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ABSTRACT

A method of fairing ships' hulls and obtaining a surface

equation representing the ships' hull through the use of

linear programming is presented. Methods for producing

loft data from this equation are also presented.
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Section I

INTRODUCTION

The mathematical tool called "Linear Programming" has been in existence
for many years. Since 1951, when George Dantzig* first published the
simplex method for solving linear programming problems, and through
increased availability of large-scale digital computers, linear program-
ming use has become widespread. Primarily, this use of linear programming
has been confined to economic studies of product mixes, ship scheduling,
plant locations, etc. In this report a new use of linear programming is
described: that of curve and surface fitting.

This use of linear programming has enabled the formulation of a more
sophisticated approach to the problem of defining a ship's hull mathe-
matically. Specifically, it is possible to require that the curve or
surface meet certain conditions of fairness and that the curve come as

close to the offsets as possible while meeting these conditions.

Also presented are some methods for extracting the information required

to construct the ship from the faired curve or surface.

*
T. C. Koopmans, ed., Activity Analysis of Production and Allocation,
Chap. XXI, New York, Wiley, 1951
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Section II

CRITERIA AND BACKGROUND

CRITERIA

The title, '"Mathematical Lofting," is meant to apply to:

1. The overall process of mathematically fairing a ship's hull

2. Providing from this hull, all of the information necessary
to cut and shape parts influenced by the hull

Mathematical fairing is the basic key to this process; however, mathe~
matical fairing becomes most efficient when integrated into a system
which meets the following criteria:

(1) The system should accept as data the preliminary information
on hull definition developed by the naval architect.

(Z) It should include a method for eliminating gross errors in
this input data.

(3) 1t should, from this data, obtain a fully faired hull form
from which the ship can be produced.

(4) The fairing process should operate with as little human
intervention as possible.

(5) The system should develop, as much as is practicable, complete
loft information now provided by the manual loft.

Criterion (3) requires that the hull be fully faired. The term "fair"
has been in use for a long time with many varied interpretations. To
provide a basis for a mathematical fairing method, we must reduce the
subjective definition of the word "fair" to a more precise mathematical
definition. Curves which meet the following mathematical requirements

also meet the subjective requirements of experienced loftsmen:

10000-1 II'l



l1-a The curve Y(X) must be continuous
l-b 1Its first derivative must be continuous

*
l-c 1Its second derivative must be continuous

l«d The curve must be completely free of extraneous inflection
points while possessing those inherent in the data.

l-e Deviation from scaled offsets must be as small as possible,
provided above four conditions hold.

1-f Curve must look good to the eye.

Condition l-e is added for completeness when beginning with scaled offsets;
it, and 1-f are also the only conditions possibly possessing any subjecti-
vity in their interpretation. Condition 1-d is imperative if the faired

curves are to be ysed for construction purposes as opposed to mathematical

expressions ysed for hydrodynamic studies only.

A system designed to meet the above criteria would start with a table

of rcughly faired offsets and other information from the naval architect's
preliminary lines drawing. It should then provide a method for eliminating
any gross errors due, for example, to misreading a scale or transcribing the

wrong information.

From this data, it should provide, with a minimum of human intervention
or decision, a mathematical description of a fair hull. Next, it must

be able to extract from the mathematical definition of the hull sufficient
information to produce the ship. A diagram of such a system is presented
in Fig. 1.

-

* .
Continuity of first and second derivatives is equivalent to continuous
slope and curvature.
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BACKGROUND

An extensive study of most methods proposed for mathematical lofting was
undertaken prior to the initial formulation of the present system. This
study revealed that all proposed systems fail, in one way or another,

tc meet the criteria required of a system oriented toward production.
From the system which most fully met the criteria (method proposed by

F. Theilheimer*), was borrowed the class of function with which to

represent ships-form, as well as the notation for this function.

*

Feodor Theilheimer and William Starkweather, The Fairing of Ship Lines
on_a High-Speed Computer, David W. Taylor Model Basin, Appl. Math. Lab.,
Report No. 1474, Jan 1961
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Section IIl1

MATHEMATICAL FAIRING

GENERAL DISCUSSION

The manual loft has used the batten (graphical-spline) very satisfactorily

for interpolating between points as well .ag "fairing" points. We feel
it would be desirable to mathematically-fair with the mathematical
equivalent of the graphical-spline, the "analytic-spline."

Analytic Spline

Thin beam theory (based on the Bernoulli-Euler Equation) shows that a
thin beam (e.g., batten) supported at a finite number of points, under
small deflections, can be represented by a series of cubic equations
(a single®*cubic in each interval defined by two successive points of
support) with any two neighboring cubics having equal ordinate values,
first derivatives and second derivatives at the point of support common
to both curves. The third derivatives at this common point are not
necessarily equal, resulting in a discontinuous third derivative for
the curve representing the spline. The discontinuity of the third
derivative at the juncture point is proportional to the force applied
to the beam at this point.

This situation closely parallels the one existing when ships' lines are
drawn from battens, and again when these curves are faired full-scale
on the mold loft floor.

Definition: An analytice-spline through a set of points 1is
a curve through these same points consisting of a cubic in
each interval defined by two successive points with any
two neighboring cubics having equal ordinates, firsce
derivatives, and second derivatives at the point common to
both curves. .

1.0.0-1 III-1



Returning to the original requirements for fairness of a line (Page II-1)
it can clearly be seen that all an analytic-spline needs in order for it
to satisfy all fairness criteria, is that it possess only those inflec-
tion points inherent in the data, while minimizing the deviation between
curve and points.

Having settled on the type of curve with which to represent |hip|-fofm,
we must now devise a procedure for minimizing the deviation between
curve and points while requiring the occurrence of inflection points to
be compatible with the information inherent in the data.

One point we would like to emphasize is that in curve-fairing, as opposed
to curve-fitting, the main objective is not to pass exactly through the
data points, but that the curve be pleasing to the eye and possess only
those inflection points as indicated by the data. Only after these
fairness conditions have been satisfied can we ask for the curve which
minimizes the deviation. The problem would be less complicated were it

a curve-fitting problem and not a curve-fairing problem.

Linear Programming

One computer routine which can be very satisfactorily adapted to both
curve-fitting and curve-fairing is entitled "Linear Programming." The
general linear programming problem can be described as follows:
Given a set of M 1linear inequalities or equations in r
variables, we wish to find non-negative values of these variables

which will satisfy the constraints and maximize or minimize some
linear function of the variables.*

The application of linear programming to curve fitting stems from the

*
For a detailed definition of Linear Programming refer to G. Hadley,
Linear Programming, Addison-Wesley Publishing Co., 1962

1.0.0-1 1II-2



following use of linear programming:

Linear programming offers a method of obtaining an optimal
solution to a set of linear equations which has an infinite
number of solutions (i.e., a procedure for determining an
optimal element from a set with an infinite number of
elements). :

The latter interpretation of linear programming indicates that the
problem of fitting a curve to a set of points can be stated as a
linear programming problem by requiring the linear programming code
to select from the infinite number of curves in the neighborhood of
the data points, the one which comes closest to these points (i.e.,
select the curve which satisfies all other fairness requirements and

minimizes the deviation between curve and points).

Point Smoothing and Second Derivative Requirement

The data-points which serve as input to the lofting system (mathematical
of manual) are traditional - offsets scaled from a prel.minary design
drawing prepared by a naval architect. This drawing is approximately
one-fiftieth the size of the actual ship. The smallness of this drawing,
although being beneficial to the naval architect, invariably causes
small reading errors in the scaled offsets. There are many opportunities
for errors aside from those described above to enter into the data. These
errors are usually quite large and result from human frailty. These
errors could be typically:
(1) An error resulting from using the wrong scale or incorrectly

using the right one,
(2) An error due to transcribing incorrectly,
(3) A writing error, such as laying the point down incorrectly on

the mold loft floor, or correspondingly mispunching a data card
for a computer.

re
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It is highly probable that a few points will be totally in error and
will not contain any information of value. Superimposed on these and
the rest of the points will be small, random errors due to reading
inaccuracy.

Our first problem is then to separate the points having errors which
do not at all reflect the naval architect's intention from the rest.
In the mold loft this operation is done by eye. Before the loftsman
proceeds with putting fair lines through the preliminary offsets, he
checks them to see if they seem to fit in well with one another.
Those points which seem to be in error are rechecked with the lines
plan and perhaps even re-scaled. However, this is a liberty not
usually afforded the computers in the modern approach; therefore, it
is crucial that this process of rejection of bad points be executed
if the naval architect's intentions are to be pressrved in a later
computation with these points (e.g., fitting a fair surface to them).

A fair curve does not have too many or too closely-spaca inflection
points. One can easily verify for himself that two, closely-spaced
inflection points in a curve causes it to have a "bump'" in that
region. Such bumps are not considered fair by a naval architect. In
a similar way, three closely-spaced inflection points correscpond to
two "bumps." Thus, inflection points need to be relatively isolated
from one anotlLer to prevent the occurrence of "bumps."

1.0.0-1 III-4
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Fig. 2 Interpretation of Second Differences

Consider the set of three points shown in Fig. 2. Suppose any
continuous curve which has continuous first and second derivatives
passes through these points. Since, as shown, the middle point (2)
lies above the line comnecting the two other points, (1) and (3),
there must be some portion of the curve with negative curvature.
This can easily be deduced by repeated use of the Theorem of the
Mean Value and the fact that the curve is required to have a
continuous second derivative. One can present this result in a
slightly different way. The "second difference" of the given

three points is given by:

' .t Y-y
- (1) r2-‘h"3 S 2 2 ]

For convenience we refer to this as the second difference
svaluated at point (2), even though it obviously &cPcndl on points
(1) and (3) also. This second difference has the property of
being negative when (2) lies above the line connecting (1) and
(3), and positive when (2) lies below thisline. 1In rig. 2 the

1,0.0-1 I11-5
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second difference evaluated at (2) 1is negative since (2) lies above
the line, Finally, we arrive at the well-known result for a curve
satisfying I-cf There must be a portion of it in an interval which
has curvature of the same sign as the second difference computed
for that interval,

It can be seen that unlike signs of second differences at two
neighboring points indicates an 1nflcction point in the interval
‘between these two points. We can now develop a criterion for
actccting points with large errors in them. If, in any set of
three:conlccu;ivi'poiﬁtl, the second difference changes signs
twice we hnyé . "bad". point.. The "bad point" can now be moved
fgaﬁhipprop;idge’nmouné.requi;iﬁg it to be compatible with its

'deighboriﬁg ﬁoints (1.e., not cause any "bumps").

Afteg.thg'ééints-have'beeq "smoothed" (large errors removed) a
*requ;femént that the second.derivative and second difference be
" of . the same sign at all data péints will guarantee the analytic-

spline to have the cotrectAqﬁodptaas well as correct spacing of

inflection points,

Theicbbrdinhté'Axes,

‘Thé‘coordinﬁte'system employed is indicated in Fig. 3, below.

Fig. 3 The Coordinate Axes

*
See Page 11-2
1.0.0-1 III-6



(2)

The equation for the surface of the ship will be a function Y = F(X,2Z)
The two-dimensional curves obtained by holding Z constant (Y = £(X))
will be referred to as waterlines. The two-dimensional curves obtained
by holding X constant (Y = g(Z)) will be referred to as stations.

Notatlon

The notatio: employed offers a means of representing the analytic-
spline by a single continuous equation, which has continuous first
and second derivatives and a discontinuous third derivative. The
discontinuities of the third derivative occur at pre-selected points.
In essence, this equation consists of individual cubics between

points of discontinuity of the third derivative,

The analytic spline is represented by:

2 3 I } 3,
o FAKHAX +AX + A (R-a)dg+ .o+ AL (Xeay )y

Y(X) = A
8) +ev , 8y, are the abscissae of the points of dis-
continuity of the third derivative and should be chosen
to coincide with the abscissae of the original data points.

In the above representation

o3 (Xx-a)° 1£XDa
X-a ™ *
¢ 0 1£x$a

Or equivalently

x-0; = 3a@-0° + y| @0

*This notation was originally introduced by Dr. Feodor Theilheimer

1,0.0-1 11u7
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From the above definition it 1s obvious that (X-a)g will

negative

The above notation is very direct.

As an example, consider the following analytic-spline

2" Y(X) = -1 + 3K - 3% + 2%° - (x-1)3

2

For X321 (2') gives the cubic

¥,(X) = -1+ 3X - 3% + 2%

For X> 1 (2') gives the cubic

- ¥3
Yii(x) X

It can immediately be seen that Y

unequal third derivatives.,

1-000-2

i
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and Y
values, first derivatives, and second derivatives at X = ], but

never

be

have equal ordinate



B. TWO-DIMENSIONAL FAIRING

As previously stated, a requirement that the second derivative and second

difference be of the same sign will guarantee compatibility of inflection
points.

This constraint is expressed mathematically as:

Require that

3) r, Y"(xi);o 1=1, ..., N

Where
r, = second difference at ith data point*

Y"(Xi) = second derivative at ith data point

Deviation Requirement

The general analytic-spline Y(X) is given by (2) .
The original offsets (ordinate values of original N points) are
denoted by Y& i=-1, ... ,N

The maximum ordinate~deviation between curve and offset is noted by X\ (we

take maximum to mean largest magnitude and not maximum in an algebraic
sense.)

It readily follows that

(4) Y(xi)-Yi|s_}\ for i=1, ..., N

The above expression simply says that the absolute values of the ordinate
deviations at the N original points are all less than or equal to AN,
(i.e., Nis the maximum deviation).

N has a distinct value for each specific analytic-spline Y(X).

We now ask the linear programming code to give us the analytic-spline
which satisfies fairness constraint (3) and has the smallest value

for X\ (i.e., minimum=maximum deviation).

*Since the second difference 18 not defined for the first and last points,
the second difference at the second and next to last points will be used
for these two points respectively.

1.0.0-1 III-9




Formulation of Deviation and Fairness Constraints as

Linear Programming Problem

The curve fitting problem can now be formulated as a linear programe

ming problem as follows:
Minimize>\subjecc to the constraints

(3) r, Y (Xi)z 0
i=1, ,.. ,N

(%) MERTERAE DN

Since linear programming codes handle linear constraints only,
constraint (4) is equivalently expressed by the following pair of

linear inequalities:
SR LT DA
i - 1 9 saw N
N+ YEDZ Y,

There are now three linear constraints per point the analytic-
spline must satisfy., This problem readily lends itself to linear

programming routines., The problem is stated as:

Minimize>\subject to the following linear constraints:
’

- Y(X )2 Y

"
-
L]

—

A+ YEDZ Y, , ves s N

r

; YEDE 0

4

This formulation requires N+3 non-slack variables and 3N con-

straints, ( N 1is the number of original data points).

1.0.0-1 II1-10
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Actual Presentation

The actual presentation of the problem requires only slight
modification, The inequalities are transformed to equalities by
the subtraction of a positive quantity (called slack variable)
from each inequality., Since present linear programming codes
accept positive variables only, the variables (coefficients in
equation (2)) are represented by the difference of two non=
negative variables, 1i.,e., '

- A' « AM
Ai Ai Ai

] . All.‘ l - T
Ai.’ Ai .Z 0" ; e
The formulation of the linear programming ‘problem now becomes:
Minimize)\subject to the: following constraints.‘ '

- (A) - &) = (] = ADX, - (A' - A")x . (A' A")x

- (‘\aﬂ ) ‘ﬁiﬂ)(xi- f“'n-l)# -8 =Y

' " ' " "2 (A o ;' 2 ' " ' T
)\+(A0-Ao)+(A1-A1); + (4} fA)x +(A A)x e

K (‘N+1 "‘N+1)(x aN 1)# 1
r, [2(A'2 - )+ B(AL - ADX 4+ ...+ 6(13,+1 .“"&+1)(x1 aN;I),] .
' e Q= 0 .

1‘1,}..,“

- .
This difficulty can be eliminated, as is shown on Page III 23,
Section entitled "Dual Formulation."

1.0.0-1 I1i-11
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In this way an equation of the form:

2 3 3 3
Y(K) = Ay + A X + AKX + AX = A (Xea )y + oo + A (X0 )y

will be constructed.

The maximum deviation between curve and data points will be given
by the value of.)\in the final solution,

1.0.0-1 11I-12
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C. THREE-DIMENSIONAL FAIRING

Bxtension of Notation to ThreesDimensions

In attempting to fit a surface to a three-dimensional set of points,

the same procedure as was used in the two-dimensional case is employed.

Equation (2) 1s replaced by its three-dimensional extension Y(X,Z) :

(5) Y(X,2) = Cy(X) + C,(N)Z + cz(x)z2 + c3(x)z3 + ca(x)(z-bl)z

-

+ 0.0'+ cml(X)(z-bM.l)z

* Where

2 3
ci(x) ci,o +c¢, X+c, X +c¢c

3
1,0 €42 1,35 ¥ e oy o (Xeay )y
i=0 s vee M+l
th
ap = X-Coordinate of P~ station
th
bq = Z-Coordinate of Q waterline

(5) represents a surface of N stations and M waterlines,

1.0.0-1 II1-13
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An expansion of Equation (5) gives:

Y(X,Z2) = [coo + c°1x + cozxz + c03x3 + 00 + cO,N+1 “‘"u-ﬁ:
+ -c +c¢..X+C x2+ x3+ +c (X- )372

IS Vs VRS A B B8 BY)
+ 2 3 2

3
€20 + cnx + c22x + c23X + .00 + °2,N+1 (X-aN_l)#‘ A

I 2 3 3]
+ €39 + c31x + c32x + c33x + .00 + c3,N+1 (x-\_l)#‘ Z

[ 2 3 3] 3
*o(Cu0 Rt Xt ogsT b o ny Rty )] By

+

2 3
[°M+1,0 * 1,1 X Y w1, 2%t O,

3 3
et °n+1,N+1(x"N-1)#] (Z-by.1)g

We now have an expression that consists of individual cubics in the
coordinate planes between any two stations or waterlines. This surface
equation will have (N+2) (M+2) coefficients for N stations and M
waterlines,

1l°o°'1 III'I“



Reguiremerits

The deviation is again required to be less than or equal to>\

v(xizj)-yijls PN =1, .00, N
Jm=1, eee , M

Two second difference constraints are now required in order to

guarantee fairness: one in the X-direction and one in the Z-direction.
FORMULATION AS LINEAR PROGRAMMING PROBLEM

The problem is now formulated as a linear programming problem as
{_ follows:
Minimize )\subject to the following constraints:

ﬁ
(b) - v(xi,zj)z Y
(bb) >\'+ Y(xigzj)z' Yi,j " i=1, ... , N
( j=1 M
N . 1 = 3 ecee
(bbb) By YR 2z g0
N T
(bbbb) Ty YRZ0xx 20 |
?1 j = gecond difference in Z-direction at _1t:h point on 1th station

?i j = gecond difference in X-direction at :L':h point on jth waterline
]

1.0.0-1 II1-15



Y"(X1 zZ) indicates the second derivative of Y(X,Z) with respect
1 ]

to Z (X held constant) at jth point on ith station,

Y"(xi,zj)xx indicates the second derivative of Y(X,Z) with respect

th

to X (Z held constant) at 1 point on jth ‘waterline.

This formulation requires 4R constraints

b (R = number of original points.)

The maximum deviation will, as in the two-dimensional case, be given
by the value of;>\in the final solution.

1n°o°'1' 111'16



(1)

" where 8 5 +e0, @

DOUBLE SPLINE

On Page I1I-7 the analytic spline is represented by

Y(X) = A0 + AX + AX° + AX°

- 3 3
X+ AKX _3X .+ Aa(x-al) + .0+ AN+1(x-aN_1)

N-1.8T€ the abscissae of the original input points.

With the use of the dual formulation (Page III 23) the number of

.coefficients in Equation (1) becomes the number of deviation con-

'.straints in the dual problem Since the size of this number is a

very critical factor Ain the 1ength of time it takes to solve the LP

) problem, we may ask the question, "What effect will the elimination

of some of these coefficients have to the . final solution. In.other

':_words, ‘can we ‘affort to reduce the computer time at the expense of

| Jpossibly inducing a larger deviation between curve -and offsets.

~be to add ‘an (X-a )# term only at every second data point,

P ¢ e., if a1 ,_... ,_a are the original dat points, add (X- "a

T we would add terms only at a2 > a4 >

'pOne way of systematically reducing’ the number of coefficients would

3
s

‘ terms if and only if i= even integer. Employing,this procedure

’.8211%

:ﬁ_Motivation for this procedure can be extracted from various policies o

“.the graphical or manual loft uses. Clearly, the graphical loft does

- not put- a weight or- "duck i at’ every point and generally agrees the

‘curve with the" fewest "ducks" is the most desirable, provided of .

' QAcourse that the deviation is reasonable.

"It was previously shown”that each coefficient‘ Aj for § 24 in

;Equation (i) corresponds to a point where ‘a duck would be used in

the.graphical loft. By eliminating every ‘second coefficient we have
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in effect eliminated every second duck.

In practice, it has been shown that the elimination of these
coefficients not only significantly reduces the computing time, but
also does not reduce the quality of the curve. In many instances
the quality of the curve was increased. A reasonable explanation
of this could be that this procedure offers fewer places to have
inflection points or zero second derivatives (reverse curvature

or flat splots). This procedure of joining three points with a
single cubic is referred to as "double splining."

If we were to "double spline," Equation (i) would be replaced with
its counterpart:

2
0 + AIX + AZX + A3

Where A1 » see, & are the original input points. The only change

3

3
X" + Aa(x-al)#

3

Y(X) = A + A6(x-.4)# + ..

to the original formulation, aside from the use of this different
curve will be that a second derivative requirement will only be
needed at the points where an (X-al)#3 term is added. Second
derivative requirements at the other points would be redundant. As

before, a deviation constraint is required at all original points.
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ALTERNATE REPRESENTATION - SUM OF THE DEVIATIONS

The use of linear programming as a curve fairing tool has suggested
an alternate fit to the one just presented. This is the "sum of
the deviations' problem. In this formulation, the sum of the
absolute values of the deviations between the surgace function and
the original data are minimized (i.e., minimize g;llY(xi)-Yi' )

This is made possible by that characteristic of linear programming

which requires all variables to be non-negative.

Assume a relationship between the surface equation and the set of
original offsets such that the value of the equation at each of the
original offsets is less than, or equal to the original offset.
That is,

i=1, ..., N
j=1, ...,M

YL =Yy

We can change this inequality to equality by adding a dummy variable
as follows (note that the dummy variable must be non-negative):

) + S =Y

Y@+ 57 Y

In linear programming, inequalities are always changed in this

manner to obtain a full set of simultaneous linear equations. The

additional variables (S j) are called slack variables. As previously

stated, in any feasible solution in linear programming, all of the
variables in the solution must be non-negative. Therefore in any
optimal, feasible solution, all of the slacks which remain in the
solution will either be at a zero level or positive.. By requiring

a very high cost on the slacks when compared to that on the

1.0.0-1 III-19
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coefficients, the sum of the slacks (positive deviations) is
minimized. This fairing problem is formulated as follows:

\
Minimize Z sij subject to the following
YR P+ ST Y
Ty Y@L 20 > {=1,...,N
WA N 1o bk
/

The deviation can be obtained at each offset by reading the value
of the slack at that point. If the slack does not enter into the
final solution, or enters at a zero level, the surface passes

exactly through the offset.

In practice the set of deviation slacks, plus the set of slacks
for changing the curvature constraints to equalities, which together
form an identity matrix, are used as the first basic feasible

solution allowing the optimization phase to begin at once.

A modification of this method has been made utilizing the following
formulation (this is done so the deviations will be unrestricted in

sign, which in turn should give a closer fit):

Minimizez ] +Q subject to the following )
1,3 i,]

Y D +8 4 -Q =Yy {=1, ...N

. §=1, ... M
1,9 Y& e 29

1,9 " Y& P 20 )
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Here the slacks S1 j_and Qi j are both positive, however, only
b4 1]
one of the pair may enter into the solution since they are linearly

*
dependent, (i.e., will cause a singular matrix)

This formulation allows the surface to pass over some offsets and
under others. The first basic feasible solution again consists

of the set of slacks Si j plus those of the curvature constraints.
’

*
S = Positive deviation

1)
-Q = Negative deviation
1,]

Si j-Qi j = Total deviation, as stated above, in practice,
? b

only one of § or Q will enter into the solution.
0 | i,
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F. DUAL FORMULATION

*
It can be shown that if we write the primal problem in the form:

r
jzl"m"‘: =4 Lal, e,k
r A .
. Zdi,jijZdi C tek4l, a8,
xj?.o‘.j-'-l‘, ooy E MAXZ = cx

then the dual problem is .

Dw2c' ,MINZ = d'w
vy unrgs;ricted i=1 yees 5 k
w, 20 o= k+1l, ., 8

That is, wherever ith constraintvin the primaliig aﬁ eﬁuglity, the
ith
has considerable importance in our problem, because the coefficients
of the surface equation are, By nature, unrestricted. The dual .
formulation offers a way of eliminating the representation of each
coefficient as the difference of two non-negative variables, and this

greatly reduces the size of the problem

*Refer to G. Hadley, Linear Programming,p 236 (Addison-Wesley
Publishing Co., 1962

1.000‘1 111'23
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We therefore restate the problem as follows:

Minimize X subject to the following constraints

A W N
A+ X, ) ¥y 4
{wl, ... , N
Ty TR 2 0 1ot ¥
RN

If we present this formulation to the linear program in the dual
form, the variables representing the deviation constraints

(coefficients of the surface equation) will be unrestricted with
regard to sign.
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Section IV

' FORMULATION OF END CONDITIONS

The previous formulation of the surface fitting problem can handle

only rectangular arrays of points, that is, every waterline must have

the same number of stations; and conversely, every station must have

the same number of waterlines. This condition, unfortunately, does not
exist when we consider the bow and stern of a ship. The lower waterlines
may have fewer stations than the higher ones. The bow and stern areas
also produce other problems which we shall refer to collectively as

Yend conditions."

If, in the equation for the surface of the ship (i.e., Y = £(X,Z2)), we
replace Y with zero we obtain the expression for the profile of the
ship (i.e., F(x,2) = 0).

This profile is specified in the original lines drawings of the ship
and at times may be very complicated. This profile must also be "fair."
The present formulation offers no means for guaranteeing this. In
attempting to solve this problem we can be guided by the procedure used
in the manual loft.

In manual lofting the profile is "faired" as an independent unit of the
ship. The ship is then required to pass through this previously "faired"
profile. In this way the ship is guaranteed to have the correct prrofile,
no matter how complicated it may be.

We shall attempt to construct an analogous procedure in the mathematical

loft. To begin with, let us show that it is not sufficient to require
that the original waterlines pass through the profile, without any

1.0.0-1 V-1



additional restrictions on the surface between the original waterlines.

b(rv B g:’ oB

Fig. l-a Fig. l-b

Fig. 1

In Fig. 1, A, B, C, and D are waterlines passing through the profile at
Points a, b, ¢, and d, respectively. The contour of the profile desired
i shown in Fig. l-a; but in the surface fitting problem, a requirement
that Waterlines A, B, C, and D pass through Points a, b, ¢, and 4,
respectively, without any additional requirements on the profile of the
surface, may very possibly result in the Profile shown in Fig. l-b. At

any rate, we cannot guarantee that this will not occur.

Consider the expression for the surface of the ship:
Y = £(X,2)

We wish to transform this expression so that Y will be equal to zero at
the profile of the ship. Toward this end we construct

Y = f(x’z) * T(x’z)

Where T(X,2) has the property that it is equal to zero if the point

(X,2) in the Y = 0 plane lies on the profile.
Let T(X,2) = [1 - [1+f(z)-x]3]e

£(Z) 1is the "faired" spline curve representation of the profile. (Clearly,

1.0.0-1 v-2



since Y = 0 at the profile, the profile will be an expression in X
and z only). Since X = f(z) is the expression for the profile, for

a given waterline - say Z = Zy » f(Zo) will be the X value corresponding
to the intersection of the profile with this waterline.

When X = f(zo) , 1l.e., when Point (x,zo) lies on the profile

3
T(X,2,) [1- [1 +E@2y) - f(zo)]# ]# - 1-1 =0

8o Y = £(X,20) T(X,2,) = 0

But, if X = £(2
the profile)

T(X,2,) = [1 - [1 + £(2,) - £(2)) - 1]2]# - 1A,

0) +1 (L.e., X 1is one unit away or farther from

Where A# <o

here we define A# such that

L
A, - 0 if A %0
A 1if AL>O

So

'r(x,zo) = 1] -A# with A#_<_O , becomes

T(X,2)) = 1-0 = 1 for XZ£(Zy) +1

and
Y(X,2) = £(X,Z) T(X,2) = £(X,Z)

1.0.0-1 - V-3




This implies that T(X,2) 1is effective only between the profile and one
unit away from it, also

0<T(X,2) &1 for all X,Z

We raise [1 + £(2) - x] to the third power so we may have continuous
first and second derivatives as well as continuous curve at X = £(2) + 1 .,

If we consider stations instead of waterlines, we see that similar
results will be obtained.

The expression for the surface now becomes
Y(X,2) = £(X,2) [1 - [1 + £(2) - x]3]

£(Z) = previously faired profile.

If it is desired to have infinite slope where the waterline (station)
intersects this profile, we merely replace

T(X,2) = [1 - [1 + £(2) - x]i] ]

with

P

T(X,2) = [1 -fi+e@ -x 3]
[ Je |,

vhere 0<P< 1

The interval in which T(X,Z) is effective does not have to be from the
profile to the profile plus 1 unit, but can be from the profile to the
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profile plus any arbitrary distance, D , by using

3 P

rxz) = |1- [n +£@) - x]
2

For X = f£(2)+D
P

. - '-_ D+ £fZ - f§22 =D
T(X,Z)v 1 [ 5 .

