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PROGRAM DESCRIPTICN GUIDE

IDENTITICATION
Program Name - MINTQUAST
Programmer's Name - V., J. Marks and B. G. Hall

Date of Issue - 4/9/73

GENERAL DESCRIPTICN

The program ls designed to provide numerical solution of multipoint
boundary value problems governed by a sysbem of up to 20 first-order
ordinary differential equations. This system of equations will bhe
subject to a set of up to 20 boundary conditions. Linear equations
are solved by a method of superposition of sclutions of a seguence

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 voth nonlinear equations and nonlinsar
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 oubtput,
determine the system that gave this output. These are often called
"parameter estimation" or "systems identification" problems.

USAGE AND RESTRICTTONS

Machine and Compiler Required - Xerox Sigma 3
- ANSI FCRTRAN

Peripheral Equipment Reguired - Card Reader and Line Printer

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

PARTICULAR DESCRIPTION

Equations Used and Derivations - See Reference 1
Definition of Terms Used - BSee Reference 1, Appendix A and B
Detailed Description - The program is designed such that

a broad class of problems can he solved with a minimum amount of pro-
gramming effort by the user. The only programming reguired by the



user is that which is involved with the description of the governing
equations for a specific problem, and this lask 1s completed within
the framework of a subvoubine 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 solutlon. 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 reguired number of sclutions to be used in the
superpogition 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 outpubtiting appropriate values.

Iterations

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 sclutions are started fyrom 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 Xutta scheme especially adapted
for the data structuring employed in QUAST., Integration starts at the
minimum value of the independent variable and stops at the last prescribed
boundary condition during intermediate iterations and at the maximam 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 bheen
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 %o the desired method and if convergence has not
occurred, within the limiting number of iterations, a new iteration is
begun. Convergence occurs whenever all of the constants of the perturbed
solutions are smaller in absolule value than a preassigned value.

ORIGINAL PAGE IS
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DESCRIPTION OF INFUT

(Extracted from Ref.l)

In order to utilize the program the ussr» must suvccessfully commumicate 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 FORIRAN subroutines. The second task involves
the input of program control perameters, boundary value information; and
other data necessary.or desirable to a successful program executlon.

Nonlinear System Programming of Equations

The way in which the nonlinear system may be described in the RH3 sub-
routlineg is as follows:

Denoting the previous approximation to the solution of the nonlinear system

y = g(y,t)
as yb, the linearized system can be written
) (v ,t)
= o —— ot
gl > (y ~v,)

ag(yb )

where

denotes the Jacobian of the nonlinear system

¥
-evalvated using the approximation y . Evaluating the indicated qiff-

erences in current and previous approximations leads to a system of
equatlons

N
v, =& (y,t) + Z agia(yo,t) [y, () - v (+)]
Q

g=1 v, J
d

These equations can be programmed as above using the vector Y for
the current solution and the vector YO (or Y¢) for the previous approx-

imation. Of course, the values of g, and dg, / By' are to be computed
using the prev1ous approximation.

Tinear System

ll

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

Data, Input‘

The input data is read by the program in four groups: inbeger 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 1list 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 listh.



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 begen EQUIVALENCEd to
elements of a vector of integer variables occupying the same storage
location and can be referenced by name or by lineal subscript loecation
within.the vector. These elements are input by entering the vector
subscript corresponding to the element location and the desired wvalue
of thal element in the first two fields of a record. Listed below are
the most commonly used 'inpub integer variables with the vecbor subscript
as the key variable, The wvariables are all given a default valuwe, -If
the value is hof listed, it is zero. In most cases, the zerc value is
an ideal wvalue. The format lor inbteger inpubt is

FORMAT {215)

ELEMENT
NUMBER DESCRIPTION

/
1 oubput control parameter. Zero default.

= 0 gives winimal output. This includes the initial conditions of
each iterafion 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 iz also outputb,

= 2 adds to all the above oubput, the pivotal elements used in
solving for the superposition.

3 adds the uﬁperturbed or nonlinear solution to the above output.

4 adds the perturbed solubtions to the above output.

2 = O for nonlingar problem, Zero default.

= 1 for linear problem.

See Appendix D for explanation. Zero default.
by = maximum number of recurrence iterations.

Default value = 5.



ELEMENT
NUMBER

DESCRIPTTON

10

11

= 0 keeps a constant maximum value for Tthe norm of the change of
the initial conditlon 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.

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

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

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

output control parameter which gives frequency at which oubtput 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 alsc oceur at points where boundary con-
ditions have beepn specified. Default value = 5.

# 0 causes the original initial conditions %o be saved for use with
subsequent data sets.

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

used to signal computabion and oubput of the Wronskian of the solution,
Zero defaunlt.

% 0 no computation
= 1 computation only at end of integration on final solution.

> 1 computation each time a boundary valus is encountered during
solution. :

The remaining elements in the inbeger COMMON block are established during execu~
tion and need 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 COMMON block (except, of course, for differvent field specilfi-
cations}., The vector subscript is again the key variable and is listed below

with the corresponding parameter description. The format for real parameter
input is

FORMAT (15,G15.7)

ELEMENT

NUMBER "~ - DESCRIPTICN
1 the nominal integration step size to be used~-default value = 0.1.
2 " a standard perﬁurbation factor to be appliéd 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 unvestrichbed changes. Zero
default.

b, the dnitial 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 & boundary condition. Must be input for initial value problems,

6 a scale factor for the determinsmt of the coefficient matrix used
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 inpub.

11 a small parameter used to check on ill conditioning while solving
for'superpositipn cogstants. Default 1.8-20.

12 conve¥gence test parameter. Default 1.E-8.

13 parameter used in checking for ngarly nﬁll initial vaiues.

Default 1.E-3.

Boundary Value Information

Tor each boundary condition imposed, a record consisting of fMiwve fields In
read. The first two ficlds are integer values, bhe next btwo Lields -are reidl
values, and the last field is another inkeger valwe: The Formal used is

"FORMAT (215,26;5.7,1ﬁ)



FIELD DEFINITION

1 an identifying. integer [or the boundary condition--these values
ghould range from one through the” number of boundary conditions
used, with no repetition--they will ‘later be arranged in order
according to the ascending values of the independenl variable &t
which the boundary condition occurs.

2 the element of the state variable vector on which the condition
is imposed. BSee Appendix D for general 11near and nonlinear
boundary conditlons.

3 the value of the independent varaablc at wh:ch the condition is
imposed.

h 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.
70 implies least-square.

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

Initial Conditions and Related Data

QUAST requires that initial conditions, either exact or estimated, for each
element of the state variable vector be available at thé 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, 10th
element and SKIP, Appendix B of Reference 1. Fach initial condition to be
input is included on one record consisting oi' two integer Tields followed by
Tour real fields read according to:

FORMAT (15,G15.7, 3G10.3)
FIRLD * DEFINITION

1 integer indicating the element of the state variable vector.

n

= 0 implies an unknown initial condltnon without bounds (sc
riglds 4, 6)

~ 471 Amplies an wunknown indLial condition with bounds.

<1 dmplies an exael Tniliab comndilion? B Lhde b Lhe e,
Lhe Pields, iy 5y nnd o aee ienorod

.. ORIGINAL PAGE IS
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JIELD

5,6

DEFINITION (cont'd)

the floating-point value of the initiel condition.
Default value = 1.0,

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

if one of these parameters is non-gzero, the larger of the two
values will he used as an upper hound for the initial condition

" and the other value will be a lower bound and if the second field

is null, it is then chapged 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 deta groups empty, simply
include a blank record as a terminator for the empby set and continue as
before. --

2.

Control and Program Cards - (begin Col. 1)

'JPB QUAST
I P@RTRAN

(Source Cards - See Appendix A)

_'.E¢D

1 JLPAD
' $REPT
1$MP
!END
IXEQ

256, ,G¢

(Input Data)

IRGD

DESCRIPTION OF OUTPUT

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

H,

INTERNAL CHECKS AND.EXTTS

Program exits when inpub condilions [lor converpence are meb.

TNDF PENDENT SUBROUT TNIS

WNone



SYSTEM SUBROUTINES

No special subroutines.

COMPLETION OR WINAL, CHECKOUT DATE - 4/9/73

Source listing and sample cases are given in Appendix A. The first
gample problem is a duplication ol the first sample problem discussed
in Reference’l. In this problem the boundary conditions are ponlincar
and are fitted in a least square sensc. The programming of the non-
1incar boundary condition equation'is_done in subroutine NLBRC. The
second example problem solves the same system ol equations appearing
in subroubtine RHS, bLut linear boundary conditions are used and the
subroutine WLBC is ignored. In the second example problem, the linear
boundary conditions are also fitted in the least square sense.



