.1000000E+01 0.lO00000E+O1
 
0.499996E.00- 0.956265/E+00" 0.3497854E+00
 
0.(4999996E 00 0.107967SE+01 0.2859135E+00
 
Q.4599396-+00 0.1020139E+01 0,4604279E+00
 

BY Q.10003CUEo01 0l1075538E+01 0.1511326E+00_... _--_.......__ _....
 .......

By 0.C00"OC-+0O 0.15h519bE+01 0.44 35071E-01
 
BV O.100C02C+-0j 0.iSp3C+01. 0.2094327E+60 
 . . ..... -..7 --.-------- --. 

0.1499 E_+01 0.1125336E+01 0.586212CE-01
 
0_.14999S 8E.01
4 0.1 l4.oS52E.01l -0. 6211 2$6E-0i1_ 	 ________
0.*1 95928E.O± 0.1246091E+01 0,559701?E-01 

0.1135816E+01 -0.23564p9E-01	 
. . .. .
 

_ 	 BV Q.2COOOCOE+O1 
BY O.200C53E 0 0.10997o5L+01 -0.1287959E+00 
BY_ 02002.1_01402E i-0.075535E-01 ______--__ . 

0.2'-99Ea+c1 0.1087675E.O1 -0.1S82297E+00 
­

0.2499% 3E.G1 0_.1007502+01 .. 2549233E+00 ___________ 

0. 24953R62.01 0.1 154379E+01 -0.2814 492E+00) 
-BY 0.30003202-0 _0.9264440E+00 -0.4766998E+00
 
BV 0.3000OCo 01 0825661O+00 -0.4929921E+00
 
ByV Q.3000009E.01 0.9427206E+0Q-0.5808073E+00 
 _


o*3499958E+01 0.59595b0E+06 -0.8526036E+00 
Q..992E0_ 0.4996783E+00 -0.8194996E+00
 
0.349995SE+01 0.5628073E+O0 -0.9423068E+00
 

By 0.4003C)E001 O.7711613E-01._-0.1207367E+0I
 
B-Y 0.-40C0E01 0.73472bE-02 -0.1137285E+01
 
BBV 0-0OC3C0+O1 -0.6967612E-02 -0.1263138E+01
 

0,4499968&E01 -0.5835595E+00 -0.13954i1E+01
 
0.4499969E+01 -0.6130923E+00 -0.130S206E+01
 
Q. 44 S99SE+01 -0.67083bE+0O -0.1407490E+01 

By 05COCCJE40o__ O.1268b03E+01 -0.1287576E+01
 
BV0 .5-CDC0E.1 0.1254860E+01 "0.1205191E+01
 
BV 0.500000Q E01 -0.1351066L+01 -0.1257304E+01
 

Q.5.99SSE+01 -0.1811308E+01 -0.8243A35E+00
 
0.5499988EI _-0.1761617E+01.-0,7655500E+O0
 
0.549s FSE*O1 -0.1870204E+01 -0.7628422E+00
 
0-5 9-'9_ 0.50880775£ _0__5__01
-O°50_79E-01
 
-Q5999975E-o1 -0.1969967E+01 -0.T205427E-01
 
0.5999975Eol -0.2064457E+01 0,246279OF'o;
 

http:Q.3000009E.01
http:24953R62.01
http:0.1087675E.O1
http:0.499996E.00


0.6499963E+01_-?..1835453E+O1 0.8801509E+00 
0.6.99563E+01 -0.1762322E+01 0.8667561E+00 
0.64,999632.01 -0 .822042E+01_ .9507104E+00 
0.69995O+01 -0.1172173E+01 0,1740053E+01 
0.6999950E+01 -O.111321E+0!O.16961122+Oi 
0.6999950E+01 0.1128167E+01 0.1789709E+01 