#

T(X,2) = .‘[1]1’ -1

It can very easily be verified that

‘-
L .
CT(X,Z) = 1 if XZ£(2)+D
or
Y(X,2) = £(X,2)
£(X,z) 1is the spline-surface representation developed in a previous
section. . Y(X,2) is now guaranteed to have the correct end profile and
becomes a regular spline curve D. units away from the profile.
. : ;;.1 D r._. ‘
Z o
AL -
- 477.)‘
Y/ |
Fig. 2 .
In Fig. 2, the cross-hatched arca represents the portion of the surface
(' in which T(X,Z) is effective.
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Section V

LOFT INFORMATION

From the mathematical fairing program has come a surface equation which
describes the desired hull form. It now becomes necessary to extract

from this surface equation the data required for parts definitionm.
THE FINAL LINES DRAWING

One of the first and more important types of information required
from a loft is, of course, a final body plan. The data for the
preparation of such body plan is easily obtained from the mathe-
matical ship definition. Substituting any specific frame
location X into the hull surface equation Y = £(X,2), and
solving this expression for various values of Z , will provide
offsets Y describing the frame of interest. The values for
the coordinates of these points may be obtained at any desired
scale. If an automatic plotting machine is available, such as
the Coordinatograph, the body plan may be scribed quickly and
with great accuracy.

Other information for the lines drawing may be obtained in the
same manner. Waterlines may be described by substituting a
specific value of Z , into the surface equation Y = £(X,Z2) ,

and solving the equation at various values of X .

The coordinates of the buttock points are not obtained in such
straight-forward fashion. However, using a computer, a technique
such as Newton's method may be employed to intersect the hull
surface with a plane parallel to the center plane of the ship.
Heights of the intersection of the plane and the surface may be

1.0.0‘1 V-l



1.0,0-1

obtained at many points along the length of the ship. Diagonal

planes can be handled in the same way, intersecting the surface

with a plane at a constant angle to the hull surface.

SHELL PIATE DEVELOPMENT

To develop the flat pattern to which a plate must be cut in order

to fit properly in place on the hull when formed requires several

types of information:

b.

Arc lengths along intersections of coordinate planes (atation
or waterline planes) and the hull surface

Coordinates of points along the sight edges on the hull
surface

Arc length along the sight edge on the surface

True angles on the surface between coordinate planes

mathematics for developing this information is given below.

. Finding arc lengths on the hull surface along station or

waterline plares:

The general formula for arc length along a station curve,

X = constant 1is
. Z1

6) S = -\/1+1+f§dz

[+]

When X 1is constant the hull surface equation becomes

7 YeAa+dz+CZ2 4023 4 ...

V-2



Substituting 7) into 6) gives
z, "
8) Sa= [1+<n+zcz+3nz2+...)2] dz

o

which can be solved for arc length between any two heights 2Z .

Similarly, the equation for arc length along the surface in a

waterline plane is

X, v
9) s:/’[1+(n+zc+3nx2+...)2] dx
z
[+

Coordinates of any point along sight edges:

To establish the plate sight edges mathematically from the
hull surface equation requires a function 2 = £(X) which
describes the trace of the sight edge on the X - Z plane.

Assume this function is known for the moment.

The equation describing the hull surface is of the form
10) Y = £(X,2)
Substituting Z = £(X) into (5)

11) Y = £(X)

Given any value of X on Z = £f(X) , Z and Y are

determined by equations 6) and 8)

V-3
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The method for obtaining the function Z = £(X) 1is to use
the preliminary offsets given by the naval architect. These
consist of the height above the baseline for each sight edge
at each station. The set of heights (z1 s tee s Zm) for
each sight edge describes the trace of the sight edge on

the centerline plane of the ship.

To establish 2 = £(X) two steps are necessary:

1. Since the heights (21 ,
the accuracy obtained from scaling the drawings, they

N Zm) are given only to
must be smoothed to prevent unwanted inflections.

2. The smoothed points can then be fitted with a spline
curve using the smaller two-dimensional linear program-

ming formulation.

It may be possible to assume that in the equation Z = f(X) ,
Z 1is a simple function of X such as a parabola. This
would require considerable analysis and perhaps revision of

the naval architect's method of establishing sight edges.

Arc lengths along the sight edges on the surface:
The sight edge has now been defined parametrically

12) X=X
Z = £(X)
Y = £(X)

V=4



d.

100.0-1

Substitution into the general formula for arc length and
integrating along the X . axis gives

, ]
13) s = f[ 1+ (£ @2 + £ (x))z] ax

X
o

The true angle between coordinate planes on the hull surface:

Substitution of the directional cosines of the coordinate
planes into the law of cosines gives the angle between these

planes as:

fx £z

14) cos 0 =

2

2
1+ fx) 1+ fz)

V=5



LONGTTUDINALS

Many times the position of longitudinals around the hull of the

ship is given by the arc length distance from the keel or other
longitudinal.

o e s —__———__',I f

Fig. 4 Establishing the Position of Longitudinals

That 1is, (Fig. 4) given S and Yo s z° (which may be the keel
line) find Yl and zl which are the coordinates of the position
of the longitudinal.

The height z1 may be found by a trial and error solution of
Bquation 3) after substituting Zo and S . Yl can then be
found by substituting the station location X , and 2

the surface equation.

1 into

1.000'1 V-6
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LONCTTUDINALS

3

Many times the position of longitudinals around the hull of the

ship is given by the arc length distance from the keel or other
longitudinal.

o . - ____————',' f

Fig. 4 Establishing the Position of Longitudinals

That is, (Fig. 4) given S and Yo , Zo (which may be the keel

line) find Y1 and 21 which are the coordinates of the position
of the longitudinal.

The height z1 may be found by a trial and error solution of
Equation 3) after substituting zo and S . Y1 can then be
found by substituting the station location X , and z1 into
the surface equation.

1.0.0-1 V-6
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FORWARD

This publication is Volume 2 of six volumes of the final report on
Mathematical Ship Lofting and Numerical Control of Shipyard Fabricating
Equipment. The work reported on herein was performed under Bureau of
Ships Contract NObs-4427, Code 770, during the period from April 1961
to March 1963.

The volumes of this final report have the following titles:
Vol. 1. Project Summary Report (Technical Report 9.0.0)

Vol. 2, Mathematical Ship Lofting -
Part 1. - Theory (Technical Report 1.0.0-1)
Part 2. - Operating Manual (Technical Report 1.0.0-2)

Vol. 3. Mathematical Ship Lofting - Summary Report
(Technical Report 1.5.0)

Vol. 4, Programming System for Numerically Controlled Flame
Cutting of Ships Parts = Operating Manual
(Technical Report 5.0.0)

Vol. S Development and Testing of Programming System for
Numerically Controlled Flame Cutting of Ships' Parts -
Summary Report (Technical Report 5.5.0)

Vol. 6. Numerically Controlled Shipyard Fabricating Equipment -
Summary Report (Technical Report 3.0.0)

The work was accomplished by the Research and Development Group of the
los Angeles Division of Todd Shipyards Corporation, San Pedro, Calif.
Mr. Thomas G. Smith was Project Manager for the work, and Dr. Henry A.
Schade of the University of California, Berkeley, was Principal
Consultant.

This report contains the results of work accomplished by the Mathematics

Team which consists of:
D. A. Atkins, Naval Architect - Mathematician (Team Supervisor) :
R. A. Tapia, Mathematician
J. C. FPassino, Naval Architect - Mathematician

i nh

T. A. Dunaway, Computer Programmer
S. A. Berger, Mathematician
W. C. Webster, Naval Architect - Mathematician

b e e o

Janice H. Thompson, Secretary
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of:
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H. S. Janssen, European Representative

K. M. Jones, Naval Architect

W. R. Lauper, Mechanical Engineer

M. R. Ward, Jr., Naval Architect

The Project is indebted to D. A. Anderson and Milton Drandell, both
of IBM Corporation, and M. L. Juncosa and Philip Wolfe of Rand
Corporation, who contributed to the effort.

To the following representatives of the Navy Department go our sincere
thanks for their assistance and guidance during the work:

Bureau of Ships: David W. Taylor Model Basin:
Captain W. S. Dawson Dr. Feodor Theilheimer —-
Captain F, E., Gorman Dr. P. C. Pien

Comdr. William Harrison Mr, William Starkweather

Mr. T. H. Sarchin
Mr. G. Vidlak

For their support and continued interest, our thanks to Mr. W, Taylor
Potter and Mr. Karl Fixman of the U. S, Maritime Administration.

To Admiral R, K. James, Captain D. L. Carroll Jr., Captain T. J. Banvard,
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industry for initiating this work. The Project is particularly grateful
for their early assistance in getting the work under way. To Mr. Ed
Kemp go our sincerest thanks for his deep interest in this work and
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Section 1

INTRODUCTION

The Mathematical Lofting System begins with offsets and data from a
naval architect's preliminary lines plan. This data is first checked

to be sure it contains no extraneous errors. I is next faired by
fitting it with a surface equation which represents the molded surface
of the hull and which has certain properties consistent with "fairness."
Then data necessary for building the actual ship is extracted from this
equation.

Sections: II :through IX describe the operation of this System. The
instructions for the computer programs and program listings are con-
tained in the Appendixes.

The coordinate system used throughout is shown in Fig. I-1. All dimen-

sions used in this system are in feet unless expressly stated otherwise.

Fig. I-1 Coordinate System

A diagramatic representation of the Lofting System is shown in Fig. I-2.
It is expected that anyone using this System will be familiar with the

SPS and FORTRAN programming languages for the IBM-1620 computer. Although
the programs included in this report represent a lofting system, it

must be remembered the purpose of the programs was primarily to checkout

1.0.0-2 I-1
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the development work on the mathematical lofting method.

The organization of this report into Steps follows the mumbering of
the boxes in Fig. I-2. The flow of data through the System also
follows this same order.

1 . 0 .0-2 1-2



NAVAL ARCHITECTS
PRELIMINARY LINES

OTHER DATA

| 1

PP |

PUNCH DATA CARDS TA PREP
DATA PREPARATION | ] preLiM. SMOOTHING :3:0“:: ‘,‘:;,‘-,.:
FOR HULL PAIRING OF OFPSETS
INFORMATION
FAIR END PROPILES
2 I Al ‘
PREPARE FAIR PROPILES OF
INPUT MATRIX FOR STRINGERS ETC.
LINEAR PROGRAM ON CENTERLINE
PLANE
s 1 “

SOLVE POR SOLVE FOR
HULL EQUATION STRINGER & SIDE
USING L.7 EDGE HEIGNTS

s s 1 ¢
FINISH ANALYSES OBTAIN
LOFTING OF SHELL heg—0—— or NUMERICAL CONTROL
PLATES ETC. RESULTS DATA
;3
PLOT
LINES DRAWING
=1 .
1 |
HAND MADE NUMERICAL CONTROL
TEMPLATES - PROGRAMM ING
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Section 1II

PREPARATION OF INPUT DATA (STEP 1)

The flow of data through the preparation stage is shown on Fig. II-l.

Preliminary Lines

Offsets Profile
1
Punch the Punch Profile
able of Offset Coordinates
onto IBM cards onto IBM Cards

Smooth
Dffsets

L |

Matrix Generator

Fit Curves

Fig. II-1 Flow Diagram for Data Preparation

A. OFFSEIS

The left-hand branch of Fig. II-1 outlines the procedure for pre-
paring the table of offsets for a ship to be lofted. This somewhat
expanded table of offsets must include values for every intersection
of station and waterline shown in the circumscribing rectangle of
Fig. I1-2. Although the values of the offsets in the shaded portions
are not important and usually are made zero, they are included for

1.0.0-2 I11-1
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mechanical reasons. The offsets above the deck, or knuckle line,
must be consistent with the others and faired to a degree such

that the second differences calculated using these points will have
the proper sign.

The offsets are punched into cards, along with their X and 2
locations on the hull. These cards are read by an IBM-1620 com-
puter program which coaverts them from feet and fractions to feet
and decimals, and "smooths" them.* The principle is a necessary
part of the lofting system. This procedure essentially points out
any offsets which are obviously in error, and substitutes a value
which will allow a fair curve to come near it, without causing dis-
crepancies at other points (corrects the second differences).
Presently, only the offsets within the dotted rectangle of Fig. II-2
may be smoothed by this routine, since it has not been programmed
to accept the end profiles. The remaining points can be examined
as noted in Step 2-A. After gaining experience in the fairing
procedure, the smoothing program can often be bypassed and the

data fed directly into the matrix generating routines. The listing
of the signs of the second differences can then be examined for

consigtency. More information about this can be found in Step 2-A.

The output from this program is directly usable in the second step
of the lofting system. Operating instructions, card formats, and
a program listing are included in Appendix A.

*
The smoothing process is described in Mathemstical Ship lofting -
Bexrt .1, Theory, Technical Report 1.0.0-1

1 . 0 . 0-2 11‘3




TROYILES )

In addition to the smoothed offsets, functions which describe the
fore and aft profiles must be presented to the matrix generating
routines of Step 2. This process is represented by the right-hand
branch of Fig. II-1. The functions representing the end profiles
are obtained from the end profile coordinates using the approach of
Step 4.

The function representing the profile is x = f£(z) as shown in
Fig. I1-2. The origin of this equation must be the same as the
origin of the surface equation for the hull, and must be scaled
the same (see Btep 2). The data points for describing the profile
must be on the same waterlines as are used for the surface grid.

The coefficients of the equations for the profiles are punched on
cards in the format shown in Appendix B to be entered directly
into the Step 2 routines.

1 L] 000.2 II.‘



Section 111

GENERATING THE LINEAR PROGRAMMING MATRIX (STEP 2)

The matrix for the linear program is produced by a set of 1620 programs
called SMOG (Surface Matrix from Offsets Generator). These routines
accept the data assembled in Step 1 and produce the specific matrix
required for a particular surface, including the auxiliary information
required by the LP program for bookkeeping purposes.

There are four versions of SMOG (Appendix B):

SMOG-1 produces the matrix required for a surface problem, without
profile, using the dual formulation and X fit.

SMOG~2 produces the matrix required for a surface problem, with profile,
using the dual formulation and X fit.

SMDG-3 produces the matrix required for a surface problem, with profile,
using the primal formulation and sum of the deviations fit.

SM0G-4 produces a matrix for a 2-dimensional curve using the primal
formulation and sum of the deviations fit.

Most surface problems will be run using SMOG-1 or 2 . The first three
surface versions produce their output in the SHARE Standard LP format,

although the output from SMOG-3 must be rearranged as shown in the .
Appendix. ‘

The general operation of the programs is:

(1) Read the data and, if necessary, convert the offsets from
feet-fractions to feet-in-decimal form

(2) Calculate and, if required, print the intersections, if any,
of each station and waterline with the profile

(3) Calculate and, if desired, print values and signs of the second
differences in both the waterline and station directions

1.0.0-2 II1-1
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(4) Calculate and punch the LP matrix, consisting of deviation
constraints, curvature constraints, and the peripheral informa-
tion required by the linear program.

A. MANUAL SMOOTHING

In operation (3) above, the signs of the second differences are
found and can be printed. The second differences of the offsets
are calculated using a general formula. Therefore, there is no
requirement that the stations or waterlines chosen to describe the
surface be equally spaced.

1If the offsets have not previously been run through the smoothing
routine, they may be visually checked at this time. That is, they
may be compared against the preliminary lines drming to see if
they actually describe a curve of the same character as shown on
the drawing. A second check is to investigate the consistency of
the signs of the second differences. For instance, if a single
positive second difference turns up in the middle of a string of
negative values, the point should be carefully checked for validity
and, 1f necessary, changed a small amount to adjust the sign.

There are also some cases when the correct values for the points
will cause the wrong sign to be calculated. This is illustrated

in Fig. III-1. The example is taken from Station 14 of the DIG-26
class ships. Using points from the base line, 4' and 8' waterlines,
a negative sign will be calculated for the second difference at the
4' waterline, where the character of the curve suggests a positive
value. BSimply changing the sign within the progrem before punching
the curvature constraints will correct this situationm.

1.0.0-2 I11-2
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second difference
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Fig. 1II-1

B. SCALING

All of the linear programming routines which have been examined
have a restriction that the size of a matrix element be less than
the asbsolute value of 10,000. Since some of our matrix elements
are the product of two cubes (213 . st)
becomes large. This has necessitated a limitation on the size of

their size quickly

the X and Z coordinates. It can be readily seen that this
limitation requires the product of the greatest X and 2Z coordinates
to be less than the cube root of 10,000, or 21.53. In practice, the

4 x 5 combination is most common.

The coordinates may be scaled by dividing by some multiple of the
station or waterline spacing. A surface five stations across, for
example, might have a station spacing of 25' for a total length of
100' . Division by the station spacing gives a scaled value of 4 ,
or, the stations are one unit apart.

The most it is presently practical to scale is by four times the
minimum station or waterline spacing, since this makes the minimum

1.0.0-2 111-3
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specing one-fourth unit. The smallest matrix element then, becomes
(1/4)% x (1/4)> which, 1f the largest element is grester than 9000,
creates an extrems ungﬁ in the number size. This, of course, causes
round-off and other difficulties in solving the matrix. The mammer
in which scaling {s handled by the SMOG routines {s noted in
Appendix B.

Another important consideration for reducing maximm number size is
to require that the first waterline and first station have zero
coordinates. The SMOG programs have the ability to translate about
the X or Z axis so the origin will occur at 0,0 .

All three of the surface matrix generators "double spline” the surface
in the X direction. That is, they require a cubic to cover two
intervals instead of one, as the "single spline™ does. The cubic
is required to have the proper curvature condition at every other
station and is required to come as close as possible to every oution,

This, as can be seen in Fig. I1I-2, requires that every surface have

an odd number of stations.
2

801id lines - Double spline both ways
Conbination, solid horizontal, broken vertical - double
spline ons way only

Tig. 1I1-2 Span of Cubics on Surface

1.0.0-2 II1-4
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In the Z direction, there is a choice between double spline and
single spline. The double spline representation requires a smaller
matrix than the single spline representation. The double spline in
the Z direction should be used whenever possible. It is, however,
sometimes necessary to use single spline in order to gain the
necessary flexibility for fitting surfaces with large variations

in curvature and slope.

The double spline representation requires the data to contain an
odd number of waterlines.

1 . 0 . 0‘2 111‘5
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Section IV

USE OF LINEAR PROGRAM (STEP 3)

The linear programming routine which we have used most for fairing,

is called I.P-9O’|.r It uses the SHARE standard format for input as punched
by the SMOG programs. Some information on its use will be found in
Appendix C.

ok

Another 1P system has been written by Bonner & Moore. This program

is faster than LP-90 for very dense problems, such as the fairing problem.
It is, however, somewhat more difficult to use. This system also accepts

SHARE standard input through the use of a special loading routine.

The matrix, which was produced by SMOG on the IBM-1620, must be con~-
verted to card/magnetic tape off-line on some machine, such as the
IBM-1401, before its use with either LP.

The output from LP-90 is a magnetic tape that contains information on
thé problem written during its solution, and the final solution, which
is the set of coefficients for the surface equation. By monitoring the
output tape using the printer on the 1401, this final solution may be
punched on cards. These cards may then be used as direct input to

Step 5.

*

LP-90 was written by CEIR Inc., Arlington, Virginia. It can be
obtained from SHARE by sending them a magnetic tape on which they will
copy the program. It is also available at any service buresu of CRIR.

WikBonner & Moore Associates, Houston, Texas. This system may be
purchased from them or used at any Service Bureau Corp, Scientific
Computing Center.

1-0-0‘2 I"'l




Section ¥

BEFINITION OF LONGITURINAL STRUCTURAL INTERSECTIONS (STEP 4)

There is one type of intersection with the hull surface that requires
additional information. This is the type which is shown in Pig. V-1.
Examples are:

Shell plate sight edges

longitudinal framesg and stringers

Peck edges

Knuckles

The centerplane projection of these intersections is a fair apline curve.

¢_Pmovk<rion 220

HEIGHTS 2 = STATION CURVES LONGITUDINAL
Fig. V-1 Longitudinal Intersections

In order to complete the definition of these curves, an equation for
their height at any point along the length of the ship must be found
(z = £(x)). This function is entered into the routines explained in
Step 5, along with the hull equation to determine the height and half-
breadth of these intersections on the fair hull., The procedure for

1.0.0-2 v-1




obtaining these functions follows.

A.

c.

DATA PREPARATION

The data for each curve genei‘llly consists of the heigﬁt of the
curve at each station used to fair the hull surface (Fig. V-1).

This data can be entered into the two-dimensional smoothing routine,
Appendix A, or directly into the two-dimensional SMOG (SMOG 4) which
is described below. ) .

GENERATION OF MATRIX

The data from above, plus certain additional information as noted

in Appendix B, are entered into SMOG 4. This program scales the data
as desired, calculates and prints the second differences, and punches
the matrix for the 1620 linear program given below. The matrix is
punched in the sum of the deviations formuilation. SMOG assumes the
curve goes through the first point.

USE OF LINEAR PROGRAM

The linear programming code used for two-dimensional curves on the
1620 computer was obtained from the 1620 Users Group. The code* is
far from ideal, since it contains many compromises in order to fit
on the smallest 1620 available. It is, however, easily obtainable
free of charge. There is a proprietary code written by Bonner &
Moore Associates, which may be more efficient.

USE OF THE EQUATION

The coefficients obtained from the LP may be directly entered into
the next phase after punching on cards in the proper format. These,
together with the hull equation, enable the height and half~breadths
of the intersections to be obtained.

*1620 Users Group Program 10.0.006

1.0.0-2 V-2
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Section VI
CALCULATION OF BASIC DATA OF HULL FORM (STEP 5)

The determination of the basic data necessary to check the surface
equation and to construct the ship is accomplished by a FORTRAN II
program for the IBM-1620. This program is called GOBACK (the program
reverses the fairing procedure and “goes back" to offsets). GOBACK
is documented in Appendix D.

The program solves the surface equation for the following kinds of
data:
Offsets along any waterlice or station (not necessarily the
original waterlines or stations) at any interval desired

Slopes and curvatures at any given interval along any water-
line or station

Offsets along the intersection of the hull surface and any
diagonal plane

Offsets along any buttock line

The coefficients of a Thielheimer equation for any waterline or
station from the surface equation

The coefficients for standard cubic equations along any waterline
or station

Offsets along any waterline or station at a variable interval,
such that a straight line connecting each succeeding pair of
points comes exactly at a given tolerance from the actual curve

Heights and offsets of the intersection of the hull equation with

curves described by equations developed in Step 4, or with any
cubic, parabola, or straight line.

The data from this program is directly ussble in tﬁc programs for develop-
ing other loft information which follow it.

100.0‘2 u-l
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Section VII

PREPARATION OF NUMERICAL CONTROL DATA (STEP 6)

In Step 5, one of the output choices from GOBACK was the standard cubic
equations for each interval on any waterline or station. With certain
alterations, this is the data necessary to describe the hull contours

for the numerical control programs.

The necessary alterations are:

The fairing process is carried on entirely in feet and decimals
thereof, while numerical control programs use inches. Therefore,
the coefficients must be altered so that the independent variable

can be entered in inches, and the dependent variable will be in
inches.

CA The results of the fairing process are nearly always scaled in
some amount. Rumerical control programs work in full scale only.
Therefore, the coefficients must be re-scaled.

The origin of the mathematically-lofted surface is often not at
the point the numerical control programs require. Therefore,
it must be possible to translate from one origin to the other.

A program has been written to make these alterations. This program accepts
the output from GOBACK exactly as it is produced. In its present form,
it produces data in such a format that it can be inserted directly into
AUTMP* programs for parts definition. Program details are in Appendix K.

8ee Programming System Num y Contro Flame Cutting of Ships
8 - Technical Report 5.0.0 (V of Final Report
( under Contract 8=442

1.0.0-2 VIiI-1
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Section VIII

PLOTTING THE LINES DRAWINGS (STEP 7)

After obtaining the offsets from GOBACK, it is often desired to make a
visual check on the fairness of the surface. For this purpose, a
routine was written which uses the 1620 computer and a CaIComp* plotter.
This routine (Appendix F) accepts the output of GOBACK directly and
plots stations, waterlines, or other curves as desired. While this
program is written for a specific computer and plotter, the principles
of operation would be the same for nearly any other computer-plotter
combination.

*
California Computer Products, Anaheim, California

1.0.0-2 VIII-1
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Section IX

DETERMINATION OF OTHER LOFI DATA (STE? 8)

SHELL PIATE BEYELOPMENT

Using the offsets along sight edges and waterlines furnished by
GOBACK, the shell plate development program furnishes the data for
the flat plate patterns of the shell plate. This program is
explained in Appendix G. The program will do one plate or an
entire strake of plating at once. The output can be converted to
numerical control input, maaually plotted, or plotted by the
computer using the plotting routine of Step 7. The data as punched
can be entered directly into the plotting program.

When using plating developed by this program intermixed with plating
developed manually, allowance must be made for a shift in seam loca-
tion. This shift is fully explained in Appendix G of this report.

STRINGER PEVELOPMENT

Stringer plates differ from shell plates in that they have curvatures j
in the longitudinal direction only. That is, plates whose cross i
sections are straight lines but whose longitudinal edges are curves.

It is necessary to provide a set of data describing the midline of
the plate just as though a shellplate were involved. In the case of
the stringer, this information is redundant, but it is needed for

These plates are easily handled by the shell plate development program. z
H
mechanical reasons. ;




c.

FRAME AND PIATE BENDING OFFSRTS

A program for computing the offsets for frame bending templates is
presented in Appendix H. This program is equally applicable to
computing offsets of plate bending templates.

The program requires an equation for the molded shape of the frame.
It will furnish offsets for any portion of the frame described by
the equation at any desired interval. The program accepts the

equation in the form of a single standard cubic for each frame

segment.

INNER HULL OFFSEIS

Inner Hull contours of naval combatant ships, such as the DLG class,
generally have the same characteristic as the outer hull contours. S

That is, the surface, or a large part of the surface, must be fair.

That part of the inner hull which has a fairness requirement can

be faired by exactly the same methods as are used for the outer hull.
Using Steps 1 through 8, the preliminary offsets are put through the
same procedure as those for the hull itself.

INNER EDGE OF WEB FRAMES

In areas where the inner hull contours have not been faired, many
web frames contain irner contours which are related to the outer
hull coﬁtout. This relation is often a so-called "linear taper."
The offset between the two curves is given at the upper and lower
ends of the part, and the intermediate offsets are assumed to vary
in a linear manner.

A program has been written to produce this taper. It is presented )

1.0.0-2 1X-2
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in Appendix I. The program uses points describing the outer hull
contours and the upper and lower offset. It then finds points
describing the shape of the inner hull contour.

F. DECK CAMBER OFFSETS
In Appendix J, a program for defining decks is given. This
program calculates the vertical offsets from a horizontal plane
at a distance equal to the molded depth above the baseline plane,
to the deck for several configurations. These are:
Straight line sheer and straight line camber
Straight line sheer and parabolic camber
Parabolic sheer and straight line camber
Parabolic sheer and parabolic camber
Dffsets can be obtained at any desired transverse interval at each
frame.
IX-3 1x-3
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SMOOTHING ROUTINES
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Appendix A

SMOOTHING ROUTINES

There are two smoothing programs. One is for two-dimensional curves
and the other is for matrices of offsets describing a surface.

The three-dimensional (3-D) smoothing routine is the same as the two-
dimensional (2-D) routine with an added iteration routine. The iterating
routine smooths the points in one direction (waterlines) making necessary
corrections, then smooths the points in the other direction (stationms),
iterating between the two directions until no further changes are required
in the points. Several iterations may be required, of course, since a
change in offset while smoothing in one direction may cause bad points in
the other direction.

On any given curve, a change in offset will be made if, in the middle of

a string of second differences of one sign, a single second difference of
the opposite sign is found. If a single second difference of the opposite
sign on either end of a curve is found, it will not be changed. Since

the character of the curve cannot be examined beyond this point, thé sign
must be assumed to be legitimate, as indeed it may well be. The conditions

Just deseribed are illustrated below:

(O Only these points will be changed
+ e e @D - .-
++++Q+++ + -

L R I
+4+ -ttt -
++Q+++0+

If the program finds a case such as follows
+dttt ottt
it will terminate execution. There are several ways to change this set

10000‘2 A’l
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to obtain a correct set of signs, and it will be possible to detiect the

correct one only by examining the lines drawing.

3-D SMOOTHING ROUTI.E

This program is written in FORTRAN I for an IBM-1620 computer

2. Input Data

1 sed in the Fi rogram:

MA = The number of waterlines contained in the data
NA = The number of stations contained in the data

WL(I) = The wvertical distance 2
the data to waterline i

STA(J) = The horizontal distance Xj from the origin of
the data to Station

IASF = The number of feet in the offset ) when
entered in feet, inches, and eighths fArm

i from the origin of

IASI = The number of inches in the offset when entered
in feet, inches, and eighths form

IASE = The number of eighth-inch intervals in the offset

ASET (1,J) = The offset j) when entered in decimal form
after convetsi%ﬁ from feet, inches and eighths

Header Card:

The data on this card consists of two fixed point numbers.
These numbers must be right justified in the data field.

Variable Format Card Columns
MA 1.5
215 \
NA (6 - 10
Qffest Data Cards:

The remaining data consists of the locations of and values for
the offsets. These offsets can, by an appropriate switch setting,

1,0.0-2 A-2



be read by the program in either feet and decimals of a foot
form, or in feet, inches and eighths, similar to the preliminary
gable of offsets. The station and waterline coordinates are
always in feet and decimal form.

This data consists of several subsets of data.- one

subset for each waterline in the offset matrix. The first
card in each subset contains the height of the waterline (Z, j)'
The remaining cards of the subset each contain a station
location (xi) and the offset at that point (Yi,j)’ The card
format, if the offset is entered in feet and decimals, is:

VYariable Format Card Columms

¥irst card of a subset:

WL(I) F10.4 1-10

Remaining cards of a subset
(. , STA(J) 2F10.4 110
ASET(1,J) 11 - 20

If the offset is entered in feet, inches, and eighths from the
card, formats are:
Yariable Format Card Columns

Pirst card of a subset:

WL (I} F10.4 1-10
Remaining cards of a subset:

STA(T) F10.4 1-10

ISAF 11 - 15

ISAE 315 16 - 20

ISAE 21 - 25

b. Putput
1. mttet messages

1f the program successfully completes the smoothing of the
C points, the message, FAIRING COMPFIKTE, is typed.

1.0.0-2 A-3
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At any time a bad point in the data is detected, the message
BAD POINT, WATERLINE = STATION =

LIMITS = to » NEW POINT =

is typed. The limits denote the boundaries on the value of
the bad offset for the proper sign of second difference. The

new point is the actual offset value chosen.

If the indeterminate case described earlier is found, the
following message is typed:

ADJACENT BAD POINTS

WATERLINE = ____ STATION = ____

2. Punched Cards

There is no output from this program if the input is smooth

without changes. If one or more offsets have been changed,

a complete set of data is punched in exactly the same format
as the decimal form of the input data.