REFEREWCES

1. GQUASI - Solubion of Multipoint Boundary Value Problems of Quasilinear
Differential Equations - Bart Childs, et al. University of Houston
Efi7-69, September 1969. ’
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c

INTEGER UBV.sXACTIC,SKIP,IBIG{136)sXACTBY

REAL RBIGI{Z204)sLBWERSSVEL( 46212LF,1C,11ICC( 46212Y(20s21)
COMMEBN IIC(20)21C120)sYVEC( &420)aYNL{ BO)sLF(20),5(21,22)s
1 DELT., SPTRB, PNBRMs . TSTART. TSTOF,

i GET, SMALLS ZERB) DETT» TRACE,

2 DZERD, CBNV, DPTRB. DTEMP. DN1y

SHsRNIIRNZA T, .

4TAVGsTL P TN TEMT s TEM» TEMP, TTEM2THEBY L 21 1,BV I 201},

S UPPER(20ISLAWER{20)2PTRBIRPO)ISAUX{10),CABVIZ0),

5 DICI2012YPTRBIZOQ)SDELTPSDELTM, TNORM SMNEBRM, ANORM, TBVKSDBT»

1 IBUT, LIN, IGBYS, LITER. NORMRD»
1. NBVYy. NEGQ, NCHN» NWRITE., SKIP»

1 - ITRACE, LIMITs IVARY, IAF(2).
"INVECTs IXTRA, .

1UXTRASKXTRASNBUT,NLaNSPACES NRCD

AENRSDJNRYD}IJIIJIC&UNT)INlJINEJINTKEYlIPUNT’IGJISJISUBJITEMPJITERJ

3 JrJddrJ@sJSUBIKIKK, KOUNT,KBUT KB KTEM, MITER, NBYHMANCBL s NRANKC

4 NREBWSs RBVI20) 2 XACTBVI21) s XACTIC(20),16BV(20)sNR,IGOLNESNT

Cexsxy
Ca¥xrn
Coxsn

i5

1000

EQUIVALENCE (YVECsY)»{SsSVEC)» (YVEC,C),(IRAUT,IBIG)s (DELTSRBIG)
WARNING, CHECK CBMPILER FAR THIS OPTIBNx#¥x :
INPUT INTEGER PARAMETERSxu»x
WARNING, CHECK COMPILER FBR THIS BPTION»#x¥

WRITE- (102,15)

WRITE (6s15)

FERMAT (/¢  MINI=QUASI MBDEL'/
¥ 1 REFER TH GE=AGS USER GUIDE TIR 741~MED=30XX'//)

CALL INIT

CONTINUE

CALL READIT
CALL SBRTBYV

CALL NTLIZE

CALL ECHBIN

CENTINUE:

CALL ESTABL

CALL NGRATE

IVARY =4

CONTINUE

LIMIT=4

© CALL BNETEN

17
20
18
19
25

Tit

GB TB (17,18,19) s IVARY ;%w
CONTINUE : 2
CALL WRITES Poop 0

6B T8 (7,181,160 -UAL-m,
CANTINUE .

CALL STHRES.

IF {K=NBV)7,7519

CONTINUE

IF (ITER=MITER)Z25+]1000,1000

CONTINUE

LIMIT=1

CANTINUE

CALL WRITES

68 TO (1255010003 ,LINLT



13

59 12 CONTINUE

60 DETT = DET

6% CALL GJRWLS

62 LIMIT = 2

68 IF (IPUNT=2113,11.13

64 13 CBNTINUE

65 CALL NEWIC

66 IF (J) 14211511

67 14 CONTINUE

68 CALL MBDIFY

69 GB T8 13

760 END

71 SUBRBUTINE INIT

7¢ .

73 INTEGER GBVsXACTIC,)SKIPAIBIG(135),XACTRY

74 REAL RBIG(204)sLAWER,SVEC( 4#62)sLF,IC,IIC+Ct 462),Y(20s21)
75 CeMMON 1IC{20)41C{20),YVECI 420)s»YNL{ BOIsLF{20),8(21222)s
76 i DELT, SPTRB, PNBRM, TSTART. TSTUP,
77 1 DET. SMALL s ZERB, DETTS TRACE»
78 2 DZERB, CANV, DPTRB, DTEMP, DN1s
78 3HIRNL2RNZsTs

8@ ETAVE,TLA TN, TEBMT S TEMS TEMPL TTEMS TRV Z21}3,BVL 20},

81 5 UPPER(201,LUWER(20}sPTRBI20),AU%X(10),CRABVIR0},

82 5 DIC{201sYPTRB(20)sDELTP,DELTM, TNBRMS SNORM ANBRM, TRVK2DBT 2

38 1 18UT, LINS IBVS, LITERS NBRMRD»
B4 1 : NBV , NEG» NCN s NWRITE, SKIPys
8% 1 ITRACE, LIMIT, IVARY 1AF {2}

86 INVECTsIXTRA

87 1JUXTRAIKXTRASNBUTs NLaNSPACE S NRCD 2

88 PNRSDsNRYD 21,112 ICOUNT2INLsIN2s INTKEYs IPUNT,IQsISs ISUBs ITEMP,ITER,
89 3 JsJJrJQrJSUBIKIKKs KBUNT,, KBUT»KRIKTEMMITERSNBVMI NCUL I NRANKC

S0 4 NROWS,OBVI(20) 2 XACTBY (2112 XACTIC(20)2IQBYV(20))NRs [GOINE,NI

94 EQUIVALENCE {YVECsY ), (SsSYEC) s (YVECC),(IBUTsIBIG)»{DELT,RBIG)
g2 DATA IDUM, IDUN/I! 1, tBV1/

93 DB 10 M = 1,135

94 10 IBIG(M)=0

95 RBIG(1)=1sEm]

96 DB 20 I =2,204

a7 20 RBIG(I}=0-

9R pB 30 I = 1,20

99 30 1ICtII=s1E1
106 NRSD = 21

104 NRCD = 21

102 NRYD = 20

103 LITER=S
104 DET=+1E1

106 SPTRB=+12E1

106 SMALL=+1Ew9

107 ZERB=25+Emé

108 DZERB= 1+E=20

109 DPTRB = 1+E=3

110 CONY = 1+EwB

111 NWRITE=BH

1182 TAF(1)1=1DUM

113 IAF(2)=1DUN

114 RETURN

115 END

iis SUBRBUTINE READIT

117



118
ivs
120
124
tz2e
123
124
125
126
127
128
129
130
131
132
133
134
13%
136
137
138
139
140
1hy
ls2
143
144
145
146
147
148
148
150
161
152
183
154
158
Ise
159
158
1689
160
161
162
163
164
165
166
167
168
168
170
1714
172
L73
Y74
178
176

1

5

7
Crxxx
11

15

17

18
is

Cxxuax
20
21

901
505
306

907
308

909
910
g1t

912
a2z

INTEGER QBVsXACTIC,SKIP,IBIG(135]»XACTHYV

REAL RBIG(204)sLEBWER)BVEC( 462)2LF2IC2IICsCHL A6RYI2Y(20s21)
COMMBN IICt20)21CI20)2YVECL 42012¥YNL{ 80)sLF{201s5(21s221)4
1 DELT, SPTRBs PNEARM, TSTART, TSTAP,

1 DET, SMALL» ZERO, DETT.» TRACE»

2 DZER®H, - CBNV, DPTRB, DTEMP., DN1s
3H2RN1SRNZ* TS '

4TAVG, TLaTN, TBMT»TEMsTEMP, TTEM»TBV( 211,BV( 201,
5 UPPER(20),LEWER(20)sPTRB(2012AUX{10),COBV(20),
5 DICI201,YPTRB(20),DELTP,DELTM, TNORM, SNEBRMs ANBRMs TBVKS DET,

1. 18UT:, LINs IGBVS, LITERs NORMRD.,
1 NBV2 NEGQ ., NCHNy NWRITE. SKIP»
i ITRACE, LIMIT, IVARY IAF (21,

INVECTsIXTRA

1TJIXTRAPKXTRASNBUTINL2NSPACESNRCD,
ENRSDINRYD2 1411, ICHBUNT+JNL2INRS INTKEYsIPUNT» IR 1S ISUBs ITEMPS ITER,
3 JrJddadOr JSUB2K ) RKsKAGUNT ) KOUTAKQsKTEMpMITERINBYMINCBLINRANKC,
4 NRBWS,,OBVI{20)1sXACTBVI21)sXACTIC(201218BVI2012NRsIGDINESN]
EQUIVALENCE (YVECaY)s (S»8SVEC)s({YVECAC)»{IBUT,IBIG)»{DELTLRBIG)
WRITE (6&2312)

READ{5,300) IN1sIN2

IF(INI)Z230:,5,7

WRITE{62302)

GB T8 11

WRITE(&2301)IN1,INZ

IBIG{INI)=IN2

GO T8 1

INPUT REAL PARAMETERS*xxzx

READ{5,3051 INi,RN1

IF({IN1)15s10,17

WRITE{(6,302)

Gt To 20

WRITE(62306)IN1,RNL

IMi00=IN1=100

IFtIM100Q)18,18,19

RBIG(IN1)=RN1
GO T8 11
AUX{IMI00)=Ri1
GO T8 11

INPUT BOUNDARY VALUE INFORMATIONKx»»
I6BVHM = I(BVS

READ(S5+300) Is2INL1sRN12RNP2INZ

IF{1)901,3801,908

WRITE(62302)