99.7*99938E+01_-O.1483383E+O0. _02284041E+01 
0.7495938E201 -0.1169468E+00 0.2222708E+01 

7_9_9_8_E9998E+0j -. 8689070E-0L_O 2303221E+01 
By O.800OOE+01 0.102708E+01 0.2j22242E+01 
BY 0.8000000E 0i _0.1026773E01o.,0.2259459E+01_ 
By O.8COOOO0+01 0.1090006E+01 0.2309370E+01 

0.8499388E+4OjO.2076712E+ _ 0.1781559E+01__ 
0.S4999R8E01 0.2047807E+01 0.1732094E+01 
O.8495988E+0iO.!21?6322E+O1 P..7426902+01. 
V.8995975E+01 0.2724±51E+01 0.7391631E+00 

_ _ 0.8595575E+01_ 0.2676120E+01i.9.7132661E+00 
0.8599975E+01 0.27501o5E+Ul 0.6858172E+00 
Q.9*39963E+01O_.2768405E+01 -0.5844616E+00 
0.9499963E+01 0,2714257E+01 -0.5830164E+00 
Q.9599963EOj0_Q,27670 0 6 E+01_Ol .6384907+0O0 
0.5999950E+ 0.2145331E+0i -0.1873320E+01 
_ _,9999950E+01 0.209869E+01 -0.184485E+01 
099959950E+01 0.2119461E+01 -0.19ib392E+01 
0.1049994E+02, 0.9568134E+00 -0.2793928E+01 

iO4559994E+02 0.9271247E+00 -0.2752050E+01 
_______1C'999'2+02.9148225E+00 -0.2815383E+01 

BY Q.11Z1CCOE+02 -0.5428562L+00 -0.3083581E+01 
BY .1300.2-0592800-0.30369532+01 _ _____________ ___ 

BY 0.1,OOOOOL+02 -0.589b646E+00 -0.3081389E+01 
S 0.l!49999E+02 -0.2001231E+01 -0.2625164E+01 ......... 

0, 1:499992+02 "0.1986194E+01 -0.25b85OOE+01 
9Q1149999E+O TO.204j503E+0 -0.2602084E+01 

0-1193998E+02 -0.3053777E+01 -0.1487646E+01 
_Qs:199558E+02-03022252E+01 TO.1A62B55E+01 
0,1195998E+02 -0.3078757E+01 -0.1451042E+01 
0. 249596E+02 -0.3416230E+01 0.8131765E-01 ....... 
012499 6E+02 -0.3377142E+01 0.864?2358E.01 

0.1249996E+0a_9,!3421565E+0L_.., :215385E+00 
0.1299995E+02 -0.2962417E+01 0.1709506E+01 
0,1299595E+0' _O!.25550E Ol. O.695791E+01 
0-1293995E+02 -0-2948729E+01 0.1743810E+0 
_,913'9994E+02 0.1764860E+01.. 0.2991118E+01 
0.1349594 +02 -0173865SE+01 0.2963490E+01 
0.134994E.02.-P 1737151E+01_ 0.301!996E+01 
0,1399993E+02 -0.8616453L-01 0.3588797E+01 
_ .1399993E+02 -0.7567459E-01 0.,3555022E+01 
0.1399-93E+02 -0.5221295E-01 0.3592670E+01 
0.1449991E02 0,1678929E+01 0.3323691E+01 
Q1.9991E+0 0.16727782+01 0.3292223E+01 
9. 1 991E +0 2 0.17106352E+01 0.3311273E+01 

By Qi.-CooOOE.02 0,3098001E+01 0.2227300E+01 
V 0,1500OE+02 0.307"332E+01 O.220b24 E±01 ___ 

Ba o1500000E+02 0.3120300E+01 0.2203023E+01 

BAV WATRIX
 
BeUNDARY VALUEOUNPTRBD S6LN, PTRBD S6LNS...o 

I 0-1loc~000000+ 0,10000EO 0ocOE+0j 0.10000F+01 



2 0.221544E+01. 0.222730E+01 0.220524E+01 0.220302E+01 
3 0.302373E+01 0.3098ooE+01 0.3o7823E+01 0.312030E 01 

-0q298664E+01_.-q°30358E+01 -0 03 9 +0-0t3081 9£ 0 
5 -0.49126/E+00 -0.542856E+00 -0.549922E+00 -0.589665E+00 

._6 0.220547E+01 .0.232224E+01 O.225946E+01 0,230937E*01 
7 0-937223E+00 0.102708E+01 0.102677E+01 0.109001E+01 

-8-011594E+01 -0.128758E+01 .0.120519E+1 _-0.125736E+Oi. 

