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ABSTRACT
The computer program presented herein provides values of
the added mass and damping coefficients of infinitely long
horizontal cylinders oscillating in or below a free surface.
The report includes the theoretical background, the general
structure, the details of the input and output schemes, and
the program listing.
ADMINISTRATIVE INFORMATION
This study was conducted under the in-house independent research/
independent exploratory development program of the Naval Ship Research and

Development Center (NSRDC). Funding was provided under Project R01101,

Subproject ZR011.01.01.

INTRODUCTION

The main objective of this report is to provide sufficient infor-
mation to enable the user to properly run computer program YFA4. This pro-
gram was originally developed by W. Frank and is based on his theory.* It
provides the pressures, added mass, and damping of a horizontal cylinder
oscillating in heave, sway, or roll while located in or below the free sur-
face.

A brief explanation of the analysis contained in the reference is
presented in order to provide the understanding necessary for the most
effective usage of the program. The theory deals with a velocity potential

problem for an oscillating, horizontal cylinder of infinite length. The

*Frank, W., "Oscillation of Cylinders in or below the Free Surface of
Deep Fluids,'" NSRDC Report 2375 (Oct 1967). Hereafter Report 2375 will be
indicated simply as ''the reference."



cylinder is symmetric about its vertical centerplane and is either in or
below the free surface.” It undergoes forced simple harmonic oscillation
of small amplitude in heave, sway, or roll.

The solution to this problem was obtained by the integral-equation
method utilizing the Green function which was represented by a pulsating
source below the free surface. The sources which satisfy the linearized
free-surface condition were distributed along the contour of the cross
section of the cylinder. The unknown strengths of the distributed sources
were obtained by satisfying the kinematic boundary condition on the cy-
linder. To solve the integral equation, Frank employed an approximation
by replacing the continuous source distribution with a finite number of
sources. This approximation amounts to replacing the cylinder contour by a
finite number of small straight-line segments along each of which the
source density is assumed to be constant. The accuracy of this solution
therefore depends on the number of source points on the cylindrical con-
tour.

The program is written in Fortran IV and consists of five subroutines
and one function supporting the main program. The program can handle in
one run any desired number of cylinders for various depths of submergence
and various frequencies of oscillation in heave, sway, or roll. This
report provides detailed instructions for preparing the input data to the

program and a description of the output generated by the program. The

%*
Hereinafter, '"in'" or ''below" the free surface will be referred to as
"floating'" or "submerged,' respectively.

—_—



limitations of the program and some necessary precautions in using it are
also given. The user is strongly advised to read the Remarks section care-

fully before using the program.

TERMINOLOGY
In order to facilitate reader comprehension of the precise meaning
of the terms used in the text, the following definitions are given below:
1. Added mass and damping - for bodies in water undergoing oscillations
due to an external force Fo sin wt in the x-direction, the equation of

motion can be given by:

(M + m) x + bx + kx = F_ sin ut

where M is the body mass,

k is the spring constant (or restoring force coefficient),

X is the displacement of the body from its mean position, and

w is the radian frequency of oscillation.
As used in this equation, m is called "added mass'" and b is called ''damp-
ing." These quantities are used here for the case of two-dimensional cy-
lindrical cross sections and therefore represent the added mass and
damping per unit length of the cylinder.
2. Beam - the beam of a floating cylinder is the width of its cross
section at the mean waterline when the cylinder is at its mean position
(see Figure 1). The beam of a submerged cylinder is the maximum width of
its cross section (see Figure 2).
3. Draft - the draft of a floating cylinder is the vertical distance from
the keel to the mean waterline (see Figure 1). The draft of a submerged

cylinder is the maximum height of the cross section (see Figure 2).



4. Floating cylinder - this is a cylinder located in the free surface as
shown in Figure 1. As far as the computation of hydrodynamic quantities
are concerned, the shape of the cylinder above the waterline can be
arbitrary.

5. Submerged cylinder - this is a cylinder below the free surface as shown

in Figure 2.

__Half_d
Beam
Depth of
: : Submergence
-———7‘_
Half
Draft
Draft v
ft
Cylinder + e
Contour
je—— Beam ————p- Beam —>¢
Figure 1 - Floating Cylinder Figure 2 - Submerged Cylinder

PROGRAM DESCRIPTION
The program is written in Fortran IV. The program has four major

cycling loops. The order of the cycling process is as shown in Figure 3.




CYLINDERS

|
MODES i
Heave, Sway, or Roll

DEPTHS

i
FREQUENCIES

Figure 3 - Order of Cycling Process

The program consists of the following subroutines and functions:
MAIN - This program reads in input data and prints out output results. It
serves ‘as a control center to interrelate the supporting subroutines.
SHAPED - This subroutine computes the geometric quantities, such as the
length and tangient angle for each segment of the cylinder contour, which
are transmitted to Subroutines FIND and FREQ through common statements.
The length quantities are nondimensionalized by the half-beam for a
floating cylinder and by the half-draft for a submerged cylinder.
SING - This function assigns the positive sign to heave motion and the
negative sign to sway and roll motions. This distinction of signs for
different modes of motion stems from the symmetric or asymmetric property of
the flow about the cylinder.
FIND - This subroutine computes the normal derivatives of the logarithmic
singularities on the cylinder contour (see Equations (35) and (42) in the

reference).



FREQ - This subroutine computes the source strengths on the contour seg-
ments, the pressure in phase with the acceleration of the motion, the
pressure in phase with the velocity of the motion, the added mass, and the
damping.

DAVID - This subroutine calculates the principal-value integral of the

type

as shown in Appendix A of the reference.
MATNIV - This subroutine solves for X in the linear algebraic equation
AX = B by means of a matrix inversion.
Figure 4 is a block diagram showing the interconnection between and

the process order of the foregoing main program and subprograms.

PROGRAM INPUT

The input setup is shown in Figure 5 and an example is given in
Figure 6. The explanation of each card is as follows:

Cards 1-4 - TITO; TITD; TITA; TITV; (12A6 each):

These are titles that are printed out just before the computed
output of the program. They may be used to describe the subject investi-
éated by the program (see the sgction on Program Output). These four
cards provide a space for a maximum of 288 letters or characters. Blank
cards should be provided if no titles are desired.

Card 5 - NOK, MAXB, NH; (3I6):
NOK is the number of frequencies at which the hydrodynamic quantities

will be computed. A maximum of 50 frequencies may be provided. MAXB is
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Figure 4 - Program Organization



(,END OF FILE CARD

fmong -0 (6 e T

{TITLE (1286) ** #12

(MODE (16) ** 2

(YA(J) e WO

/XA(J) (5712.7)" =

(MD,NON (216) #8

(DEP(J),CR (sp12.7)*  #7

(CAY(K) (s5F12.7)" s
{NOK,MAXB,NH (3z6) ¥
('I‘ITV (1246) #4
(TITA (1246) #3

/ TITD (12A6) #2

( TITO (12A6) #1

$DATA

*
More than one card may be needed.