GO T8 31

WRITE (62301112 INIaRNLIRNZIINZ

IF{INLI)S062907,907

IF(INI+100)9072907,908

ABV(I})=IN1

TBV (I }=RN1

BV{I)=RNZ

XKACTBV(I)I=1N2

IF(IN1)B09,21021

IF(INI+1001910,910:22

IF{ABV(I1}911:22,28

IN2=QBV (I /100

IFUINLI=(@BV(I)=IN2¥100)1172,912,912

IRBYS==]INZ

IF(INLI+100) 851,851s850



15

177 850 @BVYII) = w({{IQBVYS+1}%100=IN1)

i78 851 INl = =QBV(LI+{QBV(I}/100}#100

179 IF{IN1I913,214913

180 913 DB £3 1=1,IN1

181 IRBVS = IGRVS + 1

182 READ (5,305) lGBV(IGBYSICOBVIIORVS)

183 IFLIQBYIIORVS)123,914,23

184 914 IQBV(IQBVS)I=1

185 23 WRITE [(6,306) IRBVIIABYS)»CEAV{IGBYSI

188 IFIINBYVSwIDBYM)IZ24,21025

187 24 I1QBVS=IGBYM

188 G8 T8 21

188 25 [QBVM=IQBRYS

130 Gé Te 21

183 C*5x¥INPUT INITIAL CONDITIONS AND RELATED DATA®¥®%x%

is2 31 READ (5,310} INI,INPsONisRN1+sRNPSRNI

1923 IF(INL)32,32,915

£9% 32 WRITE(62302)

195 GB Te 34 ;

196 915 WRITE{6,311 1 IN1sIN2sDNLILRNLSRNR2JRN3

1979 TICCINLY = DN1

198 PTRE {IN1) = RN1

199 XACTIC (INE) = 1IN2

208 IF{ABS{RN2 I =DZERB)IL619162917

201 916 IF(ABS(RN3)=DIZERD 1312917317

g0eQ 917 IF(RN2=HN3)S18,918,33

203 918 TEMP=RN2

204 RN3 = TEMP

208 33 UPPER({IN1) = Rnp

208 LABWER{INLI) = RN3

209 XACTIC (INL) = 1

- o1:] GB T8 31

208 34 RETURN

210 230 sSTEP

211 300 FORMAT (21542E1547515]

212 301 FORMAT (16H INPUT DATA CARDs2I542E15¢7315)

218 302 FORMAT {19%Xs16H BLANK DATA CARDp//)

214 305, FORMAT {15:E15.7)

218 306 FORMAT (16H INPUT DATA CARDs I52 E1547})

216 J10 FORMAT (2I51E£15¢743E10+3)

2l1l7 311 FORMAT (16H INPUT DATA CARDs2IB 4E1547)

218 312 FORMAT(1H1)

218 END

220 SUBRHUTINE SBRTRY

221 c

22 Cr**x»SART BOUNDARY VALUES#xx«

223 "INTEGER BBV XACTIC,SKIP,IBIGLLI3B)sXACTRY

2a4 REAL REBIG{204)sLONERSSYEC( 46215LF,IC,I1C+C( #%62)5Y(20,21
2285 CBMMEBN IIC{20),IC{20 2 YVECE 420)2YNL{ 8S8O0)aLFI(RDIsS(21a22)s
g26 1 DELT: SPTRA., PNBRM, TSTART, TSTHP
28% i DET, SMALL . © ZERE, DETT, TRAZE
Z28 z DZERS, CaNV, DPTRB. DTEMP, DN
aes FHsRNL*RNZ2ST»

238 HTAVGaTLA TR TEMT L TEMA TEMP, TTEMLTEBYV( 2193,8vI1 209,

231 5 UPPER(20),LAWERI20)1PRTBIZ0) +AUX{10),CRBY (20,

23g 5 DIC(20)sYPTRBI20)s0ELTPYDELTM TNORM SNORM ANARM, THRVK S UHT 2

<33 1 18UT, LIN, 1GBVS, LITER: NUORMRD,
£34 1 NBV, NEQy NCN2 NWRITE SKIP»
¢35 1 ITRACE, LIMIT:» IVARY, IAF (2}
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INVECT»IXTRAS

g3z 1JXTRASKXTRASNOUT)NLINSPACE s NRCD)

23K 2NRSDINRYD# 1211, ICOUNT2INTISIN2SINTKEY» IPUNTSIQ2IS,ISUBSITEMPIITER:,
239 3 JoJddaJBs JSUBIKAKKsKBUNT,, KAUTIKR)KTEMsMITERSNSVMaNCBLSNRANKC,
240 4 NROWS,QBVIR0) s XACTBY (211 +XACTICI20)16BYV{20)sNR IGHsNEANT

g4l EQUIVALENCE (YVECsY)s(SsSVEC)s{YVECsC},»{IBUT»IRIG),(DELTARBIG)
R4ag 34 IF (NBVI42,42,919

c43 919 IFI{NBV=1)41,41,920

244 920 I1S=1

e45 NBVM=NB V=

246 35 DO 40 I=IS5,NBVM

B47 IFITBV{I+11=TBY{I11)37240,40

248 37 TEMP=TBV(1)

249 TBY{I)=TBV(I+1)

2580 T8Y{I+1}=TEMP

2b1 TEMP=BV (1)

262 BV(I)=BV{I+1)

253 BV{I+1}=TEMP

254 ITEMP=QBY (1)

255 QBY(I)=QGBV(I+1)

256 GBY{I+1)=1TEMP

257 ITEMP=XACTBVI(I)}

258 XACTBV(I ) sXACTBVII+1)

258 XACTBV(I+1)=ITEMP

260 IFiI=1)35,35,38

261 38 1S= I=i

262 GO T8 3%

263 40 CHNTINUE

264 41 IFITSTOP=TRV(NBY) 921,921,922

265 921 TSTBP=TBVI(NBV)

266 922 IF(TSTART=IBVI1})42,42,973

269 923 TSTART=TBVI1)

268 42 CBNTINUE

268 RETURN L

278 END

271 SUBRAUTINE NTLIZE

e7e C

273 INTEGER GBVSXACTIC,SKIP,IBIG(13B}:XACTRYV

274 REAL RBIG(204)} s LOWER,SVEC( 462)2LF,ICs1ICsCL 462)2Y(20s21)
275 canmen IIC(20)2IC{RB0IYVEC) 420)sYNL U BOYsLF{20)aS(21s28)s
276 1 DELT, SPTRHE, PNEBRM, TSTART, TSTOPs
277 1 DET, SMALLS ZERB, DETT, TRAZE s
278 2 DZERB, CBNV, DPTRB., DTEMP, DN1»
279 3HsRNLIIRNZ2 T ;

280 4TAVGs TLATH, TBHTITEMITEMP, TTEMs TBY( 211,BV( 20)»

281 5 UPPER(20)JLUBWER{2OIJPTRBIZ20)7AUX (10} 2CABVIZ0) s

282 5 DIC(20)2YPTRB(20)sDELTP,DELTM TNBRMs SNORMS ANBRMS TBVE2DOT,

283 1 lauT, LINS 10BYS, LITER, NHRMKDs
284 1 NBV, NE Q. NCN, NWRITE, SKIFs
285 1 ITRACE LIMITs IVARY IAF(2)s

286 INVECT2IXTRAS

g8y 1JXTRAZKXTRASNBUT,NLINSPACESNRCD,

288 ENRSDIMRYDS I+ 11, ICOUNT,IM{sINDINTKEY» TPUNT,LIG, TS, ISUBSITEMPSITER,
285 3 JrJJrJBs JSUBAK I KK, KBUNT, KEUT /KOs KTEM,MITER,NBVM; NCBLANRANKC,
296 4 NROWS,UBVIPO) s XACTBVIZ1) s XACTIC({20)2I1@BV{20}sNRs IGEHsNESNI

291 EQUIVALENCE (YVECsY s {SsSVEC)I s (YVECsCI, (TAUT,IBIG)»{DELTsRBIG)
ase DELTP=1+1 *DELT

292 DELTM=0+9 *DELT

¢34

Cx#xxINITIALIZE [C,DICs AND XACTICw¥»xx
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29% NVECT=NEUW+NCN

296 46 DO 50 I=1,NVECT

297 DIC(I) = O«

298 1IC(I)=11C(I)