9 O259479t-01 0.771161E-01. 0.734723E-02 ".69,6761E-02 
10 -0.364643E+00 -0.76700E-+00Q-0429E+00 -0.580J07E+OO_____________________________ 
11 O9o9266E+000.113582E+01 0o109970E+01- 0,124106E+01, 
12 0.109366E-Oi 0.107554E+01 0,115520E+01iTH PIVOT 0.1O00001+01 "10'1... 0.11-8233E+01 .............. _ ...-. 

2TH PIVOT -0.242767E-01-.._203 _-­
3TH PIVOT ;0.400273E-01 302 

CONSTANTS 0.3166437E+00 0.2127,744E+01 -0.1444387E401 

DOT---0.000000+00 ANORm 0.3600357E+00 

DIC VECTOR-- -'" - -­

Q.2978843E-f00 .0.2o221442 +oO 0.000000LEi-00 0.00000002+00 0.00000002+00 

. . REPEATED TIMES ARE PARTICULAR SOLUTIONS ...... . ... ...-.. 

ITER 2- OF 10 .. . . ... . ... . 
TIME SOLUTION' 

9000000E+00 0.9978843E+00 0,4977856Et00 0.2000000E+00 0.I000000E+01 O.1000000E+01 
0,.00000E+00 011970451E+01 0.49778562+00 020000002+00 0.100000E+0± 0.00000+01 
.0E0000000+000.9978843E+00 0.5973426E+00 0.2000OOE+06 0.1000000E+0± 0.1000000E+01 

Q,4999996E+000.4999996E+00 0.1126580E+01 0.5407673E-010.1302536E+01 .-0.369g1E-01 
0.4999996E+00 0.1172019E+01 0,1327531E+00 

BY _.100000E0j+01_ .Q09076G£01-0.160647+00 
BY 
8V 

0,1000000E+01 
0,1000000E+01 

0.12043oE+01 
0.1166723E+01 

-0.312b080E+00 
-O.1188 2 16 E+ 0 0 . 

0.1499988E+01 0.9966836E+00 -0.1944188E+00 
* 0.1499988E+01 0.10273662.01 -0.366b5912+00 _________ __ 

Q.1i99988E+01 0.1082b68E+01 -0.1963261E+00 
__ O2000000E+01 0.9069713E+90 0.1648426F+00___ 
BV ;200C00E+01 0.8554781E+00 -0.3148813E+00 
SV Q,2000000E+01

Q.2499988E+01 
0.9818044E+00 -0,2055335E+00
0,82150E+iE00 -0.1954806F+00 

.. 

0.2499988E+01_ 0.7076619E+00 -0.2905639E+00 _.. 

0.2499988E+01 0.8689127E+00 -0.2617813E+00 
BV 03000002E+01 0.6895145E+00 -0.3609952E+00 __ 
,bV 9.300000E+01 0.5f477341+00 -0.3 $4960E+00 

____8V 0.3C00000E+01 0.7000539E+00 -0.43D0211E+00 
9.3459988E+01 0.4389956E 00 -0.6526104E400 

.9-3'999882.01 0.3016998E+00 -0,603670E+00 
0,34999882+01 0.4153984E+00 -0.7163787E+00 

BV_0.4000000Eo_01 0.2999910E-01 -0,9777138E+00 
.BV- 04000000E+01 -0.69478b7E-01 -0.8777356E+00 
BV- 0.400C000E+01 -0.1989930E-01 -0.1017341E+01 

9.44999882+01 -0.5203185E+00 -0.1192422E+01 
Qo4499988E+01_-0.5624028F+00 -0.1068035E+01 
Q.4499988E+01 -0.5b23882E+ 0 -0.1200983+01.. 