*%
This setup indicatés a case in which only one mode
is -being calculated.

This setup indicates a case in which only one Cylinder
is being handled.

Figure 5 - Input Setup for YFA4




Column No—»6 12 18 24
Card No.
* TESTING OF W. FRANK 2-D CYLINDER PROBLEM
g EXAMINATION OF ADDED MASS FOR TRIANGULAR CYLINDER
: SR
6 + 150 0.25
7 .50 0.0
1 13
9 0.0 0.19635 0.39270 0.58905
0.98175 1.17810 1.37445 1.57080
1.17810 0.78540 0.39270 0.0
10 -2.0 -1.75 -1.5 -1.25
-0.75 -0.50 -0.25 -0.000010
-0.000006 -0.000004 -0.000002 -0.0
11 1
12 SUBMERGED TRIANGULAR CYLINDER - HEAVE
- 43 0

Figure 6 - Listing of Sample Data Cards
(Cards are set up for the output shown

in Figures 9 and 10.)

48

60

0.78540
1.37445

-1.0
-0.000008




an integer number which is an argument of the variable XA so that XA (MAXB)
corresponds to the half-beam of the cylinder. (See Card 9 for the
definition of XA.) The input for MAXB is used only for the purpose of ob-
taining the half-beam and the sectional area coefficient of the cylinder.
These data have no effect on the hydrodynamic quantities. NH is the number
of different depths of submergence of the cylinder to be studied. If only
a floating cylinder is to be considered, then NH = 1. A maximum of ten
depths may be provided.
Card 6 - (CAY(K), K = 1, NOK); (5F12.7):

CAY(K) are the nondimensionalized frequencies to be run and are

defined by

where w is the radian frequency,

is the half-beam for a floating cylinder,
is the half-draft for a submerged cylinder, and

g 1s the gravitational acceleration.

The quantities used to determine CAY can be in any consistent
dimensional units. The program can handle zero- and infinite-frequency
cases by letting the values of CAY be zero and a negative number,
respectively. More than one card will be necessary if NOK > 5.

Card 7 - (DEP(J), J = 1, NH), CR; (5F12.7):

DEP(J) are the values of the depths of submergence for the sub-
merged cylinder. (For the floating cylinder, NH=1 and DEP(1) = 0.0). They
are measured from the free surface to the top of the submerged cylinder
(see Figure 2) in the same scale unit as used for the cylinder dimensions.

The data for DEP(J) may require more .than one card if NH > 5. CR is the

—_—
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negative vertical distance from the center of rotation to the free surface
for a floating cylinder or to the intersection of the vertical line of
symmetry and the upper contour of the cylinder for a submerged body. CR
is needed only when roll motion is considered. If a roll motion is not
considered, the user should provide a zero value for CR.

Card 8 - MD, NON; (2I6):

MD is a control integer whose value depends on whether the cylinder
is floating or submerged. MD = 1 for a submerged body and MD = 2 for a
fioating body. NON is the number of segments to be taken on the right-half
of the body contour. To determine the nﬁmber of segments, see Section III
of the Remarks. The maximum number of segments is 45.

Card 9 - (XA(J), J = 1, NUT); (S5F12.7):

These are the horizontal offsets of the end points of the line seg-
ments located on the cylinder contour. These are measured from the
vertical line of symmetry. The scale unit of these data can be arbitrary,
provided all other length scales involved for the input data are con-
sistent. The value of NUT is internally defined as NUT = NON+1 where NON,
the number of segments on the half-cylinder contour, was read in on
Card 8. Since the present program is capable of treating only symmetrical -
cylinders, the X-coordinates of the points on the body contour are given
only for the right-hand side of the cylinder contour. These values should
be given as positive numbers. The first input point XA(1l) must be that of
the intersection of the vertical line of symmetry with the bottom contour
of the cylinder and should always be given by XA(l) = 0. The remaining
points are read in the counterclockwise direction around the contour. The
last point should be the intersecting point of the calm waterline and the

11




cylinder contour for a floating cylinder or the intersection point of the
vertical line of symmetry and the upper contour for a submerged body. The
foregoing description is shown in Figure 7. Several cards may be needed
to provide the input data for XA(J).

’Card 10 - (YA(J), J = 1, NUT); (5F12.7):

These are the vertical offsets of the end points of the segments on
the cylinder contour. They form ordered pairs of offsets with the XA(J)
values. As shown in Figure 7, the YA points for a floating cylinder are
measured from the free surface, and the YA points for a submerged body are
measured from the intersection of the vertical line of symmetry and the
upper contour of the cylinder. Note that for either case they will be
entered into the program as negative numbers or zero.

Card 11 - MODE; I(6):

MODE is a control variable whose value depends on the type of
oscillation. MODE = 1 for heave, MODE = 2 for sway, and MODE = 3 for roll.
Card 12 - TITLE; (12A6):

The information contained on this card is printed out as a title on
the program output. Its primary purposé is to describe the specific
geometric shape that the input represents. It may also be used to emphasize
the mode that is being considered (see the section on Program OQutput).

If more than one mode of motion is tolbe considered, the user should
provide additional sets of MODE and TITLE cards just after Card 12. For
example, if the user waﬁts to consider sway and roll motions in addition
to heave motion, he has to provide four more cards after Card 12. The
first extra card should give 2 for MD, the second should describe the mode
for sway condition, the third should give 3 for MD, and the fourth should

<describe the mode for roll condition.

12
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. Floating Cylinder b. Submerged Cylinder

Figure 7 - Description of Coordinates
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Card 13 - MODE; (I6):

This is the entry point for a new cylinder. The variable MODE is
used not only for designating the different modes of the oscillation but
also for transferring to a new cylinder, if any, after all the desired
results have been obtained for the preceding cylinder. This transfer is
accomplished by assigning MODE equal to a negative integer to indicate that
there is another set of data cards for a new cylinder. The new geometry
would be read in starting with Card 5. If MODE = 0, it means that the
desired computations have been completed and thus the program should call

STOP.

PROGRAM OUTPUT

A typical sample printout for the case of a submerged triangular
cylinder is shown in Figures 8 and 9.'

Figure 8 shows the input data and geometric characteristics of the
cylinder. This output page is printed out each time a new geometry is
provided. The first two lines are the printout of the input title data
TITO, TITD, TITA, and TITV. (See Input Cards 1-4), where TITD and TITV
were inputed as blank cards.