295 IFINBVI47247,49

300 47 IF(XACTIC(I))}45,48,48

301 48 XACTIC(I)=m1

302 49 IF(XACTIC(I)+1)924,50+50

308 924 XACTICI(I) = XACTIC(I)+4

804 50 CONTINUE

305 TNBRM = 1.

806 SNBRM = PNARM

307 NROWS=NBY+ 1

308 IF (NBV)61s61,52

309 52 DB 60 I=1,NVECT

310 TF(ABS{TBV{I)=TSTART) 155,558,61

811 55 IQ=@BVI(1) X

812 IFLIQ)57157556

318 Be ICLIQI=BYV(I)

314 57 IF({XACTBV{11158,58:60

816 58 IF(IQR)I60s60s59

36 59 NREBWS = NROWS =i

317 XACTBV(II=

318 XACTIC(IQ) = XACTIC{IQ) = 4

319 60 CONTINUE

820 61 KBUNT=0

321 DB 70 1=1,NVECT

- IF(XACTIC(1))62263,63

328 62 KBUNT=KHUNT+1

324 G8 Te 70

325 63 IF(ABS(PTRB(I})=DZERB)64,70,70

326 64 PTRB(I)=SPTRS

827 70 CONTINUE

328 ITER=0

329 MITER=LITER

330 IF(KOUNT«NVECT 926,925,925

831 925 MITER=1

332 926 NRANKC=NVECT=KBUNT+1

3383 NCOL=NRANKC+1

834 RETURN

335 END

336 SUBROUTINE ECHBIN

337 C

338 C ECHBIN

339 INTEGER QBVsXACTICsSKIP)IBIG(135)sXACTRY

340 REAL RBIG(204 ) sLONERISVEC( #62)4LF,I1CsTICsCH( 462),Y(20,21 )
341 CEMMBN IICI20)21C(20)2YVECt 420)3YNL{ BO)sLF{20)58(21222)s
342 1 DELT, SPTRE, PNBRM, TSTART: TSTUP,
343 1 DET: SMALL ZER®S, DETT, TRACE .
344 2 DZERS, COANV, DRTRB, DTEMP, DN
345 3HIRNL1SRNZS T

IS LTAVGs TLOTNy TBMTATEMs TEMP, TTEM»TBV( 21),BV( 201,

347 5 UPPER(20),LUWER(20),PTRBI20) 2AUX(10),COBV(20),

348 5 DIC(20):YPTRB(20);DELTP;DFLTH;TNGRHJSNHRMJANHRM:TBVK:DBT:

349 1 180T, . LINs 1G8VS, LITERs NBRMRD»
359 1 NBV, NER s NCN, NWRITE» SKIP»
351 1 ITRACE., LIMIT. IVARY: IAF (2],

352 INVECT2 IXTRA, )

353 1JIJXTRASKXTRASNBUT, NLANSPACE, NRCD,
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354 2NRSDINRYD s I» 112 JCOUNT2INI»INZSINTKEY» IPUNT,IQ IS, ISUB»ITEMPYITER,
355 3 JsJdJedQsJSUBIKIRKIKOUNT s KAUT s KUaKTEMSMITERINBY M) NCOLINRANKC,

356 4 NRBWS)QBVI20)12XACTBVIZ21),XACTICI20) s I8BY (20 s NRsIGBSNESNI

357 EQUIVALENCE (YVECsY) 2 (SsSVECIa{YVECsC) o {18UT,IRIG,(DELTSRBIG)
3a5ge C

359 CH*34ECHB THE INPUT DATAxxxx

360 WRITE(64350)

361 IFINBV)Y73,73,927

362 927 b8 72 1=1,NBY
368 WRITE (6,400) IsTBVII)sBVIIILRBV{II»XACTBV(I)

364 IFLQBVI]))928,72472

365 agyg J= =QBVI(I1/100

Beé K = =~GRRAVII) = J¥100 = 1 + J

367 WRITE (6,440) (CABY (M) IQRBVIMI MsM=UdaK)

268 72 CHONTINUE

869 73 WRITE(6:450)

aze D& 74 I=1,NVECT

374 74 WRITE {(65,500) I2IC{I)sXACTICII)JPTRB{I},UPPER(II)JILOWER(])

872 WRITE{G6+43071I0UT,LIN IGBVSH)LITERANARMRDsNAVINEQINCNINWRITE»SKiIP
378 1DELT,SPTRBsPNORM, TSTART2 TSTOPINRANKC

374 360 FBRMAT (4H AUXs/si1Xs8E1547)

878 WRITE {6,360) (AUX(I3sI=1210]

3786 RETURN

377 307 FORMAT {//710X0A4HTIBUT»16010Xs3HLINST75HIABYS,; IS010X2s5HLITER IS, 10X
378 1)6HNORMRD» 14/ /712X 3HNBY s I7510Xs BHNEG» 172 10X 3HNEN» 172 10X0 6HNWRITE,
378 2I4)10Xs 4HSKIPLI TG/ /1Xs 4HDELTIEL164655Xs BHSPTRAE1S5¢ 625X 5HPNARMIE LIS,
388 3625Xs6HTSTARTSE 14 465X 5HTSTBPSEL1S+6///10H GEMERATED/10Xs 6HNRANKC,
381 414)

382 350 FHRMAT(IX//16Xs3HTBV217Xs 3HB=V, 13X, 3HOAV, #X)5HXLCTBY)

383 400 FORMAT {(1XsI522(5X,E154712218)

384 440 FEORMAT (30X,E1547s3HxY(s1451H) 20X 15}

385 450 FORMATULIX//3%s3HY () a8Xs2HIC» 13X BHXCTIC» 10X 4HPTRBS 15X,

386 1SHUPPERS 15X SHLOWER }

387 500 FORMAT(4XsI12s5XsEL15+725%:1344(5X2E18¢71})

328 END _

349 SUBRBUTINE ESTABL

390 c

331 INTEGER @BV, XACTIC,S5KIP+IBIG{135})sXACTRY

392 REAL RBIG{204)sLEBWER)SVEC( 462),LFsICs1ICsCtL 462),Y(20s21)
393 COMMEN IIC{20)s1C(20»YVECL 420)»YNL{ BOIsLF{20)2S{21422)»
394 1 DELT, SPTRB, PNARM, TSTART, TSTOP,
89% 1 DET, SMALL, | ZERH, DETT, TRAZE
396 2 DZERB, CANY, DPTRB, DTEMP, DN1a
397 3H2RN1,RNZ, T

398 4TAVGY TLa TN TBMT 2 TEMs TEMPS TTEMATBY (L 211sBYL( 201},

398 8 UPPER(RO)LBWERIZ0)sPTRB(20)2AUX(10}12CRBVI{R0 ),

4040 5 DIC(20),YPTRB(I20)sDELTP,DELTM, TNORM» SNORM) ANSRM, TBYK2DAT,

#01 i 18UT, LINg IQBVS, LITERs NORMRDS
5082 i NBV s NE Qs NCN, NWRITE» SKiP,
493 1 ITRACE. LIMITs IVARY s TAF(2),

404 INVECT2IXTRA

405 1JXTRASKXTRASNOUT S NL o NSPACE» NRCDy

406 2NRSDSNRYD, 12T ICBUNTINLIINPOINTKEY s IPUNTIQ2I8s ISUBSITEMPAITER,
407 3 JrJdJadUr JSUBIK KK, KBUNT KEBUT s KG2 KTEMaMITERSNBYVMy NCAL s NRANKC

408 4 NROWSLUBVI(Z0 s XACTBV (21 )1, XACTIC(2Q) IRBVIR0O)»NRyIGHINESINT

409 EGQUIVALENCE (YVECsY)s (SaSVECI» (YVECSC),{10UT,IBIGISA(DELT,RBIG)
k10 Cr¥*»%ESTABLISH INITIAL CHONDITIANS IN YVECxss%

11 79 ITER=ITER+1

412 TRACE = Qo
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413 JSUB==NRYD

b1y JO o= O

415 DO 100 J=1,NRANKC

446 JSUB=JSUB+NRYD

517 DB B0 I=1,NVECT

1B 1Z = Jsub + ]

419 BO YVEC( IZ)=I1CtI)

420 IF{JSUBIBR2,100,82

421 B2 "IS=JQ+J=1

Y-y DB 90 I=IS,NVECT

423 IF{XACTIC(1)}90,92,92

424 90 JB = JO + 1

425 92 JJ = J = 1+ JQ@

426 1Z=JSUB+JJ

427 YVEC(IZ)=YVEC(IZ)*PTRB(JJ)

428 1F(ABS(YVEC(12:~DPTRB)}93,94:54

429 93 YVECtIZ}i=1.