BV__5000000EIOZfO 1225AE+0i -0.11560U6E+01 ---

By 0.5000000E+01 -0.1100595E+01 -0.1038511E+01 
BV O.5000000E+O1 -0.1178872E+01 -0.8134463E+01 



0.5499988E+01 .-p.1620492E+01_-0.7S80923E+00. 
9-5499988E+01 -0.15495B2E+01 .O.704207RE~bD 

_Q.5499988E Ot_.TO! 166362E+OI.-.0Oo7443231IF:+QO 
0.5999975E+01 -0o1855807E+01 -0,1092579 +00 
0-5999975E+01 "0.1755064E+01..-O,753I3P7E-O1 

0°5999975C+01 -0*1872784E+01 -0*555622?E-01 

0,6499963E 01 -0,1699203E+01. 0. 7497174E 00 
0.6499963E+01 -0,159480E 01 0.7305697E+00 
Q! 4999O3Et.__.-Q°168Z 6E+01 ' 0.2,998874 Q0 
0.O69 99950E+01 "-1111567Ef01 0,1574812E 01 

.,9.6999950E+01_ .!-01283 6E+01_0.1512099F:+OI 
0,6999950E+0 1 -0 ,1080273L,01 0-16 101196+0 1 , 

0.7499938E+01 -0.170299 E+00 _ , 1 5 0 E 0 
0,7499938E.*01 -0,1255597E+00 0.2038289E+01, 

.. . . 

. 

. ... 

.=. . . . 

. . . . . . . 

. ... . .. 

. . 

-

.. 

BY 0-8OOOOOOE+01 O°9355232E+Op O,2207214E+01 
.... .0- 8000000E+01 O,9350324E+O00.0,2117652E+01. 

CY' 0,8OO0OOOE*01' 0,96026 6E+00 0,21980)66E+01 

0,8499988E+01 0,1902238E+01 0,1661PB0E+01 
0,84999 88£01__ 0,I978796E 01_ 0,170479)4Et0l 
0°8999906E+01 ' 0.2594316E+01 0.7611016E+00 
Q,899§97SE OI O,.2515758E+Ol O,07241R87E+00. 
CBD99 975E+O1 0,260282bE+01 6.7231754E+00 

9,9499963E+01_ . O 26561qlE+Ol 0.5033256E+00 

0,9 99963E+01 0,2577876E+01 -0.5012218E+00 
C°949 99 3E+0j__ 0,2654I6SE 01 _-0.54!17461E+O0 
C,5-9 95 0E-C O,,082500E O1 -0.17b/,5?7E+01 
0,95999R0)E 01__0 ,2015361 +01 -0.1720620E+01 
0°999 95 E;01 0.2064128E+01 -0.1767455E+01 

... . . . . ... 

. .. . .. . .. . 

. .. . . .. .. . . . . .. 

. .. . .. .... .. . . . . 

.. . . . .... .. . .... .. 

.. . 

. . 

.. 

... 

. 

0..61049994E+Oi 0.9119142E+00 .0,2613962F 01 

- C-,10 5994E+ O2... ,9244131E O0 -0,26890q3E+01 ... . .. 

BY 

BY 

C-IIO0OCOE+02 -0.5003212E 00 

C-,,I:CD E O2,-O,523b572 +00 

-O.29208RSE O1 

-0°296 915E 01 

.. .. 