The third and fourth lines are the internally executed printout.
Under the heading of INPUT VALUES is the printout of the input values.

The variables MD, NON, NOK, CR, CAY, and DEPTHS (DEP) have already been
defined in the program input. Below these input values are the coordinates
XA(J) and YA(J), where XA and YA are as explained under program input.

AREA COEFFICIENT is defined by the cross-sectional area divided by the area

of a rectangle with the same beam and draft as the inputed cylinder.

14




Figure 9 is a typical example of the output of the hydrodynamic
quantities. The first line is the printout of the input data of the TITLE
card (see Card 12 of program input). This line plus the second line
giving the depth ratio H/D (H is the depth of submergence as shown in
Figure 2 and D is the half-draft of the body) is printed out for each
depth. After these lines come the sets of output data for each frequency
of oscillation. The CAY value is the same as described in the program
input (see Card 6). NONWL is the nondimensional wave length which
répresents the ratio of the oscillation generated outgoing wave length to
the half-beam (half-draft) for a floating (submerged) cylinder. This value
provides the general idea of the magnitude of the oscillation frequency.
The nondimensional added mass coefficient AMC is defined as the added mass
(or added roll moment of inertia) per unit length of the cylinder divided
by pA. The nondimensional damping coefficient DFC is defined as the damp-
ing per unit length of the cylinder divided by pwA. The quantities in the

divisor are defined as:

p density of fluid,

w = radian frequency of oscillation,

2
T (half-beam) for a floating cylinder in heave or sway.
2

T (half-draft)2 for a submerged cylinder in heave or sway.

4
A= %.(half—beam) for a floating cylinder in roll.

4
;%_(half-draft) for a submerged cylinder in roll

WVH is the ratio of the outgoing wave amplitude to the motion amplitude.

15
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TESTING OF We FRANK 2-D CYLINDER PROBLEM

EXAMINATION OF ADDED MASS FOR TRIANGULAR CYLINDER

SUBMERGED CYLINDERS OSCILLATING UNDER THE FREE SURFACE

H/D = DEPTH TO TOP OF BODY / HALF CRAFT

INPUT VALUES

MD = 1 NON = 13 NOK = 2 CR = D
CAY VALUES
0.1500C00 0.25C0000
CEPTHS
0.5000000
ABSCISSAS OF CYLINDRICAL CROSS SECTION
0. 0.19635 0.39270 0.58905 0.78540
0.98175 1.17810 1.37445 1.57080 le37445
1.17810 0.78540 0.39270 0.
ORDINATES OF CYLINDRICAL CROSS SECTION
-2.00000 -1.75000 -1.5C€000 -1.25000 -1.00000
-0.75000 -0.50000 -0.25000 -0.00001 -0.00001
-0.00001 -0.€0000 -0.00000 0.
HALF BEAM = 1.57080
DRAFT = 2.00000

AREA CCEFFICIENT 0.50000

Figure 8 - Geometric Output

16



TR

F  SUBMERGED TRIANGULAR CYLINDER = HEAVE

HEAVING OSCILLATIONS, H/D = 0.50C00
CAY = 0.1500 NONWL = 41.8879
AMC = 5S.73358 DFC = 3.53881 WVH =

PRESSURES IN

 0.33350 0.
0.25516 0.
"0.55365 ‘Oo

PRESSURES IN

-0.2‘0004 -0e.
-0-34937 ‘-0.
-0.83210 =0
DETERMINANT =
CAY = 0.250
AMC = 2.01

PRESSURES IN

0.71930 0.
0.78395 O.
0.28514 0.

PRESSURES IN

0.05588 0.
-0.10926 -0.
-1.30621 -1.

DETERMINANT =

PHASE WITH ACCELERATION

33592 0.32991 0.31565
19750 0.08275 -0.22434
71550 -0.79729

PHASE WITH VELOCITY

25312 -0.26985 -0.29061

39421 -0.47112 -0.64755

92313 -0.96914
0.85849593E-18

0 NONWL = 25.1327

477 DFC = 5.19088 WVH =

PHASE WITH ACCELERATION

74604 076539 0.77850
76987 0.71910 0.52156
16480 0.10291

PHASE WITH VELOCITY

03895 0.01639 -0.01347

19286 -C.35562 -0.79080

57200 -1.7C890
0.12779346E~-17

Figure 9 - Hydrodynamic Output

e 29

0.50014

0.29184
-0.38084

-0.31642
-0.73502

1.00957

0.78522
0.41059

=-0. 05354
-1.03027
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The pressures in phase with the motion acceleration and velocity
shown in the output are the pressures on each segment of the half-contour
of the cylinder cross section starting from the bottom segment and pro-
ceeding in a counterclockwise direction. The values are the pressures
divided by pg hO (where h0 is the amplitude of the oscillation) and are to
be read row by row. The value of DETERMINANT is a scaled value of the
determinant of the matrix coefficient used in determining the source
strengths on the cylinder contour (see Equation (23) of the reference).
The significance of the value of DETERMINANT is explained in Section II of

REMARKS.

REMARKS
CORRECTIONS TO REPORT 2375
The following changes are corrections to typographical errors and

do not affect the numerical results. The corrections are indicated by

asterisks.
Page Equation No. Correction
N
(m) . (m) |c*
8 (26) £ p," (xyp0) nf™ IS
i=1
N m m |
8 (27) Z py (xLyge) o s,
i=1
9 ¥, = B, sin (kmx/B) sinh (ky/B)
_ o o-ik(2-E)
14 p.v.I g
v - k
(o]
* .
14 (31) - ir e~1v(z-0)

18



Page

14

15

15

16

20

Equation No.

(32)

(33)

(35)

(42)

Correction

On second and fourth lines the right side
of the equation add:

for

2mi Xx-&>0
+ (
0 x-£<0

& n * n!

(o] e -
"'sin (ne) +[ L - TR
=1 8 - 27 x-£<0

0 x-£>0

R 0
> r sin(né) . for

S5(r,8) = e
a=1 0 ° nl

6 - 2m x-£<0

j[% (log (2} ok

S.
J

If we rewrite Eq. (42) in the form of

Z

o (m) =-%T P> Qj R, {Gl} cos wt
j=1

z

R G sin wt, then the
= z QN+j e{z} wt,

j=1

corrected form should be

—

N N
1
o (m) =[.2. b Qj Re{G1}+z: QN+j Re{GZ}J
™ j:]_ j:l
1 =N N 1
+[?n £ Yy Rl62 £ QRIG)
j=1 j=1

19
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LIMITATIONS OF THE PROGRAM
Irregular Frequencies
As described on page 9 of the reference, there exists for a given
floating cylinder a set of discrete frequencies at which the described
theory fails to give a correct solution. Such frequencies are called
"irregular frequencies." An approximate formula to find these frequencies

is given by

j
mj = gJ;— cot h (jmd/B) , j = 1,2 ===

where g is the gravitational acceleration,
B is the beam of the cylinder, and
d is the draft of the cylinder.
If the value of either DETERMINANT or some other computed value
shows sudden discontinuities when plotted versus frequency, the user should
regard this as due to the irregular frequency problem and thus should

discard all results of these discontinuities.