¢. Sense Switch Settings

SW1l-OFF: Offsets are entered in feet and decimal form
SW 1 -0ON: Offsets are entered in feet, inches, and eighths form

All other switches are ignored

100-0-2 A-4
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' SAMPIE DATA FOR 3-D SMOOTHING
Feer, Inches, and Eighthe Form (Switch 1 ON)"
i<} s‘l 14 ] 2 Card _Columns
AR IASI IASE
7 5
0,0 - WL(1)
25,5 - STA(1)y 0 1]
5140 - STA(2) 4 0 0
1645 1 0 0
102,0 1 0 0
127.5 1 0 0
153,0 . 1 0 0
178,5 1 ] (]
2,0 - WL(2)
25,5 - STA() i (1] 3
51,0 - STA(2)8 6 6
7645 Z ) 3
102,0 10 0
127,5 10 8 0
E IR S
[ ]
k0 7
25,5 5 8 0
8 51.9 7 10 1]
76.5 10 0 3
102,0 12 L 2
1275 1h 7 6
153,0 16 7 1
8.0
&7 0 3 9
. 7
76,5 13 3 5
102,0 16 3 0
127.5 i8 10 L
153,0 21 0 0
178,5 22 6 6
2.5 8
25 o 5 1
51% 1" 9 3
g 76,5 15 2 0
| 102,0 18 L 1
127.5 20 0 7
153,0 23 2 7
. ‘Duta for 3-D smoothing in decimal form (Switch 1 OFF) is exactly the
: ‘ same as the sample output shown on Pages A-6, A-7.
g
e {.0.0-2 A-5
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TYPEWRITER LISTING WHEN PROCESSING SAMPLE DATA

2600002000038 <= Clear Memory Instruction
ENTER SUBROUTINES, PUSH START

1620 FORTRAN SUBR. AUTO DIV 9/30/61
LOAD DATA }

BAD PUINT, WATERLINE= 12,0000 - STATION= 127.5000 -
LIMITS=- 20,7916 TO 21,5208 NEW POINT= 21,1562

FAIRING COMPLETE
STOP

OUTPUT OBTAINED FROM PROCESSING SAMPIE DATA

7 s
+0000
25,5000  1,0000
51,0000  1,0000
76,5000  1,0000
102,0000  1,0000
127.5000  1,0000
153,0000  1,0000
178.5000  1,0000
2,0000
25,5000  4,0312
51,0000  5,5625
76 .5000 g,IIMS
102,0000 .
127.5000 10,6666
153,0000 12,4270
178,5000 13,7395
14,0000 _
25,5000  5.6666

127,5000 14,6458
153,0000 16.593
178.5000 18,020

25,5000 75000

51,0000 10,3229
76,5000 13,3020

1 . 00 0'2 A-G



SAMPLE OUTPUT FROM 3-D SMOOTHING ROUTIMR CONTIMUED:

102,0000
127,5000
153,0000
178,5000
12,0000
25,5000
51.0000
76,5000
102,0000
127,5000
153,0000
178,5000

1.0.0-2

16,2500
18,8749
21,0000
22,5625

8,4270
11,7812
12,1666
18,3437
2422395
24,7708

A7
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PLOW DIAGRAM FOR 3-D SMOOTHING ROUTINE

READ
MA ,NA

ON

9200"

9201 %

FOR OFFSLTS IN

INPUT LOOP

DECIMALS

FAIRING WATERLINES 1 022"

I

IDmt
N = MA

MA s NO. QF

WATERLINES

NA = NO. OF STATIONS

INPUT LODOP

FOR OFFSETS IN
FT., IN. ,BIGNTS

l

CONVERT OFPLETS

TO
DECIMALS

LID = §

! s

bO 9008 .

IT=4,N

st _§

9

SET UP EACH
POINT ON A
WATERLINE FOR

SMOOTHING

9006

[

bO 9097
JT={,N

sooT™ I

RECOVER
SMOOTHED
orrvseTrs

1.0.0-2

Id >NAl No

ID-‘DQ"

A-8

LOOP oNncE FOR
EACH WATERLINE
ON EACH (ITERATION

NUMBERS wiTH ¥
REFER TO FORTRAN
STATEMENT NUMBERS
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i - s

o™

IDwt
N =NA

FAIR BACH STATION I

SETUP EACH POINT
ON A STATION
FOR FAIRING

!

LiD=2

RECOVER
SMOOTHED
OFFSETS

LOOPr ONCE FOR EACH
STATION EACH ITERATION

HAVE ANY BAD

™IS
ARATION ?

START NEW
ITERATION

1.0.0-2

BEEN CHANGED ON NO

1S PAIRING
COMPLETE WITH
NO CHANGES ?

PUNCH NEew
DATA DECK
WITH CHANGES

A-9




Ko N

A KK = N.2
POINT SMOOTHING 8A = O
ROUTINE

Dg-(l;,."‘i) iw 1K

l

4003

N = NO. OF PONTS

X| = ORDINATE]|
Yi a OPPSET|

Di » LOCAL STA. SPACING

4005* |oe;. ssn[xt-(xa.. Di, + X(_, Di)/(Dﬁ-Dl-l)] iz2k | pEL 2 siGN oOF

THE SECOND

DIFPERENCE

BA«O

"
<L3{A35(D=Ll,,, +DEL;, -DBL) <3} ¢ ‘3.'2 [
/4
POINT
4007* NO ( POINT wNOT )
( FAIR ) PAIR
LAST POINT
(s o)
4008%| vES (LAST rom'r)
RAIR
U = %
X; = 99876 —
BA & |

——<|s(x( FAIR WITHOUT Xz-t) 7 xes

DO LOOP DETECTS
ISOLATED BAD
POINTS , QUITS P
TWO BAD POINTS
ADJOIN ONE AN.
OTHER.

DEL{,, =SB
DEL; =3B
Xi g = U
BA =1
SB 1S THe

APPROPRIATE 2™

<.5 (*t-n FAIR WITHOUT X;_,) )‘ e

/

NO
4080*

S

1.0.0-2 A-10

DIFFERENGE FOUND
IN CALCULATING
I X 1S FAIR
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FORTRAN LISTING FOR 3-D SMOOTHING ROUTINK

C 3D POINT FAIRING PROGRAM SURFACE
DIMENS 1ON ASET(12 25),WL(12) STA(ZS) AY(30)
DIMENS |ON rRo(25) ,FseTl30),peL(25),0(25)
READ 1901,MA
IF (SENSE §wn*cu 1)9200,9110

9200 DO 9201 lw1,N
READ 9300.WL!u)
DO 9201 Jm1,MA
READ 9300,STA(J),1ASF,1AS], IASE
ASF=iASF
ASimiAS|
ASEwm | ASE |
9201 ASET( J)-ASF+ASI/IZ.+ASE/96.
GO TO 9022
9300 FORMAT(F10, u,ans»
9110 DO 9001 I=1
READ lsoz.wi(l)
DO 9001 Jm1,MA

9001 READ 1902,STA(J),ASET(1,J)

9022 2=0,

c fAl? EACH WATERLINE

Dm
L1Dmt
NeMA

9008 DO S005 J=t,
FSET(J)-ASET(HD )

9005 RD(J)=STA(J)
ADE=HL{ 1D}

GO TC 400D

9006 DC 9007 Jel

9007 ASET(no,J»-%SETQJ»
|De D41
IF (1D=NA) 9008,9008,9009

9009 LIiDw2
=0,

LAB=LAB+1

c FAIR EACH STATION
JDm1
NN A

9010 DO 9011 I=1
FSET(I)-ASE%(I J0)

9011 RD(|)=WL(1
ADE=STA(JD
GO TO uooo ,

9012 DO 9013 Imi,N

9013 AS&T(I Jo)-%ssr(u)

1.6.0-2 A-11
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Look
Loos

28

4009

1.0.0-2

JD=JD+1

IF (JD=MA) 9010,9010,901k
IF (z) 9017,9017,901%
LAB=LAB+1

GO TO 9022

NO CHANGES FO A COMPLETE CYCLE===FAIRING COMPLETE
PRINT 1906

IF (LAB=2) 9080,9018,9018
PUNCH 1901,MA, NA

DO 9100 i=1,NA

PUNCH 1902,WL(1)

DO 9100 J=i,MA

PUNCH 1902,$TA(J),ASET(1,J)
STOP !

FORMAT (15,15,F11,6)

FORMAT (2Fi0.4)

FORMAT (///1E6HFAIRING COMPLETE)

MAIN PROGRAM

Rw0,-

BA=O,

DO 4003 I=2,N

D(1)=RD(1)=RD(1-1,

KNt

DO 4005 l=2,K

DEL l;-FSETtI)-(FSET(I+I)*0(I)+FSET(I-I)*D(I+I))/(D(I)+D(I+l))
DEL(1)=SGN(DEL(I))

KKmK=1

DO 4020 1=3,KK :

IF (ABSF(DEL(1)=DEL(1=1)-DEL(1+1))=2,) 4019,4019,4007
IF (8A) L080,4008, 4009

UPSET=FSET(1}-

FSET(1)=99876,

BAm1

GO TO 4020
SA=(FSET(1+1)*D(1=1)+FSET(1=2)*(D(1+1)+D(1)))/(RD(1+1)=RD(1=2))
SA=SGN(UPSET=SA)
SCo(FSET(14+1)*(D(1)+D(1=1))+FSET(1=2)*D(1+1))/(RD(14+1)=RD(1=2))
SC=SGN(FSET(1)=SC
SBu(FSET(142)*(D(1+1)+D(1))+UPSET*D(1+2))/(RD(142)=RD(1=1))
SBaSGN(FSET(1+1)=SB)
SD=(FSET(1)*D(1=2)+FSET(1=3)*(D(1)+D(1=1)))/(RD(1)=RD(1=3))
SD=SGN(FSET(1=2)=SD)

TA=DEL ( 1=2)+SB=SA

TC=DEL (141)+SD=SC

A-12
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o1k

&8

3101
3102

1iob

k019
ho20

k092

4119
hy20

3001

3002
3003

Lo 21

1003
100k

1.0.0-2

R‘R‘f“ . :
IF (ABSF(TA)=2,) LO1h4,LO14,4015

FSET( ~1)mUPSET

DEL(1)=$B

DEL(1+1)=SB -

FSET(1)=99876,

BA‘"‘ °

GO TO k020 -

IF (ABSF(TC)=-2.) b017,4017,4080

BA—' °

GO TO 4020

I DDm =1

PRINT 1409

GO TO (3101,3102),LiD

PRINT 1408,ADE,RDET)

STOP

§$5§T 1408,RD (1) , ADE

FORMAT é/////ﬂSHADJACENT'BAD POINTS) -

:ORMAT {OHWATERL INE=, FB, k4, 10X, SBHSTAT 10N, F9 . b)
M. . :
CONT { NUE

DO 4021 lw3,KK -

F (FSET/1)=09876,) 4021,4092,4021

SLe{FSETC 141)%0( 1 J4FSET( 1=3 *a«n+1)»/(o§n
SAm{FSET( (=1 *«@&a»+@(|-1»)-rszr(u-z»*n 1
SB=lFSET{ 141 )%{D u+|§+n(|+z) ~FSET(142)*D
IF (ABSFISA)-ABSF(SB)) L120,k120,4119

SAwSB .

FSET( | )nSL+0,5*SA

XUPmSL+SA

XLOW=SL

Z-Z'H °

GO TO (3001,3002),LID

PRINT 1003,4DE,RD{ 1)

GO TO 3003

PRINT 1003,R0(0),ADE

CONT I NUE

PRINT 100k, XLOW, XUP,FSET(1)

CONT | NUE

GO TO (9006,3012),L10 - -
FORMAT §/21H3An POINT, WATERLINE=,F8,i,3X, BHSTATION=,F9, &
FORMAT THLIMITS=,F1204,4H TO,F12,h,5X, 1OHNEW POINT=,F12,k)

+0(1
i
+1)

)
(1 /D(1+2)=-SL

NP e

A-13

R
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2-D SMOOTHING ROUTINE

This program is written in FORTRAN I for an IBM-1620 computer. The
program is exactly the same as the 3-D Smoothing, without the iterating

routine. Thus it is equipped to handle just one curve at a time.

a. Input Data

Symbols Used in the FORTRAN program:

N = Number of data points to define the curve
RD(1) = Ordinate of the offset (xi)

IFSF = The number of feet in the offset (Yi) when entered
in feet, inches, and eighths form

IFSI = The number of inches in the offset when entered in
feet, inches, and eighths form

IFSE = The number of eighths inches in the offset when
entered in feet, inches, and eighths form

FSET(I) = The offset (Y,) when entered in decimal form or
after conversion from feet, inches, and eighths

Header Card Format:

Variable Format Card Columns
N 15 l1-15

Offect Data Card Format:
N cards, the set of which must have one of the following formats:
Variable Format Card Columns

Sense 9witch 1 ON:

RD(I) F10.4 1-10

1PSF 11 - 15

1FSI 315 16 - 20

rsE 21 - 25
Sense Switch 1 OFF:

RD(1) 1-10

PSET(1) 2r10.4 {11 - 20

1.0.0-2 A-14
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b. Qutput

1. If the points are smooth without change, a halt with &
RRADER MO FEED light will occur.

2. 1f any point needs change its lecatien, the limits of tht
possible offset values and the ulnui offset {vg).u will be
printed.

3. The indeterminate case described ia the 3-¥ Writeup will cause
the point numbers of the offending offsets and the word BIOP
to be printed on the typewritsr.

c. Sense Svitches
Same as 3-D Smoothing Program:

1:0'0“2 A‘“

e



TYPEWRITER LISTING WHEN EXECUTING THE 2-D SMOOTHING PROGRAM

260000200003 o

LOAD DATA
BAD POINT, STA= 25,5000
LIMITS= 20,7916 TO
STOP

SAMPLE INPUT DATA

7
5.1 8 5
1052 11 9
15.3 15 2
20,4 18 L
25.5 20 0
30,6 23 2
35.7 2h 9

1-0-0‘2

NI = OV =

21,5208

A-16

NEW POINT=

Instruction for Clearing Memory

21,1562
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FLOV DIAGRAM FOR 2-D SMOOTHING ROUTINE

@——— READ, N
4000 % READ Xi,¥t L a1,N
K = Noi
KK = N-2
BA = O
»* . . Y
4003 D = (Xigi- %) iw!,K

N = $ OF POINTS

% = ORDINATE;.
Yi = OFFSET|.

D; = LOCAL STA.SPACING

4005 %) pEL; » sm[xi CTIN TITS T q)/(ol + o;__.j_] im2,K

(NEXT PAcE)

| 9\, 40}
<s {Ass(oeum + DEL{_, — DEL) < 3}>‘ﬁ'§'—

NO (POINT NOT
FAIR

LAST

POINT

NOT
AR

SEE NOTE on)

EXT PAGE

3

1.0.0-2

NO
009

4020’
Do.

\ ]

DEL; = SIGN OF THE

2 D\PFERENCE.

EXIT| T o3, KK

BAs O

AOCW3

BA=O?

4008

U o« %¢

vis (LA

sT Pom)
FAIR

{PoINT FAR)

DO LOOP DETECTS
ISOLATED BAD
POINTS, QUITS

\Fr 2 BAD POINTS
ADJOIN ONE
ANOTHER.

X = 99876
BA = |

£ {18 (% FAR WITHOUT x;_.)?>&—-

15 (Ri FAIR WITHOUT %i.)) ?

L

YES

NO

A-17

sB
S8
v

)

DELl’ 1
DEL}
%Ki
BA

o8o™ @

$8 s THE
APPROPRIATE
2% DIFFERENCE
FOUND IN CAL.
CULATING iF
% 15 FAIR.




oy

E:o«m Ia3kK
!
(Ye =9987¢ ?)‘49*@

4092 lYES (seT LimiTe)

SL=(Yi+* Di+Yi-1*Di+1) /(Di+1+Di)

SA va*(ou Di-)-Yi-2* Dy)/Di-1] - SL

SB[(ri+1*(Di+ 1+ Divz) —Yi+2%* Di+1) /isg-6L
. 1 ' <

( IF(ABS (SA)-ABS(SB)) ——

an9 {>
l sAa=s®

ELZQ ‘ (SeT NEW OFFSET)

Yi=SL+SA/2 |e

!

UP.LIM.Yi =SA _( )
PRINT I .SA SB Yi
LOW.LIM.Y({=SB i
402!
CONTINUE
EXIT

10000'2 A‘ls
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FORTRAN LISTING FOR 2-D SMOOTHDNG ROUTIIR

c 2

9100

k009

Lo14

=D POINT FAIRING PROGRAM

DIMENSION RD(20),FSET(20),D(20),DEL(20)
READ 1001, N

[F(SENSE SWITCH 1)9100,9000

DO 9101 jwi,N

READ 1005, RD(I) IFSF, IFSI, IFSE

FSFa|FSF

FSt=iFSI

FSEw|FSE

FSET(I)mFSF+FS!1/12,+FSE/96.,

50 TO LOOO

FORMAT(FIO.# 315)

DO 1 Im1,

READ 1002 RD(I) FSET(!)

R=0,

BA‘OQ

DO 4003 |=2,N

D(1)=RD(1)=RD(1~1)

KasNe=1

DO LOOS I=2,K
DEL(1)aFSET{1)=(FSET(1+1)%*D(1)+FSET(1=1)*D(14+1))/(D(1)+D(1+1))
DEL(1)=SGN(DEL(1))

KKaK=1

DO 4020 I=3,KK

IF (ABS(DEL{!)=DEL(1=-1)=DEL{1+1))=2.) 4019,4019, 4007

IF (3A) 4080,4008, 4009

UPSET=FSET( |}
FSET(1)=99876.

BA-Io

GO TO 4020
SA=(FSET(141)*D(1=1)+FSET(1=2)*(D(1+1)+D(1)))/(RD(1+1)=RD(1-2))
SA=SGN(UPSET-SA)
SCu(FSET(1+1)*(D(1)+D(1=1))+FSET(1~2)*D(1+1))/(RD(1+1)=RD(1-2))
SC=SGN(FSET(!)=SC)
SBm(FSET(14+2)*(D(1+1)+D(1))+UPSET*D(1+2))/(RD(1+2)-RD(!~1))
SB=SGH(FSET(!+1)~SB)

SD={FSET(:}*D (' =2Y+FSET(1=3)*(D(1)+D(1=1)))/(RD(!)=RD(1=3))
SD=SGN(FSET(1-2)-SD)

TA=DEL (| -2)+S8-5A

TC;DEL(I+])+SD-SC

PaR+4

IF (A3S(TA)-2.) 4O14,L014,4015

FSET(1~1)=UPSET

DEL (1) =SB
OEL (1+1)=SB

FSET(1)=99876.

BAmel,

CO TO 4020

1.0.0-2 A-19
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hoso
1408
4019
ko20

k092

4119
k120

4021
1001
1002
1003
1004

10000-2

FORMAT .

GO0 TO 4020

100= | =1

PRINT 1408,100, |

FORMAT (12,12)

STOP

BA=0,

CONT | NUE

D0 4021 l=3,KK

IF (FSET(1)~ 8{6 ) hozt.ho?z~hozt
SLa(FSET( 141)%0( 1 J+FSET(§=1 *6(u+1))/(oi
SA=(FSET( I=1 *§o§|)+o(|-|))-rser(l-z)*o
SBu(FSET(1+1)*(D(141)+D(142) )=FSET(14+2)*
IF (ABS(SA)~-ABS(SB)) 4120,4120,4119
SA=SB

FSET(1)=SL+0,5%SA

XUP=SL+SA

XLOWeSL

PRINT 1003,RD(1)

PRINT 100k, XLOW, XUP,FSET(1)

CONT I NUE :

FORMAT §|5)

)+D
/0
+1

=SL
D(1+2)=SL

-~ § -

FORMAT (2F10.4)
FORMAT (15HBAD POINT, STA=,F10,.4)

sToP
END

A-20

THLIMITS=,F12,b,4H TO,F12,4,5X, 10HNEW POINT=,F12,4)
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Section Y

INTRODUCTION

The purpose of the SMOG programs is to generate the matrices necessary

for input to the linear programming routine.

The specific

below.

SMOG 1

SMOG 2

SMOG 3

SMOG 4

use of each program presented in this Appendix is listed

A one pass program which generates a matrix for a
surface without profile in the dual formulation and
% fit-

A two pass program wiiich generates a matrix for a
surface with profile in the dual formulation and

A fit. Pass 1 generates the deviation constraints;
Pass 2 generates the curvature constraints.

A two pass program which generates a matrix for a
surface with profile in the primal formulation and

sum of the deviations fit. Pass 1 generates the
deviation constraints; Pass 2 generates the curvature
constraints.

A single pass program which generates a matrix for
fairing a two-dimensional line with the primal
formulation and A fit, using the 1620 linear program

There is no requirement that the waterlines or stations used by this

program be equally spaced. It is desirable because of the variation in

size of the matrix elements produced, however, to have them as equally

spaced as possible

1-0-0-2
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SECOND DIFFERENCE EQUATIONS

The equation which is used to calculate the second differences is given
below. Tha normalized values of the coordinates are used in finding
these second differences.

For waterlines, the equation is:

P 1 Vit "4 - Ti9 T Vi441
1,3 (xj+1 - xj-l? X4 T Xy X, - X

For stations, the equation is:

s = 2 2 PR3 RS T U4 TS W PR &

J,1 (z 'z_) -
i+l i-1’ z, 0 + z1 z, zi-l

NORMALIZING

The procedure for normalizing the x and 2z coordinates is given
below. If the program establishes the normalizing and translating

factors for the coordinates, these are found as follows:

S = x = Tx = x

x X1~ %o 0

Sz - z1 - z0 Tz = zo

Each x and 2z coordinate is then altered as follows:

xj = xj - Tx
Sx
- Tz
g, = 1

i Sz

If it is desired to scale and trnnélate different amounts than this, the
values Sx , Tx , Sz , and Tz may be read in.

1.0.0-2 B=-2



OUTPUT DATA

The output data from each of the programs except SMOG 4 is in standard
SHARE format. This is the accepted linear programming format established
by the IBM 704, 7090 Users Group. Examples of each of the data cards
punched by these programs is shown in Fig. B-1. PFigure B-2 shows the
organization of the data deck when ready for use with the linear

program.

1.0.0-2 B-3
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Fig. B-1 LP/90 Card Formats
(SHARE Standard Format)
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G

Data Indicator CaM [EoF

P

First B
Basis (Identity Matrix £
(Optional)
y 4
"l —
£ 2l
- L |/, Right-hand
Data Indicator thrix ._l|"d Side
Cards s
4
—_—
Basis (optional)
/l V_V‘/Hatrix Element
y. )/ Cards
|1/

Row ID -

Title Card / Basis Heading Cards
(Optional)
/'-'-—- Row Name Cards
|V
_—
Pig. B-2 Input Card Order
1.0.0-2 B=-5
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Section II

SMOG 1 AND 2

The purpose of the programs, SMOG 1 and SMOG 2, is to generate the
matrices required for surfaces with the following characteristics:

(1) Dual formulation
(2) N (minimex fit)

(3) Double splined in x direction
(4) Single or double splined in the z direction

In addition, SMOG 2 produces a matrix with the modifications necessary
for end profiles. The organization of each program is given in Pig. B-3.

The surface equation

Figure B-4 shows a five-station by five-waterline surface and the
equation representing this surface. When producing a matrix to describe
this problem to the linear program we must generate a requirement thet
the surface come close to each offset on the grid. The requirement

is of the form
(a) A= Y(xi,zj) = -Yi,j i=1, ..., N

(b) >\+\r(xi,=zj)-sri’j j=1, ..., M

One (a) and one (b) column (constraints are columns in the dual) are
generated for each offset. For instance, offset (1,3) Fig. B-4, would

have the requirements

2 3
O B T T o M WY

®) M A x, +A x2+a.x3 = ¥

0173 0273 0373 1,3

1 . 0 00‘2 3'7




Fig . 3-3

10000.2

READ INPUT DATA

SCALE AND TRANS-
LATE COORDINATES

CALCUIATE AND LIST
SECOND DIFFERENCES
AND END PROPILE

INTERSECTIONS

CALCUIATE AND PUNCH
ROW ID'S AND
DEVIATION CONSTRAINTS

T

[

CALCUIATE AND PUNCH
CURVATURE CONSTRAINTS
AND RHS

Organization of SMOG 1 and SMOG 2

B-8

In the Surface
Program, Smog 2,
Pass 1 and Pass II
are separated here
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Y = AOO + Aolx + Aozx + Aoax + Am(x-xB)#

2 3 3
+ (Aux + Alzx + A13x + A14(x-x3)#J z

+ Anx + Azzxz + A23x3 + Aza(x-x3)2) zz

2 3 3
+ (Aslx + A32x + A33x + A34(x-xs)#) z

3

2 3 3
x + Aazx + A43x + A“(x-xs) J (z-z3)'

s

7 Points where the sign of the 'x curvature is enforced
\ Points where the sign of the z curvature is enforced

v

Fig\ B4
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o A .

The constant coefficient Aoo is given the value of the offset
(xl,zl) and 1s not included in the matrix. (The surface always goes

through this offset, therefore Aoo is known).

Similarly, the constraints for Point (3,3) are:

3

2 -
(a) A= [AOIXS + A02x3 + Agax 3

2 3

- { AjXg + AppxgT 4 A g%,
i
2 3

= | Ag X3 + Aggxy + Ayqxy

- A31x3 + A32x
L 3

2 3
+ A33x3

[ 2
(b) A+ LAOIxa +A%," 4 Apaxs

+ Al 1x3

2 3
+ A12x3 + A13x

3]

-

|

L

There are also constraints on the sign of the curvature at certain of the

offsets.

-~
r

These constraints have the following form where i and

?
?i 3 are the signs of the second differences found in Section I of this
?

Appendix
(c) ?i’j . Y" (xi’zj)ll 2 0
A . ]
@) T, Y (xi’zj)xx 2 0

1.000-2 3-10
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At Offset (1,3) there is a curvature constraint in the x direction

only, as shown in Pig. B-4 .
” .
(c) Ty,5 (Agp - Mggxy) 2 0

There are x and z constraints both at offset (3,3) as follows:
(c) T =A -3A..x, - (A,, +3A . .x.) 2
¢ 1,3 02 03"3 02 03*3’ %3

2 3
- (Agy + 34g3%3) 2, = (Agy + 3A45%3) '3] 20

L o)

O/ Ty [‘ (8,%3 + Mypxs? # Ay

- Ugyxy + Ayyxs? + 4 x.%) 3’3] 2 0

PROVIDING A BASIC FEASIBIE SOLUTION

It is often desirable, when fairing 2z surface in the dual, to provide the
lir~ar program with a basic feasible solution. This consists of an

identity matrix of slacks as shown in Fig. B-5.

This identity matrix is produced by the program given in Appendix K. The
program is furnished with the number of the last non-basis column and the
number of rows in the non-basis matrix. It will then produce a set of

basis headings and the idenéity matrix.

The set of basis headings are inserted in the dual matrix immediately
following the row identifications. The identity matrix is placed just
ahead of the first B card. This matrix can be produced by SMOG 1, and
the actual listing of the matrix for a surface is included in Section III
of this Appendix.

1-000“2 3-11
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SURFACE EQUATION WITH END PROFILE

In order to allow for end profiles on the surfaces, the surface equation
y = £(x,z) has been modified by multiplying it by a function T so
that y = £(x,z) * T(x,2)

where

P
(e) T(x’z) = 1 - (D;ﬂ%u ): l

G(z) is the two-dimensional Theilheimer equation of the profile mentioned
in Section II-B of the report. The equation G(x) wmust have the same
origin and be scaled the same as the surface equation. D 1is the

fraction of the station spacing over which the function is effective, and
P determines if the slope of the surface at the bow is finite or infinite.
The usual value for P is 1 for finite slope, 1/3 for infinite slope.

The value of r is normally 3 .

For any given value of x and 2z , when generating a matrix for a
given surface T(x,z) reduces to a number. Therefore, the deviation

constraints can be modified in the following manner.

. x Yi
) B R L L)
Y
®) At YxppE) = YL
4 3 T(xi,zj

So the only modification necessary for producing deviation constraints is
to divide the offset by the value of T . T 1is given the value one if

the actual value is less than a given indicator.

100.0'2 8'13




v 4 e S At < e T AR AT

The second derivative constraints modifications are more involved. The

constraints are:

(1) for the x direction

A 2 .
ri,j d—d'f (f(xi,zj) T(xi,zj)) 2 0
X

(2) for the y direction

N 2 .
%y [ddz (f(xi,zj) T(xi,zj)):l 2
T

Using the rule for differentiating the product of two terms twice, these

become :
Q) ?i’j [f(xi,zj) CTMGxpE) * 2(1'(:;1,»5)x . f'(xi,zj)x)
+T(xi"j) * f"(xi’zj)xx]g 0

n
r

) Ly [f(xi,zj) T,z + Z(T'(xi,zj)z . f'(xi,zj)z)

+'1'(xi,zj) . f“(xi,zj)"]z- 0

These constraints are produced for the linear programming matrix by SMOG 2.

1-000-2 3-14
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OPERATING INSTRUCTIONS

This progtlm produces a surface matrix without profile conditions in
the dual formulation and Nfit. The surface will be double splined
in the x direction and may be either single or double splined in
the 2 direction. The program is written in FORTRAN II for an
IBM-1620 computer.

Fortran Symbol Definitions

M - Total number of waterlines in the surface to be
faired. This will be an odd number 1f the surface
is double splined in the z direction.

N - Total number of stations in the surface. This will
always be an odd number.

X(J) - Distance along the x axis from the origin of the
surface to Station J .
z(1) - Distance along the 2z axis from the origin of the
surface to waterline 1 .
Y(1,J3) - Offset of the surface at waterline i , station Jj ,
in feet and decimals
IAY - Number of feet in the offset if read in feet, inches
and eighths.
IBY - Number of inches corresponding to IAY
ICY - Number of eighths corresponding to IAY
NAA - Program indicator
If NAA = -1 scale factors for normalizing and
translating X(J) and Z(I) are read in.
If NAA = +1 scaling and translating are done
by the program as given in Section I of this Appendix.
8X . - Scale factor for X(J) when these are read in
X - Translation factor for X(J) when these are read in
Sz - Scale factor for 2Z(I) when these are read in

1.0.0-2 B~15
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TZ - Translation factor for Z(1) when these are read in

RHS - Right hand side = In the dual this is really the cost
on the equation coefficients. The ideal value for
RHS would be zero; however, this makes the solution
susceptible to cycling so that a value of .0001 is
usually used.