OI$% EOR-0,18S516E401 -0.251ono5E+01 
S0.1149999E+02. ..0,939668E+01.. --.0 556796E+01 . 
Q 111 9999BE~o "'O,-2950526E0Ol'-O.j4137717E+O1 

_­ .-­

0,i199998+02 -0,,2968323E+01 -0.1461712E+01 
0.1249399 E+02 -0.33252#44E 01 ,0 ,4 5 E 0 

.OZ49556E+O2 -0.3269 33E+01 0-4145670E-01 

.. .. . . . . . . . . . . .. . . . . . . . . .. . . 

O.1299995E 02_-C.P.8SIJS!.E 01_ 

0. 12999S5F +02 -b.2894O33E+01 
Q,1'349394E,02 -0,1749057E+01 
0"13454 E+0 -0.1711665E+01 

0,1611114E+01 

0.1655135F+01 
0.2902075E+01 
0o2b62608E OI 

.. . . " -. . . . .:. . . . .. . . . . . 

0,1--il9 9QE+02 -0-9/90677E-01 0.3469SIE401 
OI 99 93E+o --- 8IIO6E+OO -O°3514023E+01 

0-1449991E+02 
0.1 -49991E+02 

BV 0,15 0000E+02 
y0- Oo"O000E+O 

0O,1611187E 01 0,3229625E+01 
0,1!.642563E+01_P032b5780E+01 
0,30 361;;+0f 0.22 15360E+01 
0.2995376E+01 0.2181984F+01 

r 



BY Q.1500000E+02 - 0.3039534E+01 _ I0.281402E+01 t 

,_BOUNDARYVALUEUNPTRBD SOLN, PTRBD SOLNS.,- -_ 

1 0,100000E+01 0.100000E+01 0.100000E+01 0.100000E+01 
k_ 0.2215442+01 0.221536E+01 0.21838RE+01 0.219814E+01 
3 0.302373E+01 0.302364E+01 0.299538F+01 0.303953E+61 
4"0.298664+01-0.298744E+01_-0.29 089E+01.-0.,298592E+01 
5 -0.491267E+00 -0.490277E+00 -0.500321E+00 -0.523557E+00, 
6 0,.220547E+Oi O.220721E+01_ 0.211765E+O 0o,2198'07E+01 
7 0.937223E+00 O.935b23E+O0 0.935032E+00, 0.980265E+00 

_8 -O.t15294E+0 -;0.115601E+01 -0.o103851E+0±-01,13446E+01 _ __ 

* 0.259479E-01 0.299991E-01 -0.694789E-01 -0.198993E-01 
tO .0.3646432+0O - 0.3609951.00'-0.3841962+00 -0.4360212E+00 
ti 0.909266k+06 0,906971E+00 0.855478E 00 0.981804E+00 
&8 0.109366E2- 0 O.109076E+01 0.120434E±O1 0.1167 22±L._____ 

1TH PIVOT" 0.100000E+01 101 
....TH PIVOT ­ 0.314760E-01 0 . ...20... 

3TH PIVOT 0.313559E-01 303 

_ 

_______________ 

.. 

CQNSTANTS O.OO2117E+01 -0.279261E-02 0.6740219E-03 

-6T'08g4'85so AJOR'M 0o5619149E-03 

DXC YECTOR 

*0,55'7S995E-03 0.6705523E7P. ..000000E+00 0,0000000E+00 0.0000000E+00 

REPEATED TIMES ARE PARTICULAR SOLUTIONS­

.- ITER 3 OF 0 ... 
TIME SOLUTION 

_ OOOOOOE00oo 0.9973264+00_.0.497852SE+00 0.2000000E+00 0.1000000E1 
0.000000E02+O 0.1196792E+01 0.49785262+00 0.200000+00 0.10000002+0± 
0.0000CE+00 0.9973264E+00 0.5974230E+00 _.2000000E O0 0.1000000E01 
0.499999bEtoo 0.1126123E.01 0.543624E-01 
0-49999956E+00 01301975E+01 -0.3662245E-01 
0.4999996E+00 0.1171563E+01 0.1330713E+00 