Unsuitable Cylinder Forms
The present program cannot handle certain cylindrical forms

primarily because of the limitation of the built-in function for the arc
tangent which is called ATAN2 (X,Y). The range of the angle defined by
this function is -m<6<m. When X < 0 and Y approaches zero, the value of
the ATAN2 function can either approach m or -7 depending on the direction
of the approach. This sensitivity of ATAN2 coupled with roundoff error can
Cause a large error in the computed results of the present program. The

following case provides an example:

20



If A is a floating number, the value of Y could be either Y > 1.E-38 or
Y < -1.E-38 depending on computer facilities (referring to IBM 7090).
The former case ATAN2(X,Y) = m, and the la;er case ATAN2 (X,Y) = -m.
In the following two cases, the program may produce wrong results:
1. The cylinder has horizontal lines as part of its top contour

(see e.g., Figure 10) and the user's computer yields

¥ s (M) -A < <1.E-38
2

where A is a floating number.
2. The cylinder has horizontal lines as part of its bottom contour
(see e.g., Figure 11) and the user's computer yields

A+A
Y = ( ) -A > 1.E-38
2

The following remedies are suggested whenever the user encounters

the above two cases:

Case 1 - Replace the horizontal lines on the top contour by the
dotted lines as shown in Figure 10 and provide the coordinate data for XA
and YA (see Input Cards 9 and 10) based on the modified shape.

Case 2 - Replace the horizontal lines on the bottom contour by the
dotted lines as shown in Figure 11 and provide the coordinate data for XA

and YA based on the modified shape.

21



The present program cannot treat cylinders which have two or more

points on their half-section boundaries having identical vertical

coordinates. Some examples of such cylinders are shown in Figure 12.

DETERMINATION OF NUMBER OF BODY SEGMENTS

There is no definite rule to determine how many segments are
required to obtain results that are sufficiently accurate. As more seg-
ments are provided, the results become more accurate. A trial-and-error
method must be used by the user to determine how many segments will yield
the desired accuracy. The use of a large number of segments should be
avoided as the time, and thus the cost, increases roughly with the square
of the increase in segment numbers.

Nine segments of equal circumferential length have been found to
yield satisfactory results for a floating semicircular cylinder. Twelve
segments have proved satisfactory for a submerged rectangle. Because the
source strengths are averaged over each segment, it should be noted that
for extreme cases, such as rectangular bodies, the segment lengths should
be smaller near the sharp corners. The user should never use less than
six segments for a floating cylinder or less than ten for a submerged cy-

linder.

ESTIMATED COMPUTER TIME

It is always a difficult task to provide an accurate estimate of
the running time of a computer program. The present program is no ex-
ception and the difficulty is increased because of independent variables
involved. These include the number of segments on the body, frequencies,

depths of submergence, modes of motion, and cylinder shapes. Under such
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circumstances, the best rough estimates that can be provided are based on
experience with the IBM 7090 computer at NSRDC. The suggested formula for
the IBM 7090 which gives the computer time in minutes for a given cylinder
is:
2
N
0.1 (AxB xC)(—) + 1.5
12
where A is the number of frequencies,
B is the number of depths of submergence,
C is the number of modes of motion, and
N is the number of segments on the half-contour of the cylinder
cross section.
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C MAIN PROGRAM == YFA4

DIMENSION XA(46)sYA(46) |
COMMON PIsHPIsQPIsTP1sMDsMODE sDPHsCRIRAT»SURSDEGJERK9DRT9HBM#SG 9N
10E s PDM s VOL s DEW s UNsOMEGA » CP s WVH» ID9DOG 9 1Gs SEN(46) s CES(46) 9XX(45) 9YY
2(45) sDEL(45) s SNE(45) s CSE(45)9sFR(45) 9BLOG(45945) 9YLOG(45945) sCON(90
351) sCT(90590) sPSI1(45945) sPSI2(45945) sPRA(45) 9PRV(45) 9DEP(10)
COMMON/GR /NOK sNUT sNONs TITLE (12)»TITO(12) sCAY(50) sAMC(50) sDFC(50) »X
1(46) Y (46)
COMMON/FQ/K
COMMON/TT/TEST
COMMON/GRPH/TITD(12) sDET (5U) sLADsLDTsTITA(12) sTITV(12) sPAK(50) sPVK
1(50) sPAS(50) sPVS(50) sLPV
COMMON/ SHP/MAXB »DUL (45 )
COMMON/MOD/F (5) sD(5)
1 FORMAT(1216)
2 FORMAT(5F12e7)
3 FORMAT (12A6)
4

FORMAT(////60H SUBMERGED CYLINDERS OSCILLATING UNDER THE FREE
1 SURFACE//6Xs4UH H/D = DEPTH TO TOP OF BODY / HALF DRAFT)
5 FORMAT (39HO TRANSFORMATION NOT DEFINED = STOP)
6 FORMAT (24HO MATRIX IS SINGULAR)
7 FORMAT (34HO HEAVING OSCILLATIONSs H/D = F10e5)
8 FORMAT (34HO SWAYING OSCILLATIONSs H/D = F10e5)
9 FORMAT (33HO ROLLING OSCILLATIONS ABQUT F10e5s8H H/D = F10e5)
10 FORMAT(12HO CAY = F8e4913H " NONWL = F8.4) ;
11 FORMAT(12HO AMC = F10e599H DFC = F1l0e539H WVH = F10e5)
12 FORMAT (42HO PRESSURES IN PHASE WITH ACCELERATION//)
13 FORMAT(5F12e5)
14 FORMAT(38HO PRESSURES IN PHASE WITH VELOCITY//)
29 FORMAT(20HO DETERMINANT = E1548)
34 FORMAT(6Xs14HSTRUT DEPTH = F&4e2s1UH» ARC = F8e498H DEGREES/6X920

1HDFC = 0e0 FOR CAY = F&4e2)