CURV - Value of the requirement vector for the curvature
constraints, this value actually goes in the cost
row in the dual and is always made zero.

NAB - Program indicator

If NAB = -1 , the surface will be double splined
in the z direction and M must be an odd number.

If NAB = +1 , the surface will be single splined
in the 2z direction and M 1is unrestricted.

Input

The input data cards are described below. There are certain input
variables on which there are restrictions on the value which can be

entered. These restrictions follow. )
Variable Minimum No. Maximum No.
N 3 15
M 3 11

In describing the various data cards, the actual FORTRAN format field
is used in most cases. These fields come consecutively across the
card with no gaps or blank columns between, except where indicated.
The field descriptions are the FORTRAN F field, which uses the FORTRAN
fixed point decimal number, and the I field that uses the FORTRAN
integer number, which is always right justified. The card numbers

are not punched on the data cards.

1.0.0-2 B-16
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Contents of Card Card No.
Card Columns 1 2-12 13-53 1
Contents * Blank Any alphameric problem

heading (This heading will
be used for identifying the .
problem on the LP output) |

Format 15 15 2
Variable NAA NAB ;
Format 15 15 F11.6 F11.6 3
Variable M N CURV RHS
—

Format F10.4
Variable zZ(1)

Alternate Cards: -—
Pormat F10.4 F10.4 e
Variable X(J) Y(1,J) N Cards

? per Group Croups

or: ;
Format F10.4 15 I5 15
Variable X{3) IAY IBY ICcY ,

~ _J 1

This arrangement can be stated as follows:

The first card of each set gives the height 2z of the waterline. The
following cards each give a station coordinate and the offset at the
intersection of the given waterline and station. There is one set

of cards for each waterline in the surface.

Format F10.4 F10.4 F10.4 F10.4 Last card
Variable sx Sz X TZ

(This card only used if NAA = -]

Output

The output from this program is designed to be read directly by the

LP-90 program after card to magnetic tape conversion.

The first card punched contains the Heading Read in the first input

1.0.0-2 Br17
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card. The next set of cards are the row identification cards.
These identify each row of the matrix to be used in this solution.
For this matrix all of the rows are always used and identified,
including the cost row which has the name "OFSET."

After these comes a card punched "MATRIX," and then the input matrix
to the linear program. The matrix is in column form with the rows in

order within the column. Zero values are not punched.

i The card formats are given in Fig. B- 1. The order of the output
data is shown graphically in Fig. B- 2 . The sample problem output
; " shows exactly what the output data consists of. '

Sense Switch Settings

Sense Switch 1 - Not used
Sense Switch 2

ON The values of the x and z second
differences and the resulting,signs are
printed :

Sense Switch 2
Sense Switch 3

3

The above is not printed )

ON The offsets are read in as feet, inches
and eighths e ’

OFF The offsets are read in as feet and
decimals

Sense Switch 3

SAMPLE PROBLEM

The sample problem is a five-station by five-waterline set of offsets
taken from the AG-88 class icebreaker. The stations used are Stations
13, 30, 32, 34, and 36 foot levels. The matrix is for an equation double

splined in both the x and £ directions. b
- 1N

1.0.0-2 B-18




B e —

G

SAMPIE PROBIEM FOR SMOG 1

28,0000
137.5000
150.0000
162,5000
175.0000

30,0000
137.5000
150,0000
162,5000
175 .0000
187.5000

32,0000
137.5000
150,0000
162,5000
175.0000
187.5000

34,0000
137.5000
150,0000
162,5000
175.0000
187.5000

36.0000
137.5000
150,.0000
162.5000
175.0000
187.500C

1-0:0'2

INPUT

5X5 Z DOUBLE SPLINED AG-88 I1CE BREAKER

.000000

-
O OVOW

-t emh

b b
—_WO=0 OGO WM

—
~3 O OWU

.0001

WO LWV \VIVTRWwW W eEunpsUy g ONEENO

B-19
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TYPEWRITER LISTING OF SECOND DIFFERENCES

(Sense Switch 2 ON)
5X5 7 DOUBLE SPLINED AG-88 ICE BREAKER

w 3
;! VIVIVIWVI B2 WAWAWAW PRI NI NI N =t et s =t [

VIVIVIWVI 2 2 WAL W N PO N A~ b ad =

1.0.0-2

2ND DIFF = WL!NES
STA ACT VALUE SIGN

-,003732 1.0
-, 004400 1. 00
-,006266 1. 00
-,006266 1.0
-,0N2933 1. 00
~.005733 1.0
~-.005733 1.0
-,002532 1. 00
~.003334 1.00
-.004799 1. 00
~,001865 |
‘.003‘600 '
-.003200 1.
-0003%7 l
-.003467 1.0

WILEWRVI WUV WU W oW W N

20D DIFF-STATIONS
WL ACT VAILUE SIGN

3 -.026025 1.00
L -.052100 1.00
i -.052100 1.00
2 ~,062525 1.00
3 -.039050 1.00
4 ~.031250 1.00
5 ~,031250 1.00
3 =, 041675 1.00
L -, 041675 1.00
5 -.041675 1.00
2 ~.083350 1.00
3 -.059875 1.00
b ~. 041650 1.00
5 ~. 041650 1,00
2 ~,085925 1.00
3 ~.067700 1.00
b ~.083350 1.00
5  ~.083350 1.00

00
.00
.00 -
00
00

8-20
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") (R2p 2z)

y

RO
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54|

GO YO SIGN
SUBROUTINE

IROWIROW+ |

@ No |
Y&s
107

DO 109
K«3,I,2

? NO

WRM 3 (2, -2,)
w(¥e ) (R, 1)

109 ‘

IROWaTROW +I

CONTINVE
boLOOP [

TARTED AT 103 |

10

CONTINVE
DO LOOP,

starten AT () |

m

CONTINVE
DO LOOP
STARTED AT (1

B-71



PUNCH HEADER CARD
FOR RHS,PUNCH

. oW VALUE POR
RHS

PUNCR ROW NUMBER
ARHS VALUES

PUNCH
Eok CARD

PAUSE
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1.000-2

SUBROUTINES

Subroutine Sign
Column No. Row No. Term

(W) (W) (WAM)

Examine sign of term and
punch the appropriate matrix
element format statement

-

Subroutine Pinch

Offset Col.No. Conitraint
n
(YD)  (JFK) (KF§D)

Examine the sign of the offset
and determine whether this is
constraint (a) or (b), then

.punch appropriate cost and

constant format
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FORTRAN LISTING FOR SMOG 1

c SMOG!  DUAL
DIMENSION RX(1
D IMENS ION X(l

750 READ 173
READ 172,NAA,NAB
READ 150,M,N,CURV,RHS
NL=N+1
ML=M+1
NS=N-1
MS=M-1
DO 2 I=i,M
READ lsu Z(1)
DO 2 Jwi,N
IF(SENSE SWITCH 3)802,803
802 READ 183,X(J),1AY,IBY,ICY
AAY= | AY
BBY=|BY
CCY=ICY
zélTJ)-AAY+(BBY+(CCY/8 ))/12,
803 READ 154,X(J),Y(1,J)
2 CONTINUE
IF(NAA)3,3
3 READ 15u sx $Z,TX,TZ
GO TO 5

b SX-X; z-
SlmZ(2)-1

X DBL SPL NO PROFILE
}gsTRM 150) IRW(250

z
1,155 W 15, 1), 1wL(1s

X OR X AND
1,15),RZ(15
),2(11),Y(1
* NPUT

TZ=Z(1
TX=X(1
c * WATERLINE 2ND DIFFERENCES *
5 IF(SENSE SWITCH 2)6,7
6 PRINT 173
PRINT 157
7 DO 15 I=1, M
DO 13 J=2,
A=2, /((X(J+1)-X(J-I)))
ZA=Y( | WJ+1)=Y(1,
A-A:)%g/(x J+1)-x(J)) (Y(1,9)=Y(1,J=1))/(X(J)=X(J=1)))
8 R fn J)-i.
co 10 11
9 RX(1,J)=0,
GO TO 11
10 RX(1,J)=1,
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IF(SENSE SWITCH 2)12, ;
PRINT 158,1,J,A,RX(1,
conrluus
2 1,N)=RX(I,NS)
SENSE SWITCH 2)1h4, |§
PRINT 158,1,J,A,RX(1,N
CONT INUE
(o * % STATION 2ND DIFFERENCES * *
IF(SENSE SWITCH 2)16,17
16 PRINT 159
17 DO 25 J=1,N
DO 23 I=2,MS
An2,7(Z(141)=Z(1=1 )
ZAA=Y(1+1,4)=Y(1,J
A-A*(zwlzum-z(m (Y(1,3)=Y(1=1,4))/(Z(1)=Z(1=1)))
IF(A)20,19,1
18 RZ(J, )=,
GO TO 21
19 RZ(J,1)=0,
GO TO 21
20 RZ(J,|)=1,
21 IF(SENSE SWITCH
22 PRINT 158,J,1,A,R
23 CONTINUE
RZi J,M)=RZ(J,MS)
St 2

-—b o aul
WA -

-
AR

2)22,23
(J,1)

2)
RZ
NSE SWITCH 2)24, g
24 PRINT 158,J, RZ(J,
25 CONTINUE_
c * NORMAL | ZING *  *
DO 26 J-I N
26 X(J)-(x(J$-Tx)/sx
D0 27 1|
27 z(l)-(Z(IS-Tz)/sz
c * ROW 1D * *
PUNCH 173
N:EL-((N—B)/2)+#

IF(NAB) 719,718,718

719 JUL=3
JUL2=2
NOROW=NJUL*( (M=3)/2+4)
GO TO 720

718 JuL=2
JUL 2m1
NOROW= ( M+2) *NJUL
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720 PUNCH 160
DO 28 NR=1,NOROW
28 PUNCH 162, NR
c * MATRIX * *
PUNCH 164
c * * FIRST WATERLINE

TLg-(Z*NN)-Z

DO 37 J=i,MLG,2

Y(1, |)-v(1 I)-Y(l 1)
700 KFJm1

CALL PINCH (Y(1,1),J,KFJ)
702 1ROW=2

DO 31 NPR=l,3.

TRM( IROW) mX{ 1) **NPR
~ PUNCH 167,J, IROW, TRM( IROW)
31 |ROWm=|ROW+1

IF(|-3)35 35,32
32 DO 34 1Ta3,1

IF |-|T)3u 3h 133
133 1F(1T=2%(1772}
33 TRM(IROW)-(X(I
PUNCH 167,J, IROW, TRM(IROW)
IROWs | ROW+1
34 CONTINUE
35 JPLS=J+1
IROW= | ROW=1
INL(1)=1ROW
703 KFJm=2
CALL PINCH (Y(1,1),JPLS,KFJ)
705 DO 36 IRw2, IROW’
wL(t, IR)=TRM( IR)
36 PUNCH 169,JPLS, IR, TRM( IR)

37 =i+
c * %  REMAINING WL * *
DO 64 1Zw2,M
JL=J
Tg'fL+(z*“")'2
D0 63 Jm=JL,MG,2
| Fu2

IRW( I F)= | ROW+1

Y(IZ,1X)=Y(1Z,1X)=Y(1,1)
706 KFJmi

CALL PINCH (Y(1Z,1X),J,KFJ)
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708 IF(J=JL) 41,041, 44
k1 DO 42 (ZPR=1,3
TRM(1F)=Z( 128 %*1ZPR
PUNCH 167,J, IRW(IF), TRM(IF)
| FalF41
42 IRW(IF)=IRW( |F=1)+NJUL
IF(1Z=JUL) 146,146,142
142 00 145 ITZ=Jul,12’
IF(IZ-ITZLIhG lh6
729 GO TO (1hk,14h,7 JUL
730 IF(ITZ—Z*(ITZ/Z) 145, 144
b ZTR=(Z(12)-Z(1TZ )**i
TRM( IF)=ZTR
PUNCH 167,J, IRW(IF), TRM(IF)
| Fu | F4]
IRW( 1 F)m IRW( I F=1)+NJUL
145 CONT I NVE
146 JPLS=J+1
709 KFJ=2
CALL PINCH (Y(1Z,1X),JPLS,KFJ)
711 JF=|F=1
D0 43 IF=2,JF
43 PUNCH 169,JPLS, IRW(IF),TRM(IF)
60 T0 €3
c * 7 , Z SQR , I CUBE ROWS * +
bk IRO =1
K= IWL( I X)
D0 2bh |Jm2,K
IRO =IRO +1
2hk PUNCH 167,J, IRO,WL(1X, 1J)
00 50 1ZPR=1,3
ISTRT-IRW(IF$+NJUL
ZTRM=Z ( 1Z)** 1 ZPR
TRM( | F)=ZTRM
PUNCH 167,J, IRN(IF), TRM(IF)
{F=|F+1
IRW(IF) = IRW( 1 F=1)4+1
DO 45 NPR=1,3
TRM(TF) = (X( 1 X)**NPR)*ZTRM
PUNCH 167,J, IRN(IF), TRM(IF)
|Fa | F41
45 IRW(IF) = IRW( IF=1)+1
IF(iX=3)50, so (V3
46 DO k9 'T'i
IFCIX=1T)49, 49, 47
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b7 IF(1T=2%(17/2) )48, 49,48
hz TRM(IF)= (X(lx;-xtlri)**a)*zvkn
PUNCH 167,J, IRW(IF) , TRM(1F)
1F=iF+l
IRW(IF)= IRW( IF=1)+1
49 CONTINUE
50 IRW(IF)=ISTRT
T T o i
si 00 60 I1TZwJUl, 12
GO TO (55,55,731),JuL
731 IF(ITZ-2%{178/2))85,60,55
55 ISTRT=IRW( | F)+NJUL
IF(1Z=1T2)61,61,56
56 ZTRM=(Z(1Z)=-L(1§2))%*3
TRM( IF)=ZTRM
PUNCH 167,4d, IRW(IF) , TRM(IF}
| FulF+1
IRW( 1F)we IRW( 1 F=1)+1
DO 256 NPR=1
TRM(1F) e (X( 1 X) **NPR)*ZTRM
PUNCH 167,J, IRW(IF), TRM(IF)
(FalF+1
256 IRW(IF)=IRW( I F=1)+1
00 59 1Ta3, IX
IF(1%=17)69,5 5]
‘ IFCIT=2%(17)2) §58,59,58
TRM(1F )=l (XC1X)=XE1 TSI ww3) %2 TRM
PUNCH 167 ,J, IRW(IF), TRM(IF)
(Fu|Fel
IRW( 1F)m IRW( 1F=1)+1
59 CONTIMUE
60 IRW(IF)=ISTRT
61 JPLS=J+1
712 KFJ=2
CALL PINCH (Y(1Z,1X),JPLS,KFJ)
714 IR0 =1
Ke IWL  1X)
IRO =IRO +1
262 PUNCH 169,JPLS, IR0 ,WL(1X, 1J)
JFe|F=1
DO 62 1S=2,JF
62 PUNCH 169,JPLS, IRW(1S),TRM(1S)
63 IXumiXe?
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64 CONTINUE
c * % X SEC DIFFERENCES *
JX=uNS/2
DO 88 1zm1 M
=3
JS=JPLS+1
IFwlS4.X=1
00 87 JuJS,JF
PUNCH 171,J,CURV
| ROW=3
I STRT=3
WRMRX7 1Z, |
501 CALL susu(J IROW, WRM)
503 IRGWw ,ROWS1
HRM-?.*X(I)*RX(IZ 1)
50k CALL SIGN(J, IROW, WRM)
506 1F('=3)75,75,72
72 1RO | ROWS1
og 74 x-s. ,2

1 (K=1)
73 ViRMm3 & s7§-x(x))*nx(|z 1)
57 CALL SIGN(J, IROW,WRM)

7% |EOW= | ROW1

75 1F(12-1)87,87,76

76 DC 79 NPWRat,3

ISTRTw= | STRT+NJUL

IROW= I STRT
WRMs= (Z( 1 Z)**NPWR) *RX( 12, 1)
9 CALL SIGN(J, IROW,WRM)
1 IROWe{ROWS1
WRM= (3, %X( 1 )*(Z( 1Z)**NPWR) )*RX(1Z,1)
512 CALL SIGN(J, IROW,WRM)
51k lRONth0H+l
DO 78 Kn3, |
'F(K.') s

50
51
1
1

wm-s.*(x ?—x(r\))*(z( 1Z)**NPWR)*RX(1Z, 1)
CALL SIGN(J, IROW,WRM)

|ROW= | ROW+1

CONT INUE

lF(ll‘J"L,e7.87.°'

1 D0 86 L=JUL,1Z,JUL2

IF(L-12)82,87,87

82 tsrnt-lsrni+uJuL

IROW=|STRT
WRMsRX(1Z,1)*((Z(1Z)=Z(L))**3)

-ty
~

5
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517 CALL SIGN(J, 1RO, HRK)
519 IROW=IRO
wnn-a.*x(l)*((z(lz)-z(L))**B)*nx(lz 1
520 CALL $IGN(J, IRON,WRM)
522 IROW=IROW+1
00 8 Ked, 1,2
IF(K=1)8k,88,86
84 wau-(s.*(i(li-x(x))*((u|z)-z(|.))**3))*nx(|z )
523 CALL SIGN(J, RON,WRM)
85 IRON=IROWH
86 CONTINUE
gg I=l42
JPLSJF
c 7 SEC DIFFERENCES % *
Jud=]
DO 111 1ZaJUL,M,JUL2
DO 110 I=f,N
Jug+l
PUNCH 171,J,CURV
735 nsm-ms

736 WRMeRZ (|
CALL SIG“(J‘ISTRT,NRN)

562 IF(I=1)96
91 mow-ssmht

00 9
wm-(x 1) "NM)*RZ(I 12)
525 CALL S1GN(J,IROW,WRN)’
92 |ROWe |ROW+]
IF(1-3)96,96,93
93 DO 95 K3, 5
IF(K=1)9 9;
94 wm-((x(ni-xl yaa3)#RZ(1,12)
§27 CALL SIGN(J, IROW,WRM)
529 |ROW=IROW+1
95 CONTINUE
96 |STRT=ISTRT+NJUL
WRM=3 ,#2(12)*RZ(1,12)
CALL slsu(J ISTRTWRM)
532 IROW=]STRT+|
o 1'35( ;;t)toz.toz.n
WRM=(X(1) M)*z(um.*az(u 12)
ssg CALL SIGN(J, IROW,WRM)
IROW= | ROW+
IF(1=3)102,102,99
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99 DO 101 K=3,1,2
IF(K-I)IOO 01,10

100 WRMs=( (X( 1)=X( KS)

535 CALL SIGN(J, IROW,WR

537 IROW=IROW+1

101 CONTINUE

102 IF(1Z~-JUL)110,110,103

103 DO 210 L=JUL,1Z,J0L2
IF(L=1Z) 10k, 210,210

104 1STRT=1STRT+NJUL
WRM=(Z(12)=Z(L) )*RZ(1,12)*3,
CALL SIGN(J, ISTRT,WRMS

S4O |ROWm=|STRT+1
IF(i1=-1)210, 2‘°§‘05

105 DO 106 N
)*(x(l)**upwa)*3.*nz(| 12)

);Z(IZ)*S.*RZ(I ,12)

NPWR

WRN-(Z(IZ)—Z(L
shi CALL SIGN(J, IROW,WRM)
106 IROW=|ROW+1

IF(1=3) 210, 2|0 107
107 DO 109 Km3,
108 &Eﬁﬁ?i%lg? %23 S*COXC1)=X(K)

- 1)=X(K))**3)*3 *RZ(1,IZ

543 CALL SIGN(J, IROW,WRM) Y**3)*3. ( )
109 IROW=|ROW+1
210 CONTINUE
110 CONTINUE
111 CONTINUE

PUNCH 174

PUNCH 175
738 DO 412 JORG=2,NOROW
412 PUNCH 177, JORG RHS
737 PUNCH 176

PRINT 178
PAUSE 751
GO TO 750
150 FORMAT(215,F11.,6,F11.6)
154 FORMAT 4F10.h)
157 FORMAT(10X,17H2ND DIFF -~ WLINES//
C30H WL STA ACT VALUE SIGN/)
158 FonnArzzls ,F12,6,F8,2)
159 FORMAT(//10X, 17H2ND "D IFF=STATIONS//
C30H STA WL ACT VALUE SIGN/)
160 FORMAT(6HROW 1D/12X,6H OFSET)
162 FORMAT(12X,2H R, 14)
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164

-l el
[ adad
Oy

- d d omd ol b wd amh at
oy N e By B BN Y |
W OO~y OV WD N —

FORMAT(6HMATR |
FORMAT(6X,2H C
FORMAT(6X 2H C
FORMAT 6x 2H C
FORMAT(215)
FORMAT( 1H* 5X
FORMAT( THF IRS
FORMAT(12X, 14 1 2.0)
FORMAT ( 3HEOF)

FORMAT(12X,2H R, I14,1H ,F11,5)
FORMAT(ZSHENTER NEW DATA - PRESS START)
EOSMAT(FIO ,315)

N

I -
0 W~
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SUBROUTINE PINCH (YD,JFK,KFJD)
IF(YD) 706,707,707
706 YDw=-YD
GO TO (752,753),KFJD
752 PUNCH 168, JFK, YD, JFK
GO TO 754
753 PUNCH 166, JFK,YD,JFK
754 YDw=YD
RETURN
707 GO T0 (755,756),KFJD
755 PUNCH 166, JFK, YD, JFK
RETURN
756 PUNCH 168,JFK,YD,JFK
RETURN
166 FORMAT(6X,2H C,14,6H OFSET,F12,5/6X,2H C,14,6H R  1,8H

.0 ,
, 368 FORMAT(6X,2H C, 14, 7H OFSET=,F11,5/6X,2H C,14,6H R  1,8H
'153 FORMAT(F10.5,315)
END
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SUBROUTINE SIGN (JW, IW,WAM)

IF(WAM)370,373,371
370 WAM==WAM
PUNCH 169,JW, IW,WAM
RETURN
PUNCH 167,JW, IW,WAM
RETURN

— s DS
ONOMSI~S
SNI\D W =

END

1.0.0-2

FORMAT(6X,2H C, I4,2H R,
FORMAT(6X,2H C, I4,2H R,

B-84



SMOG 2

This program produces a surface matrix without profile conditions
in the dual formulation and X\ fit. The surface will be double
splined in the x direction and may be either single or double
splined in the 2z direction. Thée program is written in FORTRAN II
for an IBM-1620 computer.

Organization

SMOG 2 consists of two passes as shown in Fig. B-l1. The input

data shown below is read into Pass 1 . At the termination of the
execution of Pass 1 the data necessary for Pass 2 is punched. This
data can be read directly into Pass 2 ., If it becomes necessary to
change the sign of a second difference as mentioned in Step 2, this
may be done by altering the Pass 2 data. More information on this
data is found in the description of the Pass 2 input.
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B. SMOG 2

PASS 1

OPERATING INSTRUCIIONS

Pass 1 of SMOG 2 calculates the second differences of the offsets

and the intersections of the profile with the waterlines and

stations.

It then punches the row identifications, deviation

constraints and data for Pass 1I. The program is written in
FORIRAN II for the IBM-1620 computer.

Portran Symbol Definition

1-0.0"2

M

X(J)

z(1)

Y(1,3)

IAY

IBY

ICY

Total number of waterlines in the surface to be
faired. This will be an odd number if the surface
is double splined in the z direction.

Total number of stations in the surface. This
will always be an odd number.

Distance along the x axis from the origin of
the surface to Station J .

Distance along the z axis from the origin of
the surface to waterline 1 .

Offset of the surface at Waterline 1 , Station j ,
in feet and decimals :

Number of feet in the offset if read in feet,
inches and eighths.

Number of inches corresponding to IAY
Number of eighths corresponding to IAY

Program indicator

If NAA = -1, scale factors for normalizing and
translating X(J) and Z(I) are read in.

If NAA = +]1, scaling and translating are done by
the program as given in Section I of this Appendix.
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sz

TZ

RHS

CURV

COST

EXP 1

EXP 2

POINT

c(I)

Scale factor for X(J) when these are read in
Translation factor for X(J) when these are read in
Scale factor for Z(I1) when these are read in
Translation factor for Z(I) when these are read in

Right hand side = In the dual, this is really the
cost on the equation coefficients. The ideal value
for RHS would be zero; however, this makes the
solution susceptible to cycling so that a value

of .0001 is usually used.

Value of the requirement vector for the curvature
constraints, this value actually goes in the cost
row in the dual and is always made zero.

Program indicator

If NAB = -1 , the surface will be double splined
in the 2z direction and M must be an odd
number.

If NAB = +1 , the surface will be single splined
in the 2z direction and M 1is unrestricted.

The penalty assigned to A . This will appear in
Row 1 of the right-hand side. The value is normally
made 20 .

The value of p 1in the profile function, usually
made .3333 .

The value of r 1in the profile function, usually
3.0.

The value of D in the profile function. This
number is the length of the fraction of the station
spacing over which the profile function is effective
in terms of the full-scale surface (the value will
be translated and normalized exactly like the x
values are).

Coefficients of the Theilheimer equation describing
the profile. There must be (M#+2) coefficients.
Straight lines or other curves may be used by
making all except the desired coefficients zero.
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Ingut:

The input data cards are described below. There are certain input
variables on which there are restrictions on the value which can

be entered. These restrictions follow.

Variable Minimum No. Maximum No.
N 3 15
M 3 11

In describing the various data cards, the actual FORTRAN format
field is used in most cases. These fields come consecutively
across the card with no gaps or blank columns between, except where
indicated. The field descriptions are the FORTRAN F field, which
uses the FORTRAN fixed point decimal number, and the I field
that uses the PORTRAN integer number, which is always right

justified. The card numbers are not punched on the data cards.

Contents of Card Card No.
Card Columns 1 2-12 13-53 1
Contents * Blank Any alphameric problem

heading (This heading will
be used for identifying the
problem on the LF output) '

Format 15 15 Fll.6 Fll.6 2
Variable NAA NAB POINT COST

Format 15 15 Fll.6 F11.6 Fll.6 Fll.6 3
Variable M N CURV RHS EXP1 EXP2
Format F10.4 Next

Variable Cc(1) _— M+2 cards

1-0.0-2 3-88



Format F10.4
Variable Z2(1)

Alternate Cards: - .

Next

Format F10.4 F10.4 C M
Variable X3  Y(1,3) >. N Cards Groups

or: per Group
Format F10.4 15 15 15
Variable X(J3) IAY IBY Icy

~ -/

This arrangement can be stated as follows:

The first card of each set gives the height 2z of the waterline.
The following cards each give a station coordinate and the offset
at the intersection of the given waterline and station. There is

one set of cards for each waterline in the surface.

Format F10.4 F10.4 F10.4 F10.4 Last card
Variable S¥ YA .4 TZ

(This card is entered only if NAA = -1

Output

The output from this program is designed to be read directly by
the LP-90 program after card to magnetic tape conversion.

The first card punched contains the loading Read in the first input
card. The next set of cards are the row identification coordinates.
These identify each row of the matrix to be used in this solution.
For this matrix all of the rows are always used and identified,
including the cost row which has the name "OFSET."

Next, a card punched "MATRIX" is produced, followed by the deviation
constraint portion of the matrix. PFinally the input data for Pass 2
is punched.
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The output formats are shown in Fig., B-1 , and the order of the
output deck in Fig B-2 . The actual output from PASS 1 is shown
in the sample problem.

Sense Switch Settings

Sense Switch 1 -~ Not used

Sense Switch 2 - ON The values of the x and 2z second
differences and the resulting signs
are printed.

Sense Switch 2 - OFF The above is not printed

Sense Switch 3 - ON The offsets are read in as feet,
inches, and eighths

Sense Switch 3 - OFF The offsets are read in as feet and
decimals

SAMPLE PROBLEM

The following sample problem is a five-station by five-waterline set
of offsets taken from the DLG-26 class ships. The stations are
Numbers 0 , 1/2 , 1, 1-1/2 , and 2 , and the waterlines are 12, 16,
24, and 28 .

The surface contains the bow profile of the DLG. The matrix is

double splined in the 2z direction. Only the output from Pass 1

is listed here; the output from Pass 2 is included with the instructions
from that program.
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10000-2

SAMPIE PROBLEM - SMOG 2, PASS 1

1.
0.