BY Q.1000000E+01,_ 0.109SOOE+01.­0.198161E+00 
By 0.10000002+01 0.1204012E+01 0.311969,E+00
By 0.1000000E01- 0.1166467E+01 -O.1183618E+00 

0.1499986E+01 0.99665b0E+00 -0.1939446E+00 
0.149S98E+00_1 0 2732 0t3+0I1 -0.3659835E+00 
0,1499988E+01 0.1082553E+01 -0.,1958463E+00 

f8V 020pPOOOOE+0o O,907165E+00 .0. 164'4560E+00_-___................. 
B 0.000000+ 0.8557010E+'0 -0.3144059E+00 
BY 0.2000000EO_ 0.9820085E+00.6O2051469E+00 

0.2499988E+01 OB2ldbSaE+O0 -0.1952637E+00 
0.2499988E.01 0.7080753E+00 ;0.29U28,99E+00 
Q,24999S8E+01 0.8692h,92E+00 -0.26156&7E+00 

,BV 9.30000OEO 1 0,6889194E+00 -0.3609821E+00 
Bv Q.3000000E oi 0.5452628-+00 -0.3841680E+00 
BV 03000000E ol 0.7004653L+00_-o.43b0157E+O0............. _-

03499988E+O1 0.4393614E+00 -0.6527848E+00 
0!3499988EtO1 0.3021439-+00 -0.6055679E+000.3499988Eolo04157635+0) .0.7165620E+00 

By Q.4oo000E+00 03023902-01 0.9780172+to0 
BV 0.40000002.o± -0.69179002-01 -0.878097200 
BV 0.40000002+01 -0.196612VE-0i -0.1017653E01 

0.OOOOE 01 
0.1000000E+0I 
0.1000000E01 

.... 

-

- ___ 

....... " 

.­

. . .. . 

........­

........ 

............ 



_ P.4499988E.o_-O.5202453Et00 -O.11P2773E+01 
Q.4499988E01 -.O562303E+OO.-O.1068457E+01 
Q.4499988E+,0~-O,5823204E+00 -0±201337F+01 

'QV 
______j. 

0.5000000E+01 -0.1120339E+01 
O.5000OOE U '-­ O110070lE+01 

-0.11563.46E'+O 
-0.1038892E+0I-

Ry O.5000000E+01 
9:5499988E+01 

-01178973E+01 '-0.1134771E+01' 
-0.162O719E+01 .­O.782960E+O0­

05499 88E+oj -0.1549849E+01 -0.7044602E+00 
____O5499988'E+01_.0.1662591Et012OO.7445205E+00 

O;5999975E+01 -o1'1b6129+D1 -0.1093147E+06 
Q.5999975E+01 -0.1755411E+01-0.7539177E-017........ 
0.b999975E+01 -O.1873079E+01 -0,5561318E-01 
0.6499963E01. -0.1699487E+01 0.7498049E+0Q ........ 
0.6499963E+01 -0.1595233E+01 0.7306663E+00 

*- -6499963E+,L_-0.1689939E+0 _.0.7999821E+00 
0.6999950E+01 '-0.1111778E+01 0,1575008E+O 
_ _Q6999950E+01 -0.1028616E+01 0.1512332E+01 ......... 
0.6$99550E+01 -0.1080476E 01 0.1610318E+0t 

_0.7499938E+01-0.1703979E+00 0.2146056E+01. ..... 
0.7499938E+01 -O.1256821E+00 0,2038593E+01 
__ 7.Z499938E+01__-0.i 266947t+00 0.2139690F+01 

*Bv 0.soooooOE.O1 O'9355519E+00 0.2207460E+01 
8V 0.8000000E+01 0.9350631E+00 0.2117948E+Oi _ 
BV 0'8000000E+01 O.9803001E+00 0.2198301E+01 