43¢ 34 YPTRBAJJII=YVEC(IZ)

431 100 CONTINUE

532 RETURN

433 END

434 SUBROBUTINE NGRATE

435 C . .

£36 INTEGER QBVsXACTIC,SKIP,IBIG(1351sXACTRY

437 REAL RBIG(204)1sLBWERSSVEC( 462)13LF,ICsI1ICICI{ 46R1,Y(20:21)
438 CBMMEN IIC(20)s1C(20)2YVEC( 420)sYNL{ B0)sLF(20)sS({21,22),
438 1 DELT, SPTRB, PNARM, TSTART » TSTHP,
§49 1 DETs SMALLS ZERG, DETTs TRACE»
441 2 DZERB, ~CONV, DPTRB, DYEMP, DN1,
G442 BHIRNLIRNZ» T )

443 C 4TAVG,TLO TN TBMTSTEMS TEMP, TTEM2TBV( 21)1,BV( 201,

by 5 UPPER(20)sLOWER{20)I,PRTB{20)AUX(10),CABRVI20),

45 5 DIC{20)sYPTRBI20O))DELTP,DELTM, TNERMs SNORMs ANOQRHM, TBVKJDGTJ

‘546 1 i8UT, LIN, 1GRVS, LITER: NORMRD.
ha7 1 NBV, NERQ» NCN, NWRITE, SKIP,
448 1 ITRACE, LIMIT, IVARY . TAF(2),

449 INVECT»IXTRAS

450 1IXTRASKXTRASNBUT,NLANSPACENRCD

451 2NRSDINRYDIISITs ICBUNT2INL»IN2» INTKEY, IPUNT,IN» 182 ISUBSITEMP,ITER)
452 3 JrJdadQr JSUBsKaKK) KBUNT» KAUTs KA, KTEM, MITERSNBYVMs NCOBLINRANKC
453 4 NROWS,QBY{Z20) s XACTBVI(24 )2 XACTIC(20),I8BVI20)sNRs IGH,NESNT

454 : EQUIVALENCE {(YVECsY)s(S5sSVECI» (YVEC2C),{IBUT,IBIG}» (DELTSRBIG!
455 Cryxx INTEGRATION®#2»

456 102 KBUT=0

457 ) IFULBUT=2)10421044103 -

458 104 IF(ITER=MITER)929,1032103

458 103 KBUT=1
- 469 929 IF{18UT=4)931,930,930

k61 930 WRITE(62630)

bgp 931 NI= NRBWS+1

463 NE=1

464 JSUB=«NRSD

465 DB 105 I=1,NCOL

466 JSUB=JSUB+NRSD

467 105 SYEC{JSUB+1 =1,

468 TL=TSTART

465 1CAUNT=NWRITE '

470 IF(ABS(TBV{1)=TSTART)I=ZERB) 10651064107

471 106 ICAUNT=0
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472 107 IF(ITER=MITER)S36s935,935

473 935 WRITE(62530)

474 936 WRITE(6s6001ITERSMITER

475 INTKEY=0

%76 INt = NRANKC

477 932 IF(MITER=ITER)933,933,934

478 933 INi=1

479 934 K=l

480 TBVK = TBV(K)

481 110 TEM=O.

482 RETURN

483 600 FORMAT (20X 4HITER,I428H BFsIT43/510Xs5HTIMES 14X BHSOLUTION)

484 630 FORMATI1IX/10X»39KREPEATED TIMES ARE PARTICULAR SOLUTIONS, /)

485 590 FORMAT(1HI1)

bR 6 END

487 SUBRBUTINE STORES

£1:3:]

489 STORES

490 INTEGER QBVsXACTIC,SKIF,IBIG(135)sXACTRY

431 REAL RBIG(204 ), LOWER,SVEC!t 46P)a2LF,IC,IIC2C( 4621,Y120,21)
492 COMMEN 1IC(2012LCI20)sYVEC( 420YsYNL{ 80)sLF{20)s5(21s22)
493 1 DELT> SPTRB. PNBRM, TSTART, TSTOP,
494 1 DET: SMALL ZERB, DETT. TRAZE:
495 2 DZERAs CONV., DPTRB, DTEMP, DN1y
498 SHsRNi1IRN2IT»

497 HTAVG TL2 TN TBMT A TEMATEMP TTEMSTBYV( 2L ),BV( 201}

498 5 UPPER(ZO)IJLAWERIZ20)+PTRBI20) »AUX(10),CABVI20)

495 5 DIC(20)1,YPTRBI20),DELTPSRELTM» TNARMs SNARM) ANARM, TBVKSDHT,

500 1 IBUT: LINgs IQBYVS, LITERs2 WARMRD:
501 1 NBV» NEG, NCN, NWRITE, SKIP
502 1 ITRACE, LIMIT, IVARY, IAF(2).

503 {NVECT2IXTRA»

504 1JXTRASKXTRASNBUTINL aNSPACE, NRCD,

505 ENRSDNRYD, I 112 1CBUNT INTs INP2INTKEYs IPUNTAIQ» IS+ ISUB» ITEMPSITERS
506 3 JrJdJrdBs JSUBIK2KKIKBUNT A KAUT»KQpKTEM,MITERSNBYMINCEL2NRANKC,
507 4 NRBWS,GEBV(20)1sXACTBVIZ1)aXACTICIZ0)21BBVIZ0) s NR2IGOINESNI

508 EQUIVALENCE (YVECsY)2{SsSVEC)2{YVEC2CI,{IBUT,IBIG) s (DELT,RBIG)
0% 134 1F (XACTBV(K)) 15221352135

510 135 10 = QBV(K)

811 IFIXACTBVIK) 139,138,139

B12 139 NI=NI=]

518 NR=NT

514 GO TA 140

515 138 NE=NE+1

g16 ’ NR=NE

517 140 ISUB==NRYD

518 JEUB==NRSD

515 IF (1Q¥143,1432144

520 143 Jz =IG/100

521 IS = J = (1Q + J¥100) = 1

wae 144 DU 150 I=1sNRANKC

23 1suUg = ISUB + NRYD

624 JGUR = JSUB + NRSD

52% IFLIR) 14591400147

526 147 1Z = IQ + ISUB

527 DBT = YVEC{(IZ)

528 GO T8 148

%29 145 DBT = O

530

IF {(1S=J)149,950,950



531 950 DB 146 MeJd,1S

532 JJ = 1QBvVIiM)

533 1Z = JJ + 18u8

534 146 DBT = DAT + YVEC({1Z)*CHBV(M)
535 148 1Z = NR + JSuB

536 SVEC(1Z) = D@aT

537 149 IF (I=NRANKC}150,951s150

538 981 1Z = NR+NRSD+.JSUB

%39 - SVEC{IZ) = BVIK)

540 150 CEBNTINUE

541 151 IF(IQ)952,95221562

542 952 IF(15=J)953,152,182

543 9%3 CONTINUE

544 CALL NLBC

545 152 K = K + 1

546 IF{K=NBY)154, 154,153

547 153 IFI{ITER=MITER)I170,154,154

548 154 IF{K=NBV)954, 954,955

549 954 TBVK=TBVY(K)

550 G8 To 956

551 955 TBVK=TSTUP+2+¥DELT

552 956 TF(ABS({TBVK=TBY{Kw1}1)134,13429587
553 957 TEM=TEM+THMT

554 " TEM=TEM+TBMT

558 TTEM=TL4+DELT~TEM

556 IF(TEM=DELTH) 155,958,958

857 958 TTEM=TL+2+#DELT=TEM

558 - KTEM=KTEM+1

558 IF(KTEM=119602959,960

Feg 989 ICAUNT=ICBUNT+1"

561 960 IF(ICOUNT=NWRITE)155,361,155

562 961 ICAUNT=0 ’

563 155 INTKEY=0

564 IFIABSITTEM=TBVK) 111021102157

565 157 IFI{TTYEMwTBVK}158,168s112

566 158 H=TTEM=TL

567 I==1

568 110 RETURN

569 170 I = ©

570 RETURN

71 112 J =0

572 RETURN

573 END .

574 SUBROUTINE NLBC

57%

576 REAL LFsDY{20)U(20)
577 COMMAN FIC(40),P{20s21)12C(80)LF(20)s8({212221)2
578 1 RDLI9)»TRACESRD2(S) s HIRDI(2) s TaRDG( 7> TBY(21)aBV{80),
579 2 AUX(10),CR(67) 4

589 3 ID1(1612IPARTIJSUBSID2(2)sNLsID3(PY)sNRANKCAIDA(62),10(24)
581 EQUIVALENCE (TLsRD4{2}Ia(JasT03M17112(K2ID3(21 )2 (NR2IQ(21))
582 EQUIVALENCE (LFsDY)a(PsU)

583 DB 80 ICL = 1sNRANKC

584 ASM = 0»

585 DB 79 IDX = 1124

586 1Z2=5~=IDX

587 79 ASM=ASM=U{IZ)#P(IDXaICL)

588 80 S{NRsICL) = ASM

B83

S(NRANRANKC+1)=BVIK )= SIN(U(S)*TL)=U{1)#U{&)=U(2)+U(3}

21



98 RETURN

591 END

59p SUBRBUTINE NEWIC

593 C

594 ¢ NEWIC

595 INTEGER BBV,XACTIC,SKIPLIBIG{135))XACTRY

596 REaL REIG(204)sLBUER,SVECT #62)sLF,IC,TICSC( 462),Y(20s21)
6397 COMMAN IIC(20)sIC(20)YVEC( 420),YNL{ 80)sLF(20)sS(21522),
598 i DEL T, SPTRB. PNORMs TSTART, TSTUP.
599 1 DET, SMALLSs ZERB, DEY T TRACE»
600 2 DZERB, CBMV, DPTRB: DTEMP, DN1a
601 JH2RN1IRNZ2s T, )