35 FORMAT(1HOs12X912HHALF BEAM = F10e5/17X98HDRAFT = F10e5/6X919HAREA
1 COEFFICIENT = F10e5)

36 FORMAT(1HOs5X938HABSCISSAS OF CYLINDRICAL CROSS SECTION//)

37 FORMAT (1HU3s5Xs38HORDINATES OF CYLINDRICAL CROSS SECTION//)

42 FORMAT(1HOs5Xs42HIMPULSIVE SURFACE CONDITIONs NU VERY LARGE)

52 FORMAT(////61H SEMISUBMERGED CYLINDERS OSCILLATING IN THE FRE
1E SURFACE)

54 FORMAT(5H MD =sI1394Xs 6H NON =91394Xs6H NOK =9I394X
195H CR =9F9e4) '
65 FORMAT(2H1 912A6)
66 FORMAT(///2X911H CAY VALUES//(5F12e7))
67 FORMAT(/// 2Xs13H INPUT VALUES///)
68 FORMAT(//2XsTH DEPTHS//(5F12e7))
69 FORMAT(2H1 s12A6//)
70 FORMAT(2X9///7)
71 FORMAT(2H1 )
PI=341415927
HPI=e5%PI
QPI=e5%HPI
TPI=2e#*PI
F(1)=0e52175561
F(2)=0e39866681
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62

61
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64
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50
53

38

41

F(3)=0e075942450
Fl(4)=04003611758
F(5)=0000023369972"
D(1)=0e626356032
D(2)=1¢4134031
D(3)=3e5964258
D(4)=T70858100
D(5)=124640801
READ(593)(TITO(J) sd=1912)
READ(593)(TITD(J) 9J=1s12)
READ(5¢3)(TITA(J) 9d=1s12)
READ(5¢3)(TITVIJ)ed=1912)
WRITE(6965) (TITO(J)eJ=1912)
WRITE(683)(TITD(J) sJ=1912)
WRITE(693)(TITA(J) eJ=1912)
WRITE(&3)(TITVIJ)eJ=1912)
READ(591) NOKsMAXBsNH
READ(542) (CAY(K)9sK=19NOK)
READ(5s2) (DEP(J)sJ=19NH) sCR
READ(5¢1) MDsNON

NUT=NON+1

READ(542) (XA(J)9sJ=19NUT)
READ(592) (YA(J)sJ=1sNUT)
GO TO (61962)9sMD
HBEAM=XA(NUT)

GO TO 63
HBEAM=XA(MAXB)=XA(1)
AREA=0.0

DO 64 J=1sNON
XX(J)=eS5F*(XA(J)+XA(J+1))
XINT=XA(J+1)=XA(J)
YINT=2YA(J+1)=YA(J)
DA=YINT#*XX(J)

AREA=AREA+DA
DUL(IJ)=SQRTIXINT®*%2+YINT*%2)
SNE(J)=YINT/DUL(J)
CSE(J)=XINT/DUL (J)
DRAFT=YA(NUT)=YA(1)
AREA=AREA/ (HBEAM*DRAFT)

GO TO (50851) sMD
WRITE(6e52)

GO TO 53

WRITE(694)

WRITE(6967)

WRITE(6354) MDsNONsNOKsCR
WRITE(6s66) (CAY(K)9sK=1sNOK)
WRITE(6968) (DEP(J)eJ=19sNH)
WRITE(6s36)

WRITE(6913) (XA(J)sJ=1sNUT)
WRITE(&437)

WRITE(6913) (YA(J) eJ=1sNUT)
WRITE(6935) HBEAMeDRAFTsAREA
READ(5s1) MODE

IF(MODE) 40340941
READ(S5e3)(TITLE(J) 9J=1912)
DO 20 I5=]1sNH
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WRITE(6969) (TITLE(J)9sJ=1912)
DPH=DEP(15)
DO 78 J=1sNUT
X(J)y=xA(J)

78 Y(J)=YA(J)

17 CALL SHAPED

18 CALL FIND

32 GO TO(21922923)9sMODE

21 WRITE(697)DPH
GO TO 24

22 WRITE(698)DPH
GO TO 24

23 WRITE(699)CRsDPH

24 WRITE(6s70)
PO 20 K=1sNOK
UN=CAY(K)/PDM
OMEGA=SORT (ABS(UN))
WLN=2e%¥PI/ABS(CAY(K))
WN=CAY(K)/DRT
IF(UN)43 944944

43 VIRITE(6942)
GO TO 45

44 WRITE(6910) CAY(K) s WLN

#5 CALL FREQ
INn=1D
GO TO(25928)91D

28 WRITE(696)
GO TO 48

25 WRITE(6911)AMC(K) 9DFC(K) sWVH
WRITE(6912)
WRITE(6913) (PRA(J) 9J=19NON)
VRITE(6914)
VRITE(6913) (PRVIJ)9J=19NON)
WRITE(6929)D0OG
PAK (K)=PRA(1)
PVK(K)=PRVI(1)
PAS(K)=PRA(NON)
PVS(K)=PRV(NON)
IF(UN)4GEsL694T

46 DET(K)=0e0
GO TO 48

47 DET(K)=DOG

48 WRITE(6970)

20 COMTIMUE

27 GO TO 38

n) WRITE(6971)
IF(MODEsLT«0) GO TO 55
STOP
END
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26
29
33
30
31

24
32

28
34

35

36
37

SUBROUTINE SHAPED

COMMON PIsHPI»QPIsTPIsMDsMODE sDPHsCR9RAT » SURsDEGsJERK9DRT9HBM9SGoN
10E s PDM» VOL s DEW s UN sOMEGA s CPsWVH 3 IDsDOG» IGs SEN(46) s CES(46) s XX (45) 2 YY
2(45) sDEL(45) 9 SNE(45) 9CSE(45) sFR(45) sBLOG(45945) 9YLOG(45945) sCON(90
291)9CT(90990)sPSI1(45945)9PSI2(45945) 9sPRAL45) 9PRV(45)

COMMON 7GR /NOK s NUT sNONs TITLE(12) s TITO(12) sCAY(50) sAMC(50) »DFC(50) oX

1(46) 9Y(46)
COMMON/SHP/MAXB sDUL (45)
JERK=1
KAB=MAXB
GO TO (10s15)9sMD
D=X(NUT)

DPH=0e0

‘GO TO 53
D=e5*(Y(NUT)=Y(1))
DO 54 J=1sNUT
X(J)=X(J’/D
Y(J)=Y(J)/D
DRT=D
HBM=X (KAB)

CP=CR/D

IF(DPH) 24924521
DPH=DPH/D

DO 22 J=1eNUT
Y(J)=Y(J)=DPH
NUT=NON+1

DO 25 J=1sNON
XX(J)=aB¥(X(J)+X(J+1))
YY(J)=eB5X(Y(J)+Y(J+1))
DEL(J)=DUL(J) /D
SG=SING(MODE)
NOE=2#NON

GO TO(26927928) sMODE
DO 29 J=1sNON
FR(J)=CSE(J)

PDM=1e0

DEW=1e

GO TO (31930)sMD
VOL=HPI

GO TO 37

voL=PI

GO TO 37

DO 32 J=1sNON
FR{J)==SNE(J)

GO TO 33

DO 34 J=19sNON
FR(J)=(YY(J)=CP)I*SNE(J)I+XX(J)*¥CSE(J)
DEwW=HBM

PDM=1e0

GO TO (36935)sMD
vOL=QPI

GO TO 37

VOL=HPI

RETURN

END
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FUNCTION SING(N)
IF(1-N)2s1s1
SING=1e.