0.8499988E+01 0.1943652E+01 0.1732606E+01 ... . . .... ... 
0.8499988E+01 0.1902399E+01 0.1662101E+01 

- 0.8499988E+010.I978937E+01. 0.1704964E+Oi . 
0-599975E+01- 02584519E+01 0.7611817E+00 

_________ _0- 51 9 +0 0.724 907E+00 __ ______.. .____........ 

0o89999756+01 0.26030265+01 0.7232467E+00 
9.9499963E+01. 0.2655359E+01.-O.5033556E+00_ _ . 
0,9499963E+01 0.2578136E+01 -0.501Z513E+00 
'0-9499963E+01 0.2e54379E+01 -0.541?817E+Q0 .... __ "_,.,_. 

Q,9999950E+01 0.2082677L+01 -0.1757649F+01 
_______0.9999950E+Oj01 2157E -0.17207643E+01*. . -- -- -

0.9999950E+01 0.206429SL+01 -0.1787580E+01 
oQi049994E+92 -0.95435b0E+00 -0.2673926E+01 

0-1049994E+02 0.9120432+00 -0.2614173E+01 
0.109994E02._Q,24505E+00 .O.2689205E+OL 

BV .OIOOOOE+02 -0.4902712E+00 -0.2987630g+01 
BV 0.100000E+02 -0.5003041E+00 -0.2921115E+01-
BV 0,1100000E+02 -0.5235552E400 -0.2986093E01 

0.1149999E+02 -0.19110965+01 -0.26;33P4E+01 - ----­
0-1149999E+02 -0.1889607E+01 -02516160E+01 

__ __ P04149999E+02 -0.1939749E+01_-0.2556934E+01 
0.1139958E+02 -0.29506b6Et01 -0.1A87803E+01 

.____Q1199998E+02 -0,2905669E+01 -0145256E+01 _ 
0Q1 99998E+02 -0.2968460E+01 -0.1461786E+01 
0.1249996E+02 -0.3325411E+01 0.3404944E-02 
0!1249996E+02 -0.3269627E+01 0,414b3a4E-oI

_0.1249996E+02-O.-329236E+010.6a72632E-01­
0.,1299995E+02 -0.2903874E+01 0.1630794E+01 
01259995E+02 -0.2851327E+01_ O.1611201E+01 
0,1299995E+02 -0,2894167E+01 0.16550aRE+01 

-'0.1349994E+02 -0.1749166E+01 0.2902203E+01 .......... 
0. 1349994E+02 -0.171 1786E+O. 0.2862759E+0I 
0.49 ?94E.02 -0 1729476E+O1 0.291ZOSEE ._____ 
0S139999E+0 -01112893SE+00 0.3511371E+01 

*0,1399993E 0 -0.979396IE-01 0.3463157E+01 



91399993E+02 -0.8875316E-01 
0,1449991F+02 0.1620042E401 

0, .149991E+02 0.1642606E+01 

0.3514157E+01 
0.3274693E+01 

0.3265895+01 

......... 

BV 
5V 

,9V 

01500000E+02 
9.1500000E+o 
0.1500000E+02 

0.3023735E+01 
0.2995492E+01 
D,303964E+O1 

0.2215452E+01 
0,2183982E+01 
01.2193212Et01 

....... 

SAVE MATRIX 
__B__OUNDARY VALUEUNPTRBD SOLNi PTRBD SOLNS .... _ 

1 0.100000E+01 0.100000E+01 o.OOOOE+01 O~O000oo+Oi 
_ 2 0.221544E+O "O221545E+01 0.218398E+01 0.2198212.01 
3 O.302373E+01 0302374E+01 0.299549E+01 ­ 0.303962E+01 
4 0.298664E+0i-O298763E+01i-O.292111E+01 -0.298609E+01 

0-0o491267E+00 0o.490271E+00 -0.500304E'+00 -.0523555E+00 
4 0220547E+O1' 0.220746E+01 0.211795E+01 .219830E+01' 