02 4TAVGs TLs TN TBMTATEM»TEMP,TTEM»TBVI 211,BV{ 20),

503 5 UPPERIZO}JLOHERIZOI2PTREB(20)1AUX(10),CRBVI20),

(04 5 DIC({2012YPTRBI20),DELTP,DELTHM» TNORM) SNBRM) ANBRMITBVKDBOT,

605 i 18UT, LINg 1GBVSs LITERs NBRMRD»
6C6 1 NBV, NEQs NCN, NWRITE. SKiPs
607 1 1 TRACE, LIMITS IVARY, IAF(2)s

608 INVECTJIXTRA,

€08 1JXTRAJKXTRASNBUT S NLINSPACESNRCD,

619 2NRSDINRYDsIsII+ICBUNTSINLI» INZ2INTKEY+ IPUNT IR IS2ISUBSITEMPLITERS
611 3 JrddrJdQrJSUBsKaKKs KOUNTKBUT»KQ s KTEM)MITERSNBYVMANCOL 2 NRANKC s
612 4 NROWS,QBV{ZOI»XACTBVIZ21)4XACTIC(20)s IBBVI20)sNR2IGESNESNI

613 EQUIVALENCE (YVEC,Y)s(SsSVEC)»{YVECC), (IBUT,IBIG), {DELT,RBIG)
14  CH#xxCALCULATE NEW INITIAL CONDITIONS#»w#x

615 IF (J) 970,188,188

616 188 KQ@=0

617 ANBRM = 0o

&ig DBT = O+

619 JSUB=NRANKCHNRSD

629 PO 210 J=1sNVECT

621 IF{XACTICIJ)}190,195,195

gee 190 K@=KR+1

623 G8 Te 210

624 195 Jd=J=KQ+1

625 Cr*»%CALCULATE NEW JeTH ELEMENT BF INITIAL CHNDITION VECTOR¥x#*x

626 1Z = JJd + JsuB

627 DTEMP= SVEC{IZ]

628 DTEMP = YPTRBI(J)*DTEMP + IC(J)*{1le =~BTEMP)

&29 TDIC = DTEMP = IC(J)

630 IE{ABS(PNORM) =ZERG) 205,198,198

631 198 DTEMP=DIC{J} %045

(32 IF{TDIC*DIC(J))1199,2805,205

£38 199 IF (ABS{TDICI=ABSIDTEMP})) 205,205,200

&34 200 TRIC==DTEMP

635 205 DBY = DOT + TDIC*DIC(J)

636 ANBRM = ANBRM + TDIC#x2

637 pICiJd) = TDIC

§38 210 CONTINUE

§39 ANBRM = SART{ANBRM)

49 NBT = DOT/{ANORMATNORM)

&4l 212 IFI(PNBRM)970,970,213

48 213 CHBNTINUE

f43 J = el

bbb RETURN

645 970 1F{ANURM=SNORM)}I 97129635963

646 971 IF{NARMRD1963,963,962

647 962 SNARM=ANBRM

G48 963 TNORM=ANORM



£49 DB 215 J=1sNVECT

£59 IFIXACTIC(J) 215,964,964
651 964 IC(J)=1C(II+DIC{J)
652 IF(XACTIC(Jd)=1)21429652965
&53 965 IF{IC{J)=UPPER(J))96729671966
654 966 I1C{JI=UPPERI(J}
655 967 IF{IC{J)=LOWER{J) 1968s214221%
656 968 IC(J)=LBWERI(J)
657 214 IFISKIP)21%,969,215
658 963 [IC(JI=IC{J)
659 215 CHNTIRUE
660 DB 220 I=2sNRANKC
661 1Z=1+JSUB
662 IF(ABS{SVECI{IZ) )=CBNV)220s2162216
663 216 IF(ITER=LITER)79,220,220
664 220 CONTINUE
665 MITER=ITER+1
666 79 RETURN
667 END
68 SUBRABUTINE MBDIFY
668 c
670 INTEGER QBVsXACTBV,SKIP,IBIG{135)
&71 REAL RBIG(204) s LBWER,;SVEC! 462)aLF2IC,IICC( 462)12Y{20s21)
g72 CeMMaN TIICI20)+1CtI20),YVEC! 420)a2YNL1L 801:LF(20128(21,22)
£73 1 DELT, SPTRB. PNEBRM) TSTARTS TSTBP,
674 1 DET. SMALL, ZERB, DETT. TRAZE
675 2 DZERB, CONV, DPTRB, DTEMP, DN1s
676 3HIRNLIRNZS T
€77 GTAVGTLITNy) TBMTSTEMSTEMP, TTEMS TRV 21),BVI( 20),
Q78 5 UPPER(20),LOWER(Z20)sPTRB{20)2AUX{10)CABV(20),
679 5 DICIE20)sYPTRB{RO)JDELTP,DELTMs TNORM, SNBRM, ANBRM, TBVK2DEBT S
€89 1 18uT, LIM, IRBVS, LITERs NBRMRD2
631 1 NBV s NEQ, NCN3s NWRITE, SKIP,
g82 1 1TRACE, LIMITs IVARY, IAF (21,
£83 INVECT 2 IXTRA
6R% AJXTRASKXTRASNBUTINL2NSPACE s NRCD)
685 SNRSDsNRYD»Is11sICOUNTINIAINR)INTKEYs IPUNT,I051SsI8UBSITEMP2ITER,
686 3 Jrddrdfs JSUBS KKK KBUNT »KBUTsKQyKTEMMITERSNBYMsNCOL I NRANKC,
687 4 NROWS,ABV(201)}sXACTBV(Z20)s KIC(21)216BVI20)sNRsIGEsNENI
L858 FOUIVALENCE {(YVECs»Y s {5)SVEC)I2 IYVEC,C)»1I6UT,IBIGI»(DELTSRBIG)
689 IF (ANBRM=PNOBRMI2s4a4
690 2 IF (DOT 44,3
691 3 RETURN
692 h CHBEF=1.
&£95 IF {(ANBRM=~PNBRM16,645
&94 5 CBEF = PNBRM/ANBRM
695 . 6 ITERM = =PNORM/ANORM = 1.
696 IF(ITERM+10)72808
697 7 I1TERM=w10
6§98 8 IF(HBTIS,1010
698 9 CAEF = COEF%(1¢+DBT%10e%xITERM)
oo 10 DB 20 I=1sNVECT
701 IF(KIC(I))120,20,11
02 11 DIC(I) = CBEF*DIC(1)
703 20 CONTINUE
704 ANORM = ANBRM#COEF
708 RETURN
206 END

707 SUBRBUTINE GJRWLS



<M

708 c

709 INTEGER I(21)2J1(22)s22C(20)21JTV(20) )
710 COMMON AD1(40)sB(21s22),A02(58)2A(21s22)2AD3{8)1SET»TRACESCHECKSAD
711 1401931, 10UTSID1(21)sNRByNRASIDZ(7 ), IPUNT,»ID3¢(18)s N)NROWALID4(60),
712 2 NEMAX, 1DS (249

713 EQUIVALENCE (AD2(39),1JTV)
714 NTBTAL = N + 1.

718 LSTBP=NEMAX

716 NREW=NROWA

717 NEND=NROAWA

718 IF (NROWA=NTOTAL 20,3030
719 20 NEND=NTHTAL

729 30 DB 100 L=1,NEND

721 IF(L=NTOTAL)40,40,100
722 50 JtL)sL

723 100 I{L)=L

724 DB 650 K=1,n

725 C=0+0

726 DB 200 L=K,LS5THP

727 L = It

728 DB 200 M = Ks N

7259 JM=Ji( M)

730 ABSA=ABS{A{IL2JM))

731 . IF{ABSA=C}2004+200,130
732 190 Ki. = L

733 KM = M

734 C = ABSA

735 200 CONTINUE

736 KI = I(KL})"

739 KJ = J(KM)

738 IGKL) = T(K)

738 I{K} = KI ~

740 JIKM) = J(K)

V41 JIKY = KJ

742 AKK = A{KIsKJ)}

743 A(KIZKJDI=1

Thy DET = DET#AKK

748 . IF{NEMAX=N)260,260,250
746 250 IFIKeN}260,1400,1400
747 260 IF(CmCHECK)3455345,350
748 345 CBNTINUE

749 IPUNT = 2

750 RETURN

751 350 AD2(K+18)=AKK

752 IJTVIKI= 100#KI+KJ

753 370 AKK=1+E0/AKK

754 KP1=K+1

75% DB 400 M=KP1,NTHTAL

756 ) JM=J (M) - .

-75%7 400 A{KI»JMI=AKK*A{KIsJIM]
?58 DB 600 L=1,NROW

759 IF(L=K) 420,600,420

760 420 IL=I{L)

761 AKK = AlILsKJ)

762 A{ILSKJII=O

763 DB 500 M=KP1,NTATAL

Vo4 JM = J(M) . .
765 500 AUILsdM) = ACIL,JM) = AKK*ALKTIaJM)

766 600 CHONTINUE
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76% IFIK=NEMAX 165026105650

768 610 IF(NeK)650s650,620

769 620 DB 621 L = 14N

770 JZCiL} =0 .

V71 DB 621 M=1,NTATAL

772 621 BiLsM) = Os

773 DB 627 L=KP1,N

774 IRAT = J{L}

775 JZCUIRAT) = 1

776 DB 626 M=KP1aNTOTAL

77% JCA = JI(M)

778 IF (IRAT=JCA) 622+6282+626

779 622 TEMP = 0.