%*

* SAWMPLE INPUT * *

DLG 5X5 El;D' PROFI LE X—Z DBL SPL-

.001 3. +33333333

End Profile Coe= fficients

.000000
1.041666
2,458333
3.874999
5.333333

>

Sur#Eace Offsets
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TYPEWRITER LISTING OF INTERSECTIONS AND SECOND DIFFERENCES
(Switch 2 ON) OUTPUT

* TOND CLG 5X5 ERKD PRWFILE X=Z D3L SPL-

END PRUFILE INTERSECTICHS
WALLIES

[ 1.529350
-.0873 G.0000

2 .5L2050
-.5873 0.0000

3 .35L750
-.5873 0.0000

L -.232550
-.5873 ©.0000

S _'819850
-.5873 0.0000

STATIONS

2,60L003

.901367
0.000000
¢.000000
0.000000

VT IW A —

2HD DIYFF — WLINES
Wl S5TA NURM VALUE SIGH

OUT OF SURFACE
OUT OF SURFACE
-5-'76766 1-00
01668  -1,00
041668 -1.00
OUT OF SURFACE
-37.680848 1.00
toh'667 -‘.00
L1458 -1,00
L114584 -1,00
0UT OF SURFACE
-09632h8 ,.00
104167 -1,00
.145833 -1.00
o‘h5833 -1.00
‘.0“9093 1.00
0208333 -‘.00
JA4583F  ~1,00
114582 =1,00
o|1u582 -‘000

RS EWUWWUI LI R N N NI A =t —a s s =
T LW N =t UT W0 N = U1 W A~ U U0 N =
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STA

1.0.0-2

v

VIVTVITVI S WWWWARNRNN = ot =t

1 .927938
2 197917
3 . 187500
L .072917
5 .072917

-1.00
'1.00
-1.00
-1.00
-1,00

2ZND DIFF=STATIONS

WL NORM VALUE

-.439121
-.439121
~3.216759
072917
312500
312500
041667
« 187500
. 406250
- 406250
.062500
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CONTINUE
b LOOP a
STARTED AT 810

Lcm

Jat
OlLDaZy,
I ens

PRINT HEADING
FOR STATION

50" b
n’ - FXi
22-Z;
ICOMPs |

1.0.0-2 B-119



1.0.0-2

orre

IcomMp . 2
ITULsI 4!

o &

#2,2C 46y 22 4 |
22t 422

ws.ew ¢
ON
74*
PRINT
I,rz,
»
F 97
‘8 DO 699
Tl Ks 3 ,IJUL
OLbs 22
%" ‘
'z" Fz, +
3
cml (n‘zx.n)

B-120

FZyuf2, ¢
ey (22 -33)‘




1.0.0‘2

(2

PRINT
i,r2;

l

CONTINGG
staRTed AT 8

-0

B-121



»
513 . 13 NCOMP =i {IS THIS THE PIRET POINT

\ ON THE WATERLINE
Z2e x;_, .

vEs

ZY-Y‘.J-‘

[l

. POINT 18 oUTSIDE
; ht ] PROYILE
Re20.0

1.0.0-2 B-122



1%

PRINT HEADING
FOR STATION

boas
Ts I,N

{

b0 23
Is i,M8

IS THIS THE PIRST POINT
ON THE STATION

2* i
POINT IS QUTSIDE
PROWILE
R: 20,0

1.0.0-2 B-123




NJULs
e

18 NAD<O

NO

yes

&> D
SO S

NMBER OF ROWS NUMBER OF ROWS
EQUALS EQUALS

u:ua.@:hq) 41 NTUL(M42) &)

'

PUNCH -
“gow b st ed

“orrset *

1

PO 28
NR . |, NOROW

PUNCH ROW ID CARDS

28

PUNCH
NR

ruNcH
MATRIX HEADING

1.0.0-2 B-124



1.0.0-2

MLG » 2% NH

Py i
FUs2+ O

!

b0 37

Ta,M5,2

BO NOY MODIPY
orrseY

MODIFY QPPFSET FOR
END CONDITION

2Y . ¥(),1) z2v. YLD
¥
L]
{ s
KPJe | -
Z ROW-. A
G0 TO PMNCH
SUBROUTING 0 81 NPR.LD

B-125




@———- L LI Y

PUNCH: J, T roW
™M (2r0w)

!

TROWAIROW ¢! el

34*

CONTINUS
0 LoOP
STARTED AT 32

»
253
PUNCH: T,2ROW
™M (1r0W) TROW <IROW ¢ |

1.0.0-2 B-126



10000"2

IS T4
TROW sIROW = L

IwLy = 1ROW

DO 36
IRe 3,IROM

B-127



1.0.0-2

DO 64
1Z.2.M

JLJ

!

MG s
Jez(nmne)

l

kst

!

bo 63
Jalb M6 ,2

IRrw(r),
IROW +1

e

B-128



s

MODIPY  OFPSET EOR
END CONDITION
Y a Y (12,I0)/7

o 1

(A2 FT)

7

GO TO PINCH
SUBROUTINE

PO 42
1ZPR . 1,3

!

1zrR
TRMG?) = ELEMENT A 2

z(@Fzew12PR

l

PUNCH MATRIX
ELEMENT & NEGAT

& LOCATIONS

4‘*

F‘:VQ )
W (1ra1) +
NJuL

100-0‘2 "129



I m‘
ves
®

42

DO 48
IT2.30L,12

ZTRa

(2tz)-zv2)’

'

TRMGT) 22 TR

SET COLUMN
FOR NEGATIVE

PUNCH , TRM (3 7)
WATRIX BLEMENT
NEGATIVE &
LOCATIONS

>

1.0.0-2 B-130

PUNCH :
IPLS 1w (27),
™M

DO 43
Fa2,7¢

!

JFaIB..0

GO TO PIMCH
SUB ROUTINE




1-000-2

“&

DO 244
13 3X,2

244" l

PUNCH THE BLEMBNTS
FOR THE COLUMN
WHICH REPRESENTS
THE CORRESPONDING

POINT ON THE PIRST

{

DO 30
IZR=1,3

l

IGTRT = TRW(EP)$ N3V
SET ROW W L 3]
FOR STARTMG TERMS
MULTIPLIED &Y A
POWER QOF 2

!

ZTRMa
z(xz)uni2PR

!

TRM(ZF)s ZTRM

!

PUNCH BELEWMENT
NBGATIVE S
LOCATION

DO 48
m-l,s

2 1

PUNCH COLUMN
BLENENTS OF THE
ORM

TRM « 2TRMS XN

B-131

SETE THR 2 TERM TO
MULTIPLY THS ELEMENT B



19 THIS THE 4ATH OR PFURTHER
POINT ON THE WATERLMNE

sIx> 3

PUNCH ROW BLEMENTS
OF THE FORM :

nn.(j;.u)’.m

10000'2 ,-132



3
83

sTzo>L YN

Y&
54"

b0 60
IT2a JU.,12

1% Z DOUBLE SPLINED

IsTRT.
TRW(IF) 4aTUL .

Iz > 172 - *

TRU(T¥)s ZTRM

!

TPIF4 PUNCH ELEMENT
mwr)elnw(tr.) 41 [——1 NEATIVE
uGe)-mu(re-) LOCAT I0MS

PUNCH  COunN

p0O 256 WENENTS OF THE
WRai,3 [ romM
TRULX(Y) #ZTRM

1.0.0-2 B-133



*
256

. x‘::,n —
owitr)a |
TROW(IT.1) +1 17 3,3

PUNCH COLUMN
::v.lz‘x'ﬂ’: ELEMENTC OF THE
IRW(2F-1) +) y FORM : TRM,

(K1) - 5 (1) PwzTRM

GO TO PINCH
SUBROUTINEG

IR0.2
Kalwl (3%)

l

DO 262
& I K
IRD 1RO + |

o 4

PUNCH 3 JPLS " e —
IRw(zs), P el WaIrol n:gé” Tty R
T®RM (18) , s Iaviae)

1.0.0-2 3-13



NCOMP ot
PUNCH 2 JPLS, JUL,
JULL, NUL, M N, M8,
NS, NOROW , NCOMP,
CuRyY , NS
PUNCH: RXPZ,
COST,POINT,
[ 13 ]
bo 87
{21 ,N
‘ H
PUNCH
X; ,F!{ K
DO 87 PAUSE
Je2 M
-1 o |
PUNCH PUNCH:
':i.ﬂ' C:
DO 88 DO 100
inh,M Jal,ML
PUNCH :i s ’
"i‘i'nl , MLe M2
SRy
l a¢* t
bo 88 ' H
M
SaiN ®

1.0.0-2 : B-135



SUBROUTINE PINCH (YD, JFK,KFJD)

YD=OFFSET
JFK* COL. NO-
KFJ0s A SWITCH

756 :
PUNCH YD, .1 |PUNCH YO,
JFK FOR 4@ JFK FOR
Row 2 ROW 2
YES YES
755 75
PUNCH YD, PUNCH YD
JFK FOR JFK FOR
Row 1 Row |
e

1.0.0-2

B-136



SUBROUTINE PROFL 2 XD, FD,EXPOI, TZPD,TZSD, EXPD2,XI,TD,

TPD, TSD, NCD
THIS SUBROUTINE TAKES THE

ja ¢ 2% DERIVATIVE OF THE

@ EXPRESSION
1 A%
xy]

Tp- X+ FO XD = |)= (POINT+FZ-
X T POINT
?
NCO = 2 0
TD = | FOR THE PROFILE CONDITION
WITH INFINITE SLOPE
l‘_‘ >0 :
5 b
TPD* O DIFD= ExPDI -1
Tsp=0 PROD= TD## DLFD
TPOI sEXPOI # TZPD% PROD
TSDI= EXPDIN(DIFD % TO %% (DIF0-1) 4TZPO%»L+ TZ50% PRON
TD=> |- TD %% EXPDI
<
s
Neo=t |@2—TF (To
>0
4
OIFD=EXPD2-|
TDEX P2 TOww DIFD
TPD=-EXPD2 ®» TPD! % TDEXP
T8D« EXPDR(DIFD#TO w5 (EXPDR~2)% TPDI%TPDI=-TSDl 4 TDEXP)
NeDa |
|

1.0.0-2 B-137




SUBROUTINE [31

o 2ND COMPUTES THE DIFFERENCE

F
A PO'NT xtJJ', uJ

R = & ' Yisi -Yt I (R (LN = Yi-1
Xiwr=Xi=1 Xi+i X{=X(-1

The value of the 288 Diff.
@ AD R is not vsed, interest (s only
in the sign of same /\ a

‘ , cheek is made on the sign of
288 d4iff. in this svbroutine
ZA =YOPI- YD and when the gign 1s minus
a +1 value {3 output and -|
when the 283 diff ;s positive.
l When zero a zero is output,

=A —n- -wi
Lon-xo XD~ XOM

1.0.0-2 B-138



SUBROUTINE DERIVI (C2D, C3D, C4D, FXD, FZPD,F2SD)

FZPD=aC2D42HCIDHFXD+3 % C4D ¥ FXD % FXD

Y

FRSD=2%C3D + ¢ XC4D¥* FXD

<

THIS SUBROUTINE TAKES THE 13T & 28P DERIVATIVE
OF THE STANDARD CUSIC

1.0-0-2 ‘-139

s s = =



SUBROUTINE DERIV2 (C5D,DIFD, FPD, FSDFZPQF2SD)

PROD= 3% CSD % DIFD

A |
FEPD=FPD+ PROD*DIFD

Y

FZSD=FSD+2% PROD

S

THIS SUBROUTINE TAKES THE | § 24P
DERIVATIVE OF THE THEILHEIMER TERMS
AND ADDS THEM TO THE STANDARD CUBIC
I § 2MP DERIVATIVES

1.0.0-2 B-140



¢

750

751

&S W ow

"~ LISTING

SMOG2 PASS 1 DUAL X OR X AND Z DBL SPL WITH PROFILE
DIMENSION RX(11,15),RZ(15,11),TRM(150), IRW(250),FZ(11),FX(15

DIMENSION X(15),Z(11),Y(11,15),WL(15,11),IWL(15),C(13),FPZ(11

CFSZ(11)

READ 173
PRINT 173
READ 150, NAA,NAB,POINT,COST

* INPUT

READ ISO.M,N,CURV,RHS.EXPI,EXP2

ML=M+2
DO 751 =1 ML

READ 154,c81)

NCOMP=1

NL=N+1

ML=M+1

NSwN-1

MSuM=1

DO 2 Imf,M

READ 15k,Z(1)

DO 2 J=i,N

IF(SENSE SWITCH 3)802,803
READ 183,X(J), IAY, IBY, ICY
AAY= | AY

8BY=|BY

CCY=ICY
Y(1,J)=AAY+(BBY+(CCY/8,))/12,
Go o 2

READ 154,X(J),Y(1,J)
CONT | NUE

lF(NAA)z.3 b

READ 15k.S%,S2,TX,TZ
GO TO

SXuX(2 -xitg
SZaz(2)-2(1

TZ=Z(1

TXuX(1

5 IF(SENSE SWITCH 2)509,508

c 509 PRINT 165

* * NORMAL I Z | NG

508 DO 26 Js=1,N

26

X(J)m(X(J§-Tx)/5X
00

27 =1, M
27 2(1)=(2(13=12) /52

1.0-0-

2 B-141



691

67

68
696

697
699

1.0.0-2

POINT-(PO!NT-TX)/SX

o 6 “* END PROFILE INTERSECTIONS * #

D I=1,

FX(1 -c(l)+c 2)%*Z(1)+C(3)*Z(1)*Z(1)+C(L)*Z(1)%**3
CALL DERIVY (C(2),C(3),C(4),2(1),FPZ(1),FSZ(1))
IF(I-3)690, 1,691

DO 700 Jw3, |

olr-z(l)-zlJ-l)

FX(1)mFX(1)+C(J+2)*D | Frk3

CALL DERIV2 (C(J+2),DIF,FPZ(1),FSZ(1),FPZ(1),FSZ(1))
'F(|'3)69°o 909700

courluue
FPZ(1)=FPZ(1)/S2
FSZ(1)=FSZ(| /(sz*sz)
IF(SENSE swlrcn 2)693,69
PRINT 170 x()

PRINT 15# FiZ(u) Fsz(1)
CO?TINUE

OLD =Z(M)

I=MS

IF(SENSE SWITCH 2)204,510
PRINT 179

FZ(J)=wFX(1)

ZZ=Z(1)

ICOMP=1

IF(ABSF x(a)-rz(4))-.ooo1) 66,66,71
GO TO (

IF X(J)-FZ(J 5 67 66 72
F2(J)=22

IF(SENSE SWITCH 2) 74,80
PRINT 170,J,FZ(J)

JuJ+i

OLD=ZZ

G0 TO 510

22=224+{0L0-22)/2.

1COMP=2

IJUL-I+1

FL J)-C(l;+C(2)*ZZ+C(3)*ZZ*ZZ+C(h)*Zl**3
IF(1JuL=3 97

FZ J).Fz(J)+c(§)*(iz-Z(z))**3

GO TO 695

D0 699 x-

FZ(J -Fz(J$+c(x+z)*(zz-Z(x-l))**3

B-142
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69 IF(X(J)-FZ(J)) 67,66,70
70 SEG=OL
OLD-ZZ -
11=22-SEG/2,
GO TO 68
72 OLD=Z(1)

IF(1=1)81, 510,510
81 DO 82 ImJ N
FZ(1)=Z(1}
IF(SENSE SWITCH 2)83,82
83 PRINT 170,1,FZ(1)
82 CONTINUE
¢ * * WATERLINE 2ND DIFFERENCES * %
IF(SENSE SWITCH 2)6,7
6 PRINT 157
7 00 15 (=i M
DO 13 Jmi N
GO TO (8, 513) NCOMP
8 ZY=0,

IF(X(J)-FX(I))IO 10,9
10 R=20,
|F(SENSE SWITCH 2)660,13
660 PRINT 151,1,J

GO TO 1
9 ZZmFX(|
NCOMP=2
GO TO 1
513 ZZ=X J-I)
ZY=Y(1,J=1)
1 CALL oirzno (X(J) , X(J+1),22,Y(1,4),Y(1,4+1),2Y,1,J,R,A)
13 RX | J)=R
RX( 1N =RX( 1 ,NS)
IF(SENSE SWITCH 2)14,1
14 PRINT 158.|,J ARX(ION
15 NCOMP=1 ,
¢ * %  STATION 28D DIFFERENCES *  *
lr(seuss SWITCH 2)16,17
16 PRINT 159
17 DO zs J-l N
00 z
GO T ; NCOMP
18 |r(z(| -ri(J fa1,21,20
21 Re20,

1 .0 00‘2 '-1‘3




O s

IF(SENSE SWITCH 2)22,23
22 PRINT 151,J,!

GO TO 2
20 22«FZ(J

NCOMP=2

GO TO Stk
19 ZZ=Z(1=1)

S1k CALL olrzno (2€1),2¢141),22,Y(1,J),Y(1+1,3),Y(1=1,J),J,1,R,A)

23 RZ(J,1)=R

RZ(J M)=RZ(J,MS

IF(SENSE swlfcu 2)24, §
24 PRINT }58 oy 1,A,RZ(J,M

25 NCOMP=
(" * * ROW ID * *
PUNCH 173
NJUL=((N=3)/2)+k
NM=N
IF(NAB) 719,718,718
719 JUL=3
JUL2=2
NOROW=NJUL*( (M=3)/2+4)+1
GO TO 720
718 JUL=2
JUL2=1
NOROW== ( M+2 ) *NJUL+1

720 PUNCH 160
DO 28 NR=1,NOROW
28 PUNCH 162, un
c * MATRIX *  *
PUNCH 164
c * % FIRST WATERLINE *
D'ﬂ.?-(z*m)
FUSZ=0.,
DO 37 Jui, ML
IF(RX(I |5-zo.)2so 251,250
251 Ke2
GO TO 252
250 Kei
200 GO TO (201 7oz) NCOMP
Ncg:;)CALL PROFLE(X(1] JFX(1) ,EXP1, FUPZ, FUSZ,EXP2,POINT, T, TP, TS,
IF(T=-,0001)703,703,257
257 ZY=Y(i,1)/7

10000‘2 '-1“



703 A

252

253
31

320

133
33

254
255

35

259
705

260
37

202
91
MP)

1;0-0‘2

CALL PINCH (ZY,J,KFJ)

IROW=3

DO 31 NPR=1,3

rkn(lnow).xll *ANPR

GO TO (253,3

PUNCH 167,J, |n6w TRM( |ROW)

| ROW= | ROW+1
|F(;;3)35 35,32

IF(1=1T)3
IF |T-z*(|i/2$ 33 gs
TRM( IROW) = (X( § ~x 175 o3
GO TO (254,255
PUNCH 167,J, IROW TRH(!ROW)
I ROWe IROW+1"
CONTINVE
JPLSmJ+1
1 ROWs | ROW=-1
IWL(1)=1ROW
Engo (259,705) ,K
CALL PINCH (zv JPLS,KFJ)
oo 36 IRw3, |
wL(1, |R)-Tin |n)
GO TO (260,36) ,K
PUNCH 169,JPLS, IR, TRM( IR)

6 CONTINUE

fmis]

NCOMP=1
* * REMAINING WL
DO 64 1Z=2,M

Ji=y

75-1L+(2*uu)-z

?g 63 JsJL,MG,2

mn( | F)m= |ROW+1

IF(RX(12Z IX)-ZO )202,63, 202
G0 10 (91,9

NCO
CALL PROFiZ(X‘lX) Fx(12) ,ExP1,FUPZ,FUSZ,EXP2,POINT,T,TP,TS,NCO

B-145



IF(T—.OOOI;93.93.258
258 ZY=Y(1Z,1X)/T
60 T0 9t
93 NCOMP=2
92 2YaY(1Z,1X)
95 KFJ=i
CALL PINCH (ZY,J,KFJ)
708 1F(J=JL)k1,41, k4
41 DO 42 |ZPRei
TRM( I F)=Z (12} %% 1 ZPR
PUNCH 167,J, IRW(IF), TRM(IF)
IFs|F+1
b2 IRW(IF)-IRN(IF-I)+NJUL
IF(1Z=JUL) 146,146, 142
142 D0 145 1TZ=Jul, 12
|r(|z-|rz)1h6 ihs
;gg ?g(Igz(;* 72/5;§ Jghs 144
1hly ZTR=(Z(12)=-Z(1T2Z)) %% °
TRM(IF)=ZTR
PUNCH 167,J, IRW(IF), TRM(IF)
1F=|F+1
FRW( | F)m IRW( | F=1)+NJUL
145 CONT I NUE
146 JPLSmJ+1
709 KFJ=2
CALL PINCH (ZY,JPLS,KFJ)
711 JF=|F=1
DO 43 IF=2,JF
43 PUNCH 169,JPLS, IRW(IF), TRM(IF)
60 T0 €3
c * Z , Z SQR , I CUBE ROWS *
bs 1RO w2
KeIWL( 1X)
DO 2hk |Jm3,K
IRO wIRO +1
2bk PUNCH 167,J, IRO,WL(IX, 1J)
DO 50 I1ZPR={,3
|srnr-|nw(:r$+uJUL
ZTRMmZ(1Z)%*1ZPR
TRM( | F) =ZTRM
PUNCH 167,J, IRW(IF), TRM(IF)
I FulF4
IRW( IF) = IRW( | F=1)+1

100-0'2 ‘-l“



Xy
T;?:-m

(x(lx)**nrn)*zrnn
70J, IRW(IF) , TRM(IF)

= RW( IF=1)+1
)s so.h6

111k b 7 330tk s
(x(1% -xllri)** zrnn
JJ, IRW(IF), TRM(TF

-lRﬂ(lF—‘)'b‘

ISTRT
TI'IE ILHE IMER ROWS

~JUL)61,6
GO ;5 ( '% JUL
731 IF(I );is ,60,55
55 ISTR -IRH |r)+uJuL
IF(12-1T2)61,6
56 zrnn-(z(lz)-i(ufz))**s
TRM( 1F)=ZTRM
PUNCH 167.J IRW(IF), TRM(IF)
| Fu|F+1
IRN(IF)-IRN(IF-!)+I
DO 256 NPR=1,
TRM(TF) = ( X( | X)**NPR) *ZTRM
PUNCH 167,J IRW(IF), TRM(IF)

z

z8

—-— N, e

& &
L= 82"!:
25558
uv-.-‘v
Ol B=i
qmv.

&8
';‘23;
p=1 o~
N o oo T} T o
n -4
v.—-.vn_-.

+

&
= Agiz

F

n
o
Y-
~
]

-n
o~y

5
5k DO

&
NA__‘- .

-f
- -4 O

{FalF+1
256 IRW(IF)=IRW(IF=1)+1

D0 59 |T-3 X

IF Ix-IT)S g

IF(IT-2%(1T
sl runzlr)- 2x(|xg-x(|75§**3)*zrnu
|r-| 7 ,J, IRW(IF) , TRM(IF)

lRW(lF)-IMI(IF—l)#I
59 CONT | UE
60 IRW(IF)=ISTRT
61 JPLS=mJ+1
712 KFJ=2
CAI.L PINCH (ZY,JPLS,KFJ)

1 -0.0-2 .- 1‘7




714 IR0 =2

26

6

KeiWL(1X)
DO 262 (Jm3,K
IRO =(RO +1
2 PUNCH 169,JPLS, IR0 ,WL(IX,I1J)
JF=|F=1
DO 62 IS=2,JF
2 PUNCH 169,JPLS, IRW(1S), TRM(IS)

63 |XmiX+1
64 NCOMP=1

87

PUNCH 180,JPLS,JUL ,JUL2, NJUL,M,N,MS, NS, NOROW, NCOMP , CURV , RHS
;gng; 181, sxrz *cost,POINT,EXPY

PUNCH |s| x(l) Fz(1)

Do 87 J

PUNCH 131 RZ(I J)

DO 88 iml M

PUNCH 18|.z(|).rx(|).rpz(|).rsz(|)

00 88 Juml.N

88 PUNCH 181,RX(1,J)

Vi i

o

3

e o epd b onh il ol il b wnb b el b o and enbd
s NN
VD P =

ML=M+2
DO 100 J=1 ML
PUNCH 181,8(J)
PRINT 178"
PAUSE 751
G0 TO 750
0 FORMAT(215,4F11,6)
1 FORMAT(215 1Zu OUT OF SURFACE)
I FORMAT(L4F10
7 FORMAT /llox 17H2ND DIFF = WLINES//
C30H stA NORM VALUE  SIGN/)
8 FORMAT 215,F12,6,F8,2)
9 FORMAT(//10X,17H2ND DIFF=STATIONS//
C30H STA WL NORM VALUE SIGN/)
0 FORMAT(GHROW 1D/12X,6H OFSET)
2 FORMAT(12X,2H R, I4)’
i FORMAT (6HMATR 1 X}
FORMAT(//6X,25HEND PROFILE |nrsnszcr|ous//15x GHWL INES/)
FORMAT(6X,2H C,ik,2H R, 14, 1H=,F11,5)
FORMAT(6X,2H C.ik,2H R, 1k, ,F12.5)
FORMAT(5X, IS, riz
FORMAT (6X, 21’ C, lh,én OFSET,F12,5)
FORMAT(218)
FORMAT |H*,5X W7H

W~y

100-0-2 ‘-1“
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178 FORMAT(28HENTER NEW DATA ~ PRESS START)
lzg FORMAT (/14X,BHSTATIONS/)

180 FORMAT (1015;2F15,.9)

181 FORMAT (4F15.9)

183 Egbnmr(no.s.sls)

1 .0 . 0-2 ’- 1‘9



SUBROUTINE PINCH (YD,JFK,KFJD)
IF(YD) 706,707,707
706 YD=-YD
GO TO (732.753) KFJD
752 PUNCH 168,JFK,YD, JFK, JFK
GO TO 75b
753 PUNCH 166,JFK,YD, JFK, JFK
754 YD==YD
RETURN
707 50 T0 (755,756),KFJD
755 PUNCH 166, JFK, YD, JFK, JFK
RETURN
756 PUNCH 168,JFK,YD,JFK, JFK
RETURN
166 FORMAT(6X,2H C,I4,6H OFSET,F12,5/6X,2H C,14,6H R  1,8H 1.0/
C6X,2H C, 1h,6H R 2, 1.0
168 FORMAT(8X,2H C, 14,78 OFSET-,F11.5/6X,2H C,14,6H R  1,BH 1.0/
cgﬁézﬂ c,ib,6H R '2,8H 1.0)

SUBROUT INE PROFL2(XD,FD,EXPD1,TZPD,TZSD,EXPD2,Xt,TD,TPD,TSD,NCD)
TD-(X1+FD-XD;/X1
IF(TD-,00001)1,1,2
2 DIFD=EXPD1~1,
PROD=TD**D | FD
TPD 1=EXPD1*TZPD*PROD
TSD1=EXPD1* (D |FD*TD** (D | FD=1,)*TZPD**2+TZSD*PROD)
TO=1{,~-TD**EXPD1
IF{TD-,00001)7,7,4
4 DIFD=EXPD2-1,
TOEXP=TD**D | FD
TPDm=EXPD2*TPD1*TDE XP
TSD=EXPD2*(D | FO*TD** (EXPD2~2,)*TPD1*TPD1~TSD 1*TDEXP)
TD=TD**E XPD2
IF(TD-.00001)7,7,6
TD=0,
GO TO 3
NCD=1
RETURN
NCDm2
TD.I .
5 TPD=0,
TSD=0,
RETURN
3 NCD=1
GO TO 5
END

- O~
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SUBROUT INE DIF2ND(XD,XDP1,XDM1,YD,YDP1,YDM1, ID,JD,RD,AD)
AD=2,/( XDP1~XDM1)
ZA=YDP{=YD
AD-AD*éosl XDPI-XD) (YD=YDM1) /( XD=XDM1))
1F(AD)
GO TO 11

809 RD=0.

GO TO 11

0 RD=1.

1 IF(SENSE SWITCH 2)812,813

2 PRINT 158,1D,JD,AD,RD

8 FORMAT(215,F12.8,F8.2)

3 RETURN

END

SUBROUTINE DERIV1 (C2D,C3D,ClD,FXD,FZPD,FZSD)
FZPD=(C2D+2, *C3D*FXD+3.*C#D*FXD*FXD

FZSD=2 *CBD+6 *CLD*FXD

RETURN

END

SUBROUTINE DERIV2 (C5D,DIFD,FPD,FSD,FZPD,FZSD)
PROD=3 ,*C5D*D | FD

FZPD=FPD+PROD*D | FD

FZSD=FSD+2,*PROD

RETURN

Ei:D
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PASS 2

OPERATING INSTRUCTIONS

Pass 2 of the program accepts the data punched in Pass 1. It produces
the curvature constraints of the matrix and then the right<hand side ,
which for the dual, consists of the costs on the variables.

Fortran Input ols
JPLS - The number of the last column produced in Pass !
JUL - Program indicator

JUL = 3 if the surface is double splined in
the z direction

JUL = 2 if the surface is single splined in
the 2z direction

This value is equal to the subscript of the first
z value of a point of discontinuity
JUL2 - Program indicator
JUL2 = 2 if the z direction is double splined
JUL2 = 1 4if the z direction is single splined
This value is equal to the number of waterline
intervals between points of discontinuity
NJUL - This value (12:3 + 4) is equal to the maximum number

of rows necessary to store the x terms, each of
which is multiplied by a specific z term

M - Total number of waterlines in the surface
MS - M-1

N - Total number of stations in the surface
NS - N-1

NOROW - Total number of rows in the matrix

For z double spline NOROW = ("—;—3-)+ 4 NuL| + 1

Por z single spline NOROW = 2')nnn.]
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NCOMP

COST

EXP1

EXP2

POINT

c(1)

CURV

X(J)

Z(1)

FX(I)

FZ(J)

FPZ(I)

FSZ(1)

1.000-2

Program indicator

The penalty assigned to A . This will appear in
Row 1 of the right-hand side. The value is normally
made 20.

The value of p 1in the profile function usually made
+3333 .

The value of r in the profile function, usually
3.0 .

‘The value of D in the profile function. This
number is the length of fraction of the station
spacing over which the profile function is effective
in terms of the full scale surface (the value has
been translated and normalized exactly like the x
values are).

Coefficients of the Theilheimer equation describing
the profile. There must be (M#2) coefficients.
Straight lines or other curves may be used by making
all except the desired coefficients zero.

Right-hand side - In the dual this is really the
cost on the equation coefficients. The ideal

value for RHS would be zero; however, this makes
the solution susceptible to cycling so that a value
of .0001 is usually used.

Value of the requirement vector for the curvature
constraints. This value actually goes in the cost
row in the dual and is always made zero.

Distance along the x axis from the origin of the
surface to Station § .

Distance along the 2z axis from the origin of the
surface to Waterline 1 .

The x coordinate of the intersection of Waterline
i with the profile

. The -z coordinate of the intersection of Station

j with the profile

The first derivative, with respect to 2z , of the
profile equation at Waterline 1 .

The second derivative with respect to 2z of the
profile equation at Waterline 1 .
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RZ(1,J)

RX(1,J)

Input Data

- The sign of the second difference of the Station
This will have the
opposite sign from the actual second difference.

Curve § at Waterline 1 .

- The sign of the second difference of Waterline
Curve 1 at Station J .

of the actual sign.

This will be the opposite

The following input formats are listed as a matter of record in case

modifications of the data cards are to be made.

Normally this data

will be obtained from executing Passl in a form which can be entered

directly into Pass 2.

Format
Variable

Contents of Card

I5 I5 I5 IS5 I5 15 15 IS5
JPLS JUL JUL2 NJUL M N MS NS

Format (continuation

Variable

Format
Variable

Format
Variable

Format
Variable

Format
Variable

Format
Variable

Format
Variable

1.0.0-2

of Card 1) 15 15

MOROW NCOMP

F15.9 F15.9 F15.9 F15.9
EXP2 CoST POINT EXPl

F15.9 F15.9
X(I) FZ(I)

RZ(I1,J)

F15.9 F15.9 F15.9 P15.9
Z(I) FX(I) FPZ(I) FSZ(1)

F15.9
RX(I,J)

F15.9
c@3)

B-155

1st card/set

‘M Cards/set

s/
-

1lst card/set

N Cards/set

Gard Yo.
1
F15.5 F15.5
CURV RHS
2
-

Next
N Sets

Next
M Sets

Next
M+2 Cards



Output

The curvature constraint elements are produced first. These are
punched with the formats listed in Fig. B=- , as are the following
cards. The elements are punched in column order with the rows
ordered within the columns. Next, a card punched "FIRST B" is
produced. Afterwards, the right-hand side is punched in row order.
Pinally, the last card in the deck is punched "EOF."