GO TO 77

RETURN

END
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99

2 XM1=XM2

SUBROUTINE FIND

COMMON PISsHPISsQPIsTPI sMDsMODE sDPHsCR9RAT9SURSDEGIJERK sDRTsHBM9SG 9N
10EsPDMsVOL sDEWsUNSOMEGAsCPsWVHe IDsDOGe IGySEN(46) sCES(46) 9XX(45)9YY
2(45) sDEL(45) sSNE(45)sCSE(45) sFR(45) sBLOG(45945) 2YLOG(45945) sCON (90
391)9sCT(90990) sPSI1(45945)9PSI2(45945) 9PRA(45) 9PRV(45)

COMMON/GR/NOK sNUT sNONsTITLE(12)sTITO(12)sCAY(50)9sAMC(50) oDFC(50) 9X
1(46) Y (46)

DO 1 I=1sNON

XM1I=XX(I)=X(1)

YM1=YY(I)=-Y(1l)

XP1l=XX(I)+X(1)

YP1=YY(I)+Y(1l)

FPR1=e5*#ALOG( XM1##2+YM1%¥%2)

FPL1=e5%ALOG(XP1®¥%2+YM1%%2)

FCR1=e5%ALOG{XM1%*%2+YP1%*%2)

FCL1=e5*ALOG(XP1%¥%2+YP1%%2)

APR1=ATANZ2(YM1sXM1)

APL1=ATANZ2(YM1sXP1)

ACR1=ATAN2(YP1l sXM1)

ACL1=ATANZ2(YP1lsXP1l)

DO 1 J=1»sNON

XM2=XX(I)=X(J+1)

YM2=YY(I)=Y(J+1)

XP2=XX(I)+X({J+1)

YP2=YY(I)+Y(J+1)

" FPR2=e5*%ALOG{ XM2 *%2+YM2%%2 )

FPL2=e5%ALOG(XP2¥%2+YM2%%2)

FCR2=e¢5%ALOG ( XM2¥%24+YP2%%2 )

FCL2=e5%*ALOG(XP2#¥2+YP2%%2)

APR2=ATAN2(YM2 s XM2)

APL2=ATAN2(YM29sXP2)

ACR2=ATANZ(YP2sXM2)

ACL2=ATAN2(YP29sXP2)

SIMJ=SNE(I)*CSE(J)-SNE(J)*CSE(I)

CIMJU=CSE(I)*CSE(J)+SNE(I )%*SNE(J)

SIPJ=SNE(I)*CSE(J)+SNE(J)*CSE(1)

CIPJU=CSE(I)*CSE(J)=-SNE(I )*SNE(J)

DPNR=SIMJ* (FPR1-FPR2)+CIMJ*¥(APR1~APR2) :

PPR=CSE(J)*¥(XM1*FPR1=YM]1*APR1=XM1-XM2%¥FPR2+YM2*¥APR2+XM2)+SNE(J)*(Y
IM1*¥FPR1+XM1¥APR1-YM1=-YM2¥FPR2-XM2*APR2+YM2)

DPNL=SIPJ* (FPL2~-FPL1)+CIPJ*(APL2~-APL1)

PPL=CSE(J)*(XP2*¥FPL2~YM2*APL2-XP2-=XP1%*FPL1+YM1*APL1+XP1)+SNE(J)*(Y
IM1*¥FPL1+XP1*APL1+YM2-YM2¥FPL2-XP2*APL2-YM]1)

DCNR=SIPJ¥(FCR1-FCR2)+CIPJ#{ ACR1~-ACR2)

PCR=CSE(J)*(XM1*¥FCR1=-YP1*ACR1-XM1=XM2*FCR2+YP2*¥ACR2+XM2)+SNE(J)*(Y
1P2*#FCR2+XM2*ACR2+YP1-YP1#FCR1-XM1*ACR1~-YP2)

DCNL=SIMJ* (FCL2-FCL1)+CIMJ*(ACL2-ACL1)

PCL=CSE(J)* (XP2*¥FCL2-YP2*ACL2-XP2-XP1*FCL1+YP1*ACL1+XP1)+SNE(J)*(Y
1P2#FCL24XP2*ACL2-YP2=YP1*FCL1-XP1*ACL1+YP1)

BLOG(I 9 J)=DPNR+SG*DPNL-DCNR=SG*DCNL

YLOG(I 9J)=PPR+SG*PPL-PCR=SG*PCL

IF(J=NON)2s1»1



YM1=YM2
XP1=XP2
YP1=YP2
FPR1=FPR2
FPL1=FPL2
FCR1=FCR2
FCL1=FCL2
APR1=APR2
APL1=APL2
ACR1=ACR2
ACL1=ACL2
CONTINUE
RETURN
END
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12
14
15

SUBROUTINE FREQ

COMMON PIsHPIsQPIsTPI sMDsMODE sDPHsCRsRAT»SURsDEGJERK sDRT sHBM 9SG sN
10E s PDM»VOL s DEWsUNSOMEGA s CPsWVHs IDsDOGs IGs SEN(46) sCES(46) s XX(45) s YY
2(45) sDEL(45) sSNE(45) 9CSE(45) 9FR(45) 9yBLOG(45945) 9YLOG(45945) sCON( 90
351)sCT(90990)sPSI1(45945)9PSI2(45945) sPRA(45) sPRV(45)

COMMON /GR/NOK sNUT sNONsTITLE(12)sTITO(12)sCAY(50) sAMC(50) sDFC(50) X
1(46) sY(46)

COMMON/FQ/K

COMMON/TT/TEST

IF(UN)899s10

DO 11 I=1sNON

DO 11 J=1sNON

CT(I+J)=BLOG(IyJ)

PSI1(I+J)=YLOG(IsJ)

GO TO 14

DO 12 I=1sNON

XM1=XX(I)=X(1)

XP1=XX(I)+X(1)

YP1=YY(I)+Y(1)

FCR1=e5%ALOG(XML1 %%2+YP1%%2)

FCL1=e5%ALOG(XP1%%#2+YP1*#2)

ACR1=ATAN2(YP1sXM1)

ACL1=ATAN2(YP1sXP1)