T£:0] D8 623 KR = KP1,NROUWA

781 623 TEMP = TEMP + A(KRsJIRAT)*A(KRsJCA)

788 BIIRATsJCA) = TEMP

783 IF (IRAT=JCA) 6R426261626

784 - 624 IF {(JCA=N) 625,625:626

785 625 B{JCASIRAT) = TEMP

786 626 CONTINUE

787 627 CONTINUE

788 IRA = K

889 DO 630 L = 14N

790 IF (JZCIL}) 628,630,628

791 628 IRA = IRA + 1

792 DB 629 M = KPLlsNTBTAL

793 JCA = J(M)

794 629 AlIRAsJCA) = B(L,JCA)

795 630 COBNTINUE

796 - LSTEP = N

799 ' NRBW = N

798 650 COBNTINUE

799 D8 1000 K=1aN

%00 KI = 1tK}

801 Kd = JI{K)

802 IF(KI=KJ)660,800s660

808 ., 660 DB 700 Msi,NTOTAL

BO4 AKK=A(KI M}

805 ALKIsMI = AlKkJsM)

B0O& 700 A{(KJIM) = AKK

BO7 800 DO 900 L = KuN

BOR IFLILI=J(K))90Qs 950,200

8Q2 900 CHNTINUE

810 950 IiL) = I(K}

811 1000 I(K) = L

12 1400 CHNTINUE

813 1450 IPUNT=1

Bl4 RETURN

BiG END

Bi6 , SUBRBUTINE ONETEN

817 o

818 INTEGER QBVsXACTIC,»SKIP,»1BIG(1385)1sXACTBY
819 REAL REIG(204)sLOWERISYECT 462)sLFsICs1ICCL 462),Y(20421)
B20 CBMMON IIC(20)2IC(RO)SYVECT 420)aYNL{ 80)12LF(2012S(21s221s
821 1 DELT, SPTRE, PNORM TSTART TISTHP,
Bee 1 DET, SMALL, ZERB, DETTs TRAZE,
823 2 OZERA, CONV, DPTRB. DTEMP, DN1s
B24 3HIRN12RN2sTs

B25 SGTAVG,TLATN, TBHT 2 TEMS TEMP, TTEMRTBV( 211,BV( 20),
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B26 5 UPPER(ZQ);LUWER({20},PRTB(20)12AUX(10),CRBV(20),

B27 5 DIC(20)sYPTRB(20})sDELTP,DELTM, TNORM, SNBRM, ANORM, TBYKsDBT»
828 1 19LT, LIN, 1GBVYS, LITER, NERMRD
g29 1 NBV, NEQs NCNs NWRITE, SKI1P»
B30 1 ITRACE, LIMIT, IVARY: IAF(2),
831 INVECT+IXTRAS

832 1JXTRASKXTRASNBUTINLINSPACES NRCD

838 PNRSDsNRYD2I2112ICOUNTS INTaINZAINTKEY s TPUNTS IO, 1S, ISUBSITEMPSITER,
834 3 JrJdJsdlsJSUBIKIKKs KGUNT s KBUT+KDa KTEMIMITERsNBYMy NCOLINRANKC
838 4 NREWS,GBV{POlsXACTBVI21)sXACTILI20)» TBBV{20)sNRy IGONESNI
B3e EQUIVALENCE (YVECaY )+ (8aSVEC)I 2 {YVECACI,,{IBUT,IBIG}, (DELTSRBIG)
837 GE TE (111,105,105,108)+IVARY

838 105 IF (J) 106,112,106

839 106 TF (1) 118,110,110

B840 110 TEM = Qo

841 KTEM=0

Bup IF (TL=TSTOP ) 937,937,135

843 937 IF{ICOUNT=NWRITE}112,938,938

B4 4 938 1GA=}

B45 109 IF{KHUT=1)939s9404340

B4d 939 IF(ABS(TL=TSTART) 194029402941

847 941 GO T8 (111,134),1G0

848 940 NBUT=NEQ

B4B IFIABS{TL=TSTART) 194229422943

850 942 NBUT=NVECT

851 943 CHONTINUE

852 IVARY = 1

853 RETURN

B54 111 ICOUNT=0

855 112 TBMT = TBVK = TL

56 IFITBMT»DELTP)I11521152114

857 115 INTKEY=1

858 H=TBMT

859 G8 T8 118

Be&@ 114 H=DELT

131 118 T = TL + H

862 CALL DBlIT

B63 TL=TL+H

B64 IF{INTKEY=1}1131,130,131

B65 131 ICEBUNT=ICOUNT+1

B&b GO T6 110

867 130 168 = 2

868 GB T8 109

69 134 IVARY = 2

B7D RETURN

871 135 IVARY = 3

g7z RETURN

E73 END

B74 SUBRAUTINE DOIT

875 .

876 REAL YK(2012YPI20),A(3)0TN{412BL3)sLF

877 caMMan DD1¢ 401s Y( 420)s CU80}sLF{20),8VEC(HE2]))

878 1 RDLI1B ) 2HH,RD2(4)2T»RDI(1RBI ),

B75 2 1AUTSLINSIDLI {4} +NEQrID2(8)sNVECT» IPART» JSUBS

B8O 3 IDFI2IsNLAIDA(3)2NPYDAIDS(3),INL, TDE(108)

881 DATA A/Lep2es2e/

BBP IPART=0

883 ISUB=wNRYD

884 1G8=0



-:3.1

IPART=IPART+1

B86 TI=T

887 IF(IPART=IN1}3:3,2

888 2 RETURN

889 3 ISUB=ISUB+NRYD

890 HeHH

891 NL=1

892 IF(IPART=1)101,102, 101

893 101 IF(LINYI103,5103s102

894 102 NL=0

895 103 IF(IPART=1) 104,104,15

B96 104 IF(LIN)105,105515

897 105 H= HH/21E0

898 4 IPT = IGA*NRYD

899 P8 5 I = 1,NVECT

800 1Z = IPT + 1

901 5 C(IZ) = Y(I)

802 1668=1G0+1

903 IF(1GB=2)1551551

D04 15 DB 20 1=1,NVECT

205 1Z = ISUB + I

906 YK(I) = Y(1Z) :

907 YP(1) = O Ci?k*&
808 20 CONTINUE TN
909 HB6 = H/6s 0p A,
919 B(1) = H/E. &, 08
911 B(2r=B(1) 4&§§§
512 B(3)=H

§13 TN(1)=T1

914 TNI2)=TI+B(1)

915 TN{3}=TN(2)

916 TN(4)=TI+H

917 JSUB=w=1

B1B DB 30 J=1s4

913 IF(J=31106,107,106

920 106 JSUB=JSUB+1

921 107 IPT = JSUB®NRYD+1

92p CALL RHS (YK,CUIPTIaC{IPTI,TN{JI)

923 IF{J=4%)25,50,25

924 25 DO 30 I=1,NEG

825 YP(I}=YP{I)+A(J)*LF(I}

926 1Z = ISUB + I

927 30 YK(I) = Y(IZ} + B(J)®LF(1)

P28 50 DB 60 I=1sNEQ

929 1Z=1SUB+]

930 60 Y{IZYV = Y{IZ) + HB6x(YP{I)}4+LF(1})

231 IF({IPART=1)65s6551

932 65 IF(LIN)68s68,1

#33 68 TI=TN(4)

‘934 GB YO 4

93% END :

836 SUBRAUTINE RHS(Y,Y0,Y8s TN}

937

938 REAL YOUZ20)aYB(20)sLF2DY(20)2U(20),Y(20)

939 COMMON  FIC(40),P(20s21)sC(B0)aLF(20),5(21,22)s
2406 1 RD1{9 1 TRACE»RDPIB)IsHIRD3(2)2THRDE (7)) TBV(2115BV (80,
941 2 AUX{101,C0(67) s

942 3 IDl(lblaIPART:J&UB:IDE(EI:NL;IDB{??);NRANKC:IDk!bal:IQl24)
943 EQUIVALENCE (LFsDY)s(PsU)
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G4 NRC = 20

945 IF(NL)Y45, 45,50

946 C ,

947 C HERE ARE THE NON=LINEAR (AR LIMEAR) EQUATIANS

948 C

549 #5 CONTINUE

950 DY(1) = Y(2)

951 DY(2) = «Y(1)#Y{4)=Y(2)2Y(3V+SINIY(5)®TN)

852 47 RETURN

953 50 CONTINUE

954 ¢

95% C HERE ARE THE LINEARIZED ERQUATIONS

856 C

957 LF{1) = Y{(2}

958 LFI2)=mYO (1)} %Y(4)mYO{2)#Y (3 )=YO(3Ix(Y(2)=YBI2))=Y0(4)¥{Y{1)=YL1))
958 1 +SIMN(YOULB)%TN}

960 RETURN

961 END

962 SUBRAUTINE WRITES

S63 INTEGER IJTV(20)

Se4 INTEGER GBVsXACTIC,SKIP,IBIG{135}sXACTRY

965 REAL RBIG(204 )} sLEWERSSVEC 462)1sLF,IC21ICsC( 462)5Y(20s21)
966 CEMMEN IICI20),1C(20),YVECL 420)2YNLL BO)sLFI20)25(21422)s
967 1 . DELT SPTRE) PNORM, TSTART, TSTBP,
968 H DET, SMALL s ZERO, DETTa TRACES
968 2 DZERB, CHNV, DPTRB, DTEMP, DN1s
8740 3HsRN1IRNZsT» .