After the input data for Pass 2 is removed froﬁz the Pass 1 output,

the Pass 2 output is placed directly behind the Pass 1 output. The
deck 1is now complete and ready for input to LP-90 .

Sense Switches

No sense switches are used.
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SAMPLIE PROBLEM -

50 3 2
.00100000
+33333333
0.00000000
20.,00000000
20.00000000
1.00000000
1.00000000
1.00000000
1.00000000
-1.00000000
-1.00000000
-1.00000000
2.00000000
-1.00000000
-1.00000000
-1.00000000
-1.00000000
3.00000000
-1.00000000
-1.00000000
-1.00000000
-1.00000000
4,00000000
-1.00000000
-1.00000000
-1.00000000
-1.00000000
0.00000000
20.00000000
20,00000000
1.00000000
-1.00000000
-1.00000000
1.00000000
20.00000000
1.00000000
-1.00000000
-1.00000000
-1.00000000
2.00000000
20,00000000
1.00000000
-1.00000000
-1.,00000000
-1.00000000
3.00000000

100'0"2

Pass 2 Input Punched by Pass 1

* * SAMPLE INPUT ¥ *

5 5 5

20,00000000
2.60400380

;90136719
0.00000000
0.00000000
0;00000000

1.52935000

.94205000

35475000

B-157
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.07843137

-.58730000

~.58730000

-.58730000

1

0.00000000

3.00000000

0.00000000

0.00000000

0.00000000

0.00000000



1.00000000
-1,.00£00000
-1.00000000
-1.00000000
-1.00000000

4,00000000 -.81985000 -.58730000 0.00000000
-1.00000000
-1,00000000
-1.00000000
-1,00000000
-1.00000000

1.52935000

-.58730000

0.00000000

0.00000000

0.00000000

0.00000000

0.00006000
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1.0'0-2

FLOW DIAGRAM - SMOG 2 - PASS Il

m

READ : IPLS T, JUL2,
@ﬁ "’“.",“.Ns'us.
~1 NOROW, N‘b»'
RMS ,CURV.

!

READ ‘x'z.
w’Ti”INT.
ExXe

!

DO 32
I=1,N

READ:
%y > F2y

DO a2
J‘z'"

1

READ:
th’

l

DO 33
Iai .M

!

READ:
Z; , FXy,
FP2Z, ,F82,

i3
DO 33
TN

READ !
RX. .

B-167




MLeM+2
DO 100
J-l,m

oo {

READ:
€s

&

Ia.NS/2
TCOL +1COL + |

!

bo 88
I2« 1,M

B

IS TPLS+ )
JP. TS 4 TX

!

DO 487
3.38,3F

X SELOND DIFFERENCES

$03
YES FUP2s ..} GO YO FROPL2
FUtZa O SUBROUTING

1-000-2




NR:RX‘:"

GO TO SEDIF |
SUBROQUTINE

TROW.IROW +1

GO TO SEDIF 2
$UB ROUTINE

IROWsIROW4 1

GO TO SEDIF 2
SUBROUT INE

IROWaIROW 41

1.0.0-2 B-169



1~00°-2

bo7y
NewR 81,3

ISTRT . ISTRT +
WJUL
IroOWeISTRT

]

PWRke
NPWR
“u ,:' zu

@O TO SEDIF |
SUBROVTINE

IROW = IROW +

GO TO SEDIF 2
SUBROVUTING

TROW = TROW + |

!

pore
Ka3I.2

w K<1!?

YES
77

DI %y < Ny

GO TO sapiv 2
SUBROVUTINE

79 %

IROWs IROW + } |

CONTINUE
DO LOOP
sTavTed AT®

"B-170 -



° m
YES
(-{1]
Do 86

LaduL, 12,
.

% L<z! NO
vas
512

ISTRT = ISTRT + NJUL
IROW s ISTRY

PR« REgy (2, z,_)‘

IROW = ITROW + |

-] 2.}
Xs3,1,2

jat—————JIROWSIROW + |

1.0.0-2

GO TO SEDIF
SUBROUTINE
GO TO seow 2
SUAROVUTWNE

NO

ves
84

b1 M Ky =Xy

GO TO Stpw 2
SUBROUTINE

. |

88
CONTINVE
IROW = IROW 41 DO LoOP Tel142
SIRTED AT S1l
B-171




1.0.0-2

NCOMP o |

o

Ins. JF

Do wo
} ‘,N

!

L 2T]]
Iz .JUL.H'J‘,L;

PWR. RZ,

FOR ~ X,
P2 L F

iS22 “’1:

GO 70 PROPL 2
SUS ROVTINE

Pwis Rzz 2z
L]
r2p. Z,,

5632 '

PUNCH 2 T CuRv

B-172




864

b ISTRTs )

GO TO sedip4
SUBROUTING

ZOTRTaNIUL ¢ |

IROW: ISTRT +)

!

PO 570
IXPWR » 1,3

PRODS

PWR % X:IM

GO TO SEDIF 4
SUBROUTINE

570

[IROWa IROW +1|

Yis
571

0572
K231,2

1-000-2 8.173



100-0-2

PR (t;-%y)”

GO TO SEDIP 4
SUBROUTING

572

TROWIIROW +1

w |

ISTRT:
ISTRT + NJUL

GO TO SEDIFr S
SUBROUTINE

PROD»
PWR

GO TO sSudIES
SUBROUT NE

576

IROW s ISTRT4 | [l

bo 876
INPWR = 1,3

IROW 2 1ROW+ § |

B-174
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Yes

bo s78
Ked,2 2

TROW.IROW + |

w
ISTRTs

ISTRT + NTUL

INOW:IROW+ |

R
IXPWR . 1,3 rwr(x*TVR) SUBROUTING

iQO'o-z 3-175



1 1000-2

Do 584
Ks3,12

606

PRODS
m(’(t-"u)’

504

GO TO sEDIFE
SUBROUTINE

IROW.IROW 4 |

00 1

ISTRT:
TSTRT+ NJUL

GO TO sEDW 2
SUBROUT INE

TROW = TSTRT + |

hi %]

Do 587
IXPWR . 1,8

l

.PRODg
rwr( ™)

Go 7O seDIF2
SUBROUT INE

587

IROW = TROW S |

597

PROD
PWE (xg - X )*

GO TO SEDIF 2
SUBROUTINE

IROW sTROW+ |

%0 %89
Ke312

NO s ka1?

YEsS

ISTRT,
TETRT 4 NJUL

;

PO 592
Ke3UL 12,3002




1.0.0-2

IROW 3 ISTRT 41

1

DO 608
INPWRz 1,3

!

PROD:
PWR x:l NK)

GOTO sEDIF2
SUBROUTING

IROWa IROWHI

uo

YEg
598
Do 599 bo 599
®J.3,I,2 KJa3,1,2
B-177

TROWaTROW+1

ISTRT,

ISTRT+NJUL

]  NCOMPg |

1

PUNCYH w
‘PIRST B CARD
& COST CARD

&

bo 42
T=2,NoROW

A2 ‘

PUNCH ¢
I,RHS

!

PUNCH ¢ "gO®*
k PRINT ENTER

NEW DATA MESSAGE

!

PAUSE




1.0.0-2

Por Flow Diagram of Profile 2 Subroutine, See SMOG 2, Pass 1

SUBROUTINE SEDIFI(TD,TPDTSD, XD,J ROWD,JD,PWREIROWD)

THIS SUBROUTINE COMPUTES
IROWD=JROWD| THE 2NR DERIVATIVE OF
THE STANDARD CUBIC USING

SE&DIF4, SEDIFS, ¢ SEDIFG
SUBROUTINES

@O 7O S&DIF
SUBROUTINE

]

IROWD=TROWD+i

@O YO SEDIES
SUBROUTINE

IROWD=TROWD+|

GO0 TO SEDIFG
SUBROUTINE

S
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SUBROUTINE SEDIF2(DIFD, TD, T PD,TSD, PWRD,IROWD,JD)

WRM=(3 XDIFD ¥ TD+ 3% TPD % DIFDx%2+{rSD* DIFD*% 3) /2) % PWRD

GO TO SIGN \ WRM 1S THE 2NP DERIVATIVE
SUBROVUTINE/ o 1E THEILHEIMER TERM

1.000.2 3‘179




SUBROUTINE SEDIF3(IXD, FXD,PRD,IROWD, ISD)

EXD=IXD

!

WRM = (EXD % FX D% (IXD -1)~FXD ##%IXD) % PRD

GO 70 SIGN
SUBROUTIN

WRM IS THE 28R DERIVATIVE
FOR POINTS ON THE
PROFILE

1.0.0-2 B-180



SUBROUTINE SEDIF4(TSD,PWRD,JD, IROWD)

TSD ¥

WRM=a 2

GO TO S1GN
SUBROUTINE

1.0.0-2 B-181




SUBROUTINE SEDIFS (TPD, TSD, XD, PWRD, JO, IROWD)

&

WRM=((T5o% x0)/2 + TPD)> PWRD

GO TO SIGN
BROVTINE

1.0.0-2 B-182



SUBROVTINE SEDIFG (TD,TPD,TSD,XP, ID, PWRD, IROW D)

1.0.0-2

e

Y

WRM = (TO+(TSD % XD %x%2) /2+ 2%TPD wXD) #PWRD

GO TO S16NM
SV B ROVT INE

B-183



1.0.0-2

SUBROUTINE SIGN (JIW, IW, WAM)

371

PUNCH
W, IW, WaM

THIS SUBROUTINE PUNCHES
THE 2% DERIVATIVE FROM
THE SEDIF SUBROUTINES,
ALONG WITH THE 1DENTIFYING
SUBSCRIPT No'S T ¢J, IN
PROPER FORMAT

PUNCH
JW,IW,WAM

373

B-184



15)
750

32

33

100

501

503

FORTRAN LISTING

SMOG2 PASS 2 DUAL X OR X AND Z DBL SPL WITH PROFILE
DIMENSION RX(11,15),RZ(15,11),FZ(11),FX(15),X(15),Z(11),Y(11,

DIMENSION FPZ(11),FSZ(11),C(13)

READ 180,JPLS,JUL,JUL2,NJUL,M,N,MS,NS ,NOROW, NCOMP , CURV , RHS
ggAgztstisxpz scost,PoOINT,EXP1

READ 181 x(l) FZ(1)
D0 32 J

READ 181 &z(l J)

DO 33 I=i,M

ggAn 'B'ii(|) FX(1),FPZ(1),FSZ(1)
READ 181,RX(1,J)

ML=M+2

DO 100 Jui ML
READ 181 c(J)

JX-NS/2

DO 88 1Z=1,M

jui

JS=JPLS+H1

JFmJS+IX

DO 87 JmJS,JF

IF(RX(1Z, 15-20 )501,87,501
PUNCH 171,J,CURV

IROW=2

ISTRT=2

GO TO (503,50k4),NCOMP
FUPZw=1",

FUSZ=0,

CALL PROFL2 (X(1),FX(1Z),EXP1,FUPZ,FUSZ,EXP2,POINT,T,TP,TS

X SEC DIFFERENCES * *

,NCOMP)

504

502

73

505
75

PWR=RX(1Z,1)

CALL SEDIF1 (T,TP,TS,X(1), IROW,J,PWR, IROW)
| ROWs | ROW+1

CALL SEDIF2 (X(l) T,TP,TS,FWR, IROW,J)
IF(1=3)75,75

poehEl

IF(K=1)73, 2%

DiF=X(1)=X(K}

CALL SEDIF2 (DIF,T,TP,TS,PWR, IROW,J)
IROWs= | ROW+1

IF(12-1)87,87,76

1.0.0-2 B-185 l



76 DO 79 NPWR=1,3
ISTRT=ISTRT+NJUL
IROW=ISTRT
PWR=RX(1Z, 1)*Z(1Z)**NPWR
CALL SEDIF1 (T,TP,TS,X{1), IROW,J,PWR, IROW)
LROWss | ROW+1
CALL SEDIF2 (X(1),T,TP,TS,PWR, IROW,J)
mow-mown
Do 78 K-3
IF(K-I);
77 DIF=x(1)=k(K}
CALL seole (DIF T,TP,TS,PWR, IROW,J)
78 IROWs=|ROW+1
79 COMTINUE
IF(1Z-JuL)87,87,511
511 DO 86 L=JUL,2,JUL2
IF(L=12)512,87,87
512 I1STRT=1STRT+NJUL
IROW= | STRT
PWR=RX(1Z,1)*(Z(1Z)=Z(L))**3
CALL SEDIF1 (T,TP,TS,X(} laow J,PWR, IROW)
IROWs= | ROW+1
CALL SEDIF2 (X(1),T,TP,TS,PWR, IROW,J)
630:;I20W+1
IF(K-I)Bz 86 86
84 DIF=X(1)=-X(x}
CALL SEDIF2 (DIF,T,TP,TS,PWR, IROW,J)
85 |ROWs=|ROW+1
86 CONTINUE
87 I1=i42
NCOMP=1
88 JPLSwJF
¢ 7 SEC ourrsaeuces * %
DO 110 I=1,N
D0 111 IZ-JUL M JuL2
GO TO (550,551) . NCOMP
550 u-(nx(uz li-zo §556, 111,556
556 PWRwRZ(
FZD-Z(lZ’
FOZ=FX(12)
FUPZ=FPZ(12Z
FUSZ=FSZ(12

Ncg%)CALL PROFL2(X(1),FOZ,EXP1,FUPZ,FUSZ,EXP2,POINT,T,TP,TS,
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GO TO 563
551 Pwa-az(l 1Z)
FID=Z(1Z
563 PUNCH 171,J,CURV
Go 10 (56h,565),NCOMP
565 |STRTm2+NJUL
GO TO 566
564 |STRT=2
CALL SEDIFL é PWR,J, ISTRT)
567 IF(1-1)569,568,569
569 IROWsISTRT+1
DO 570 |XPWR=1
Paoo-PwR*x(l)*ilewR
CALL SEDIFL(TS,PROD,J, IROW)
570 |ROW= |ROW+1
571 55(;;3)568 +568,571
IF(K=1)60%, 5&8 60k
604 PROD-PNR*(XiI)-X K)) %3
CALL SEDIFL(TS,PROD,J, 1ROW)
572 |ROWs IROW+1
568 |STRT=ISTRT+NJUL
CALL seonrs(rp Ts,FZD,PWR,J, I STRT)
573 IF(1-1)575,566.578
575 IROW=|STRT+1
DO 576 |XPWR=1,3
PROD=PWR*X( | ) %% 1 XPWR
CALL SEDIFS (TP,TS,FZD,PROD,J, IROW)
576 |ROWs |ROW+1
1IF(1=3)566, 566 5§77
577 DO 578 K=3
IF(K-I)605 586 605
605 PROD-PNR*(X(I)-X(K))**B
CALL SEDIF5 (TP,TS,FZD,PROD,J, IROW)
578 IROWm |ROW+1
566 |STRT=|STRT+NJUL
CALL SEDIF6 T TP,TS,FID,J,PWR, | STRT)
579 IF(I-1)581,5 581
581 IROWs|STRT4+1
DO 582 |XPWR
PROD=PWR*X( 1) *‘IXPHR
CALL SEDIF6 (T,TP,TS,FZD,J,PROD, IROW)
.582 1ROWe | ROW+1
583 DO 584 Kw3,l,2
IF(K=1)606,580,606
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606 .PRODwPWR*(X( | )=X(K) )**3
CALL SEDIF6 (T,TP,TS,FZD,J,PROD, |ROW)
584 |ROWs |ROW+1
580 |STRT=ISTRT+NJUL
CALL SEDIF2 (FZD,T,TP,TS,PWR, ISTRT,J)
585 IF(1-1)586,590,586
586 IROWs=ISTRT+1
DO 587 I1XPWR=1,3
PROD=PWR*X( 1 )%¥ 1 XPWR
CALL SEDIF2 (FZD,T,TP,TS,PROD,IROW,J)
587 |ROWm=IROW+1
|F( "'3)59005900588
588 DO 589 Km3, 1,2
IF(K=1)597,590,597
597 PROD=PWR*(X(1)=X(K))%*3
CALL SEDIF2 (FzD,T,TP,TS,PROD,IROW,J)
589 |ROW=|ROW+1
590 IF(1Z~-JUL)591,111,591
591 ISTRT=|STRT+NJUL
DO 592 KmJUL,1Z,JUL2
IF(K=12)593, 111,593
593 D|F=FZD-2(K -
CALL SEDIF2 (DIF,T,TP,TS,PWR, ISTRT,J)
1 1F(1-1)607,592,607
607 IROWsmISTRT+1
DO 608 |XPWR=1,3
PROD=PWR*X( 1) %% XPWR
CALL SEDIF2 (DIF,T,TP,TS,PROD, IROW,J)
608 |ROWs |ROW+1
IF(1=-3)592,592,598
598 DO 593 KJm3, 1,2
IF(KJ=1)600 sgz.soo
600 PROD=PWR*(X{1)=X(KJ))**3
CALL SEDIF2 (DIF,T,TP,TS,PROD, IROW,J)
599 |ROWs=I1ROW+1
§92 ISTRT=|STRT+NJUL
111 Jmd+t
110 NCOMP=1
PUNCH 174
PUNCH 175,C0ST
D0 412 =2, NOROW
412 PUNCH 177,1,RHS
PUNCH 176
PRINT 178
PAUSE 751
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10000‘2

GO TO 750
FORMAT(6X,2H C, 14,6H OFSET,F12,5)
FORMAT( 1H¥,5x, b7H

FORMAT( 7HFIRST B)

FORMAT(12X, 6H R 1,F12,5)

FORMAT ( 3HEOF)

FORMAT(12X,2H R, I4,1H ,F11,5)

FORMAT (2BHENTER NEW DATA - PRESS START)
FORMAT iIOIS.ZFIS.S)

EagnAr LF15,9)
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SUBROUTINE PROFL2(XD,FD,EXPDt,TZPD,TZSD,EXPD2,X1,TD, TPD, TSD,NCD)
Th= (X1+FD=XD) /X1
IF(TD-,00001)1,1,2
2 DIFD=EXPD1~1,
PRUD=TD**D | FD
TPO1=EXPD1%*TZPD*PROD
TSDTaEXPU1*(DIFD*TD**(DIFD-l Y*TZPD**24+TZSD*PROD)
TD=1,=TD**EXPD1
IF(TD-,00001)7,7,4
L DIFD=EXPD2-1.,
TDEXP=TD**D I FD
TPD=~EXPD2*TPD1*TDEXP '
TSD=EXPD2* (D | FO*XTD** (EXPD2~2,)*TPD1*TPD1-TSD1*TDEXP)
TDu:TD**E XPD2
IF(TD-,00001)7,7,6
TD=0,
G0 TO 3
NCD=1
RETURN
NCD=2
TD.I .
TPD=0,
TSD=0,
RETURN
3 NCD=1
GO TO 5
END

Vi = O 3

SUBROUT INE SEDIF1 (TD,TPD,TSD, XD,JROWD,JD,PWRD, |ROWD)
IROWD=JROWD

CALL SEDIF4 (TSD,PWRD,JD, IROWD)

IROWD= | ROWD+1

CALL SEDIFS (TPD,TSD,XD,PWRD,JD, IROWD)

IROWD= | ROWD+1

CALL “EDIF6 (TD,TPD,TSD,XD,JD,PWRD, IROWD)

SUBROUTINE SEDIF2 (DIFD,TD,TPD,TSD,PWRD, IROWD,JD)
WRMs(3 , %D | FD*TD+3,%TPD*D | FO*%24( TSO*D | FO%*3) /2, ) *PWRD
CALL SIGN (JD, IROWD,WRM)

RE TURN

END
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SggR?UTINE SEDIF3 (1XD,FXD,PRD, IROWD,JSD)
EXD=| XD

WRMs (E XD*F XD¥** ( | XD==1)=F XD¥** | XD) *PRD

CALL SIGN (JSD, IROWD,WRM)

RETURN

END

SUBROUTINE SEDIF4 (TSD,PWRD,JD, IROWD)
WRM= ( TSD*PWRD) /2,

CALL SIGN (JD, IROWD,WRM)

RETURN

END

SUBROUTINE SEDIF5 (TPD,TSD, XD,PWRD,JD, IROWD)
WRM=( (TSD*XD)/2,+TPD)*PWRD

CALL SIGN (JD, IROWD,WRM)

RETURN

END

agasgngNE SEDIF6 (TD,TPD,TSD,XD,JD,PWRD, |ROWD)
WRM=WRM+( TSD*XD**2) /2,

WRM=WRM+2 , *TPD* XD

WRM=WRM*PWRD

CALL SIGN (JD, IROWD,WRM)

RETURN

END

SUBROUTINE SIGN (JW, IW,WAM)
1F(WAM)370,373,371
370 WAMm=WAM
PUNCH 169,JW, IW,WAM
RETURN
1 PUNCH 167, JW, IW,WAM
3 RETURN
7 FORMAT(6X,2H C,14,2H R, 14
9 ESSMAT 6X,2H C,14,2H R, I4

s 1H=,
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Section II1

SMOG 3

The purpose of the program named SMOG 3 is to generate a matrix with

the following characteristics:

(1)
)
3
4)
(5)

Primal formulation

Sum of the deviations fit

Dcuble splined in the x direction

Single or double splined in the 2z direction

Containing profile conditions

Figure B-4 (Section II of this Appendix) shows a five-station by five-

waterline surface and an equation representing this surface. The matrix

which represents this equation consists of two parts.

cursists of the deviation constraints.

constraints.

The deviation constraints have the form:

(a)

thus offset (1,3) Fig. B-4 would have the constraint:

(2)

where

1.0.0-2

Yxpz) #8557y = Yy

(85) = Bg1)*3 + (3, - b02)x32

The first part

The second part is the curvature

3
*(agy ~bgg)xgT + 8§ 4 - Q 4 = ¥,

41 " Po1 = A
857 “ bg2 = Ap
803 ~ Po3 " Ap;

B-193




The curvature constraints are the same as those of SMOG 1 and SMOG 2

-~

(b) ri,j * f"(xi,zj)xx > 0

(c) r LRI

1,

A tableau of th: natrix is given in Fig. B-6. The positive identity

matrix correspo wiing to § 1,3 is always used to provide a basic feasible
L

solution, and SMOG 3 provides the basis headings for this purpose.

Data Assembly Instiuctions

Before the data punched by Passes 1 and 2 of SMOG 3 can be used, it

must be rearrangad uccording to the imstructions which follow:

Pass 1

(1) Be sure Pass 2 input data has been removed from behind the
output deck

(2) Remove the first four cards from the front of the output
declt . These are punched with the heading, ROW ID, OFSET,
MATRIX.

(3) Sort the output deck on Column 16 with the edit off. The
output deck will fall in the reject hopper and the cost row
cards will fall in the Column 2 hopper. i

Set the cost row elements aside.

Pass 2

(1) Remove the last two cards from the output deck. These are
punched FIRST B and EOF

(2) Place the Pass 2 output deck directly behind the Pass 1
output deck.

Peps | and 2

(1) Sort the combined deck on Column 8 with the edit off. The
right-hand side cards and row identification will fall in
the refect hopper. Set these aside.

(2) Sort the combined deck on Column 23 with the edit off. The
basis hcading cards will fall in the reject hopper.

~ (3) Keypuach a card with BASIS in Columns 1-5 and place in front
of the basis heading deck.
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(4)

()

(6)

)]

Sort the row identification - right-hand side deck on Column 25
with the edit off. The row identification cards will fall in
the reject hopper.

Place the following cards in the fron of a card box in the
following order:

Heading card

Row ID

OFSET

The row identification deck
The basis heading deck
MATRIX

Sort the combined output decks on Columns 12, 11, 10. This
will place them in Column order. Put the resulting deck behind
the MATRIX card.

Put the First B card ahead of the right-hand side deck and
the EOF card behind it. Then put this deck behind the combined
output decks.

A fully assembled output deck combining the sample problem of Pgss 1 and
Pass 2 is given immediately following the Pass 2 sample output listing.

1.0.0-2
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SMOG 3 PASS 1

OPERATING INSTRUCTIONS

4“:

Pasg8 1 of SMOG 3 calculates the second differences of the offsets
and the intersections of the profile with the waterlines and stations.

’ It then punches the deviation constraints for the matrix. The
program is written in FORTRAN Il for the IBM~1620 computer.

Fortran Symbol Definitions

M‘v’.'\

X(J)
z2(1)
YT, )
IAY

IBY
1cY

g

3

48 HR

1-000‘2

Total number of waterlines in the surface to be
faired. This will be an odd number if the surface
is double splined in the z direction.

Total number of stations in the surface. This will
alvays be an odd number.

Distance along the x axis from the origin of the
surface to station j .

Distance along the £ axis from the origin of
the surface to Waterline 1 .

Offset of the surface at waterline 1{ , station § ,
in feet and decimals

Number of feet in the offset if read in feet, inches
and eighths.

Number of inches corresponding to IAY
Number of eighths corresponding to IAY
Program indicator

If NAA = -1, scale factors for normalizing and
translating x(J) and 2£(I) are read in

If NAA = +]1, scaling and translating are done by
. the program as given in Section II .

Scale factor for X(J) vhen these are read in
Translation factor for X(J) when these are read in
Scale factor for 2(1) when these are read in
Translation factor for 2(I) when these are read in
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CURV

COST
EXP1

POINT

c(1)

Input

The cost on the slack variables associated with
the deviation constraints. Usually made equal to
1000 .

The cost on the non-slack variables. Usiully made
.001 .

Program Indicator

If NAB = -1 , the surface will be double splined
in the 2 direction, and M must
be an odd number

If NAB = +1 , the surface will be single splined
in the 2z direction and M 1is
unrestricted

Used in Pass 2. A zero value must be given

The value of p in the profile function, usually
made .3333

The value of r in the profile function, usually
3.0 .

The value of D in the profile function. This
number is the length of the fraction of the station
spacing over which the profile function is effective
in terms of the full-scale surface (the value will
be translated and normalized exactly like the x
values are).

Coefficients of the Theilheimer equation describing
the profile. There must be (Mt2) coefficients.
Straight lines or other curves may be used by making
all except the desired coefficients zero.

The input data cards are described below. There are certain input

variables on which there are restrictions on the value which can be

‘entered.

These restrictions follow.

Variable Minimum Maximum
N . 3 15
M 3 11

- In describing the various data cards, the actual FORTRAN format

field description is used in most cases. These fields come con-

secutively across the card with no gaps or blank columns between,

1.000"2
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except where indicated.

The field descriptions are the FORTRAN ¥

field, which uses the FORIRAN fixed point decimal number, and the
1 field that uses the FORTRAN integer number, which is always

right justified.

cards.

Contents of Card
Card Columns 1 2-12

Contents

Yormat
Variable

Pormat
Variable

Format
Variasble

Format
Variable

Format
Variable

Format
Variable

This arrangement can be stated as follows:
set gives the height z of the waterline.

* Blank

I3 I5 Prll.6
NA RAB POINT

15 15 F11.6
M N CURV

F10.4
C(1)

F10.4
(1)

Alternate Cards:

F10.4 P10.4
X(J) ¥(1,J3)

or

F10.4 15 I5
X(J) IAY IBY

13-53

The card numbers are pot punched on the data

Gaxd No.
1

Any alphameric problem
heading (This heading
will be used for identify-
ing the problem on the LP

output)
Fil.é 2
COST
Pli.6 Pll.6 TF1l1.6 3
RHS EXPl £XP2
Next
M+2 cards
Next
M
N cards Groups
per group
15
I1CcY

The first card of each
The following cards

each give a station coordinate and the offset at the intersection of
There is one set of cards for

the given waterline and station.

each waterline in the surface.

Format
Variable

1.0.0-2

P10.4 P10.4

P10.4 F10.4

sX -+ = T2
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Output

()

All of the dats necessary for the deviation constraints in the

matrix are punched by this program. The first cards punched
contain the heading, "ROW ID," "OFSET" (this is the identification
of the cost row) and "MATRIX."