__ .-

7 0.937223E+00 .06935552E+00 0.93t063E+00 O.9030(E+00 
$-O8-0.15294E+O:-O.-iS632E+01-0.103889E401 -0.I13477t01-­
9 0.259479E-01 0.302394E-Oi -0.691790E-01 -0,19661iE-01 

to -0.3646 43E+00 -0.360982E+00_-0.384168E+pO-Oj3~O-_______________0.___4_______3 501 .9___ 
"1 0.909266E+00 0,907165E+00 0.85570iE+00 0,982008E+00
1? 0.109366E-01 0.109050E+01 ,20)401E+01_ 0,1166472+01_ 

11K' PiVVT 0.100,9002+01- 101 
2aH PIVOT _7O.31Y703E-Ol.. 202 . . . ... 
3TH PIVOT 0.313617E-01 303 

. . . . 

CQNSTANTS 0.9993438E+00 0.3443009E-03 0.3118941E-03 

DC; -0,85296 00 ... ANR 7 6657 -04 

DIC VECTOR 
0 6860495E-04 0.3105402E-04 0.0Q_0Q000G0200 0_.000002+00 OOOOOOOE+00 _ _ 

REPEATED TIMES ARE PARTICULARSOJIONS . . . ... 



ITER 4 OF 4
 

0.0000000E+00 0.9973950E+00 0.4978837E+00 0.20000002+00 0.1000000E+01 0.±000000E+O1
 
_ __.4999996E+O0_0.1126198E+01 0.5437643E-01
 

BV 0.1000000E+01 0.1090565E+01 -0.1598548E+00
 
_.1499988E+01_ 0.9966997E+00_-0.1940058E+O0
 

DV 0.2000000E+01 0.9071740E+00 -0.1645237E+00
 
____a4__ 9949 BE+Q __A8s218322E.Qo r019532lEt00 "" 

BV 0.3000000E+01 0.6888731E+00 -0.3610167E+00 
Q,3499988E+01 0.4393052E+00 -0.6527909+00 ... 

BV 0.4000000E+01 0.3018703E-01 -0.9779964E+00
 
0.4499988E+01 "0.5202802E+00 -0.119E725E+01
 

BV 0.5000000E+01 -0.1120350E+01 -0.1156263E+01
 
9 8
9. 54 998 E+OLtO b1620708E+01__-O.7824889E+t00
 

0,5399975E+01 -0.1856094E+01 -0.1092827E+00
 
9.-6499963E+01 -0.1699442E+01 0.7498147E+00 ..................
 
0.6999950E+01 -0.1111734E+01 0.1574995E+01
 

. .. 9.7499938E+Ql-.2 1703653E+00 0.2126025E+01 ... ........ ... . . .....
 
BY 0.8000000E+01 0.9355652E+00 0.2207417E+01
 

09._ ,732563E+0A1
8499988E+01_ 0219 3647E+01__ 

0;8999975E+01 0,2584495E+01 0.7611488H+00
 
9.9499963E+01 0.2655319E+01 -0.50336992+0O ............. ........ .
 
0.9999950E+01 0.2082635E+01 -017b7638E+01
 
0.104994E+02 0.9543239E+00 -0.2673894E+01 ............. .......
 

BV 01100000E+02 -0,4902616E+00 -0,297592E+01
 
0,11499992E.+02 _.1911094E+01_- .2573289E+O
 
0.1199998E+02 0.2950bkSE+01 -0.1487777E+01
 
0__1249996E402_0! 33253 7 8E+01_ 0.3406220E-01 .......
 
0.1299956E+02 -0.2903840E+01 0.1630788E+01
 
_ 1349994E+02_-q01749135E+01_0.290 186E+01
 
0.1399993E+02 -0.1 1287b0E+00 0.3511342E+01
 

______0.1 499912±02_Q 0.1620-0 42±01 0.2746632+1_________________ ______-_______
 
BV Q.1500000+02 0.3023725E+01 0.2215425E+01
 

.. 

http:A8s218322E.Qo