971 ATAVGsTLITHN, TBMTLTEMATEMP, TTEM» TBV( 21):RVI( 2010,

872 5 UPPER(20),LOWER(20),PTRB(20)2AUX(10),CHRBVI{20),

971 6DICL20 )2 YTPREB(20) sDELTPDEL TMs TNARM2 SNORMS ANBRMY TBVKS DBT,

S74 1 I168UT, LIN 1G6BVS, LITERs NORMRDS
975 1 . NBV NEG s NCN, NWRITE, SKIPys
976 1 ITRACE, LIMIT, IVARY, IAF (29

877 INVECT2IXTRA

878 1JIXTRASKXTRAINGUTS NLINSPACE,NRCD,

978 2NRSDyNRYD 1211 ICAUNT» INT»IN2)INTKEYs IFUNT,IRs IS, 1SUB» ITEMPSITERS
988 3 JrdJaJBs JSUBS KKK KBUNT s KAUTIKRIKTEM,MITERS NBYMs NCBL S NRANKC»
981 b NREOWS,OBVI20)sXACTBYV (2112 XACTICIZ0),IQBV(20) s NRs IGEINESNT

982 EQUIVALENCE {YVECsY)s(SsSVEC)s (YVECsCY, (IBUT,IRIG): (DELTsRBIG)
983 EQUIVALENCE (LF,IJTV)

S84 C WRITES SHEULD N8BT BE ENTERED WITH LIMIT = 3

885 GH TO (172:200,200,830),LIMIT

986 172 IF(I6UT=1)182+174,174

987 17% WRITE(64550) _

SRR DB 180 I=1,NROWS

989 180 WRITE {65s800) 1,St1sNCOLY2(S(I,J)sJ=1,RRANKC)

358 182 RETURN

991 200. IF (IPUNT=2) 201,205,201

992 201 CONTINUE

99a IF (I168UT=1) 182,182,202

894 202 DO 203 [=1,NRANKC

938 203 WRITE(62360) LaYNLII+60),1 TV}

596 WRITE (62650} (S({IsNCOL}sI=1sNRANKC)

897 211 WRITE(62370)DAT ANBRM

998 WRITE(62380)(DIC{T)sI=1sNVECT)

998 RETURN -

1000 205 LIMIT = 3

4001 345 WRITE (613%0)

10082 RETURN |



1003
1004
1605
1006
1907
1008
1009
1019
1911
1912
1013
1014
1015
1016
1017
1018
3019

230

231
234
232
233

349
360
370
380
550

650
700
800

29

M=1

IF (I8UT=3)232s,232,231

1F {ITER=MITER) 234,232,232

M = NRANKC

08 233 J=1.M

WRITE(&s700) IAF(IGO)»TLA(Y(I2J)sI=1,NAUT)
RETURN

FORMAT(44H PUNTe.ws» JLL CONDITIONED IPURT RETURNED AS 2)
FURMATI10X,1528HTH PIVOT,E1Ds6a106)

FORMAT ({1X/3Xs4HDOUT JE15+7,15%X27H ANORMIELIS5.7)
FORMAT (/s11H DIC VECTBR,/(1X» 7E15.7})})

FEORMAT (1X//7 2Xs11HSAVE MATRIX»/

SXs46HBBUNDARY VALUE,UNPTRBD SOLNs PTRBD SOLNSwsasae)
FORMAT (1X/3X/11IHCONSTANTS s T7ELIS«7/(T4X» T7E15.7))
FORMAT (1X,A208E1B.7/(20X27E15.71)

FORMAT{3Xs12, 7E1446/{5Xs 7E14ke6))
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.{
() + px(t) + £x(t) = sin wt

the second order equation is convertéd to a system of two first

order equations by the transformation

y(t) = x(¢)

yo{t) = x(t)

The resulting system .s seen to be

¥yt = y,(t)

iz(t) sin wt - uy,(t) - Ey,(t)

For purposes of identifying the parameters yu, £ and w fronm
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,

"%



It follows that those "variables" obey the equations

ys(t) = 0
}4(t) = 0
}S(t) = 0

Note that:

a)

b)

if u, & and w are specified then the systen

Y17 72

Yo = sin yo{t) - y {t)ry,(t) - y, () y (1)

Y3 = 0 yS(O) = M
y4 = 0 Y4(0) ™~ g
yg = 0y (0) = w

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

If say, p and £ are not specified, then the same
system 1is nonlinear for the identification probhlem,
In such a case, the linearized system is constructed

from z previous approximation y to be
Q

Yy = ¥y t)
-2
¥, = }: 3,5 (8) ¥ (1) + £,(1)
j=1
Y5 = O
g =0
ve = 0

31



where

4
N . - . - o -
£y () = sin wt -y (89 (8) - ¥ (8] ¥ (V) zz ajy; (t) nﬁ(t3
j=1

with

0 g’ .
ay;(t) = g;; [sin wt - yo(t) y,(e) - y,(t)-y,(t)]]y = ¥

o)

(5.9)

such that
ay; (t) = Y (8
a5, (t) = -y_(t)

3
ay5(t) = -y ()

2
874 () =.-¥, (%)

The noniinear system can be programmed as

DY (1)

1]

Y{(2)

BY({2)

W

SIN(Y (S5)Y*T) - Y(2)*Y(3) - Y({1)*Y(4).
The linearized system can be programmed as

LE(1) = Y(2)

LF(25‘= SIN(YOISJ*T) - YO{2)*YO{3} - YO[4)*YO(1l)
+(Y(1) - YO(1)) * (-YO(4)}
£(Y(2) - YO(2)) * (-YO(3))
+(Y(3) - YO(3)) * (-YO0(2))
+(Y(4) - YO(4}) * (-YO(1)).



SAMPLE  TNPUT”

SAMPLE FROSLEM # ]

TINPUY DATA CARD

el MM R e e a e R E e ety e 1, -

hTzu
_INPUT_DATA CARD & 15
TINPUT DaTA CARD 7

_INPUT DATA CARD

8 . 3.
TBLANK DATaA

TLadd

GOPODE=O]

JIMPUT DATA CARD 1 0.2LU0DN0E=O0L e
INPUT DATA CaRD 12 0+99S999YE~04H -

e e _BLANK DATA CaRy_ . e e m _— — e - e e e am

TAINPUT DATACARD 1 7 707 0 10000ULE+U L =N BRO0000E+C0” 7T T " T T T T T T T
INPUT DATA CARD 2 U__Us2JUQUUCE+UL  0.3620000E-01 1 _ —_—

TINPUY DATATCARD 3 U 0+3000000E+01 0. h740000E +00 1
INPUT DaTA CARD 4 0 e wU0UIVE+LL «=0+5890000E+0D 1 -

TINPLTTDATA CaRoT & 7 T30 TUNB0UO0DUE+YLT 0.3928998E+Q0 Ty T T mmTTTT e e ”“‘"'_""%‘0“"”" TToemr rEoTroomme
INPUT DATA CARD 6 0 or6000000E+0; 0+1596999E+01 1 2 -

TINPUT, DATA TARLTT 7 7T TG T U 700000040 De14BR000E40) T T LT T T e s« A
INPUT DATA CaRD 8 ¢ $-800C000E+U] =D.3880000E+0D 1 o
TINPUTTDATA TARDT 97 0 J+900000uERTT =0v2323939€+08 1 SE
INPUT DATA CARD 10 O 0+100CUODE+UR2 =042P73999E+01 i .

TINPUT DATA TARU 11 Ty TUe1100000E+u2  0sBROOQ00E=0Q "7y T ST ST e e sl T - T
INPUT DATA CARD 12 0 Ce:200000E402 0.27109998401 1 § P3 3

TTINPLUT DATA CARDT T1377T ¢ Ce1300000E+U2  0.29970C0L+01 - ,‘;',?““““'—"’ TotmoTTTmETme T
INPUT DATA CARD 14 U e+ 140C0Q00E+U2  0+40]10CO0E+OG 1

TINPUY DATA CARD ™ 15 ¢ Js1B50CU00E+uZE ~0:2816000E+07 1 . 7] T

SLANK DATA

CARD

|

TINPOT BATATCARD i 6 "Tenl0opOoEsLY
INPUT ‘DATA CARD 2 0 weiO0OCOOE+Y, o.oooooooewn o-oooonoohwo -uDGbDLOE+DU
TINPUT DATA CARL. 3 U e BY99996E=01 0. COUNDOOE+00 0+ 00T0NOUEFOT 02 0B00DI0ETOU . I
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