The matrix elements are punched in row order with the columns in

order within the rows. Each row also contains in order of

appearance:

(1)
(2)
3)

%)
(5)

The
The

The
the

The
The

This output
before being used with LP-90 . The sorting instructions are in
the section called "Qutput Assembly."

row identification for that row
right-hand side element for that row

costs of the two slack columns associated with
row

slack elements
basis heading card

nust be sorted, together with the output from Pass 2,

Sense Switch Settings

Sense Switch 1 - Not Used

Sense Switch 2 « ON The values of the x and z second
differences and the resulting signs are

‘ printed

Sense Switch 2 - OFF The above is not printed

Sense Switch 3 - ON The offsets are read in as feet, inches
and eighths

Sense Switch 3 - OFF The offsets are read in as feet and decimals

Sense Switch 4 - ON The data for Pass 2 is punched

Sense Switch 4 - OFF The data for Pass 2 is not punched but

1.0.0-2

remains in storage for later use with
Pass 2 . ,

()
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The following sample problem is a five-station by five-waterline

set of offsets taken from the DIG-26 class ships. The stations are
Numbers 0 , 1/2 , 1, 1-1/2 , 2, and the waterlines are 12, 16, 20,

24, and 28. The surface contains the bow profile of the DLG. The
matrix is double splined in the 2z direction. Only the output from
Pass 1 in the order in which it was punched is listed here. The output
from Pags 2 is included with the instructions from that program. The
sorted, assembled, and combined outputs of Pass 1 and 2 1is listed after
the Pass 2 output.
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SAMPIE PROBLEM FOR SMOG 3, PASS 1

* % SAMPLE INPUT * *
* TODD D%G 5X5 ENg PROFILE X~Z DBL SPL-12/3/62

l - * [ ]
5 5 0,001 1000, 3. «33333333
1.52935
.5873
O.
0.
0.
0.
0.
© ,0000
.0000 ,000000
12,7500 1.,041666
25.5000 z.usessa
38,2500 3. 874999
51,0000 65,.333333
1.0000
.0000 ,000000
12,7500 1,239583
25,5000 2.697916
38.2500 4,.197916
51.0000 5,812500
2.0000
0000 ,078
12,7500 1,479166
25,5000 2,979166
38,2500 L4,583333
51,0000 6,333333
3,0000
0000 343749
12,7500 1,791666
25,5000 3.447916
38,2500 5,250000
51,0000 7.166666
4,0000
.0000 Z 8333
12,7500 16666
25 .5000 .322916
38.2500 6.416666
51.0000 8.583333
1.0.0-2 B-202

5
S ¥



v AT i e

T D A £ v L - L

*

TOOD DLG 5X5 END PROFILE X-Z DBL SPL-12/3/62

END PROFILE INTERSECTIONS

1
-05873
' 2
"0587;
"05873
4
-05873
5
"'05873

b
=

10000'2

SEFEEELSWWWWWRNRNNN N = =t

VIS W N =

WLINES

1.529350
0.0000
942050
0,0000
.35“750
0,0000
.232550
0.0000
- 819850
0.0000

STATIONS

2,604003

«901367
0,000000
0.000000

0,000000

STA NORM VALUE

OUT OF SURFACE
OUT OF SURFACE

VU N at A1 O N ast VN 2200 D) =t T 2U0 N o

2ND DIFF - WLINES

SIGN

041668 ~1,00
OUT OF SURFACE

0‘."66 - .00

114584 =1.00

JA1h584  ~1,00
OUT OF SURFACE'

1.00

.lo 5 -1.00

-1,00

1.00

o20 3 i -1.,00

l‘isa -1 .00
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STA

1.0.0-2

viviviviun

VIVIUTWNI L5 WWWW AR RN NN = et ot

'o' 79‘7 "‘ ooo
-|.00
00729‘7 -1.00
072917 ~1.00

(U W Y SR
L ]
-
~4
v
b=4
o

2ND DIFF=STATICNS
WL NORM VALUE SIGN

2 OUT OF SURFACE

3  OUT OF SURFACE

u “ou39‘2‘ 1.00
S -.439‘21 1.00
2 -3,216759 1,00
3 .0729'7 -1.00
b .312500 -1,00
S 312500 ~1,00
2 041667 -1,00
3 0187500 ) -‘.00
2 062500 ~1.00
3 .281250 -1.00
b .499999 ~1.00
5 499999 ~-1.00
2 0u1666 -1,00
3 03‘2500 -‘000
b .583334 -1,00
5 .58333“ -'.00
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FLOW DIAGRAM - SMOG 3, PASS 1 (See SMOG 2, Paas 1 for flow diagrams
of the subroutines)
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MATR Y 'ELE
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0O 244
17e3,K,2

1.000'2

PUNCH THE BLEME
FOR THE ROW WHKH
REPRESENTS THE
CORREBLPONDING PONT,

OW THE FIRST W.L.

!

DO ¥O
I2PRs 1,3

'

ISTRT o IRW (I7)s NI
SET COLUMN NUMBERS
FOR STARTING TERMS
MULTIPLED BY A
POWER OF 2

!

ZTRM »
2(xz)* % 1ZPR

'

TRN(17)

» ZTRM

l

PUNCH BLEMINT
WRGATVE &
LOCATION.

PO 48
“".'.'

- 3

PUNCH ROW SLEMENTY
OF THE PORM :

TRV < Z TRV & X7
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10000‘2

1S THIS THE ATH OR PURTWER
POINT ON THE WATERLNE

DO 49
IT =3 ,IX

PUNCH ROW ELEMENTS
OF THR FORM °

TRM (K] -Xe, )’ ZTRA
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'S Z pousLe
SPLINED

100-0‘2

DO 60
ITZ JUL,12

ISTRTa
IRW({EF)+ NJUL

11T >ITR

1!»1()7) =
ETRM

|

PUNCH TLEMENT

NRGATIVE
LOCATIONS
»
_—_
PUNCH ROW BLEMEWTS)
0 186 OF THE TORM:
WPR =1,3 rRMe X(2%) " 2 TR

—0O
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Do 89
ITe3,1X

PUNCH ROW ELEMENTS
OF THE FORM:

TRM 2 (X(18)~ 2 V)3 %
TR

PUNCH TWE €OST

ELEMENTS FOR THE PUNCH
BASIS COLUMNS BASIS ELEMENTS &
RELATED TO THE Row BASIS HEADINGS

BEING PUNCHED
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100.0"2

NCOMP 2 i

!

D0 62
x-‘.IW

o2* l

PUNCH
COST ROW POR
COBPPICIENT COLUMNS

PUNCH
STARTING DATA
POR PASS I CURVA.
TURE CONSTRAINTS

-

PRINT

PRESS STARY "

>
O
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750

751

802

£ W ow

c
508 D
26

27

100.0"2

FORTRAN LISTING - SMOG 3, PASS 1

SMOG3 PASS 1 PRIMAL SUM OF DEV X OR X AND Z DBL SPL W! PRFL
DIMENSION RX(11,15),RZ(15,11),TRM(150), IRW(250),FZ(11),FX(15

DIMENSION X(15),2(11),Y(11,15) ,WL(15,11),1WL(15),C(13),FPZ(11

CFSZ(11)

COMMON JPLS,JUL,JUL2,NJUL,M,N,MS,NS, NUCOL ,NCOMP , CURV , COST
COMMON EXP2,C0ST,POINT,EXP1, IwW, fcOL

COMMON X, rz RZ, Z,FX FPi.rsz RX, C

* *

READ 173
PRINT 173
READ 150,NAA,NAB,POINT,COST
READ 150,M,N,CURV,RHS,EXP1,EXP2
MLsM+2
DO 751 l=f M.
READ 154,c81)
NCOMP» 1
NL=N+1
MLmM+ |
NSmNe1
MSmMe1

DO 2 Ial M
READ 154,z(1)
DO 2 Jml.N
IF(SENSE SWITCH 3)802,803
READ 183,X(dJ), IAY, I1BY, ICY
AAY=|AY
BBY=|BY
CCY=ICY
Y(I*J)-AAY+(BBY+(CCY/8 /12,

READ lsu X(J),Y(1,d)
CONTIN
IF(NAA)B 3,h
READ 15k4.5X,52,TX,TZ
GO To 508
SXmX(2 -xé ;
sZ=z(2
TZ=2(1
TX=X(1
*  x NORMAL | Z ING * %
26 Jmi

x(J)-(x(JS-Tx)/sx
D0 27 |
z(t)-(l(uf—rz)/sz
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POINT-(POINT-TX)/SX
% END PROFILE INTERSECTIONS *
5 IF(SENSE SWITCH 2)509,820
09 PRINT 165
20 DO 69k l=1,M
FX(1)=C(1)+C(2)*Z( Y+C(3)*Z(
CALL DERIV?Y (C(2),C(3),C(4),
IF(I-3)690.69|.69I
691 DO 700 J=3,1
DIF=z(1)=2{J=1)
FX(1)mFX(1)+C(J+2)*D | Fix3

1)*Z(1)+C(h e
2D FeE ()

z(1
s%( )

CALL DERIV2. (C(J+2),DIF,FPZ(1),FSZ(1),FPZ(1),FSZ(1))

- . 1F(1=3)690,690, 700

290 FPZ(1)aFPZ(1)/52
FSZ ;-FSZi ;/ (S2%S2)

IF(SENSE SNlTCH 2)693, 694
693 PRINT 170,1 1)
PRINT 15k, Fﬁl(l) Fsz(1)
694 SO?TINUE
OLD =Z(M)
|=MS
IF(SENSE SWITCH 2)204,510
20k PRINT 179
510 FZ(J)=FX(1)
2Z=2(1)
I COMP=1
695 IF(ABSF X(J)-FZ(J))-.OOOI) 66,66, 71
71 G0 To ( 5
65 IF(X(J)=F (J)S 67 66 72
66 FZ(J)=22
IF(SENSE SWITCH 2) 7,80
4 PRINT 170,J,FZ(J)
JuJ+l
OLD=ZZ
GO TO 510
67 2Z=2Z+(0LD-2Z)/2,
1COMP=2
1 JUL= | +1
68 FZ J)-c(t;+c(z)*zz+c(3)*zz*zz+c(u)*zz**3
IF(1JUL=3
696 F2(4) J)-Fz(J)+c(§)*(iz-z(z))**3

697 0O 699 K-3 1JuL
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¢

699 FZ(J)-EZ(J)+C(K+2)*(ZZ-Z(K-I))**3

GO TO 695
69 IF(X(J)-FZ(J)) 67,66,70
70 SEG=0LD=22
OLD=2Z :
ZI=12-SEG/ 2,
GO TO 68
72 OLD-Z(l)

-1
|r(|-|)81.510 510
81 DO 82 IwJ N

Fz(1)=z(1}

IF(SENSE SWITCH 2)83,82
83 PRINT 170, 1,FZ(1)
82 CONTINUE

* WATERLINE 2ND DIFFERENCES * %
805 |r(ssuse SWITCH 2)6,7

6 PRINT 157
7 DO 15 l=1,M

0O 13 Jui,

GO TO (8, 513) NCOMP
8 ZY=0

IF(x{J)-Fx(1))10,10,9
10 R=20

IF(SENSE SWITCH 2)660,13
660 PRINT 151,1,J
GO TO 13
9 ZZ=FX(1)
NCOMP=2
GO TO 1
513 2228
! GALL DIFZND (X() W XCI41D,Z2,Y(1,0) ,Y(1,041),2Y, 1,9,R,A)
13 RX(T, =R
*N)=RX(1,NS)
VFSENSE SwitCH 2) 14,1 ?
14 PRINT 158,1,J,A,RX(I N
15 NCOMP=1
*  STATION 2ND DIFFERENCES %  *
|r(s:nss SWITCH 2)16,17
16 PRINT 159
17 00'25 Jai, u
DO 23 |
GO TO ;
18 |r(z(|)-ri(4 521 zt 20

1 . 0 . 0-2 "‘249



21 R=20

IF(SENSE SWITCH 2)22,23
22 PRINT 151,J

60 TO 2;
20 ZZ=FZ(J

NCOMP=2

GO TO S14

1z ZZ=Z(1=1)
s; gng D1F2KD (Z(1),20141),2Z,Y(1,3), Y(141,3) ,Y(1=1,3) ,J, | ,R,A)
RZ(J)M)=RZ(J,MS
IF(SENSE SW|icu 2) 24,2
2k PRINT 158,J,1,A,RZ(J, M
25 NCOMP=1
c *  ® ROW 1D *  *

PUNCH 173
:JUL-(((N-3)12)+M)*2

IF(NAB) 719,718,718
719 JUL=3
JUL2=2
nucoL-((N+s)*(M+5))/z
GO TO 7
718 JUL=2
JUL2=1
NUCOLm2%(M+2)* ( ((N=3)/2)+h)
720 PUNCH 160
1 COL=NUCOL=1
c * * MATRI X * *
PUNCH 164
¢ *  * FIRST WATERLINE *

Lo
FUPZw=1,
FUSZ=0,
DO 37 J=i
810 |r(nx(| |$-zo.)zso 251,250

250 K=

200 GO TO (201 ZO

NégAPgALL PROFLY X(I’ FX(!),EXPI FUPZ,FUSZ,EXP2,POINT,T,TP,TS
’
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703,703,257
857 ZY-Y(Ié(l’

703 NCONP-l

90 PUNCH isz J
PUNCH 1770J,2Y,J,J
252 IROW=3
00 31 NPR-l .3
xnowhla
RM( | ROW -X(I)**NPR
TRM xaow -rnn IROW)
GO TO ( X
253 PUNCH 167.Inow,J TRM(IROW) ,KROW, J, TRM( IROW)
31 IROW=IROWS2
IF( |'3)35 35.32
32 00 34 |
KROWhlaow+i
IF(1=1T) u
133 IF IT-Z*(I S ia
33 TRM( IROW -(x(l t S 3
TRM(KROW -TRM(lnow)
GO TO (25k,255),K
254 PUNCH 167.!R0w 3, TRM(IROW) ,KROW,, J, TRM( IROW)
255 |ROWs|ROWS2
3k CONTINUE
35 GO TO(L35,463),K
435 1COL=ICOL+2
KCOL=ICOL+1
PUNCH 171, 1COL ,RHS ,KCOL ,RHS
PUNCH 152, 1coL,J,kéoL,Jd) 1c0L,J
463 JPLSmJ+1
IROW= | ROW=1
S
gg vL(u JR)-T&M(JR)
NCOMP=1
K3-l
c *  REMAINING WL *
00 6u 1Z=2,M
JL=J
MGmJL+NM=1
I X1
DO 63 JuJL MG
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| Fm2
IRW(IF)=IR
812 IF(RX(12 |x)-zo )zoz, 63,202
202 60 TO (91,92),NCOMP
"cgapgALL Pnortz(xtlx) FX(1Z) ,EXP1,FUPZ,FUSZ,EXP2,POINT,T,TP,TS
]
IF(T-.OOOI;93.93.258
258 zvay(1Z,1%)77
G0 T0 9%
93 NCOMPm2
92 ZY=Y(12Z,1X)
95 PUNCH 162,J
PUNCH 1; 2¥)d,9
708 IF(J=JL ui b &
k1 DO k2 [ZPRwi
Tnn(lr)-z(lzi**lzra
KROWs= | RW( | F)+1
PUNCH }67,IRW(IF).J , TRM(IF) ,KROW, J, TRM( IF)
=] Pd
42 IRW(IF)=IRW(IF=1)+NJUL
LF(1Z=JUL) 146, 146,142
142 DO 145 |rz-au£
|r(|z-|rzl1
729 GO T0 (1k ; ™
730 IF(1TZ=2%( Tzli 145,14k

1hh ZTR=(Z(12)=2(1T2Z ) 5
TRM( I F)=2TR
KROWs | RW( 1 F)+1
Tgn?g 167, IRW( IF) ,J, TRM(IF) ,KROW,J, TRM( I F)
w|F+1

IRW( | F)mIRW( | F=1)+NJUL
145 CONTINUE
146 JPLSmJ4+1
GO TO 259
c *# % 2, Z SQR , Z CUBE ROWS * *
Ll IRO=Y
KeIWL ( 1X)
DO 24k |Jm3,K,2
IRO =IRO +2
KROWs { RO+1
24k PUNCH 167, IR0,J,W.(1X, 1) ,KROW,J,WL(1X, 1J)
DO 50 1ZPR=1,3
ISTRT=IRW( 1 F}+NJUL
ZTRM=Z( 1Z)%*|ZPR
TRM(1F)=ZTRM
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256

10000"2

KROW= IRW( 1F)+1
7gu?n 167, IRW(1F) ,J, TRM( IF) ,KROW, J, TRM( I F)
IRW(IF)-IRH(IF-I)+2
DO 45 NPRwi
TRM(TF)=(X (ix)**npa)*ZTRM
KROWs= | RW( I F)+1
Tgncg 167, IRW(IF),J, TRM(IF) ,KROW,J, TRM( IF)
w]Fé
IRW(IF)mIRW( 1F=1)4+2
IF(1X=3)50, so.hs
00 49 |T-
IF{lX—IT g &
IFQIT=2% |r7z ;“ 49,48
TRM(IF)= (x(lx -x!nri)**s)*zrau
KROWs | RW( |
Pgﬂfg }67.IRW(IF) ,J, TRM(IF) ,KROW, J, TRM( I F)
wuifFe
IRW(IF) = IRW(1F=1)42
CONT | NUE
IRWCIF)=ISTRT
* THEILHEIMER ROWS *  *
IF(IZ-JUL)GI
D0 60 |Tz-Ju£ |i
GO TO (55,5 lg JUL
|F(|Tz-z*$ /2))85,60,55
ISTRT=|RW IF)+NJUL
IF(12=1T2)61,6
zrnn-(z(uz)-i(lfz))**s
TRM( 1 F) mZTRM
KROWs | RW( | F)+1
7gn?¥ :67.lRw(lF) ,J, TRM(IF) ,KROW,J, TRM( I F)
w|F+
IRW(I1F)=IRW(IF=1)+2
DO 256 NPRal,
TRM(1F )= (X( | X)**NPR)*ZTRM
KROW= | RW( 1 F)+1
7gncg 167, IRW(IF) ,J, TRM(IF) ,KROW, J, TRM( I F)
lRW(IF)-lRW(IF—I)+2
D0 59 |T-3 IX
|F |x-lr)s ?
IT=2%(17/2)§5
TRM(IF)- (x(lx xllti **3)*zrnn
KROWe IRW( | F)+
PUNCH 167.IRW(IF) J, TRM(IF) ,KROW, J, TRM( I F)
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IF=|F
IRW(IF)-IRW(IF-I)+2
59 CONT | NUE
I Wi=KROW
60 IRW(IF)=iSTRT
61 JPLSmJ+1
GO TO (259,63),K3
259 1COL=1COL+2
KCOLw= | COL+1
PUNCH 171, ICOL ,RHS ,KCOL ,RHS
PUNCH 152, ICOL,J,K&0L,J, 1COL,J
63 1XmlX+1
61 NCOMP=1
00 62 Im1, IWW
62 PUNCH 171.1,CURV
IF(SENSE $wiTcH 3)400,k01
40O CONTINUE
PUNCH 180, JPLS,JUL,JUL2,NJUL,M,N,MS NS, NUCOL ,NCOMP, COST,COST
ggug; }8} sxpz,cosf POINT, xﬁi.lww,icoi
PUNCH 181,X(1),FZ(1)
DO 87 Juw2,M
87 PUNCH 181,RZ(1,J)
DO 88 (=1,
PUNCH 181.2(1),FX(1),FPZ(1),FSZ(1)
DO 88 Jmi )N
88 PUNCH 181 RX(I J)
ML =M+2
DO 100 Ju=1,ML
100 PUNCH 181,8(J)
1 PRINT 178’
PAUSE 751
GO TO 750
0 FORMAT zls.urlt.s)
1 FORMAT(215,1 OUT OF SURFACE) -
2 FORMAT 7x,{uc Ih,2H R, |4,8h 1,0/7X,1HC, 15, 2H R, Ik, 8H=

C hlﬂ&:k,zﬂ R, 14)

7 FORHAT /llox 17uzno DIFF = WLINES//

C30M stA’ NORM m.ue SIGN/)
158 FORMAT 215,F12,6,F8,2

159 FORMAT(//10x,17H3n0’ DIFF—STATIONS//

C30H STA WL NORM VALUE  SIGN/)

160 FORMAT(6HROW 1D/12X,6H OFSET)
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FORMAT(12X, 2H R, I4)

FORMAT{ 6HMATR 1 X}

FORMAT(//6X,25HEND PROFILE INTERSECTIONS//15X,6HWLINES/) -
FORMAT(6X,2H C, l4,2H R, 1k, 1H=,F11,5/6X,2H C, 1h,2H R, 14,F12,5)
FORMAT(6X,2H C,I4,2H R, I14,F12,5)

FORMAT(5X, 15,F{2,8) :

FORMAT(6X2HC, 14,6H OFSET,1H ,F11,5)

FORMAT(215)

FORMAT ( 1H*, 5X,, 47H

77 FORMAT(12X,2H R, 14, 1H F!l.S/;x.6Hc 1 ,1HR, 4, TH=, bX, 3H1,0/
C 7X,6HC 2 ,1AR,1k,5%,3H1,0

178 FORMAT(2BHENTER NEW DATA - PRESS START) SRR
173 FORMAT gllux.ausrurnous/)

sisd =il ONON
W N = OWOWGI &N

FORMAT (1015;2F15,9
181 FORMAT (4F15.9,1h,14) -
182 FORMAT(6X,2H C,1h,6H OFSET,1H ,F11,5/6X,2H C,1h,6H OFSET,1H F

1\.3)
183 FORMAT(F10,5,315)
END

Note: See SMOG 2, PASS 1 for listings of the subroutines
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SMOG 3 PASS 2

OPERATING INSTRUCTIONS

Pass 2 of the program accepts the data punched in Pass 1. It produces

the curvature constraints for the matrix.

Fortran Input Symbols

JPLS
JUL

JuL2

NJUL

zgz

NS
NUCOL

COST

1.0.0-2

The number of the last column produced in Pass 1.

Program indicator
JUL = 3 if the surface is double splined
in the 2z direction

JUL = 2 1if the surface is single splined
in the 2z direction

This value is equal to the subscript of the first
z value of the point of discontinuity.

Program indicator
JUL2 = 2 if the z direction is double splined

JUL2 = 1 if the 2z direction is single splined.
This value is equal to the number of waterline
intervals between points of discontinuity.

This value 2(!§2+ 4) is equal to the maximum

number of rows necessary to store the x terms,
each of which is multiplied by a specific 2z term

Total number of waterlines in the surface
M-1

Total number of stations in the surface
N-1

Total number of columns in the non-slack matrix

For z double spline, NUCOL = 1!12%‘!&2)

For z single spline, NUCOL = 2(H+2)NiUL

: Program indicator

Becomes equal to curvature. Not used (See RHS
and CURV)
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EXP1
EXP2

POINT

c(1)

CURV

RHS

X(J)
169)
FX(I)
F2(J)
FPZ(I)
FSZ(1)

RZ(L,J)

KX(1,J)

ICcOoL

1-000"2

The value of p 1in the profile functions, usually
made .3333

The value of r 1in the profile function, usually
made 3.0 .

The value of D in the profile function. This
number is the length of the fration of the station
spacing over which the profile function is effective
in terms of the full-scale surface (the value has
been translated and normalized exactly like the

x values are).

Coefficients of the Theilheimer equation describing
the profile. There must be (M#2) coefficlents.
Straight lines or other curves may be used by
making all except the desired coefficients zero.

Is equal to the value of COST in Pass 1. This is
the value of the cost on the slacks corresponding
to the curvature constraints., Usually equal to
zero. ,

Equal to the value of COST from Pass 1 . This is
the value of the right-hand side for the curvature
constraints.

Distance along the x axis from the origin of
the surface to Station § .

Distance along the 2z axis from the origin of
the surface to Waterline 1{ .

The x coordinate of the intersection of Waterline
i with the profile.

The 2z coordinate of the intersection of Station
} with the profile

The first derivative with respect to z of the
profile equation at Waterline 1 .

The second derivative with respect to z of the
profile equation at Waterline 1 .

The sign of the second difference of the Station
Curve jJ at Waterline i . This will have the
opposite sign from the actual second difference.

The sign of the second difference of Waterline
Curve i at Station j . This will be the
opposite of the actual sign

The column number of the first curvature slack.
Not used in Pass 2 .
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Input

The following input formats are listed as a matter of record in case
modifications of the data cards are to be made. Normally, this data
will be obtained from executing Pass 1 in a form which can be
entered directly into Pass 2.

Contents of Card Card NO.

Format 15 15 15 15 15 15 15 IS
Variable JPLS JUL JUL2 NJUL M N MS NS

Format (Continuation of 15 15 F15.5 F15.5 1
Card 1)
Variable NUCOL NCOMP RHS CURV
Format F15.9 F15.9 F15.9 F15.9 14 14 2
Variable EXP2 COST POINT EXP1 W  ICOL
Format F15.9 F15.9 -
Variable X(I) F2(1) 1st card/set
Next
Format F15.9 N
Variable RZ(I,J) ‘ M-1 Cards/Set Sets
Format F15.9 F15.9 F15.9 F15.9 :
Variable 2z(1) FX(I) FPZ(1) PSz(I) 1st Card/Set Next
Format F15.9 M
Variable RX(I,J) N-1 Cards/Set Sets
Format F15.9 Next
Variable C(J) M+2
Cards
Output

This program produces the curvature constraints in row order with the
columns ordered within the rows. It also produces the row identificationms,
slack cost entries, slack elements, basis headings, and right-hand side
entries for these rows. The output must be sorted together with the
output from Pass 1 before use.

Sengse Switches:
Sense Switch 3 ON - The data punched in Pass 1 1s read

Sense Switch 3 OFF- The data is picked up from the common storage
locations.
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26 3
1000.0000C000

2

33333333

0,00000000
20,00000000
20.00000000

1.00000000

1.00000000

1.00000000

1.00000000
-1,00000000
-1.,00000000
-1.00000000

2.00000000
-1,00000000
-1.00000000
-1,00000000
-1,00N00000

3.,¢04000000
-1,00000000
-1,00000000
-1,00000000
-1,00000000

4.,00000000
-1,.00000000
-1.00000000
-1.00000000
-~1.00000000

0,00000000
20.00000000
20.00000000

1.00000000
-1.00000000
-1,00000000

1.00000000
20.00000000

1.00000000
-1,00000000
-1.00000000
-1,00000000

2.00000000
20,00000000

1.00000000
-1,00000000
-1.00000000
-1,00000000

100.0-2

SAMPLE PROBLEM - SMOG 3, PASS 2

* % SAMPLE INPUT * *

10 5 5
0.06000000
2,60400380

.90136719

0.00000000

0.00000000

0.00000000

1.52935000

.94205000

35475000

B-261
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.07843137

0.00000000
3,00000000 &0

-.58730000 0.00000000
-.58730000 0.00000C00
-.58730000 0.00000000



3.00000000
1.00000000
-1.,00000000
-1,00000000
-1.00000000
-1.00000000
4.60000000
-~1,00000000
-1.00000000
-1.00000000
-1,00000000
-1.,000G0000
1.52935000
¢.00000000
0.00000000
¢.0000C000
0.06000000
¢.00000000

1.0,0-2

-.81985000
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FLOW DIAGRAM - SMOG 3, PASS 2

l————-————.

WHIN 9.5W 3 orF |
| oATA ‘18 ALREADY |
W STORAGE FROM

PASS ¢ |
READ: IPLS, TUL,
el eyt See SMOG 2, PASS 2 Flow Diagrams
| weomm,mus, curv of the Subroutine

l

READ: EUP 2,
COST, POINT,
KAPY , TWW,

T oL

l

DO 32
1si,N

.

READ :
Xy , FZy

DO 32
J=2.M

.

READ °
RZ,,

0 33
1-!,"

t

READ: Z4,
ru, or 2,
"zt

l 2
Do 33 REAP:

1 . 0. 0.2 " 8-275




1.0.0-2

B0 100

e I ML
o i

READ
€5

-t

IX = NS [2
ICOL s TCOL + |

'

DO 88
1Za 1,1

Tel
JS = IPLS
IF 2 I8¢ TIK

!

00 407
3.38,3°

PUNH I
PUNCH T ,RNE

!

IROWa |
ISTRT = |

X SECOND DIFFERENCES

B-276



60 TO SEDIF {
SVBROUTING

1ROWs
IROW+ 2

GO0 TO sEdIF 2
SUBROUTING

DO 508
Ked,1,2

13 K<t? o

€0 10 sedir 2
SUBROVTING

308

ITROW s
TROW+L

1.0.0-2 B-277



100-0"2

76

Do 79
NPWR =1,

l

ISTRTaISTRY
& NJUL
IROW 2 ISTRT

0 TO sEdIP )
SUBROUTINE

IROW + 2

6O TO SED\F 2
SUBROUTWE

1T ROWs
TROW +2

bo 78
Ke3,1,2

NO

wK<1?

YES

DIf &

% =%y

1

CONTINUG
1how 42 00 Lo0P
STARTED AT Q)

B-278




TSTRTs IETRTHNIUL
IROW = LSTRT

PWRARY,y M2,

IROWn
ITAOW+ 2

60 TO SEdIF )
SUBROUTING

GO TO SO Q
SUBROUTINE

IROWs
INOW + 2

NO

ICOLe
ICOL &

1.0.0-2 B-279



7

PUNCH : ICOL ,CURY
PUNCH :TCOL,3,1C0%,7

wl

I=aXel
NCOMPs |

10000"2

o |

TPLba TPl

!

bo 110
Iai,N

DO 4
1Zs JUL,M,JUL

556

PWR = ux.t:
FZd 2 X,

FOR &P 22
FUPZ » FPZ,,
PUSZ » "gll

862

60 TO PROFL2

SUB ROUTING

|

B-280

o] TVR=RZ) 13

’:’.zx’

PUNCH: I
PUNCH ¢ J ,CURV




NTUL+

IROW =
ISTRT+ 2

bO §70
IAPWR ¢ |, D

GO TO SEDIF 4
SUBROUTING

IROW+2

1.0.0-2 B-281




GO TO Sedir4
SUBROUTINE

IROWa
IROW + 2

es 8

ISTRTs
TSTRT +NJUL

375

IROWs
ISTRT+ 2

DO 576
IXNPWR« 1,3

PRODa .
wr(x ")

GO TO SEDIFS
SURAROUTINE

TIROW=

IROW+2

1 .0 [ 0-2 3‘282



ves

DO 878
Ka3 I 7%

h ]

GO TO sedw 8
SUBROUTNE

IROWa
IROW +2

w1

ISTRTa
-—————>
ISTRT+ NI

GO TO SEDIF6
SUBROUTING

582
IROWs IROWe
ISTRY +2 IOW 2
B X
K PWR 51,3 rwr(x}* PR SUBROLTING

1.0.0-2 B-283



DO BO7
INPWRS 1,3
504 PROD »
bo Nl@gﬂM)
Ke3,1,2

GO TO $EDWF 2
SUBROUTINE

vEs
587
NG
606 IROW.IROW +2
PROD & s
PWR (X, ~%g)
h{ )
SUBROUTINE o
597
584 p—
pwr (X, -%)®
IROW - TROW42 e
82 ‘ GO TO SEDW 2
1STRT & SUBROUTWE

ISTRYT +NJUL '

IROW.IROW+2

GO TO SEDIF 2
SWBROUTINE

588
15 Tt !

YRS

ISTRT +NJUL

1.0.0-2 B-284



D P2D.2y

GO TO sediF 2
SUARDUTINE

IROW.
ISTRT+ 2

!

DO 608
IPWR = ,3

l

GO TO SEDIF 2
SUBROUTINE

IROW 2 TROW + 2

!

T$TRY,
ISTRT 4+ NJUL

w1

IOL 2IOL + )

—0O

!