DO 12 J=1sNON

XM2=XX(I)=X(J+1)

XP2=XX(1)+X(J+1)

YP2=YY(I)+Y(J+1)

FCR2=e5%ALOG(XM2%%2+YP2%%2)

FCL2=e5%ALOG(XP2%%#2+YP2%#%2)

ACR2=ATAN2(YP2 sXM2)

ACL2=ATAN2(YP2sXP2)

SIMJU=SNE(I)*CSE(J)=SNE(J)*CSE(I)

CIMJ=CSE(I)*CSE(J)+SNE(I)*SNE(J)

SIPJ=SNE(I)*CSE(J)+SNE(J)*CSE(I)

CIPJ=CSE(I)*CSE(J)=SNE(I)*SNE(J)

DCNR=SIPJ* (FCR1-FCR2)+CIPJ%*{ACR1~-ACR2)

PCR=CSE(J)*(XM1*FCR1-YP1*ACR1-XM1~-XM2*FCR2+YP2*ACR2+XM2)+SNE(J)* (Y
1P2%FCR2+XM2*ACR2+YP1=YP1*FCR1-XM1*ACR1-YP2)

DCNL=SIMJ* (FCL2-FCL1)+CIMJ*(ACL2-ACL1)
PCL=CSE(J)*(XP2*FCL2~-YP2*ACL2-XP2~-XP1#FCL1+YP1*ACL1+XP1)+SNE(J)*(Y
1P2%FCL2+XP2%ACL2~-YP2-YP1*FCL1-XP1*ACL1+YP1)

CT(IsJ)=BLOG(IsJ)+2¢0% (DCNR+SG*DCNL)
PSI1(I9J)=YLOG(IsJ)+2e0%(PCR+SG*PCL)

IF(J-NON)13912+12

XM1=XM2 '

XP1=XP?2

YP1=YP2

FCR1=FCR2

FCL1=FCL2
ACR1=ACR2
ACL1=ACL2
CONT INUE
DO 15 I=1sNON
CON(Is1)=FR(I)

CALL MATINV(CTsNONsCON»1sDOGs ID)
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GO TO(1696)s1ID

DO 17 I=1sNON

PRA{I)=0.0

PRV(I)=0e0

DO 17 J=1sNON

PRA(I)=PRA(I)=CON(Js1)%¥PSI1(1sJ)

AMC(K)=0e0

DFC(K)=0e0

WVH=0e0

DO 18 I=1sNON

AMC(K)=AMC(K)+PRA(I)*DEL(I)*FR(I)

AMC(K)=2s0%AMCI(K)/VOL

GO TO 6

DO 1 I=1sNON

NI=NON+I

CON(Isl)=0e

CON(NIs1)=OMEGA*FR(1I)

XR1=UN*®(XX(I)=X(1))

YR1==UN#*#(YY(I)+Y(1))

XL1=UN*(XX(I)+X(1))

YL1=YR1

CALL DAVID(XR19sYR19EJ19CXR19SXR19RAR19RBR1sCR13SR1)

CALL DAVID(XLloYLloEJlvCXLl:SXLloRALloRBLloCLloSLl)

DO 1 J=19sNON

NJ=NON+J

XR2=UN* (XX (I)=X(J+1))

YR2==UN#(YY(I)+Y(JU+1))

XL2=UN®(XX{I)+X(J+1))

YL2=YR2

CALL DAVID(XR2sYR2+EJ29CXR29SXR29RAR29RBR29sCR29sSR2)

CALL DAVID(XL2sYL2sEJ2sCXL29eSXL2sRAL2yRBL2sCL2sSL2)
SIPJU=SNE(I)*CSE(J)+SNE(J)*CSE(1I)
CIPJU=CSE(I)*CSE(J)=SNE(I)®*SNE(J)
SIMJU=SNE(I)*CSE(J)=SNE(J)*CSE(1I)
CIMJ=CSE(I)*CSE(J)+SNE(I )®*SNE(J)
CT(I9sJ)=BLOG(I9J)+2e#(SIPJ*¥(CR1-CR2)=CIPJ#*#(SR1=SR2)=-SG*(SIMJU*(CL1-
1CL2)-CIMJ*(SL1-SL2)))

PSI1(IeJ)=YLOG(IoeJ)+2¢ /UN*(SNE(J)*(RARI-RAR2)+CSE(J)*(RBRl-RBR2)+S
1G*¥(SNE(J)* (RAL1-RAL2)+CSE(J)*(RBL2-RBL1)))
CTINIsNJI=CT(IsJ)
CT(IsNJ)=TPI*(EJ2#(SXR2¥CIPJ-CXR2*SIPJ)=EJ1*(SXR1*CIPJ-CXR1*SIPJ)~-
1SG* (EJ2* (SXL2¥CIMJI=CXL2*¥SIMJI)=EJ1*(SXL1*¥CIMI=CXL1*SIMJI)))
PSI2(I9J)=TPI/UN*®(EJ1* (SXR1*#CSE(J)=CXR1*SNE(J) )=EJ2*%(SXR2*CSE(J)~=C
I1XR2*¥SNE(J) )—SG*(EJ1*(SXL1*¥CSE(J)+CXL1*SNE(J) )=EJ2* (SXL2*CSE(JY+CXL
22%SNE(J))))

CTINIsJ)==CT(IsNJ)"

IF(J-NON)T79sl01

XR1=XR2

YR1=YR2

XL1=XLZ2

YL1=YL2

EJ1=EJ2

CR1=CR2

SR1=SR2

CL1=CL2
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SL1=SL2

RAR1=RAR2

RBR1=RBR2

RAL1=RAL2

RBL1=RBL2

CXR1=CXR2

SXR1=SXR2

CXL1=CXL2

SXL1=SXL2

CONTINUE

CALL MATINV(CTsNOEsCONs19sDOGsID)
GO TO(2+6) 1D

DO 3 I=1sNON

PRA(I)=0e

PRV(I)=0e

DO 4 J=1sNON

NJ=NON+J
PRA(I)=PRA(I)+CON(J21)*PSI2(IsJ)-CON(NJ»1)*PSI1(IsJ)
PRV(I)=PRVI(I)+CON(Js1)*PSI1(IsJ)+CON(NJ91)*¥PSI2(IsJ)
PRA(I1)=0OMEGA*PRA(I)

PRV (1)=OMEGA*PRVI(I)

AMC(K)=0e0

DFC(K)=040

DO 5 I=1sNON
AMC(K)=AMC(K)+PRA(I)*DEL(I)*FR(I)
DFC(K)=DFC(K)+PRV(I)*DEL(I)*FR(I)
AMC (K)=2e0%*AMC(K)
DFC(K)=2e0¥DFC(K)
WVH=OMEGA*SQRT(ABS(DFCI(K))) /DEW
AMC (K ) =AMC(K) /7 (UN®*VOL)
DFC(K)=DFC(K)/(UN*VOL)