PRODa
A R)

PUNCH ; I<COL ,CURY

PUNCH :JCOL, T,
oL, J

GO YO SEDIF2
SUBROUTINE

IROW sIROW +2

ALY
598

PO 599
KI=d,1,2

L ‘

Jele

o

NCOMP & |

'

PUNCH BND
or riLe

—O
O




FORTRAN LISTING - SMOG 3, PASS 2

15)

750

32

33

100
c
412

501

503

SMOG3 PASS 2 PRIMAL SUM OF DEV X OR X AND Z DBL SPL W! PRFL
DIMENSION RX(11,15),RZ(15,11),FZ(11),FX(15),X(15),2(11),Y(11,

DIMENSION FPZ(11),FSZ(11),C(13) |
COMMON JPLS,JUL ,JUL2, NJUL , M, N, MS , NS , NOROW, NCOMP , RHS , COST
COMMON EXP2,CURV. PO INT,EXP1, IWW, } COL

COMMON X,FZ,RZ,Z,FX,FPZ,FSZ.RX,é

IF(SENSE swiTch 3)7%0,432

READ 180,JPLS, JUL,JUL2,NJUL ,M,N,MS, NS, NOROW, NCOMP , RHS , CURV
ggAgzlfliezrz.cos ,POINT,EXP1, 1wW, f cOL

READ 181,%(1),Fz(1)

DO 32 Jad M

READ 181,RZ(1,J4)

00 33 l=f,M

READ 181,2(1),FX(1),FPZ(1),FSZ(1)

D0 33 J=i,N

[ 4
READ 181,RX(1,J)
MLaM+2
DO 100 Jumi ML
READ 181,c{J)
* % X SEC DIFFERENCES %

JX=NS/ 2
\COts rEpraT——s8s = cy

?otaa 1Z=i M

JS=JPLS

JF=JS+JX

DO 487 JmJS,JF
IF(RX(1Z,1)=20,)501,487,501
PUNCH 162,J

PUNCH 177,J,RHS

IROW=1

ISTRT=1

GO TO (503,504),NCOMP

F -"‘ °

FUSZ=0,

CALL PROFL2 (Xx(1),FX(1Z),EXP1,FUPZ,FUSZ,EXP2,POINT,T,TP,TS

s NCOMP)

504

502

1-0.0-2

PWR=RX(1Z, 1)

CALL SEDIF1 (T,TP,TS,X(1),J, IROW,PWR)
[ROWe | ROW+-2

CALL SEDIF2 (X(1),T,TP,TS,PWR,J, IROW)
IF(1=3)75,75,502

IROW=1ROW4-2

B-286



73
505
76

77
78

511
512

2
»
IF(K=1)73,75,75
D1F=X(1)=X(K
CALL SEDIF2 (DIF,T,TP,TS,PWR,J, IROW)
IROWs= | ROW+2
IF(12=1)87,87,76
DO 79 NPWR=1,3
ISTRT= | STRT+NJUL
IROW= | STRT
PWRmRX( 1Z,, 1 )*Z( 1Z)**NPWR
CALL SEDIF1 (T,TP,TS,X(1),J, IROW,PWR)
I ROWs | ROW+2
CALL SEDIF2 (X(1),T,TP,TS,PWR,J, IROW)
IROWe= | RON+2
D0 78 K=3,1,2
79,79
(K

IF(K=1)77
CALL SEDIF2 (DIF,T,TP,TS,PWR,J, IROW)

DU 505 K=3, |
J
(

DIF=X(1)=k

IROWs | ROW+2
CONT | NUE
IF(1Z=JuL)87,87,511
00 86 L=JuUL,1Z,JUL2
IF(L-12)512,87,87
ISTRT= | STRT+NJUL
IROW= | STRT
PWR=RX(1Z,1)*(Z(12)=Z(L))**3

CALL SEDIF1 (T,TP,TS,X(1),J, IROW,PWR)
IROWs= | ROW+-2

" CALL SEDIF2 (x(1),T,TP,TS,PWR,J, IROW)

84
8
8
87
487

88
c

1.0.0-2

oot
=2
|r(x-|)ei,eé 86
DIFmX(1)=X(K}
CALL SEDIF2 (DIF,T,TP,TS,PWR,J, IROW)
|ROW= | ROW+2
CONT I NUE
1COL=1COL+1
PUNCH 171, 1COL,CURV
PUNCH 152, 1C0L,J,1C0L,J
jmi42 ,
NCOMP=1
JPLS=JF+1
7 SEC DIFFERENCES *  *
DO 110 i=l,N
00 k11 1Z=JUL,M,JUL2

B-287



GO TO
550 |F(RX(

(550,551) , NCOMP
‘ 1Z,13=20,5556, 411,556
556 PR=R( 5IZ
(

FIDwZ(

FUSZ=FSZ
562 CALL PRO

NCOMP)
GO TO 563
551 PWR=RZ(I,1Z)
FLomZ(1Z
563 PUNCH 162, 4
PUNCH 177.J,CURY
Go 10 (56h,865),NCOMP
565 ISTRT=1+NJUL
GO TO 566
564 ISTRTm1
CALL SEDIFY4 érs PWR,J, ISTRT)
567 IF(1-1)569,568,569
569 IROWs|STRT+2
DO 570 IXPWRe1,3
PROD=PWR*X ( | )%* | XPWR
CALL SEDIFL(TS,PROD,J, IROW)
570 IROWs=|ROW+2
IF(|-3)568.568 571
571 DO 572 K=3,1,2
IF(Kk=1)60k,568,604
604 PROD=PWR*( X{ |)=X(K))**3
CALL SEDIFL(TS,PROD,J, IROW)
572 IROW=|ROW+2
568 ISTRT=ISTRT+NJUL
CALL SEDIFS(TP,TS,FZD,PWR,J, |ISTRT)
573 1FCI-1)575 566, 578
75 IROW=|STRT
DO 576 |xpwn.
PROD=PWR*X( ) *‘leWR
CALL SEDIFS (TP,TS,FZD,PROD,J, IROW)
576 |ROW=|ROW+2
. §77 DO §7
IF (K1 6o &6
605 Pnoo-vwn*(i(u)-x(x))**s
CALL SEDIFS (TP,TS,FZD,PROD,J, IROW)
578 |ROW=|ROW+2

x(1),FOZ,EXP1,FUPZ,FUSZ,EXP2,POINT,T,TP,TS,

1.0.0-2 B-288



566

5
581

582
583

ISTRT=ISTRT+NJUL

CALL SEDIF6 a;.rr.rs.rzo,J.rwa.'stnr)
IF(1-1)581,580,581

IROWw | STRT+2

00 582 |XPWR=1,3
Paoo-Pwn*xéu)*ilxrwa

CALL SEDIF6 (T,TP,TS,FZD,J,PROD, IROW)
IROWs= | ROW+2

1F( 1-3)580.580.583

DO 58k Km3.1,2

IF(K=1)606.580,606
PROD=PWR™ ( X{ 1 )=X(K) ) #*3

CALL SEDIF6 (T,TP,TS,FZD,J,PROD, IROW)
IROWs= | ROW+2

80 ISTRT=ISTRT+NJUL

CALL SEDIF2 (FZD,T,TP,TS,PWR,J, ISTRT)
IF(1=-1)586,590,5

IROWm | STRT+2

DO 587 IXPWR=1,3
PROD=PWR*X( | )% 1 XPWR

CALL SEDIF2 (FZD,T,TP,TS,PROD,J, |IROW)
IROW= | ROW+2

IF(1=3)590,590,588

DO 589 Km3,1,2

IF(K=1)597,590,597
PROD=PWR*( X 1)=X(K) )**3

CALL SEDIF2 (FZD,T,TP,TS,PROD,J, IROW)
[ROW= | ROW+2

IF(1Z-JUL)591,111,591
ISTRT= | STRT+NJUL

DO 592 KwJUL,1Z,JUL2

IF(K=12)593, 111,593

DIFmFZD=Z(K}
CALL SEDIF2 (olgag.rp.rs,rwa,J.|srnr)

1 IF(1-1)607,592,

608
598

1.000-2

IROW= | STRT+2

00 608 |XPWR=1,3
PROD=PWR*X( | )% | XPWR

CALL SEDIF2 (DIF,T,TP,TS,PROD,J, |ROW)
IROW= | ROW+2

IF(1=3)592,592,598

D0 599 KJ=3, 1,2

IF(KJ=1)600 s?z.soo

PROD=PWR* ( X! 1)=X(KJ))**3

CALL SEDIF2 (DIF,T,TP,TS,PROD,J, IROW)

B-289
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B-290

|ROWm |ROW+2
ISTRT= I STRT+NJUL
1COL=1COL+1

PUNCH 171, 1COL,CURV
PUNCH 152, 1COL,J, ICOL,J
JuJ+1

NCOMP=1

PUNCH 174

PUNCH 176

PRINT 178

PAUSE 751

G0 T0 750

FORMAT(7X, 1HC, 14, 2H R, 14/7X, THC, 1, 2H R, 14,8H
FORMAT(6X.2H €, 14,61 OFSET,F12.5)
FORMAT { 1H*,5X, hH

FORMAT(7HF IRST B)
FORMAT(12X, 6H R  1,F12,5)
FORMAT ( 3HEOF)
FORMAT(12X,2H R, 1k, 1H ,F11,5)

FORMAT( 2BHENTER NEW DATA = PRESS START)
FORMAT (1015,2F15,9)

FORMAT(12X,2H R, I 4

Easnar (UF15.9, 14,14)

B-290
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1.0.0-2

SUBKOUT INE SEDIF1 (TD,TPD,TSD,XD,J0, IROWD ,PWRD)
CALL SEDIFL (TSD,PWRD,JD, |ROWD)

IROWD= ROWD+2

CALL SEDIFS (TPD,TSD,XD,PWRD,JD, IROWD)

I ROWD | ROWD+2

CALL SEDIF6é (TD,TPD,TSD,XD,JD,PWRD, IROWD)

SUBROUTINE SEDIF2 (DIFD,TD,TPD,TSD,PWRD,JD, IROWD)
WRMas (3 %D | FORTD+3 . *TPD*D | FD%#24.( TSD*D | FO#*3) /2, ) *PWRD
CALL SIGN (JD, IROWD,WRM)

RETURN

END

gggs?gglNE SEDIF3 (1XD,FXD,PRD,JSD, IROWD)
WRM= (E XD¥F XD%* ( | XD=1)=F XD%* | XD ) *PRD

CALL SIGN (JSD, IROWD,WRM)

RETURN

END

SUBROUTINE SEDIF4 (TSD,PWRD,JD, |ROWD)
WRM=(TSD*PWRD) /2,

CALL SIGN (JD, IROWD,WRM)

RETURN

END

SUBROUTINE SEDIFS (TPD,TSD,XD,PWRD,JD, IROWD)
WRMa ( (TSO*XD)/2 ., +TPD ) *PWRD

CALL SIGN (JD, IROWD,WRM)

RETURN

END
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agagggTINE SEDIF6 (TD,TPD,TSD,XD,JD,PWRD, IROWD)
WRM=WRM+( TSD*XD**2) /2,

WRM=WRM+2 ,* TPD* XD

WRM=WRM¥PWRD

CALL SIGN (JD, |ROWD,WRM)

RETURN

END

SUBROUTINE SIGN (IW,JW,WAM)
JWPL=JW+

IF(WAN)37° 373,31
WAMa=WAM

370 W
PUNCH 169,JW, IW,WAM, JWPL , IW,WAM
RETURN
371 PUNCH 167,JW, IW,WAM, JWPL , IW,WAM
373 RETURN
167 FORMAT(6X,2H C,I4,2H R,14,1H=,F11,5/6X,2H C,14,2H R, I4,F
169 EggHAT 6X 2H C Ih 2H R lh FIZ.S/GX 2H C, 1k, 2 R R, 14, IH—
1.0.0-2
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Section IV

SMOG 4

The SMOG 4 program produces a matrix for fairing a two-dimensional

curve, either double or single splined, with the primal formulation
and sum of the deviations fit. The program is written in FORTRAN II
for the IBM-1620 computer.

Fortran Symbol Definitions

N -
COSTB -
COSTN -
X(I) -
Y(1) -
AA -
BB -
SX -
1 . 0 3 0-2

(Rev. 4-8-63)

The number of data offsets along the curve
The cost associated with slacks

The cost on the non-slack variables

The x coordinate of the offset

The y coordinate of the offset if read in feet and
decimals.

The number of feet in the offset if read in feet,
inches, and eighths

The number of inches in the offset if read in feet,
inches, and eighths

The number of eighths in the offset if read in feet,
inches, and eighths

Scaling factor for normalizing the x coordinates.
It equals x) - X if set by the program.

Translation factor for the x coordinates.
It equals X, if set by the program.

B-327



Input Card Formats

The card formats are arranged as follows:

Contents Card No.
Column 1-5 1

Contains any alphameric heading

Format I5 F10.4 F10.4 2
Variable N COSTB COSTN

Alternate Cards:

Format F10.4 F5.1 F5.1 FS.1
Variable X(1) + AA + BB + CC

Next
or N Cards
Format F10.4 F10.4
Variable X(1) (1)
Format F10.4 F10.4
Variable sX X Last Card
Output

The output is in a form suitable for the 1620 Users Group, Linear
Programming Routine No, 10,0.006.

Sense Switches

Switch 1 ON - The curve will be double splined
Switch 1 OFF - The curve will be single splined

Switch 2 ON <« The scaling factors will be read from the card
reader

Switch 2 OFF - The program will set the scaling factors
Switch 3 ON - The second differences will be printed
Switch 3 OFF - The second differences will not be printed

1.0.0-2
(Rev. 4=3-63) B-328



SMOG 4
TYPEWRITER LISTING OF SECOND DIFFERENCES OF SAMPLE DATA

2ND DIFF = WLINES
STA ACT VALUE SIGN

.000169 =1,00
.000238 ~1,00
,000068 ~1,00
0000068 -‘.00

W EwN

1 -0 00.2
(Rev. 4-3-63) B-329
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* % SAMPLE INPUT * *

D1037 ) .

5 999,.9999 ,001
87,500000 30,5729
105,000000 30,307300
122,500000 30,09375
140,000000 29,.953120
157,500000 29,.833330

OUTPUT MATRIX FROM SAMPLE DATA
* & SAMPLE OUTPUT * *

D1037

006 008 1

001 001 1.,0000
00t 002 - 11,0000
001 003 1,0000
001 004 - 11,0000
001 005 1.,0000
001 006 - 1,0000
001 009 1.,0000
002 001 2,0000

002 002 - 2,0000
002 003 4,0000
002 004 - 14,0000
002 005 8.0000
002 006 - 8.0000
002 010 1,0000
003 001 3,0000
003 002 - 3,0000
003 003 9,0000
003 004 - 9,0000
003 005 27,0000
003 006 - 27,0000
003 007 1,0000
003 008 - 11,0000
003 011 1.,0000
ook 001 4,0000
004 002 - 4,0000
004 003 16,0000
004 004 - 16,0000
004 005 64,0000
ook 006 - 64,0000
004 007 . 8,0000

1.0.0-2
(Rev. 4-8-63) B-330
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004 008
004 012
005 003
005 004
005 005
005 006
005 013
006 003
006 00k
006 005
006 006
006 003
006 00

006 014
00J 001

00J 002
00J 003
00J 004
00J 005
00J 006
00J 00

00J 00

00J 009
00J 010
00J 011
00J 012
00J 013
00J O1k4
001 00J
002 00J
003 00J
004 00J
005 00J
006 00J
001 000
002 000
003 000
004 000
000

1.000‘2

- 8,0000
1.,0000

- 1,0000
1,0000

- 6.0000
6,0000
‘.0000

- 1,0000
1,0000

- 12,0000
12,0000

- 6 .0000
6.0000
1,0000
101100000J
102100000
103 100000J
104100000J
105100000J
106 100000J
107100000J
108100000J
109199999R
110199999R
111199999R
112199999R
113199999R
114199999R
101299999R
102299999R
103299999R
104299999R
105 200000-
106200000~
- +2656
- 4791
- +6197
- «7395

(Rev. 4-8-63)
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FLOW DIAGRAM - SMOG 4

READ, N,
co8T B,
CosT w,

READ OFFOETS
AS FERT,
INCHES K E4

READ OFFSETS] . on
AS DECIMALS IFS. SW 4

READ

Sx
TX

4
SX*xg- X, OFF ow
TXX,

PRINT
HEADER

SRCOND RSP

W

D0 13
T a2, NS

2¥° D\FFERENCES

XserXmy

A=t (!SH.Y‘ S ()
Kio Xz Xe%el

1.0.0-2 .



Rég= +1,0 RX;==1.0

PRINT

T,ARXyg

S |

CONTINUE
00 LOoOFf
STARTLD
AT A

L 0

RXy=RXyg

IF S'SW. 3

Xg=TR
er- 3.* ~ .@

1.0.0-2 B-334



10000-2

27

NDSn 2
N3De= |
NCOL(N+) &
MCOL™ NCOA

MATRIX

00 37
IROWe1, NS

!

JCOL=|

o

'

po 31
NPR=|,3

l weR

TRNs Kx

GO TO MATRIX
SUBROUTINE

3\

JCOL-JCoM2
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137

NCOLNEoLH
JWD= -~ |
TRM= |

NO YES

$ ITONO

34
CONTINUG
00 LoOoP

1.0-0-2

STARTED
82

YES
134

18 IT=2

NO

32

00 34
ITaNDS, T

2QG3sT>IT

YeS

(418}
IF SW.1

OFF

23

JeoLsICoL+2

B~336
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GO TO MATRIX
SunROLTINE



X 242 DIFFERENCES

(]
Iz2,N

JcouL=3

@0 TOIAYRIN
SUBROUTING
JcoLsIcoL+2

¥

TRMs 3% Xt %*RX 1 4

GO TO MATRIX
SUBROUTINE

( JeoL=JCOL + 2

NO

a7 SLACKS

NCOLE=NCOLY!
- JWD = = |
TRMe |

74
JcoLsJCoL +2 JWO = {

1.0.0-2 3-337
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10000"2

cO9STS

DO 91

J=1,MCOL
€0 To COBNG
SUBROUTINE

MCOLEMCOL+|
{IROWsTROW-1

[po 92
J=\, TROW

No

YES

95
cosTeE=0

BROUTINE

RIGHT HAND SIDE

PAUSE -———.@

B-338




S 1X
N,M, VAL, IND)

( M, COST)
'

M= M+100 |
ID=1

NCOST = COST#4|000

I VAL®* MM#* [00000004+ NCOST+ 1000000

CALL SMOG
IDROW,

1.0.0-2
(Rev. 4-8-63) B-335



1 0010-2
(Rev. 4-8-63)

Quagouny_g- RHS
(N, REQ)

ID-2
IDCOL=0

CALL SMOG
N,IDCOL,REQ IO

SOB ROUTINE COSBAS
(M, Co$T B)

'

MM= M+ic0
Ib=|
IDCoL = -1

!

McCoST200STB $ quo

Y

IVAL=MM+ IOOOOOOO +MCOST 2000000

CALL SMOG
M,IDCOL IVALT

B-340




10000-2

SUBROVTINE SMOO

(Row, CoL, ID)

1

Co=|

'

CLEAR PUNCH AREA

Y

STORE
ROW IN
CoLS | THRU D

1

STORE
coLS IN

coLs 5THRU 7

STORE
VAL |

!

STORE
VAL 1 ‘W
coL 9 THRuy I8

a— VAL1= -VAL |

Y

VAL = ADDRESS
OFf VAL |

(‘.V . 4'8-63)

=

B-341

1 cosT
D42 rus
3 MATRIX

VAL1 1S A FIXED POINT VARIABLE
FORMED wiTH THE VECTOR IPNT
AND THE COST



1.0.0-2
(Rev. 4-8-63)

STORE
(12

'

DETERMING
1'HE ADDRESS
OF VAL 2-

Ye.l 1. 1t the.

mawiinse. of the exprueni
variekin whags, g-,;r.vmn('
s EXF

.

STCRE
RiNre SI6H
HioGcel 9

B-342
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VALs VAL-8 + EXP

l

STORE
INT16ERS

VAL= VAL-T7

!

STORE
INTIGER
INCoL 13

!

STORE
PECIMAL POINT
IN COL 13

!

STORE
4 DECIMALS IN
COLS 15 THRY 18

1-0-0-2
(Rev. 4-8-63) B-343




STORE ZEROS
IN COLS

1B THRU I

VALe VAL -} + EXP

MAIN PROORAM

1 387 Counm or
NARIX oLy

2 poty Caunne
Conmumep

1 . 0 Oo-z
(Rev. 4-8-63) B-344



b,

1 . 0 . 0"2
(Rev. 4-8-63)

coL= CoL+1

l

STORE COL
IN coLS.

b THRYV 7

MINUS SION
INCOL 1M

CLEAW
wiibis SeN

STORE

MINUS SIBN

INCOL IH4

Co=2

B-345




1 . 0 -,0-2
(Rev. 4-8-63)

, GOL

'

CLEAR PENCH ARSA

!

STORE Row
IN
CLS LTHRD 3

'

STORE COLS
IN
COLS 5 TRV T

'

STORE 1
IN COoL 9

MAIN PROSRAM
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FORTRAN LISTING - SMOG 4

%0810
c SMOG FOR 1620 LP  4/2/63
DIMENSION X(30),Y(30),RX(30)
1 READ 600
PUNCH 600
READ 150,N,COSTB,COSTN
JWD=1
NL=N+1
DO 2 I=1,N
IF(SENSE SWITCH 4)201,202
201 READ 160,X(1),AA,BB,CC -
Y(1)=an+{nB+(Cc/8.) 5712,

GO TO 2
202 READ 152,X(1),Y(1)
2 CONTINUE :
IF(SENSE SWITCH 2)3,4
READ 152,5X,TX
GO TO
SXmX(2)=X(1)
TX=X(1
IF(SENSE SWITCH 3)6,7
PRINT 157
x %  SECOND DIFFERENCES *  *
NS=N=1
DO 13 Ix2,NS
Am2, 7 ((X(1+1)=X(1=1)))
ZA-Y§I+I)-Y(I) .
AmpA* ZA/(X8|+I)-x(l))-(Y(l)-Y(I-l))/(X(I)-X(I-l)))
IF{A;IO 9,
8 RX(1)m=1,
GO TO 11
9 RX(1)=0,
GO TO 11
0 Rxgl)-l.
1
2
3

~N oMWY W

2,13

IF(SENSE SWITCH 3)
PRINT 158,1,A,RX{!
CONT INUE
RXéN)-RX(NS)

.. JF{SENSE SWITCH 3)1k4,15
14 PRINT 158,1,A,RX(N)

5 0 * * NORMAL | ZING * *

0.26 1=1,N
26 x(1)=(x(1}=Tx) /5%
* ok MATRIX x  *

IF(SENSE SWITCH 1)126,127
126 NDS=3

NSD=2

NCOL=3+N

1
)
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NROW=N=14+(N=1)/2
GO TO 128
127 NDS=2
NSD=1
NCOL=(N+1)%*2
NROW= 2% (N=1)
128 TC%L-NCOL
CALL SIZE (NROW,MCOL)
DO 37 IROW=1,NS
JCOL=1
DO 31 NPR=1,3
TRM=X( | ) **NPR
CALL MATRIX( IROW, JCOL ,TRM, JWD)
31 JCOL=JCOL+2
1F(1=-NDS)137,137,32
32 DO 34 1T=NDS, |
IF(1=17)34,34,133
e
- »
TRM=(X(1)=X |T;§*$3
CALL MATRIX(IROW,JCOL ,TRM, JWD)
JCOL=JCOL+2
34 CONTINUE
137 NCOL=NCOL+1

b b
WA

w W

JWD==1
TRM=1,
CALL MATRIX( IROW,NCOL ,TRM,JWD)
JWD=1

37 I=|+1

c * . % X SECOND DIFFERENCES %*

DO 88 (=NDS,N,NSD
JCOL=3
CALL MATRIX( IROW,JCOL ,RX(1),JWD)

JCOL=JCOL+2
TRM=3 ,*X(1)*RX(1)
CALL MATRlX(IROW,JCOL,TRM,JND)
JCOL=JCOL+2
IF(1=-NDS)75,75,72
72 ?g(lh'§;g0§ i gSD
- »
73 mn-s.*(xh§-><(x))*nx(|)
CALL MATRIX(IROW.JCOL,TRM,JWD)
74 JCOL=JCOL+2
75 CONTINUE
* *  SLACKS * %

87 NCOL=NCOL+1
JWD==-1

1.0.0-2
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TRM=1, t
CALL MATR!X(lROW NCOL, TRM,JWD)
JROW= | ROW+1
88 JWD-I
c * COSTS

D0 91 J-I MCOL

91 CALL COSNON(J COSTN)
I ROWs= | ROW=1
MCOL=MCOL+ | ROW
DO 300 |=J,MCOL

300 CALL COSNON(I COSTEB)
DO 92 J=1, IROW
IF(J-N)92 95,92

95 COSTB=0,

c 92 CALL COSBAS(J cosra) :
DO 9k |-1 NS
Y(i41)m=Y |+1)-v(1;

9l CALL RHS(1,Y(1+1)

PUNCH 161
PAUSE
GO TO 1

150 FORMAT(15, 2F10 .6)
152 FORMAT 2710, 4)
157 FORMAT(10X, 17H2ND DIFF = WLINES//
c 8x, 22HSTA ACT VALUE SIGN/)

158 FORMAT(%X,15,F12.6,F8,2)

160 FORMAT(F10.5,3F5.1)

161 FORMAT 3H0005

600 FORMAT(5

601 FORMAT |9x b, lu 2H 1)
END

%0810

SUBROUT INE COSBAS (M, COSTB)
MMe=M+100
|D=1
1DCOL=—1
MCOST=COSTB*1000.

1 VAL=MM*10000000+MCOS T+2000000
CALL SMOG (M, 1DCOL,IVAL,ID)
RETURN
END

*0810
SUBROUT INE COSNON(M,COST)
MM=M+-100
ID=1
|DROW==1
NCOST=COST *1000.

1 . 0 . 0-2
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*0810

*0810
508

509

1 VAL=MM* 10000000+NCOS T+1000000
CALL SMOG (IDROW,M, IVAL,!D)
i

SUBROUTINE RHS(N,REQ)

|D=2

IDCOL=0

CALL SMOG (N, IDCOL,REQ, D)
RETURN

END

SUBROUTINE'MATRIXSN +M,VAL,JND)
:F(guo)sbs 508,50

CALL S (N,M, VAL, 1D)
RETURNMDG

D=2

CALL SMOG (N, M.VAL 1D)
RETURN

END

10000'2
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Appendix C

OPERATING PROCEDURES FOR LINEAR PROGRAMMING

There are several considerations in the fairing of a surface using linear
programming which may have a bearing on the final result attained. The
following is a short discussion of these.

SENSE OF COORDINATE SYSTEM

The coordinate system employed in the fairing procedure is very general.
The origin of each surface faired is at the intersection of the first
waterline and the first station in the surface. Thus it may be at any
one of the four corners of the surface, depending on which station and
vwhich waterline is chosen as "first."

For surfaces without profiles it is generally more convenient to choose
the origin to be at the corner with the least value for the offset.

Since this offset becomes the constant for the equation and is subtracted
from the other offsets, this allows the remaining portion of the other )
offsets to be positive. On most ships the origin then becomes the lowest
waterline on t+e surface and the station furthest forward if the surface

is forward on the ship, or aft if the surface is aft on the ship.

For surfaces with profiles, the origin of the surface must be the same

as the origin of the profile equation. Therefore, for the bow the origin
of both the surface and profile is usually made the intersection of the
forward perpendicular and the baseline; aft, the origin is the inter-
section of the aft perpendicular and the baseline.

The positive sense of the coordinates is always along the surface. If

1.0.0-2 c-1



the origin is at the lcwer-right corner, for instance, the positive x

direction is to the left, and the positive 2z direction is up.

BASIC FEASIBIE SOLUTION

Mcst linear programming codes, such as LP=90 and the ccde for the
IBM-1620, have twr modes of operation. That is, when they first start

to sulve a problem the Phase I Algoritim is used to find a first feasible
solution, without regard to optimality; and after finding this, Phase II
i3 used to find an optimum solution.

In larger problems the search for the first tasic feasible soluticn is
time consuming and, due to the increase in the number of calculatiors,
encourages the buildup of round-off error. It has been found advan-

tageous then, in these larger protlems, to provide the program with a

tasic feasible scluticn so the optimization can begin at once.

This is done by producing in the matrix an identity matrix of rank equal
to the number of rows in the matrix. The identity matrix is identified

to the program for use as the first basic feasible solution.

Each of the SMOG programs has a routine for generating this basis and
identifying it to the linear program. 1In SMOG 3 and SMOG 4, this routine
is self-contained. For SMOG 1 and SMOG 2, the rcutine of Appendix K is

used.

INVERSION

During the solution of a linear programming problem, difficulties may
arise from three scurces: first, from the increase in number of non-zero
elements in the matrix, which causes the iteration times to become greater.
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the origin is at the lcwer~right corner, for instance, the positive x

direction is to the left, and the positive 2z direction is up.

BASIC FEASIBLE SOLUTION

Mcst linear programming codes, such as LP=90 and the code for the
IBM-1620, have twr mcdes of cperation. Trat is, when they first start

to solve a problem the Phase I Algorithm is used to find a first feasible
solution, without regard to optimality; and after finding this, Phase II

is used to fird an optimum sclution.

In larger problems the cearcht for the first basic feasible solution is
time consiuming and, due to the increase in the number of calculations,
encourages the buildup of round-off error. It has been found advan~

tageous then, in these larger problems, to provide the program with a

tusic feasible scluticn so the nptimization can begin at once.

This is done by producing in the matrix an identity matrix of rank equal
to the number of rows in the matrix. The identity matrix is identified

to tte program for use as the first basic feasible solution.

Each of the SMOG programs has a routine for generating this basis and
identifying it to the linear program. In SMOG 3 and SMOG 4, thiis routine
is self-contained. For SMOG ] and SMOG 2, the r-utine cf Appendix K is

used.

INVERSION

During the solution of a linear programming problem, difficulties may
arise from three sources: first, from the increase in number of non-zero

elements in the matrix, which causes the iteration times to become greater.

1.0.0"2 0-2



Second, because of a bulldup of round-off error, some of the numbers may
lose significance, Third, from the buildup of the number of transforma-
tions in the product form of the inversion, the time per iteration
increases.

Most linear programming routines which are meant to handle large problems,
such as LP-90, have provision for inverting the basis matrix. This
inversion, carried out at intervals during the solution of the problem,
will be extremely helpful in reducing all of the difficulties mentioned
above.

The best method for choosing the inversion interval seems to be that of
simply keeping a running check on the time per iteration. The iteration
time will be found to increase slowly for several iterations, then to
increase more rapidly. At this point it is time to invert. On surfaces

1 of eighty to one-hundred offsets this usually occurs at about every
thirty iterations. It is not efficient to invert in any case at
intervals of less than twenty to twenty-five iterations, because the
inversion time cancels any savings in iteration time.
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