RETURN

END
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SUBROUTINE DAVID(XsYsEsCsSsRASRBsCINsSON)

C COMPUTATION OF EXPONENTIAL INTEGRAL WITH COMPLEX ARGUMENT
COMMON/MOD/F(5) sD{(5)
Q=3e1415927
AT=ATAN2(XsY)
ARG=AT=-e5%Q
E=EXP(=Y)

C=C0S(X)
S=SIN(X)
R=X®#%¥24Y%%2
AL=0e5*%ALOG(R)
==Y
B=~X
IF(AeGEeOe0O) GO TO 78
IF(BeEQeQOe0O) GO TO 79
78 IF(ReGEe100e) GO TO 10
79 TEST=000001
IF(ReLTele0) GO TO 5
TEST=0e1%*TEST
IF(ReLTe2e¢0) GO TO 5
TEST=01*TEST
IF(ReLTe4e0) GO TO 5
TEST=0e1*TEST
5 CONTINUE
SUMC=0e57721566+AL+Y
SUMS=AT+X
TC=Y
TS=X
DO 1 K=1+500
TO=TC
COoXx=K
CAY=K+1
FACT=COX/CAY*%*2
TC=FACT®*(Y*TC=X*TS)
TS=FACT®#(Y*¥TS+X*¥TO)
SUMC=SUMC+TC
SUMS=SUMS+TS
IF(KeGEe500) GO TO 3
IF((ABS(TC)I+ABS(TS) )eGTeTEST) GO TO 1
3 CIN=E*(C*¥SUMC+S*SUMS)
SON=E*({ S¥SUMC-C*SUMS)
GO TO 4
1 CONTINUE
10 G1=0e
G2=0e
DO 20 I=195
DEN=(=Y+D(I) ) %%¥24X%%2
GA=F(I)*(=-Y+D(I))/DEN
GB=F(I)*(-X)/DEN
G1=Gl+GA
20 G2=G2+GB
CIN=E*Q¥S-G1
SON==-(E*#Q*C+G2)
4 RA=AL-CIN
RB=ARG+SON
RETURN
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SURROUTINE MATINV(A,N1,ByM1,DETERM,ID)
PIVOT METHON
MATRIX INVFRSION WITH ACCOMPANYING SOLUTION OF SIMUL. EQ.
PIVOT METHOD : '
FORTRAN IV SINGLE PRECTISION WITH ADJUSTABLE DIMENSION
FEARUARY 193656 S GOOD DAVID TAYLOR MODEL BASIN AM MATHL
WHFRE CALLING PROGRAM MUST INCLUDE

DIMENSION A( )y B{ )y INDEX( )

M IS THE ORDER OF A

M IS THE NUMBER OF COLUMN VECTORS IN B(MAY BE 0)
DETERM WILL CONTAIN DETERMINANT ON EXIT

ID WILL BE SET B8Y ROUTINE TO 2 IF MATRIX A IS SINGULAR

1 IF INVERSION WAS SUCCESSFUL
A THE INPUT MATRIX WILL BE RFPLACED BY A INVERSEE
3 THE COLUMN VECTORS WILL BE REPLACED BY CORRESPONDING

SOLUTION VECTNRS
INDEX WORKING STORAGE ARRAY
TF IT IS DESTIRED 7O SCALE THE DETERMINANT CARD MAY BE
DELTTED AND DETERM PRESET BEFORE ENTERING THE ROUTINE

DIMZNSION A(90,390),B(S0,1),INDEX(28,3
FQUIVALENCEZ (IROW,JROW), (ICOLUM,JCOLUM), (AMAX, T, SWAP)
INITIALIZATION

N=N1
M=M1

DETERM = 1,8
N0 20 J=1,
INDEX(J,3)
ND 550 T=1,N

N
=1

SEARCH FOR PIVOT ELEMENT

A"’AX = Uog

nNd 105 J=1,4N

TF(INDEX(J,3)-1) 60, 105, 60

30 1090 K=1,4N

TFCINDEX(K,3)-1) 80, 100, 715

i1y S AMAX -ABS (A(J,K))) 85, 100, 100
TR0W=J

ICOLUM =K -
AMAX = ABS (A(J,yK))

CONTINUE

CONTINUF

INDEX(ICOLUM,3) = INDEX(ICOLUM,3) +1
INDEX(I,1)=IROW

INDEX(TI,2)=ICOLUM

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL
IF (IRDW-TCOLUM) 140, 319, 140
DETERM=-DETERM

Nd 2010 L=1,N
SWAP=A(IRIW, L)
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QOO

QOO0

200

210

3510

. 368

3790

380

400

450
460

500
550

630

705
710

720

730

8110
715

A(IROW,L)=A(ICOLUM,L)
A(ICOLUM,L)=SWAP
IF(M) 310, 310, 210
DO 250 L=1, M
SWAP=8(IROW,L)
8(IROW,L)=8(ICOLUM,L)
B(ICOLUM,L)=SWAP

DIVIDE PIVOT ROW BY PIVOT ELEMENT

PIVOT  =A(ICOLUM,ICOLUM)
DETE’IM=DETERM*PIVOT
A(IZOLUM,ICOLUM)=1.0

NO 250 L=1,N
A(ICOLUM,L)=A(ICOLUM,L)/PIVOT
IF(M) 280, 380, 360

DO 370 L=1,M
S{ICOLUM,L)=B(ICOLUM,L) /PIVOT

REDUCE NON=-PIVOT ROWS

DO 550 Li=1,N
IF(L1-ICOLUM) 400, 550, 400
T=A(L1,ICOLUM)
A(L1,ICOLUM)=N.N

00 450 L=1,N

A(L1yL)=A(L1,L) -ACICOLUM,L)*T
IF(M) 550, 550, 460

D0 500 L=1,M
B(L1,L)=8(L1,L)-8(ICOLUM,L)*T
CONTINUE

INTERCHANGE COLUMNS

N0 710 I=1,N
L=N#1-T
IF (INDFX(L,1)-INDEX(L,2)) 530, 710,
JROW=INDEX (Ly1)
JCOLUM=TINDEX (L y2)
DO 705 K=1,N
SWAP=A (K y JROW)
A{K,JROW)=A(KyJCOLUM)
A(K,JCOLUM) =SWAP
CONTINUE
CONTINUF
DO 730 K = 14N :
TFCINDEX(K,3) =-1) 715,720,715
CONTINUE
CONTINUE
ID = 1
RETURN
ID = 2
GO TO 810
END
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